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ON SEMICONDUCTOR DEVICE CLASSIFICATIONS

In an effort to provide up—to—date information to the customer regarding the status of any given device, ON Semiconductor
has classified all devices into three categories: Preferred devices, Current products and Not Recommended for New Design
products.

A Preferred type is a device which is recommended as a first choice for future use. These devices are “preferred” by virtue
of their performance, price, functionality, or combination of attributes which offer the overall “best” value to the ciistismer.
category contains both advanced and mature devices which will remain available for the foreseeable future.

“Preferred devices” are denoted below the device part numbers on the individual datd sheets.

Device types identified as “current” may not be a first choiceéov designs, but will continue to be available because of
the popularity and/or standardization or volume usage in current production designs. These products can be acceptable for new
designs but the preferred types are considered better alternatives for long term usage.

Any device that has not been identified as a “preferred device” is a “current” devide.

This data book does not contain any “Not Recommended for New Design” devices.

Surmetic and MOSORB are trademarks of Semiconductor Components Industries, LLC (SCILLC).
Thermal Clad is a trademark of the Bergquist Company.

All brand names and product names appearing in this document are registered trademarks or trademarks of their respective
holders.
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CHAPTER 1
Alphanumeric Index of Part Numbers
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DEVICE
1.5KE100A
1.5KE100CA
1.5KE10A
1.5KE10CA
1.5KE110A
1.5KE110CA
1.5KEL1A
1.5KEI1CA
1.5KE120A
1.5KE120CA
1.5KE12A
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1.5KE170A
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1.5KE180A
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1.5KE220A
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1.5KE33A
1.5KE33CA
1.5KE36A
1.5KE36CA
1.5KE39A
1.5KE39CA
1.5KE43A
1.5KE43CA
1.5KE47A
1.5KE47CA
1.5KE51A
1.5KE51CA
1.5KE56A
1.5KE56CA
1.5KE6.8A
1.5KE6.8CA
1.5KE62A
1.5KE62CA
1.5KE6G8A
1.5KE68CA
1.5KE7.5A
1.5KE7.5CA
1.5KE75A
1.5KE75CA
1.5KE8.2A
1.5KE8.2CA
1.5KE82A
1.5KE82CA
1.5KE9.1A
1.5KE9.1CA
1.5KE91A
1.5KE91CA
1.5SMC10AT3
1.5SMCI11AT3
1.5SMC12AT3
1.5SMC13AT3
1.5SMC15AT3
1.5SMC16AT3
1.5SMC18AT3
1.5SMC20AT3
1.5SMC22AT3
1.5SMC24AT3
1.5SMC27AT3
1.5SMC30AT3
1.5SMC33AT3
1.5SMC36AT3
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DEVICE
1.5SMC39AT3
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1.5SMC51AT3
1.5SMC56AT3
1.5SMC6.8AT3
1.5SMC62AT3
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1N4678
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DEVICE

1N5230B
1N5231B
1N5232B
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1N5255B
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1IN5257B
1N5258B
1N5259B
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1N5261B
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1N5338B
1N5339B
1N5340B
1N5341B
1N5342B
1N5343B
1N5344B
1N5345B
1N5346B
1N5347B
1N5348B
1N5349B
1N5350B
1N5351B
1N5352B
1N5353B
1N5354B
1N5355B
1N5356B
1IN5357B
1N5358B
1N5359B
1N5360B
1N5361B
1N5362B
1N5363B
1N5364B
1N5365B
1N5366B
1N5367B
1N5368B
1N5369B
1N5370B
1IN5371B
1N5372B
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DEVICE
1N5384B
1N5385B
1N5386B
1N5387B
1N5388B
1N5908
1N5913B
1IN5917B
1N5919B
1N5920B
1N5921B
1N5923B
1N5924B
1N5925B
1N5926B
1N5927B
1N5929B
1N5930B
1N5931B
1N5932B
1N5933B
1N5934B
1N5935B
1N5936B
1N5937B
1N5938B
1N5940B
1N5941B
1N5942B
1N5943B
1N5944B
1N5945B
1N5946B
1N5947B
1N5948B
1N5950B
1N5951B
1N5952B
1N5953B
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1N5955B
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1N5985B
1N5987B
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78
230
230
230
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230
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230
230
230
230
230
230
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230
230
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230
230
230
230
230
230
230
230
230
230
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182
182
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182

DEVICE
1N5991B
1N5992B
1N5993B
1N5994B
1N5995B
1N5996B
1N5997B
1N5998B
1N5999B
1N6000B
1N6001B
1N6002B
1N6004B
1N6007B
1IN6373
1N6374
1IN6375
1N6376
1IN6377
1N6378
1IN6379
1N6380
1N6381
1N6382
1N6383
1N6384
1N6385
1N6386
1N6387
1N6388
1N6389
IN746A
IN747A
IN748A
IN749A
1IN750A
IN751A
IN752A
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IN754A
IN755A
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IN758A
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1N957B
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166
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DEVICE
1N958B
1N959B
1N960B
1N961B
1N962B
1N963B
1N964B
1N965B
1N966B
1N967B
1N968B
1N969B
1N970B
1IN971B
1IN972B
1N973B
1N974B
1N975B
1N978B
1N979B
1N982B
1PMT12AT3
1PMT16AT3
1PMT18AT3
1PMT22AT3
1PMT24AT3
1PMT26AT3
1PMT28AT3
1PMT30AT3
1PMT33AT3
1PMT36AT3
1PMT40AT3
1PMT48AT3
1PMT5.0AT3
1PMT51AT3
1PMT58AT3
1PMT5920BT3
1PMT5219BT3
1PMT5922BT3
1PMT5923BT3
1PMT5924BT3
1PMT5925BT3
1PMT5927BT3
1PMT5929BT3
1PMT5930BT3
1PMT5931BT3
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174
174
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174
174
174
174
174
174
174
174
174
174
174
174
174
174
174
174
174
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95
95
95
95
95
95
95
95
95
95
95
95
95
95
284
284
284
284
284
284
284
284
284
284

DEVICE
1PMT5933BT3
1PMT5934BT3
1PMT5935BT3
1PMT5936BT3
1PMT5939BT3
1PMT7.0AT3
1PMT59BT3
1SMA10AT3
1SMA10CAT3
1SMA11AT3
1SMAL1CAT3
1SMA12AT3
1SMA12CAT3
1SMA13AT3
1SMA13CAT3
1SMA14AT3
1SMA14CAT3
1SMA15AT3
1SMA15CAT3
1SMA16AT3
1SMA16CAT3
1SMAL7AT3
1SMAL17CAT3
1SMA18AT3
1SMA18CAT3
1SMA20AT3
1SMA20CAT3
1SMA22AT3
1SMA22CAT3
1SMA24AT3
1SMA24CAT3
1SMA26AT3
1SMA26CAT3
1SMA28AT3
1SMA28CAT3
1SMASO0AT3
1SMA30CAT3
1SMAS3AT3
1SMAS33CAT3
1SMASGAT3
1SMAS36CAT3
1SMA40AT3
1SMA40CAT3
1SMA43AT3
1SMA43CAT3
1SMA45AT3

PAGE
284
284
284
284
284
284

95
100
103
100
103
100
103
100
103
100
103
100
103
100
103
100
103
100
103
100
103
100
103
100
103
100
103
100
103
100
103
100
103
100
103
100
103
100
103
100

DEVICE
1SMA45CAT3
1SMA48AT3
1SMA48CAT3
1SMAS.0AT3
1SMAS1AT3
1SMAS51CAT3
1SMAS4AT3
1SMAS54CAT3
1SMAS8AT3
1SMAS8CAT3
1SMA5913BT3
1SMA5914BT3
1SMA5915BT3
1SMA5916BT3
1SMA5917BT3
1SMA5918BT3
1SMA5919BT3
1SMA5920BT3
1SMA5921BT3
1SMA5922BT3
1SMA5923BT3
1SMA5924BT3
1SMA5925BT3
1SMA5926BT3
1SMA5927BT3
1SMA5928BT3
1SMA5929BT3
1SMA5930BT3
1SMA5931BT3
1SMA5932BT3
1SMA5933BT3
1SMA5934BT3
1SMA5935BT3
1SMA5936BT3
1SMA5937BT3
1SMA5938BT3
1SMA5939BT3
1SMA5940BT3
1SMA5941BT3
1SMA5942BT3
1SMA5943BT3
1SMA5944BT3
1SMA5945BT3
1SMAG.0AT3
1SMAG.5AT3
1SMAGOAT3

PAGE
103
100
103
100
100
103
100
103
100
103
289
289
289
289
289
289
289
289
289
289
289
289
289
289
289
289
289
289
289
289
289
289
289
289
289
289
289
289
289
289
289
289
289
100
100
100

DEVICE
1SMAGOCAT3
1SMAG4AT3
1SMAGACAT3
1SMA7.0AT3
1SMA7.5AT3
1SMA70AT3
1SMA70CAT3
1SMAT75AT3
1SMA75CAT3
1SMAT78AT3
1SMA78CAT3
1SMAB8.0AT3
1SMAB8.5AT3
1SMA9.0AT3
1SMB100AT3
1SMB10AT3
1SMB10CAT3
1SMB110AT3
1SMB11AT3
1SMB11CAT3
1SMB120AT3
1SMB12AT3
1SMB12CAT3
1SMB130AT3
1SMB13AT3
1SMB13CAT3
1SMB14AT3
1SMB14CAT3
1SMB150AT3
1SMB15AT3
1SMB15CAT3
1SMB160AT3
1SMB16AT3
1SMB16CAT3
1SMB170AT3
1SMB17AT3
1SMB17CAT3
1SMB18AT3
1SMB18CAT3
1SMB20AT3
1SMB20CAT3
1SMB22AT3
1SMB22CAT3
1SMB24AT3
1SMB24CAT3
1SMB26AT3

PAGE
103
100
103
100
100
100
103
100
103
100
103
100
100
100
107
107
118
107
107
118
107
107
118
107
107
118
107
118
107
107
118
107
107
118
107
107
118
107
118
107
118
107
118
107
118
107
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DEVICE
1SMB26CAT3
1SMB28AT3
1SMB28CAT3
1SMB30AT3
1SMB30CAT3
1SMB33AT3
1SMB33CAT3
1SMB36AT3
1SMB36CAT3
1SMB40AT3
1SMB40CAT3
1SMB43AT3
1SMB43CAT3
1SMB45AT3
1SMB45CAT3
1SMB48AT3
1SMB48CAT3
1SMB5.0AT3
1SMB51AT3
1SMB51CAT3
1SMB54AT3
1SMB54CAT3
1SMB58AT3
1SMB58CAT3
1SMB5913BT3
1SMB5914BT3
1SMB5915BT3
1SMB5916BT3
1SMB5917BT3
1SMB5918BT3
1SMB5919BT3
1SMB5920BT3
1SMB5921BT3
1SMB5922BT3
1SMB5923BT3
1SMB5924BT3
1SMB5925BT3
1SMB5926BT3
1SMB5927BT3
1SMB5928BT3
1SMB5929BT3
1SMB5930BT3
1SMB5931BT3
1SMB5932BT3
1SMB5933BT3
1SMB5934BT3

PAGE
118
107
118
107
118
107
118
107
118
107
118
107
118
107
118
107
118
107
107
118
107
118
107
118
294
294
294
294
294
294
294
294
294
294
294
294
294
294
294
294
294
294
294
294
294
294

DEVICE
1SMB5935BT3
1SMB5936BT3
1SMB5937BT3
1SMB5938BT3
1SMB5939BT3
1SMB5940BT3
1SMB5941BT3
1SMB5942BT3
1SMB5943BT3
1SMB5944BT3
1SMB5945BT3
1SMB5946BT3
1SMB5947BT3
1SMB5948BT3
1SMB5949BT3
1SMB5950BT3
1SMB5951BT3
1SMB5952BT3
1SMB5953BT3
1SMB5954BT3
1SMB5955BT3
1SMB5956BT3
1SMB6.0AT3
1SMB6.5AT3
1SMB60AT3
1SMB60CAT3
1SMB64AT3
1SMB64CAT3
1SMB7.0AT3
1SMB7.5AT3
1SMB70AT3
1SMB70CAT3
1SMB75AT3
1SMB75CAT3
1SMB78AT3
1SMB78CAT3
1SMB8.0AT3
1SMB8.5AT3
1SMB85AT3
1SMB9.0AT3
1SMB90AT3
1SMC10AT3
1SMC11AT3
1SMC12AT3
1SMC13AT3
1SMC14AT3

PAGE
294
294
294
294
294
294
294
294
294
294
294
294
294
294
294
294
294
294
294
294
294
294
107
107
107
118
107
118
107
107
107
118
107
118
107
118
107
107
107
107
107
129
129
129
129
129

DEVICE
1SMC15AT3
1SMC16AT3
1SMC17AT3
1SMC18AT3
1SMC20AT3
1SMC22AT3
1SMC24AT3
1SMC26AT3
1SMC28AT3
1SMC30AT3
1SMC33AT3
1SMC36AT3
1SMCA40AT3
1SMC43AT3
1SMCA45AT3
1SMC48AT3
1SMC5.0AT3
1SMC51AT3
1SMC54AT3
1SMC58AT3
1SMCG6.0AT3
1SMCB6.5AT3
1SMCG60AT3
1SMCG64AT3
1SMC7.0AT3
1SMC7.5AT3
1SMC70AT3
1SMC75AT3
1SMC78AT3
1SMCB8.0AT3
1SMCB8.5AT3
1SMC9.0AT3
3EZ10D5
3EZ13D5
3EZ15D5
3EZ16D5
3EZ18D5
3EZ220D5
3EZ240D5
3EZ24D5
3EZ330D5
3EZ36D5
3EZ39D5
3EZ4.3D5
3EZ6.2D5
3EZ8.2D5

PAGE
129
129
129
129
129
129
129
129
129
129
129
129
129
129
129
129
129
129
129
129
129
129
129
129
129
129
129
129
129
129
129
129
236
236
236
236
236
236
236
236
236
236
236
236
236
236

DEVICE
BZX79C10RL
BZX79C12RL
BZX79C15RL
BZX79C16RL
BZX79C18RL
BZX79C22RL
BZX79C24RL
BZX79C27RL
BZX79C2V4RL
BZX79C2V7RL
BZX79C30RL
BZX79C33RL
BZX79C3VORL
BZX79C3V3RL
BZX79C3V6RL
BZX79C3VIRL
BZX79C4V7RL
BZX79C5V1RL
BZX79C5V6RL
BZX79C6V2RL
BZX79C6V8RL
BZX79C7V5RL
BZX79C8V2RL
BZX84C10LT1
BZX84C11LT1
BZX84C12LT1
BZX84C13LT1
BZX84C15LT1
BZX84C16LT1
BZX84C18LT1
BZX84C20LT1
BZX84C22LT1
BZX84C24LT1
BZX84C27LT1
BZX84C2V4LT1
BZX84C2V7LT1
BZX84C30LT1
BZX84C33LT1
BZX84C36LT1
BZX84C39LT1
BZX84C3VOLT1
BZX84C3V3LT1
BZX84C3V6LT1
BZX84C3VILT1
BZX84C43LT1
BZX84C47LT1

PAGE
190
190
190
190
190
190
190
190
190
190
190
190
190
190
190
190
190
190
190
190
190
190
190
261
261
261
261
261
261
261
261
261
261
261
261
261
261
261
261
261
261
261
261
261
261
261
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DEVICE
BZX84C4V3LT1
BZX84C4V7LT1
BZX84C51LT1
BZX84C56LT1
BZX84C5V1LT1
BZX84C5V6LT1
BZX84C62LT1
BZX84C68LT1
BZX84C6V2LT1
BZX84C6V8LT1
BZX84C75LT1
BZX84C7V5LT1
BZX84C8V2LT1
BZX84C9V1LT1
BZX85C10RL
BZX85C12RL
BZX85C13RL
BZX85C15RL
BZX85C16RL
BZX85C18RL
BZX85C22RL
BZX85C24RL
BZX85C27RL
BZX85C30RL
BZX85C33RL
BZX85C36RL
BZX85C3V3RL
BZX85C3V6RL
BZX85C3VIRL
BZX85C43RL
BZX85C47RL
BZX85C4V3RL
BZX85C4V7RL
BZX85C5V1RL
BZX85C5V6RL
BZX85C62RL
BZX85C6V2RL
BZX85C6V8RL
BZX85C75RL
BZX85C7V5RL
BZX85C82RL
BZX85C8V2RL
BZX85C9V1RL
DF6A6.8FUT1
ICTE-10
ICTE-10C

PAGE
261
261
261
261
261
261
261
261
261
261
261
261
261
261
223
223
223
223
223
223
223
223
223
223
223
223
223
223
223
223
223
223
223
223
223
223
223
223
223
223
223
223
223
158

84
89

DEVICE
ICTE-12
ICTE-12C
ICTE-15
ICTE-15C
ICTE-18
ICTE-18C
ICTE-22
ICTE-22C
ICTE-36
ICTE-36C
ICTE-5
MM3Z10VT1
MM3Z11VT1
MM3z12VT1
MM3Z13VT1
MM3Z15VT1
MM3Z16VT1
MM3zZ18VT1
MM3z20VT1
MM3z22VT1
MM3zZ24VT1
MM3z27VT1
MM3zZ2V4T1
MM3z2V7T1
MM3Z30VT1
MM3Z33VT1
MM3Z36VT1
MM3Z39VT1
MM3zZ3V0T1
MM3Z3V3T1
MM3Z3V6T1
MM3Z3V9T1
MM3z43VT1
MM3z47VT1
MM3z4V3T1
MM3z4V7T1
MM3zZ51VT1
MM3Z56VT1
MM3zZ5V1T1
MM3Z5V6T1
MM3z62VT1
MM3z68VT1
MM3z6V2T1
MM3zZ6V8T1
MM3Z75VT1
MM3Z7V5T1

PAGE
84
89
84
89
84
89
84
89
84
89
84

256
256
256
256
256
256
256
256
256
256
256
256
256
256
256
256
256
256
256
256
256
256
256
256
256
256
256
256
256
256
256
256
256
256
256

DEVICE
MM3z8V2T1
MM3Z9V1T1
MMBZ10VALT1
MMBZ12VALT1
MMBZ15VALT1
MMBZ15VDLT1
MMBZ18VALT1
MMBZ20VALT1
MMBZ27VALT1
MMBZ27VCLT1
MMBZ33VALT1
MMBZ5221BLT1
MMBZ5222BLT1
MMBZ5223BLT1
MMBZ5224BLT1
MMBZ5225BLT1
MMBZ5226BLT1
MMBZ5227BLT1
MMBZ5228BLT1
MMBZ5229BLT1
MMBZ5230BLT1
MMBZ5231BLT1
MMBZ5232BLT1
MMBZ5233BLT1
MMBZ5234BLT1
MMBZ5235BLT1
MMBZ5236BLT1
MMBZ5237BLT1
MMBZ5238BLT1
MMBZ5239BLT1
MMBZ5240BLT1
MMBZ5241BLT1
MMBZ5242BLT1
MMBZ5243BLT1
MMBZ5244BLT1
MMBZ5245BLT1
MMBZ5246BLT1
MMBZ5247BLT1
MMBZ5248BLT1
MMBZ5249BLT1
MMBZ5250BLT1
MMBZ5251BLT1
MMBZ5252BLT1
MMBZ5253BLT1
MMBZ5254BLT1
MMBZ5255BLT1

PAGE
256
256
140
140
140
146
140
140
140
146
140
266
266
266
266
266
266
266
266
266
266
266
266
266
266
266
266
266
266
266
266
266
266
266
266
266
266
266
266
266
266
266
266
266
266
266

DEVICE
MMBZ5256BLT1
MMBZ5257BLT1
MMBZ5258BLT1
MMBZ5259BLT1
MMBZ5260BLT1
MMBZ5261BLT1
MMBZ5262BLT1
MMBZ5263BLT1
MMBZ5264BLT1
MMBZ5265BLT1
MMBZ5266BLT1
MMBZ5267BLT1
MMBZ5268BLT1
MMBZ5269BLT1
MMBZ5270BLT1
MMBZ5V6ALT1
MMBZ6V2ALT1
MMBZ6V8ALT1
MMBZ9V1ALT1
MMQA12VT1
MMQA13VT1
MMQA15VT1
MMQA18VT1
MMQA20VT1
MMQA21VT1
MMQA22VT1
MMQA24VT1
MMQA27VT1
MMQA30VT1
MMQA33VT1
MMQAS5V6T1
MMQAGV2T1
MMQAGVS8T1
MMSZ10T1
MMSZ11T1
MMSZ12T1
MMSZ13T1
MMSZ15T1
MMSZ16T1
MMSZ18T1
MMSZ20T1
MMSZ22T1
MMSZ24T1
MMSZ27T1
MMSZ2V4T1
MMSZ2V7T1

PAGE
266
266
266
266
266
266
266
266
266
266
266
266
266
266
266
140
140
140
140
151
151
151
151
151
151
151
151
151
151
151
151
151
151
280
280
280
280
280
280
280
280
280
280
280
280
280
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DEVICE
MMSZ30T1
MMSZ33T1
MMSZ36T1
MMSZ39T1
MMSZ3V0T1
MMSZ3V3T1
MMSZ3V6T1
MMSZ3V9IT1
MMSZ43T1
MMSZ4678T1
MMSZ4679T1
MMSZ4680T1
MMSZ4681T1
MMSZ4682T1
MMSZ4683T1
MMSZ4684T1
MMSZ4685T1
MMSZ4686T1
MMSZ4687T1
MMSZ4688T1
MMSZ4689T1
MMSZ4690T1
MMSZ4691T1
MMSZ4692T1
MMSZ4693T1
MMSZ4694T1
MMSZ4695T1
MMSZ4696T1
MMSZ4697T1
MMSZ4698T1
MMSZ4699T1
MMSZ4700T1
MMSZ4701T1
MMSZ4702T1
MMSZ4703T1
MMSZ4704T1
MMSZ4705T1
MMSZ4706T1
MMSZ4707T1
MMSZ4708T1
MMSZ4709T1
MMSZ4710T1
MMSZ4711T1
MMSZ4712T1
MMSZ4713T1
MMSZ4714T1

PAGE
280
280
280
280
280
280
280
280
280
276
276
276
276
276
276
276
276
276
276
276
276
276
276
276
276
276
276
276
276
276
276
276
276
276
276
276
276
276
276
276
276
276
276
276
276
276

DEVICE
MMSZ4715T1
MMSZ4716T1
MMSZ4717T1
MMSZ4V3T1
MMSZ4V7T1
MMSZ51T1
MMSZ5221BT1
MMSZ5222BT1
MMSZ5223BT1
MMSZ5224BT1
MMSZ5225BT1
MMSZ5226BT1
MMSZ5227BT1
MMSZ5228BT1
MMSZ5229BT1
MMSZ5230BT1
MMSZ5231BT1
MMSZ5232BT1
MMSZ5233BT1
MMSZ5234BT1
MMSZ5235BT1
MMSZ5236BT1
MMSZ5237BT1
MMSZ5238BT1
MMSZ5239BT1
MMSZ5240BT1
MMSZ5241BT1
MMSZ5242BT1
MMSZ5243BT1
MMSZ5244BT1
MMSZ5245BT1
MMSZ5246BT1
MMSZ5247BT1
MMSZ5248BT1
MMSZ5249BT1
MMSZ5250BT1
MMSZ5251BT1
MMSZ5252BT1
MMSZ5253BT1
MMSZ5254BT1
MMSZ5255BT1
MMSZ5256BT1
MMSZ5257BT1
MMSZ5258BT1
MMSZ5259BT1
MMSZ5260BT1

PAGE
276
276
276
280
280
280
271
271
271
271
271
271
271
271
271
271
271
271
271
271
271
271
271
271
271
271
271
271
271
271
271
271
271
271
271
271
271
271
271
271
271
271
271
271
271
271

DEVICE
MMSZ5261BT1
MMSZ5262BT1
MMSZ5263BT1
MMSZ5264BT1
MMSZ5265BT1
MMSZ5266BT1
MMSZ5267BT1
MMSZ5268BT1
MMSZ5269BT1
MMSZ5270BT1
MMSZ5272BT1
MMSZ56T1
MMSZ5V1T1
MMSZ5V6T1
MMSZ6V2T1
MMSZ6V8T1
MMSZ7V5T1
MMSZ8V2T1
MMSZ9V1T1
MSQAGBV1IWS5T2
MZP4729A
MZP4734A
MZP4735A
MZP4736A
MZP4737A
MZP4738A
MZP4740A
MZP4741A
MZP4744A
MZP4745A
MZP4746A
MZP4749A
MZP4750A
MZP4751A
MZP4752A
MZP4753A
P6KE100A
P6KE100CA
P6KE10A
P6KE10CA
P6KE110A
P6KE110CA
P6KE11A
P6KE11CA
P6KE120A
P6KE120CA

PAGE
271
271
271
271
271
271
271
271
271
271
271
280
280
280
280
280
280
280
280
155
242
242
242
242
242
242
242
242
242
242
242
242
242
242
242
242

47
53
47
53
47
53
47
53
47
53

DEVICE
P6KE12A
P6KE12CA
P6KE130A
P6KE130CA
P6KE13A
P6KE13CA
P6KE150A
P6KE150CA
P6KE15A
P6KE15CA
P6KE160A
P6KE160CA
P6KE16A
P6KE16CA
P6KE170A
P6KE170CA
P6KE180A
P6KE180CA
P6KE18A
P6KE18CA
P6KE200A
P6KE200CA
P6KE20A
P6KE20CA
P6KE22A
P6KE22CA
P6KE24A
P6KE24CA
P6KE27A
P6KE27CA
P6KE30A
P6KE30CA
P6KE33A
P6KE33CA
P6KE36A
P6KE36CA
P6KE39A
P6KE39CA
P6KE43A
P6KE43CA
P6KE47A
P6KE47CA
P6KE51A
P6KE51CA
P6KES56A
P6KE56CA

PAGE
47
53
47
53
47
53
47
53
47
53
47
53
47
53
47
53
47
53
47
53
47
53
47
53
47
53
47
53
47
53
47
53
47
53
47
53
47
53
47
53
47
53
47
53
47
53
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DEVICE
P6KEG.8A
P6KEG.8CA
P6KEG2A
P6KEG62CA
P6KEG8BA
P6KEGSCA
P6KE7.5A
P6KE7.5CA
P6KE75A
P6KE75CA
P6KES8.2A
P6KES8.2CA
P6KE82A
P6KE82CA
P6KE9.1A
P6KE9.1CA
P6KE91A
P6KE91CA
P6SMB100AT3
P6SMB10AT3
P6SMB110AT3
P6SMB11AT3
P6SMB11CAT3
P6SMB120AT3
P6SMB12AT3
P6SMB12CAT3
P6SMB130AT3
P6SMB13AT3
P6SMB13CAT3
P6SMB150AT3
P6SMB15AT3
P6SMB15CAT3
P6SMB160AT3
P6SMB16AT3
P6SMB16CAT3
P6SMB170AT3
P6SMB180AT3
P6SMB18AT3
P6SMB18CAT3
P6SMB200AT3
P6SMB20AT3
P6SMB20CAT3

PAGE
47
53
47
53
47
53
47
53
47
53
47
53
47
53
47
53
47
53

113
113
113
113
123
113
113
123
113
113
123
113
113
123
113
113
123
113
113
113
123
113
113
123

DEVICE
P6SMB22AT3
P6SMB22CAT3
P6SMB24AT3
P6SMB24CAT3
P6SMB27AT3
P6SMB27CAT3
P6SMB30AT3
P6SMB30CAT3
P6SMB33AT3
P6SMB33CAT3
P6SMB36AT3
P6SMB36CAT3
P6SMB39AT3
P6SMB39CAT3
P6SMB43AT3
P6SMB43CAT3
P6SMB47AT3
P6SMB47CAT3
P6SMB51AT3
P6SMB51CAT3
P6SMB56AT3
P6SMB56CAT3
P6SMBG6.8AT3
P6SMBG62AT3
P6SMB62CAT3
P6SMBG8AT3
P6SMBG68CAT3
P6SMB7.5AT3
P6SMB75AT3
P6SMB75CAT3
P6SMB8.2AT3
P6SMB82AT3
P6SMB82CAT3
P6SMB9.1AT3
P6SMB91AT3
P6SMB91CAT3
SA100A
SA100CA
SA10A
SA10CA
SA110A

PAGE
113
123
113
123
113
123
113
123
113
123
113
123
113
123
113
123
113
123
113
123
113
123
113
113
123
113
123
113
113
123
113
113
123
113
113
123

65
70
65
69
65

DEVICE
SA110CA
SAl11A
SAl11CA
SA120A
SA120CA
SA12A
SA12CA
SA130A
SA130CA
SA13A
SA13CA
SAl4A
SAl14CA
SA150A
SA150CA
SA15A
SA15CA
SA160A
SA160CA
SA16A
SA16CA
SA170A
SA170CA
SA17A
SAl17CA
SA18A
SA18CA
SA20A
SA20CA
SA22A
SA22CA
SA24A
SA24CA
SA26A
SA26CA
SA28A
SA28CA
SA30A
SA30CA
SA33A
SA33CA

PAGE
70
65
69
65
70
65
69
65
70
65
69
65
69
65
70
65
69
65
70
65
69
65
70
65
69
65
69
65
69
65
69
65
69
65
69
65
69
65
69
65
69

DEVICE
SA36A
SA36CA
SA40A
SA40CA
SA43A
SA43CA
SA45A
SA45CA
SA48A
SA48CA
SAS5.0A
SA5.0CA
SAS51A
SA51CA
SA58A
SAS58CA
SAG6.0A
SA6.0CA
SAGOA
SAGOCA
SAG4A
SAG4CA
SA7.0A
SA7.0CA
SA7.5A
SA7.5CA
SA70A
SA70CA
SAT8A
SA78CA
SA8.0A
SA8.0CA
SA8.5A
SA8.5CA
SA85CA
SA9.0A
SA9.0CA
SA90A
SA90CA
SMS05T1
SMS05T3

PAGE
65
69
65
69
65
69
65
69
65
69
65
69
65
69
65
69
65
69
65
69
65
70
65
69
65
69
65
70
65
70
65
69
65
69
70
65
69
65
70

160
160
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CHAPTER 2
Selector Guide for Transient Voltage Suppressors
and Zener Diodes
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ON Semiconductor's standard TVS (Transient
Voltage Suppressors) and Zener diodes comprise the
largest inventoried line in the industry. Continuous
development of improved manufacturing techniques
have resulted in computerized diffusion and test, as well
as critical process controls learned from
surface—sensitive MOS fabrication. The resulting higher
yields have lowered the factory costs. Check the
following features for application to your specific
requirements:

» Wide selection of package materials and styles:

— Plastic (Surmetic) for low cost, mechanical
ruggedness
— Glass for high reliability, low cost
— Surface Mount packages for state of the art
designs

» Steady State Power Dissipation from 0.25 to
5.0 Watts

» Breakdown voltages from 1.8 to 400 Volts in
approximately 10% steps

» Transient Voltage Suppression Protection from 24 to
1500 Watts with Working Peak Reverse \oltage
from 5.0 to 214 \Volts

» ESD protection devices

» Special selection of electrical characteristics
available at low cost due to high—volume lines
(check your ON Semiconductor sales representative
for special quotations)

« UL Recognition on many TVS device types

« Tape and Reel options available on all axial leaded
and surface mount types

e Many TVS are offered as bidirectional
(clipper devices)

» Standard Zener tolerance4s5.0%

Zener Diodes
Axial Leaded .......... ... ... i 15

Surface Mount . ........ ... . i 17
TVS (Transient Voltage Suppressors) ........... 21
AxialLeaded ......... ... ..., 21
BOOWALL . .o 21
BOOWaALL . ... 23
1500 Watt .. ovve e 25
Surface Mount Packages ................... 28
175 Watt (Powermite) . ................... 28
400 Watt (SMA) .. ... 29
600 Watt (SMB) . ... 31
1500 Watt (SMC) ...t 36
Multiple Device Packages . .................. 38
Duals (Typical) . .......... ..o ... 38
Quads (Typical) ..., 40
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Zener Diodes — Regulation in Axial Leads

Table 1. Axial Leaded — 3, 5 Watt

Nominal 3 Watt 5 Watt
Zener
Breakdown
\oltage Cathode = Polarity Band Cathode =Polarity Band
Volts
Plastic
Surmetic 30 Plastic
Case 59-03 Surmetic 40

(DO-41) Case 17
1.8
2.0
2.2
2.4
2.5
2.7
2.8
3.0
3.3 1N5913B 1N5333B
3.6 MZP4729A 1N5914B 1N5334B
3.9 MZP4730A 1N5915B 1N5335B
4.3 MZP4731A 1N5916B 1N5336B
4.7 MZP4732A 1N5917B 1N5337B
5.1 MZP4733A 1N5918B 1N5338B
5.6 MZP4734A 1N5919B 1N5339B
6.0 1N5340B
6.2 MZP4735A 1N5920B 1N5341B
6.8 MZP4736A 1N5921B 1N5342B
7.5 MZP4737A 1N5922B 1N5343B
8.2 MZP4738A 1N5923B 1N5344B
8.7 1N5345B
9.1 MZP4739A 1N5924B 1N5346B
10 MZP4740A 1N5925B 1N5347B
11 MZP4741A 1N5926B 1N5348B
12 1N5927B 1N5349B
13 MZP4743A 1N5928B 1N5350B
14 1N5351B
15 MZP4744A IN59298 1N5352B
16 MZP4745A 1N5930B 1N5353B
17 1N5354B
18 MZP4746A 1N5931B 1N5355B
19 1N5356B
20 MZPA4747A 1N5932B 1N5357B
22 MZP4748A 1N5933B 1N5358B
24 MZP4749A 1N5934B 1N5359B

Devices listed in bold, italic are ON Semiconductor preferred devices.
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Zener Diodes — Regulation in Axial Leads

Table 1. Axial Leaded — 3, 5 Watt (continued)

(continued)

Nominal 3 Watt 5 Watt
Zener
Breakdown
\oltage Cathode = Polarity Band Cathode = Polarity Band
Volts
Plastic
Surmetic 30 Plastic
Case 59-03 Surmetic 40
(DO-41) Case 17
25 1N5360B
27 MZP4750A 1N5935B 1N5361B
28 1N5362B
30 MZP4751A 1N59368 1N5363B
33 1N5937B 1N5364B
36 1N5938B 1N5365B
39 1N5939B 1N5366B
43 1N5940B 1N5367B
47 1N5941B 1N5368B
51 1N5942B 1N5369B
56 1N5943B 1N5370B
60 1N5371B
62 1N5944B 1N5372B
68 1N5945B 1N5373B
75 1N5946B 1N5374B
82 1N5947B 1N5375B
87 1N5376B
91 1N5948B 1N5377B
100 1N5949B 1N5378B
110 1N5950B 1N5379B
120 1N5951B 1N5380B
130 1N5952B 1N5381B
140 1N5382B
150 1N5953B 1N5383B
160 1N5954B 1N5384B
170 1N5385B
180 1M180ZS5 1N59558 1N5386B
190 1N5387B
200 1M200ZS5 1N5956B 1N5388B
220
240
270
300
330
360
400
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Zener Diodes — Regulation in Surface Mount

Table 2. Surface Mount Packages — .2, .225, .5 Watt

Nominal 200 mwW 225 mW 500 mW
Zener
Break—down
Voltage
SOD-323 SOT-23 SOD-123
Cathode
Anode %\ @
Volts No Connection
Plastic Plastic
CS;?:Z ! Case 318 Case 425, Style 1
TO-236AB

1.8 MMSZ4678T1
2.0 MMSZ4679T1
2.2 MMSZ4680T1
2.4 MM3Z2V4T1 BZX84C2V4LT1 MMBZ5221BLT1 MMSZ2V4T1 MMSZ4681T1 MMSZ5221BT1
2.5 MMBZ5222BLT1 MMSZ5222BT1
2.7 MM3Z2V7T1 BZX84C2V7LT1 MMBZ5223BLT1 MMSZ2V7T1 MMSZ4682T1 MMSZ5223BT1
2.8 MMBZ5224BLT1 MMSZ5224BT1
3.0 MM3Z3V0T1 BZX84C3VOLT1 MMBZ5225BLT1 MMSZ3V0T1 MMSZ4683T1 MMSZ5225BT1
3.3 MM3Z3V3T1 BZX84C3V3LT1 MMBZ5226BLT1 MMSZ3V3T1 MMSZ4684T1 MMSZ5226BT1
3.6 MM3Z3V6T1 BZX84C3V6LT1 MMBZ5227BLT1 MMSZ3V6T1 MMSZ4685T1 MMSZ5227BT1
3.9 MM3Z3V9T1 BZX84C3VIOLT1 MMBZ5228BLT1 MMSZ3V9T1 MMSZ4686T1 MMSZ5228BT1
4.3 MM3z4V3T1 BZX84C4V3LT1 MMBZ5229BLT1 MMSZ4V3T1 MMSZ4687T1 MMSZ5229BT1
4.7 MM3z4V7T1 BZX84C4V7LT1 MMBZ5230BLT1 MMSZ4V7T1 MMSZ4688T1 MMSZ5230BT1
5.1 MM3Z5V1T1 BZX84C5V1LT1 MMBZ5231BLT1 MMSZ5V1T1 MMSZ4689T1 MMSZ5231BT1
5.6 MM3Z5V6T1 BZX84C5V6LT1 MMBZ5232BLT1 MMSZ5V6T1 MMSZ4690T1 MMSZ5232BT1
6.0 MMBZ5233BLT1 MMSZ5233BT1
6.2 MM3Z6V2T1 BZX84C6V2LT1 MMBZ5234BLT1 MMSZ6V2T1 MMSZ4691T1 MMSZ5234BT1
6.8 MM3Z6V8T1 BZX84C6V8LT1 MMBZ5235BLT1 MMSZ6V8T1 MMSZ4692T1 MMSZ5235BT1
7.5 MM3Z7V5T1 BZX84C7V5LT1 MMBZ5236BLT1 MMSZ7V5T1 MMSZ4693T1 MMSZ5236BT1
8.2 MM3Z8V2T1 BZX84C8V2LT1 MMBZ5237BLT1 MMSZ8V2T1 MMSZ4694T1 MMSZ5237BT1
8.7 MMBZ5238BLT1 MMSZ4695T1 MMSZ5238BT1
9.1 MM3Z9V1T1 BZX84C9V1LT1 MMBZ5239BLT1 MMSZ9V1T1 MMSZ4696T1 MMSZ5239BT1
10 MM3Z10VT1 BZX84C10LT1 MMBZ5240BLT1 MMSZ10T1 MMSZ4697T1 MMSZ5240BT1
11 MM3Z11VT1 BZX84C11LT1 MMBZ5241BLT1 MMSZ11T1 MMSZ4698T1 MMSZ5241BT1
12 MM3Z12VT1 BZX84C12LT1 MMBZ5242BLT1 MMSZ12T1 MMSZ4699T1 MMSZ5242BT1
13 MM3Z13VT1 BZX84C13LT1 MMBZ5243BLT1 MMSZ13T1 MMSZ4700T1 MMSZ5243BT1
14 MMBZ5244BLT1 MMSZz4701T1 MMSZ5244BT1
15 MM3Z15VT1 BZX84C15LT1 MMBZ5245BLT1 MMSZ15T1 MMSZ4702T1 MMSZ5245BT1
16 MM3Z16VT1 BZX84C16LT1 MMBZ5246BLT1 MMSZ16T1 MMSZ4703T1 MMSZ5246BT1
17 MMBZ5247BLT1 MMSZ4704T1 MMSZ5247BT1
18 MM3Z18VT1 BZX84C18LT1 MMBZ5248BLT1 MMSZ18T1 MMSZ4705T1 MMSZ5248BT1
19 MMBZ5249BLT1 MMSZ4706T1 MMSZ5249BT1
20 MM3Z20VT1 BZX84C20LT1 MMBZ5250BLT1 MMSZ20T1 MMSZ4707T1 MMSZ5250BT1
22 MM3Z22VT1 BZX84C22LT1 MMBZ5251BLT1 MMSZ22T1 MMSZ4708T1 MMSZ5251BT1
24 MM3Z24VT1 BZX84C24LT1 MMBZ5252BLT1 MMSZ24T1 MMSZ4709T1 MMSZ5252BT1
25 MMBZ5253BLT1 MMSzZ4710T1 MMSZ5253BT1
27 MM3Z27VT1 BZX84C27LT1 MMBZ5254BLT1 MMSZ27T1 MMSZ4711T1 MMSZ5254BT1
28 MMBZ5255BLT1 MMSz4712T1 MMSZ5255BT1
30 MM3Z30VT1 BZX84C30LT1 MMBZ5256BLT1 MMSZ30T1 MMSZ4713T1 MMSZ5256BT1
33 MM3Z33VT1 BZX84C33LT1 MMBZ5257BLT1 MMSZ33T1 MMSZ4714T1 MMSZ5257BT1
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Zener Diodes — Regulation in Surface Mount

Table 2. Surface Mount Packages — .2, .225, .5 Watt

(continued)

(continued)

Nominal 200 mwW 225 mW 500 mW
Zener
Break—down
Voltage
SOD-323 SOT-23 SOD-123
Cathode
Anode %\ @
Volts No Connection
Plastic Plastic
CS;?:Z ! Case 318 Case 425, Style 1
TO-236AB
36 MM3Z36VT1 BZX84C36LT1 MMBZ5258BLT1 MMSZ36T1 MMSzZ4715T1 MMSZ5258BT1
39 MM3Z39VT1 BZX84C39LT1 MMBZ5259BLT1 MMSZ39T1 MMSZ4716T1 MMSZ5259BT1
43 MM3Z43VT1 BZX84C43LT1 MMBZ5260BLT1 MMSZ43T1 MMSZz4717T1 MMSZ5260BT1
47 MM3z47VT1 BZX84C47LT1 MMBZ5261BLT1 MMSz47T1 MMSZ5261BT1
51 MM3z51VT1 BZX84C51LT1 MMBZ5262BLT1 MMSZ51T1 MMSZ5262BT1
56 MM3Z56VT1 BZX84C56LT1 MMBZ5263BLT1 MMSZ56T1 MMSZ5263BT1
60 MMBZ5264BLT1 MMSZ5264BT1
62 MM3Z62VT1 BZX84C62LT1 MMBZ5265BLT1 MMSZ62T1 MMSZ5265BT1
68 MM3Z68VT1 BZX84C68LT1 MMBZ5266BLT1 MMSZ68T1 MMSZ5266BT1
75 MM3Z75VT1 BZX84C75LT1 MMBZ5267BLT1 MMSZ75T1 MMSZ5267BT1
82 MMBZ5268BLT1 MMSZ5268BT1
87 MMBZ5269BLT1 MMSZ5269BT1
91 MMBZ5270BLT1 MMSZ5270BT1
100
110
120
130
150
160
180
200
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Zener Diodes — Regulation in Surface Mount

Table 3. Surface Mount Packages — 1.5, 3 Watt

(continued)

Nominal 1.5 Watt 3 Watt 3 Watt
Zener
Break—down
Voltage
SMA Powermite SMB
Q Cathode O
Volts \% @
Plastic Plastic Anode Plastic
Case 403B
Cathode = Notch Case 457 Case 403A

1.8

2.0

2.2

2.4

25

2.7

2.8

3.0

3.3 1SMA5913BT3 1SMB5913BT3
3.6 1SMA5914BT3 1SMB5914BT3
3.9 1SMA5915BT3 1SMB5915BT3
4.3 1SMA5916BT3 1SMB5916BT3
4.7 1SMA5917BT3 1SMB5917BT3
51 1SMA5918BT3 1SMB5918BT3
5.6 1SMA5919BT3 1SMB5919BT3
6.0

6.2 1SMA5920BT3 1PMT5920BT3 1SMB5920BT3
6.8 1SMA5921BT3 1PMT5921BT3 1SMB5921BT3
7.5 1SMA5922BT3 1PMT5922BT3 1SMB5922BT3
8.2 1SMA5923BT3 1PMT5923BT3 1SMB5923BT3
8.7

9.1 1SMA5924BT3 1PMT5924BT3 1SMB5924BT3
10 1SMA5925BT3 1PMT5925BT3 1SMB5925BT3
11 1SMA5926BT3 1SMB5926BT3
12 1SMA5927BT3 1PMT5927BT3 1SMB5927BT3
13 1SMA5928BT3 1SMB5928BT3
14 1PMT5929BT3 1SMB5929BT3
15 1SMA5929BT3

16 1SMA5930BT3 1PMT5930BT3 1SMB5930BT3
17

18 1SMA5931BT3 1PMT5931BT3 1SMB5931BT3
19

20 1SMA5932BT3 1SMB5932BT3
22 1SMA5933BT3 1PMT5933BT3 1SMB5933BT3
24 1SMA5934BT3 1PMT5934BT3 1SMB5934BT3
25

27 1SMA5935BT3 1PMT5935BT3 1SMB5935BT3
28

30 1SMA5936BT3 1PMT5936BT3 1SMB5936BT3
33 1SMA5937BT3 1SMB5937BT3
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Zener Diodes — Regulation in Surface Mount

Table 3. Surface Mount Packages — 1.5, 3 Watt

(continued)

(continued)

Nominal 1.5 Watt 3 Watt 3 Watt
Zener
Break—down
Voltage
SMA Powermite SMB
Q Cathode O Q
Volts Plastic N% Anode Plasti
4038 Plastic astic
Catﬁgzg = Notch Case 457 Case 403A

36 1SMA5938BT3 1SMB5938BT3
39 1SMA5939BT3 1PMT5939BT3 1SMB5939BT3
43 1SMA5940BT3 1SMB5940BT3
47 1SMA5941BT3 1PMT5941BT3 1SMB5941BT3
51 1SMA5942BT3 1SMB5942BT3
56 1SMA5943BT3 1SMB5943BT3
60

62 1SMA5944BT3 1SMB5944BT3
68 1SMA5945BT3 1SMB5945BT3
75 1SMB5946BT3
82 1SMB5947BT3
87

91 1SMB5948BT3
100 1SMB5949BT3
110 1SMB5950BT3
120 1SMB5951BT3
130 1SMB5952BT3
150 1SMB5953BT3
160 1SMB5954BT3
180 1SMB5955BT3
200 1SMB5956BT3
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TVS — in Axial Leads

Table 4. Peak Power Dissipation,

Case 59-04 — Mini Mosorb

500 Watts @ 1 ms Surge

CASE 59-04 (Mini Mosorb 00)

PLASTIC

Cathode = Polarity Band

IRSM
IRSM
2

0 1 2

T —t

3 4 5 6

Time —» (ms)
Surge Current Characterisitcs

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) Vg = 3.5 V Max, Ig = 35 A Pulse
(except bidirectional devices).

. Breakdown Voltage . .
Working Peak Maximum Maximum
Reverse Reverse Maximurm Reverse Voltage
Voltzge @+ Leakage Reverse Surge @ Irsm
VRwM Pulse @ VrRwMm Currenttliggy (Clampinmy \{rdtirage )
(Volts) Device Min Max (mA) IR (MA) (Amps) VRrswm (Volts)

5 SA5.0A 6.4 7 10 600 54.3 9.2

6 SA6.0A 6.67 7.37 10 600 48.5 10.3
6.5 SAG6.5A 7.22 7.98 10 400 44.7 11.2

7 SA7.0A 7.78 8.6 10 150 41.7 12

7.5 SA7.5A 8.33 9.21 1 50 38.8 12.9

8 SA8.0A 8.89 9.83 1 25 36.7 13.6
8.5 SA8.5A 9.44 10.4 1 5 34.7 14.4

9 SA9.0A 10 11.1 1 1 325 15.4

10 SA10A 11.1 12.3 1 1 29.4 17

11 SA11A 12.2 135 1 1 27.4 18.2

12 SA12A 13.3 14.7 1 1 25.1 19.9

13 SA13A 14.4 15.9 1 1 23.2 215

14 SA14A 15.6 17.2 1 1 215 23.2

15 SA15A 16.7 18.5 1 1 20.6 24.4

16 SA16A 17.8 19.7 1 1 19.2 26

17 SA17A 18.9 20.9 1 1 18.1 27.6

18 SA18A 20 22.1 1 1 17.2 29.2

20 SA20A 22.2 24.5 1 1 154 324

22 SA22A 24.4 26.9 1 1 141 35.5

24 SA24A 26.7 295 1 1 12.8 38.9

26 SA26A 28.9 31.9 1 1 11.9 42.1

28 SA28A 31.1 34.4 1 1 11 45.4

30 SA30A 33.3 36.8 1 1 10.3 48.4

33 SA33A 36.7 40.6 1 1 9.4 53.3

For bidirectional types use CA suffix, SA6.5CA, SA12CA, SA13CA and SA15CA are ON Semiconductor preferred devices.
Bi—directional devices have cathode polarity band on each end. (Consult factory for availability).
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TVS — in Axial Leads (continued)

Table 4. Peak Power Dissipation, 500 Watts @ 1 ms Surge
Case 59-04 — Mini Mosorb  (continued)

ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted) Vg = 3.5 V Max, Ig = 35 A Pulse
(except bidirectional devices).

Breakdown Voltage

Working Peak Maximum Maximum
Reverse v Reverse Maximurm Reverse Voltage
Voltage (Vo?tr\s’ ) @i Leakage | Reverse Surge @ Irsm

VRwM Pulse @ VrwMm Currentt'lrgm (Clampinmg \Xrditeage )
(Volts) Device Min Max (mA) Ig (UA) (Amps) Vrswm (Volts)
36 SA36A 40 44.2 1 1 8.6 58.1
40 SA40A 44.4 49.1 1 1 7.8 64.5
43 SA43A 47.8 52.8 1 1 7.2 69.4
45 SA45A 50 55.3 1 1 6.9 72.7
48 SA48A 53.3 58.9 1 1 6.5 77.4
51 SA51A 56.7 62.7 1 1 6.1 82.4
54 SA54A 60 66.3 1 1 5.7 87.1
58 SAS58A 64.4 71.2 1 1 53 93.6
60 SA60A 66.7 73.7 1 1 5.2 96.8
64 SABG4A 71.1 78.6 1 1 4.9 103
70 SA70A 77.8 86 1 1 4.4 113
75 SA75A 83.3 92.1 1 1 4.1 121
78 SAT8A 86.7 95.8 1 1 4 126
85 SA85A 94.4 104 1 1 3.6 137
90 SA90A 100 111 1 1 3.4 146
100 SA100A 111 123 1 1 3.1 162
110 SA110A 122 135 1 1 2.8 177
120 SA120A 133 147 1 1 2.5 193
130 SA130A 144 159 1 1 2.4 209
150 SA150A 167 185 1 1 21 243
160 SA160A 178 197 1 1 1.9 259
170 SA170A 189 209 1 1 1.8 275

For bidirectional types use CA suffix, SAI8CA and SA24CA are ON Semiconductor preferred devices.
Bi—directional devices have cathode polarity band on each end. (Consult factory for availability).
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TVS — in Axial Leads (continued)

Table 5. Peak Power Dissipation, 600 Watts
Case 17 — Surmetic 40

@ 1 ms Surge

CASE 17
PLASTIC

Cathode = Polarity Band

IRSM
TRsm | N
2 .
0 1 2 3 4 5 6
Time —» (ms)

Surge Current Characterisitcs

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) Vg = 3.5 V Max, Iz = 50 A Pulse

(except bidirectional devices).

Breakdown
Voltage Working Peak Maximum Maximum
v Reverse Reverse Maximum Reverse Voltage
(Vo?tRs) @h Voltage Leakage Reverse Sumge @ Irswm
Puise VrRwM @ VrwMm Currenttliggm (Clamping \njteass)
Nom (mA) Device (Vohts) IR (MA) (Amps) VRrsm (VoltsY)
6.8 10 P6KE6.8A 5.8 1000 57 10.5
7.5 10 P6KE7.5A 6.4 500 53 11.3
8.2 10 P6KES8.2A 7.02 200 50 12.1
9.1 1 P6KE9.1A 7.78 50 45 13.4
10 1 P6KE10A 8.55 10 41 145
11 1 P6KE11A 9.4 5 38 15.6
12 1 P6KE12A 10.2 5 36 16.7
13 1 P6KE13A 11.1 5 33 18.2
15 1 P6KE15A 12.8 5 28 21.2
16 1 P6KE16A 13.6 5 27 225
18 1 P6KE18A 15.3 5 24 25.2
20 1 P6KE20A 17.1 5 22 27.7
22 1 P6KE22A 18.8 5 20 30.6
24 1 P6KE24A 20.5 5 18 33.2
27 1 P6KE27A 23.1 5 16 375
30 1 PEKE30A 25.6 5 14.4 41.4
33 1 PEKE33A 28.2 5 13.2 45.7
36 1 PEKE36A 30.8 5 12 49.9
39 1 PEKE39A 33.3 5 11.2 53.9
43 1 P6KE43A 36.8 5 10.1 59.3
47 1 P6KE47A 40.2 5 9.3 64.8
51 1 P6KE51A 43.6 5 8.6 70.1
56 1 P6KE56A 47.8 5 7.8 77
62 1 P6KEG2A 53 5 7.1 85
68 1 PEKEG8A 58.1 5 6.5 92
75 1 P6KE75A 64.1 5 5.8 103
82 1 P6KE82A 70.1 5 5.3 113
91 1 P6KE91A 77.8 5 4.8 125
100 1 P6KE100A 85.5 5 4.4 137
110 1 P6KE110A 94 5 4 152
120 1 P6KE120A 102 5 3.6 165
130 1 P6KE130A 111 5 3.3 179

For bidirectional types use CA suffix, P6KE7.5CA and P6KE11CA are ON Semiconductor preferred devices.
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TVS — in Axial Leads (continued)

Table 5. Peak Power Dissipation, 600 Watts

Case 17 — Surmetic 40 (continued)

@ 1 ms Surge

ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted) Vg = 3.5 V Max, Ig = 50 A Pulse
(except bidirectional devices).

Breakdown
Voltage Working Peak Maximum Maximum
v Reverse Reverse Maximum Reverse Voltage
(Vo?tZ) @k Voltage Leakage Reverse Surge @ Irsm
Puise VeRwM @ VrwMm Currenttliggm (Clamping \indteao)

Nom (mA) Device (Volts) IR (MA) (AmpsY) VRrsm (Volts)

150 1 P6KE150A 128 5 29 207

160 1 P6KE160A 136 5 2.7 219

170 1 P6KE170A 145 5 2.6 234

180 1 P6KE180A 154 5 2.4 246

200 1 P6KE200A 171 5 2.2 274

For bidirectional types use CA suffix. Bi—directional devices have cathode polarity band on each end. (Consult factory for

availability).
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TVS — in Axial Leads (continued)

Table 6. Peak Power Dissipation, 1500 Watts @ 1 ms Surge
Case 41A — Mosorb

IRsM
RsM | \
2 '
0 12 3 4 5 6
CASE 41A ]
PLASTIC Time —» (ms)
Cathode = Polarity Band Surge Current Characterisitcs
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) Vg = 3.5 V Max, Iz = 100 A Pulse)
(C suffix denotes standard back to back bidirectional versions. Test both polarities)
Clamping Voltage ©
Breakd Maximum Peak
Max r\e/al own Reverse Peak Pulse
Reverse oltage Maximum | Voltage @ Pulse Current @
Stand- Maximum. | Reverse Irsm Current @ lpp2 =
Off Reverse Surge (Clamping | lppr =1A 10A
Voltage VBr @ lt | Leakage Current Voltage) Ve Vo
VRWM JEDEC ) VO!tS Pulse @ VRwM |RSM VRsMm (VOltS (VOltS
(Volts) Device Device Min (mA) IR (MA) (Volts) (Volts) max) max)
5 IN5908 6 1 300 120 8.5 76 @ 8@
30A 60 A
5 IN6373 | ICTE-5/MPTE-5 6 1 300 160 9.4 7.1 7.5
8 1N6374 |ICTE-8/MPTE-8 9.4 1 25 100 15 11.3 11.5
8 1N6382 |ICTE-8C/MPTE-8C 9.4 1 25 100 15 11.4 11.6
10 1N6375 |ICTE-10/MPTE-10 11.7 1 2 90 16.7 13.7 14.1
10 1N6383 |ICTE-10C/MPTE-10C | 11.7 1 2 90 16.7 141 14.5
12 1N6376 |ICTE-12/MPTE-12 14.1 1 2 70 21.2 16.1 16.5
12 1N6384 |ICTE-12C/MPTE-12C | 14.1 1 2 70 21.2 16.7 171
15 1IN6377 |ICTE-15/MPTE-15 17.6 1 2 60 25 20.1 20.6
15 1N6385 |ICTE-15C/MPTE-15C | 17.6 1 2 60 25 20.8 21.4
18 1N6378 | ICTE-18/MPTE-18 21.2 1 2 50 30 24.2 25.2
18 1N6386 |ICTE-18C/MPTE-18C | 21.2 1 2 50 30 24.8 25.5
22 1IN6379 |ICTE-22/MPTE-22 25.9 1 2 40 37.5 29.8 32
22 1N6387 |ICTE-22C/MPTE-22C | 25.9 1 2 40 37.5 30.8 32
36 1N6380 |ICTE-36/MPTE-36 42.4 1 2 23 65.2 50.6 54.3
36 1N6388 | ICTE-36C/MPTE-36C | 42.4 1 2 23 65.2 50.6 54.3
45 1IN6381 | ICTE-45/MPTE-45 52.9 1 2 19 78.9 63.3 70
45 1N6389 |ICTE-45C/MPTE-45C | 52.9 1 2 19 78.9 63.3 70

1N6382 thru 1N6389 and C suffix ICTE/MPTE device types are bidirectional. Bi—directional devices have cathode polarity band on each
end. All other device types are unidirectional only. (Consult factory for availability)
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TVS — in Axial Leads (continued)

Table 7. Peak Power Dissipation, 1500 Watts @ 1 ms Surge
Case 41A — Mosorb

PLASTIC

CASE 41A

Cathode = Polarity Band

IRSM
IRSM
2

0 1

2 3 4 5 6

Time —» (ms)
Surge Current Characterisitcs

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) Vg = 3.5 V Max, Iz = 100 A Pulse

Maximum
Breakdown Voltage Reverse
Working Maximum Voltage
Vv Peak Maximum Reverse @ Irsm
Vo?ti Reverse Reverse Surge (Clamping
@it Voltage Leakage Current Voltage)
Pulse JEDEC VRwM @ VrRwMm IrRsMm VRsm
Nom (mA) Device Device (Volts) IR (MA) (Amps) (Volts)
6.8 10 IN6267A 1.5KE6.8A 5.8 1000 143 105
7.5 10 1N6268A 1.5KE7.5A 6.4 500 132 11.3
8.2 10 1N6269A 1.5KE8.2A 7.02 200 124 121
9.1 1 1IN6270A 1.5KE9.1A 7.78 50 112 134
10 1 1IN6271A 1.5KE10A 8.55 10 103 145
11 1 1IN6272A 1.5KE11A 9.4 5 96 15.6
12 1 1IN6273A 1.5KE12A 10.2 5 90 16.7
13 1 1IN6274A 1.5KE13A 11.1 5 82 18.2
15 1 IN6275A 1.5KE15A 12.8 5 71 21.2
16 1 1IN6276A 1.5KE16A 13.6 5 67 225
18 1 IN6277A 1.5KE18A 15.3 5 59.5 25.2
20 1 1IN6278A 1.5KE20A 17.1 5 54 271.7
22 1 1IN6279A 1.5KE22A 18.8 5 49 30.6
24 1 IN6280A 1.5KE24A 20.5 5 45 33.2
27 1 IN6281A 1.5KE27A 23.1 5 40 375
30 1 IN6282A 1.5KE30A 25.6 5 36 41.4
33 1 IN6283A 1.5KE33A 28.2 5 33 45.7
36 1 1N6284A 1.5KE36A 30.8 5 30 49.9
39 1 IN6285A 1.5KE39A 333 5 28 53.9
43 1 1N6286A 1.5KE43A 36.8 5 253 59.3
47 1 1N6287A 1.5KE47A 40.2 5 23.2 64.8
51 1 1IN6288A 1.5KE51A 43.6 5 21.4 70.1
56 1 1N6289A 1.5KE56A 47.8 5 195 77
62 1 1N6290A 1.5KE62A 53 5 17.7 85
68 1 1IN6291A 1.5KE68A 58.1 5 16.3 92
75 1 1IN6292A 1.5KE75A 64.1 5 14.6 103
82 1 1IN6293A 1.5KE82A 70.1 5 13.3 113
91 1 1IN6294A 1.5KE91A 77.8 5 12 125
100 1 1N6295A 1.5KE100A 85.5 5 11 137
110 1 1N6296A 1.5KE110A 94 5 9.9 152
120 1 1N6297A 1.5KE120A 102 5 9.1 165
130 1 1N6298A 1.5KE130A 111 5 8.4 179

For bidirectional types use CA suffix on 1.5KE series only. Bi—directional devices have cathode polarity band on each end.
(Consult factory for availability) 1N6267-6303A series do not have CA option since the CA is not included in EIA Registration.
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TVS — in Axial Leads (continued)

Table 7. Peak Power Dissipation, 1500 Watts @ 1 ms Surge
Case 41A — Mosorb  (continued)

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) Vg = 3.5 V Max, Iz = 100 A Pulse
Maximum
Breakdown Voltage Reverse
Working Maximum Voltage
v Peak Maximum Reverse @ Irsm
Vo?tF; Reverse Reverse Surge (Clamping
@ it Voltage Leakage Current Voltage)
Pulse JEDEC VRwM @ VRwwm IrsM VRsM
Nom (mA) Device Device (Volts) Ir (MA) (Amps) (Volts)
150 1 1IN6299A 1.5KE150A 128 5 7.2 207
160 1 1IN6300A 1.5KE160A 136 5 6.8 219
170 1 1IN6301A 1.5KE170A 145 5 6.4 234
180 1 1IN6302A 1.5KE180A 154 5 6.1 246
200 1 1IN6303A 1.5KE200A 171 5 55 274
220 1 1.5KE220A 185 5 4.6 328
250 1 1.5KE250A 214 5 5 344

For bidirectional types use CA suffix. Bi—directional devices have cathode polarity band on each end. (Consult factory for
availability). 1N6267-6303A series do not have CA option since the CA is not included in EIA Registration.
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TVS — in Surface Mount

Table 8. 1PMT Series Unidirectional Overvoltage Transient Suppressors, 175 Watts Peak Power
@ 1 ms Surge

ELECTRICAL CHARACTERISTICS (T_ = 30°C unless otherwise noted) (Vg = 1.25 Volts @ 200 mA)

) ) Vrwm (V) Vgr @ I (V) (Note 2.) It Ir @ VrRwMm Ve @ lpp Ipp (A)
Device Marking
(Note 1.) Min | Nom | Max (mA) (HA) V) (Note 3.)
IRsM
IRSM
‘ POWERMITE 2 -
§ CASE 457-04 !
PLASTIC 012 3 4 5 6
Time —» (ms)
Surge Current Characterisitcs
1PMT5.0AT3 MKE 5.0 6.4 6.7 7.0 10 800 9.2 19
1PMT7.0AT3 MKM 7.0 7.78 8.2 8.6 10 500 12 14.6
1PMT12AT3 MLE 12 13.3 14 14.7 1.0 5.0 19.9 8.8
1PMT16AT3 MLP 16 17.8 18.75 19.7 1.0 5.0 26 7.0
1PMT18AT3 MLT 18 20 21 22.1 1.0 5.0 29.2 6.0
1PMT22AT3 MLX 22 24.4 25.6 26.9 1.0 5.0 355 4.9
1PMT24AT3 MLZ 24 26.7 28.1 29.5 1.0 5.0 38.9 45
1PMT26AT3 MME 26 28.9 30.4 31.9 1.0 5.0 42.1 4.2
1PMT28AT3 MMG 28 31.1 32.8 34.4 1.0 5.0 454 3.9
1PMT30AT3 MMK 30 33.3 35.1 36.8 1.0 5.0 48.4 3.6
1PMT33AT3 MMM 33 36.7 38.7 40.6 1.0 5.0 53.3 3.3
1PMT36AT3 MMP 36 40 42.1 44.2 1.0 5.0 58.1 3.0
1PMT40AT3 MMR 40 44.4 46.8 49.1 1.0 5.0 64.5 2.7
1PMT48AT3 MMX 48 53.3 56.1 58.9 1.0 5.0 77.4 2.3
1PMT51AT3 MMZ 51 56.7 59.7 62.7 1.0 5.0 82.4 21
1PMT58AT3 MNG 58 64.4 67.8 71.2 1.0 5.0 93.6 1.9

1. A transient suppressor is normally selected according to the Working Peak Reverse Voltage (Vrwm) Which should be equal to or
greater than the DC or continuous peak operating voltage level.

2. Vggr measured at pulse test current |t at ambient temperature of 25°C.

3. 10 x 1000 ps exponential decay surge waveform.
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TVS — in Surface Mount (continued)

Table 9. 1SMA Series Unidirectional Overvoltage Transient Suppressors; 400 Watts Peak Power
@ 1 ms Surge

ELECTRICAL CHARACTERISTICS (Vg = 3.5 Volts @ I = 40 A for all types)

Working Breakdown Voltage Maximum Maximum Maximum.
Peak Reverse Voltage Reverse )
Device Reverse VBR @l Surge Current Reverse Leakage | Device
It _RSM @V Marking
Voltage V g Volts mA (Clamping Volt- Ipp | RX\VM
(Volts) (Min) age) V¢ (Volts) (Amps) R (HA)
lRSM
fRsM |\
SMA 2 )
CASE 403B-01 '
Q PLASTIC 0 12 3 4 5 6
Time —» (ms)

Surge Current Characterisitcs
1SMAS5.0AT3 5.0 6.4 10 9.2 43.5 400 QE
1SMAG6.0AT3 6.0 6.67 10 10.3 38.8 400 QG
1SMAG.5AT3 6.5 7.22 10 11.2 35.7 250 QK
1SMA7.0AT3 7.0 7.78 10 12.0 33.3 250 QM
1SMA7.5AT3 7.5 8.33 1 12.9 31.0 50 QP
1SMAB8.0AT3 8.0 8.89 1 13.6 29.4 25 QR
1SMA8.5AT3 8.5 9.44 1 14.4 27.8 5.0 QT
1SMA9.0AT3 9.0 10 1 154 26.0 2.5 Qv
1SMA10AT3 10 11.1 1 17.0 23.5 25 QX
1SMA11AT3 11 12.2 1 18.2 22.0 2.5 Qz
1SMA12AT3 12 13.3 1 19.9 20.1 2.5 RE
1SMA13AT3 13 14.4 1 215 18.6 2.5 RG
1SMA14AT3 14 15.6 1 23.2 17.2 25 RK
1SMA15AT3 15 16.7 1 24.4 16.4 25 RM
1SMA16AT3 16 17.8 1 26.0 154 25 RP
1SMAL7AT3 17 18.9 1 27.6 145 25 RR
1SMA18AT3 18 20 1 29.2 13.7 2.5 RT
1SMA20AT3 20 22.2 1 324 12.3 2.5 RV
1SMA22AT3 22 24.4 1 35.5 11.3 2.5 RX
1SMA24AT3 24 26.7 1 38.9 10.3 2.5 Rz
1SMA26AT3 26 28.9 1 42.1 9.5 25 SE
1SMA28AT3 28 31.1 1 45.4 8.8 25 SG
1SMAS30AT3 30 33.3 1 48.4 8.3 25 SK
1SMAS33AT3 33 36.7 1 53.3 7.5 25 SM
1SMA36AT3 36 40 1 58.1 6.9 2.5 SP
1SMA40AT3 40 44.4 1 64.5 6.2 2.5 SR
1SMA43AT3 43 47.8 1 69.4 5.8 2.5 ST
1SMA45AT3 45 50 1 72.2 5.5 2.5 SV
1SMA48AT3 48 53.3 1 77.4 5.2 2.5 SX
1SMA51AT3 51 56.7 1 82.4 4.9 25 Sz
1SMA54AT3 54 60 1 87.1 4.6 25 TE
1SMAS8AT3 58 64.4 1 93.6 4.8 25 TG
1SMAGOAT3 60 66.7 1 96.8 4.1 2.5 TK
1SMAG4AT3 64 71.1 1 103.0 3.9 2.5 ™
1SMA70AT3 70 77.8 1 113.0 3.5 2.5 TP
1SMA75AT3 75 83.3 1 121.0 3.3 2.5 TR
1SMA78AT3 78 86.7 1 126.0 3.2 2.5 TS
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TVS — in Surface Mount (continued)

Table 10. 1SMA Series Bidirectional Zener Overvoltage Transient Suppressors; 400 Watts Peak Power
@ 1 ms Surge

ELECTRICAL CHARACTERISTICS

) Maximum )
Breakdown Voltage
Working g Reverse \laliage Maximum Maximum,
Peak @l Reverse R Leak D
Device Reverse VER | (Clanszsix Surge Cur- everse;/ caxage M e\li'ce
Voltage Vrwm | Volts mTA Voltage)g rent I pp @IP (EXV)M arking
; R
(Volts) (Min) Ve (Volts) (Amps)
IRSM
RSM |\
SMA 2 )
% CASE 403B-01 L S~~~
PLASTIC 012 3 4 5 6
Time — (ms)
Surge Current Characterisitcs
1SMA10CAT3 10 11.1 1 17.0 23.5 2.5 QXC
1SMA11CAT3 11 12.2 1 18.2 22.0 2.5 QzC
1SMA12CAT3 12 13.3 1 19.9 20.1 2.5 REC
1SMA13CAT3 13 14.4 1 21.5 18.6 2.5 RGC
1SMA14CAT3 14 15.6 1 23.2 17.2 2.5 RKC
1SMA15CAT3 15 16.7 1 24.4 16.4 2.5 RMC
1SMA16CAT3 16 17.8 1 26.0 154 2.5 RPC
1SMA17CAT3 17 18.9 1 27.6 14.5 2.5 RRC
1SMA18CAT3 18 20 1 29.2 13.7 2.5 RTC
1SMA20CAT3 20 22.2 1 324 12.3 2.5 RVC
1SMA22CAT3 22 24.4 1 35.5 11.3 2.5 RXC
1SMA24CAT3 24 26.7 1 38.9 10.3 2.5 RzC
1SMA26CAT3 26 28.9 1 42.1 9.5 2.5 SEC
1SMA28CAT3 28 311 1 45.4 8.8 2.5 SGC
1SMA30CAT3 30 33.3 1 48.4 8.3 2.5 SKC
1SMA33CAT3 33 36.7 1 53.3 7.5 2.5 SMC
1SMA36CAT3 36 40 1 58.1 6.9 2.5 SPC
1SMA40CAT3 40 44.4 1 64.5 6.2 2.5 SRC
1SMA43CAT3 43 47.8 1 69.4 5.8 2.5 STC
1SMA45CAT3 45 50 1 72.2 55 2.5 SVC
1SMA48CAT3 48 53.3 1 77.4 5.2 2.5 SXC
1SMA51CAT3 51 56.7 1 82.4 4.9 2.5 SzZC
1SMA54CAT3 54 60 1 87.1 4.6 2.5 TEC
1SMAS58CAT3 58 64.4 1 93.6 4.3 2.5 TGC
1SMAG0CAT3 60 66.7 1 96.8 4.1 2.5 TKC
1SMAG64CAT3 64 71.1 1 103.0 3.9 2.5 TMC
1SMA70CAT3 70 77.8 1 113.0 35 2.5 TPC
1SMA75CAT3 75 83.3 1 121.0 3.3 2.5 TRC
1SMA78CAT3 78 86.7 1 126.0 3.2 2.5 TSC
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TVS — in Surface Mount (continued)

Table 11. 1SMB Series Unidirectional Overvoltage Transient Suppressors; 600 Watts Peak Power

@ 1ms Surge
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted).
Working Breakdown Voltage Maximum Maximum
Peak Reverse Vor @ | Clamping Peak Reverse Leakage
Voltage BR =T Voltage Pulse Currentt @ Vr )
VRwM Volts Ve @ lpp lop IR Device
Device Volts Min mA Volts Amps HA Marking
IRsm
LiSUNIN
SMB 2 )
CASE 403A e e~
PLASTIC 0 12 3 4 5686
Time — (ms)
Surge Current Characterisitcs

1SMB5.0AT3 5.0 6.40 10 9.2 65.2 800 KE
1SMB6.0AT3 6.0 6.67 10 10.3 58.3 800 KG
1SMB6.5AT3 6.5 7.22 10 11.2 53.6 500 KK
1SMB7.0AT3 7.0 7.78 10 12.0 50.0 200 KM
1SMB7.5AT3 7.5 8.33 1.0 12.9 46.5 100 KP
1SMB8.0AT3 8.0 8.89 1.0 13.6 44.1 50 KR
1SMB8.5AT3 8.5 9.44 1.0 14.4 41.7 10 KT
1SMB9.0AT3 9.0 10.0 1.0 15.4 39.0 5.0 KV
1SMB10AT3 10 11.1 1.0 17.0 35.3 5.0 KX
1SMB11AT3 11 12.2 1.0 18.2 33.0 5.0 Kz
1SMB12AT3 12 13.3 1.0 19.9 30.2 5.0 LE
1SMB13AT3 13 14.4 1.0 21.5 27.9 5.0 LG
1SMB14AT3 14 15.6 1.0 23.2 25.8 5.0 LK
1SMB15AT3 15 16.7 1.0 24.4 24.0 5.0 LM
1SMB16AT3 16 17.8 1.0 26.0 23.1 5.0 LP
1SMB17AT3 17 18.9 1.0 27.6 21.7 5.0 LR
1SMB18AT3 18 20.0 1.0 29.2 20.5 5.0 LT
1SMB20AT3 20 22.2 1.0 324 18.5 5.0 LV
1SMB22AT3 22 24.4 1.0 35.5 16.9 5.0 LX
1SMB24AT3 24 26.7 1.0 38.9 15.4 5.0 LZ
1SMB26AT3 26 28.9 1.0 42.1 14.2 5.0 ME
1SMB28AT3 28 31.1 1.0 45.4 13.2 5.0 MG
1SMB30AT3 30 33.3 1.0 48.4 12.4 5.0 MK
1SMB33AT3 33 36.7 1.0 53.3 11.3 5.0 MM
1SMB36AT3 36 40.0 1.0 58.1 10.3 5.0 MP
1SMB40AT3 40 44.4 1.0 64.5 9.3 5.0 MR
1SMBA43AT3 43 47.8 1.0 69.4 8.6 5.0 MT
1SMB45AT3 45 50.0 1.0 727 8.3 5.0 MV
1SMB48AT3 48 53.3 1.0 77.4 7.7 5.0 MX
1SMB51AT3 51 56.7 1.0 82.4 7.3 5.0 Mz
1SMB54AT3 54 60.0 1.0 87.1 6.9 5.0 NE
1SMB58AT3 58 64.4 1.0 93.6 6.4 5.0 NG
1SMB60AT3 60 66.7 1.0 96.8 6.2 5.0 NK
1SMB64AT3 64 711 1.0 103 5.8 5.0 NM
1SMB70AT3 70 77.8 1.0 113 53 5.0 NP
1SMB75AT3 75 83.3 1.0 121 4.9 5.0 NR
1SMB78AT3 78 86.7 1.0 126 4.7 5.0 NT
1SMB85AT3 85 94.4 1.0 137 4.4 5.0 NV
1SMB90AT3 90 100 1.0 146 4.1 5.0 NX
1SMB100AT3 100 111 1.0 162 3.7 5.0 Nz

A transient suppressor is normally selected according to the reverse Working Peak Reverse Voltage (Vrwm) Which should be equal to or
greater than the DC or continuous peak operating voltage level.
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TVS — in Surface Mount (continued)

Table 11. 1SMB Series Unidirectional Overvoltage Transient Suppressors; 600 Watts Peak Power
@ 1 ms Surge (continued)

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted).

Working. Breakdown Voltage Maximum Maximum
Peak Reverse Vor @ | Clamping Peak Reverse Leakage
Voltage BR=T Voltage Pulse Currentt @ VR )
VewM Vo!ts Ve @ lpp lop IR DeV|_ce
Device \Volts Min mA \Volts Amps HA Marking
lRsM
fsM |\
SMB 2 )
CASE 403A = S
PLASTIC 0 1 2 3 4 5 6
Time — (ms)
Surge Current Characterisitcs
1SMB110AT3 110 122 1.0 177 3.4 5.0 PE
1SMB120AT3 120 133 1.0 193 3.1 5.0 PG
1SMB130AT3 130 144 1.0 209 2.9 5.0 PK
1SMB150AT3 150 167 1.0 243 25 5.0 PM
1SMB160AT3 160 178 1.0 259 2.3 5.0 PP
1SMB170AT3 170 189 1.0 275 2.2 5.0 PR

A transient suppressor is normally selected according to the reverse Working Peak Reverse Voltage (Vrwm) Which should be equal to or
greater than the DC or continuous peak operating voltage level.
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TVS — in Surface Mount (continued)

Table 12. 1SMB Series Bidirectional Overvoltage Transient Suppressors; 600 Watts Peak Power

@ 1ms Surge

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted).

Working Breakdown Voltage Maximum Maximum
Peak Reverse Vor @ | Clamping Peak Reverse Leakage
Voltage BR =T Voltage Pulse Currentt @ Vr )
VRwM Volts Ve @ lpp lop IR Device
Device Volts Min mA Volts Amps PA Marking
lRsm
IsM |\
SMB 2 )
CASE 403A e~
PLASTIC 0 12 3 4 5 6
Time —» (ms)
Surge Current Characterisitcs
1SMB10CAT3 10 11.1 1.0 17.0 35.3 5.0 KXC
1SMB11CAT3 11 12.2 1.0 18.2 33.0 5.0 KzC
1SMB12CAT3 12 13.3 1.0 19.9 30.2 5.0 LEC
1SMB13CAT3 13 14.4 1.0 21.5 27.9 5.0 LGC
1SMB14CAT3 14 15.6 1.0 23.2 25.8 5.0 LKC
1SMB15CAT3 15 16.7 1.0 24.4 24.0 5.0 LMC
1SMB16CAT3 16 17.8 1.0 26.0 23.1 5.0 LPC
1SMB17CAT3 17 18.9 1.0 27.6 21.7 5.0 LRC
1SMB18CAT3 18 20.0 1.0 29.2 20.5 5.0 LTC
1SMB20CAT3 20 22.2 1.0 324 18.5 5.0 LvC
1SMB22CAT3 22 244 1.0 355 16.9 5.0 LXC
1SMB24CAT3 24 26.7 1.0 38.9 154 5.0 LzC
1SMB26CAT3 26 28.9 1.0 42.1 14.2 5.0 MEC
1SMB28CAT3 28 31.1 1.0 454 13.2 5.0 MGC
1SMB30CAT3 30 33.3 1.0 48.4 124 5.0 MKC
1SMB33CAT3 33 36.7 1.0 53.3 11.3 5.0 MMC
1SMB36CAT3 36 40.0 1.0 58.1 10.3 5.0 MPC
1SMB40CAT3 40 44.4 1.0 64.5 9.3 5.0 MRC
1SMB43CAT3 43 47.8 1.0 69.4 8.6 5.0 MTC
1SMB45CAT3 45 50.0 1.0 72.7 8.3 5.0 MVC
1SMB48CAT3 48 53.3 1.0 77.4 7.7 5.0 MXC
1SMB51CAT3 51 56.7 1.0 82.4 7.3 5.0 MzC
1SMB54CAT3 54 60.0 1.0 87.1 6.9 5.0 NEC
1SMB58CAT3 58 64.4 1.0 93.6 6.4 5.0 NGC
1SMB60OCAT3 60 66.7 1.0 96.8 6.2 5.0 NKC
1SMB64CAT3 64 71.1 1.0 103 5.8 5.0 NMC
1SMB70CAT3 70 77.8 1.0 113 5.3 5.0 NPC
1SMB75CAT3 75 83.3 1.0 121 4.9 5.0 NRC
1SMB78CAT3 78 86.7 1.0 126 4.7 5.0 NTC

A transient suppressor is normally selected according to the reverse Working Peak Reverse Voltage (Vrwm) Which should be equal to or
greater than the DC or continuous peak operating voltage level.
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TVS — in Surface Mount (continued)

Table 13. P6SMB Series Unidirectional Overvoltage Transient Suppressors; 600 Watts Peak Power

@ 1 ms Surge
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) Vg = 3.5 V Max, Ig = 50 A for all types.
Maximum
Reverse
Breakdown Voltage Workingl | Maximwm, | Maximum: | Voltagie
Peak Reverse Reverse @ lpp Maximum
Ver @ It Reverse Leakage Surge (Clamping | Temperature
Volts Voltage @ Vrwm | Current Voltage) Coefficient
VRwM IR Ipp Ve of Vgr Device
Device Min | Nom | Max mA Volts UA Amps Volts %/°C Marking
lRsM
Rsm |\
SMB 2 '
CASE 403A e e~
PLASTIC 0 1 2 3 4 5 6
Time —» (ms)
Surge Current Characterisitcs
P6SMB6.8AT3 645 | 68 | 7.14 10 5.8 1000 57 10.5 0.057 6V8A
P6SMB7.5AT3 7.13 7.5 7.88 10 6.4 500 53 11.3 0.061 7V5A
P6SMB8.2AT3 779 | 82 | 861 10 7.02 200 50 12.1 0.065 8V2A
P6SMB9.1AT3 8.65 9.1 9.55 7.78 50 45 13.4 0.068 9V1A
P6SMB10AT3 9.5 10 10.5 1 8.55 10 41 14.5 0.073 10A
P6SMB11AT3 10.5 11 11.6 1 9.4 5 38 15.6 0.075 11A
P6SMB12AT3 114 12 12.6 1 10.2 5 36 16.7 0.078 12A
P6SMB13AT3 12.4 13 13.7 1 11.1 5 33 18.2 0.081 13A
P6SMB15AT3 14.3 15 15.8 1 12.8 5 28 21.2 0.084 15A
P6SMB16AT3 15.2 16 16.8 1 13.6 5 27 22.5 0.086 16A
P6SMB18AT3 17.1 18 18.9 1 15.3 5 24 25.2 0.088 18A
P6SMB20AT3 19 20 21 1 17.1 5 22 27.7 0.09 20A
P6SMB22AT3 20.9 22 23.1 1 18.8 5 20 30.6 0.092 22A
P6SMB24AT3 22.8 24 25.2 1 20.5 5 18 33.2 0.094 24A
P6SMB27AT3 25.7 27 28.4 1 23.1 5 16 37.5 0.096 27A
P6SMB30AT3 28.5 30 31.5 1 25.6 5 14.4 41.4 0.097 30A
P6SMB33AT3 31.4 33 34.7 1 28.2 5 13.2 45.7 0.098 33A
P6SMB36AT3 34.2 36 37.8 1 30.8 5 12 49.9 0.099 36A
P6SMB39AT3 37.1 39 41 1 33.3 5 11.2 53.9 0.1 39A
P6SMB43AT3 40.9 43 45.2 1 36.8 5 10.1 59.3 0.101 43A
P6SMB47AT3 44.7 47 49.4 1 40.2 5 9.3 64.8 0.101 47A
P6SMB51AT3 48.5 51 53.6 1 43.6 5 8.6 70.1 0.102 51A
P6SMB56AT3 53.2 56 58.8 1 47.8 5 7.8 77 0.103 56A
P6SMBG62AT3 58.9 62 65.1 1 53 5 7.1 85 0.104 62A
P6SMBG68AT3 64.6 68 71.4 1 58.1 5 6.5 92 0.104 68A
P6SMB75AT3 71.3 75 78.8 1 64.1 5 5.8 103 0.105 75A
P6SMB82AT3 77.9 82 86.1 1 70.1 5 53 113 0.105 82A
P6SMB91AT3 86.5 91 95.5 1 77.8 5 4.8 125 0.106 91A
P6SMB100AT3 95 100 | 105 1 85.5 5 44 137 0.106 100A
P6SMB110AT3 105 110 116 1 94 5 4 152 0.107 110A
P6SMB120AT3 114 120 126 1 102 5 3.6 165 0.107 120A
P6SMB130AT3 124 130 137 1 111 5 3.3 179 0.107 130A
P6SMB150AT3 143 150 158 1 128 5 2.9 207 0.108 150A
P6SMB160AT3 152 160 168 1 136 5 2.7 219 0.108 160A
P6SMB170AT3 162 170 179 1 145 5 2.6 234 0.108 170A
P6SMB180AT3 171 180 189 1 154 5 2.4 246 0.108 180A
P6SMB200AT3 190 200 210 1 171 5 2.2 274 0.108 200A

http://onsemi.com

34




TVS — in Surface Mount (continued)

Table 14. P6SMB Series Bidirectional Overvoltage Transient Suppressors; 600 Watts Peak Power
@ 1 ms Surge

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) Vg = 3.5 V Max, Ig = 50 A for all types.

Maximum

Reverse

Breakdown Voltage Workingl | Maximum: | Maximwri: | Voltage

Peak Reverse Reverse @ lpp Maximum
Ver @ It Reverse Leakage Surge (Clamping | Temperature
Volts Voltage | @ Vrwm | Current | Voltage) Coefficient
VRwM Ir Ipp Ve of Vgr Device
Device Min | Nom [ Max | mA Volts WA Amps Volts %/°C Marking
lRSM
RsM |\
SMB 2 )
CASE 403A e e—
PLASTIC 0 1 2 3 4 5 6
Time —» (ms)
Surge Current Characterisitcs

P6SMB11CAT3 10.5 11 11.6 1 9.4 5 38 15.6 0.075 11C
P6SMB12CAT3 11.4 12 12.6 1 10.2 5 36 16.7 0.078 12C
P6SMB13CAT3 124 13 13.7 1 1.1 5 33 18.2 0.081 13C
P6SMB15CAT3 14.3 15 15.8 1 12.8 5 28 21.2 0.084 15C
P6SMB16CAT3 15.2 16 16.8 1 13.6 5 27 225 0.086 16C
P6SMB18CAT3 171 18 18.9 1 15.3 5 24 25.2 0.088 18C
P6SMB20CAT3 19 20 21 1 17.1 5 22 27.7 0.09 20C
P6SMB22CAT3 20.9 22 231 1 18.8 5 20 30.6 0.092 22C
P6SMB24CAT3 22.8 24 25.2 1 20.5 5 18 33.2 0.094 24C
P6SMB27CAT3 25.7 27 28.4 1 23.1 5 16 375 0.096 27C
P6SMB30CAT3 285 30 315 1 25.6 5 144 41.4 0.097 30C
P6SMB33CAT3 31.4 33 34.7 1 28.2 5 13.2 45.7 0.098 33C
P6SMB36CAT3 34.2 36 37.8 1 30.8 5 12 49.9 0.099 36C
P6SMB39CAT3 37.1 39 41 1 33.3 5 1.2 53.9 0.1 39C
P6SMB43CAT3 40.9 43 45.2 1 36.8 5 10.1 59.3 0.101 43C
P6SMB47CAT3 44.7 47 49.4 1 40.2 5 9.3 64.8 0.101 47C
P6SMB51CAT3 48.5 51 53.6 1 43.6 5 8.6 70.1 0.102 51C
P6SMB56CAT3 53.2 56 58.8 1 47.8 5 7.8 77 0.103 56C
P6SMB62CAT3 58.9 62 65.1 1 53 5 7.1 85 0.104 62C
P6SMB68CAT3 64.6 68 71.4 1 58.1 5 6.5 92 0.104 68C
P6SMB75CAT3 71.3 75 78.8 1 64.1 5 5.8 103 0.105 75C
P6SMB82CAT3 77.9 82 86.1 1 70.1 5 5.3 113 0.105 82C
P6SMB91CAT3 86.5 91 95.5 1 77.8 5 4.8 125 0.106 91C
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TVS — in Surface Mount (continued)

Table 15. ISMC Series Unidirectional Overvoltage Transient Suppressors; 1500 Watts Peak Power

@ 1 ms Surge
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted).
Working "
Peak Breakdown Voltage Maximmum Maximmumm
Reverse Ver @ It Clamping Peak Reverse Leakage
Volt: f V
Voltage Volts oltage Pulse Current @ Vr Device
i VR Min mA Ve @ lop 'op = Marking
Device Volts Volts Amps HA
lRsMm
IsM |\
SMC 2 '
CASE 403B [ —
PLASTIC 0 123 4 56
Time —» (ms)
Surge Current Characterisitcs
1SMC5.0AT3 5.0 6.40 10 9.2 163.0 1000 GDE
1SMC6.0AT3 6.0 6.67 10 10.3 145.6 1000 GDG
1SMC6.5AT3 6.5 7.22 10 11.2 133.9 500 GDK
1SMC7.0AT3 7.0 7.78 10 12.0 125.0 200 GDM
1SMC7.5AT3 7.5 8.33 1.0 12.9 116.3 100 GDP
1SMCB8.0AT3 8.0 8.89 1.0 13.6 110.3 50 GDR
1SMC8.5AT3 8.5 9.44 1.0 14.4 104.2 20 GDT
1SMC9.0AT3 9.0 10.0 1.0 15.4 97.4 10 GDV
1SMC10AT3 10 11.1 1.0 17.0 88.2 5.0 GDX
1SMC11AT3 11 12.2 1.0 18.2 82.4 5.0 GDz
1SMC12AT3 12 13.3 1.0 19.9 75.3 5.0 GEE
1SMC13AT3 13 14.4 1.0 21.5 69.7 5.0 GEG
1SMC14AT3 14 15.6 1.0 23.2 64.7 5.0 GEK
1SMC15AT3 15 16.7 1.0 24.4 61.5 5.0 GEM
1SMC16AT3 16 17.8 1.0 26.0 57.7 5.0 GEP
1SMC17AT3 17 18.9 1.0 27.6 53.3 5.0 GER
1SMC18AT3 18 20.0 1.0 29.2 51.4 5.0 GET
1SMC20AT3 20 22.2 1.0 324 46.3 5.0 GEV
1SMC22AT3 22 24.4 1.0 355 42.2 5.0 GEX
1SMC24AT3 24 26.7 1.0 38.9 38.6 5.0 GEz
1SMC26AT3 26 28.9 1.0 42.1 35.6 5.0 GFE
1SMC28AT3 28 31.1 1.0 45.4 33.0 5.0 GFG
1SMC30AT3 30 33.3 1.0 48.4 31.0 5.0 GFK
1SMC33AT3 33 36.7 1.0 53.3 28.1 5.0 GFM
1SMC36AT3 36 40.0 1.0 58.1 25.8 5.0 GFP
1SMC40AT3 40 44.4 1.0 64.5 23.2 5.0 GFR
1SMC43AT3 43 47.8 1.0 69.4 21.6 5.0 GFT
1SMC45AT3 45 50.0 1.0 72.7 20.6 5.0 GFV
1SMCA48AT3 48 53.3 1.0 77.4 19.4 5.0 GFX
1SMC51AT3 51 56.7 1.0 82.4 18.2 5.0 GFz
1SMC54AT3 54 60.0 1.0 87.1 17.2 5.0 GGE
1SMC58AT3 58 64.4 1.0 93.6 16.0 5.0 GGG
1SMCG60AT3 60 66.7 1.0 96.8 155 5.0 GGK
1SMCG64AT3 64 71.1 1.0 103 14.6 5.0 GGM
1SMC70AT3 70 77.8 1.0 113 13.3 5.0 GGP
1SMC75AT3 75 83.3 1.0 121 12.4 5.0 GGR
1SMC78AT3 78 86.7 1.0 126 11.4 5.0 GGT

A transient suppressor is normally selected according to the reverse Working Peak Reverse Voltage (Vrwm) Which should be equal to or
greater than the DC or continuous peak operating voltage level.
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TVS — in Surface Mount (continued)

Table 16. 1.5 SMC Series Unidirectional Overvoltage Transient Suppressors; 1500 Watts Peak Power

@ 1 ms Surge
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) Vg = 3.5 V Max, Ig = 100 A for all types.
Maximum
Reverse
Breakdown Voltage Workingl | Maximwm, | Maximum: | Voltagie
Peak Reverse Reverse @ lpp Maximum
Ver @ It Reverse Leakage Surge (Clamping | Temperature
Volts Voltage | @ Vgwwm | Current | Voltage) | Coefficient
VRwM IR Ipp Ve of Vgr Device
Device Min | Nom | Max | mA Volts MA Amps Volts %/°C Marking
lRsm
RsM | \
SMC 2 !
% CASE 403 L S~
PLASTIC 0 1 2 3 4 5 6
Time —» (ms)
Surge Current Characterisitcs
1.5SMC6.8AT3 6.45 | 6.8 | 7.14 10 5.8 1000 143 10.5 0.057 6V8A
1.5SMC7.5AT3 7.13 7.5 7.88 10 6.4 500 132 11.3 0.061 7V5A
1.5SMC8.2AT3 779 | 82 | 861 10 7.02 200 124 12.1 0.065 8V2A
1.5SMC9.1AT3 8.65 9.1 9.55 1 7.78 50 112 134 0.068 9V1A
1.5SMC10AT3 9.5 10 10.5 1 8.55 10 103 14.5 0.073 10A
1.5SMC11AT3 10.5 11 11.6 1 9.4 5 96 15.6 0.075 11A
1.5SMC12AT3 114 12 12.6 1 10.2 5 90 16.7 0.078 12A
1.5SMC13AT3 12.4 13 13.7 1 111 5 82 18.2 0.081 13A
1.55MC15AT3 14.3 15 15.8 1 12.8 5 71 21.2 0.084 15A
1.5SMC16AT3 15.2 16 16.8 1 13.6 5 67 225 0.086 16A
1.5SMC18AT3 171 18 18.9 1 15.3 5 59.5 25.2 0.088 18A
1.5SMC20AT3 19 20 21 1 171 5 54 27.7 0.09 20A
1.5SMC22AT3 20.9 22 23.1 1 18.8 5 49 30.6 0.092 22A
1.55MC24AT3 228 | 24 | 25.2 1 20.5 5 45 33.2 0.094 24A
1.5SMC27AT3 25.7 27 28.4 1 23.1 5 40 37.5 0.096 27A
1.5SMC30AT3 28.5 30 31.5 1 25.6 5 36 41.4 0.097 30A
1.5SMC33AT3 31.4 33 34.7 1 28.2 5 33 45.7 0.098 33A
1.5SMC36AT3 34.2 36 37.8 1 30.8 5 30 49.9 0.099 36A
1.55MC39AT3 37.1 39 41 1 33.3 5 28 53.9 0.1 39A
1.55MC43AT3 40.9 | 43 | 45.2 1 36.8 5 25.3 59.3 0.101 43A
1.55MC47AT3 44.7 47 49.4 1 40.2 5 23.2 64.8 0.101 47A
1.5SMC51AT3 48.5 51 53.6 1 43.6 5 21.4 70.1 0.102 51A
1.5SMC56AT3 53.2 56 58.8 1 47.8 5 195 77 0.103 56A
1.5SMC62AT3 58.9 62 65.1 1 53 5 17.7 85 0.104 62A
1.5SMC68AT3 64.6 68 71.4 1 58.1 5 16.3 92 0.104 68A
1.5SMC75AT3 71.3 75 78.8 1 64.1 5 14.6 103 0.105 75A
1.5SMC82AT3 77.9 82 86.1 1 70.1 5 13.3 113 0.105 82A
1.5SMC91AT3 86.5 91 95.5 1 77.8 5 12 125 0.106 91A
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Multiple TVS — Duals in Surface Mount

MMBZ15VDLT1 — Common Cathode Series

Table 17. SOT-23 Bipolar Zener Overvoltage Transient Suppressor; 40 Watts Peak Power (10 x 1000 us)
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)
BIDIRECTIONAL (Circuit tied to Pins 1 and 2)
(VE=0.9V Max @ Iz = 10 mA)
Breakdown Voltage Reverse Max Max Max Reverse Maximum
Voltage Reverse | Voltage @ | pp
. Reverse - Temperature
) VgRr (Note 1.) Working Surge (Clamping -
Device Leakage Coefficient of
V) @y Peak Current Voltage)
Current VBR
(mA) VeRwMm o (NA Ipp Ve V/°C
Min Nom Max ) R (NA) (A) ) (m )
V CASE 318-08 1o—P—
TO-236AB —o0 3
1 ’ LOW PROFILE SOT-23 20—)1—
2
mvBzisvDLTL | 143 | 15 | 158 | 10 | 128 | 10 | 19 | 212 | 12
(VE= 1.1V Max @ I = 200 mA)
[MvBzo7veLT: | 2565 | 27 [2835 | 10 | 22 | s0 | 10 | 38 | 26
1. Vgr measured at pulse test current |+ at an ambient temperature of 25°C.
MMBZ5V6ALT1 — Common Anode Series
Table 18. SOT-23 Dual Zener Overvoltage Transient Suppressor; 24 Watts Peak Power (10 x 1000 us)
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)
UNIDIRECTIONAL (Circuit tied to Pins 1 and 3 or Pins 2 and 3)
(VE=0.9V Max @ Ig = 10 mA)
Max Reverse Max Zener Impedance Max
Breakdown Voltage Leakage (Note 3? ) Max Reverse Max
Current ' Reverse | Voltage @ Temp
. Surge lpp Co-
Device Vgr (Note 2.) Current | (Clamping | efficient
(V) @l R @ VR Z71 @ lz7 | Zzx @ Iz Ipp Voltage) of Vggr
MmA) | WA V) [ (@ MmA) [ (Q (mA) (A) Ve (mv/°C)
Min | Nom | Max V)
V CASE 318-08 10 ]‘
STYLE 12 3
1%’ LOW PROFILE SOT-23 20 q‘ —°
9 PLASTIC
MMBZ5V6ALT1 | 5.32 | 5.6* | 5.88 20 5.0 3.0 11 1600 | 0.25 3.0 8.0 1.26
MMBZ6V2ALT1 | 5.89 | 6.2* | 6.51 1.0 0.5 3.0 — — — 2.76 8.7 2.80
(VE=1.1V Max @ I =200 mA)
MMBZ6V8ALT1 | 6.46 6.8 7.14 1.0 0.5 4.5 — — — 25 9.6 3.40
MMBZ9V1ALT1 | 8.65 9.1 9.56 1.0 0.3 6.0 — — —_ 1.7 14 7.50
MMBZ10VALT1 | 9.50 10 10.5 1.0 0.3 6.5 - - - 1.7 14.2 7.50

2. Vgr measured at pulse test current Iy at an ambient temperature of 25°C.
3. Zzt and Zzk are measured by dividing the AC voltage drop across the device by the AC current supplied. The specified limits
are Iziac) = 0.1 Izpc), with AC frequency = 1 kHz.

*Other voltages are available; please contact product marketing.
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Multiple TVS — Duals in Surface Mount

MMBZ5V6ALT1 — Common Anode Series

(continued)

(continued)

Table 19. SOT-23 Dual Zener Overvoltage Transient Suppressor; 40 Watts Peak Power (10 x 1000 us)
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)
UNIDIRECTIONAL (Circuit tied to Pins 1 and 3 or Pins 2 and 3)
(VE=1.1V Max @ Ig = 200 mA)
Breakdown Voltage Max
Reverse Max Reverse .
Voltage Max Reverse | Voltage @ Maximum
: Reverse Temperature
) VgRr (Note 4.) Working Surge Ipp -
Device V) Peak Leakage Current | (Clampin Coefficient
@l Current ping of Vgr
(mA) Vrwm Ik (A Ipp Voltags) (MVI°C)
Mi (Volts) R (A) Ve
in Nom Max
v)
V CASE 318-08 Lo \a
STYLE 12 3
1%’ LOW PROFILE SOT-23 ro— ¢ 0
) PLASTIC
MMBZ12VALT1 11.40 12 12.60 1.0 8.5 200 2.35 17 7.50
MMBZ15VALT1 14.25 15 15.75 1.0 12.0 50 1.9 21 12.30
MMBZ18VALT1 17.10 18 18.90 1.0 145 50 1.6 25 15.30
MMBZ20VALT1 19.00 20 21.00 1.0 17.0 50 1.4 28 17.20
MMBZ27VALT1 25.65 27 28.35 1.0 22.0 50 1.0 40 24.30
MMBZ33VALT1 31.35 33 34.65 1.0 26.0 50 0.87 46 30.40

4. Vgr measured at pulse test current It at an ambient temperature of 25°C.
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Multiple TVS — Quads in Surface Mount

MMQA Series
Table 20. SC-74 Quad Transient Voltage Suppressor; 24 Watts Peak Power (10 x 1000

150 Watts Peak Power (8.0 x 20 us)

ELECTRICAL CHARACTERISTICS (Tp =25°C unless otherwise noted)
UNIDIRECTIONAL (Circuit tied to pins 1, 2, and 5; Pins 2, 3, and 5; Pins 2, 4, and 5; or Pins 2, 5, and 6)

(VE=0.9V Max @ I = 10 mA)

us),

Max Reverse Max Max
Breakdown Voltage Leakage Current Max Zener Re'\\/llzl)’(se Vﬁﬁ;’gés(e@ Temp
o | "SR | e
Vzr (V) @ lzr Ir VRwM Current ((\:/I;gggg of Vz
Device Min | Nom | Max | (mA) (nA) ) (Zé)T @(H']Z/I) '(ZF)’ X/C) (mV/°C)
L] ¢ |
S )
% 1 CASE 318F-02
4%‘ STYLE 1 IZ E'
5 6 SC-74 PLASTIC
4] ]
MMQA5V6T1,T3 | 5.32 5.6 5.88 1.0 2000 3.0 400 3.0 8.0 1.26
MMQA6V2T1,T3 | 5.89 6.2 6.51 1.0 700 4.0 300 2.66 9.0 10.6
MMQAG6V8T1,T3 | 6.46 6.8 7.14 1.0 500 4.3 300 2.45 9.8 10.9
MMQA12VT1,T3 | 11.4 12 12.6 1.0 75 9.1 80 1.39 17.3 14
MMQA13VT1,T3 | 124 13 13.7 1.0 75 9.8 80 1.29 18.6 15
MMQA15VT1,T3 | 14.3 15 15.8 1.0 75 11 80 1.1 21.7 16
MMQA18VT1,T3 | 17.1 18 18.9 1.0 75 14 80 0.923 26 19
MMQA20VT1,T3 19 20 21 1.0 75 15 80 0.84 28.6 20.1
MMQA21VT1,T3 20 21 22.1 1.0 75 16 80 0.792 30.3 21
MMQA22VT1,T3 | 20.9 22 23.1 1.0 75 17 80 0.758 31.7 22
MMQA24VT1,T3 | 22.8 24 25.2 1.0 75 18 100 0.694 34.6 25
MMQA27VT1,T3 | 25.7 27 28.4 1.0 75 21 125 0.615 39 28
MMQA30VT1,T3 | 285 30 315 1.0 75 23 150 0.554 43.3 32
MMQA33VT1,T3 | 314 33 34.7 1.0 75 25 200 0.504 48.6 37
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Multiple TVS — Quads in Surface Mount

Table 21. SC-74 Quad Transient Voltage Suppressor; 40 Watts Peak Power (10 x 1000
350 Watts Peak Power (8.0 x 20 us)

ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted)

UNIDIRECTIONAL (Circuit tied to pins 1, 2, and 5; Pins 2, 3, and 5; Pins 2, 4, and 5; or Pins 2, 5, and 6)

(VE=0.9V Max @ Ig = 10 mA)

(continued)

us),

Max Reverse Max Max
Breakdown Voltage Leakage Current Max Zener R Max Vﬁﬁzefe@ Temp
Impedance everse 9 Coef-
Surge - lep ficient
Current Clamping
Vzt (V. | | V|
zT (V) @ Izr R RWM Voltage) of Vg
. ; Z71 @ Izr lpp Ve
Device Min Nom Max mA nA V mvV/°C
(mA) (nA) ) Q@ (mA) A) ) ( )
[1] <]
3
% 1 CASE 318F-02
%‘ STYLE 1 2 5
45 6 SC-74 PLASTIC
4] ]
smsost2 | 60 | 66 | 72 | - | 1000 | 50 | - | 23 | 155 -
MSQABV1W5
Table 22. SC-88A/SOT-353 Quad Array for ESD Protection; 150 Watts (8.0 x 20  us)
Breakdown Voltage Leakage Current Ca-rl)-);‘():lif:rzce Max
Device VBr @ 1.0 mA (VO|tS) IR @ Vrwm = 3.0V @ 0V Bias VE @ I =200 mA
Min | Nom | Max (uA) (pF) V)
1 o*—«»—ﬂho 5
‘ CASE 419A 20— o
‘ SC-88A/SOT-353
30——+—P—o
MSQAG6V1WS5S | 6.1 | 6.6 | 7.2 1.0 | 90 | 1.25

NOTE: Contact ON Semiconductor Sales for additional voltages.

http://onsemi.com

41




Multiple TVS — Quads in Surface Mount

(continued)

DF6A6.8FU
Table 23. SC-88 Quad Array for ESD Protection
Maximum Leakage Typical
Breakdown Voltage Current 9 Cap)géitance Max
Device VBR @ 1.0 mA (VOltS) |R @ VRWM @ 0V Bias V|: @ ||: =10 mA
Min | Nom | Max (HA) (pF) V)
6
O CASE 419B
SC-88 (SOT-363) 5
PLASTIC
4
DF6A6BFU | 64 | 68 | 72 | 1.0 40 1.25

NOTE: Contact ON Semiconductor Sales for additional voltages.
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CHAPTER 3
Transient Voltage Suppressors —
Axial Leaded Data Sheets
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PG6KEG.8A Series

600 Watt Peak Power
Surmetic " -40 Zener Transient
Voltage Suppressors

Unidirectional*

ON Semiconductor™

http://onsemi.com

The P6KEG6.8A series is designed to protect voltage sensitive

components from high voltage, high energy transients. They have

excellent clamping capability, high surge capability, low zener
impedance and fast response time. These devices are
ON Semiconductor’'s exclusive, cost-effective, highly reliable
Surmetic” axial leaded package and is ideally-suited for use in

[o,

N

communication systems, numerical controls, process controls,
medical equipment, business machines, power supplies and many
other industrial/consumer applications.

Specification Features:

Working Peak Reverse Voltage Range —5.8to 171 V
Peak Power — 600 Watts @ 1 ms

ESD Rating of Class 3 (>16 KV) per Human Body Model
Maximum Clamp Voltage @ Peak Pulse Current

Low Leakage < A above 10 V

Maximum Temperature Coefficient Specified

UL 497B for Isolated Loop Circuit Protection

Response Time is typically < 1 ns

Mechanical Characteristics:

CASE: Void-free, Transfer-molded, Thermosetting plastic

FINISH: All external surfaces are corrosion resistant and leads are
readily solderable

MAXIMUM LEAD TEMPERATURE FOR SOLDERING:

230°C, 1/16 from the case for 10 seconds

POLARITY: Cathode indicated by polarity band

MOUNTING POSITION: Any

MAXIMUM RATINGS

Rating Symbol Value Unit
Peak Power Dissipation (Note 1.) Ppk 600 Watts

@ T <25°C
Steady State Power Dissipation Pp 5.0 Watts

@ T <75°C, Lead Length = 3/8"

Derated above T| = 75°C 50 mwW/°C
Thermal Resistance, Junction-to—Lead RoaL 15 °C/IW
Forward Surge Current (Note 2.) IEsm 100 Amps

@ Tp=25°C
Operating and Storage T3, Tstg —-55t0 °C

Temperature Range +150

1. Nonrepetitive current pulse per Figure 4 and derated above Tp = 25°C per

Figure 2.

2. 1/2 sine wave (or equivalent square wave), PW = 8.3 ms, duty cycle = 4 pulses

per minute maximum.

*Please see P6KE6.8CA — P6KE200CA for Bidirectional devices.

0 Semiconductor Components Industries, LLC, 2001 45
March, 2001 — Rev. 4

Cathode

AXIAL LEAD

CASE 17
STYLE 1

L

L
P6KE
XXXA
YYWW

I

L = Assembly Location

P6KEXxxA = ON Device Code

YY =

Year

WW = Work Week

ORDERING INFORMATION

Device Package Shipping
PEKEXXXA Axial Lead 1000 Units/Box
P6KEXxXARL Axial Lead | 4000/Tape & Reel

Publication Order Number:

P6KE6.8A/D




P6KEG.8A Series

ELECTRICAL CHARACTERISTICS (Ta =25°C unless
otherwise noted, Vg = 3.5V Max. @ I (Note 6.) = 50 A)

Symbol Parameter
Ipp Maximum Reverse Peak Pulse Current
Ve Clamping Voltage @ lpp
VRwM Working Peak Reverse Voltage
IR Maximum Reverse Leakage Current @ Vrwwm
VBR Breakdown Voltage @ I
IT Test Current
BOVgR Maximum Temperature Coefficient of Vgr
I Forward Current
\= Forward Voltage @ I
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P6KEG.8A Series

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted, Vg = 3.5V Max. @ I (Note 6.) =50 A)

Breakdown Voltage Ve @ Ipp (Note 5.)
VRwM

Device (Note 3) IR @ VRWM VBR (NOte 4) (VOltS) @ IT VC |pp G)VBR
Device Marking Volts pA Min Nom Max mA Volts A %/°C
P6KEG.8A P6KEG.8A 5.8 1000 6.45 6.80 7.14 10 10.5 57 0.057
P6KE7.5A P6KE7.5A 6.4 500 7.13 7.51 7.88 10 11.3 53 0.061
P6KE8.2A P6KES8.2A 7.02 200 7.79 8.2 8.61 10 121 50 0.065
P6KE9.1A P6KE9.1A 7.78 50 8.65 9.1 9.55 1 134 45 0.068
P6KE10A P6KE10A 8.55 10 9.5 10 10.5 1 14.5 41 0.073
P6KE11A P6KE11A 9.4 5 10.5 11.05 11.6 1 15.6 38 0.075
P6KE12A P6KE12A 10.2 5 11.4 12 12.6 1 16.7 36 0.078
P6KE13A P6KE13A 11.1 5 12.4 13.05 13.7 1 18.2 33 0.081
P6KE15A P6KE15A 12.8 5 14.3 15.05 15.8 1 21.2 28 0.084
P6KE16A P6KE16A 13.6 5 15.2 16 16.8 1 22.5 27 0.086
P6KE18A P6KE18A 15.3 5 17.1 18 18.9 1 25.2 24 0.088
P6KE20A P6KE20A 17.1 5 19 20 21 1 27.7 22 0.09
P6KE22A P6KE22A 18.8 5 20.9 22 23.1 1 30.6 20 0.092
P6KE24A P6KE24A 20.5 5 22.8 24 25.2 1 33.2 18 0.094
P6KE27A P6KE27A 231 5 25.7 27.05 28.4 1 37.5 16 0.096
P6KE30A P6KE30A 25.6 5 28.5 30 31.5 1 41.4 14.4 0.097
P6KE33A P6KE33A 28.2 5 31.4 33.05 347 1 45.7 13.2 0.098
P6KE36A P6KE36A 30.8 5 34.2 36 37.8 1 49.9 12 0.099

P6KE39A P6KE39A 33.3 5 37.1 39.05 41 1 53.9 11.2 0.1
P6KE43A P6KE43A 36.8 5 40.9 43.05 45.2 1 59.3 10.1 0.101
P6KE47A P6KE47A 40.2 5 44.7 47.05 49.4 1 64.8 9.3 0.101
P6KE51A P6KES51A 43.6 5 48.5 51.05 53.6 1 70.1 8.6 0.102
P6KES6A P6KES6A 47.8 5 53.2 56 58.8 1 77 7.8 0.103
P6KEG2A P6KEG2A 53 5 58.9 62 65.1 1 85 7.1 0.104
P6KEG8SA P6KEG8A 58.1 5 64.6 68 71.4 1 92 6.5 0.104
P6KE75A P6KE75A 64.1 5 71.3 75.05 78.8 1 103 5.8 0.105
P6KE82A P6KE82A 70.1 5 77.9 82 86.1 1 113 53 0.105
P6KE91A P6KE91A 77.8 5 86.5 91 95.5 1 125 4.8 0.106
P6KE100A P6KE100A 85.5 5 95 100 105 1 137 4.4 0.106
P6KE110A P6KE110A 94 5 105 110.5 116 1 152 4 0.107
P6KE120A P6KE120A 102 5 114 120 126 1 165 3.6 0.107
P6KE130A P6KE130A 111 5 124 130.5 137 1 179 3.3 0.107
P6KE150A P6KE150A 128 5 143 150.5 158 1 207 29 0.108
P6KE160A P6KE160A 136 5 152 160 168 1 219 2.7 0.108
P6KE170A P6KE170A 145 5 162 170.5 179 1 234 2.6 0.108
P6KE180A P6KE180A 154 5 171 180 189 1 246 2.4 0.108
P6KE200A P6KE200A 171 5 190 200 210 1 274 2.2 0.108

3. Atransient suppressor is normally selected according to the maximum working peak reverse voltage (Vrwwm), Which should be equal to or
greater than the dc or continuous peak operating voltage level.

4. Vgr measured at pulse test current It at an ambient temperature of 25°C
5. Surge current waveform per Figure 4 and derate per Figures 1 and 2.
6. 1/2 sine wave (or equivalent square wave), PW = 8.3 ms, duty cycle = 4 pulses per minute maximum.
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P6KEG.8A Series
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P6KEG.8A Series

APPLICATION NOTES

RESPONSE TIME minimum lead lengths and placing the suppressor device as
In most applications, the transient suppressor device isclose as possible to the equipment or components to be

placed in parallel with the equipment or component to be protected will minimize this overshoot.

protected. In this situation, there is a time delay associated Some input impedance represented fyiZessential to

with the capacitance of the device and an overshootprevent overstress of the protection device. This impedance

condition associated with the inductance of the device andshould be as high as possible, without restricting the circuit

the inductance of the connection method. The capacitanceperation.

effect is of minor importance in the parallel protection

scheme because it only produces a time delay in thePUTY CYCLE DERATING

transitionfrom the operating voltage to the clamp voltage as  1he data of Figure 1 applies for non-repetitive conditions
shown in Figure 7. and at a lead temperature of @5If the duty cycle increases,

The inductive effects in the device are due to actual the peak power must be reduced as indicated by the curves
turn-on time (time required for the device to go from zero Of Figure 6. Average power must be derated as the lead or
current to full current) and lead inductance. This inductive 2@mbient temperature rises abové@5The average power
effect produces an overshoot in the voltage across thefderating curve normally given on data sheets may be
equipment or component being protected as shown innormalized and used for this purpose.

Figure 8.Minimizing this overshoot is very importantin the At first glance the derating curves of Figure 6 appear to be
application, since the main purpose for adding a transientin error as the 10 ms pulse has a higher de_rating factor than
suppressor is tdamp voltage spikes. The P6KE6.8A series the 10us pulse. However, when the derating factor for a
has very good response time, typically < 1 ns and negligiblegiVe” pulse of Figure 6 is multiplied by the peak power value
inductance. However, external inductive effects could Of Figure 1 for the same pulse, the results follow the
produce unacceptable overshoot. Proper circuit layout,expected trend.

TYPICAL PROTECTION CIRCUIT

Z|n ' “
Vin 7 9% LOAD v,
o )\ ]

Vin (TRANSIENT)
OVERSHOOT DUE TO

v — Vin (TRANSIENT) V| INDUCTIVE EFFECTS

¢ "

tp = TIME DELAY DUE TO CAPACITIVE EFFECT
t t

Figure 7. Figure 8.
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P6KEG.8A Series

UL RECOGNITION*

The entire series including the bidirectional CA suffix has Breakdowrtest, Endurance ConditioningeMperaturgest,
Underwriters Laboratory Recognitidier the classification  Dielectric Voltage-Withstand test, Discharge test and
of protectors (QVGV2) under the UL standard for safety several more.
497Band File #E 116110. Many competitors only have one Whereas, some competitors have only passed a
or two devices recognized or have recognition in a flammability test for the package material, we have been
non-protective category. Some competitors have norecognized for much more to be included in their protector
recognition at all. With the UL497B recognition, our parts category.
successfully passed several tests including Strike Voltageapplies to P6KE6.8A, CA — PEKE200A, CA.
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PG6KEG.8CA Series

600 Watt Peak Power
Surmetic " -40 Zener Transient
Voltage Suppressors

Bidirectional*

The P6KEG6.8CA series is designed to protect voltage sensitive
components from high voltage, high energy transients. They have
excellent clamping capability, high surge capability, low zener
impedance and fast response time. These devices are
ON Semiconductor’s exclusive, cost-effective, highly reliable
Surmetic axial leaded package and is ideally-suited for use in
communication systems, numerical controls, process controls,
medical equipment, business machines, power supplies and many
other industrial/consumer applications.

Specification Features:

* Working Peak Reverse \Voltage Range — 5.8t0 171V

* Peak Power — 600 Watts @ 1 ms

* ESD Rating of class 3 (>16 KV) per Human Body Model
¢ Maximum Clamp Voltage @ Peak Pulse Current

* Low Leakage < JA above 10 V

* Maximum Temperature Coefficient Specified

ON Semiconductor™

http://onsemi.com

o H o

¢ UL 497B for Isolated Loop Circuit Protection Aﬂﬁ'é'E‘ElgD
* Response Time is Typically < 1 ns PLASTIC
Mechanical Characteristics:
CASE: Void-free, Transfer-molded, Thermosetting plastic
FINISH: All external surfaces are corrosion resistant and leads are
readily solderable ] IF'>6KE ]
MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES: XX

230°C, 1/16” from the case for 10 seconds
POLARITY: Cathode band does not imply polarity
MOUNTING POSITION: Any

MAXIMUM RATINGS

L = Assembly Location
P6KEXxXCA = ON Device Code
YY = Year

WW = Work Week

1. Nonrepetitive current pulse per Figure 3 and derated above Tp = 25°C
per Figure 2.

*Please see P6KE6.8A — P6KE200A for Unidirectional devices.

0 Semiconductor Components Industries, LLC, 2001 51
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Rating Symbol Value Unit

Peak Power Dissipation (Note 1.) Ppk 600 Watts ORDERING INFORMATION

@ T <25°C

Device Package Shipping

Steady State Power Dissipation Pp 5 Watts

@ T_ £75°C, Lead Length = 3/8" PEKExxxCA Axial Lead 1000 Units/Box

Derated above T| = 75°C 50 mw/°C

P6KEXxxxCARL Axial Lead | 4000/Tape & Reel

Thermal Resistance, RoiL 15 °C/W

Junction-to-Lead
Operating and Storage T3, Tsig | —551t0 +150 °C

Temperature Range

Publication Order Number:
P6KEG6.8CA/D




P6KEG.8CA Series

ELECTRICAL CHARACTERISTICS
(Ta = 25°C unless otherwise noted)

Symbol Parameter
Ipp Maximum Reverse Peak Pulse Current
Ve Clamping Voltage @ lpp
VRwM Working Peak Reverse Voltage
IR Maximum Reverse Leakage Current @ Vrwwm
VBR Breakdown Voltage @ It
IT Test Current
©OVgRr Maximum Temperature Variation of Vgr

lpp

T
Vc Ver VrRwM R

lpp

VrRwMm VBR Ve

Bi—Directional TVS
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P6KEG.8CA Series

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.)

Breakdown Voltage Ve @ Ipp (Note 4.)
VrRwm
. Note 2. V| Note 3.) (Volts I V |

Device ( ote ) IR @ VRWM BR ( ) ( ) @ T C PP @VBR
Device Marking (Volts) (HA) Min Nom Max (mA) (Volts) (A) (%/°C)
P6KE6.8CA PEKE6.8CA 5.8 1000 6.45 6.80 7.14 10 10.5 57 0.057
P6KE7.5CA PEKE7.5CA 6.4 500 7.13 7.51 7.88 10 11.3 53 0.061
P6KE8.2CA PEKE8.2CA 7.02 200 7.79 8.2 8.61 10 12.1 50 0.065
P6KE9.1CA PEKE9.1CA 7.78 50 8.65 9.1 9.55 1 13.4 45 0.068
P6KE10CA PEKE10CA 8.55 10 9.5 10 10.5 1 14.5 41 0.073
P6KE11CA PEKE11CA 9.4 5 10.5 11.05 11.6 1 15.6 38 0.075
P6KE12CA PEKE12CA 10.2 5 11.4 12 12.6 1 16.7 36 0.078
P6KE13CA PEKE13CA 11.1 5 12.4 13.05 13.7 1 18.2 33 0.081
P6KE15CA PEKE15CA 12.8 5 14.3 15.05 15.8 1 21.2 28 0.084
P6KE16CA PEKE16CA 13.6 5 15.2 16 16.8 1 22.5 27 0.086
P6KE18CA PEKE18CA 15.3 5 17.1 18 18.9 1 25.2 24 0.088
P6KE20CA PEKE20CA 17.1 5 19 20 21 1 27.7 22 0.09
P6KE22CA PEKE22CA 18.8 5 20.9 22 23.1 1 30.6 20 0.092
P6KE24CA PEKE24CA 20.5 5 22.8 24 25.2 1 33.2 18 0.094
P6KE27CA PEKE27CA 23.1 5 25.7 27.05 28.4 1 375 16 0.096
P6KE30CA PEKE30CA 25.6 5 28.5 30 315 1 414 14.4 0.097
P6KE33CA PEKE33CA 28.2 5 314 33.05 34.7 1 45.7 13.2 0.098
P6KE36CA PEKE36CA 30.8 5 34.2 36 37.8 1 49.9 12 0.099

P6KE39CA PEKE39CA 333 5 37.1 39.05 41 1 53.9 11.2 0.1
P6KE43CA P6KE43CA 36.8 5 40.9 43.05 45.2 1 59.3 10.1 0.101
P6KE47CA PEKE47CA 40.2 5 44.7 47.05 49.4 1 64.8 9.3 0.101
P6KE51CA P6KES51CA 43.6 5 48.5 51.05 53.6 1 70.1 8.6 0.102
P6KES56CA PEKES6CA 47.8 5 53.2 56 58.8 1 77 7.8 0.103
P6KE62CA PEKE62CA 53 5 58.9 62 65.1 1 85 7.1 0.104
P6KE68CA PEKEG8CA 58.1 5 64.6 68 714 1 92 6.5 0.104
P6KE75CA PEKE75CA 64.1 5 71.3 75.05 78.8 1 103 5.8 0.105
P6KE82CA PEKE82CA 70.1 5 77.9 82 86.1 1 113 5.3 0.105
P6KE91CA PEKE91CA 77.8 5 86.5 91 95.5 1 125 4.8 0.106
P6KE100CA P6KE100CA 85.5 5 95 100 105 1 137 4.4 0.106
P6KE110CA P6KE110CA 94 5 105 110.5 116 1 152 4 0.107
P6KE120CA P6KE120CA 102 5 114 120 126 1 165 3.6 0.107
P6KE130CA P6KE130CA 111 5 124 130.5 137 1 179 3.3 0.107
P6KE150CA P6KE150CA 128 5 143 150.5 158 1 207 2.9 0.108
P6KE160CA P6KE160CA 136 5 152 160 168 1 219 2.7 0.108
P6KE170CA PEKE170CA 145 5 162 170.5 179 1 234 2.6 0.108
P6KE180CA P6KE180CA 154 5 171 180 189 1 246 2.4 0.108
P6KE200CA P6KE200CA 171 5 190 200 210 1 274 2.2 0.108

2. Atransient suppressor is normally selected according to the maximum working peak reverse voltage (Vrwwm), Which should be equal to or
greater than the dc or continuous peak operating voltage level.

3. Vpr measured at pulse test current |+ at an ambient temperature of 25°C.

4. Surge current waveform per Figure 3 and derate per Figures 1 and 2.
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P6KEG.8CA Series
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P6KEG.8CA Series

APPLICATION NOTES

RESPONSE TIME minimum lead lengths and placing the suppressor device as
In most applications, the transient suppressor device isclose as possible to the equipment or components to be

placed in parallel with the equipment or component to be protected will minimize this overshoot.

protected. In this situation, there is a time delay associated Some input impedance represented fyiZessential to

with the capacitance of the device and an overshootprevent overstress of the protection device. This impedance

condition associated with the inductance of the device andshould be as high as possible, without restricting the circuit

the inductance of the connection method. The capacitanceperation.

effect is of minor importance in the parallel protection

scheme because it only produces a time delay in thePUTY CYCLE DERATING

transitionfrom the operating voltage to the clamp voltage as  1he data of Figure 1 applies for non-repetitive conditions
shown in Figure 6. and at a lead temperature of @5If the duty cycle increases,

The inductive effects in the device are due to actual the peak power must be reduced as indicated by the curves
turn-on time (time required for the device to go from zero Of Figure 5. Average power must be derated as the lead or
current to full current) and lead inductance. This inductive 2@mbient temperature rises abové@5The average power
effect produces an overshoot in the voltage across thefderating curve normally given on data sheets may be
equipment or component being protected as shown innormalized and used for this purpose.

Figure 7.Minimizing this overshoot is very importantinthe At first glance the derating curves of Figure 5 appear to be
application, since the main purpose for adding a transientin error as the 10 ms pulse has a higher de_rating factor than
suppressor is tdamp voltage spikes. The P6KE6.8A series the 10us pulse. However, when the derating factor for a
has very good response time, typically < 1 ns and negligiblegiVe” pulse of Figure 5 is multiplied by the peak power value
inductance. However, external inductive effects could Of Figure 1 for the same pulse, the results follow the
produce unacceptable overshoot. Proper circuit layout,expected trend.

TYPICAL PROTECTION CIRCUIT

: Zln ' “
Vin x LOAD v,
O ® v

Vin (TRANSIENT)
OVERSHOOT DUE TO

v P Vin (TRANSIENT) V| INDUCTIVE EFFECTS
| v
" / /\

%td._

tp = TIME DELAY DUE TO CAPACITIVE EFFECT
t t

Figure 6. Figure 7.
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P6KEG.8CA Series

UL RECOGNITION*

The entire series including the bidirectional CA suffix has Breakdowrtest, Endurance ConditioningeMperaturgest,
Underwriters Laboratory Recognitidier the classification  Dielectric Voltage-Withstand test, Discharge test and
of protectors (QVGV2) under the UL standard for safety several more.
497Band File #E 116110. Many competitors only have one Whereas, some competitors have only passed a
or two devices recognized or have recognition in a flammability test for the package material, we have been
non-protective category. Some competitors have norecognized for much more to be included in their protector
recognition at all. With the UL497B recognition, our parts category.
successfully passed several tests including Strike Voltageapplies to P6KE6.8A, CA — PEKE200A, CA.
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1N6267A Series

1500 Watt Mosorb(1 Zener
Transient Voltage Suppressors

Unidirectional*

Mosorb devices are designed to protect voltage sensitive
components from high voltage, high—energy transients. They have
excellent clamping capability, high surge capability, low zener

ON Semiconductor™

http://onsemi.com

impedance and fast response time. These devices are

ON Semiconductor’s exclusive, cost-effective, highly reliable
Surmeti¢] axial leaded package and are ideally-suited for use in
communication systems, numerical controls, process controls,

o 11 o}
Cathode Anode

medical equipment, business machines, power supplies and many

other industrial/consumer applications, to protect CMOS, MOS and

Bipolar integrated circuits.

Specification Features:

* Working Peak Reverse \oltage Range — 5.8 V to 214 V
* Peak Power — 1500 Watts @ 1 ms

¢ ESD Rating of Class 3 (>16 KV) per Human Body Model
* Maximum Clamp Voltage @ Peak Pulse Current

* Low Leakage < A Above 10V

¢ UL 497B for Isolated Loop Circuit Protection

* Response Time is Typically <1 ns

Mechanical Characteristics:

CASE: \Void-free, transfer-molded, thermosetting plastic

FINISH: All external surfaces are corrosion resistant and leads are
readily solderable

MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES:
23C°C, 1/18 from the case for 10 seconds

POLARITY: Cathode indicated by polarity band

MOUNTING POSITION: Any

MAXIMUM RATINGS

Rating Symbol Value Unit
Peak Power Dissipation (Note 1.) Ppk 1500 Watts

@ T <25°C
Steady State Power Dissipation Pp 5.0 Watts

@ T <75°C, Lead Length = 3/8"

Derated above T| = 75°C 20 mw/°C
Thermal Resistance, Junction—to—Lead RgiL 20 °C/IW
Forward Surge Current (Note 2.) IEsm 200 Amps

@ Tp=25°C
Operating and Storage T3, Tstg —-65to °C

Temperature Range +175

1. Nonrepetitive current pulse per Figure 5 and derated above Ty = 25°C per
Figure 2.

2. 1/2 sine wave (or equivalent square wave), PW = 8.3 ms, duty cycle = 4 pulses
per minute maximum.

*Please see 1.5KE6.8CA to 1.5KE250CA for Bidirectional Devices

0 Semiconductor Components Industries, LLC, 2001 57
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AXIAL LEAD
CASE 41A
PLASTIC

L
1N6

XXXA
] T OKE 1]
XXXA
YYWW

L = Assembly Location

1N6xxxA = JEDEC Device Code
1.5KExxxA = ON Device Code
YY = Year

WW = Work Week

ORDERING INFORMATION

Device Package Shipping

1.5KEXxxA Axial Lead 500 Units/Box

1.5KExxxARL4 | Axial Lead | 1500/Tape & Reel

INBXXXA Axial Lead 500 Units/Box

1N6xxXARL4 Axial Lead | 1500/Tape & Reel

Devices listed in bold, italic are ON Semiconductor
Preferred devices. Preferred devices are recommended
choices for future use and best overall value.

Publication Order Number:
1N6267A/D




1IN6267A Series

ELECTRICAL CHARACTERISTICS (Ta =25°C unless
otherwise noted, Vg = 3.5 V Max., Ig (Note 3.) = 100 A)

Symbol Parameter
Ipp Maximum Reverse Peak Pulse Current
Ve Clamping Voltage @ lpp
VRwM Working Peak Reverse Voltage
IR Maximum Reverse Leakage Current @ Vrwwm
VBR Breakdown Voltage @ I
IT Test Current
BOVgR Maximum Temperature Coefficient of Vgr
I Forward Current
\= Forward Voltage @ I

http://onsemi.com
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1N6267A Series

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted, Vg = 3.5 V Max. @ I (Note 3.) = 100 A)

Breakdown Voltage Ve @ lpp (Note 7.)
JEDEC VRwm

Device (Note 5) IR @ VRWM VBR (Note 6) (VOltS) @ IT Vc |pp ®VBR
Device (Note 4.) (Volts) (HA) Min Nom Max (mA) (Volts) (A) (%/°C)
1.5KE6.8A IN6267A 5.8 1000 6.45 6.8 7.14 10 10.5 143 0.057
1.5KE7.5A 1IN6268A 6.4 500 7.13 7.5 7.88 10 11.3 132 0.061
1.5KE8.2A 1IN6269A 7.02 200 7.79 8.2 8.61 10 12.1 124 0.065
1.5KE9.1A 1IN6270A 7.78 50 8.65 9.1 9.55 1 13.4 112 0.068
1.5KE10A IN6271A 8.55 10 9.5 10 10.5 1 14.5 103 0.073
1.5KE11A 1IN6272A 9.4 5 10.5 11 11.6 1 15.6 96 0.075
1.5KE12A 1IN6273A 10.2 5 11.4 12 12.6 1 16.7 90 0.078
1.5KE13A 1IN6274A 11.1 5 12.4 13 13.7 1 18.2 82 0.081
1.5KE15A IN6275A 12.8 5 14.3 15 15.8 1 21.2 71 0.084
1.5KE16A 1IN6276A 13.6 5 15.2 16 16.8 1 225 67 0.086
1.5KE18A ING277A 15.3 5 17.1 18 18.9 1 25.2 59.5 0.088
1.5KE20A 1IN6278A 17.1 5 19 20 21 1 27.7 54 0.09
1.5KE22A ING6279A 18.8 5 20.9 22 23.1 1 30.6 49 0.092
1.5KE24A IN6280A 20.5 5 22.8 24 25.2 1 33.2 45 0.094
1.5KE27A IN6281A 23.1 5 25.7 27 28.4 1 37.5 40 0.096
1.5KE30A IN6282A 25.6 5 28.5 30 31.5 1 41.4 36 0.097
1.5KE33A IN6283A 28.2 5 31.4 33 34.7 1 45.7 33 0.098
1.5KE36A 1N6284A 30.8 5 34.2 36 37.8 1 49.9 30 0.099

1.5KE39A IN6285A 33.3 5 37.1 39 41 1 53.9 28 0.1
1.5KE43A 1N6286A 36.8 5 40.9 43 45.2 1 59.3 25.3 0.101
1.5KE47A 1IN6287A 40.2 5 44.7 47 49.4 1 64.8 23.2 0.101
1.5KE51A IN6288A 43.6 5 48.5 51 53.6 1 70.1 21.4 0.102
1.5KE56A 1N6289 47.8 5 53.2 56 58.8 1 77 19.5 0.103
1.5KE62A 1ING6290A 53 5 58.9 62 65.1 1 85 17.7 0.104
1.5KE68A 1IN6291A 58.1 5 64.6 68 71.4 1 92 16.3 0.104
1.5KE75A 1IN6292A 64.1 5 71.3 75 78.8 1 103 14.6 0.105
1.5KE82A 1IN6293A 70.1 5 77.9 82 86.1 1 113 13.3 0.105
1.5KE91A 1ING6294A 77.8 5 86.5 91 95.5 1 125 12 0.106
1.5KE100A 1IN6295A 85.5 5 95 100 105 1 137 11 0.106
1.5KE110A 1IN6296A 94 5 105 110 116 1 152 9.9 0.107
1.5KE120A 1IN6297A 102 5 114 120 126 1 165 9.1 0.107
1.5KE130A 1IN6298A 111 5 124 130 137 1 179 8.4 0.107
1.5KE150A 1IN6299A 128 5 143 150 158 1 207 7.2 0.108
1.5KE160A 1N6300A 136 5 152 160 168 1 219 6.8 0.108
1.5KE170A 1IN6301A 145 5 162 170 179 1 234 6.4 0.108
1.5KE180A 1IN6302A 154 5 171 180 189 1 246 6.1 0.108
1.5KE200A 1ING6303A 171 5 190 200 210 1 274 55 0.108
1.5KE220A 185 5 209 220 231 1 328 4.6 0.109
1.5KE250A 214 5 237 250 263 1 344 5 0.109

3. 1/2 sine wave (or equivalent square wave), PW = 8.3 ms, duty cycle = 4 pulses per minute maximum.

4. Indicates JEDEC registered data

5. A transient suppressor is normally selected according to the maximum working peak reverse voltage (Vrwwm), Which should be equal to or
greater than the dc or continuous peak operating voltage level.

6. Vgr measured at pulse test current |t at an ambient temperature of 25°C

7. Surge current waveform per Figure 5 and derate per Figures 1 and 2.
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1IN6267A Series
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1IN6267A Series
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APPLICATION NOTES
RESPONSE TIME application, since the main purpose for adding a transient

In most applications, the transient suppressor device isSUppressor is to clamp voltage spikes. These devices have
placed in parallel with the equipment or component to be excellent response time, typically in the picosecond range
protected. In this situation, there is a time delay associatec@nd negligible inductance. However, external inductive
with the capacitance of the device and an overshoot€ffects could produce unacceptable overshoot. Proper
condition associated with the inductance of the device andcircuit layout, minimum lead lengths and placing the
the inductance of the connection method. The capacitancéuppressor device as close as possible to the equipment or
effect is of minor importance in the parallel protection components to be protected will minimize this overshoot.
scheme because it only produces a time delay in the Some inputimpedance represented pyiZessential to
transitionfrom the operating voltage to the clamp voltage as prevent overstress of the protection device. This impedance
shown in Figure 8. should be as high as possible, without restricting the circuit

The inductive effects in the device are due to actual operation.
turn-on time (time required for the device to go from zero DUTY CYCLE DERATING
current to full current) and lead inductance. This inductive  The data of Figure 1 applies for non-repetitive conditions
effect produces an overshoot in the voltage across theand at a lead temperature of @5If the duty cycle increases,
equipment or component being protected as shown inthe peak power must be reduced as indicated by the curves
Figure 9. Minimizing this overshootvgry importantinthe  of Figure 7. Average power must be derated as the lead or
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1N6267A Series

ambient temperature rises abové@5The average power the 10us pulse. However, when the derating factor for a

derating curve normally given on data sheets may begivenpulse of Figure 7 is multiplied by the peak power value

normalized and used for this purpose. of Figure 1 for the same pulse, the results follow the
At first glance the derating curves of Figure 7 appear to beexpected trend.

in error as the 10 ms pulse has a higher derating factor than

TYPICAL PROTECTION CIRCUIT

O— Zi 4
Vin 7 % LOAD v,
O ® y

Vi, (TRANSIENT)
OVERSHOOT DUE TO

v Vo (TRANSIENT) V| INDUCTIVE EFFECTS

' "
N

[N
— V2

tp = TIME DELAY DUE TO CAPACITIVE EFFECT

t t

Figure 8. Figure 9.

UL RECOGNITION*

The entire series hasUnderwriters Laboratory Conditioning, Temperature test, Dielectric Voltage-
Recognitionfor the classification of protectors (QVGV2) Withstand test, Discharge test and several more.
under the UL standard for safety 497B and File #116110. Whereas, some competitors have only passed a
Many competitors only have one or two devices recognizedflammability test for the package material, we have been
or have recognition in a non-protective category. Somerecognized for much more to be included in their Protector
competitors have no recognition at all. With the UL497B category.
recognition, our parts successfully passed several tests
including Strike \oltage Breakdown test, Endurance *Appliesto 1.5KE6.8A, CA thru 1.5KE250A, CA

CLIPPER BIDIRECTIONAL DEVICES

1. Clipper-bidirectional devices are available in the 3. The 1N6267A through 1N6303A series are JEDEC
1.5KEXXA series and are designated with a “CA” registered devices and the registration does not include
suffix; for example, 1.5KE18CA. Contact your nearest a “CA” suffix. To order clipper-bidirectional devices
ON Semiconductor representative. one must add CA to the 1.5KE device title.

2. Clipper-bidirectional part numbers are tested in both
directions to electrical parameters in preceeding table
(except for \E which does not apply).
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SA5.0A Series

500 Watt Peak Power
MiniMOSORB " Zener Transient
Voltage Suppressors

Unidirectional*

The SAL5.0A series is designed to protect voltage sensitive
components from high voltage, high energy transients. They have
excellent clamping capability, high surge capability, low zener
impedance and fast response time. The SA5.0A series is supplied in
ON Semiconductor’s exclusive, cost-effective, highly reliable
Surmetic” axial leaded package and is ideally-suited for use in
communication systems, numerical controls, process controls,
medical equipment, business machines, power supplies and many
other industrial/consumer applications.

Specification Features:

* Working Peak Reverse Voltage Range — 5to0 170 V

* Peak Power — 500 Watts @ 1 ms

¢ ESD Rating of Class 3 (>16 KV) per Human Body Model

* Maximum Clamp Voltage @ Peak Pulse Current

* Low Leakage < LA above 8.5V

¢ UL 497B for Isolated Loop Circuit Protection

¢ Maximum Temperature Coefficient Specified

* Response Time is typically < 1 ns

Mechanical Characteristics:

CASE: Void-free, Transfer-molded, Thermosetting plastic

FINISH: All external surfaces are corrosion resistant and leads are
readily solderable

MAXIMUM LEAD TEMPERATURE FOR SOLDERING: 230°C,
1/18' from the case for 10 seconds

POLARITY: Cathode indicated by polarity band.
MOUNTING POSITION: Any

MAXIMUM RATINGS

— ) A
XXXA

ON Semiconductor™

http://onsemi.com

o 11 o)
Cathode Anode
AXIAL LEAD
CASE 59
PLASTIC
L

I

YYWW

L = Assembly Location
SAxxxA = ON Device Code
YY = Year

WW = Work Week

1. Nonrepetitive current pulse per Figure 4 and derated above Tp = 25°C per
Figure 2.

2. 1/2 sine wave (or equivalent square wave), PW = 8.3 ms, duty cycle = 4 pulses
per minute

*Please see SA5.0CA — SA170CA for Bidirectional devices.

0 Semiconductor Components Industries, LLC, 2001 63
March, 2001 — Rev. 5

Rating Symbol Value Unit
Peak Power Dissipation (Note 1.) Ppk 500 Watts ORDERING INFORMATION
@T =25°C Device Package Shipping
Steady State Power Dissipation Pp 3.0 Watts . .
@ T, < 75°C, Lead Length = 3/8" SAXXXA Axial Lead 1000 Units/Box
Derated above T =75°C 30 mWw/°C SAXXXARL Axial Lead | 5000/Tape & Reel
Thermal Resistance, Junction—to—Lead RgaL 33.3 °C/IW
FO(%N?I_rdf;J;%(e; Current (Note 2.) IFsm 0 Amps Devices listed in bold, italic are ON Semiconductor
A Preferred devices. Preferred devices are recommended
Operating and Storage Temperature T3, Tetg _55to0 °C choices for future use and best overall value.
Range +175

Publication Order Number:
SA5.0A/D




SA5.0A Series

ELECTRICAL CHARACTERISTICS (Ta =25°C unless
otherwise noted, Vg = 3.5V Max. @ I (Note 6.) = 35 A)

Symbol Parameter
Ipp Maximum Reverse Peak Pulse Current
Ve Clamping Voltage @ lpp
VRwM Working Peak Reverse Voltage
IR Maximum Reverse Leakage Current @ Vrwwm
VBR Breakdown Voltage @ I
IT Test Current
©OVgRr Maximum Temperature Variation of Vgr
I Forward Current
\= Forward Voltage @ I

http://onsemi.com
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SA5.0A Series

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted, Vg = 3.5V Max. @ I (Note 6.) = 35 A)

Breakdown Voltage Ve @ Ipp (Note 5.)
VRwM
. Note 3. V| Note 4.) (Volts [ V, |
Device ( oe ) IR @ VRWM BR ( ) ( ) @ T C PP OVBR

Device Marking Volts HA Min Nom Max mA Volts A mv/°C
SA5.0A SA5.0A 5 600 6.4 6.7 7 10 9.2 54.3 5

SA6.0A SAG6.0A 6 600 6.67 7.02 7.37 10 10.3 48.5 5

SA7.0A SA7.0A 7 150 7.78 8.19 8.6 10 12 41.7 6

SA7.5A SA7.5A 7.5 50 8.33 8.77 9.21 1 12.9 38.8 7

SA8.0A SA8.0A 8 25 8.89 9.36 9.83 1 13.6 36.7 7

SA8.5A SA8.5A 8.5 5 9.44 9.92 104 1 14.4 34.7 8

SA9.0A SA9.0A 9 1 10 10.55 1.1 1 154 32,5 9

SA10A SA10A 10 1 11.1 11.7 12.3 1 17 29.4 10
SA11A SA11A 11 1 122 12.85 13.5 1 18.2 27.4 11
SA12A SA12A 12 1 13.3 14 14.7 1 19.9 25.1 12
SA13A SA13A 13 1 14.4 15.15 15.9 1 215 23.2 13
SAl4A SAl14A 14 1 15.6 16.4 17.2 1 23.2 21.5 14
SA15A SA15A 15 1 16.7 17.6 185 1 24.4 20.6 16
SA16A SA16A 16 1 17.8 18.75 19.7 1 26 19.2 17
SA17A SAL17A 17 1 18.9 19.9 20.9 1 27.6 18.1 19
SA18A SA18A 18 1 20 21.05 22.1 1 29.2 17.2 20
SA20A SA20A 20 1 22.2 23.35 24.5 1 32.4 15.4 23
SA22A SA22A 22 1 24.4 25.65 26.9 1 35.5 14.1 25
SA24A SA24A 24 1 26.7 28.1 29.5 1 38.9 12.8 28
SA26A SA26A 26 1 28.9 30.4 31.9 1 42.1 11.9 30
SA28A SA28A 28 1 31.1 32.75 34.4 1 45.4 11 31
SA30A SA30A 30 1 33.3 35.05 36.8 1 48.4 10.3 36
SA33A SA33A 33 1 36.7 38.65 40.6 1 53.3 9.4 39
SA36A SA36A 36 1 40 42.1 44.2 1 58.1 8.6 41
SA40A SA40A 40 1 44.4 46.55 49.1 1 64.5 7.8 46
SA43A SA43A 43 1 47.8 50.3 52.8 1 69.4 7.2 50
SA45A SA45A 45 1 50 52.65 55.3 1 72.7 6.9 52
SA48A SA48A 48 1 53.3 56.1 58.9 1 77.4 6.5 56
SA51A SA51A 51 1 56.7 59.7 62.7 1 82.4 6.1 61
SA58A SAS58A 58 1 64.4 67.8 71.2 1 93.6 5.3 70
SAGOA SAGOA 60 1 66.7 70.2 73.7 1 96.8 5.2 71
SAG4A SAG4A 64 1 71.1 74.85 78.6 1 103 49 76
SA70A SA70A 70 1 77.8 81.9 86 1 113 4.4 85
SA78A SA78A 78 1 86.7 91.25 95.8 1 126 4.0 95
SA90A SA90A 90 1 100 105.5 111 1 146 3.4 110
SA100A SA100A 100 1 111 117 123 1 162 3.1 123
SA110A SA110A 110 1 122 128.5 135 1 177 2.8 133
SA120A SA120A 120 1 133 140 147 1 193 25 146
SA130A SA130A 130 1 144 151.5 159 1 209 2.4 158
SA150A SA150A 150 1 167 176 185 1 243 2.1 184
SA160A SA160A 160 1 178 187.5 197 1 259 1.9 196
SA170A SA170A 170 1 189 199 209 1 275 1.8 208

NOTES:

3. MiniMOSORB™ transients suppressor is normally selected according to the maximum working peak reverse voltage (Vrwwm), Which
should be equal to or greater than the dc or continuous peak operating voltage level.

4. VR measured at pulse test current I+ at an ambient temperature of 25°C.

Surge current waveform per Figure 4 and derate per Figures 1 and 2.

6. 1/2 sine wave (or equivalent square wave), PW = 8.3 ms, duty cycle = 4 pulses per minute

o
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SA5.0A Series
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SA5.0A Series

UL RECOGNITION*

The entire series including the bidirectional CA suffix has Breakdowrtest, Endurance ConditioningeMperaturgest,
Underwriters Laboratory Recognitidier the classification  Dielectric Voltage-Withstand test, Discharge test and
of protectors (QVGV2) under the UL standard for safety several more.
497Band File #E 116110. Many competitors only have one Whereas, some competitors have only passed a
or two devices recognized or have recognition in a flammability test for the package material, we have been
non-protective category. Some competitors have norecognized for much more to be included in their protector
recognition at all. With the UL497B recognition, our parts category.
successfully passed several tests including Strike Voltageapplies to SA5.0A, CA — SA170A, CA.
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SA5.0CA Series

500 Watt Peak Power
MiniMOSORB[] Zener Transient
Voltage Suppressors

Bidirectional*

The SA5.0CA series is designed to protect voltage sensitive
components from high voltage, high—energy transients. They havé
excellent clamping capability, high surge capability, low zener
impedance and fast response time. The SA5.0CA series is supplied in
ON Semiconductor’'s exclusive, cost-effective, highly reliable
Surmetic” axial leaded package and is ideally-suited for use in
communication systems, numerical controls, process controls,
medical equipment, business machines, power supplies and many
other industrial/consumer applications.

Specification Features:

* Working Peak Reverse \Voltage Range —5.0to 170 V

* Peak Power — 500 Watts @ 1 ms

¢ ESD Rating of Class 3 (>16 KV) per Human Body Model
* Maximum Clamp Voltage @ Peak Pulse Current

* Low Leakage < LA above 8.5V

¢ UL 497B for Isolated Loop Circuit Protection

¢ Maximum Temperature Coefficient Specified

o : AXIAL LEAD
* Response Time is typically < 1 ns CASE 59
Mechanical Characteristics: PLASTIC
CASE: Void-free, Transfer-molded, Thermosetting plastic
FINISH: All external surfaces are corrosion resistant and leads are

readily solderable L
MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES: ] SA
230°C, 1/18 from the case for 10 seconds ¢)$<v(\:/0v

POLARITY: Cathode band does not imply polarity
MOUNTING POSITION: Any

MAXIMUM RATINGS

ON Semiconductor™

http://onsemi.com
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L = Assembly Location

SAxxXCA = ON Device Code

YY = Year
WW = Work Week

Rating Symbol Value Unit
Peak Power Dissipation (Note 1. P 500 Watts
@ T, <25°C pation ( ) PK ORDERING INFORMATION
Steady State Power Dissipation @ Pp 3.0 Watts Device Package Shipping
TL < 75°C, Lead Length = 3/8" . .
Derated above T, = 75°C 30 MW/ SAXxxCA Axial Lead 1000 Units/Box
Thermal Resistance, RojL 33.3 °C/W SAXxXxCARL Axial Lead | 5000/Tape & Reel
Junction-to-Lead
OF;e"atlng and Storage Temperature T TStg — 5510 +175 c Devices listed in bold, italic are ON Semiconductor
ange Preferred devices. Preferred devices are recommended
1. Nonrepetitive current pulse per Figure 3 and derated above Tp = 25°C choices for future use and best overall value.
per Figure 2.

*Please see SA5.0A to SA170A for Unidirectional devices.
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SA5.0CA Series

ELECTRICAL CHARACTERISTICS
(Ta = 25°C unless otherwise noted)

Symbol Parameter
Ipp Maximum Reverse Peak Pulse Current
Ve Clamping Voltage @ lpp

Vrwm | Working Peak Reverse Voltage |$ Vrwm VBr Ve

IR Maximum Reverse Leakage Current @ Vrwwm
VgR Breakdown Voltage @ It

It Test Current pp
®VRRr Maximum Temperature Variation of Vpg Bi-Directional TVS

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.)

Breakdown Voltage Ve @ lpp (Note 4.)
VRwM
Device (Note 2.) IR @ VRwMm Vgr (Note 3.) (Volts) @ Iy Ve Ipp OVgRr

Device Marking (Volts) (HA) Min Nom Max (mA) (Volts) (A) (mV/°C)
SA5.0CA SA5.0CA 5 600 6.4 6.7 7 10 9.2 54.3 5
SA6.0CA SA6.0CA 6 600 6.67 7.02 7.37 10 10.3 48.5
SA6.5CA SA6.5CA 6.5 400 7.22 7.60 7.98 10 11.2 44.7 5
SA7.0CA SA7.0CA 7 150 7.78 8.19 8.6 10 12 41.7 6
SA7.5CA SA7.5CA 7.5 50 8.33 8.77 9.21 1 12.9 38.8 7
SA8.0CA SA8.0CA 8 25 8.89 9.36 9.83 1 13.6 36.7 7
SA8.5CA SA8.5CA 8.5 5 9.44 9.92 10.4 1 14.4 34.7 8
SA9.0CA SA9.0CA 9 1 10 10.55 11.1 1 154 325 9
SA10CA SA10CA 10 1 111 11.7 12.3 1 17 29.4 10
SAl11CA SAl11CA 11 1 12.2 12.85 135 1 18.2 27.4 11
SA12CA SA12CA 12 1 13.3 14 14.7 1 19.9 25.1 12
SA13CA SA13CA 13 1 14.4 15.15 15.9 1 21.5 23.2 13
SA14CA SA14CA 14 1 15.6 16.4 17.2 1 23.2 215 14
SA15CA SA15CA 15 1 16.7 17.6 18.5 1 24.4 20.6 16
SA16CA SA16CA 16 1 17.8 18.75 19.7 1 26 19.2 17
SA17CA SA17CA 17 1 18.9 19.9 20.9 1 27.6 18.1 19
SA18CA SA18CA 18 1 20 21.05 221 1 29.2 17.2 20
SA20CA SA20CA 20 1 22.2 23.35 24.5 1 32.4 154 23
SA22CA SA22CA 22 1 244 25.65 26.9 1 35.5 141 25
SA24CA SA24CA 24 1 26.7 28.1 29.5 1 38.9 12.8 28
SA26CA SA26CA 26 1 28.9 30.4 31.9 1 42.1 11.9 30
SA28CA SA28CA 28 1 31.1 32.75 34.4 1 454 11 31
SA30CA SA30CA 30 1 33.3 35.05 36.8 1 48.4 10.3 36
SA33CA SA33CA 33 1 36.7 38.65 40.6 1 53.3 9.4 39
SA36CA SA36CA 36 1 40 42.1 44.2 1 58.1 8.6 41
SA40CA SA40CA 40 1 44.4 46.55 49.1 1 64.5 7.8 46
SA43CA SA43CA 43 1 47.8 50.3 52.8 1 69.4 7.2 50
SA45CA SA45CA 45 1 50 52.65 55.3 1 72.7 6.9 52
SA48CA SA48CA 48 1 53.3 56.1 58.9 1 77.4 6.5 56
SA51CA SA51CA 51 1 56.7 59.7 62.7 1 82.4 6.1 61
SA58CA SA58CA 58 1 64.4 67.8 71.2 1 93.6 5.3 70
SAB0CA SAB0CA 60 1 66.7 70.2 73.7 1 96.8 5.2 71

NOTES:

2. MiniMOSORB™ transient suppressors are normally selected according to the maximum working peak reverse voltage (Vrwm), which should
be equal to or greater than the dc or continuous peak operating voltage level.

3. Vggr measured at pulse test current It at an ambient temperature of 25°C.

4. Surge current waveform per Figure 3 and derate per Figures 1 and 2.
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SA5.0CA Series

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.)

Breakdown Voltage Vc @ Ipp (Note 7.)
VrRwm
Device (Note 5) Ir @ VRwM VR (Note 6.) (Volts) @ It Ve lpp OVgRr
Device Marking (Volts) (HA) Min Nom Max (mA) (Volts) (A) (mV/°C)

SAB4CA SAB4ACA 64 1 71.1 74.85 78.6 1 103 4.9 76
SA70CA SA70CA 70 1 77.8 81.9 86 1 113 4.4 85
SA78CA SA78CA 78 1 86.7 91.25 95.8 1 126 4.0 95
SA85CA SA85CA 85 1 94.4 99.2 104 1 137 3.6 103
SA90CA SA90CA 90 1 100 105.5 111 1 146 3.4 110
SA100CA SA100CA 100 1 111 117 123 1 162 3.1 123
SA110CA SA110CA 110 1 122 1285 135 1 177 2.8 133
SA120CA SA120CA 120 1 133 140 147 1 193 2.5 146
SA130CA SA130CA 130 1 144 151.5 159 1 209 2.4 158
SA150CA SA150CA 150 1 167 176 185 1 243 2.1 184
SA160CA SA160CA 160 1 178 187.5 197 1 259 1.9 196
SA170CA SA170CA 170 1 189 199 209 1 275 1.8 208

NOTES:

5. MiniMOSORB™ transient suppressors are normally selected according to the maximum working peak reverse voltage (Vrwwm), which should
be equal to or greater than the dc or continuous peak operating voltage level.

6. Vgr measured at pulse test current It at an ambient temperature of 25°C.

7. Surge current waveform per Figure 3 and derate per Figures 1 and 2.
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SA5.0CA Series

UL RECOGNITION*

The entire series including the bidirectional CA suffix has Breakdowrtest, Endurance ConditioningeMperaturgest,
Underwriters Laboratory Recognitidier the classification  Dielectric Voltage-Withstand test, Discharge test and
of protectors (QVGV2) under the UL standard for safety several more.
497Band File #E 116110. Many competitors only have one Whereas, some competitors have only passed a
or two devices recognized or have recognition in a flammability test for the package material, we have been
non-protective category. Some competitors have norecognized for much more to be included in their protector
recognition at all. With the UL497B recognition, our parts category.
successfully passed several tests including Strike Voltageapplies to SA5.0A, CA — SA170A, CA.
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1.5KEG6.8CA Series

1500 Watt Mosorb(1 Zener
Transient Voltage Suppressors

Bidirectional*

Mosorb devices are designed to protect voltage sensitive
components from high voltage, high—energy transients. They have
excellent clamping capability, high surge capability, low zener
impedance and fast response time. These devices are
ON Semiconductor’'s exclusive, cost-effective, highly reliable O_H_O
Surmetic axial leaded package and are ideally-suited for use in
communication systems, numerical controls, process controls;
medical equipment, business machines, power supplies and many
other industrial/ consumer applications, to protect CMOS, MOS and
Bipolar integrated circuits.

ON Semiconductor™

http://onsemi.com

Specification Features:

* Working Peak Reverse \oltage Range — 5.8 V to 214 V

* Peak Power — 1500 Watts @ 1 ms

¢ ESD Rating of Class 3 (>16 KV) per Human Body Model

* Maximum Clamp Voltage @ Peak Pulse Current AXIAL LEAD
* Low Leakage < %A above 10V CASE 41A

PLASTIC
¢ UL 497B for Isolated Loop Circuit Protection
* Response Time is typically < 1 ns
Mechanical Characteristics: L
. . . 1N6
CASE: \Void-free, transfer-molded, thermosetting plastic ] XXXCA ]
FINISH: All external surfaces are corrosion resistant and leads are ixi'éi
readily solderable Yyww
MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES: B .
L = Assembly Location
230°C, 1/16 from the case for 10 §econds _ IN6xxxCA = JEDEC Device Code
POLARITY: Cathode band does not imply polarity 1.5KExxxCA = ON Device Code
MOUNTING POSITION: Any YY = Year

WW = Work Week
MAXIMUM RATINGS

Rating Symbol Value Unit
Peak Power Dissipation (Note 1.) Ppk 1500 Watts ORDERING INFORMATION
T_<25°C

en Device Packaging Shipping
Steady State Power Dissipation Pp 5.0 Watts ] ]

@ T < 75°C, Lead Length = 3/8" 1.5KExxCA Axial Lead 500 Units/Box

Derated above T, = 75°C 20 W/°C .

crafed above 'L m 15KEXxCARL4 | Axial Lead | 1500/Tape & Reel

Thermal Resistance, Junction—to—Lead RgiL 20 °C/IW
Operating and Storage T3, Tstg —-65to °C

Temperature Range +175

1. Nonrepetitive current pulse per Figure 4 and derated above Tp = 25°C per
Figure 2.

*Please see 1N6267A to 1IN6306A (1.5KE6.8A — 1.5KE250A)
for Unidirectional Devices

0 Semiconductor Components Industries, LLC, 2001 72 Publication Order Number:
March, 2001 — Rev. 0 1.5KE6.8CA/D



1.5KE6.8CA Series

ELECTRICAL CHARACTERISTICS
(Ta = 25°C unless otherwise noted)

Symbol Parameter
Ipp Maximum Reverse Peak Pulse Current
Ve Clamping Voltage @ lpp
VRwM Working Peak Reverse Voltage
IR Maximum Reverse Leakage Current @ Vrwwm
VBR Breakdown Voltage @ It
IT Test Current
BOVgR Maximum Temperature Coefficient of Vgr

lpp

T
Vc Ver VrRwM R

lpp

VrRwMm VBR Ve

Bi—Directional TVS
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1.5KE6.8CA Series

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.)

Breakdown Voltage Ve @ Ipp (Note 4.)
VrRwM

(Note 2) IR @ VRWM VBR (Note 3) (VOltS) @ IT VC |pp @VBR
Device (Volts) (HA) Min Nom Max (mA) (Volts) (A) (%/°C)
1.5KE6.8CA 5.8 1000 6.45 6.8 7.14 10 105 143 0.057
1.5KE7.5CA 6.4 500 7.13 7.5 7.88 10 11.3 132 0.061
1.5KE8.2CA 7.02 200 7.79 8.2 8.61 10 121 124 0.065
1.5KE9.1CA 7.78 50 8.65 9.1 9.55 1 13.4 112 0.068
1.5KE10CA 8.55 10 9.5 10 10.5 1 145 103 0.073
1.5KE11CA 9.4 5 105 11 11.6 1 15.6 96 0.075
1.5KE12CA 10.2 5 11.4 12 12.6 1 16.7 90 0.078
1.5KE13CA 11.1 5 12.4 13 13.7 1 18.2 82 0.081
1.5KE15CA 12.8 5 143 15 15.8 1 21.2 71 0.084
1.5KE16CA 13.6 5 15.2 16 16.8 1 225 67 0.086
1.5KE18CA 15.3 5 17.1 18 18.9 1 25.2 59.5 0.088
1.5KE20CA 17.1 5 19 20 21 1 27.7 54 0.09
1.5KE22CA 18.8 5 20.9 22 23.1 1 30.6 49 0.092
1.5KE24CA 20.5 5 22.8 24 25.2 1 33.2 45 0.094
1.5KE27CA 23.1 5 25.7 27 28.4 1 375 40 0.096
1.5KE30CA 25.6 5 28.5 30 315 1 41.4 36 0.097
1.5KE33CA 28.2 5 31.4 33 34.7 1 45.7 33 0.098
1.5KE36CA 30.8 5 34.2 36 37.8 1 49.9 30 0.099

1.5KE39CA 33.3 5 37.1 39 41 1 53.9 28 0.1
1.5KE43CA 36.8 5 40.9 43 45.2 1 59.3 25.3 0.101
1.5KE47CA 40.2 5 44.7 47 49.4 1 64.8 23.2 0.101
1.5KE51CA 43.6 5 48.5 51 53.6 1 70.1 21.4 0.102
1.5KE56CA 47.8 5 53.2 56 58.8 1 77 19.5 0.103
1.5KE62CA 53 5 58.9 62 65.1 1 85 17.7 0.104
1.5KE68CA 58.1 5 64.6 68 71.4 1 92 16.3 0.104
1.5KE75CA 64.1 5 71.3 75 78.8 1 103 14.6 0.105
1.5KE82CA 70.1 5 77.9 82 86.1 1 113 13.3 0.105
1.5KE91CA 77.8 5 86.5 91 95.5 1 125 12 0.106
1.5KE100CA 85.5 5 95 100 105 1 137 11 0.106
1.5KE110CA 94 5 105 110 116 1 152 9.9 0.107
1.5KE120CA 102 5 114 120 126 1 165 9.1 0.107
1.5KE130CA 111 5 124 130 137 1 179 8.4 0.107
1.5KE150CA 128 5 143 150 158 1 207 7.2 0.108
1.5KE160CA 136 5 152 160 168 1 219 6.8 0.108
1.5KE170CA 145 5 162 170 179 1 234 6.4 0.108
1.5KE180CA 154 5 171 180 189 1 246 6.1 0.108
1.5KE200CA 171 5 190 200 210 1 274 5.5 0.108
1.5KE220CA 185 5 209 220 231 1 328 4.6 0.109
1.5KE250CA 214 5 237 250 263 1 344 5 0.109

2. Atransient suppressor is normally selected according to the maximum working peak reverse voltage (Vrwam), Which should be equal to or
greater than the dc or continuous peak operating voltage level.

3. Vgr Measured at pulse test current It at an ambient temperature of 25°C.

4. Surge current waveform per Figure 4 and derate per Figures 1 and 2.

http://onsemi.com
74
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1.5KE6.8CA Series
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APPLICATION NOTES

RESPONSE TIME circuit layout, minimum lead lengths and placing the

In most applications, the transient suppressor device issuppressor device as close as possible to the equipment or
placed in parallel with the equipment or component to be components to be protected will minimize this overshoot.
protected. In this situation, there is a time delay associated Some input impedance represented pyiZessential to
with the capacitance of the device and an overshootprevent overstress of the protection device. This impedance
condition associated with the inductance of the device andshould be as high as possible, without restricting the circuit
the inductance of the connection method. The capacitanceéperation.
effect is of minor importance in the parallel protection DUTY CYCLE DERATING
scheme because it only produces a time delay in the The data of Figure 1 applies for non-repetitive conditions
transitionfrom the operating voltage to the clamp voltage as and at a lead temperature of @5If the duty cycle increases,
shown in Figure 7. the peak power must be reduced as indicated by the curves

The inductive effects in the device are due to actual of Figure 6. Average power must be derated as the lead or
turn-on time (time required for the device to go from zero ambient temperature rises abové@5The average power
current to full current) and lead inductance. This inductive derating curve normally given on data sheets may be
effect produces an overshoot in the voltage across thenormalized and used for this purpose.
equipment or component being protected as shown in At first glance the derating curves of Figure 6 appear to be
Figure 8. Minimizing this overshootigry importantin the  in error as the 10 ms pulse has a higher derating factor than
application, since the main purpose for adding a transientthe 10us pulse. However, when the derating factor for a
suppressor is to clamp voltage spikes. These devices havgivenpulse of Figure 6 is multiplied by the peak power value
excellent response time, typically in the picosecond rangeof Figure 1 for the same pulse, the results follow the
and negligible inductance. However, external inductive expected trend.
effects could produce unacceptable overshoot. Proper
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1.5KE6.8CA Series

TYPICAL PROTECTION CIRCUIT

o z, L 4
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Y v
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tp = TIME DELAY DUE TO CAPACITIVE EFFECT
t t

Figure 7. Figure 8.

UL RECOGNITION*

The entire series hasUnderwriters Laboratory Conditioning, Temperature test, Dielectric Voltage-
Recognitionfor the classification of protectors (QVGV2) Withstand test, Discharge test and several more.
under the UL standard for safety 497B and File #116110. Whereas, some competitors have only passed a
Many competitors only have one or two devices recognizedflammability test for the package material, we have been
or have recognition in a non-protective category. Some recognized for much more to be included in their Protector
competitors have no recognition at all. With the UL497B category.
recognition, our parts successfully passed several tests
including Strike Voltage Breakdown test, Endurance *Appliesto 1.5KE6.8CA — 1.5KE250CA

CLIPPER BIDIRECTIONAL DEVICES

1. Clipper-bidirectional devices are available in the 3. The 1N6267A through 1N6303A series are JEDEC
1.5KEXXA series and are designated with a “CA” registered devices and the registration does not include
suffix; for example, 1.5KE18CA. Contact your nearest a “CA” suffix. To order clipper-bidirectional devices
ON Semiconductor representative. one must add CA to the 1.5KE device title.

2. Clipper-bidirectional part numbers are tested in both
directions to electrical parameters in preceeding table
(except for \E which does not apply).
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1N5908

1500 Watt Mosorb(1 Zener
Transient Voltage Suppressors

Unidirectional*

Mosorb devices are designed to protect voltage sensitive
components from high voltage, high—energy transients. They have
excellent clamping capability, high surge capability, low zener
impedance and fast response time. These devices are
ON Semiconductor’s exclusive, cost-effective, highly reliable
Surmeti¢] axial leaded package and are ideally-suited for use in
communication systems, numerical controls, process controls,
medical equipment, business machines, power supplies and many
other industrial/consumer applications, to protect CMOS, MOS and
Bipolar integrated circuits.

Specification Features:

* Working Peak Reverse \oltage Range -5V

* Peak Power — 1500 Watts @ 1 ms

* Maximum Clamp Voltage @ Peak Pulse Current
* Low Leakage < A Above 10V

* Response Time is Typically < 1 ns

Mechanical Characteristics:

CASE: Void-free, transfer-molded, thermosetting plastic

FINISH: All external surfaces are corrosion resistant and leads are
readily solderable

MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES:
23(°C, 1/18 from the case for 10 seconds

POLARITY: Cathode indicated by polarity band

MOUNTING POSITION: Any

MAXIMUM RATINGS

Cathode

ON Semiconductor™

http://onsemi.com

o 11 o}
Anode

AXIAL LEAD
CASE 41A
PLASTIC

L

IN
L] 5908 ]

YYWW

L = Assembly Location

1N5908 = JEDEC Device Code
YY = Year

WW = Work Week

1. Nonrepetitive current pulse per Figure 4 and derated above Tp = 25°C
per Figure 2.

2. 1/2 sine wave (or equivalent square wave), PW = 8.3 ms,
duty cycle = 4 pulses per minute maximum.

* Bidirectional device will not be available in this device

0 Semiconductor Components Industries, LLC, 2001 78
May, 2001 — Rev. 2

Rating Symbol Value Unit
Peak Power Dissipation (Note 1.) Ppk 1500 Watts

@ T s25°C ORDERING INFORMATION
Steady State Power Dissipation Pp 5.0 Watts Device Package Shipping

@ T_ £75°C, Lead Length = 3/8"

Derated above T| = 75°C 50 mwW/°C 1N5908 Axial Lead 500 Units/Box
Thermal Resistance, Junction—to—Lead RoJL 20 °C/W 1N5908RL4 Axial Lead | 1500/Tape & Reel
Forward Surge Current (Note 2.) IEsm 200 Amps

@ Tp=25°C
Operating and Storage T3, Tstg —-65to °C

Temperature Range +175

Publication Order Number:
1N5908/D




ELECTRICAL CHARACTERISTICS (Ta =25°C unless
otherwise noted, Vg = 3.5V Max. @ Ir (Note 3.) = 100 A)

1N5908

Symbol Parameter
Ipp Maximum Reverse Peak Pulse Current |
Ve Clamping Voltage @ lpp
VRwM Working Peak Reverse Voltage v
IR Maximum Reverse Leakage Current @ Vrwwm
VBR Breakdown Voltage @ I
IT Test Current
I Forward Current
Vg Forward Voltage @ I
Uni-Directional TVS
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted, Vg = 3.5 V Max. @ Ir (Note 3.) = 53 A)
Breakdown Voltage V¢ (Volts) (Note 6.)
Device VRwM
(Note (Note 4.) | Ir @ VrwM Ver (Note 5.) (Volts) @Iy
NO TAG) (Volts) (1A) Min Nom Max (MA) | @1pp=120A | @ lpp=60A | @ lpp=30A
1N5908 5.0 300 6.0 - - 1.0 8.5 8.0 7.6
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Figure 5. Typical Derating Factor for Duty Cycle
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1N5908

APPLICATION NOTES

RESPONSE TIME circuit layout, minimum lead lengths and placing the
In most applications, the transient suppressor device issuppressor device as close as possible to the equipment or
placed in parallel with the equipment or component to be components to be protected will minimize this overshoot.
protected. In this situation, there is a time delay associated Some input impedance represented pyiZessential to
with the capacitance of the device and an overshootprevent overstress of the protection device. This impedance
condition associated with the inductance of the device andshould be as high as possible, without restricting the circuit
the inductance of the connection method. The capacitanceéperation.
effect is of minor importance in the parallel protection DUTY CYCLE DERATING
scheme because it only produces a time delay in the The data of Figure 1 applies for non-repetitive conditions
transitionfrom the operating voltage to the clamp voltage as and at a lead temperature of @5If the duty cycle increases,
shown in Figure 6. the peak power must be reduced as indicated by the curves
The inductive effects in the device are due to actual of Figure 5. Average power must be derated as the lead or
turn-on time (time required for the device to go from zero ambient temperature rises abov8@5The average power
current to full current) and lead inductance. This inductive derating curve normally given on data sheets may be
effect produces an overshoot in the voltage across thenormalized and used for this purpose.
equipment or component being protected as shown in At first glance the derating curves of Figure 5 appear to be
Figure 7. Minimizing this overshooti&ry importantinthe  in error as the 10 ms pulse has a higher derating factor than
application, since the main purpose for adding a transientthe 10us pulse. However, when the derating factor for a
suppressor is to clamp voltage spikes. These devices havgivenpulse of Figure 5 is multiplied by the peak power value
excellent response time, typically in the picosecond rangeof Figure 1 for the same pulse, the results follow the
and negligible inductance. However, external inductive expected trend.
effects could produce unacceptable overshoot. Proper

TYPICAL PROTECTION CIRCUIT

O Zin 4 A
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Figure 6. Figure 7.
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1N5908

CLIPPER BIDIRECTIONAL DEVICES

1. Clipper-bidirectional devices are available in the 3. The 1N6267A through 1N6303A series are JEDEC
1.5KEXXA series and are designated with a “CA” registered devices and the registration does not include
suffix; for example, 1.5KE18CA. Contact your nearest a “CA” suffix. To order clipper-bidirectional devices
ON Semiconductor representative. one must add CA to the 1.5KE device title.

2. Clipper-bidirectional part numbers are tested in both
directions to electrical parameters in preceeding table
(except for \E which does not apply).
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1N6373 - 1N6381 Series

(ICTE-5 - ICTE-36,

MPTE-5 - MPTE-45)

1500 Watt Peak Power

Mosorb(l] Zener Transient
Voltage Suppressors

Unidirectional*

Mosorb devices are designed to protect voltage sensitive

[o,
Cathode

components from high voltage, high—energy transients. They have

excellent clamping capability, high surge capability, low zener

impedance and fast response time. These devices are

ON Semiconductor’s exclusive, cost-effective, highly reliable
Surmeti¢] axial leaded package and are ideally-suited for use in

communication systems, numerical controls, process controls,
medical equipment, business machines, power supplies and many

other industrial/consumer applications, to protect CMOS, MOS and

Bipolar integrated circuits.

Specification Features:

* Working Peak Reverse \Voltage Range —5V to 45V

* Peak Power — 1500 Watts @ 1 ms
* ESD Rating of Class 3 (>16 KV) per Human Body Model
* Maximum Clamp Voltage @ Peak Pulse Current

* Low Leakage < %A Above 10 V

* Response Time is Typically < 1 ns

Mechanical Characteristics:

CASE: Void-free, transfer-molded, thermosetting plastic
FINISH: All external surfaces are corrosion resistant and leads are

readily solderable

MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES:

230°C, 1/16 from the case for 10 seconds

POLARITY: Cathode indicated by polarity band

MOUNTING POSITION: Any

MAXIMUM RATINGS

Rating Symbol Value Unit
Peak Power Dissipation (Note 1.) Ppk 1500 Watts

@ T <25°C
Steady State Power Dissipation Pp 5.0 Watts

@ T < 75°C, Lead Length = 3/8"

Derated above T| = 75°C 20 mwW/°C
Thermal Resistance, Junction-to—Lead RoaL 20 °C/IW
Forward Surge Current (Note 2.) IEsm 200 Amps

@ Tp=25°C
Operating and Storage T3, Tstg —-65to °C

Temperature Range +175

*Please see 1N6382 — 1N6389 (ICTE-10C — ICTE-36C, MPTE-8C — MPTE-45C)

for Bidirectional Devices

[0 Semiconductor Components Industries, LLC, 2001

May, 2001 — Rev. 0
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\k‘ o
Anode

(T

AXIAL LEAD
CASE 41A
PLASTIC

L
MPTE

63xx
YYWW

L
ICTE :l

YYWW

L = Assembly Location
MPTE—xx = ON Device Code
ICTE—xx = ON Device Code
1N63xx = JEDEC Device Code
YY = Year

WW = Work Week

ORDERING INFORMATION

Device Package Shipping
MPTE—xx Axial Lead 500 Units/Box
MPTE—xxRL4 Axial Lead | 1500/Tape & Reel
ICTE—xx Axial Lead 500 Units/Box
ICTE—xxRL4 Axial Lead | 1500/Tape & Reel
1N63xx Axial Lead 500 Units/Box
1N63xxRL4 Axial Lead | 1500/Tape & Reel
NOTES:

1. Nonrepetitive current pulse per Figure 5 and der-
ated above Tp = 25°C per Figure 2.

2. 1/2 sine wave (or equivalent square wave), PW =
8.3 ms, duty cycle = 4 pulses per minute maxi-

mum.

Publication Order Number:
1N6373/D




1N6373 — 1N6381 Series (ICTE-5 — ICTE-36, MPTE-5 — MPTE-45)

ELECTRICAL CHARACTERISTICS (Ta =25°C unless
otherwise noted, Vg = 3.5V Max. @ Ir (Note 3.) = 100 A)

I
Symbol Parameter
Ipp Maximum Reverse Peak Pulse Current \
Ve Clamping Voltage @ lpp }
Vrwm | Working Peak Reverse Voltage Vc VBr VRwM \ Y
IR Maximum Reverse Leakage Current @ Vrwm I$ F
VBR Breakdown Voltage @ I
IT Test Current
®OVpR Maximum Temperature VariatonofVgg | | §+———— Ipp
I Forward Current
Vg Forward Voltage @ I
Uni-Directional TVS
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted, Vg = 3.5V Max. @ I (Note 3.) = 100 A)
Breakdown Voltage Ve @ lpp (Note 6.) | V¢ (Volts) (Note 6.)
JEDEC Vewm | IR @ )
. Note 4.) | V V Note 5.) (Volts I V I
Device Device ( ) | VRwm Br ( (Volts) | @ It c PP @lop= | @lpp= OVgr
(ON Device) Marking (Volts) (HA) Min Nom | Max | (mA) | (Volts) (A) 1A 10A (mV/°C)
1N6373 1N6373
(MPTE-5) MPTE-5 5.0 300 6.0 - — 1.0 9.4 160 7.1 7.5 4.0
1N6374 1N6374
(MPTE-8) MPTE-8 8.0 25 9.4 - — 1.0 15 100 11.3 11.5 8.0
1IN6375 1N6375
(MPTE-10) MPTE-10 10 2.0 11.7 - — 1.0 16.7 90 13.7 14.1 12
1N6376 1N6376
(MPTE-12) MPTE-12 12 2.0 14.1 - — 1.0 21.2 70 16.1 16.5 14
1IN6377 1IN6377
(MPTE-15) MPTE-15 15 2.0 17.6 - — 1.0 25 60 20.1 20.6 18
1N6378 1N6378
(MPTE-18) MPTE-18 18 2.0 21.2 - — 1.0 30 50 24.2 25.2 21
1IN6379 1IN6379
(MPTE-22) MPTE-22 22 2.0 25.9 - - 1.0 375 40 29.8 32 26
1N6380 1N6380
(MPTE-36) MPTE-36 36 2.0 42.4 - - 1.0 65.2 23 50.6 54.3 50
1IN6381 1IN6381
(MPTE-45) MPTE-45 45 2.0 52.9 - - 1.0 78.9 19 63.3 70 60
ICTE-5 ICTE-5 5.0 300 6.0 - - 1.0 9.4 160 7.1 7.5 4.0
ICTE-10 ICTE-10 10 2.0 11.7 - - 1.0 16.7 90 13.7 14.1 8.0
ICTE-12 ICTE-12 12 2.0 14.1 - — 1.0 21.2 70 16.1 16.5 12
ICTE-15 ICTE-15 15 2.0 17.6 - - 1.0 25 60 20.1 20.6 14
ICTE-18 ICTE-18 18 2.0 21.2 - - 1.0 30 50 24.2 25.2 18
ICTE-22 ICTE-22 22 2.0 25.9 - — 1.0 375 40 29.8 32 21
ICTE-36 ICTE-36 36 2.0 42.4 - — 1.0 65.2 23 50.6 54.3 26
NOTES:

3. Square waveform, PW = 8.3 ms, Non-repetitive duty cycle.
4. A transient suppressor is normally selected according to the maximum working peak reverse voltage (Vrwwm), Which should be equal to

or greater than the dc or continuous peak operating voltage level.
5. Vggr Measured at pulse test current Iy at an ambient temperature of 25°C and minimum voltage in Vgg is to be controlled.
6. Surge current waveform per Figure 5 and derate per Figures 1 and 2.
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1N6373 — 1N6381 Series (ICTE-5 — ICTE-36, MPTE-5 — MPTE-45)

APPLICATION NOTES

RESPONSE TIME circuit layout, minimum lead lengths and placing the
In most applications, the transient suppressor device issuppressor device as close as possible to the equipment or
placed in parallel with the equipment or component to be components to be protected will minimize this overshoot.
protected. In this situation, there is a time delay associated Some input impedance represented pyiZessential to
with the capacitance of the device and an overshootPrevent overstress of the protection device. This impedance
condition associated with the inductance of the device andshould be as high as possible, without restricting the circuit
the inductance of the connection method. The capacitanceoperation.
effect is of minor importance in the parallel protection DUTY CYCLE DERATING
scheme because it only produces a time delay in the The data of Figure 1 applies for non-repetitive conditions
transitionfrom the operating voltage to the clamp voltage as and at a lead temperature of @51f the duty cycle increases,
shown in Figure 8. the peak power must be reduced as indicated by the curves
The inductive effects in the device are due to actual of Figure 7. Average power must be derated as the lead or
turn-on time (time required for the device to go from zero ambient temperature rises abov€@5The average power
current to full current) and lead inductance. This inductive derating curve normally given on data sheets may be
effect produces an overshoot in the voltage across thenormalized and used for this purpose.
equipment or component being protected as shown in At first glance the derating curves of Figure 7 appear to be
Figure 9. Minimizing this overshootv&ry importantinthe  in error as the 10 ms pulse has a higher derating factor than
application, since the main purpose for adding a transientthe 10us pulse. However, when the derating factor for a
suppressor is to clamp voltage spikes. These devices havgivenpulse of Figure 7 is multiplied by the peak power value
excellent response time, typically in the picosecond rangeof Figure 1 for the same pulse, the results follow the
and negligible inductance. However, external inductive expected trend.
effects could produce unacceptable overshoot. Proper

TYPICAL PROTECTION CIRCUIT

O Zin 4
Vin 7% LOAD v
(o, * Y
OVERSHOOT DUE TO Vin (TRANSIENT)
v Vi (TRANSIENT) v| INDUCTIVE EFFECTS

| "
Vi

[N

tp = TIME DELAY DUE TO CAPACITIVE EFFECT

t t

Figure 8. Figure 9.
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1N6382 - 1N6389 Series
(ICTE-10C - ICTE-36C,
MPTE-8C - MPTE-45C)

1500 Watt Peak Power
Mosorb(l] Zener Transient
Voltage Suppressors

Bidirectional*

Mosorb devices are designed to protect voltage sensitive
components from high voltage, high—energy transients. They have
excellent clamping capability, high surge capability, low zener
impedance and fast response time. These devices are
ON Semiconductor’s exclusive, cost-effective, highly reliable
Surmeti¢] axial leaded package and are ideally-suited for use in
communication systems, numerical controls, process controls,
medical equipment, business machines, power supplies and many
other industrial/consumer applications, to protect CMOS, MOS and
Bipolar integrated circuits.

Specification Features:

* Working Peak Reverse \Voltage Range —8 V to 45V

* Peak Power — 1500 Watts @ 1 ms

* ESD Rating of Class 3 (>16 KV) per Human Body Model
* Maximum Clamp Voltage @ Peak Pulse Current

* Low Leakage < %A Above 10 V

* Response Time is Typically <1 ns

Mechanical Characteristics:

CASE: Void-free, transfer-molded, thermosetting plastic

FINISH: All external surfaces are corrosion resistant and leads are
readily solderable

MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES:
230(°C, 1/186 from the case for 10 seconds

POLARITY: Cathode band does not imply polarity

MOUNTING POSITION: Any

MAXIMUM RATINGS

ON Semiconductor™

http://onsemi.com

AXIAL LEAD
CASE 41A
PLASTIC

MPTE
—xxC

63xx
YYWW

L

ICTE
—XxxC
YYWW

L]

]

L = Assembly Location

MPTE—xxC = ON Device Code
ICTE—xxC = ON Device Code
1N63xx = JEDEC Device Code

YY = Year
WW = Work Week

- - ORDERING INFORMATION
Rating Symbol Value Unit
Peak Power Dissipation (Note 1.) Pok 1500 Watts Device Package Shipping
@T =25C MPTE-xxC Axial Lead | 500 Units/Box
Steady State Power Dissipation Pp 5.0 Watts MPTE—xxCRL4 | Axi
— al Lead | 1500/Tape & Reel
@ T, < 75°C, Lead Length = 3/8" X X P
Derated above Ty =75°C 20 mwW/°C ICTE-xxC Axial Lead | 500 Units/Box
Thermal Resistance, Junction-to—Lead RoaL 20 °C/IW ICTE—xxCRL4 Axial Lead | 1500/Tape & Reel
Operating and Storage T3, Tstg —-65to °C
Temperature Range +175 1INB3xx Axial Lead 500 Units/Box
1. Nonrepetitive current pulse per Figure 4 and derated above Tp = 25°C 1N63xxRL4 Axial Lead | 1500/Tape & Reel

per Figure 2.

*Please see 1N6373 — 1N6381 (ICTE-5 — ICTE-36, MPTE-5 — MPTE-45)
for Unidirectional Devices

0 Semiconductor Components Industries, LLC, 2001 88
May, 2001 — Rev. 0

Publication Order Number:
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1N6382 — 1N6389 Series (ICTE-10C - ICTE-36C, MPTE-8C — MPTE—45C)

ELECTRICAL CHARACTERISTICS
(Ta = 25°C unless otherwise noted)

Symbol Parameter
Ipp Maximum Reverse Peak Pulse Current
Ve Clamping Voltage @ lpp

Vrwm | Working Peak Reverse Voltage |$ Vrwm VBR Ve

IR Maximum Reverse Leakage Current @ Vrwwm
VgR Breakdown Voltage @ It

It Test Current lpp
®VRRr Maximum Temperature Variation of Vpg Bi-Directional TVS

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)

Breakdown Voltage Ve @ Ipp (Note 4.) | V¢ (Volts) (Note 4.)
JEDEC VrRwM lr@
. Note 2.) |V, V| Note 3.) (Volts [ V |
Device Device L ) | VrRwm | VBr ( ) (Volts) | @ Iy c PP @ Ipp @ Ipp OVpr
(ON Device) Marking (Volts) (uA) Min Nom | Max | (mA) (Volts) (A) =1A =10A [(mV/°C)
1N6382 1N6382
(MPTE-8C) MPTE-8C 8.0 25 9.4 - - 1.0 15 100 11.3 11.5 8.0
1N6383 1N6383
(MPTE-10C) | MPTE-10C 10 2.0 11.7 - - 1.0 16.7 90 13.7 14.1 12
1N6384 1N6384
(MPTE-12C) | MPTE-12C 12 2.0 14.1 - - 1.0 21.2 70 16.1 16.5 14
1N6385 1N6385
(MPTE-15C) | MPTE-15C 15 2.0 17.6 - - 1.0 25 60 20.1 20.6 18
1N6386 1N6386
(MPTE-18C) | MPTE-18C 18 2.0 21.2 - - 1.0 30 50 24.2 25.2 21
1N6387 1N6387
(MPTE-22C) | MPTE-22C 22 2.0 25.9 - - 1.0 37.5 40 29.8 32 26
1N6388 1N6388
(MPTE-36C) | MPTE-36C 36 2.0 42.4 - - 1.0 65.2 23 50.6 54.3 50
1N6389 1N6389
(MPTE-45C) | MPTE-45C 45 2.0 52.9 - - 1.0 78.9 19 63.3 70 60
ICTE-10C ICTE-10C 10 2.0 11.7 — - 1.0 16.7 90 13.7 14.1 8.0
ICTE-12C ICTE-12C 12 2.0 14.1 — - 1.0 21.2 70 16.1 16.5 12
ICTE-15C ICTE-15C 15 2.0 17.6 — - 1.0 25 60 20.1 20.6 14
ICTE-18C ICTE-18C 18 2.0 21.2 — - 1.0 30 50 24.2 25.2 18
ICTE-22C ICTE-22C 22 2.0 25.9 — - 1.0 37.5 40 29.8 32 21
ICTE-36C ICTE-36C 36 2.0 42.4 — - 1.0 65.2 23 50.6 54.3 26
NOTES:

2. Atransient suppressor is normally selected according to the maximum working peak reverse voltage (Vrwm), which should be equal to
or greater than the dc or continuous peak operating voltage level.

3. Vggr measured at pulse test current It at an ambient temperature of 25°C and minimum voltage in VgR is to be controlled.

4. Surge current waveform per Figure 4 and derate per Figures 1 and 2.
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100

Ppk, PEAK POWER (kW)

Pp, STEADY STATE POWER DISSIPATION (WATTS)

10

1N6382 — 1N6389 Series (ICTE-10C - ICTE-36C, MPTE-8C — MPTE—45C)

Figure 3. Steady State Power Derating

Figure 4. Pulse Waveform
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IT, TEST CURRENT (AMPS)

1N6382 — 1N6389 Series (ICTE-10C - ICTE-36C, MPTE-8C — MPTE—45C)

1IN6373, ICTE-5, MPTE-5, 1.5KE6.8CA
through through
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1N6382 — 1N6389 Series (ICTE-10C - ICTE-36C, MPTE-8C — MPTE—45C)

APPLICATION NOTES

RESPONSE TIME circuit layout, minimum lead lengths and placing the
In most applications, the transient suppressor device issuppressor device as close as possible to the equipment or
placed in parallel with the equipment or component to be components to be protected will minimize this overshoot.
protected. In this situation, there is a time delay associated Some input impedance represented pyiZessential to
with the capacitance of the device and an overshootPrevent overstress of the protection device. This impedance
condition associated with the inductance of the device andshould be as high as possible, without restricting the circuit
the inductance of the connection method. The capacitanceoperation.
effect is of minor importance in the parallel protection DUTY CYCLE DERATING
scheme because it only produces a time delay in the The data of Figure 1 applies for non-repetitive conditions
transitionfrom the operating voltage to the clamp voltage as and at a lead temperature of @51f the duty cycle increases,
shown in Figure 7. the peak power must be reduced as indicated by the curves
The inductive effects in the device are due to actual of Figure 6. Average power must be derated as the lead or
turn-on time (time required for the device to go from zero ambient temperature rises abov€@5The average power
current to full current) and lead inductance. This inductive derating curve normally given on data sheets may be
effect produces an overshoot in the voltage across thenormalized and used for this purpose.
equipment or component being protected as shown in At first glance the derating curves of Figure 6 appear to be
Figure 8. Minimizing this overshootv&ry importantin the  in error as the 10 ms pulse has a higher derating factor than
application, since the main purpose for adding a transientthe 10us pulse. However, when the derating factor for a
suppressor is to clamp voltage spikes. These devices havgivenpulse of Figure 6 is multiplied by the peak power value
excellent response time, typically in the picosecond rangeof Figure 1 for the same pulse, the results follow the
and negligible inductance. However, external inductive expected trend.
effects could produce unacceptable overshoot. Proper

TYPICAL PROTECTION CIRCUIT

O— Zi \ 4
Vin 7% LOAD v
(o, * Y

Vin (TRANSIENT)
OVERSHOOT DUE TO

v _—Vin (TRANSIENT) V| INDUCTIVE EFFECTS

¢ .

I

tp = TIME DELAY DUE TO CAPACITIVE EFFECT

t t

Figure 7. Figure 8.
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CHAPTER 4
Transient Voltage Suppressors —
Surface Mounted Data Sheets
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1PMT5.0AT3 Series

Zener Transient
Voltage Suppressor
POWERMITE" Package

The 1PMT5.0AT3 Series is designed to protect voltage sensitive ON Semiconductor™

components from high voltage, high energy transients. Excellent
clamping capability, high surge capability, low zener impedance and
fast response time. The advanced packaging technique provides for a

http://onsemi.com

highly efficient micro miniature, space saving surface mount withits ~PLASTIC SURFACE MOUNT
unique heat sink design. The POWERMITE has the same thermal ZENER OVERVOLTAGE
performance as the SMA while being 50% smaller in footprint area, TRANSIENT SUPPRESSOR

5—-58 VOLTS
phones, portable devices, business machines, power supplies and 175 WATT PEAK POWER

and delivering one of the lowest height profiles (1.1 mm) in the
industry. Because of its small size, it is ideal for use in cellular

many other industrial/consumer applications.

Specification Features:

* Stand-off Voltage: 5 — 58 \Volts 10 k O 2
* Peak Power — 175 Watts @ 1 ms 1: CATHODE

* Maximum Clamp Voltage @ Peak Pulse Current 2: ANODE

* Low Leakage

* Response Time is Typically <1 ns

* ESD Rating of Class 3 (> 16 kV) per Human Body Model 1 0

* Low Profile — Maximum Height of 1.1 mm N&

¢ |ntegral Heat Sink/Locking Tabs 9

¢ Full Metallic Bottom Eliminates Flux Entrapment

» Small Footprint — Footprint Area of 8.45 Mm PgXVSESQAgE

* Supplied in 12 mm Tape and Reel — 12,000 Units per Reel PLASTIC

* POWERMITE is JEDEC Registered as DO-216AA

¢ Cathode Indicated by Polarity Band MARKING DIAGRAM
Mechanical Characteristics: D

CASE: Void-free, transfer-molded, thermosetting plastic 1 I: moc [T
FINISH: All external surfaces are corrosion resistant and leads are CATHODE ANODE

readily solderable

Mxx = Specific Device Code
MOUNTING POSITION: Any XX =5_58
MAXIMUM CASE TEMPERATURE FOR SOLDERING PURPOSES: (See Table Next Page)
260°C for 10 Seconds D = Date Code
ORDERING INFORMATION
Device Package Shipping
1PMTxxAT3 | POWERMITE | 12,000/Tape & Reel
LEAD ORIENTATION IN TAPE:
Cathode (Short) Lead to Sprocket Holes
0 Semiconductor Components Industries, LLC, 2001 94 Publication Order Number:

May, 2001 — Rev. 4
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1PMT5.0AT3 Series

MAXIMUM RATINGS

Rating Symbol Value Unit
Maximum Ppy Dissipation @ Tp = 25°C, (PW-10/1000 us) (Note 1.) Ppk 175 w
Maximum Ppy Dissipation @ Tp = 25°C, (PW-8/20 us) (Note 1.) Ppk 1000 W
DC Power Dissipation @ T = 25°C (Note 2.) Pp 500 mw
Derate above 25°C 4.0 mw/°C
Thermal Resistance from Junction to Ambient Rgia 248 °C/W
Thermal Resistance from Junction to Lead (Anode) Rojanode 35 °C/W
Maximum DC Power Dissipation (Note 3.) Pp 3.2 W
Thermal Resistance from Junction to Tab (Cathode) Rgjcathode 23 °C/W
Operating and Storage Temperature Range T3, Tstg —55 to +150 °C

1. Non-repetitive current pulse at Ty = 25°C.
2. Mounted with recommended minimum pad size, DC board FR—4.

3. At Tab (Cathode) temperature, Tiq, = 75°C I
ELECTRICAL CHARACTERISTICS (T = 25°C unless | +
otherwise noted, Vg = 3.5V Max. @ I (Note 4.) = 35 A) F
Symbol Parameter ‘
Ipp Maximum Reverse Peak Pulse Current \
Ve Clamping Voltage @ lpp Ve Ver VRwm } v
VrRwm | Working Peak Reverse Voltage | T T I$ VE
IR Maximum Reverse Leakage Current @ Vrwwm |
VgR Breakdown Voltage @ It }
IT Test Current
______ Ipp
I Forward Current
VE Forward Voltage @ I Uni-Directional TVS
ELECTRICAL CHARACTERISTICS (T, = 30°C unless otherwise noted, Vg = 1.25 Volts @ 200 mA)
VRwM Vgr @ It (V) (Note 6.) It IR@Vrwm [ Vc @ lpp Ipp (A)
Device Marking (Note 5.) Min Nom Max (mA) (nA) ) (Note 7.)
1PMT5.0AT3 MKE 5.0 6.4 6.7 7.0 10 800 9.2 19
1PMT7.0AT3 MKM 7.0 7.78 8.2 8.6 10 500 12 14.6
1PMT12AT3 MLE 12 13.3 14.0 14.7 1.0 5.0 19.9 8.8
1PMT16AT3 MLP 16 17.8 18.75 19.7 1.0 5.0 26 7.0
1PMT18AT3 MLT 18 20.0 21.0 22.1 1.0 5.0 29.2 6.0
1PMT22AT3 MLX 22 24.4 25.6 26.9 1.0 5.0 355 4.9
1PMT24AT3 MLZ 24 26.7 28.1 29.5 1.0 5.0 38.9 4.5
1PMT26AT3 MME 26 28.9 30.4 31.9 1.0 5.0 42.1 4.2
1PMT28AT3 MMG 28 31.1 32.8 34.4 1.0 5.0 45.4 3.9
1PMT30AT3 MMK 30 33.3 35.1 36.8 1.0 5.0 48.4 3.6
1PMT33AT3 MMM 33 36.7 38.7 40.6 1.0 5.0 53.3 3.3
1PMT36AT3 MMP 36 40.0 42.1 44.2 1.0 5.0 58.1 3.0
1PMT40AT3 MMR 40 44.4 46.8 49.1 1.0 5.0 64.5 2.7
1PMT48AT3 MMX 48 53.3 56.1 58.9 1.0 5.0 77.4 2.3
1PMT51AT3 MMZ 51 56.7 59.7 62.7 1.0 5.0 82.4 2.1
1PMTS58AT3 MNG 58 64.4 67.8 71.2 1.0 5.0 93.6 1.9

4. 1/2 sine wave (or equivalent square wave), PW = 8.3 ms, duty cycle = 4 pulses per minute maximum.

5. A transient suppressor is normally selected according to the Working Peak Reverse Voltage (Vrwwm) Which should be equal to or greater
than the DC or continuous peak operating voltage level.

6. Vgr measured at pulse test current Iy at ambient temperature of 25°C.

7. Surge current waveform per Figure 2 and derate per Figure 4.
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1PMT5.0AT3 Series

TYPICAL PROTECTION CIRCUIT
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Figure 3. 8 X 20 ps Pulse Waveform
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1PMT5.0AT3 Series
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1SMAS5.0AT3 Series

400 Watt Peak Power Zener
Transient Voltage Suppressors

Unidirectional*

The SMA series is designed to protect voltage sensitive ON Semiconductor™
components from high voltage, high energy transients. They have . )
excellent clamping capability, high surge capability, low zener http:/fonsemi.com

impedance and fast response time. The SMA series is supplied in
ON Semiconductor’s exclusive, cost-effective, highly reliable ~ PLASTIC SURFACE MOUNT
Surmetic” package and is ideally suited for use in communication ZENER OVERVOLTAGE
systems, automotive, numerical controls, process controls, medical

equipment, business machines, power supplies and many other TRANSIENT SUPPRESSORS

industrial/consumer applications. 5.0-78 VOLTS

Specification Features: 400 WATTS PEAK POWER

* Working Peak Reverse \Woltage Range — 5.0 Vto 78 V

¢ Standard Zener Breakdown Voltage Range — 6.7 V t0 91.25 V N

* Peak Power — 400 Watts @ 1 ms ° K‘ °©
CATHODE ANODE

¢ ESD Rating of Class 3 (> 16 KV) per Human Body Model
* Response Time is Typically <1 ns

¢ Flat Handling Surface for Accurate Placement =
¢ Package Design for Top Slide or Bottom Circuit Board Mounting

* Low Profile Package

SMA
Mechanical Characteristics: CASE 403B
CASE: Void-free, transfer-molded plastic PLASTIC
FINISH: All external surfaces are corrosion resistant and leads are
readily solderable MARKING DIAGRAM
MAXIMUM CASE TEMPERATURE FOR SOLDERING PURPOSES:
260°C for 10 Seconds
POLARITY: Cathode indicated by molded polarity notch or polarity I:D XX
LLYWW
band
MOUNTING POSITION: Any
XX = Specific Device Code
(See Table on Page 100)
MAXIMUM RATINGS LL = Assembly Location
Please See the Table on the Following Page Y = Year
WW = Work Week

ORDERING INFORMATION

Device T Package Shipping

1SMAXXAT3 SMA 5000/Tape & Reel

*Please see 1SMA10CAT3 to 1SMA78CATS3 for
Bidirectional devices.

1TThe “T3" suffix refers to a 13 inch reel.

0 Semiconductor Components Industries, LLC, 2001 98 Publication Order Number:
May, 2001 — Rev. 4 1SMAS.0AT3/D



1SMAKL.0AT3 Series

MAXIMUM RATINGS

Rating Symbol Value Unit
Peak Power Dissipation (Note 1.) @ T, = 25°C, Pulse Width =1 ms Ppk 400 w
DC Power Dissipation @ T = 75°C Pp 15 W

Measured Zero Lead Length (Note 2.)

Derate Above 75°C 20 mw/°C
Thermal Resistance from Junction to Lead RgiL 50 °C/IW
DC Power Dissipation (Note 3.) @ Tp = 25°C Pp 0.5 W

Derate Above 25°C 4.0 mw/°C
Thermal Resistance from Junction to Ambient Roia 250 °C/W
Forward Surge Current (Note 4.) @ Tp = 25°C IEsm 40 A
Operating and Storage Temperature Range T3 Tstg —65 to +150 °C

1. 10 X 1000 us, non-repetitive
2. 1" square copper pad, FR—4 board
3. FR—4 board, using ON Semiconductor minimum recommended footprint, as shown in 403B case outline dimensions spec.
4. 1/2 sine wave (or equivalent square wave), PW = 8.3 ms, duty cycle = 4 pulses per minute maximum.
ELECTRICAL CHARACTERISTICS “|
(Ta = 25°C unless otherwise noted, Vg = 3.5 V Max. @ L
Ir = 30 A for all types) (Note 5.) I
Symbol Parameter ‘
Ipp Maximum Reverse Peak Pulse Current \
. \
Ve Clamping Voltage @ lpp Ve Ver VRwm ‘ v
Vrwm | Working Peak Reverse Voltage } — IR Ve
T
IR Maximum Reverse Leakage Current @ Vrwwm \
VBR Breakdown Voltage @ I }
IT Test Current
______ lpp
IE Forward Current
VF Forward Voltage @ Ir Uni-Directional TVS

5. 1/2 sine wave or equivalent, PW = 8.3 ms, non-repetitive
duty cycle.
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1SMAKL.0AT3 Series

ELECTRICAL CHARACTERISTICS

Breakdown Voltage Ve @ Ipp (Note 8.)
VrRwM
. V| \ol N 7. | V |
Device (Note 6.) IR @ VrwM BR (Volts) (Note 7.) @l c PP
Device Marking Volts HA Min Nom Max mA Volts Amps
1SMAS.0AT3 QE 5.0 400 6.4 6.7 7.0 10 9.2 435
1SMAG6.0AT3 QG 6.0 400 6.67 7.02 7.37 10 10.3 38.8
1SMAG6.5AT3 QK 6.5 250 7.22 7.6 7.98 10 11.2 35.7
1SMA7.0AT3 QM 7.0 250 7.78 8.19 8.6 10 12.0 33.3
1SMA7.5AT3 QP 7.5 50 8.33 8.77 9.21 1 12.9 31.0
1SMAB8.0AT3 QR 8.0 25 8.89 9.36 9.83 1 13.6 29.4
1SMA8.5AT3 QT 8.5 5.0 9.44 9.92 104 1 14.4 27.8
1SMA9.0AT3 Qv 9.0 2.5 10 10.55 11.1 1 15.4 26.0
1SMA10AT3 QX 10 2.5 11.1 11.7 12.3 1 17.0 23.5
1SMA11AT3 Qz 11 2.5 12.2 12.85 135 1 18.2 22.0
1SMA12AT3 RE 12 25 13.3 14.0 14.7 1 19.9 20.1
1SMA13AT3 RG 13 2.5 14.4 15.15 15.9 1 21.5 18.6
1SMA14AT3 RK 14 2.5 15.6 16.4 17.2 1 23.2 17.2
1SMA15AT3 RM 15 2.5 16.7 17.6 18.5 1 24.4 16.4
1SMA16AT3 RP 16 2.5 17.8 18.75 19.7 1 26.0 15.4
1SMA17AT3 RR 17 2.5 18.9 19.9 20.9 1 27.6 14.5
1SMA18AT3 RT 18 25 20 21.05 22.1 1 29.2 13.7
1SMA20AT3 RV 20 2.5 22.2 23.35 24.5 1 324 12.3
1SMA22AT3 RX 22 2.5 24.4 25.65 26.9 1 35.5 11.3
1SMA24AT3 RZ 24 2.5 26.7 28.1 29.5 1 38.9 10.3
1SMA26AT3 SE 26 2.5 28.9 30.4 31.9 1 42.1 9.5
1SMA28AT3 SG 28 2.5 311 32.75 34.4 1 45.4 8.8
1SMA30AT3 SK 30 2.5 33.3 35.05 36.8 1 48.4 8.3
1SMA33AT3 SM 33 2.5 36.7 38.65 40.6 1 53.3 7.5
1SMA36AT3 SP 36 2.5 40 42.1 44.2 1 58.1 6.9
1SMA40AT3 SR 40 2.5 44.4 46.75 49.1 1 64.5 6.2
1SMA43AT3 ST 43 2.5 47.8 50.3 52.8 1 69.4 5.8
1SMA45AT3 SV 45 2.5 50 52.65 55.3 1 72.2 55
1SMA48AT3 SX 48 2.5 53.3 56.1 58.9 1 77.4 5.2
1SMAS51AT3 Sz 51 2.5 56.7 59.7 62.7 1 82.4 4.9
1SMAB54AT3 TE 54 2.5 60 63.15 66.3 1 87.1 4.6
1SMABS8AT3 TG 58 2.5 64.4 67.8 71.5 1 93.6 4.3
1SMAG0AT3 TK 60 25 66.7 70.2 73.7 1 96.8 4.1
1SMAB4AT3 ™ 64 25 71.1 74.85 78.6 1 103 3.9
1SMA70AT3 TP 70 2.5 77.8 81.9 86.0 1 113 35
1SMA75AT3 TR 75 2.5 83.3 87.7 92.1 1 121 3.3
1SMA78AT3 TS 78 25 86.7 91.25 95.8 1 126 3.2

6. A transient suppressor is normally selected according to the working peak reverse voltage (Vrwwm), Which should be equal to or greater than
the DC or continuous peak operating voltage level

7. Vgr Mmeasured at pulse test current It at an ambient temperature of 25°C

8. Surge current waveform per Figure 2 and derate per Figure 3
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1SMA10CAT3 Series

400 Watt Peak Power Zener
Transient Voltage Suppressors

Bidirectional*

The SMA series is designed to protect voltage sensitive ON Semiconductor™
components from high voltage, high energy transients. They have . )
excellent clamping capability, high surge capability, low zener http://onsemi.com

impedance and fast response time. The SMA series is supplied in

ON Semiconductor’s exclusive, cost-effective, highly reliable ~ PLASTIC SURFACE MOUNT
Surmetic” package and is ideally suited for use in communication ZENER OVERVOLTAGE
systems, automotive, numerical controls, process controls, medical

equipment, business machines, power supplies and many other TRANSIENT SUPPRESSORS
industrial/consumer applications. 10-78 VOLTS Vgr

Specification Features: 400 WATTS PEAK POWER
* Working Peak Reverse \oltage Range — 10 V to 78 V

¢ Standard Zener Breakdown Voltage Range — 11.7 Vt0 91.3 V

* Peak Power — 400 Watts @ 1 ms ° H °

¢ ESD Rating of Class 3 (> 16 KV) per Human Body Model

* Response Time is Typically <1 ns

¢ Flat Handling Surface for Accurate Placement =

¢ Package Design for Top Slide or Bottom Circuit Board Mounting @

* Low Profile Package

SMA
Mechanical Characteristics: CASE 403B
CASE: Void-free, transfer-molded plastic PLASTIC
FINISH: All external surfaces are corrosion resistant and leads are
readily solderable MARKING DIAGRAM

MAXIMUM CASE TEMPERATURE FOR SOLDERING PURPOSES:
260°C for 10 Seconds

POLARITY: Cathode polarity notch does not indicate polarity I:D xxC

MOUNTING POSITION: Any LYWW

MAXIMUM RATINGS

- - xxC = Specific Device Code
Rating Symbol | Value Unit (See Table Next Page)
Peak Power Dissipation (Note 1.) Ppk 400 w LL = Assembly Location
@ T = 25°C, Pulse Width = 1 ms Y = Year
Ww = Work Week
DC Power Dissipation @ T = 75°C Pp 15 W
Measured Zero Lead Length (Note 2.)
Derate Above 75°C 20 mwW/°C ORDERING INFORMATION
Thermal Resistance from Junction to Lead RojL 50 °CIW n
— Device Package Shippin
DC Power Dissipation (Note 3.) @ Tp = 25°C Pp 0.5 W 9 PPIng
Derate Above 25°C 1SMAXXCAT3 SMA 5000/Tape & Reel
Thermal Resistance from Junction 4.0 mw/°C
to Ambient Roia 250 °CIW
Operating and Storage Ty, Tsig | 6510 °C tThe “T3" suffix refers to a 13 inch reel.
Temperature Range +150
1. 10 X 1000 ps, non-repetitive
2. 1" square copper pad, FR-4 board
3. FR—4 board, using ON Semiconductor minimum recommended footprint, as
shown in 403B case outline dimensions spec.
*Please see 1ISMA5.0AT3 to 1SMA78AT3 for Unidirectional devices.
0 Semiconductor Components Industries, LLC, 2001 102 Publication Order Number:
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1SMA10CAT3 Series

ELECTRICAL CHARACTERISTICS
(Ta = 25°C unless otherwise noted)

Symbol Parameter
Ipp Maximum Reverse Peak Pulse Current
Ve Clamping Voltage @ lpp

VRwM Working Peak Reverse Voltage

IR Maximum Reverse Leakage Current @ Vrwwm
VgR Breakdown Voltage @ It
IT Test Current

Bi—Directional TVS

ELECTRICAL CHARACTERISTICS

Breakdown Voltage Ve @ Ipp (Note 6.)
VrRwM
Device (Note 4.) IR @ VrRwMm VgRr (Volts) (Note 5.) @ It Ve Ipp
Device Marking Volts HA Min Nom Max mA Volts Amps
1SMA10CAT3 QXC 10 25 11.1 11.69 12.27 1.0 17.0 23.5
1SMA11CAT3 QzC 11 25 12.2 12.84 | 13.48 1.0 18.2 22.0
1SMA12CAT3 REC 12 25 13.3 14.00 14.70 1.0 19.9 20.1
1SMA13CAT3 RGC 13 25 14.4 15.16 15.92 1.0 215 18.6
1SMA14CAT3 RKC 14 25 15.6 16.42 17.24 1.0 23.2 17.2
1SMA15CAT3 RMC 15 25 16.7 17.58 18.46 1.0 24.4 16.4
1SMA16CAT3 RPC 16 25 17.8 18.74 19.67 1.0 26.0 15.4
1SMA17CAT3 RRC 17 25 18.9 19.90 20.89 1.0 27.6 14.5
1SMA18CAT3 RTC 18 25 20 21.06 | 22.11 1.0 29.2 13.7
1SMA20CAT3 RVC 20 25 222 23.37 | 24.54 1.0 324 12.3
1SMA22CAT3 RXC 22 25 24.4 25.69 | 26.97 1.0 35.5 11.3
1SMA24CAT3 RzC 24 25 26.7 28.11 | 29.51 1.0 38.9 10.3
1SMA26CAT3 SEC 26 2.5 28.9 30.42 31.94 1.0 42.1 9.5
1SMA28CAT3 SGC 28 2.5 311 32.74 34.37 1.0 45.4 8.8
1SMA30CAT3 SKC 30 25 333 35.06 | 36.81 1.0 48.4 8.3
1SMA33CAT3 SMC 33 25 36.7 38.63 | 40.56 1.0 53.3 7.5
1SMA36CAT3 SPC 36 25 40 42.11 44.21 1.0 58.1 6.9
1SMA40CAT3 SRC 40 25 44.4 46.74 49.07 1.0 64.5 6.2
1SMA43CAT3 STC 43 25 47.8 50.32 52.83 1.0 69.4 5.8
1SMA45CAT3 SvC 45 25 50 52.63 55.26 1.0 72.2 55
1SMA48CAT3 SXC 48 25 53.3 56.11 58.91 1.0 77.4 52
1SMA51CAT3 SZC 51 2.5 56.7 59.69 62.67 1.0 82.4 4.9
1SMA54CAT3 TEC 54 2.5 60 63.16 66.32 1.0 87.1 4.6
1SMA58CAT3 TGC 58 25 64.4 67.79 71.18 1.0 93.6 4.3
1SMAGOCAT3 TKC 60 25 66.7 70.21 73.72 1.0 96.8 4.1
1SMAG4CAT3 T™MC 64 25 71.1 74.84 78.58 1.0 103 3.9
1SMA70CAT3 TPC 70 25 77.8 81.90 85.99 1.0 113 3.5
1SMA75CAT3 TRC 75 25 83.3 87.69 92.07 1.0 121 3.3
1SMA78CAT3 TTC 78 25 86.7 91.27 95.83 1.0 126 3.2

4. A transient suppressor is normally selected according to the working peak reverse voltage (Vrwm), Which should be equal to or greater than
the DC or continuous peak operating voltage level

5. Vgr measured at pulse test current Iy at an ambient temperature of 25°C

6. Surge current waveform per Figure 2 and derate per Figure 3
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1SMB5.0AT3 Series

600 Watt Peak Power Zener
Transient Voltage Suppressors

Unidirectional*

The SMB series is designed to protect voltage sensitive ON Semiconductor™
components from high voltage, high energy transients. They have . )
excellent clamping capability, high surge capability, low zener http:/fonsemi.com

impedance and fast response time. The SMB series is supplied in

ON Semiconductor’s exclusive, cost-effective, highly reliable ~ PLASTIC SURFACE MOUNT
Surmeti¢] package and is ideally suited for use in communication ZENER OVERVOLTAGE
systems, automotive, numerical controls, process controls, medical

equipment, business machines, power supplies and many other TRANSIENT SUPPRESSORS

industrial/consumer applications. 5.0-170 VOLTS

Specification Features: 600 WATT PEAK POWER

* Working Peak Reverse \oltage Range — 5.0 Vto 170 V

¢ Standard Zener Breakdown Voltage Range — 6.7 V to 199 V N

* Peak Power — 600 Watts @ 1 ms ° N °
Cathode Anode

* ESD Rating of Class 3 (>16 KV) per Human Body Model

¢ Maximum Clamp Voltage @ Peak Pulse Current

* Low Leakage < JIA Above 10 V

* UL 497B for Isolated Loop Circuit Protection @
* Response Time is Typically < 1 ns

Mechanical Characteristics: SMB
CASE: Void-free, transfer-molded, thermosetting plastic CSLS AES‘;?EA
FINISH: All external surfaces are corrosion resistant and leads are
readily solderable
MAXIMUM CASE TEMPERATURE FOR SOLDERING PURPOSES: MARKING DIAGRAM
260°C for 10 Seconds ( 3\
LEADS: Modified L-Bend providing more contact area to bond pads I: YWwW :I
POLARITY: Cathode indicated by polarity band XX
MOUNTING POSITION: Any > .
Y = Year
WWwW = Work Week
MAXIMUM RATINGS XX = Specific Device Code

Please See the Table on the Following Page (See Table Page 107)

ORDERING INFORMATION

*Please see 1SMB10CAT3 to 1SMB78CATS3 for Bidirectional devices. Device T Package Shipping

1SMBXxxXAT3 SMB 2500/Tape & Reel

Devices listed in bold, italic are ON Semiconductor
Preferred devices. Preferred devices are recommended
choices for future use and best overall value.

TThe “T3" suffix refers to a 13 inch reel.

0 Semiconductor Components Industries, LLC, 2001 105 Publication Order Number:
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1SMB5.0AT3 Series

MAXIMUM RATINGS

Rating Symbol Value Unit
Peak Power Dissipation (Note 1.) @ T, = 25°C, Pulse Width =1 ms Ppk 600 w
DC Power Dissipation @ T = 75°C Pp 3.0 W

Measured Zero Lead Length (Note 2.)

Derate Above 75°C 40 mw/°C
Thermal Resistance from Junction to Lead RgiL 25 °C/IW
DC Power Dissipation (Note 3.) @ Tp = 25°C Pp 0.55 w

Derate Above 25°C 4.4 mw/°C
Thermal Resistance from Junction to Ambient Roia 226 °C/W
Forward Surge Current (Note 4.) @ Tp = 25°C IEsm 100 A
Operating and Storage Temperature Range T3 Tstg —65 to +150 °C

10 X 1000 us, non-repetitive

1" square copper pad, FR—4 board

FR-4 board, using ON Semiconductor minimum recommended footprint, as shown in 403A case outline dimensions spec.
1/2 sine wave (or equivalent square wave), PW = 8.3 ms, duty cycle = 4 pulses per minute maximum.

MwNPE

ELECTRICAL CHARACTERISTICS (Tp =25°C unless |
otherwise noted, Vg = 3.5V Max. @ Iz (Note 5.) =30 A) IF‘L
Symbol Parameter
Ipp Maximum Reverse Peak Pulse Current \
Ve Clamping Voltage @ Ipp }
Vrwm | Working Peak Reverse Voltage Vc Ver VRWM_ — | v
IR Maximum Reverse Leakage Current @ Vrwm } _____ I$ Ve
VR Breakdown Voltage @ It |
IT Test Current }
Ie Forward Current (] Ipp
Vg Forward Voltage @ I
5. 1/2 sine wave (or equivalent square wave), PW = 8.3 ms, Uni-Directional TVS

non-repetitive duty cycle.
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1SMB5.0AT3 Series

ELECTRICAL CHARACTERISTICS (Devices listed in bold, italic are ON Semiconductor Preferred devices.)

Breakdown Voltage Ve @ Ipp (Note 8.)
VrRwM
. V N 7.) Vol | V |

Device (Note 6.) Ir @ VRwM BRr (Note 7.) Volts @k c PP
Device Marking Volts HA Min Nom Max mA Volts Amps
1SMB5.0AT3 KE 5.0 800 6.40 6.7 7.0 10 9.2 65.2
1SMB6.0AT3 KG 6.0 800 6.67 7.02 7.37 10 10.3 58.3
1SMB6.5AT3 KK 6.5 500 7.22 7.6 7.98 10 11.2 53.6
1SMB7.0AT3 KM 7.0 500 7.78 8.19 8.6 10 12.0 50.0
1SMB7.5AT3 KP 7.5 100 8.33 8.77 9.21 1.0 12.9 46.5
1SMB8.0AT3 KR 8.0 50 8.89 9.36 9.83 1.0 13.6 44.1
1SMB8.5AT3 KT 8.5 10 9.44 9.92 104 1.0 14.4 41.7
1SMB9.0AT3 KV 9.0 5.0 10.0 10.55 11.1 1.0 15.4 39.0
1SMB10AT3 KX 10 5.0 11.1 11.7 12.3 1.0 17.0 35.3
1SMB11AT3 Kz 11 5.0 12.2 12.85 13.5 1.0 18.2 33.0
1SMB12AT3 LE 12 5.0 13.3 14 14.7 1.0 19.9 30.2
1SMB13AT3 LG 13 5.0 14.4 15.15 15.9 1.0 21.5 27.9
1SMB14AT3 LK 14 5.0 15.6 16.4 17.2 1.0 23.2 25.8
1SMB15AT3 LM 15 5.0 16.7 17.6 18.5 1.0 24.4 24.0
1SMB16AT3 LP 16 5.0 17.8 18.75 19.7 1.0 26.0 23.1
1SMB17AT3 LR 17 5.0 18.9 19.9 20.9 1.0 27.6 21.7
1SMB18AT3 LT 18 5.0 20.0 21.05 22.1 1.0 29.2 20.5
1SMB20AT3 LV 20 5.0 22.2 23.35 245 1.0 32.4 18.5
1SMBZ22AT3 LX 22 5.0 24.4 25.65 26.9 1.0 35.5 16.9
1SMB24AT3 Lz 24 5.0 26.7 28.1 29.5 1.0 38.9 15.4
1SMB26AT3 ME 26 5.0 28.9 30.4 31.9 1.0 42.1 14.2
1SMB28AT3 MG 28 5.0 31.1 32.75 34.4 1.0 454 13.2
1SMB30AT3 MK 30 5.0 333 35.05 36.8 1.0 48.4 12.4
1SMB33AT3 MM 33 5.0 36.7 38.65 40.6 1.0 53.3 11.3
1SMB36AT3 MP 36 5.0 40.0 42.1 44.2 1.0 58.1 10.3
1SMB40AT3 MR 40 5.0 44.4 46.75 49.1 1.0 64.5 9.3
1SMB43AT3 MT 43 5.0 47.8 50.3 52.8 1.0 69.4 8.6
1SMBA45AT3 MV 45 5.0 50.0 52.65 55.3 1.0 72.7 8.3
1SMBA48AT3 MX 48 5.0 53.3 56.1 58.9 1.0 77.4 7.7
1SMB51AT3 Mz 51 5.0 56.7 59.7 62.7 1.0 82.4 7.3
1SMB54AT3 NE 54 5.0 60.0 63.15 66.3 1.0 87.1 6.9
1SMB58AT3 NG 58 5.0 64.4 67.8 71.2 1.0 93.6 6.4
1SMB60AT3 NK 60 5.0 66.7 70.2 73.7 1.0 96.8 6.2
1SMB64AT3 NM 64 5.0 71.1 74.85 78.6 1.0 103 5.8
1SMB70AT3 NP 70 5.0 77.8 81.9 86 1.0 113 5.3
1SMB75AT3 NR 75 5.0 83.3 87.7 92.1 1.0 121 4.9
1SMB78AT3 NT 78 5.0 86.7 91.25 95.8 1.0 126 4.7
1SMB85AT3 NV 85 5.0 94.4 99.2 104 1.0 137 4.4
1SMB90AT3 NX 90 5.0 100 105.5 111 1.0 146 4.1
1SMB100AT3 NZ 100 5.0 111 117 123 1.0 162 3.7
1SMB110AT3 PE 110 5.0 122 128.5 135 1.0 177 34
1SMB120AT3 PG 120 5.0 133 140 147 1.0 193 3.1
1SMB130AT3 PK 130 5.0 144 151.5 159 1.0 209 2.9
1SMB150AT3 PM 150 5.0 167 176 185 1.0 243 2.5
1SMB160AT3 PP 160 5.0 178 187.5 197 1.0 259 2.3
1SMB170AT3 PR 170 5.0 189 199 209 1.0 275 2.2

6. A transient suppressor is normally selected according to the working peak reverse voltage (Vrwwm), Which should be equal to or greater than
the DC or continuous peak operating voltage level.

7. Vgr measured at pulse test current |t at an ambient temperature of 25°C.

8. Surge current waveform per Figure 2 and derate per Figure 3 of the General Data — 600 W at the beginning of this group.
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1SMB5.0AT3 Series

APPLICATION NOTES

RESPONSE TIME minimum lead lengths and placing the suppressor device as
In most applications, the transient suppressor device isclose as possible to the equipment or components to be

placed in parallel with the equipment or component to be protected will minimize this overshoot.

protected. In this situation, there is a time delay associated Some input impedance represented fyiZessential to

with the capacitance of the device and an overshootprevent overstress of the protection device. This impedance

condition associated with the inductance of the device andshould be as high as possible, without restricting the circuit

the inductance of the connection method. The capacitiveoperation.

effect is of minor importance in the parallel protection

scheme because it only produces a time delay in thePUTY CYCLE DERATING

transitionfrom the operating voltage to the clamp voltage as  1he data of Figure 1 applies for non-repetitive conditions
shown in Figure 5. and at a lead temperature of @5If the duty cycle increases,

The inductive effects in the device are due to actual the peak power must be reduced as indicated by the curves
turn-on time (time required for the device to go from zero Of Figure 7. Average power must be derated as the lead or
current to full current) and lead inductance. This inductive 2@mbient temperature rises abové@5The average power
effect produces an overshoot in the voltage across thefderating curve normally given on data sheets may be
equipment or component being protected as shown innormghzed and used for.th|s purpose.

Figure 6. Minimizing this overshooti@ry important in the At first glance the derating curves_of Figure 7 appear to be
application, since the main purpose for adding a transient!n €rror as the 10 ms pulse has a higher de_ratlng factor than
suppressor is to clamp voltage spikes. The SMB series havde 10ps pulse. However, when the derating factor for a
a very good response time, typically < 1 ns and neg|igib|eg|ver.1pulse of Figure 7 is multiplied by the peak power value
inductance. However, external inductive effects could Of Figure 1 for the same pulse, the results follow the
produce unacceptable overshoot. Proper circuit layout,expected trend.
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1SMB5.0AT3 Series
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UL RECOGNITION

The entire series hasUnderwriters Laboratory including Strike \oltage Breakdown test, Endurance
Recognitionfor the classification of protectors (QVGV2) Conditioning, Temperature test, Dielectric
under the UL standard for safety 497B and File #116110. Voltage-Withstand test, Discharge test and several more.
Many competitors only have one or two devices recognized Whereas, some competitors have only passed a
or have recognition in a non-protective category. Some flammability test for the package material, we have been
competitors have no recognition at all. With the UL497B recognized for much more to be included in their Protector
recognition, our parts successfully passed several testzategory.
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P6SMBG6.8AT3 Series

600 Watt Peak Power Zener
Transient Voltage Suppressors

Unidirectional*

The SMB series is designed to protect voltage sensitive ON Semiconductor™
components from high voltage, high energy transients. They have
excellent clamping capability, high surge capability, low zener
impedance and fast response time. The SMB series is supplied in
ON Semiconductor’s exclusive, cost-effective, highly reliable =~ PLASTIC SURFACE MOUNT
Surmeti¢] package and is ideally suited for use in communication ZENER OVERVOLTAGE

systems, automotive, numerical controls, process controls, medical
equipment, business machines, power supplies and many other TRANSIENT SUPPRESSORS

http://onsemi.com

industrial/consumer applications. 5.8-171 VOLTS
Specification Features: 600 WATT PEAK POWER
* Working Peak Reverse \Voltage Range —5.8t0 171 V

¢ Standard Zener Breakdown Voltage Range — 6.8 to 200 V N

* Peak Power — 600 Watts @ 1 ms ° N °

. Cathod Anod
* ESD Rating of Class 3 (>16 KV) per Human Body Model athode node

¢ Maximum Clamp Voltage @ Peak Pulse Current

* Low Leakage < JIA Above 10 V

* UL 497B for Isolated Loop Circuit Protection @
* Response Time is Typically < 1 ns

Mechanical Characteristics: SMB
. . . CASE 403A
CASE: Void-free, transfer-molded, thermosetting plastic BLASTIC
FINISH: All external surfaces are corrosion resistant and leads are
readily solderable
MAXIMUM CASE TEMPERATURE FOR SOLDERING PURPOSES: MARKING DIAGRAM
26C°C for 10 Seconds ( )
LEADS: Modified L-Bend providing more contact area to bond pads I: YWW :I
POLARITY: Cathode indicated by polarity band XXXA
MOUNTING POSITION: Any > .
Y = Year
ww = Work Week
MAXIMUM RATINGS xxxA = Specific Device Code

Please See the Table on the Following Page (See Table on Page

113)

ORDERING INFORMATION

*Please see P6SMB11CAT3 to P6SMB91CAT3 for Bidirectional devices. Device T Package Shipping

P6SMBXXXAT3 SMB 2500/Tape & Reel

Devices listed in bold, italic are ON Semiconductor
Preferred devices. Preferred devices are recommended
choices for future use and best overall value.

1TThe “T3" suffix refers to a 13 inch reel.

0 Semiconductor Components Industries, LLC, 2001 111 Publication Order Number:
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P6SMBG6.8AT3 Series

MAXIMUM RATINGS

Rating Symbol Value Unit
Peak Power Dissipation (Note 1.) @ T, = 25°C, Pulse Width =1 ms Ppk 600 w
DC Power Dissipation @ T = 75°C Pp 3.0 W

Measured Zero Lead Length (Note 2.)

Derate Above 75°C 40 mw/°C
Thermal Resistance from Junction to Lead RgiL 25 °C/IW
DC Power Dissipation (Note 3.) @ Tp = 25°C Pp 0.55 w

Derate Above 25°C 4.4 mw/°C
Thermal Resistance from Junction to Ambient Roia 226 °C/W
Forward Surge Current (Note 4.) @ Tp = 25°C IEsm 100 A
Operating and Storage Temperature Range T3 Tstg —65 to +150 °C

10 X 1000 us, non-repetitive

1" square copper pad, FR—4 board

FR-4 board, using ON Semiconductor minimum recommended footprint, as shown in 403A case outline dimensions spec.
1/2 sine wave (or equivalent square wave), PW = 8.3 ms, duty cycle = 4 pulses per minute maximum.

MwNPE

ELECTRICAL CHARACTERISTICS |
(Ta = 25°C unless otherwise noted, Vg = 3.5 V Max. @ A
I (Note 4) = 30 A) (Note 5.) I =
Symbol Parameter ‘
Ipp Maximum Reverse Peak Pulse Current \
Ve Clamping Voltage @ lpp Ve Ver VRwm }
Vrwm | Working Peak Reverse Voltage } —— }$ VE v
IR Maximum Reverse Leakage Current @ Vrwwm \
VgR Breakdown Voltage @ It |
IT Test Current [ Iop
OVpR Maximum Temperature Coefficient of Vgr
Ir Forward Current Uni-Directional TVS
Vg Forward Voltage @ I

5. 1/2 sine wave or equivalent, PW = 8.3 ms, non—repetitive
duty cycle

http://onsemi.com
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P6SMBG6.8AT3 Series

ELECTRICAL CHARACTERISTICS (Devices listed in bold, italic are ON Semiconductor Preferred devices.)

Breakdown Voltage Ve @ Ipp (Note 8.)
VrRwm

Device (Note 6.) Ir @ VRwMm VgRr Volts (Note 7.) @ It Ve Ipp ®Vgr

Device Marking Volts HA Min Nom Max mA Volts Amps %/°C
P6SMB6.8AT3 6V8A 5.8 1000 6.45 6.8 7.14 10 10.5 57 0.057
P6SMB7.5AT3 7V5A 6.4 500 7.13 7.51 7.88 10 11.3 53 0.061
P6SMB8.2AT3 8V2A 7.02 200 7.79 8.2 8.61 10 12.1 50 0.065
P6SMB9.1AT3 9V1A 7.78 50 8.65 9.1 9.55 1 13.4 45 0.068
P6SMB10AT3 10A 8.55 10 9.5 10 10.5 1 14.5 41 0.073
P6SMB11AT3 11A 9.4 5 10.5 11.05 11.6 1 15.6 38 0.075
P6SMB12AT3 12A 10.2 5 11.4 12 12.6 1 16.7 36 0.078
P6SMB13AT3 13A 11.1 5 124 | 13.05 | 13.7 1 18.2 33 0.081
P6SMB15AT3 15A 12.8 5 14.3 15.05 | 15.8 1 21.2 28 0.084
P6SMB16AT3 16A 13.6 5 15.2 16 16.8 1 22.5 27 0.086
P6SMB18AT3 18A 15.3 5 171 18 18.9 1 25.2 24 0.088
P6SMB20AT3 20A 17.1 5 19 20 21 1 27.7 22 0.09
P6SMB22AT3 22A 18.8 5 20.9 22 23.1 1 30.6 20 0.092
P6SMB24AT3 24A 20.5 5 22.8 24 25.2 1 33.2 18 0.094
P6SMB27AT3 27A 23.1 5 25.7 | 27.05 | 284 1 37.5 16 0.096
P6SMB30AT3 30A 25.6 5 28.5 30 31.5 1 41.4 14.4 0.097
P6SMB33AT3 33A 28.2 5 31.4 | 33.05| 34.7 1 45.7 13.2 0.098
P6SMB36AT3 36A 30.8 5 34.2 36 37.8 1 49.9 12 0.099

P6SMB39AT3 39A 33.3 5 37.1 | 39.05 41 1 53.9 11.2 0.1
P6SMB43AT3 43A 36.8 5 40.9 | 43.05 | 45.2 1 59.3 10.1 0.101
P6SMB47AT3 47A 40.2 5 44,7 | 47.05 | 49.4 1 64.8 9.3 0.101
P6SMB51AT3 51A 43.6 5 48.5 | 51.05 | 536 1 70.1 8.6 0.102
P6SMB56AT3 56A 47.8 5 53.2 56 58.8 1 77 7.8 0.103
P6SMB62AT3 62A 53 5 58.9 62 65.1 1 85 7.1 0.104
P6SMB68AT3 68A 58.1 5 64.6 68 71.4 1 92 6.5 0.104
P6SMB75AT3 75A 64.1 5 71.3 | 75.05 | 78.8 1 103 5.8 0.105
P6SMB82AT3 82A 70.1 5 77.9 82 86.1 1 113 5.3 0.105
P6SMB91AT3 91A 77.8 5 86.5 91 95.5 1 125 4.8 0.106
P6SMB100AT3 100A 85.5 5 95 100 105 1 137 4.4 0.106
P6SMB110AT3 110A 94 5 105 110.5 116 1 152 4.0 0.107
P6SMB120AT3 120A 102 5 114 120 126 1 165 3.6 0.107
P6SMB130AT3 130A 111 5 124 130.5 137 1 179 3.3 0.107
P6SMB150AT3 150A 128 5 143 | 1505 | 158 1 207 2.9 0.108
P6SMB160AT3 160A 136 5 152 160 168 1 219 2.7 0.108
P6SMB170AT3 170A 145 5 162 170 179 1 234 2.6 0.108
P6SMB180AT3 180A 154 5 171 180 189 1 246 2.4 0.108
P6SMB200AT3 200A 171 5 190 200 210 1 274 2.2 0.108

6. A transient suppressor is normally selected according to the working peak reverse voltage (Vrwwm), Which should be equal to or greater than
the DC or continuous peak operating voltage level.

7. Vgr Measured at pulse test current I at an ambient temperature of 25°C.

8. Surge current waveform per Figure 2 and derate per Figure 3.
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P6SMBG6.8AT3 Series
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P6SMBG6.8AT3 Series

APPLICATION NOTES

RESPONSE TIME minimum lead lengths and placing the suppressor device as
In most applications, the transient suppressor device isclose as possible to the equipment or components to be

placed in parallel with the equipment or component to be protected will minimize this overshoot.

protected. In this situation, there is a time delay associated Some input impedance represented fyiZessential to

with the capacitance of the device and an overshootprevent overstress of the protection device. This impedance

condition associated with the inductance of the device andshould be as high as possible, without restricting the circuit

the inductance of the connection method. The capacitiveoperation.

effect is of minor importance in the parallel protection

scheme because it only produces a time delay in thePUTY CYCLE DERATING

transitionfrom the operating voltage to the clamp voltage as  1he data of Figure 1 applies for non-repetitive conditions
shown in Figure 5. and at a lead temperature of @5If the duty cycle increases,

The inductive effects in the device are due to actual the peak power must be reduced as indicated by the curves
turn-on time (time required for the device to go from zero Of Figure 7. Average power must be derated as the lead or
current to full current) and lead inductance. This inductive 2@mbient temperature rises abové@5The average power
effect produces an overshoot in the voltage across thefderating curve normally given on data sheets may be
equipment or component being protected as shown innormghzed and used for.th|s purpose.

Figure 6. Minimizing this overshooti@ry important in the At first glance the derating curves_of Figure 7 appear to be
application, since the main purpose for adding a transient!n €rror as the 10 ms pulse has a higher de_ratlng factor than
suppressor is to clamp voltage spikes. The SMB series havde 10ps pulse. However, when the derating factor for a
a very good response time, typically < 1 ns and neg|igib|eg|ver.1pulse of Figure 7 is multiplied by the peak power value
inductance. However, external inductive effects could Of Figure 1 for the same pulse, the results follow the
produce unacceptable overshoot. Proper circuit layout,expected trend.
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P6SMBG6.8AT3 Series

Vin (TRANSIENT)
OVERSHOOT DUE TO

-— Vin (TRANSIENT) \ INDUCTIVE EFFECTS
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Figure 5. Figure 6.
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Figure 7. Typical Derating Factor for Duty Cycle

UL RECOGNITION

The entire series hasUnderwriters Laboratory including Strike \oltage Breakdown test, Endurance
Recognitionfor the classification of protectors (QVGV2) Conditioning, Temperature test, Dielectric
under the UL standard for safety 497B and File #116110. Voltage-Withstand test, Discharge test and several more.
Many competitors only have one or two devices recognized Whereas, some competitors have only passed a
or have recognition in a non-protective category. Some flammability test for the package material, we have been
competitors have no recognition at all. With the UL497B recognized for much more to be included in their Protector
recognition, our parts successfully passed several testzategory.
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1SMB10CAT3 Series

600 Watt Peak Power Zener
Transient Voltage Suppressors

Bidirectional*

The SMB series is designed to protect voltage sensitive ON Semiconductor™
components from high voltage, high energy transients. They have . )
excellent clamping capability, high surge capability, low zener http://onsemi.com

impedance and fast response time. The SMB series is supplied in

ON Semiconductor’s exclusive, cost-effective, highly reliable ~ PLASTIC SURFACE MOUNT
Surmetic” package and is ideally suited for use in communication ZENER OVERVOLTAGE
systems, automotive, numerical controls, process controls, medical

equipment, business machines, power supplies and many other TRANSIENT SUPPRESSORS
industrial/consumer applications. 10-78 VOLTS

Specification Features: 600 WATT PEAK POWER
* Working Peak Reverse \oltage Range — 10 V to 78 V

¢ Standard Zener Breakdown Voltage Range — 11.7 Vt0 91.3 V

* Peak Power — 600 Watts @ 1 ms ° H °

¢ ESD Rating of Class 3 (> 16 KV) per Human Body Model

* Maximum Clamp Voltage @ Peak Pulse Current

* Low Leakage < A Above 10V

¢ UL 497B for Isolated Loop Circuit Protection Q

* Response Time is Typically <1 ns

SMB
Mechanical Characteristics: CASE 403A
CASE: Void-free, transfer-molded, thermosetting plastic PLASTIC
FINISH: All external surfaces are corrosion resistant and leads are
readily solderable MARKING DIAGRAM
MAXIMUM CASE TEMPERATURE FOR SOLDERING PURPOSES: r <
260°C for 10 Seconds VWW
LEADS: Modified L-Bend providing more contact area to bond pads XXC
POLARITY: Polarity band will not be indicated L )
MOUNTING POSITION: Any
Y = Year
MAXIMUM RATINGS Ww = Work Week
- - xxC = Specific Device Code
Rating Symbol Value Unit (See Table Next Page)
Peak Power Dissipation (Note 1.) Ppk 600 W
@ T =25°C, Pulse Width =1 ms
DC Power Dissipation @ T, = 75°C Pp 3.0 w ORDERING INFORMATION
Measured Zero Lead Length (Note 2.) 1 —
Derate Above 75°C 40 | mwrc Device Package Shipping
Thermal Resistance from Junction to Lead RoiL 25 CIW 1SMBxXCAT3 SMB 2500/Tape & Reel
DC Power Dissipation (Note 3.) @ Tp = 25°C Pp 0.55 W
Derate Above 25°C
Thermal Resistance from Junction 4.4 mw/°C Devices listed in bold, italic are ON Semiconductor
to Ambient Rgia 226 °C/W Preferred devices. Preferred devices are recommended
- choices for future use and best overall value.
Operating and Storage T3 Tstg | 6510 °C
Temperature Range +150 1TThe “T3" suffix refers to a 13 inch reel.

1. 10 X 1000 us, non-repetitive

1" square copper pad, FR—4 board

3. FR—4 board, using ON Semiconductor minimum recommended footprint, as
shown in 403A case outline dimensions spec.

*Please see 1SMB5.0AT3 to 1SMB170AT3 for Unidirectional devices.

N
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1SMB10CAT3 Series

ELECTRICAL CHARACTERISTICS
(Ta = 25°C unless otherwise noted)

Symbol Parameter
Ipp Maximum Reverse Peak Pulse Current
Ve Clamping Voltage @ lpp

VRwM Working Peak Reverse Voltage

IR Maximum Reverse Leakage Current @ Vrwwm
VgR Breakdown Voltage @ It
IT Test Current

Bi—Directional TVS

ELECTRICAL CHARACTERISTICS (Devices listed in bold, italic are ON Semiconductor Preferred devices.)

Breakdown Voltage Ve @ Ipp (Note 6.)
VRwM
Device (Note 4.) IR @ VrRwMm Vgr (Note 5.) Volts @ v Ve Ipp
Device Marking Volts HA Min Nom Max mA Volts Amps
1SMB10CAT3 KXC 10 5.0 11.1 11.69 12.27 1.0 17.0 35.3
1SMB11CAT3 KzC 11 5.0 12.2 12.84 135 1.0 18.2 33.0
1SMB12CAT3 LEC 12 5.0 13.3 14.00 14.7 1.0 19.9 30.2
1SMB13CAT3 LGC 13 5.0 14.4 15.16 15.9 1.0 21.5 27.9
1SMB14CAT3 LKC 14 5.0 15.6 16.42 17.2 1.0 23.2 25.8
1SMB15CAT3 LMC 15 5.0 16.7 17.58 18.5 1.0 24.4 24.0
1SMB16CAT3 LPC 16 5.0 17.8 18.74 19.7 1.0 26.0 23.1
1SMB17CAT3 LRC 17 5.0 18.9 19.90 20.9 1.0 27.6 21.7
1SMB18CAT3 LTC 18 5.0 20.0 21.06 22.1 1.0 29.2 20.5
1SMB20CAT3 Lvc 20 5.0 222 23.37 245 1.0 324 185
1SMB22CAT3 LXC 22 5.0 24.4 25.69 27.0 1.0 35.5 16.9
1SMB24CAT3 LzC 24 5.0 26.7 28.11 29.5 1.0 38.9 15.4
1SMB26CAT3 MEC 26 5.0 28.9 30.42 31.9 1.0 42.1 14.2
1SMB28CAT3 MGC 28 5.0 31.1 32.74 34.4 1.0 454 13.2
1SMB30CAT3 MKC 30 5.0 333 35.06 36.8 1.0 48.4 12.4
1SMB33CAT3 MMC 33 5.0 36.7 38.63 40.6 1.0 53.3 11.3
1SMB36CAT3 MPC 36 5.0 40.0 42.11 44.2 1.0 58.1 10.3
1SMB40CAT3 MRC 40 5.0 44.4 46.74 49.1 1.0 64.5 9.3
1SMB43CAT3 MTC 43 5.0 47.8 50.32 52.8 1.0 69.4 8.6
1SMB45CAT3 MVC 45 5.0 50.0 52.63 55.3 1.0 72.2 8.3
1SMB48CAT3 MXC 48 5.0 53.3 56.11 58.9 1.0 77.4 7.7
1SMB51CAT3 MzC 51 5.0 56.7 59.69 62.7 1.0 82.4 7.3
1SMB54CAT3 NEC 54 5.0 60.0 63.16 66.32 1.0 87.1 6.9
1SMB58CAT3 NGC 58 5.0 64.4 67.79 71.18 1.0 93.6 6.4
1SMB60OCAT3 NKC 60 5.0 66.7 70.21 73.72 1.0 96.8 6.2
1SMB64CAT3 NMC 64 5.0 71.1 74.84 78.58 1.0 103 5.8
1SMB70CAT3 NPC 70 5.0 77.8 81.90 | 85.99 1.0 113 5.3
1SMB75CAT3 NRC 75 5.0 83.3 91.65 92.07 1.0 121 49
1SMB78CAT3 NTC 78 5.0 86.7 91.26 | 95.83 1.0 126 4.7

4. A transient suppressor is normally selected according to the working peak reverse voltage (Vrwwm), Which should be equal to or greater than
the DC or continuous peak operating voltage level.

5. Vggr measured at pulse test current Iy at an ambient temperature of 25°C.

6. Surge current waveform per Figure 2 and derate per Figure 3 of the General Data — 600 Watt at the beginning of this group.
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1SMB10CAT3 Series

APPLICATION NOTES

RESPONSE TIME minimum lead lengths and placing the suppressor device as
In most applications, the transient suppressor device isclose as possible to the equipment or components to be

placed in parallel with the equipment or component to be protected will minimize this overshoot.

protected. In this situation, there is a time delay associated Some input impedance represented fyiZessential to

with the capacitance of the device and an overshootprevent overstress of the protection device. This impedance

condition associated with the inductance of the device andshould be as high as possible, without restricting the circuit

the inductance of the connection method. The capacitiveoperation.

effect is of minor importance in the parallel protection

scheme because it only produces a time delay in thePUTY CYCLE DERATING

transitionfrom the operating voltage to the clamp voltage as  1he data of Figure 1 applies for non-repetitive conditions
shown in Figure 4. and at a lead temperature of @5If the duty cycle increases,

The inductive effects in the device are due to actual the peak power must be reduced as indicated by the curves
turn-on time (time required for the device to go from zero Of Figure 6. Average power must be derated as the lead or
current to full current) and lead inductance. This inductive 2@mbient temperature rises abové@5The average power
effect produces an overshoot in the voltage across thefderating curve normally given on data sheets may be
equipment or component being protected as shown innormghzed and used for.th|s purpose.

Figure 5. Minimizing this overshooti@ry important in the At first glance the derating curves_of Figure 6 appear to be
application, since the main purpose for adding a transient!n €rror as the 10 ms pulse has a higher de_ratlng factor than
suppressor is to clamp voltage spikes. The SMB series havde 10ps pulse. However, when the derating factor for a
a very good response time, typically < 1 ns and neg|igib|eg|ver.1pulse of Figure 6 is multiplied by the peak power value
inductance. However, external inductive effects could Of Figure 1 for the same pulse, the results follow the
produce unacceptable overshoot. Proper circuit layout,expected trend.
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1SMB10CAT3 Series

Vin (TRANSIENT)
OVERSHOOT DUE TO

-— Vin (TRANSIENT) \ INDUCTIVE EFFECTS
Vi

\

I
~— V2

tp = TIME DELAY DUE TO CAPACITIVE EFFECT
t t

Figure 4. Figure 5.
1 i
0.7 ha~ 0
0.5 TR
N,
[a 0.3 ‘\‘ \\
I9 0.2 N ™ \\ \\
Q ’ N N NID
E N N N < PULSE WIDTH
N N

© 01 NG 10 ms H
z
£ 007 NC N
@ 0.05 R N
i} ™ N 1ms
© 003 N =

0.02 100 ps

10 ps
0.01 \\l 11 lJl l | |
0.1 0.2 0.5 1 2 5 10 20 50 100

D, DUTY CYCLE (%)
Figure 6. Typical Derating Factor for Duty Cycle

UL RECOGNITION

The entire series hasUnderwriters Laboratory including Strike \oltage Breakdown test, Endurance
Recognitionfor the classification of protectors (QVGV2) Conditioning, Temperature test, Dielectric
under the UL standard for safety 497B and File #116110. Voltage-Withstand test, Discharge test and several more.
Many competitors only have one or two devices recognized Whereas, some competitors have only passed a
or have recognition in a non-protective category. Some flammability test for the package material, we have been
competitors have no recognition at all. With the UL497B recognized for much more to be included in their Protector
recognition, our parts successfully passed several testzategory.
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P6SMB11CAT3 Series

600 Watt Peak Power Zener
Transient Voltage Suppressors

Bidirectional*

The SMB series is designed to protect voltage sensitive ON Semiconductor™
components from high voltage, high energy transients. They have . )
excellent clamping capability, high surge capability, low zener http://onsemi.com

impedance and fast response time. The SMB series is supplied in
ON Semiconductor’s exclusive, cost-effective, highly reliable ~ PLASTIC SURFACE MOUNT
Surmeti¢] package and is ideally suited for use in communication ZENER OVERVOLTAGE

systems, automotive, numerical controls, process controls, medical
equipment, business machines, power supplies and many other TRANSIENT SUPPRESSORS
industrial/consumer applications. 9.4-78 VOLTS

Specification Features: 600 WATT PEAK POWER
* Working Peak Reverse \Voltage Range —9.4to 77.8 V

¢ Standard Zener Breakdown Voltage Range — 11 to 91 V

* Peak Power — 600 Watts @ 1 ms ° H o

* ESD Rating of Class 3 (>16 KV) per Human Body Model

¢ Maximum Clamp Voltage @ Peak Pulse Current

* Low Leakage < JIA Above 10 V

* UL 497B for Isolated Loop Circuit Protection Q

* Response Time is Typically < 1 ns

Mechanical Characteristics: SMB
. . . CASE 403A
CASE: Void-free, transfer-molded, thermosetting plastic BLASTIC
FINISH: All external surfaces are corrosion resistant and leads are
readily solderable
MAXIMUM CASE TEMPERATURE FOR SOLDERING PURPOSES: MARKING DIAGRAM
260°C for 10 Seconds ( 3\
LEADS: Modified L-Bend providing more contact area to bond pads I: YWW :I
POLARITY: Polarity band will not be indicated xxC
MOUNTING POSITION: Any ~ .
Y = Year
MAXIMUM RATINGS WW - Work Week
Rating Symbol Value Unit xxC = Specific Device Code
— (See Table Next Page)
Peak Power Dissipation (Note 1.) Ppk 600 W
@ T = 25°C, Pulse Width =1 ms
DC Power Dissipation @ T_ = 75°C Pp 3.0 W
Measured Zero Lead Length (Note 2.) ORDERING INFORMATION
Derate Abqve 75°C _ 40 mwW/°C Device T Package Shipping
Thermal Resistance from Junction to Lead RoiL 25 °C/W
DC Power Dissipation (Note 3.) @ Ta = 25°C | Pp 0.55 w P6SMBxxCAT3 | SMB | 2500/Tape & Reel
Derate Above 25°C
Thermal Resistance from Junction 4.4 mwW/°C
to Ambient Roa 226 °C/W Devices listed in bold, italic are ON Semiconductor
Preferred devices. Preferred devices are recommended
Operating and Storage T3, Tstg | 6510 °C choices for future use and best overall value.
Temperature Range +150

— The “T3” suffix refers to a 13 inch reel.
1. 10 X 1000 us, non-repetitive TThe suffixreters foa 23 inch ree

2. 1" square copper pad, FR—4 board
3. FR—4 board, using ON Semiconductor minimum recommended footprint, as
shown in 403A case outline dimensions spec.

*Please see P6SMB6.8AT3 to P6SMB200AT3 for Unidirectional devices.
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P6SMB11CAT3 Series

ELECTRICAL CHARACTERISTICS
(Ta = 25°C unless otherwise noted)

Symbol Parameter
Ipp Maximum Reverse Peak Pulse Current
Ve Clamping Voltage @ lpp

Vrwm | Working Peak Reverse Voltage |$ Vrwm VBr Ve

IR Maximum Reverse Leakage Current @ Vrwwm
VgR Breakdown Voltage @ It

It Test Current pp
©Vgr | Maximum Temperature Coefficient of Vgg Bi-Directional TVS

ELECTRICAL CHARACTERISTICS (Devices listed in bold, italic are ON Semiconductor Preferred devices.)

Breakdown Voltage Vc @ Ipp (Note 6.)
VRwM

Device (Note 4.) IR @ VRwm VgRr Volts (Note 5.) @ It Ve Ipp OVgr

Device Marking Volts HA Min Nom Max mA Volts Amps %/°C
P6SMB11CAT3 11C 9.4 5 10.5 | 11.05 | 11.6 1 15.6 38 0.075
P6SMB12CAT3 12C 10.2 5 11.4 12 12.6 1 16.7 36 0.078
P6SMB13CAT3 13C 11.1 5 12.4 | 13.05 | 13.7 1 18.2 33 0.081
P6SMB15CAT3 15C 12.8 5 143 | 15.05 | 15.8 1 21.2 28 0.084
P6SMB16CAT3 16C 13.6 5 15.2 16 16.8 1 22.5 27 0.086
P6SMB18CAT3 18C 15.3 5 17.1 18 18.9 1 25.2 24 0.088
P6SMB20CAT3 20C 17.1 5 19 20 21 1 27.7 22 0.09
P6SMB22CAT3 22C 18.8 5 20.9 22 23.1 1 30.6 20 0.09
P6SMB24CAT3 24C 20.5 5 22.8 24 25.2 1 33.2 18 0.094
P6SMB27CAT3 27C 23.1 5 257 | 27.05 | 284 1 375 16 0.096
P6SMB30CAT3 30C 25.6 5 28.5 30 315 1 41.4 14.4 0.097
P6SMB33CAT3 33C 28.2 5 31.4 | 3305 | 34.7 1 45.7 13.2 0.098
P6SMB36CAT3 36C 30.8 5 34.2 36 37.8 1 49.9 12 0.099

P6SMB39CAT3 39C 333 5 37.1 | 39.05 41 1 53.9 11.2 0.1
P6SMB43CAT3 43C 36.8 5 409 | 43.05 | 45.2 1 59.3 10.1 0.101
P6SMB47CAT3 47C 40.2 5 447 | 47.05 | 494 1 64.8 9.3 0.101
P6SMB51CAT3 51C 43.6 5 485 | 51.05 | 53.6 1 70.1 8.6 0.102
P6SMB56CAT3 56C 47.8 5 53.2 56 58.8 1 77 7.8 0.103
P6SMB62CAT3 62C 53 5 58.9 62 65.1 1 85 7.1 0.104
P6SMB68CAT3 68C 58.1 5 64.6 68 71.4 1 92 6.5 0.104
P6SMB75CAT3 75C 64.1 5 71.3 | 75.05 | 78.8 1 103 5.8 0.105
P6SMB82CAT3 82C 70.1 5 77.9 82 86.1 1 113 5.3 0.105
P6SMB91CAT3 91C 77.8 5 86.5 91 95.5 1 125 4.8 0.106

4. A transient suppressor is normally selected according to the working peak reverse voltage (Vrwm), Which should be equal to or greater than
the DC or continuous peak operating voltage level.

5. Vgr measured at pulse test current Iy at an ambient temperature of 25°C.

6. Surge current waveform per Figure 2 and derate per Figure 3 of the General Data — 600 Watt at the beginning of this group.
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P6SMB11CAT3 Series

APPLICATION NOTES

RESPONSE TIME minimum lead lengths and placing the suppressor device as
In most applications, the transient suppressor device isclose as possible to the equipment or components to be

placed in parallel with the equipment or component to be protected will minimize this overshoot.

protected. In this situation, there is a time delay associated Some input impedance represented fyiZessential to

with the capacitance of the device and an overshootprevent overstress of the protection device. This impedance

condition associated with the inductance of the device andshould be as high as possible, without restricting the circuit

the inductance of the connection method. The capacitiveoperation.

effect is of minor importance in the parallel protection

scheme because it only produces a time delay in thePUTY CYCLE DERATING

transitionfrom the operating voltage to the clamp voltage as  1he data of Figure 1 applies for non-repetitive conditions
shown in Figure 4. and at a lead temperature of @5If the duty cycle increases,

The inductive effects in the device are due to actual the peak power must be reduced as indicated by the curves
turn-on time (time required for the device to go from zero Of Figure 6. Average power must be derated as the lead or
current to full current) and lead inductance. This inductive 2@mbient temperature rises abové@5The average power
effect produces an overshoot in the voltage across thefderating curve normally given on data sheets may be
equipment or component being protected as shown innormghzed and used for.th|s purpose.

Figure 5. Minimizing this overshooti@ry important in the At first glance the derating curves_of Figure 6 appear to be
application, since the main purpose for adding a transient!n €rror as the 10 ms pulse has a higher de_ratlng factor than
suppressor is to clamp voltage spikes. The SMB series havde 10ps pulse. However, when the derating factor for a
a very good response time, typically < 1 ns and neg|igib|eg|ver.1pulse of Figure 6 is multiplied by the peak power value
inductance. However, external inductive effects could Of Figure 1 for the same pulse, the results follow the
produce unacceptable overshoot. Proper circuit layout,expected trend.
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P6SMB11CAT3 Series
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Figure 6. Typical Derating Factor for Duty Cycle

UL RECOGNITION

The entire series hasUnderwriters Laboratory including Strike \oltage Breakdown test, Endurance
Recognitionfor the classification of protectors (QVGV2) Conditioning, Temperature test, Dielectric
under the UL standard for safety 497B and File #116110. Voltage-Withstand test, Discharge test and several more.
Many competitors only have one or two devices recognized Whereas, some competitors have only passed a
or have recognition in a non-protective category. Some flammability test for the package material, we have been
competitors have no recognition at all. With the UL497B recognized for much more to be included in their Protector
recognition, our parts successfully passed several testzategory.
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1SMC5.0AT3 Series

1500 Watt Peak Power Zener
Transient Voltage Suppressors

Unidirectional*

The SMC series is designed to protect voltage sensitive ON Semiconductor™
components from high voltage, high energy transients. They have
excellent clamping capability, high surge capability, low zener
impedance and fast response time. The SMC series is supplied in
ON Semiconductor’s exclusive, cost-effective, highly reliable =~ PLASTIC SURFACE MOUNT
Surmeti¢] package and is ideally suited for use in communication ZENER TRANSIENT
systems, automotive, numerical controls, process controls, medical
equipment, business machines, power supplies and many other VOLTAGE SUPPRESSORS

http://onsemi.com

industrial/consumer applications. 5.0-78 VOLTS

Specification Features: 1500 WATT PEAK POWER

* Working Peak Reverse \Woltage Range — 5.0 Vto 78 V

¢ Standard Zener Breakdown Voltage Range — 6.7 V t0 91.25 V N

* Peak Power — 1500 Watts @ 1 ms ° N °
Cathode Anode

* ESD Rating of Class 3 (>16 KV) per Human Body Model
¢ Maximum Clamp Voltage @ Peak Pulse Current

* Low Leakage < JIA Above 10 V
* UL 497B for Isolated Loop Circuit Protection %
* Maximum Temperature Coefficient Specified
* Response Time is Typically < SMC

: ypically <1 ns CASE 403
Mechanical Characteristics: PLASTIC

CASE: Void-free, transfer-molded, thermosetting plastic
FINISH: All external surfaces are corrosion resistant and leads are

readily solderable MARKING DIAGRAM
MAXIMUM CASE TEMPERATURE FOR SOLDERING PURPOSES:

260°C for 10 Seconds [ YWW ]
LEADS: Modified L—Bend providing more contact area to bond pads oxx

POLARITY: Cathode indicated by molded polarity notch

MOUNTING POSITION: Any Y = Year
WW = Work Week
Gxx = Specific Device Code
MAXIMUM RATINGS (See Table on Page
129)

Please See the Table on the Following Page

ORDERING INFORMATION

Device T Package Shipping

1SMCxxxAT3 SMC 2500/Tape & Reel

Devices listed in bold, italic are ON Semiconductor
Preferred devices. Preferred devices are recommended
choices for future use and best overall value.

*Bidirectional devices will not be available in this
series.

TThe “T3" suffix refers to a 13 inch reel.
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1SMC5.0AT3 Series

MAXIMUM RATINGS

Rating Symbol Value Unit
Peak Power Dissipation (Note 1.) @ T, = 25°C, Pulse Width =1 ms Ppk 1500 w
DC Power Dissipation @ T = 75°C Pp 4.0 w
Measured Zero Lead Length (Note 2.)
Derate Above 75°C 54.6 mw/°C
Thermal Resistance from Junction to Lead RgiL 18.3 °C/IW
DC Power Dissipation (Note 3.) @ Tp = 25°C Pp 0.75 w
Derate Above 25°C 6.1 mw/°C
Thermal Resistance from Junction to Ambient Roia 165 °C/W
Forward Surge Current (Note 4.) @ Tp = 25°C IEsm 200 A
Operating and Storage Temperature Range T3 Tstg —65 to +150 °C
1. 10 X 1000 us, non-repetitive
2. 1" square copper pad, FR—4 board
3. FR—4 board, using ON Semiconductor minimum recommended footprint, as shown in 403 case outline dimensions spec.
4. 1/2 sine wave (or equivalent square wave), PW = 8.3 ms, duty cycle = 4 pulses per minute maximum.
ELECTRICAL CHARACTERISTICS (Tp =25°C unless ) |
otherwise noted, Vg = 3.5V Max @ I = 100 A) (Note 5.) e
F

Symbol Parameter

Ipp Maximum Reverse Peak Pulse Current \

Ve Clamping Voltage @ Ipp }

Vrwm | Working Peak Reverse Voltage Vc‘: VBRr VRWM \ Y
IR Maximum Reverse Leakage Current @ Vrwm ‘ I$ F
VR Breakdown Voltage @ It }
I Test Current |
I Forward Current (| Ipp
Ve Forward Voltage @ I
5. 1/2 sine wave or equivalent, PW = 8.3 ms Uni-Directional TVS

non—repetitive duty cycle
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1SMC5.0AT3 Series

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)

Breakdown Voltage Ve @ Ipp (Note 8.)
VrRwM
. Vgr Volts (Note 7. | V |

Device (Note 6.) IR @ VrwM BR Volts (Note 7.) @l c PP
Device Marking Volts HA Min Nom Max mA Volts Amps
1SMC5.0AT3 GDE 5.0 1000 6.4 6.7 7.0 10 9.2 163
1SMC6.0AT3 GDG 6.0 1000 6.67 7.02 7.37 10 10.3 145.6
1SMC6.5AT3 GDK 6.5 500 7.22 7.6 7.98 10 11.2 133.9
1SMC7.0AT3 GDM 7.0 200 7.78 8.19 8.6 10 12 125
1SMC7.5AT3 GDP 7.5 100 8.33 8.77 9.21 1 12.9 116.3
1SMCB8.0AT3 GDR 8.0 50 8.89 9.36 9.83 1 13.6 110.3
1SMCB8.5AT3 GDT 8.5 25 9.44 9.92 10.4 1 14.4 104.2
1SMC9.0AT3 GDV 9.0 10 10 10.55 11.1 1 15.4 97.4
1SMC10AT3 GDX 10 5 11.1 11.7 12.3 1 17 88.2
1SMC11AT3 GDz 11 5 12.2 12.85 13.5 1 18.2 82.4
1SMC12AT3 GEE 12 5 13.3 14 14.7 1 19.9 75.3
1SMC13AT3 GEG 13 5 14.4 15.15 15.9 1 21.5 69.7
1SMC14AT3 GEK 14 5 15.6 16.4 17.2 1 23.2 64.7
1SMC15AT3 GEM 15 5 16.7 17.6 185 1 24.4 61.5
1SMC16AT3 GEP 16 5 17.8 18.75 19.7 1 26 57.7
1SMC17AT3 GER 17 5 18.9 19.9 20.9 1 27.6 53.3
1SMC18AT3 GET 18 5 20 21.05 221 1 29.2 51.4
1SMC20AT3 GEV 20 5 22.2 23.35 24.5 1 324 46.3
1SMC22AT3 GEX 22 5 24.4 25.65 26.9 1 35.5 42.2
1SMC24AT3 GEz 24 5 26.7 28.1 29.5 1 38.9 38.6
1SMC26AT3 GFE 26 5 28.9 30.4 31.9 1 42.1 35.6

1SMC28AT3 GFG 28 5 31.1 32.75 34.4 1 454 33

1SMC30AT3 GFK 30 5 33.3 35.05 36.8 1 48.4 31
1SMC33AT3 GFM 33 5 36.7 38.65 40.6 1 53.3 28.1
1SMC36AT3 GFP 36 5 40 42.1 44.2 1 58.1 25.8
1SMC40AT3 GFR 40 5 44.4 46.75 49.1 1 64.5 32.2
1SMC43AT3 GFT 43 5 47.8 50.3 52.8 1 69.4 21.6
1SMC45AT3 GFV 45 5 50 52.65 55.3 1 72.2 20.6
1SMC48AT3 GFX 48 5 53.3 56.1 58.9 1 77.4 19.4
1SMC51AT3 GFz 51 5 56.7 59.7 62.7 1 82.4 18.2
1SMC54AT3 GGE 54 5 60 63.15 66.3 1 87.1 17.2

1SMC58AT3 GGG 58 5 64.4 67.8 71.2 1 93.6 16
1SMC60AT3 GGK 60 5 66.7 70.2 73.7 1 96.8 155
1SMC64AT3 GGM 64 5 71.1 74.85 78.6 1 103 14.6
1SMC70AT3 GGP 70 5 77.8 81.9 86 1 113 13.3
1SMC75AT3 GGR 75 5 83.3 87.7 92.1 1 121 12.4
1SMC78AT3 GGT 78 5 86.7 91.25 95.8 1 126 11.4

6. A transient suppressor is normally selected according to the maximum working peak reverse voltage (Vrwwm), Which should be equal to or
greater than the DC or continuous peak operating voltage level.

7. Vgr Measured at pulse test current Iy at an ambient temperature of 25°C.

8. Surge current waveform per Figure 2 and derate per Figure 3 of the General Data — 1500 Watt at the beginning of this group.
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1SMC5.0AT3 Series
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UL RECOGNITION

The entire series hasUnderwriters Laboratory including Strike \oltage Breakdown test, Endurance

Recognitionfor the classification of protectors (QVGV2) Conditioning, Temperature test, Dielectric Voltage-Withstand
under the UL standard for safety 497B and File #116110.test, Discharge test and several more.
Many competitors only have one or two devices recognized Whereas, some competitors have only passed a
or have recognition in a non-protective category. Some flammability test for the package material, we have been
competitors have no recognition at all. With the UL497B recognized for much more to be included in their Protector
recognition, our parts successfully passed several testzategory.
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1SMC5.0AT3 Series

APPLICATION NOTES

RESPONSE TIME minimum lead lengths and placing the suppressor device as
In most applications, the transient suppressor device isclose as possible to the equipment or components to be

placed in parallel with the equipment or component to be protected will minimize this overshoot.

protected. In this situation, there is a time delay associated Some input impedance represented fyiZessential to

with the capacitance of the device and an overshootprevent overstress of the protection device. This impedance

condition associated with the inductance of the device andshould be as high as possible, without restricting the circuit

the inductance of the connection method. The capacitiveoperation.

effect is of minor importance in the parallel protection

scheme because it only produces a time delay in thePUTY CYCLE DERATING

transitionfrom the operating voltage to the clamp voltage as  1he data of Figure 1 applies for non-repetitive conditions
shown in Figure 5. and at a lead temperature of @5If the duty cycle increases,

The inductive effects in the device are due to actual the peak power must be reduced as indicated by the curves
turn-on time (time required for the device to go from zero Of Figure 7. Average power must be derated as the lead or
current to full current) and lead inductance. This inductive 2@mbient temperature rises abové@5The average power
effect produces an overshoot in the voltage across thefderating curve normally given on data sheets may be
equipment or component being protected as shown innormghzed and used for.th|s purpose.

Figure 6. Minimizing this overshooti@ry important in the At first glance the derating curves_of Figure 7 appear to be
application, since the main purpose for adding a transient!n €rror as the 10 ms pulse has a higher de_ratlng factor than
suppressor is to clamp voltage spikes. The SMC series havée 10ps pulse. However, when the derating factor for a
a very good response time, typically < 1 ns and neg|igib|eg|ver.1pulse of Figure 7 is multiplied by the peak power value
inductance. However, external inductive effects could Of Figure 1 for the same pulse, the results follow the
produce unacceptable overshoot. Proper circuit layout,expected trend.
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1SMC5.0AT3 Series
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1.5SMCG6.8AT3 Series

1500 Watt Peak Power Zener
Transient Voltage Suppressors

Unidirectional*

The SMC series is designed to protect voltage sensitive
components from high voltage, high energy transients. They have
excellent clamping capability, high surge capability, low zener

ON Semiconductor™

http://onsemi.com

impedance and fast response time. The SMC series is supplied in

ON Semiconductor’'s exclusive, cost-effective, highly reliable
Surmetid] package and is ideally suited for use in communication

systems, automotive, numerical controls, process controls, medical

equipment, business machines, power supplies and many othe
industrial/consumer applications.

Specification Features:

* Working Peak Reverse \Voltage Range —5.8t0 77.8 V

¢ Standard Zener Breakdown Voltage Range — 6.8 to 91 V
* Peak Power — 1500 Watts @ 1 ms

* ESD Rating of Class 3 (>16 KV) per Human Body Model
¢ Maximum Clamp Voltage @ Peak Pulse Current

* Low Leakage < JIA Above 10 V

* UL 497B for Isolated Loop Circuit Protection

* Maximum Temperature Coefficient Specified

* Response Time is Typically < 1 ns

Mechanical Characteristics:

CASE: Void-free, transfer-molded, thermosetting plastic

FINISH: All external surfaces are corrosion resistant and leads are
readily solderable

MAXIMUM CASE TEMPERATURE FOR SOLDERING PURPOSES:
260°C for 10 Seconds

LEADS: Modified L-Bend providing more contact area to bond pads

POLARITY: Cathode indicated by molded polarity notch

MOUNTING POSITION: Any

MAXIMUM RATINGS

Please See the Table on the Following Page

PLASTIC SURFACE MOUNT
ZENER OVERVOLTAGE

r

TRANSIENT SUPPRESSORS

5.8-78 VOLTS
1500 WATT PEAK POWER

o 11 o}
Cathode Anode
SMC
CASE 403
PLASTIC

MARKING DIAGRAM

Y
WWwW
XXXA

135)

[ YWW ]
XXXA

= Year
= Work Week

= Specific Device Code
(See Table on Page

ORDERING INFORMATION

Device

Package

Shipping

1.5SMCxxxAT3

SMC

2500/Tape & Reel

0 Semiconductor Components Industries, LLC, 2001 133
May, 2001 — Rev. 4

Devices listed in bold, italic are ON Semiconductor
Preferred devices. Preferred devices are recommended
choices for future use and best overall value.

*Bidirectional devices will not be available in this

series.

1tThe “T3” suffix refers to a 13 inch reel.

Publication Order Number:

1.5SMC6.8AT3/D




1.5SMC6.8AT3 Series

MAXIMUM RATINGS

Rating Symbol Value Unit
Peak Power Dissipation (Note 1.) @ T, = 25°C, Pulse Width =1 ms Ppk 1500 w
DC Power Dissipation @ T = 75°C Pp 4.0 W

Measured Zero Lead Length (Note 2.)

Derate Above 75°C 54.6 mw/°C
Thermal Resistance from Junction to Lead RgiL 18.3 °C/IW
DC Power Dissipation (Note 3.) @ Tp = 25°C Pp 0.75 w

Derate Above 25°C 6.1 mw/°C
Thermal Resistance from Junction to Ambient Roia 165 °C/W
Forward Surge Current (Note 4.) @ Tp = 25°C IEsm 200 A
Operating and Storage Temperature Range T3 Tstg —65 to +150 °C

1. 10 X 1000 us, non-repetitive
2. 1" square copper pad, FR—4 board
3. FR—4 board, using ON Semiconductor minimum recommended footprint, as shown in 403 case outline dimensions spec.
4. 1/2 sine wave (or equivalent square wave), PW = 8.3 ms, duty cycle = 4 pulses per minute maximum.
ELECTRICAL CHARACTERISTICS (Tp =25°C unless ) |
otherwise noted, Vg = 3.5V Max. @ I (Note ) = 100 A) e
F
Symbol Parameter
Ipp Maximum Reverse Peak Pulse Current \
Ve Clamping Voltage @ Ipp }
Vrwm | Working Peak Reverse Voltage V‘c VeRr VRwWM \ Y
IR Maximum Reverse Leakage Current @ Vrwm ‘ I$ F
VR Breakdown Voltage @ It }
IT Test Current |
BOVgR Maximum Temperature CoefficientofVgg | | ¥+—————— Ipp
Ie Forward Current
VE Forward Voltage @ Ig Uni-Directional TVS

5. 1/2 sine wave or equivalent, PW = 8.3 ms
non—-repetitive duty cycle
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1.5SMC6.8AT3 Series

ELECTRICAL CHARACTERISTICS (Devices listed in bold, italic are ON Semiconductor Preferred devices.)

Breakdown Voltage Ve @ Ipp (Note 8.)
VrRwm

Device (Note 6) IR @ VRWM VBR \olts (Note 7) @ IT VC |pp G)VBR
Device Marking Volts HA Min Nom Max mA Volts Amps %/°C
1.5SMC6.8AT3 6V8A 5.8 1000 6.45 6.8 7.14 10 10.5 143 0.057
1.5SMC7.5AT3 7V5A 6.4 500 7.13 7.5 7.88 10 11.3 132 0.061
1.5SMC8.2AT3 8V2A 7.02 200 7.79 8.2 8.61 10 12.1 124 0.065
1.5SMC9.1AT3 9V1A 7.78 50 8.65 9.1 9.55 1 13.4 112 0.068
1.5SMC10AT3 10A 8.55 10 9.5 10 10.5 1 145 103 0.073
1.5SMC11AT3 11A 9.4 5 10.5 11 11.6 1 15.6 96 0.075
1.5SMC12AT3 12A 10.2 5 11.4 12 12.6 1 16.7 90 0.078
1.5SMC13AT3 13A 11.1 5 12.4 13 13.7 1 18.2 82 0.081
1.5SMC15AT3 15A 12.8 5 14.3 15 15.8 1 21.2 71 0.084
1.5SMC16AT3 16A 13.6 5 15.2 16 16.8 1 22.5 67 0.086
1.5SMC18AT3 18A 15.3 5 171 18 18.9 1 25.2 59.5 0.088
1.5SMC20AT3 20A 17.1 5 19 20 21 1 27.7 54 0.09
1.5SMC22AT3 22A 18.8 5 20.9 22 23.1 1 30.6 49 0.092
1.5SMC24AT3 24A 20.5 5 22.8 24 252 1 33.2 45 0.094
1.5SMC27AT3 27A 23.1 5 25.7 27 28.4 1 375 40 0.096
1.5SMC30AT3 30A 25.6 5 28.5 30 315 1 41.4 36 0.097
1.5SMC33AT3 33A 28.2 5 31.4 33 34.7 1 45.7 33 0.098
1.5SMC36AT3 36A 30.8 5 34.2 36 37.8 1 49.9 30 0.099

1.5SMC39AT3 39A 33.3 5 37.1 39 41 1 53.9 28 0.1
1.5SMC43AT3 43A 36.8 5 40.9 43 45.2 1 59.3 25.3 0.101
1.55MC47AT3 47A 40.2 5 44.7 47 49.4 1 64.8 23.2 0.101
1.5SMC51AT3 51A 43.6 5 48.5 51 53.6 1 70.1 21.4 0.102
1.5SMC56AT3 56A 47.8 5 53.2 56 58.8 1 77 19.5 0.103
1.5SMC62AT3 62A 53 5 58.9 62 65.1 1 85 17.7 0.104
1.5SMC68AT3 68A 58.1 5 64.6 68 71.4 1 92 16.3 0.104
1.5SMC75AT3 75A 64.1 5 71.3 75 78.8 1 103 14.6 0.105
1.5SMC82AT3 82A 70.1 5 77.9 82 86.1 1 113 13.3 0.105
1.5SMC91AT3 91A 77.8 5 86.5 91 95.5 1 125 12 0.106

6. A transient suppressor is normally selected according to the working peak reverse voltage (Vrwwm), Which should be equal to or greater than
the DC or continuous peak operating voltage level.

7. Vgr measured at pulse test current |t at an ambient temperature of 25°C.

8. Surge current waveform per Figure 2 and derate per Figure 3 of the General Data — 1500 Watt at the beginning of this group.
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1.5SMC6.8AT3 Series
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Figure 3. Pulse Derating Curve Figure 4. Dynamic Impedance

UL RECOGNITION

The entire series hasUnderwriters Laboratory including Strike \oltage Breakdown test, Endurance

Recognitionfor the classification of protectors (QVGV2) Conditioning, Temperature test, Dielectric Voltage-Withstand
under the UL standard for safety 497B and File #116110.test, Discharge test and several more.
Many competitors only have one or two devices recognized Whereas, some competitors have only passed a
or have recognition in a non-protective category. Some flammability test for the package material, we have been
competitors have no recognition at all. With the UL497B recognized for much more to be included in their Protector
recognition, our parts successfully passed several testzategory.
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1.5SMC6.8AT3 Series

APPLICATION NOTES

RESPONSE TIME minimum lead lengths and placing the suppressor device as
In most applications, the transient suppressor device isclose as possible to the equipment or components to be

placed in parallel with the equipment or component to be protected will minimize this overshoot.

protected. In this situation, there is a time delay associated Some input impedance represented fyiZessential to

with the capacitance of the device and an overshootprevent overstress of the protection device. This impedance

condition associated with the inductance of the device andshould be as high as possible, without restricting the circuit

the inductance of the connection method. The capacitiveoperation.

effect is of minor importance in the parallel protection

scheme because it only produces a time delay in thePUTY CYCLE DERATING

transitionfrom the operating voltage to the clamp voltage as  1he data of Figure 1 applies for non-repetitive conditions
shown in Figure 5. and at a lead temperature of @5If the duty cycle increases,

The inductive effects in the device are due to actual the peak power must be reduced as indicated by the curves
turn-on time (time required for the device to go from zero Of Figure 7. Average power must be derated as the lead or
current to full current) and lead inductance. This inductive 2@mbient temperature rises abové@5The average power
effect produces an overshoot in the voltage across thefderating curve normally given on data sheets may be
equipment or component being protected as shown innormghzed and used for.th|s purpose.

Figure 6. Minimizing this overshooti@ry important in the At first glance the derating curves_of Figure 7 appear to be
application, since the main purpose for adding a transient!n €rror as the 10 ms pulse has a higher de_ratlng factor than
suppressor is to clamp voltage spikes. The SMC series havée 10ps pulse. However, when the derating factor for a
a very good response time, typically < 1 ns and neg|igib|eg|ver.1pulse of Figure 7 is multiplied by the peak power value
inductance. However, external inductive effects could Of Figure 1 for the same pulse, the results follow the
produce unacceptable overshoot. Proper circuit layout,expected trend.
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CHAPTER 5
Transient Voltage Suppressor Arrays —
Surface Mounted Data Sheets
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MMBZ5V6ALT1 Series

Preferred Devices

24 and 40 Watt Peak Power
Zener Transient Voltage

Suppressors
ON Semiconductor™
SOT-23 Dual Common Anode Zeners _
for ESD Protection hitp:/fonsemi.com
These dual monolithic silicon zener diodes are designed for o q‘
applications requiring transient overvoltage protection capability. They PIN %: gﬁmggg ! L o3

are intended for use in voltage and ESD sensitive equipment such as 3. ANODE 20—\@—
computers, printers, business machines, communication systems,
medical equipment and other applications. Their dual junction common
anode design protects two separate lines using only one package. These MARKING

devices are ideal for situations where board space is at a premium. w DIAGRAM
Specification Features: %’
2

* SOT-23 Package Allows Either Two Separate Unidirectional
Configurations or a Single Bidirectional Configuration

XXX =

SOT-23

» Working Peak Reverse \oltage Range — 3 V to 26 V CASE 318 L] L]
¢ Standard Zener Breakdown Voltage Range — 5.6 V to 33 V STYLE 12 xxx = Device Code
* Peak Power — 24 or 40 Watts @ 1.0 ms (Unidirectional), M = Date Code
per Figure 5. Waveform
* ESD Rating of Class N (exceeding 16 kV) per the Human ORDERING INFORMATION
Body Model Device Package Shippin
* Maximum Clamping Voltage @ Peak Pulse Current 9 ppmo
* Low Leakage < 5.QA MMBZ5V6ALT1 | SOT-23 | 3000/Tape & Reel
* Flammability Rating UL 94V-O MMBZ6V2ALTL | SOT-23 | 3000/Tape & Reel
Mechanical Characteristics: MMBZ6VBALT1 | SOT-23 | 3000/Tape & Reel
CASE: \Void-free, transfer-molded, thermosetting plastic case
FINISH: Corrosion resistant finish, easily solderable MMBZOVIALT1 | SOT-23 | 3000/Tape & Reel

MAXIMUM CASE TEMPERATURE FOR SOLDERING PURPOSES: MMBZ10VALT1 | SOT-23 3000/Tape & Reel

260°C for 10 Seconds
Package designed for optimal automated board assembly MMBZ12VALT1 [ SOT-23 | 3000/Tape & Reel

Small package size for high density applications

Available in 8 mm Tape and Reel MMBZ15VALT1 | SOT-23 3000/Tape & Reel

Use the Device Number to order the 7 inch/3,000 unit reel. MMBZ18VALT1 | SOT-23 | 3000/Tape & Reel

Replace the “T1” with “T3” in the Device Number to order the MMBZ20VALTL | SOT—23 | 3000/Tape & Reel
13 inch/10,000 unit reel. apesTee

MMBZ27VALT1 | SOT-23 3000/Tape & Reel

MMBZ33VALT1 | SOT-23 3000/Tape & Reel

Preferred devices are recommended choices for future use
and best overall value.

DEVICE MARKING INFORMATION

See specific marking information in the device marking
column of the table on page 142 of this data sheet.

0 Semiconductor Components Industries, LLC, 2001 140 Publication Order Number:
March, 2001 — Rev. 5 MMBZ5V6ALT1/D



MMBZ5V6ALT1 Series

MAXIMUM RATINGS

Rating Symbol Value Unit

Peak Power Dissipation @ 1.0 ms (Note 1.) MMBZ5V6ALT1 thru MMBZ10VALT1 Ppk 24 Watts

@ T <25°C MMBZ12VALT1 thru MMBZ33VALT1 40
Total Power Dissipation on FR-5 Board (Note 2.) @ Ta = 25°C Pp 225 mw

Derate above 25°C 1.8 mwW/°C
Thermal Resistance Junction to Ambient Raia 556 °C/W
Total Power Dissipation on Alumina Substrate (Note 3.) @ Tp = 25°C Pp 300 mw

Derate above 25°C 2.4 mwW/°C
Thermal Resistance Junction to Ambient Raia 417 °C/W
Junction and Storage Temperature Range T3 Tsig —551t0 +150 °C
Lead Solder Temperature — Maximum (10 Second Duration) T 260 °C

1. Non-repetitive current pulse per Figure 5. and derate above Tp = 25°C per Figure 6.
2. FR-5=1.0x0.75x0.62 in.
3. Alumina = 0.4 x 0.3 x 0.024 in., 99.5% alumina

*Other voltages may be available upon request

ELECTRICAL CHARACTERISTICS |
(Ta = 25°C unless otherwise noted)

UNIDIRECTIONAL (Circuit tied to Pins 1 and 3 or 2 and 3) Ir
Symbol Parameter
lpp Maximum Reverse Peak Pulse Current
Ve Clamping Voltage @ Ipp
VRwM Working Peak Reverse Voltage v
Ir Maximum Reverse Leakage Current @ Vrwm
Vgr Breakdown Voltage @ It
T Test Current
BOVgR Maximum Temperature Coefficient of Vgr
Ir Forward Current Uni-Directional TVS
Vg Forward Voltage @ I
Z77 Maximum Zener Impedance @ Izt
Iz Reverse Current
Zzk Maximum Zener Impedance @ lzk
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MMBZ5V6ALT1 Series

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)
UNIDIRECTIONAL (Circuit tied to Pins 1 and 3 or Pins 2 and 3)

(VE=0.9V Max @ I =10 mA) 24 WATTS
Max Zener Ve @ lpp
Ir @ Breakdown Voltage Impedance (Note 5.) (Note 6.)
Device | VRwm | VRwwm VgR (Note 4.) (V) @l | Zz1@lzr | Zzk @lzx | Ve | lpp | OVpgR
Device Marking Volts pA Min [ Nom | Max | mA Q Q mA \% A mvV/°C
MMBZ5V6ALT1 5A6 3.0 5.0 5.32 5.6 5.88 20 11 1600 | 0.25 | 8.0 3.0 1.26
MMBZ6V2ALT1 6A2 3.0 0.5 589 | 6.2 | 651 | 1.0 - - - 8.7 | 2.76 2.80
(VE=1.1V Max @ Ig = 200 mA)
Breakdown Voltage Ve @ lpp (Note 6.)
Device VRwM IR @ VRwm Ver (Note 4.) (V) @lr Ve Ipp OVgr
Device Marking Volts pA Min Nom Max mA \Y A mv/°C
MMBZ6VSALT1 6A8 4.5 0.5 6.46 6.8 7.14 1.0 9.6 25 3.4
MMBZ9V1ALT1 9A1 6.0 0.3 8.65 9.1 9.56 1.0 14 1.7 7.5
MMBZ10VALT1 10A 6.5 0.3 9.50 10 10.5 1.0 14.2 1.7 7.5
(VE=1.1V Max @ Ig = 200 mA) 40 WATTS
Breakdown Voltage Ve @ lpp (Note 6.)
Device VRwMm IR @ VRwM Vgr (Note 4.) (V) @l Ve Ipp OVer
Device Marking Volts nA Min Nom Max mA \Y A mV/°C
MMBZ12VALT1 12A 8.5 200 11.40 12 12.60 1.0 17 2.35 7.5
MMBZ15VALT1 15A 12 50 14.25 15 15.75 1.0 21 1.9 12.3
MMBZ18VALT1 18A 14.5 50 17.10 18 18.90 1.0 25 1.6 15.3
MMBZ20VALT1 20A 17 50 19.00 20 21.00 1.0 28 1.4 17.2
MMBZ27VALT1 27A 22 50 25.65 27 28.35 1.0 40 1.0 24.3
MMBZ33VALT1 33A 26 50 31.35 33 34.65 1.0 46 0.87 30.4

4. Vgr measured at pulse test current I+ at an ambient temperature of 25°C.

5. Zzt and Zz are measured by dividing the AC voltage drop across the device by the AC current applied. The specified limits are for Iz(ac)
= 0.1 Iz(pc), with the AC frequency = 1.0 kHz.

6. Surge current waveform per Figure 5. and derate per Figure 6.
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BREAKDOWN VOLTAGE (VOLTS)

C, CAPACITANCE (pF)

MMBZ5V6ALT1 Series

TYPICAL CHARACTERISTICS
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Figure 1. Typical Breakdown Voltage
versus Temperature
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VALUE (%)

Ppk PEAK SURGE POWER (W)

MMBZ5V6ALT1 Series

TYPICAL CHARACTERISTICS

| | o 100
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Figure 5. Pulse Waveform Figure 6. Pulse Derating Curve
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Figure 7. Maximum Non-repetitive Surge Figure 8. Maximum Non-repetitive Surge
Power, P ¢ versus PW Power, P, (NOM) versus PW
Power is defined as Vrgm X Iz(pk) where Vggwm is Power is defined as Vz(NOM) x Iz(pk) where
the clamping voltage at I7(pk). Vz(NOM) is the nominal zener voltage measured at

the low test current used for voltage classification.
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MMBZ5V6ALT1 Series

TYPICAL COMMON ANODE APPLICATIONS
A quad junction common anode design in a SOT-23 whenboard space is at a premium. Teimplified examples

packageprotects four separate lines using only one package.of TVS applications are illustrated below.
This adds flexibility and creativity to PCB design especially

Computer Interface Protection

A
KEYBOARD B
TERMINAL 0 c FUNCTIONAL
PRINTER DECODER
ETC. D
r—1—r0 r=1—r
[ R 2 I R P
| [ |
| [ |
L—t_—a L—4 _J
¢ . GND
—
MMBZ5V6ALT1
THRU
MMBZ33VALT1
Microprocessor Protection
O Vpp
O Vga
ADDRESS BUS
| [ |
RAM ROM
1"
— I 7 I, / I
| |
— | |
DATA BUS R
10 cPU MMBZ5VEALT 1
THRU
CLOCK MMBZ33VALT1
CONTROL BUS ]
1= rTe
R
| [ |
| [ |
L—t a0 L—4_ 4
. . O GND
A
MMBZ5V6ALT1
THRU
MMBZ33VALT1

SOLDERING PRECAUTIONS
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MMBZ15VDLT1,
MMBZ27VCLT1

Preferred Devices

40 Watt Peak Power
Zener Transient Voltage
Suppressors

SOT-23 Dual Common Cathode Zeners
for ESD Protection

These dual monolithic silicon zener diodes are designed for
applications requiring transient overvoltage protection capability. They
are intended for use in voltage and ESD sensitive equipment such as
computers, printers, business machines, communication systems,
medical equipment and other applications. Their dual junction common
cathode design protects two separate lines using only one package.
These devices are ideal for situations where board space is at a
premium.

Specification Features:

* SOT-23 Package Allows Either Two Separate Unidirectional
Configurations or a Single Bidirectional Configuration

* Working Peak Reverse \oltage Range —12.8V, 22 V

¢ Standard Zener Breakdown \Voltage Range — 15V, 27 V

* Peak Power — 40 Watts @ 1.0 ms (Bidirectional),
per Figure 5. Waveform

¢ ESD Rating of Class N (exceeding 16 kV) per the Human
Body Model

* Maximum Clamping Voltage @ Peak Pulse Current

* Low Leakage <100 nA

* Flammability Rating UL 94V-O

Mechanical Characteristics:

CASE: \Void-free, transfer-molded, thermosetting plastic case

FINISH: Corrosion resistant finish, easily solderable

MAXIMUM CASE TEMPERATURE FOR SOLDERING PURPOSES:
260°C for 10 Seconds

Package designed for optimal automated board assembly

ON Semiconductor™

http://onsemi.com

PIN 1. ANODE
2. ANODE
3. CATHODE

SOT-23
CASE 318
STYLE 9

MARKING DIAGRAM

I_I
XXX =
L L
xxx =15D or 27C
M = Date Code

ORDERING INFORMATION

Small package size for high density applications

Device

Package Shipping

Available in 8 mm Tape and Reel
Use the Device Number to order the 7 inch/3,000 unit reel.

MMBZ15VDLT1 | SOT-23 3000/Tape & Reel

Replace the “T1” with “T3” in the Device Number to order the MMBZ15VDLT3 | SOT-23 | 10,000/Tape & Reel

13 inch/10,000 unit reel.

MMBZ27VCLT1 | SOT-23 3000/Tape & Reel

Preferred devices are recommended choices for future use
and best overall value.

O Semiconductor Components Industries, LLC, 2001 146
April, 2001 — Rev. 5

Publication Order Number:
MMBZ15VDLT1/D




MMBZ15VDLT1, MMBZ27VCLT1

MAXIMUM RATINGS

Rating Symbol Value Unit
Peak Power Dissipation @ 1.0 ms (Note 1.) @ T < 25°C Ppk 40 Watts
Total Power Dissipation on FR-5 Board (Note 2.) @ Ta = 25°C Pp 225 mw
Derate above 25°C 1.8 mw/°C
Thermal Resistance Junction to Ambient Raia 556 °C/W
Total Power Dissipation on Alumina Substrate (Note 3.) @ Tp = 25°C Pp 300 mw
Derate above 25°C 2.4 mwW/°C
Thermal Resistance Junction to Ambient Raia 417 °C/W
Junction and Storage Temperature Range T3, Tsig —551t0 +150 °C
Lead Solder Temperature — Maximum (10 Second Duration) T 230 °C
1. Non-repetitive current pulse per Figure 5. and derate above Tp = 25°C per Figure 6.
2. FR-5=1.0x0.75x 0.62 in.
3. Alumina = 0.4 x 0.3 x 0.024 in., 99.5% alumina
ELECTRICAL CHARACTERISTICS |
(Ta = 25°C unless otherwise noted)
UNIDIRECTIONAL (Circuit tied to Pins 1 and 3 or 2 and 3) Ik
Symbol Parameter |
Ipp Maximum Reverse Peak Pulse Current |
, I
Ve Clamping Voltage @ lpp Ve Var VRwm | y
VRWM Working Peak Reverse Voltage | = T IR Ve
T
IR Maximum Reverse Leakage Current @ Vrwwm |
VR Breakdown Voltage @ It :
T Test Current |
______ PP
BOVgR Maximum Temperature Coefficient of Vgr
IF Forward Current Uni-Directional TVS
Vg Forward Voltage @ I
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MMBZ15VDLT1, MMBZ27VCLT1

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)
UNIDIRECTIONAL (Circuit tied to Pins 1 and 3 or Pins 2 and 3)

(VE=0.9V Max @ I = 10 mA)

Breakdown Voltage Ve @ Ipp (Note 5.)
Device VRwM IR @ VrRwM Vgr (Note 4.) (V) @l Ve Ipp OVgr
Device Marking Volts nA Min Nom Max mA \Y A mv/°C
MMBZ15VDLT1 15D 12.8 100 14.3 15 15.8 1.0 21.2 1.9 12
(VE=1.1V Max @ Ig = 200 mA)
Breakdown Voltage Ve @ Ipp (Note 5.)
Device VRwM IR @ VRwM Vgr (Note 4.) (V) @l Ve Ipp OVer
Device Marking Volts nA Min Nom Max mA \Y A mV/°C
MMBZ27VCLT1 27C 22 50 25.65 27 28.35 1.0 38 1.0 26
4. Vgr measured at pulse test current |1 at an ambient temperature of 25°C.
5. Surge current waveform per Figure 5. and derate per Figure 6.
TYPICAL CHARACTERISTICS
MMBZ15VDLT1 MMBZ27VCLT1
17 = 29
S o
® p BIDIRECTIONAL
e BIDIRECTIONAL &£
£ 16 ' /‘ = 28 l
= (%]
& [
= 3
) =
VIR G 27
w
3 >
=
% 14 _— 3 %
a
5 _— UNIDIRECTIONAL =
< &
L o
£ 13 25
-40 +25 +85 +125 -55 +25 +85 +125

TEMPERATURE (°C)

Figure 1. Typical Breakdown Voltage
versus Temperature

Figure 2. Typical Breakdown Voltage
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Pp , POWER DISSIPATION (mW)
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MMQAS5VG6T1 Series

24 Watt Peak Power Zener
Transient Voltage Suppressors

SC-59 Quad Common Anode for Zeners
ESD Protection ON Semiconductor™
These quad monolithic silicon voltage suppressors are designed for

applications requiring transient voltage protection capability. They are
intended for use in voltage and ESD sensitive equipment such as

http://onsemi.com

computers, printers, business machines, communication systems, medical PIN ASSIGNMENT

equipment, and other applications. Their quad junction common anode

design protec';s fom_Jr separate lines using or_1|y one pack_age. These devices E E

are ideal for situations where board space is at a premium. 6 H‘T*

Specification Features: ‘4 IZ EI

* SC-59 Package Allows Four Separate Unidirectional Configurations 1%‘ E APRER Z‘

* Working Peak Reverse \Voltage Range — 3.0 Vto 2.5V ’

* Standard Zener Breakdown Voltage Range — 5.6 V to 33 V SC-59 PIN 1. CATHODE
- —_ . CASE 318F 2. ANODE

* Peak Power — Minimum 24 W @ 1 ms (Unidirectional), per Figure 5 STYLE 1 3. CATHODE

* Peak Power — Minimum 150 W @ 26 (Unidirectional), per Figure 6 g: m{)"t')%DE

* ESD Rating of Class 3 (> 16 KV) per Human Body Model 6. CATHODE

¢ Maximum Clamp Voltage @ Peak Pulse Current
¢ Package Designed for Optimal Automated Board Assembly

* Small Package Size for High Density Applications MARKING DIAGRAM
* Low Leakage < 2.Q0A (11111
Mechanical Characteristics: xXxx =
CASE: Void-free, transfer-molded, thermosetting plastic |:| T
FINISH: All external surfaces are corrosion resistant and leads are
readily solderable xxx = Device Code
MAXIMUM CASE TEMPERATURE FOR SOLDERING PURPOSES: (See Table Next Page)
260°C for 10 Seconds M =Date Code
MAXIMUM RATINGS
Rating Symbol | Value Unit ORDERING INFORMATION
Peak Power Dissipation (Note 1.) Ppk 24 W Device T Package Shipping
@10ms@ T <25°C
Peak Power Dissipation (Note 2.) Ppk 150 W MMQAXXTL SC-59 8000/Tape & Reel
@20us @ T, <25°C MMQAXXXT3 SC-59 10,000/Tape & Reel
Total Power Dissipation (Note 3.) @ Ta = 25°C Pp 225 mwW
Derate Above 25°C 1.8 mw/°C
Thermal Resistance — Junction to Ambient Roia 556 °CIW . .
TThe “T1" suffix refers to an 8 mm, 7 inch reel.
Total Power Dissipation (Note 4.) @ Tp = 25°C Pp 300 mwW The “T3" suffix refers to an 8 mm, 13 inch reel.
Derate Above 25°C 24 mwW/°C
Thermal Resistance — Junction to Ambient Roia 417 °CIW
Junction and Storage Temperature Range Ty Tstg | —55t0 °C
+150
1. Nonrepetitive current pulse per Figure 5 and derated above Tp = 25°C per
Figure 4
2. Nonrepetitive current pulse per Figure 6 and derated above Tp = 25°C per
Figure 4

3. FR-5board =1.0 X 0.75 X 0.62 in.
4. Alumina substrate = 0.4 X 0.3 X 0.024 in., 99.5% alumina
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MMQASV6T1 Series

ELECTRICAL CHARACTERISTICS (Tp =25°C unless “|
otherwise noted, Vg = 0.9 V Max. @ I (Note 5.) = 10 mA) e
Unidirectional (Circuit tied to Pins 1, 2 and 5; Pins 2, 3 and F
5; or 2, 4 and 6; or Pins 2, 5 and 6) |
Symbol Parameter ‘
Ipp Maximum Reverse Peak Pulse Current |
Vc Ver VRwm \ Y
Ve Clamping Voltage @ lpp ——— == |p Vg
It
VRwM Working Peak Reverse Voltage }
IR Maximum Reverse Leakage Current @ Vrwm \
Z77 Maximum Zener Impedance @ Izt |
—————— |
VBR Breakdown Voltage @ It PP
T Test Current L .
Uni—Directional TVS
BOVgR Maximum Temperature Coefficient of Vgr
Ie Forward Current
Vg Forward Voltage @ I
ELECTRICAL CHARACTERISTICS
Breakdown Voltage Y Ipp (Note 7.
IR @ d Z71 (Note 6.) c@lpr )
Devioe VRwM VRwM VgRr (Note 5.) (Volts) @ I+ @ lz7 Ve Ipp OVgr
Device Marking Volts nA Min Nom Max mA Q mA Volts Amps mwW/°C
MMQA5V6T1 5A6 3.0 2000 5.32 5.6 5.88 1.0 400 1.0 8.0 3.0 1.26
MMQAG6V2T1 6A2 4.0 700 5.89 6.2 6.51 1.0 300 1.0 9.0 2.66 10.6
MMQAG6V8T1 6A8 4.3 500 6.46 6.8 7.14 1.0 300 1.0 9.8 2.45 10.9
MMQA12VT1 12A 9.1 75 11.4 12 12.6 1.0 80 1.0 17.3 1.39 14
MMQA13VT1 13A 9.8 75 12.35 13 13.65 1.0 80 1.0 18.6 1.29 15
MMQA15VT1 15A 11 75 14.25 15 15.75 1.0 80 1.0 21.7 1.1 16
MMQA18VT1 18A 14 75 17.1 18 18.9 1.0 80 1.0 26 0.923 19
MMQA20VT1 20A 15 75 19.0 20 21.0 1.0 80 1.0 28.6 0.84 20.1
MMQA21VT1 21A 16 75 19.95 21 22.05 1.0 80 1.0 30.3 0.792 21
MMQA22VT1 22A 17 75 20.9 22 23.1 1.0 80 1.0 31.7 0.758 22
MMQA24VT1 24A 18 75 22.8 24 25.2 1.0 100 1.0 34.6 0.694 25
MMQA27VT1 27A 21 75 25.65 27 28.35 1.0 125 1.0 39.0 0.615 28
MMQAS30VT1 30A 23 75 28.5 30 31.5 1.0 150 1.0 43.3 0.554 32
MMQAS33VT1 33A 25 75 31.35 33 34.65 1.0 200 1.0 48.6 0.504 37

5. Vggr measured at pulse test current It at an ambient temperature of 25°C

6. ZzTis measured by dividing the AC voltage drop across the device by the AC current supplied. The specified limits are 1z(ac) = 0.1 Iz(dc)
with the AC frequency = 1.0 kHz

7. Surge current waveform per Figure 5 and derate per Figure 4
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C, CAPACITANCE (pF)

Pp , POWER DISSIPATION (mW)

MMQAS5V6TL1 Series

TYPICAL CHARACTERISTICS
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Ta, AMBIENT TEMPERATURE (°C)

Figure 4. Pulse Derating Curve
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|

VALUE (%)

Ppk PEAK SURGE POWER (W)

MMQAS5V6TL1 Series

TYPICAL CHARACTERISTICS
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Power is defined as Vrgm X 1z(pk) where Vrgm

is the clamping voltage at Iz(pk).
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MMQASV6T1 Series

TYPICAL COMMON ANODE APPLICATIONS
A quad junction common anode design in a SC-74 when board space is at a premium. A simplified example of

packageprotects four separate lines using only one package. MMQA Series Device applications is illustrated below.
This adds flexibility and creativity to PCB design especially

Computer Interface Protection

A
KEYBOARD B
TERMINAL 110 c FUNCTIONAL
PRINTER DECODER
ETC. D
—F+-4-
I /__//__//__/ —|
gLy
GND
A
MMQA SERIES DEVICE
Microprocessor Protection
O Vpp
O Vge
ADDRESS BUS
| [ |
RAM ROM
DATA BUS
CPU
I/0
CLOCK
CONTROL BUS ]
P e B
I /__//__//__//__/—l
gty
O GND
k_/Y\J

MMQA SERIES DEVICE
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MSQA6V1IWS5T2

Quad Array for
ESD Protection

This quad monolithic silicon voltage suppressor is designed for

applications requiring transient overvoltage protection capability. It is ON Semiconductor™

intended for use in voltage and ESD sensitive equipment such as

computers, printers, business machines, communication systems, http://onsemi.com

medical equipment, and other applications. Its quad junction common

anode design protects four separate lines using only one package. MARKING
These devices are ideal for situations where board space is at a DIAGRAM
premium. ‘
4 5

Specification Features %ﬁ
» SCB88A Package Allows Four Separate Unidirectional Configurations 61 o
. SC-88A/SOT-323

Low Leakage < 1A @ 3 Volt CASE ALOA 123
¢ Breakdown Voltage: 6.1 Volt — 7.2 Volt @ 1 mA
* Low Capacitance (90 pF typical) 61 = Device Marking
* ESD Protection Meeting IEC1000-4-2 D = One Digit Date Code
Mechanical Characteristics
* \oid Free, Transfer—Molded, Thermosetting Plastic Case J
¢ Corrosion Resistant Finish, Easily Solderable ! >
¢ Package Designed for Optimal Automated Board Assembly 20— ¢

* Small Package Size for High Density Applications

ORDERING INFORMATION

Device

Package

Shipping

MSQAGV1IW5T2

SC-88A

3000/Tape & Reel

NOTE: T2 Suffix Devices are Packaged with Pin 1

Opposing Sprocket Hole.

0 Semiconductor Components Industries, LLC, 2001 155
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MSQAG6VIWS5T2

MAXIMUM RATINGS (Ta = 25°C unless otherwise noted)

Characteristic Symbol Value Unit
Peak Power Dissipation @ 20 us @Tp < 25°C (Note 1.) Ppk 150 Watts
Steady State Power — 1 Diode (Note 2.) Pp 385 mwW
Thermal Resistance Junction to Ambient Roia 325 °CIW
Above 25°C, Derate 3.1 mwW/°C
Maximum Junction Temperature Timax 150 °C
Operating Junction and Storage Temperature Range Ty Tstg -55to +150 °C
ESD Discharge MIL STD 883C — Method 3015-6 Vpp 16 kv
IEC1000-4-2, Air Discharge 16
IEC1000-4-2, Contact Discharge 9
Lead Solder Temperature (10 seconds duration) T 260 °C
ELECTRICAL CHARACTERISTICS
Breakdown Voltage Leakage Current Capacitance Max
Ver @ 1 mA (Volts) Irm @ VRm =3V @ 0V Bias VE @ I =200 mA
Device Min Nom Max (nA) (pF) V)
MSQAG6V1WS5S 6.1 6.6 7.2 1.0 90 1.25

1. Non-repetitive current per Figure 1. Derate per Figure 2.

2. Only 1 diode under power. For all 4 diodes under power, Pp will be 25%. Mounted on FR—-4 board with min pad.
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Figure 2. 8 x 20 us Pulse Waveform
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DF6AG6.8FUT1

Quad Array for
ESD Protection

This quad voltage suppressor is designed for applications requiring

transient overvoltage protection capability. It is intended for use in ON Semiconductor™
voltage and ESD sensitive equipment such as computers, printers, _
business machines, communication systems, medical equipment, and http://onsemi.com

other applications. Its quad junction common anode design protects
four separate lines using only one package. These devices are ideal for

situations where board space is at a premium. 1 6
Specification Features 2 5
* SC-88 Package Allows Four Separate Unidirectional Configurations

* Low Leakage < A @ 5 Volt 3 4

* Breakdown \oltage: 6.4 — 7.2 Volt @ 5 mA
¢ Low Capacitance (40 pF typical)

* ESD Protection Meeting 61000—4-2 Level 4
and 16 kV Human Body Model MARKING

g%@ DIAGRAM
Mechanical Characteristics 6[] 5[] 4[]

* \oid Free, Transfer—Molded, Thermosetting Plastic Case sc_ss
* Corrosion Resistant Finish, Easily Solderable CASE 4198 o 68¢
* Package Designed for Optimal Automated Board Assembly PLASTIC nBIEl

Small Package Size for High Density Applications
68 = Device Marking
d = One Digit Date Code

MAXIMUM RATINGS (Tp = 25°C unless otherwise noted) O = Pin 1 Indicator
Rating Symbol Value Unit
Peak Power Dissipation @ 8 x 20 us Ppk 75 Watts
(Note 1) ORDERING INFORMATION
Steady State Power Dissipation Pp 385 mwW Device Package Shipping
(Note 2)
Thermal Resistance — Roon DF6A6.8FUT1 SC-88 3000/Tape & Reel
Junction to Ambient 328 °C/W
Derate Above 25°C 3.0 mw/°C
Maximum Junction Temperature T Imax 150 °C
Operating Junction and Storage T3, Tstg -55to °C
Temperature Range +150
ESD Discharge Vpp kv
MIL STD 883C — Method 3015-6 16
IEC61000—4-2, Air Discharge 16
IEC61000-4-2, Contact Discharge 8
Lead Solder Temperature T 260 °C
(10 seconds duration)

1. Per Waveform Figure 1
2. Mounted on FR-5 Board = 1.0 X 0.75 X 0.062 in.

0 Semiconductor Components Industries, LLC, 2001 158 Publication Order Number:
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DF6A6.8FUT1

VBr VRWM
I
V—| Curve
ELECTRICAL CHARACTERISTICS
Typical Max Max
Breakdown Voltage Leakage Current Capacitance Max Z; @ Zzx @
Devi Vgr @ 5 mA (Volts) Irv @ VRwm=5V | @0VBias | VF@Ir=10mA | 5mA | 0.5mA
evice
Device Marking Min Nom Max (uA) (pF) ) (Q) (Q)
DF6A6.8FUT1 68 6.4 6.8 7.2 1.0 40 1.25 30 300
100 f—> T T T T 50
t, PEAK VALUE Iggy @ 8 us
= 9 I [ I ~ 45
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Ve, CLAMPING VOLTAGE (VOLTS)

Figure 4. Clamping Voltage versus Peak

Pulse Current




SMSO05T1

SC-74 Quad Transient
Voltage Suppressor

for ESD Protection

This quad monolithic silicon voltage suppressor is designed for
applications requiring transient overvoltage protection capability. It is
intended for use in voltage and ESD sensitive equipment such as
computers, printers, business machines, communication systems and
other applications. This quad device provides superior surge SC-74 QUAD TRANSIENT
protection over current quad Zener MMQA series by providing up to VOLTAGE SUPPRESSOR
350 watts peak power. 350 WATTS PEAK POWER
Features: 5VOLTS
* SC-74 Package Allows Four Separate Unidirectional Configurations
* Peak Power — 350 Watts, 8 x 28
* ESD Rating of Class N (Exceeding 25 kV) per the

Human Body Model
¢ ESD Rating:

IEC 61000-4-2 (ESD) 15 kV (air) 8 kV (contact) E

3
IEC 61000—4—4 (EFT) 40 Amps (5/50 ns) %?é B B
ot g

ON Semiconductor™

http://onsemi.com

PIN ASSIGNMENT

IEC 61000-4-5 (lighting) 23 Amps (8/2@)

¢ UL Flammability Rating of 94V-0 E

Typical Applications: CASS(;_ZEBF PIN 1. CATHODE
¢ Hand Held Portable Applications such as Cell Phones, Pagers, STYLE 1 2 ANODE
Notebooks and Notebook Computers 3. CATHODE
4. CATHODE
5. ANODE
MAXIMUM RATINGS 6. CATHODE
Rating Symbol Value Unit
Peak Power Dissipation Ppk 350 W MARKING DIAGRAM
8x20uS @ Tp =25°C (Note 1.) |—| |—| |—|
Total Power Dissipation on FR-5 Board Pp 225 mwW d
@ Ta = 25°C (Note 2.) ° XXX
Derate Above 25°C 1.8 mw/°C |_| |_| |_|
Thermal Resistance, Rgia 556 °C/W ]
Junction—to—Ambient xxx = Device Code
d = Date Code
Junction and Storage T3, Tstg -55to °C
Temperature Range +150
Lead Solder Temperature — T 260 °C
Maximum 10 Seconds Duration ORDERING INFORMATION
1. Non-repetitive current pulse 8 x 20 uS exponential decay waveform Device Package Shipping
2. FR-5=1.0x0.75x0.62 in.
SMS05T1 SC-74 3000/Tape & Reel
SMSO05T3 SC-74 10,000/Tape & Reel
0 Semiconductor Components Industries, LLC, 2001 160 Publication Order Number:
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SMSO05T1

Ve Ver VrRwM

\%
ELECTRICAL CHARACTERISTICS
Characteristic Symbol Min Typ Max Unit
Reverse Breakdown Voltage @ |, = 1.0 mA VBR 6.0 - 7.2 \Y
Reverse Leakage Current @ Vrwn = 5.0 Volts Ir N/A - 20 uA
Maximum Clamping Voltage @ Ipp = 5.0 A, 8 x 20 uS Ve N/A - 9.8 \%
Maximum Clamping Voltage @ Ipp = 23 A, 8 X 20 uS Ve N/A - 155 \%
Between I/O Pins and Ground @ Vg = 0 Volts, 1.0 MHz Capacitance 250 300 400 pF
10 110
= ¥
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tp, PULSE DURATION (us)

Figure 1. Non—Repetitive Peak Pulse Power

versus Pulse Time
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Ta, AMBIENT TEMPERATURE (°C)

Figure 2. Power Derating Curve
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CHAPTER 6
Zener Voltage Regulator Diodes —
Axial Leaded Data Sheets
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1N4370A Series

500 mW DO-35 Hermetically
Sealed Glass Zener Voltage
Regulators

This is a complete series of 500 mW Zener diodes with limits and

ON Semiconductor™

excellent operating characteristics that reflect the superior capabilities

of silicon—oxide passivated junctions. All this in an axial-lead

http://onsemi.com

hermetically sealed glass package that offers protection in all common

environmental conditions.

Specification Features:

* Zener \oltage Range —2.4Vto 12V

¢ ESD Rating of Class 3 (>16 KV) per Human Body Model

¢ DO-204AH (DO-35) Package — Smaller than Conventional
DO-204AA Package

¢ Double Slug Type Construction

¢ Metallurgical Bonded Construction

Mechanical Characteristics:

CASE: Double slug type, hermetically sealed glass

FINISH: All external surfaces are corrosion resistant and leads are
readily solderable

MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES:
23C°C, 1/186 from the case for 10 seconds

POLARITY: Cathode indicated by polarity band

MOUNTING POSITION: Any

MAXIMUM RATINGS (Note 1.)

Rating Symbol Value Unit
Max. Steady State Power Dissipation Pp 500 mw
@ T_ £75°C, Lead Length = 3/8"
Derate above 75°C 4.0 mw/°C
Operating and Storage T3, Tstg —65 to °C
Temperature Range +200
1. Some part number series have lower JEDEC registered ratings.
0 Semiconductor Components Industries, LLC, 2001 165

May, 2001 — Rev. 1

o 11 o
Cathode Anode
AXIAL LEAD
CASE 299
GLASS
MARKING DIAGRAM
L
IN
| x 1
ww

L

1NxxxxA = Device Code

Y
ww

= Assembly Location

(See Table Next Page)

= Year

= Work Week

ORDERING INFORMATION

Device Package Shipping
INXXXXA Axial Lead 3000 Units/Box
INXxxxxARL Axial Lead | 5000/Tape & Reel
INXxxxARL2 * Axial Lead | 5000/Tape & Reel
INxxxxARAL Axial Lead | 3000/Ammo Pack
INXXXXATA Axial Lead | 5000/Ammo Pack
INXXXXATA2 * Axial Lead | 5000/Tape & Reel
INxxxxARRL Axial Lead | 3000/Tape & Reel
INxxxxARR2 ¥ | Axial Lead | 3000/Tape & Reel

* The “2” suffix refers to 26 mm tape spacing.
T Polarity band up with cathode lead off first
* Polarity band down with cathode lead off first

Devices listed in bold, italic are ON Semiconductor
Preferred devices. Preferred devices are recommended
choices for future use and best overall value.

Publication Order Number:

1N4370A/D




1N4370A Series

ELECTRICAL CHARACTERISTICS (Ta =25°C unless
otherwise noted, Vg = 1.5 V Max @ I = 200 mA for all types)

Symbol Parameter
Vyz Reverse Zener Voltage @ Izt
Iz Reverse Current
Z77 Maximum Zener Impedance @ Izt v
Izm Maximum DC Zener Current o
IR Reverse Leakage Current @ VR
VR Reverse Voltage
I Forward Current
Vg Forward Voltage @ Ir
Zener Voltage Regulator
ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted, Vg = 1.5 V Max @ Iz = 200 mA for all types)
Zener Voltage (Note 3. | VgR=1V
ge ( ) Zr (Note 4.) RO VR
Vz (Volt | Ta =25°C Ta = 150°C
Device Devioe z (Volts) @ lzr @ Iz Izm (Note 5.) A A
(Note 2.) Marking Min Nom Max (mA) (Q) (mA) (HA) (HA)
1N4370A 1N4370A 2.28 24 2.52 20 30 150 100 200
1N4371A 1IN4371A 2.57 2.7 2.84 20 30 135 75 150
1IN4372A 1IN4372A 2.85 3.0 3.15 20 29 120 50 100
IN746A IN746A 3.14 3.3 3.47 20 28 110 10 30
IN747A IN747A 3.42 3.6 3.78 20 24 100 10 30
IN748A IN748A 3.71 3.9 4.10 20 23 95 10 30
IN749A IN749A 4.09 4.3 4.52 20 22 85 2 30
IN750A 1IN750A 4.47 4.7 4.94 20 19 75 2 30
IN751A IN751A 4.85 5.1 5.36 20 17 70 1 20
IN752A IN752A 5.32 5.6 5.88 20 11 65 1 20
IN753A IN753A 5.89 6.2 6.51 20 7 60 0.1 20
IN754A IN754A 6.46 6.8 7.14 20 5 55 0.1 20
IN755A IN755A 7.13 7.5 7.88 20 6 50 0.1 20
IN756A IN756A 7.79 8.2 8.61 20 8 45 0.1 20
IN757A IN757A 8.65 9.1 9.56 20 10 40 0.1 20
IN758A IN758A 9.50 10 10.5 20 17 35 0.1 20
IN759A IN759A 11.40 12 12.6 20 30 30 0.1 20
2. TOLERANCE AND TYPE NUMBER DESIGNATION (V z)
The type numbers listed have a standard tolerance on the nominal zener voltage of +5%.
3. ZENER VOLTAGE (Vz) MEASUREMENT
Nominal zener voltage is measured with the device junction in the thermal equilibrium at the lead temperature (T, ) at 30°C + 1°C and 3/8"
lead length.
4. ZENER IMPEDANCE (Z7) DERIVATION
Zzt and Zzk are measured by dividing the ac voltage drop across the device by the ac current applied. The specified limits are for Iz(5c) =
0.1 Iz(gc) with the ac frequency = 60 Hz.
5. MAXIMUM ZENER CURRENT RATINGS (Izm)

Values shown are based on the JEDEC rating of 400 mW where the actual zener voltage (Vz) is known at the operating point, the maximum
zener current may be increased and is limited by the derating curve.
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1N4370A Series

APPLICATION NOTE — ZENER VOLTAGE

E (CM)
g

Since the actual voltage available from a given zener
diode is temperature dependent, it is necessary to determiné%
junction temperature under any set of operating conditions & 400
in order to calculate its value. The following procedure is
recommended:

Lead Temperature, T should be determined from:

T|_ = GLAPD + TA-

300

200

O_a is the lead-to-ambient thermal resistari€\(V) and B
is the power dissipation. The value fiyra will vary and

100
depends othe device mounting metha@.  is generally 30

to 40°C/W for the various clips and tie points in common use

JUNCTION-TO-LEAD THERMAL RES

and for printed circuit board wiring.
The temperature of the lead can also be measured using g;
thermocouple placed on the lead as close as possible to the
tie point. The thermal mass connected to the tie point is
normally large enough so that it will not significantly

%::p:é _
e
2.4-60V_—"
// |
| 62-200 V
L~ ~
[
0 02 04 06 08 1

L, LEAD LENGTH TO HEAT SINK (INCH)
Figure 2. Typical Thermal Resistance

respond to heat surges generated in the diode as a result of 1990 I\ T T T T 7
pulsed operation once steady-state conditions are achieved. 5000 \ TYPICAL LEAKAGE CURRENT |
Using the measured value of , Tthe junction temperature 2000 “ AT 80% OF NOMINAL |
may be determined by: " \ BREAKDOWN VOLTAGE
Ty=TL+ ATy 700 \‘\
ATy is the increase in junction temperature above the lead \\
temperature and may be found from Figure 2 for dc power: 200 \
ATy =6,.Pp. 10 1
For worst-case design, using expected limitspfitits _ 50 \
of Pp and the extremes of ;{llT; may be estimated. 3 2 \\
Changes in voltage,/ can then be found from: = \|
AV = evaJ. % 19 \\“
Byz, the zener voltage temperature coefficient, is found % ° \\
from Figures 4 and 5. g 2 \
Under high power-pulse operation, the zener voltage will 4 4 \
vary withtime and may also be affected significantly by the «< 8; \
zener resistance. For best regulation, keep current ' \ +125°C
excursions as low as possible. 0.2 —
Surge limitations are given in Figure 7. They are lower 01 \
than would be expected by considering only junction 3-8; \
temperature, asurrent crowding effects cause temperatures ' \\
to be extremely high in small spots, resulting in device  0.02 N
degradation should the limits of Figure 7 be exceeded. 0.01 N -
0.007 ~ +25°C
0.005
0.002
0.001
3 4 5 6 7 8 9 10 U 12 13 14 15
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1N4370A Series
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I7, ZENER CURRENT (mA)

|7, ZENER CURRENT (mA)

1N4370A Series
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1N4370A Series
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1N957B Series

500 mW DO-35 Hermetically
Sealed Glass Zener Voltage
Regulators

This is a complete series of 500 mW Zener diodes with limits and

ON Semiconductor™

excellent operating characteristics that reflect the superior capabilities

of silicon—oxide passivated junctions. All this in an axial-lead

hermetically sealed glass package that offers protection in all common

environmental conditions.

Specification Features:

* Zener \Voltage Range — 6.8V to 75V

¢ ESD Rating of Class 3 (>16 KV) per Human Body Model

¢ DO-204AH (DO-35) Package — Smaller than Conventional
DO-204AA Package

¢ Double Slug Type Construction

¢ Metallurgical Bonded Construction

Mechanical Characteristics:

CASE: Double slug type, hermetically sealed glass

FINISH: All external surfaces are corrosion resistant and leads are
readily solderable

MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES:
23C°C, 1/186 from the case for 10 seconds

POLARITY: Cathode indicated by polarity band

MOUNTING POSITION: Any

MAXIMUM RATINGS (Note 1.)

Rating Symbol Value Unit
Max. Steady State Power Dissipation Pp 500 mw
@ T_ £75°C, Lead Length = 3/8"
Derate above 75°C 4.0 mw/°C
Operating and Storage T3, Tstg —65 to °C
Temperature Range +200
1. Some part number series have lower JEDEC registered ratings.
0 Semiconductor Components Industries, LLC, 2001 173

May, 2001 — Rev. 1

A

http://onsemi.com

o k‘ o}
Cathode Anode
AXIAL LEAD
CASE 299
GLASS
MARKING DIAGRAM
L
IN
| o 1
X
YWW
L = Assembly Location

1N9xxB = Device Code

Y
ww

(See Table Next Page)

= Year

= Work Week

ORDERING INFORMATION

Device Package Shipping
1N9xxB Axial Lead 3000 Units/Box
1N9xxBRL Axial Lead | 5000/Tape & Reel
1IN9xxBRL2 * Axial Lead | 5000/Tape & Reel
1IN9xxBRA1 Axial Lead | 3000/Ammo Pack
1N9xxBTA Axial Lead | 5000/Ammo Pack
IN9XXBTA2 * Axial Lead | 5000/Tape & Reel
IN9xxBRR1 T Axial Lead | 3000/Tape & Reel
1N9xxBRR2 ¥ Axial Lead | 3000/Tape & Reel

* The “2” suffix refers to 26 mm tape spacing.
T Polarity band up with cathode lead off first
* Polarity band down with cathode lead off first

Publication Order Number:

1N957B/D




1N957B Series

ELECTRICAL CHARACTERISTICS (Tp =25°C unless |
otherwise noted, Vg = 1.5 V Max @ I = 200 mA for all types) ‘L
|
Symbol Parameter F
Vyz Reverse Zener Voltage @ Izt
Iz Reverse Current
Z77 Maximum Zener Impedance @ Izt v
Izk Reverse Current o
Zzk Maximum Zener Impedance @ lzk
IR Reverse Leakage Current @ VR
VR Breakdown Voltage
I Forward Current
Vg Forward Voltage @ I
- Zener Voltage Regulator
Izm Maximum DC Zener Current
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted, Vg = 1.5 V Max @ Ig = 200 mA for all types)
Zener Voltage (Note 3.) Zener Impedance (Note 4.) Leakage Current |
™M
V7 (Volts | Z I Z | | V .
Device Device z (Volts) @ Izt 21 @ lz7 2K @ Iz¢ R @ VR (Note 5.)
(Note 2.) Marking Min Nom Max mA Q Q mA HA Volts mA
1IN957B 1IN957B 6.46 6.8 7.14 18.5 4.5 700 1.0 150 5.2 47
1N958B 1N958B 7.125 7.5 7.875 16.5 5.5 700 0.5 75 5.7 42
1N959B 1N959B 7.79 8.2 8.61 15 6.5 700 0.5 50 6.2 38
1N960B 1N960B 8.645 9.1 9.555 14 7.5 700 0.5 25 6.9 35
1N961B 1IN961B 9.5 10 10.5 12.5 8.5 700 0.25 10 7.6 32
1N962B 1N962B 10.45 11 11.55 11.5 9.5 700 0.25 5 8.4 28
1N963B 1N963B 11.4 12 12.6 10.5 11.5 700 0.25 5 9.1 26
1N964B 1N964B 12.35 13 13.65 9.5 13 700 0.25 5 9.9 24
1N965B 1N965B 14.25 15 15.75 8.5 16 700 0.25 5 11.4 21
1N966B 1N966B 15.2 16 16.8 7.8 17 700 0.25 5 12.2 19
1N967B 1N967B 171 18 18.9 7.0 21 750 0.25 5 13.7 17
1N968B 1N968B 19 20 21 6.2 25 750 0.25 5 15.2 15
1N969B 1N969B 20.9 22 23.1 5.6 29 750 0.25 5 16.7 14
1N970B 1N970B 22.8 24 25.2 5.2 33 750 0.25 5 18.2 13
1IN971B 1IN971B 25.65 27 28.35 4.6 41 750 0.25 5 20.6 11
1N972B 1N972B 28.5 30 315 4.2 49 1000 0.25 5 22.8 10
1N973B 1N973B 31.35 33 34.65 3.8 58 1000 0.25 5 25.1 9.2
1N974B 1N974B 34.2 36 37.8 3.4 70 1000 0.25 5 27.4 8.5
1N975B 1N975B 37.05 39 40.95 3.2 80 1000 0.25 5 29.7 7.8
1N978B 1N978B 48.45 51 53.55 25 125 1500 0.25 5 38.8 5.9
1N979B 1N979B 53.2 56 58.8 2.2 150 2000 0.25 5 42.6 54
1N982B 1N982B 71.25 75 78.75 1.7 270 2000 0.25 5 56 4.1

2. TOLERANCE AND VOLTAGE DESIGNATION
Tolerance designation — Device tolerance of 5% is indicated by a “B” suffix.

3. ZENER VOLTAGE (Vz) MEASUREMENT
Nominal zener voltage is measured with the device junction in the thermal equilibrium at the lead temperature (T|) at 30°C + 1°C and 3/8"
lead length.

4. ZENER IMPEDANCE (Z7) DERIVATION
Zzt and Zz are measured by dividing the ac voltage drop across the device by the ac current applied. The specified limits are for Iz(ac) =
0.1 Iz(gc) with the ac frequency = 60 Hz.

5. MAXIMUM ZENER CURRENT RATINGS (Izm)
Values shown are based on the JEDEC rating of 400 mW where the actual zener voltage (V) is known at the operating point, the maximum
zener current may be increased and is limited by the derating curve.
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1N957B Series

APPLICATION NOTE — ZENER VOLTAGE

E (CM)
g

Since the actual voltage available from a given zener
diode is temperature dependent, it is necessary to determiné%
junction temperature under any set of operating conditions & 400
in order to calculate its value. The following procedure is
recommended:

Lead Temperature, T should be determined from:

T|_ = GLAPD + TA-

300

200

O_a is the lead-to-ambient thermal resistari€\(V) and B
is the power dissipation. The value fiyra will vary and

100
depends othe device mounting metha@.  is generally 30

to 40°C/W for the various clips and tie points in common use

JUNCTION-TO-LEAD THERMAL RES

and for printed circuit board wiring.
The temperature of the lead can also be measured using g;
thermocouple placed on the lead as close as possible to the
tie point. The thermal mass connected to the tie point is
normally large enough so that it will not significantly

%::p:é _
e
2.4-60V_—"
// |
| 62-200 V
L~ ~
[
0 02 04 06 08 1

L, LEAD LENGTH TO HEAT SINK (INCH)
Figure 2. Typical Thermal Resistance

respond to heat surges generated in the diode as a result of 1990 I\ T T T T 7
pulsed operation once steady-state conditions are achieved. 5000 \ TYPICAL LEAKAGE CURRENT |
Using the measured value of , Tthe junction temperature 2000 “ AT 80% OF NOMINAL |
may be determined by: " \ BREAKDOWN VOLTAGE
Ty=TL+ ATy 700 \‘\
ATy is the increase in junction temperature above the lead \\
temperature and may be found from Figure 2 for dc power: 200 \
ATy =6,.Pp. 10 1
For worst-case design, using expected limitspfitits _ 50 \
of Pp and the extremes of ;{llT; may be estimated. 3 2 \\
Changes in voltage,/ can then be found from: = \|
AV = evaJ. % 19 \\“
Byz, the zener voltage temperature coefficient, is found % ° \\
from Figures 4 and 5. g 2 \
Under high power-pulse operation, the zener voltage will 4 4 \
vary withtime and may also be affected significantly by the «< 8; \
zener resistance. For best regulation, keep current ' \ +125°C
excursions as low as possible. 0.2 —
Surge limitations are given in Figure 7. They are lower 01 \
than would be expected by considering only junction 3-8; \
temperature, asurrent crowding effects cause temperatures ' \\
to be extremely high in small spots, resulting in device  0.02 N
degradation should the limits of Figure 7 be exceeded. 0.01 N -
0.007 ~ +25°C
0.005
0.002
0.001
3 4 5 6 7 8 9 10 U 12 13 14 15
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1N957B Series

TEMPERATURE COEFFICIENTS
(-55°C to +150°C temperature range; 90% of the units are in the ranges indicated.)
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1N957B Series

100 —— 1 T
7 ™~ T RECTANGULAR [
£ 50 ~ 11V-91 V NONREPETITIVE WAVEFORM H
= \‘\ T [ T;=25°CPRIORTO [
S 30|~ 5% DUTY CYCLE ~& 1.8 V-10 V NONREPETITIVE INTIALPULSE |
o —— ST
w 20 Pt P~y
; T — Ty \

2 | T ~
w 10— 10% DUTY CYCLE — —
S 1 I I | — ~
= — ==
n 5 y ¥ — ]
=< | 20% DUTY CYCLE —— ———
< — —
w 3 \~~~. \\:\_~_-
< 2 P
Q_Q-

1

0.01  0.02 0.05 0.1 0.2 0.5 1 2 5 10 20 50 100 200 500 1000

PW, PULSE WIDTH (ms)
Figure 7a. Maximum Surge Power 1.8-91 Volts

1000 e 1000 = T -
_ 1 S = N\, V=27V b |
E a0 RECTANGULAR Hla NN ‘ﬂ‘\L fz= 60 H-z B
S 500N WAVEFORM, T, = 25°C ?25 200 N I
& 100 b8 o 100 \‘ﬂl.\ N
£ 70 e 27V
a 50 100-200 VOLTS NONREPETITIVE S 50 —

L N ) N —
S 30 o ]
% 20 a % 2 ~e
x 10 ™ = 10 g 82V S
o7 = = -
& 5 ' £ 5
~ a ~
2 S —
1 1
0.01 0.1 1 10 100 1000 01 02 0.5 1 2 5 10 20 50 100
PW, PULSE WIDTH (ms) Iz, ZENER CURRENT (mA)
Figure 7b. Maximum Surge Power DO-204AH Figure 8. Effect of Zener Current on
100-200 Volts Zener Impedance

1000 —_—— - —

700 T, =25°C o maxivum
@ 500 iz(rms) = 0.1 Iz(dc) s00F 7
= —— PE= =N N [ ————- MINIMUM 71717
3 Iz=1mA \ =60 Hz P z " A1
uOT 200 — | / P §200 7 K / y g
&) I \ A A E 4 [ A

1 \ 4 St
E 98 5mA So 1 | Z T - E 100 ’l 7 = "rl "I III’/
w50 i N 7 - % 50 i 7 7
o | \ = 7 3 /- VAL // Z
= / [m]

5 20mA N HHH A — £ 2 75°C 2 T 7/
% 10 \\ o == % 10 7 E——F i
5 3 7 " 5[150°C Al N 'l/*:ﬁ 2°C
Ny \{ Hy4 o X /1 /,' 1 (I)OC

2 ™ 217 177 A7 =

1 1 y.4 / /l |

1 2 3 5 7 10 20 30 50 70 100 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1

Vz, ZENER VOLTAGE (VOLTS) Vi, FORWARD VOLTAGE (VOLTS)
Figure 9. Effect of Zener Voltage on Zener Impedance Figure 10. Typical Forward Characteristics

http://onsemi.com
178



I7, ZENER CURRENT (mA)

|7, ZENER CURRENT (mA)

1N957B Series

NIRVa7//an [ ]
[/ (

o
-
N —

LS

1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16
Vz, ZENER VOLTAGE (VOLTS)
Figure 11. Zener Voltage versus Zener Current—V 7 = 1 thru 16 Volts
10 ‘
Tp = 25°
; /
0.1
0.01
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Vz, ZENER VOLTAGE (VOLTS)

Figure 12. Zener Voltage versus Zener Current —V 7 = 15 thru 30 Volts

http://onsemi.com
179



|7, ZENER CURRENT (mA)

|7, ZENER CURRENT (mA)
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1N5985B Series

500 mW DO-35 Hermetically
Sealed Glass Zener Voltage
Regulators

This is a complete series of 500 mW Zener diodes with limits and
excellent operating characteristics that reflect the superior capabilities
of silicon—oxide passivated junctions. All this in an axial-lead
hermetically sealed glass package that offers protection in all common
environmental conditions.

Specification Features:

* Zener \oltage Range — 2.4V to 20 V

¢ ESD Rating of Class 3 (>16 KV) per Human Body Model

¢ DO-204AH (DO-35) Package — Smaller than Conventional
DO-204AA Package

¢ Double Slug Type Construction

¢ Metallurgical Bonded Construction

Mechanical Characteristics:

CASE: Double slug type, hermetically sealed glass

FINISH: All external surfaces are corrosion resistant and leads are
readily solderable

MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES:
23C°C, 1/186 from the case for 10 seconds

POLARITY: Cathode indicated by polarity band

MOUNTING POSITION: Any

MAXIMUM RATINGS (Note 1.)

ON Semiconductor™

http://onsemi.com

A

o k‘ o}
Cathode Anode
AXIAL LEAD
CASE 299
GLASS
MARKING DIAGRAM
L
IN
| XX 1
xxB
YWW
L = Assembly Location

1NxxxxB = Device Code

(See Table Next Page)

Y = Year
Rating Symbol Value Unit WW = Work Week
Max. Steady State Power Dissipation Pp 500 mw
@ T_ £75°C, Lead Length = 3/8"
Derate above 75°C 4.0 mw/°C ORDERING INFORMATION
Operating and Storage T3, Tetg —65 to °C Device Package Shipping
Temperature Range +200 . .
1NxxxxB Axial Lead 3000 Units/Box
1. Some part number series have lower JEDEC registered ratings.
1NxxxxBRL Axial Lead | 5000/Tape & Reel
INxxxxBRL2 * Axial Lead | 5000/Tape & Reel
INxxxxBTA Axial Lead | 5000/Ammo Pack
INxxxxBTA2 * Axial Lead | 5000/Tape & Reel
INxxxxBRR1 Axial Lead | 3000/Tape & Reel
1NxxxxBRR2 ¥ Axial Lead | 3000/Tape & Reel

* The “2” suffix refers to 26 mm tape spacing.
Polarity band up with cathode lead off first
* Polarity band down with cathode lead off first

Devices listed in bold, italic are ON Semiconductor
Preferred devices. Preferred devices are recommended
choices for future use and best overall value.

0 Semiconductor Components Industries, LLC, 2001 181
May, 2001 — Rev. 1

Publication Order Number:
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1N5985B Series

ELECTRICAL CHARACTERISTICS (T, = 30°C unless |
otherwise noted, Vg = 1.5V Max @ I = 100 mA for all types) A
|
Symbol Parameter F
Vyz Reverse Zener Voltage @ Izt
Iz Reverse Current
Z77 Maximum Zener Impedance @ Izt v
Izk Reverse Current o
Zzk Maximum Zener Impedance @ lzk
IR Reverse Leakage Current @ VR
VR Breakdown Voltage
I Forward Current
Vg Forward Voltage @ I
- Zener Voltage Regulator
Izm Maximum DC Zener Current
ELECTRICAL CHARACTERISTICS (T, = 30°C unless otherwise noted, Vg = 1.5 V Max @ Iz = 100 mA for all types)
Zener Voltage (Note 3.) Zener Impedance (Note 4.) Leakage Current |
™
V7 (Volt | Z I Z | | V .
Devioe Device z (Volts) @ Izt 21 @ Iz7 7k @ Izk R @ VR (Note 5.)
(Note 2.) Marking Min Nom Max mA Q Q mA HA Volts mA
1N5985B 1N5985B 2.28 2.4 2.52 5 100 1800 0.25 100 1.0 208
1IN5987B 1N5987B 2.85 3.0 3.15 5 95 2000 0.25 50 1.0 167
1N5988B | 1N5988B 3.13 3.3 3.46 5 95 2200 0.25 25 1.0 152
1N5990B 1N5990B 3.7 3.9 4.09 5 90 2400 0.25 10 1.0 128
1IN5991B 1N5991B 4.08 4.3 4.51 5 88 2500 0.25 5.0 1.0 116
IN5992B | 1N5992B 4.46 4.7 4.93 5 70 2200 0.25 3.0 15 106
IN5993B IN5993B 4.84 5.1 5.35 5 50 2050 0.25 2.0 2.0 98
IN5994B IN5994B 532 5.6 5.88 5 25 1800 0.25 2.0 3.0 89
1IN5995B 1N5995B 5.89 6.2 6.51 5 10 1300 0.25 1.0 4.0 81
1IN5996B 1N5996B 6.46 6.8 7.14 5 8.0 750 0.25 1.0 5.2 74
1N5997B 1N5997B 7.12 7.5 7.87 5 7.0 600 0.25 0.5 6.0 67
IN5998B IN5998B 7.79 8.2 8.61 5 7.0 600 0.25 0.5 6.5 61
1N5999B 1N5999B 8.64 9.1 9.55 5 10 600 0.25 0.1 7.0 55
1N6000B 1N6000B 9.5 10 10.5 5 15 600 0.25 0.1 8.0 50
1N6001B 1N6001B 10.45 11 11.55 5 18 600 0.25 0.1 8.4 45
1N6002B | 1N6002B 11.4 12 12.6 5 22 600 0.25 0.1 9.1 42
1N6004B 1N6004B 14.25 15 15.75 5 32 600 0.25 0.1 11 33
1N6007B 1N6007B 19 20 21 5 48 600 0.25 0.1 15 25

2. TOLERANCE AND VOLTAGE DESIGNATION
Tolerance designation — Device tolerance of +5% is indicated by a “B” suffix.

3. ZENER VOLTAGE (Vz) MEASUREMENT
The zener voltage is measured with the device junction in the thermal equilibrium at the lead temperature (T ) at 30°C + 1°C and 3/8" lead
length.

4. ZENER IMPEDANCE (Z7) DERIVATION
Zzt and Zz are measured by dividing the ac voltage drop across the device by the ac current applied. The specified limits are for Iz(ac) =
0.1 Iz(gc) with the ac frequency = 1.0 kHz.

5. MAXIMUM ZENER CURRENT RATINGS (I zm)
This data was calculated using nominal voltages. The maximum current handling capability on a worst case basis is limited by the actual
zener voltage at the operation point and the power derating curve.
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Figure 1. Steady State Power Derating
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1N5985B Series

APPLICATION NOTE — ZENER VOLTAGE

E (CM)
g

Since the actual voltage available from a given zener
diode is temperature dependent, it is necessary to determiné%
junction temperature under any set of operating conditions & 400
in order to calculate its value. The following procedure is
recommended:

Lead Temperature, T should be determined from:

T|_ = GLAPD + TA-

300

200

O_a is the lead-to-ambient thermal resistari€\(V) and B
is the power dissipation. The value fiyra will vary and

100
depends othe device mounting metha@.  is generally 30

to 40°C/W for the various clips and tie points in common use

JUNCTION-TO-LEAD THERMAL RES

and for printed circuit board wiring.
The temperature of the lead can also be measured using g;
thermocouple placed on the lead as close as possible to the
tie point. The thermal mass connected to the tie point is
normally large enough so that it will not significantly

%::p:é _
e
2.4-60V_—"
// |
| 62-200 V
L~ ~
[
0 02 04 06 08 1

L, LEAD LENGTH TO HEAT SINK (INCH)
Figure 2. Typical Thermal Resistance

respond to heat surges generated in the diode as a result of 1990 I\ T T T T 7
pulsed operation once steady-state conditions are achieved. 5000 \ TYPICAL LEAKAGE CURRENT |
Using the measured value of , Tthe junction temperature 2000 “ AT 80% OF NOMINAL |
may be determined by: " \ BREAKDOWN VOLTAGE
Ty=TL+ ATy 700 \‘\
ATy is the increase in junction temperature above the lead \\
temperature and may be found from Figure 2 for dc power: 200 \
ATy =6,.Pp. 10 1
For worst-case design, using expected limitspfitits _ 50 \
of Pp and the extremes of ;{llT; may be estimated. 3 2 \\
Changes in voltage,/ can then be found from: = \|
AV = evaJ. % 19 \\“
Byz, the zener voltage temperature coefficient, is found % ° \\
from Figures 4 and 5. g 2 \
Under high power-pulse operation, the zener voltage will 4 4 \
vary withtime and may also be affected significantly by the «< 8; \
zener resistance. For best regulation, keep current ' \ +125°C
excursions as low as possible. 0.2 —
Surge limitations are given in Figure 7. They are lower 01 \
than would be expected by considering only junction 3-8; \
temperature, asurrent crowding effects cause temperatures ' \\
to be extremely high in small spots, resulting in device  0.02 N
degradation should the limits of Figure 7 be exceeded. 0.01 N -
0.007 ~ +25°C
0.005
0.002
0.001
3 4 5 6 7 8 9 10 U 12 13 14 15

http://onsemi.com
184

Vz, NOMINAL ZENER VOLTAGE (VOLTS)
Figure 3. Typical Leakage Current



+12
+10
+8
+6
+4

+2

6Vz , TEMPERATURE COEFFICIENT (mV/°C)

200

180

160

140

120

0Vz , TEMPERATURE COEFFICIENT (mV/°C)

100

1000
500

200

—_
o o
o o

n
o

C, CAPACITANCE (pF)
o S

- N

IN5985B Se

ries

TEMPERATURE COEFFICIENTS
(-55°C to +150°C temperature range; 90% of the units are in the ranges indicated.)

130 140 150 160 170 180 190 200
Viz, ZENER VOLTAGE (VOLTS)

Figure 4c. Range for Units 12

0 to 200 Volts

—F T ——F 100
= TW=BCe 7
~J_ 0VBIAS 50
o~
SSA z ¥
= - 1VBIAS w20
AN DS %
M N T £ o
~ g 7
N N o
50% OF =0 & 5
VzBIAS = S g
2
1
1 2 5 10 20 5 100

Vz, ZENER VOLTAGE (VOLTS)
Figure 6a. Typical Capacitance 2.4-100 Volts

:6 100
= 7
z 0 =
£ 50 =
— Z | —
* L~ EJ) 7 1
LT S ., A RANGE V7 @ Iz (NOTE 2)
e i
vV A ! < 5
// RANGE V7@ g7 E
pd (NOTE 2) E 2
~1—+ N
e 1
3 4 5 6 7 8 9 10 N 12 10 20 30 50 70 100
V'z, ZENER VOLTAGE (VOLTS) Vz, ZENER VOLTAGE (VOLTS)
Figure 4a. Range for Units to 12 Volts Figure 4b. Range for Units 12 to 100 Volts
o +6 |
E T
£ Vz@1z
% +4 Ty =25°C
2 | il
E +2 7Ar
L ; 8 20 mA ///
,// £ NAY | vorma
L
T _— Vz @z s é/%/ 1mA |
L (NOTE 2) o NOTE: BELOW 3 VOLTS AND ABOVE 8 VOLTS
t - CHANGES IN ZENER CURRENT DO NOT
| q>';' 4 AFFECT TEMPERATURE COEFFICIENTS

3 4 5 6 7 8
V, ZENER VOLTAGE (VOLTS)

Figure 5. Effect of Zener Current
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1N5985B Series
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I7, ZENER CURRENT (mA)
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1N5985B Series
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Figure 11. Zener Voltage versus Zener Current—V 7 = 1 thru 16 Volts
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Figure 12. Zener Voltage versus Zener Current —V 7 = 15 thru 30 Volts
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|7, ZENER CURRENT (mA)
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1N5985B Series
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Figure 13. Zener Voltage versus Zener Current —V 7 = 30 thru 105 Volts
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Figure 14. Zener Voltage versus Zener Current —V 7 = 110 thru 220 Volts
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BZX79C2V4RL Series

500 mW DO-35 Hermetically
Sealed Glass Zener Voltage

Regulators

This is a complete series of 500 mW Zener diodes with limits and

ON Semiconductor™

excellent operating characteristics that reflect the superior capabilities

of silicon—oxide passivated junctions. All this in an axial-lead

http://onsemi.com

hermetically sealed glass package that offers protection in all common

environmental conditions.

Specification Features:
* Zener \oltage Range — 2.4V to 33V

¢ ESD Rating of Class 3 (>16 KV) per Human Body Model

¢ DO-204AH (DO-35) Package — Smaller than Conventional

DO-204AA Package
¢ Double Slug Type Construction
* Metallurgical Bonded Construction

Mechanical Characteristics:
CASE: Double slug type, hermetically sealed glass

FINISH: All external surfaces are corrosion resistant and leads are

readily solderable

MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES:

230°C, 1/18 from the case for 10 seconds
POLARITY: Cathode indicated by polarity band
MOUNTING POSITION: Any

MAXIMUM RATINGS (Note 1.)

o 11 o
Cathode Anode
AXIAL LEAD
CASE 299
GLASS
MARKING DIAGRAM
L
| o0 1
YWW

L

79Cxxx = Device Code

Y
ww

= Assembly Location

(See Table Next Page)

= Year

= Work Week

ORDERING INFORMATION

Rating Symbol Value Unit
Max. Steady State Power Dissipation Pp 500 mw
@ T_ £75°C, Lead Length = 3/8"
Derate above 75°C 4.0 mw/°C
Operating and Storage T3, Tstg —65 to °C
Temperature Range +200
1. Some part number series have lower JEDEC registered ratings.
0 Semiconductor Components Industries, LLC, 2001 189

May, 2001 — Rev. 1

Device Package Shipping
BZX79CxxxRL Axial Lead | 5000/Tape & Reel
BZX79CxxxRL2* | Axial Lead [ 5000/Tape & Reel

* The “2” suffix refers to 26 mm tape spacing.

Publication Order Number:

BZX79C2V4RL/I5




BZX79C2V4RL Series

ELECTRICAL CHARACTERISTICS (T, = 30°C unless |
otherwise noted, Vg = 1.5V Max @ I = 100 mA for all types) A
Symbol Parameter IF
Vyz Reverse Zener Voltage @ Izt
Iz Reverse Current
Z77 Maximum Zener Impedance @ Izt v
BOVgR Temperature Coefficient of Vgg (Typical) -
IR Reverse Leakage Current (Tp = 25°C) @ VR
VR Breakdown Voltage
I Forward Current
Vg Forward Voltage @ Ir
C Capacitance (Typical)
Zener Voltage Regulator
ELECTRICAL CHARACTERISTICS (T, = 30°C unless otherwise noted, Vg = 1.5 V Max @ Iz = 100 mA for all types)
Zener Voltage (Note 3.) Zz7 (Note 4.) | Leakage Current OVgRr Cc
@ Izr Vz=0,
V7 (Volts | =1. | V mV/°C =1.
Device Device z ( ) @ Izt | (Ff=1.0kHz) R @ VR f=1.0 MHz
(Note 2.) Marking Min Nom Max mA Q MA Volts Min Max pF
BZX79C2V4RL 79C2Vv4 2.28 2.4 2.52 5 100 100 1 -35 0 255
BZX79C2V7RL 79C2V7 2.57 2.7 2.84 5 100 75 1 -3.5 0 230
BZX79C3VORL 79C3V0 2.85 3.0 3.15 5 95 50 1 -3.5 0 215
BZX79C3V3RL | 79C3V3 3.14 3.3 3.47 5 95 25 1 -35 0 200
BZX79C3V6RL 79C3V6 3.42 3.6 3.78 5 90 15 1 -3.5 0 185
BZX79C3V9ORL 79C3V9 3.71 3.9 4.10 5 90 10 1 -35 0.3 175
BZX79C4V7RL 79C4vV7 4.47 4.7 4.94 5 80 3 2 -3.5 0.2 130
BZX79C5V1RL 79C5V1 4.85 5.1 5.36 5 60 2 2 -2.7 1.2 110
BZX79C5V6RL 79C5V6 5.32 5.6 5.88 5 40 1 2 -2.0 2.5 95
BZX79C6V2RL 79C6V2 5.89 6.2 6.51 5 10 3 4 0.4 3.7 90
BZX79C6V8RL 79C6V8 6.46 6.8 7.19 5 15 2 4 1.2 4.5 85
BZX79C7V5RL 79C7V5 7.13 7.5 7.88 5 15 1 5 2.5 5.3 80
BZX79C8V2RL 79C8Vv2 7.79 8.2 8.61 5 15 0.7 5 3.2 6.2 75
BZX79C10RL 79C10 9.5 10 10.5 5 20 0.2 7 4.5 8.0 70
BZX79C12RL 79C12 11.4 12 12.6 5 25 0.1 8 6.0 10 65
BZX79C15RL 79C15 14.25 15 15.75 5 30 0.05 10.5 9.2 13 55
BZX79C16RL 79C16 15.2 16 16.8 5 40 0.05 11.2 10.4 14 52
BZX79C18RL 79C18 17.1 18 18.9 5 45 0.05 12.6 12.9 16 47
BZX79C22RL 79C22 20.9 22 23.1 5 55 0.05 15.4 16.4 20 34
BZX79C24RL 79C24 22.8 24 25.2 5 70 0.05 16.8 18.4 22 33
BZX79C27RL 79C27 25.65 27 28.35 5 80 0.05 18.9 - 235 30
BZX79C30RL 79C30 28.5 30 315 5 80 0.05 21 - 26 27
BZX79C33RL 79C33 31.35 33 34.65 5 80 0.05 23.1 - 29 25

2. TOLERANCE AND VOLTAGE DESIGNATION
Tolerance designation — the type numbers listed have zener voltage min/max limits as shown.
3. REVERSE ZENER VOLTAGE (Vz) MEASUREMENT
Reverse zener voltage is measured under pulse conditions such that T; is no more than 2°C above Ta.
4. ZENER IMPEDANCE (Z7) DERIVATION
Zzt and Zzg are measured by dividing the ac voltage drop across the device by the ac current applied. The specified limits are for I7(ac) =
0.1 Iz(gc) With the ac frequency = 1.0 kHz.
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BZX79C2V4RL Series

APPLICATION NOTE — ZENER VOLTAGE

E (CM)
g

Since the actual voltage available from a given zener
diode is temperature dependent, it is necessary to determiné%
junction temperature under any set of operating conditions & 400
in order to calculate its value. The following procedure is
recommended:

Lead Temperature, T should be determined from:

T|_ = GLAPD + TA-

300

200

O_a is the lead-to-ambient thermal resistari€\(V) and B
is the power dissipation. The value fiyra will vary and

100
depends othe device mounting metha@.  is generally 30

to 40°C/W for the various clips and tie points in common use

JUNCTION-TO-LEAD THERMAL RES

and for printed circuit board wiring.
The temperature of the lead can also be measured using g;
thermocouple placed on the lead as close as possible to the
tie point. The thermal mass connected to the tie point is
normally large enough so that it will not significantly

%::p:é _
e
2.4-60V_—"
// |
| 62-200 V
7
[
0 02 04 06 08 1

L, LEAD LENGTH TO HEAT SINK (INCH)
Figure 2. Typical Thermal Resistance

respond to heat surges generated in the diode as a result of 1990 I\ T T T T 7
pulsed operation once steady-state conditions are achieved. 5000 \ TYPICAL LEAKAGE CURRENT |
Using the measured value of , Tthe junction temperature 2000 “ AT 80% OF NOMINAL |
may be determined by: " \ BREAKDOWN VOLTAGE
Ty=TL+ ATy 700 \‘\
ATy is the increase in junction temperature above the lead \\
temperature and may be found from Figure 2 for dc power: 200 \
ATy =6,.Pp. 19 i
For worst-case design, using expected limitspfitits = 50 \
of Pp and the extremes of ;_AT; may be estimated. = 2 \\
Changes in voltage,/ can then be found from: = \|
AV = evaJ. % 19 \“‘
- . 5
Byz, the zener voltage temperature coefficient, is found § \\
from Figures 4 and 5. g 2 \
Under high power-pulse operation, the zener voltage will 4 4 \
vary withtime and may also be affected significantly by the «< 8; \
zener resistance. For best regulation, keep current ' \ +125°C
excursions as low as possible. 0.2 —
Surge limitations are given in Figure 7. They are lower 01
. . . \
than would be expected by considering only junction 3-8; \
temperature, asurrent crowding effects cause temperatures ' \\
to be extremely high in small spots, resulting in device  0.02 N
degradation should the limits of Figure 7 be exceeded. 0.01 N
0.007 ~ +25°C
0.005
0.002
0.001
3 4 5 6 7 8 9 10 U 12 13 14 15
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BZX79C2V4RL Series

TEMPERATURE COEFFICIENTS
(-55°C to +150°C temperature range; 90% of the units are in the ranges indicated.)
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Viz, ZENER VOLTAGE (VOLTS)

Figure 4c. Range for Units 120 to 200 Volts

= Dad=
~J_ 0VBIAS
o~y
L INIAL T
= A~ 1VBIAS w
N N e %
N ‘\(‘ I~ =
e~ <<T(>
~N N o
50% OF = </ =
VzBIAS ~ S
1 2 5 10 20 50 100

Vz, ZENER VOLTAGE (VOLTS)

Figure 6a. Typical Capacitance 2.4-100 Volts

100
70
50
30
20

N w [S2 0]

:6 100
= 7
z 0 =
£ 50 =
— Z | —
* L~ EJ) 7 1
LT S ., A RANGE V7 @ Iz (NOTE 2)
e i
vV A ! < 5
// RANGE V7@ g7 E
pd (NOTE 2) E 2
~1—+ N
e 1
3 4 5 6 7 8 9 10 N 12 10 20 30 50 70 100
V'z, ZENER VOLTAGE (VOLTS) Vz, ZENER VOLTAGE (VOLTS)
Figure 4a. Range for Units to 12 Volts Figure 4b. Range for Units 12 to 100 Volts
o +6 |
E T
£ Vz@1z
% +4 Ty =25°C
2 | il
E +2 7Ar
L ; 8 20 mA ///
,// £ NAY | vorma
L
T _— Vz @z s é/%/ 1mA |
L (NOTE 2) o NOTE: BELOW 3 VOLTS AND ABOVE 8 VOLTS
t - CHANGES IN ZENER CURRENT DO NOT
| q>';' 4 AFFECT TEMPERATURE COEFFICIENTS

3 4 5 6 7 8
Vz, ZENER VOLTAGE (VOLTS)
Figure 5. Effect of Zener Current
T 1T
T
T
A=25°C ]
S 0BIAS
1 VOLT BIAS
i ———
T T T T T r—t— L
50% OF V7 BIAS S
120 140 160 180 190 200 220

http://onsemi.com

193
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Figure 6b. Typical Capacitance 120-200 Volts



BZX79C2V4RL Series
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I7, ZENER CURRENT (mA)

|7, ZENER CURRENT (mA)

BZX79C2V4RL Series
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Figure 11. Zener Voltage versus Zener Current—V 7 = 1 thru 16 Volts
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Figure 12. Zener Voltage versus Zener Current —V 7 = 15 thru 30 Volts
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|7, ZENER CURRENT (mA)

|7, ZENER CURRENT (mA)

BZX79C2V4RL Series
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Figure 14. Zener Voltage versus Zener Current —V 7 = 110 thru 220 Volts
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1N4678 Series

500 mW DO-35 Hermetically
Sealed Glass Zener Voltage
Regulators

This is a complete series of 500 mW Zener diodes with limits and
excellent operating characteristics that reflect the superior capabilities
of silicon—oxide passivated junctions. All this in an axial-lead
hermetically sealed glass package that offers protection in all common

ON Semiconductor™

http://onsemi.com

environmental conditions. o 11 )
Cathode Anode
Specification Features:
* Zener \oltage Range — 1.8 Vto 27 V
¢ ESD Rating of Class 3 (>16 KV) per Human Body Model
¢ DO-204AH (DO-35) Package — Smaller than Conventional
DO-204AA Package
¢ Double Slug Type Construction
* Metallurgical Bonded Construction AXIAL LEAD
CASE 299
Mechanical Characteristics: GLASS
CASE: Double slug type, hermetically sealed glass
FINISH: All external surfaces are corrosion resistant and leads are MARKING DIAGRAM
readily solderable L
MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES: IN
23C°C, 1/186 from the case for 10 seconds - §>><< ]
POLARITY: Cathode indicated by polarity band TWW
MOUNTING POSITION: Any L - Assembly Location

1N4xxx = Device Code

MAXIMUM RATINGS (Note 1.)

(See Table Next Page)

- - Y = Year
Rating Symbol Value Unit WW = Work Week
Max. Steady State Power Dissipation Pp 500 mw
@ T_ £75°C, Lead Length = 3/8"
Derate above 75°C 4.0 mw/°C ORDERING INFORMATION
Operating and Storage T3, Tetg —65 to °C Device Package Shipping
Temperature Range +200 . .
1N4xxx Axial Lead 3000 Units/Box
1. Some part number series have lower JEDEC registered ratings.
1N4xxxRL Axial Lead | 5000/Tape & Reel
1N4xxxRL2 * Axial Lead | 5000/Tape & Reel
IN4xXxXTA Axial Lead | 5000/Ammo Pack
1N4xxxTA2 * Axial Lead | 5000/Tape & Reel
1N4xxxRR1 T Axial Lead | 3000/Tape & Reel
1N4xxxRR2 ¥ Axial Lead | 3000/Tape & Reel
* The “2” suffix refers to 26 mm tape spacing.
Polarity band up with cathode lead off first
* Polarity band down with cathode lead off first
Devices listed in bold, italic are ON Semiconductor
Preferred devices. Preferred devices are recommended
choices for future use and best overall value.
0 Semiconductor Components Industries, LLC, 2001 197 Publication Order Number:

May, 2001 — Rev. 1

1N4678/D




Low level oxide passivated zener diodes for applications
requiring extremely low operating currents, low leakage,

and sharp breakdown voltage.

ELECTRICAL CHARACTERISTICS (Tp =25°C unless
otherwise noted, Vg = 1.5 V Max @ Ig = 100 mA for all types)

1N4678 Series

IR VF

Zener Voltage Regulator

Symbol Parameter
Vz Reverse Zener Voltage @ Iz7
Vas Reverse Current
AVz Reverse Zener Voltage Change
Izm Maximum Zener Current

Ir Reverse Leakage Current @ Vg
VR Breakdown Voltage

Ir Forward Current

VE Forward Voltage @ I

http://onsemi.com
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1N4678 Series

ELECTRICAL CHARACTERISTICS (T, = 30°C unless otherwise noted, Vg = 1.5 V Max @ Iz = 100 mA for all types)

Zener Voltage (Note 3.) Leakage Current (Note 4.)
Izm AVz
Device Device V7 (Volts) @ Izt Ir @ VR (Note 5.) (Note 6.)
(Note 2.) Marking Min Nom Max pA HA Max Volts mA Volts
1N4678 1N4678 1.71 1.8 1.89 50 7.5 1 120 0.7
1N4679 1N4679 1.9 2.0 2.1 50 5 1 110 0.7
1N4680 1N4680 2.09 2.2 231 50 5 1 100 0.75
1N4681 1N4681 2.28 2.4 2.52 50 2 1 95 0.8
1N4682 1N4682 2.565 2.7 2.835 50 1 1 90 0.85
1N4683 1N4683 2.85 3.0 3.15 50 0.8 1 85 0.9
1N4684 1N4684 3.135 3.3 3.465 50 7.5 1.5 80 0.95
1N4685 1N4685 3.42 3.6 3.78 50 7.5 2 75 0.95
1N4686 1N4686 3.705 3.9 4.095 50 5.0 2 70 0.97
1N4687 1N4687 4.085 4.3 4515 50 4.0 2 65 0.99
1N4688 1IN4688 4.465 4.7 4.935 50 10 3 60 0.99
1N4689 1N4689 4.845 51 5.355 50 10 3 55 0.97
1N4690 1N4690 5.32 5.6 5.88 50 10 4 50 0.96
1N4691 1N4691 5.89 6.2 6.51 50 10 5 45 0.95
1N4692 1N4692 6.46 6.8 7.14 50 10 5.1 35 0.9
1N4693 1N4693 7.125 75 7.875 50 10 5.7 31.8 0.75
1N4694 1N4694 7.79 8.2 8.61 50 1 6.2 29 0.5
1N4695 1N4695 8.265 8.7 9.135 50 1 6.6 27.4 0.1
1N4696 1N4696 8.645 9.1 9.555 50 1 6.9 26.2 0.08
1N4697 1N4697 9.5 10 10.5 50 1 7.6 24.8 0.1
1N4698 1N4698 10.45 11 11.55 50 0.05 8.4 21.6 0.11
1N4699 1N4699 11.4 12 12.6 50 0.05 9.1 20.4 0.12
1N4700 1N4700 12.35 13 13.65 50 0.05 9.8 19 0.13
1N4701 1N4701 13.3 14 14.7 50 0.05 10.6 17.5 0.14
1N4702 1N4702 14.25 15 15.75 50 0.05 11.4 16.3 0.15
1N4703 1N4703 15.2 16 16.8 50 0.05 12.1 15.4 0.16
1N4704 1N4704 16.15 17 17.85 50 0.05 12.9 14.5 0.17
1N4705 1N4705 17.1 18 18.9 50 0.05 13.6 13.2 0.18
1N4707 1N4707 19 20 21 50 0.01 15.2 11.9 0.2
1IN4711 1IN4711 25.65 27 28.35 50 0.01 20.4 8.8 0.27
2. TOLERANCE AND TYPE NUMBER DESIGNATION (V z)
The type numbers listed have a standard tolerance of 5% on the nominal zener voltage.
3. ZENER VOLTAGE (Vz) MEASUREMENT
The zener voltage is measured with the device junction in the thermal equilibrium at the lead temperature (T_) at 30°C + 1°C and 3/8" lead
length.
4. REVERSE LEAKAGE CURRENT (IR)

Reverse leakage currents are guaranteed and measured at Vg shown on the table.
5. MAXIMUM ZENER CURRENT RATINGS (I zp)
Maximum zener current ratings are based on maximum zener voltage of the individual units and JEDEC 250 mW rating.

6. MAXIMUM VOLTAGE CHANGE (AVy)
Voltage change is equal to the difference between V7 at 100 uA and at 10 pA.
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Pp, STEADY STATE
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Figure 1. Steady State Power Derating
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1N4678 Series

APPLICATION NOTE — ZENER VOLTAGE

E (CM)
g

Since the actual voltage available from a given zener
diode is temperature dependent, it is necessary to determiné%
junction temperature under any set of operating conditions & 400
in order to calculate its value. The following procedure is
recommended:

Lead Temperature, T should be determined from:

T|_ = GLAPD + TA-

300

200

O_a is the lead-to-ambient thermal resistari€\(V) and B
is the power dissipation. The value fiyra will vary and

100
depends othe device mounting metha@.  is generally 30

to 40°C/W for the various clips and tie points in common use

JUNCTION-TO-LEAD THERMAL RES

and for printed circuit board wiring.
The temperature of the lead can also be measured using g;
thermocouple placed on the lead as close as possible to the
tie point. The thermal mass connected to the tie point is
normally large enough so that it will not significantly

%::p:é _
e
2.4-60V_—"
// |
| 62-200 V
L~ ~
[
0 02 04 06 08 1

L, LEAD LENGTH TO HEAT SINK (INCH)
Figure 2. Typical Thermal Resistance

respond to heat surges generated in the diode as a result of 1990 I\ T T T T 7
pulsed operation once steady-state conditions are achieved. 5000 \ TYPICAL LEAKAGE CURRENT |
Using the measured value of , Tthe junction temperature 2000 “ AT 80% OF NOMINAL |
may be determined by: " \ BREAKDOWN VOLTAGE
Ty=TL+ ATy 700 \‘\
ATy is the increase in junction temperature above the lead \\
temperature and may be found from Figure 2 for dc power: 200 \
ATy =6,.Pp. 10 1
For worst-case design, using expected limitspfitits _ 50 \
of Pp and the extremes of ;{llT; may be estimated. 3 2 \\
Changes in voltage,/ can then be found from: = \|
AV = evaJ. % 19 \\“
Byz, the zener voltage temperature coefficient, is found % ° \\
from Figures 4 and 5. g 2 \
Under high power-pulse operation, the zener voltage will 4 4 \
vary withtime and may also be affected significantly by the «< 8; \
zener resistance. For best regulation, keep current ' \ +125°C
excursions as low as possible. 0.2 —
Surge limitations are given in Figure 7. They are lower 01 \
than would be expected by considering only junction 3-8; \
temperature, asurrent crowding effects cause temperatures ' \\
to be extremely high in small spots, resulting in device  0.02 N
degradation should the limits of Figure 7 be exceeded. 0.01 N -
0.007 ~ +25°C
0.005
0.002
0.001
3 4 5 6 7 8 9 10 U 12 13 14 15
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Vz, NOMINAL ZENER VOLTAGE (VOLTS)
Figure 3. Typical Leakage Current
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1N4678 Series

TEMPERATURE COEFFICIENTS
(-55°C to +150°C temperature range; 90% of the units are in the ranges indicated.)
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Figure 4c. Range for Units 12
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1N4678 Series
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I7, ZENER CURRENT (mA)

|7, ZENER CURRENT (mA)

1N4678 Series
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Figure 11. Zener Voltage versus Zener Current—V 7 = 1 thru 16 Volts
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Figure 12. Zener Voltage versus Zener Current —V 7 = 15 thru 30 Volts
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|7, ZENER CURRENT (mA)

|7, ZENER CURRENT (mA)

1N4678 Series
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Figure 14. Zener Voltage versus Zener Current —V 7 = 110 thru 220 Volts
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1N5221B Series

500 mW DO-35 Hermetically
Sealed Glass Zener Voltage
Regulators

This is a complete series of 500 mW Zener diodes with limits and

ON Semiconductor™

excellent operating characteristics that reflect the superior capabilities

of silicon—oxide passivated junctions. All this in an axial-lead

http://onsemi.com

hermetically sealed glass package that offers protection in all common

environmental conditions.

Specification Features:

* Zener \oltage Range —2.4Vto 91V

¢ ESD Rating of Class 3 (>16 KV) per Human Body Model

¢ DO-204AH (DO-35) Package — Smaller than Conventional
DO-204AA Package

¢ Double Slug Type Construction

¢ Metallurgical Bonded Construction

Mechanical Characteristics:

CASE: Double slug type, hermetically sealed glass

FINISH: All external surfaces are corrosion resistant and leads are
readily solderable

MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES:
23C°C, 1/186 from the case for 10 seconds

POLARITY: Cathode indicated by polarity band

MOUNTING POSITION: Any

MAXIMUM RATINGS (Note 1.)

Rating Symbol Value Unit
Max. Steady State Power Dissipation Pp 500 mw
@ T_ £75°C, Lead Length = 3/8"
Derate above 75°C 4.0 mw/°C
Operating and Storage T3, Tstg —65 to °C
Temperature Range +200
1. Some part number series have lower JEDEC registered ratings.
0 Semiconductor Components Industries, LLC, 2001 206

May, 2001 — Rev. 2

o 11 o}
Cathode Anode
AXIAL LEAD
CASE 299
GLASS
MARKING DIAGRAM
L
IN
| 52 1
XX
YWW
L = Assembly Location

1N52xxB = Device Code

Y
ww

(See Table Next Page)

= Year
= Work Week

ORDERING INFORMATION

Device Package Shipping
1N52xxB Axial Lead 3000 Units/Box
1N52xxBRL Axial Lead | 5000/Tape & Reel
1IN52xxBRL2 * Axial Lead | 5000/Tape & Reel
IN52xxBRA1 Axial Lead | 3000/Ammo Pack
IN52xxBTA Axial Lead | 5000/Ammo Pack
IN52xxBTA2 * Axial Lead | 5000/Ammo Pack
IN52xxBRR1 T | Axial Lead 3000/Tape & Reel
1IN52xxBRR2 ¥ | Axial Lead 3000/Tape & Reel

* The “2” suffix refers to 26 mm tape spacing.
T Polarity band up with cathode lead off first
* Polarity band down with cathode lead off first

Devices listed in bold, italic are ON Semiconductor
Preferred devices. Preferred devices are recommended
choices for future use and best overall value.

Publication Order Number:

1N5221B/D




1N5221B Series

ELECTRICAL CHARACTERISTICS (Tp =25°C unless |
otherwise noted, Based on dc measurements at thermal A
equilibrium; lead length = 3/8"; thermal resistance of heat sink I
=30°C/W, VE=1.1V Max @ I = 200 mA for all types)
Symbol Parameter
Vyz Reverse Zener Voltage @ Izt
Iz Reverse Current Y
Z77 Maximum Zener Impedance @ Izt
Izx Reverse Current
Zzk Maximum Zener Impedance @ Izk
IR Reverse Leakage Current @ VR
VR Breakdown Voltage
Ir Forward Current Zener Voltage Regulator
Vg Forward Voltage @ I
OByz Maximum Zener Voltage Temperature Coefficient

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted, Based on dc measurements at thermal equilibrium; lead
length = 3/8"; thermal resistance of heat sink = 30°C/W, Vg = 1.1 V Max @ |r = 200 mA for all types)

Zener Voltage (Note 3.) Zener Impedance (Note 4.) Leakage Current 0
\74
Device Device Vz (VO|tS) @ IzT Z77 @ Iz Z7k @ Iz IR @ VR (Note 5.)
(Note 2.) Marking Min Nom Max mA Q Q mA pA Volts %l/°C
IN5221B | 1N5221B 2.28 24 2.52 20 30 1200 0.25 100 1 —0.085
1IN5222B 1N5222B 2.375 2.5 2.625 20 30 1250 0.25 100 1 —0.085
1IN5223B 1N5223B 2.565 2.7 2.835 20 30 1300 0.25 75 1 -0.08
1IN5224B 1N5224B 2.66 2.8 2.94 20 30 1400 0.25 75 1 -0.08
1IN5225B 1N5225B 2.85 3.0 3.15 20 29 1600 0.25 50 1 -0.075
IN5226B | 1N5226B 3.14 3.3 3.46 20 28 1600 0.25 25 1 -0.07
1IN5227B 1N5227B 3.42 3.6 3.78 20 24 1700 0.25 15 1 —-0.065
IN5228B IN5228B 3.71 3.9 4.09 20 23 1900 0.25 10 1 -0.06
1N5229B 1N5229B 4.09 4.3 451 20 22 2000 0.25 5 1 +0.055
1N5230B 1N5230B 4.47 4.7 4.93 20 19 1900 0.25 5 2 +0.03
IN5231B IN5231B 4.85 5.1 5.35 20 17 1600 0.25 5 2 +0.03
IN5232B | 1N5232B 5.32 5.6 5.88 20 11 1600 0.25 5 3 0.038
1N5233B | 1N5233B 5.7 6.0 6.3 20 7 1600 0.25 5 35 0.038
IN5234B IN5234B 5.89 6.2 6.51 20 7 1000 0.25 5 4 0.045
IN5235B | 1N5235B 6.46 6.8 7.14 20 5 750 0.25 3 5 0.05

2. TOLERANCE
The JEDEC type numbers shown indicate a tolerance of +5%.
3. ZENER VOLTAGE (Vz) MEASUREMENT
The zener voltage is measured with the device junction in the thermal equilibrium at the lead temperature (T_) at 30°C + 1°C and 3/8" lead
length.
4. ZENER IMPEDANCE (Z7) DERIVATION
Zzt and Zz are measured by dividing the ac voltage drop across the device by the ac current applied. The specified limits are for Iz(ac) =
0.1 Iz(gc) with the ac frequency = 60 Hz.
5. TEMPERATURE COEFFICIENT (0yz) *
Test conditions for temperature coefficient are as follows:
A. Iz1=7.5mA, T; =25°C, T, = 125°C (1N5221B through 1N5242B)
B. Izt = Rated Izt, Ty = 25°C, T, = 125°C (1N5243B through 1N5281B)
Device to be temperature stabilized with current applied prior to reading breakdown voltage at the specified ambient temperature.

* For more information on special selections contact your nearest ON Semiconductor representative.
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1N5221B Series

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted, Based on dc measurements at thermal equilibrium; lead
length = 3/8"; thermal resistance of heat sink = 30°C/W, Vg = 1.1 V Max @ Ig = 200 mA for all types) (continued)

Zener Voltage (Note 7.) Zener Impedance (Note 8.) Leakage Current 0vy
Device Device Vz (Volts) @lzt | Zzr @ lzr Zzk @ Izx Ir @ Vg5 (Note 9.)
(Note 6.) Marking Min Nom Max mA Q Q mA pA Volts %/°C
1IN5236B 1N5236B 7.13 7.5 7.87 20 6 500 0.25 3 6 0.058
IN5237B | 1N5237B 7.79 8.2 8.61 20 8 500 0.25 3 6.5 0.062
1N5238B | 1N5238B 8.265 8.7 9.135 20 8 600 0.25 3 6.5 0.065
1N5239B | 1N5239B 8.65 9.1 9.55 20 10 600 0.25 3 7 0.068
IN5240B IN5240B 9.5 10 10.5 20 17 600 0.25 3 8 0.075
1N5241B 1N5241B 10.45 11 11.55 20 22 600 0.25 2 8.4 0.076
IN5242B IN5242B 11.4 12 12.6 20 30 600 0.25 1 9.1 0.077
1N5243B | 1N5243B 12.35 13 13.65 9.5 13 600 0.25 0.5 9.9 0.079
1N5244B 1N5244B 13.3 14 14.7 9 15 600 0.25 0.1 10 0.082
IN5245B IN5245B 14.25 15 15.75 8.5 16 600 0.25 0.1 11 0.082
IN5246B IN5246B 15.2 16 16.8 7.8 17 600 0.25 0.1 12 0.083
1N5247B 1N5247B 16.15 17 17.85 7.4 19 600 0.25 0.1 13 0.084
1N5248B 1N5248B 17.1 18 18.9 7 21 600 0.25 0.1 14 0.085
1N5249B | 1N5249B 18.05 19 19.95 6.6 23 600 0.25 0.1 14 0.086
IN5250B | 1N5250B 19 20 21 6.2 25 600 0.25 0.1 15 0.086
1IN5251B 1N5251B 20.9 22 23.1 5.6 29 600 0.25 0.1 17 0.087
1IN5252B 1N5252B 22.8 24 25.2 5.2 33 600 0.25 0.1 18 0.088
1N5253B | 1N5253B 23.75 25 26.25 5.0 35 600 0.25 0.1 19 0.089
1N5254B 1N5254B 25.65 27 28.35 4.6 41 600 0.25 0.1 21 0.090
1IN5255B 1N5255B 26.6 28 29.4 4.5 44 600 0.25 0.1 21 0.091
1N5256B | 1N5256B 28.5 30 315 4.2 49 600 0.25 0.1 23 0.091
IN5257B 1N5257B 31.35 33 34.65 3.8 58 700 0.25 0.1 25 0.092
1IN5258B 1N5258B 34.2 36 37.8 3.4 70 700 0.25 0.1 27 0.093
1IN5259B 1N5259B 37.05 39 40.95 3.2 80 800 0.25 0.1 30 0.094
1IN5260B 1N5260B 40.85 43 45.15 3.0 93 900 0.25 0.1 33 0.095
1N5261B 1N5261B 44.65 47 49.35 2.7 105 1000 0.25 0.1 36 0.095
1IN5262B 1N5262B 48.45 51 53.55 2.5 125 1100 0.25 0.1 39 0.096
1N5263B 1N5263B 53.2 56 58.8 2.2 150 1300 0.25 0.1 43 0.096
1IN5264B 1N5264B 57 60 63 2.1 170 1400 0.25 0.1 46 0.097
1N5265B | 1N5265B 58.9 62 65.1 2.0 185 1400 0.25 0.1 47 0.097
1N5266B | 1N5266B 64.6 68 71.4 1.8 230 1600 0.25 0.1 52 0.097
1IN5267B 1N5267B 71.25 75 78.75 1.7 270 1700 0.25 0.1 56 0.098
1N5268B | 1N5268B 77.9 82 86.1 15 330 2000 0.25 0.1 62 0.098
1N5269B | 1N5269B 82.65 87 91.35 14 370 2200 0.25 0.1 68 0.099
1N5270B | 1N5270B 86.45 91 95.55 14 400 2300 0.25 0.1 69 0.099

6. TOLERANCE
The JEDEC type numbers shown indicate a tolerance of +5%.
7. ZENER VOLTAGE (Vz) MEASUREMENT
The zener voltage is measured with the device junction in the thermal equilibrium at the lead temperature (T_) at 30°C + 1°C and 3/8" lead
length.
8. ZENER IMPEDANCE (Zz) DERIVATION
Zzt and Zz are measured by dividing the ac voltage drop across the device by the ac current applied. The specified limits are for Iz(ac) =
0.1 Iz(gc) with the ac frequency = 60 Hz.
9. TEMPERATURE COEFFICIENT (0yz) *
Test conditions for temperature coefficient are as follows:
A. Iz1=7.5mA, T; =25°C, T, = 125°C (1N5221B through 1N5242B)
B. Izt = Rated Izt, Ty = 25°C, T, = 125°C (1N5243B through 1N5281B)
Device to be temperature stabilized with current applied prior to reading breakdown voltage at the specified ambient temperature.

* For more information on special selections contact your nearest ON Semiconductor representative.
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1N5221B Series

APPLICATION NOTE — ZENER VOLTAGE

E (CM)
g

Since the actual voltage available from a given zener
diode is temperature dependent, it is necessary to determiné%
junction temperature under any set of operating conditions & 400
in order to calculate its value. The following procedure is
recommended:

Lead Temperature, T should be determined from:

T|_ = GLAPD + TA-

300

200

O_a is the lead-to-ambient thermal resistari€\(V) and B
is the power dissipation. The value fiyra will vary and

100
depends othe device mounting metha@.  is generally 30

to 40°C/W for the various clips and tie points in common use

JUNCTION-TO-LEAD THERMAL RES

and for printed circuit board wiring.
The temperature of the lead can also be measured using g;
thermocouple placed on the lead as close as possible to the
tie point. The thermal mass connected to the tie point is
normally large enough so that it will not significantly

%::p:é _
e
2.4-60V_—"
// |
| 62-200 V
L~ ~
[
0 02 04 06 08 1

L, LEAD LENGTH TO HEAT SINK (INCH)
Figure 2. Typical Thermal Resistance

respond to heat surges generated in the diode as a result of 1990 I\ T T T T 7
pulsed operation once steady-state conditions are achieved. 5000 \ TYPICAL LEAKAGE CURRENT |
Using the measured value of , Tthe junction temperature 2000 “ AT 80% OF NOMINAL |
may be determined by: " \ BREAKDOWN VOLTAGE
Ty=TL+ ATy 700 \‘\
ATy is the increase in junction temperature above the lead \\
temperature and may be found from Figure 2 for dc power: 200 \
ATy =6,.Pp. 10 1
For worst-case design, using expected limitspfitits _ 50 \
of Pp and the extremes of ;{llT; may be estimated. 3 2 \\
Changes in voltage,/ can then be found from: = \|
AV = evaJ. % 19 \\“
Byz, the zener voltage temperature coefficient, is found % ° \\
from Figures 4 and 5. g 2 \
Under high power-pulse operation, the zener voltage will 4 4 \
vary withtime and may also be affected significantly by the «< 8; \
zener resistance. For best regulation, keep current ' \ +125°C
excursions as low as possible. 0.2 —
Surge limitations are given in Figure 7. They are lower 01 \
than would be expected by considering only junction 3-8; \
temperature, asurrent crowding effects cause temperatures ' \\
to be extremely high in small spots, resulting in device  0.02 N
degradation should the limits of Figure 7 be exceeded. 0.01 N -
0.007 ~ +25°C
0.005
0.002
0.001
3 4 5 6 7 8 9 10 U 12 13 14 15
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1N5221B Series
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1N5221B Series
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1N5221B Series
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1N4728A Series

1 Watt DO-41 Hermetically
Sealed Glass Zener Voltage
Regulator Diodes

This is a complete series of 1 Watt Zener diode with limits and

ON Semiconductor™

excellent operating characteristics that reflect the superior capabilities

of silicon—oxide passivated junctions. All this in an axial-lead

hermetically sealed glass package that offers protection in all common
environmental conditions.

Specification Features:
Zener \oltage Range —3.3Vto 91V
ESD Rating of Class 3 (>16 KV) per Human Body Model

DO-41 (DO-204AL) Package

Double Slug Type Construction

Metallurgical Bonded Construction

Oxide Passivated Die

Mechanical Characteristics:
CASE: Double slug type, hermetically sealed glass

FINISH: All external surfaces are corrosion resistant and leads are

readily solderable

MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES:
230°C, 1/18 from the case for 10 seconds

POLARITY: Cathode indicated by polarity band
MOUNTING POSITION: Any

MAXIMUM RATINGS

http://onsemi.com

AXIAL LEAD

CASE 59
GLASS
N
| 47 1
XXA
YWW
L = Assembly Location
1N47xxA = Device Code
Y = Year
Www = Work Week
o \@ o}
Cathode Anode

ORDERING INFORMATION (1)(NO TAG)

Rating Symbol Value Unit
Max. Steady State Power Dissipation Pp 1.0 Watt
@ T <50°C, Lead Length = 3/8"
Derated above 50°C 6.67 mw/°C
Operating and Storage T3, Tstg —-65to °C
Temperature Range +200
0 Semiconductor Components Industries, LLC, 2000 215

November, 2000 — Rev. 1

Device Package Shipping
IN47xxA Axial Lead 2000 Units/Box
1N47xxARL Axial Lead 6000/Tape & Reel
1IN47xxARL2 Axial Lead 6000/Tape & Reel
IN47xxATA Axial Lead 4000/Ammo Pack
IN47xxATA2 Axial Lead 4000/Ammo Pack
NOTES:

1. The “2" suffix refers to 26 mm tape spacing.

Devices listed in bold, italic are ON Semiconductor
Preferred devices. Preferred devices are recommended
choices for future use and best overall value.

Publication Order Number:

1N4728A/D




1N4728A Series

ELECTRICAL CHARACTERISTICS (Tp =25°C unless |
otherwise noted, Vg = 1.2 V Max., Ig = 200 mA for all types) ‘L
|
Symbol Parameter F
Vyz Reverse Zener Voltage @ Izt
Iz Reverse Current
Z77 Maximum Zener Impedance @ Izt v
Izk Reverse Current o
Zzk Maximum Zener Impedance @ lzk
IR Reverse Leakage Current @ VR
VR Breakdown Voltage
I Forward Current
Vg Forward Voltage @ I
Zener Voltage Regulator
Iy Surge Current @ Tp = 25°C
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted, Vg = 1.2 V Max, Ig = 200 mA for all types)
Zener Voltage (3)(4) Zener Impedance (5. Leakage Current
V2 (Volt | Z | Z | | Vi (6.
JEDEC z (Volts) @ Izr 1 @ Iz7 7k @ Izk R @ VR Ir
Device (2) Min Nom Max (mA) (®)] (Q) (mA) (A Max) | (Volts) (MA)
1N4728A 3.14 3.3 3.47 76 10 400 1 100 1 1380
1IN4729A 3.42 3.6 3.78 69 10 400 1 100 1 1260
1IN4730A 3.71 3.9 4.10 64 9 400 1 50 1 1190
1IN4731A 4.09 4.3 4.52 58 9 400 1 10 1 1070
1IN4732A 4.47 4.7 4.94 53 8 500 1 10 1 970
IN4733A 4.85 51 5.36 49 7 550 1 10 1 890
IN4734A 5.32 56 5.88 45 5 600 1 10 2 810
IN4735A 5.89 6.2 6.51 41 2 700 1 10 3 730
IN4736A 6.46 6.8 7.14 37 3.5 700 1 10 4 660
1IN4737A 7.13 7.5 7.88 34 4 700 0.5 10 5 605
IN4738A 7.79 8.2 8.61 31 4.5 700 0.5 10 6 550
1N4739A 8.65 9.1 9.56 28 5 700 0.5 10 7 500
IN4740A 9.50 10 10.50 25 7 700 0.25 10 7.6 454
IN4741A 10.45 11 11.55 23 8 700 0.25 5 84 414
IN4742A 11.40 12 12.60 21 9 700 0.25 5 9.1 380
1IN4743A 12.4 13 13.7 19 10 700 0.25 5 9.9 344
IN4744A 14.3 15 15.8 17 14 700 0.25 5 11.4 304
IN4745A 15.2 16 16.8 15.5 16 700 0.25 5 12.2 285

TOLERANCE AND TYPE NUMBER DESIGNATION
2. The JEDEC type numbers listed have a standard tolerance on the nominal zener voltage of +5%.
SPECIALS AVAILABLE INCLUDE:

3. Nominal zener voltages between the voltages shown and tighter voltage tolerances. For detailed information on price, availability, and
delivery, contact your nearest ON Semiconductor representative.

ZENER VOLTAGE (Vz) MEASUREMENT

4. ON Semiconductor guarantees the zener voltage when measured at 90 seconds while maintaining the lead temperature (T ) at 30°C
+ 1°C, 3/8" from the diode body.

ZENER IMPEDANCE (Z7) DERIVATION

5. The zener impedance is derived from the 60 cycle ac voltage, which results when an ac current having an rms value equal to 10% of the
dc zener current (Izt or Izk) is superimposed on Izt or Izk.

SURGE CURRENT (Ig) NON-REPETITIVE

6. The rating listed in the electrical characteristics table is maximum peak, non-repetitive, reverse surge current of 1/2 square wave or equiv-
alent sine wave pulse of 1/120 second duration superimposed on the test current, I>1, per JEDEC registration; however, actual device
capability is as described in Figure 5 of the General Data — DO-41 Glass.
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1N4728A Series

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted, Vg = 1.2 V Max, I = 200 mA for all types) (continued)

Zener Voltage (8)(9) Zener Impedance (10.) Leakage Current

JEDEC Vz (Volts) @lzr | Zz1 @77 Zzk @ Izx IR @ VR Iy (1)
Device (7)) Min Nom Max (mA) Q) (Q) (mA) (LA Max) | (Volts) (mA)
IN4746A 17.1 18 18.9 14 20 750 0.25 5 13.7 250
IN4747A 19.0 20 21.0 12.5 22 750 0.25 5 15.2 225
IN4748A 20.9 22 23.1 11.5 23 750 0.25 5 16.7 205
IN4749A 22.8 24 25.2 10.5 25 750 0.25 5 18.2 190
IN4750A 25.7 27 28.4 9.5 35 750 0.25 5 20.6 170
IN4751A 28.5 30 31.5 8.5 40 1000 0.25 5 22.8 150
IN4752A 31.4 33 34.7 7.5 45 1000 0.25 5 25.1 135
1N4753A 34.2 36 37.8 7 50 1000 0.25 5 27.4 125
1N4754A 37.1 39 41.0 6.5 60 1000 0.25 5 29.7 115
1N4755A 40.9 43 45.2 6 70 1500 0.25 5 32.7 110
1N4756A 44.7 47 49.4 55 80 1500 0.25 5 35.8 95
1N4757A 48.5 51 53.6 5 95 1500 0.25 5 38.8 90
1N4758A 53.2 56 58.8 4.5 110 2000 0.25 5 42.6 80
1IN4759A 58.9 62 65.1 4 125 2000 0.25 5 47.1 70
1N4760A 64.6 68 71.4 3.7 150 2000 0.25 5 51.7 65
1IN4761A 71.3 75 78.8 3.3 175 2000 0.25 5 56 60
1IN4762A 77.9 82 86.1 3 200 3000 0.25 5 62.2 55
1N4763A 86.5 91 95.6 2.8 250 3000 0.25 5 69.2 50

TOLERANCE AND TYPE NUMBER DESIGNATION

7. The JEDEC type numbers listed have a standard tolerance on the nominal zener voltage of +5%.
SPECIALS AVAILABLE INCLUDE:

8. Nominal zener voltages between the voltages shown and tighter voltage tolerances. For detailed information on price, availability, and
delivery, contact your nearest ON Semiconductor representative.

ZENER VOLTAGE (Vz) MEASUREMENT

9. ON Semiconductor guarantees the zener voltage when measured at 90 seconds while maintaining the lead temperature (T ) at 30°C + 1°C,

3/8" from the diode body.
ZENER IMPEDANCE (Z7) DERIVATION

10.The zener impedance is derived from the 60 cycle ac voltage, which results when an ac current having an rms value equal to 10% of the

dc zener current (Iz7 or Izk) is superimposed on Iz7 or lzk.
SURGE CURRENT (Ir) NON-REPETITIVE

11. The rating listed in the electrical characteristics table is maximum peak, non-repetitive, reverse surge current of 1/2 square wave or equivalent
sine wave pulse of 1/120 second duration superimposed on the test current, |77, per JEDEC registration; however, actual device capability
is as described in Figure 5 of the General Data — DO-41 Glass.

1.25

—_

0.75

I
3]

0.25

Ry MAXIMUM STEADY STATE POWER DISSIPATION (WATTS)

V

N

y

<

\ L = LEAD LENGTH
L=1" —  TO HEAT SINK
L=1/g"

L=38"

a

JAKS

AN

~N

NN

RN

N

20

40

60 80

100

120 140 160 180

T,, LEAD TEMPERATURE (°C)

Figure 1. Power Temperature Derating Curve

http://onsemi.com

217

200




6JL , JUNCTION-TO-LEAD THERMAL RESISTANCE (mV/° C/W) 6Vz , TEMPERATURE COEFFICIENT (mV/°C)

Ppk, PEAK SURGE POWER (WATTS)

1N4728A Series

a. Range for Units to 12 Volts b. Range for Units to 12 to 100 Volts
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Figure 2. Temperature Coefficients
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This graph represents 90 percentile data points.
For worst case design characteristics, multiply surge power by 2/3.

Figure 5. Maximum Surge Power
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1N4728A Series
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Figure 8. Typical Leakage Current
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1N4728A Series

APPLICATION NOTE

Since the actual voltage available from a given zener AT} is the increase in junction temperature above the lead
diode is temperature dependent, it is necessary to determineemperature and may be found as follows:
junction temperature under any set of operating conditions ATj = 65.Pp.
in order to calculate its value. The following procedure is
recommended:

Lead Temperature, T should be determined from:

T|_ = GLAPD + TA-

0. may be determined from Figure 3 for dc power
conditions. For worst-case design, using expected limits of
Iz, limits of B and the extremes of AT;) may be
estimated. Changes in voltagez,¢an then be found from:
O_a is the lead-to-ambient thermal resistari€\(V) and B AV = By7 AT;.
is the power dissipation. The value fiyra will vary and
depends othe device mounting metha@.  is generally 30

to 40°C/W for the various clips and tie points in common use Under high power-pulse operation, the zener voltage wil

and for printed circuit board wiring. o -
. vary withtime and may also be affected significantly by the
The temperature of the lead can also be measured using & : ;
. Zener resistance. For best regulation, keep current
thermocouple placed on the lead as close as possible to the

: ) . .~ . excursions as low as possible.
tie point. The thermal mass connected to the tie point is o : N

L S Surge limitations are given in Figure 5. They are lower
normally large enough so that it will not significantly ¢

respond to heat surges generated in the diode asaresultq;flan would be expected by considering only junction

Bvz, the zener voltage temperature coefficient, is found
from Figure 2.

, . . emperature, asurrent crowding effects cause temperatures
pulsed operation once steady-state conditions are achieve

Using the measured value of , Tthe junction temperature 0 be extremely high in small spots, resulting in device
may be determined by:

degradation should the limits of Figure 5 be exceeded.
Ty=TL+ AT,
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BZX85C3V3RL Series

1 Watt DO-41 Hermetically
Sealed Glass Zener Voltage
Regulators

This is a complete series of 1 Watt Zener diodes with limits and
excellent operating characteristics that reflect the superior capabilities
of silicon—oxide passivated junctions. All this in an axial-lead
hermetically sealed glass package that offers protection in all common
environmental conditions.

Specification Features:

¢ Zener Voltage Range —3.3Vto 85V

¢ ESD Rating of Class 3 (>16 KV) per Human Body Model
* DO-41 (DO-204AL) Package

* Double Slug Type Construction

¢ Metallurgical Bonded Construction

* Oxide Passivated Die

Mechanical Characteristics:

CASE: Double slug type, hermetically sealed glass

FINISH: All external surfaces are corrosion resistant and leads are
readily solderable

MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES:
23C°C, 1/18 from the case for 10 seconds

POLARITY: Cathode indicated by polarity band

MOUNTING POSITION: Any

MAXIMUM RATINGS

ON Semiconductor™

http://onsemi.com

o 11 o
Cathode Anode
AXIAL LEAD

CASE 59

GLASS
MARKING DIAGRAM

I|§.zx

85C

L

= Assembly Location
BZX85Cxxx= Device Code
(See Table Next Page)

- . Y = Year
Rating Symbol Value Unit WW - Work Week
Max. Steady State Power Dissipation Pp 1 w
@ T <50°C, Lead Length = 3/8"
Derate above 50°C 6.67 mwW/°C
- ORDERING INFORMATION
Operating and Storage T3 Tstg —65 to °C
Temperature Range +200 Device Package Shipping
BZX85CxxxRL Axial Lead | 6000/Tape & Reel
BZX85CxxxRL2 | Axial Lead 6000/Tape & Reel
* The “2” suffix refers to 26 mm tape spacing.
0 Semiconductor Components Industries, LLC, 2001 221 Publication Order Number:

May, 2001 — Rev. 0
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BZX85C3V3RL Series

ELECTRICAL CHARACTERISTICS (Tp =25°C unless |
otherwise noted, Vg = 1.2 V Max., Ig = 200 mA for all types)
Symbol Parameter e
Vyz Reverse Zener Voltage @ Izt |
I7T Reverse Current |
Z77 Maximum Zener Impedance @ Izt |
Izx Reverse Current Ir \l/F
Zzk Maximum Zener Impedance @ lzk
IR Reverse Leakage Current @ VR
VR Breakdown Voltage
I Forward Current
\= Forward Voltage @ I
Ir Surge Current @ Ta = 25°C Zener Voltage Regulator
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BZX85C3V3RL Series

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted, Vg = 1.2 V Max., Ig = 200 mA for all types)

Zener Voltage (Notes 2. and 3.) Zener Impedance (Note 4.) Leakage Current I
Device Device Vz (Volts) @lzr | Zz1 @ Iz7 Zz7k @ Iz Ir @ VR (Note 5.)
(Note 1.) Marking Min Nom Max mA Q Q mA HA Max Volts mA
BZX85C3V3RL | BZX85C3V3 3.1 3.3 35 80 20 400 1 1 60 1380
BZX85C3V6RL | BZX85C3V6 3.4 3.6 3.8 60 15 500 1 1 30 1260
BZX85C3VIORL | BZX85C3V9 3.7 3.9 4.1 60 15 500 1 1 5 1190
BZX85C4V3RL | BZX85C4V3 | 4.0 4.3 4.6 50 13 500 1 1 3 1070
BZX85C4V7RL | BZX85C4V7 | 4.4 4.7 5.0 45 13 600 1 15 3 970
BZX85C5V1RL | BZX85C5V1 4.8 51 5.4 45 10 500 1 2 1 890
BZX85C5V6RL | BZX85C5V6 | 5.2 5.6 6.0 45 7 400 1 2 1 810
BZX85C6V2RL | BZX85C6V2 5.8 6.2 6.6 35 4 300 1 3 1 730
BZX85C6V8BRL | BZX85C6V8 6.4 6.8 7.2 35 35 300 1 4 1 660
BZX85C7V5RL | BZX85C7V5 | 7.0 7.45 7.9 35 3 200 0.5 45 1 605
BZX85C8V2RL | BZX85C8V2 7.7 8.2 8.7 25 5 200 0.5 5 1 550
BZX85C9V1RL | BZX85C9V1 85 9.05 9.6 25 5 200 0.5 6.5 1 500
BZX85C10RL BZX85C10 9.4 10 10.6 25 7 200 0.5 7 0.5 454
BZX85C12RL BZX85C12 11.4 12.05 12.7 20 9 350 0.5 8.4 0.5 380
BZX85C13RL BZX85C13 12.4 13.25 14.1 20 10 400 0.5 9.1 0.5 344
BZX85C15RL BZX85C15 13.8 14.7 15.6 15 15 500 0.5 10.5 0.5 304
BZX85C16RL BZX85C16 15.3 16.2 17.1 15 15 500 0.5 11 0.5 285
BZX85C18RL BZX85C18 16.8 17.95 19.1 15 20 500 0.5 12.5 0.5 250
BZX85C22RL BZX85C22 20.8 22.05 23.3 10 25 600 0.5 15.5 0.5 205
BZX85C24RL BZX85C24 22.8 24.2 25.6 10 25 600 0.5 17 0.5 190
BZX85C27RL BZX85C27 25.1 27 28.9 8 30 750 0.25 19 0.5 170
BZX85C30RL BZX85C30 28 30 32 8 30 1000 0.25 21 0.5 150
BZX85C33RL BZX85C33 31 33 35 8 35 1000 0.25 23 0.5 135
BZX85C36RL BZX85C36 34 36 38 8 40 1000 0.25 25 0.5 125
BZX85C43RL BZX85C43 40 43 46 6 50 1000 0.25 30 0.5 110
BZX85C47RL BZX85C47 44 47 50 4 90 1500 0.25 33 0.5 95
BZX85C62RL BZX85C62 58 62 66 4 125 2000 0.25 43 0.5 70
BZX85C75RL BZX85C75 70 75 80 4 150 2000 0.25 51 0.5 60
BZX85C82RL BZX85C82 77 82 87 2.7 200 3000 0.25 56 0.5 55

. TOLERANCE AND TYPE NUMBER DESIGNATION

The type numbers listed have zener voltage min/max limits as shown and have a standard tolerance on the nominal zener voltage of +5%.

. AVAILABILITY OF SPECIAL DIODES

For detailed information on price, availability and delivery of nominal zener voltages between the voltages shown and tighter voltage

tolerances, contact your nearest ON Semiconductor representative.
. ZENER VOLTAGE (Vz) MEASUREMENT

Vz measured after the test current has been applied to 40 +10 msec, while maintaining the lead temperature (T) at 30°C £1°C, 3/8" from
the diode body.

. ZENER IMPEDANCE (Z7) DERIVATION
The zener impedance is derived from 1 kHz cycle AC voltage, which results when an AC current having an rms value equal to 10% of the
DC zener current (Izt or Izk) is superimposed on Izt or Izk.

. SURGE CURRENT (Igr) NON-REPETITIVE
The rating listed in the electrical characteristics table is maximum peak, non—repetitive, reverse surge current of 1/2 square wave or eqgivalent
sine wave pulse of 1/120 second duration superimposed on the test current, Iz1. However, actual device capability is as described in Figure
5 of the General Data — DO-41 Glass.

http://onsemi.com
223



Pp, STEADY STATE POWER DISSIPATION (WATTS)

BZX85C3V3RL Series
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Figure 1. Power Temperature Derating Curve
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6JL , JUNCTION-TO-LEAD THERMAL RESISTANCE (mV/° C/W) 6Vz , TEMPERATURE COEFFICIENT (mV/°C)

Ppk, PEAK SURGE POWER (WATTS)

BZX85C3V3RL Series

a. Range for Units to 12 Volts b. Range for Units to 12 to 100 Volts
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This graph represents 90 percentile data points.
For worst case design characteristics, multiply surge power by 2/3.

Figure 5. Maximum Surge Power
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BZX85C3V3RL Series
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Figure 8. Typical Leakage Current
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BZX85C3V3RL Series

APPLICATION NOTE

Since the actual voltage available from a given zener AT} is the increase in junction temperature above the lead
diode is temperature dependent, it is necessary to determineemperature and may be found as follows:
junction temperature under any set of operating conditions ATj = 65.Pp.
in order to calculate its value. The following procedure is
recommended:

Lead Temperature, T should be determined from:

T|_ = GLAPD + TA-

0. may be determined from Figure 3 for dc power
conditions. For worst-case design, using expected limits of
Iz, limits of B and the extremes of AT;) may be
estimated. Changes in voltagez,¢an then be found from:
O_a is the lead-to-ambient thermal resistari€\(V) and B AV = By7 AT;.
is the power dissipation. The value fiyra will vary and
depends othe device mounting metha@.  is generally 30

to 40°C/W for the various clips and tie points in common use Under high power-pulse operation, the zener voltage wil

and for printed circuit board wiring. o -
. vary withtime and may also be affected significantly by the
The temperature of the lead can also be measured using & : ;
. Zener resistance. For best regulation, keep current
thermocouple placed on the lead as close as possible to the

: ) . .~ . excursions as low as possible.
tie point. The thermal mass connected to the tie point is o : N

L S Surge limitations are given in Figure 5. They are lower
normally large enough so that it will not significantly ¢

respond to heat surges generated in the diode asaresultq;flan would be expected by considering only junction

Bvz, the zener voltage temperature coefficient, is found
from Figure 2.

, . . emperature, asurrent crowding effects cause temperatures
pulsed operation once steady-state conditions are achieve

Using the measured value of , Tthe junction temperature 0 be extremely high in small spots, resulting in device
may be determined by:

degradation should the limits of Figure 5 be exceeded.
Ty=TL+ AT,
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1N5913B Series

3 Watt DO-41 Surmetic™ 30
Zener Voltage Regulators

This is a complete series of 3 Watt Zener diodes with limits and
excellent operating characteristics that reflect the superior capabilities
of silicon—oxide passivated junctions. All this in an axial-lead,
transfer—molded plastic package that offers protection in all common
environmental conditions.

Specification Features:

* Zener \Voltage Range — 3.3 V to 200 V

ESD Rating of Class 3 (>16 KV) per Human Body Model

* Surge Rating of 98 W @ 1 ms

¢ Maximum Limits Guaranteed on up to Six Electrical Parameters
Package No Larger than the Conventional 1 Watt Package

Mechanical Characteristics:

CASE: Void free, transfer-molded, thermosetting plastic

FINISH: All external surfaces are corrosion resistant and leads are
readily solderable

MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES:
23C°C, 1/18 from the case for 10 seconds

POLARITY: Cathode indicated by polarity band

ON Semiconductor™

http://onsemi.com

o 11 o
Cathode Anode
AXIAL LEAD
CASE 59
PLASTIC

MARKING DIAGRAM

MOUNTING POSITION: Any L
1IN59
] B ]
MAXIMUM RATINGS vYww
Rating Symbol Value Unit L = Assembly Location
Max. Steady State Power Dissipation Ppb 3 w IN59xxB = Device Code
@ T, =75°C, Lead Length = 3/8" (See Table Next Page)
Derate above 75°C 24 mw/°C YY = Year
ww = Work Week
Steady State Power Dissipation Pp 1 w
@ Tp =50°C
Derate above 50°C 6.67 mw/°C
Operating and Storage T3, Tstg —65 to °C ORDERING INFORMATION
Temperature Range +200 Device Package Shipping
1N59xxB Axial Lead 2000 Units/Box
1N59xxBRL Axial Lead | 6000/Tape & Reel
IN59xxBRR1 T | Axial Lead 2000/Tape & Reel
1IN59xxBRR2 ¥ | Axial Lead 2000/Tape & Reel
T Polarity band up with cathode lead off first
Polarity band down with cathode lead off first
Devices listed in bold, italic are ON Semiconductor
Preferred devices. Preferred devices are recommended
choices for future use and best overall value.
0 Semiconductor Components Industries, LLC, 2001 228 Publication Order Number:

May, 2001 — Rev. 1
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ELECTRICAL CHARACTERISTICS
(T, = 30°C unless otherwise noted,
VE =15V Max @ Ig = 200 mAdc for all types)

1N5913B Series

Symbol Parameter

Vyz Reverse Zener Voltage @ Izt

Iz Reverse Current

Z77 Maximum Zener Impedance @ Izt
Izx Reverse Current

Zzk Maximum Zener Impedance @ Izk
IR Reverse Leakage Current @ Vg
VR Breakdown Voltage

I Forward Current

Vg Forward Voltage @ I

Izm Maximum DC Zener Current
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1N5913B Series

ELECTRICAL CHARACTERISTICS (T, = 30°C unless otherwise noted, Vg = 1.5 V Max @ Ig = 200 mAdc for all types)

Zener Voltage (Note 2.) Zener Impedance (Note 3.) Leakage Current

Device Device Vz (Volts) @lzr | Zz1 @ Iz7 Zzk @ lzx Ir @ VR Izm
(Note 1.) Marking Min Nom Max mA Q Q mA HA Max Volts mA
1IN5913B 1N5913B 3.14 3.3 3.47 113.6 10 500 1 100 1 454
1IN5917B 1N5917B 4.47 4.7 4.94 79.8 5 500 1 5 15 319
1N5919B 1N5919B 5.32 5.6 5.88 66.9 2 250 1 5 3 267
1N5920B 1IN5920B 5.89 6.2 6.51 60.5 2 200 1 5 4 241
1IN5921B 1N5921B 6.46 6.8 7.14 55.1 2.5 200 1 5 5.2 220
1N5923B 1N5923B 7.79 8.2 8.61 45.7 3.5 400 0.5 5 6.5 182
1N5924B 1N5924B 8.65 9.1 9.56 41.2 4 500 0.5 5 7 164
1N5925B 1N5925B 9.50 10 10.50 37.5 4.5 500 0.25 5 8 150
1N5926B 1N5926B 10.45 11 11.55 34.1 5.5 550 0.25 1 8.4 136
1N5927B 1N5927B 11.40 12 12.60 31.2 6.5 550 0.25 1 9.1 125
IN5929B IN5929B 14.25 15 15.75 25.0 9 600 0.25 1 11.4 100
1N5930B 1N5930B 15.20 16 16.80 23.4 10 600 0.25 1 12.2 93
1N5931B 1N5931B 17.10 18 18.90 20.8 12 650 0.25 1 13.7 83
1N5932B 1N5932B 19.00 20 21.00 18.7 14 650 0.25 1 15.2 75
1N5933B 1N5933B 20.90 22 23.10 17.0 175 650 0.25 1 16.7 68
1N5934B 1N5934B 22.80 24 25.20 15.6 19 700 0.25 1 18.2 62
1N5935B 1N5935B 25.65 27 28.35 13.9 23 700 0.25 1 20.6 55
IN5936B IN5936B 28.50 30 31.50 12.5 28 750 0.25 1 22.8 50
1N5937B 1N5937B 31.35 33 34.65 11.4 33 800 0.25 1 25.1 45
1N5938B 1N5938B 34.20 36 37.80 10.4 38 850 0.25 1 27.4 41
1N5940B 1N5940B 40.85 43 45.15 8.7 53 950 0.25 1 32.7 34
1IN5941B 1N5941B 44.65 47 49.35 8.0 67 1000 0.25 1 35.8 31
1N5942B 1N5942B 48.45 51 53.55 7.3 70 1100 0.25 1 38.8 29
1N5943B 1N5943B 53.20 56 58.80 6.7 86 1300 0.25 1 42.6 26
1N5944B 1N5944B 58.90 62 65.10 6.0 100 1500 0.25 1 47.1 24
1N5945B 1N5945B 64.60 68 71.40 55 120 1700 0.25 1 51.7 22
1N5946B 1N5946B 71.25 75 78.75 5.0 140 2000 0.25 1 56 20
1IN5947B 1N5947B 77.90 82 86.10 4.6 160 2500 0.25 1 62.2 18
1N5948B 1N5948B 86.45 91 95.55 4.1 200 3000 0.25 1 69.2 16
1N5950B 1N5950B 104.5 110 115.5 3.4 300 4000 0.25 1 83.6 13
1IN5951B 1N5951B 114 120 126 3.1 380 4500 0.25 1 91.2 12
1N5952B 1N5952B 123.5 130 136.5 2.9 450 5000 0.25 1 98.8 11
1N5953B 1N5953B 1425 150 157.5 2.5 600 6000 0.25 1 114 10
1N5954B 1N5954B 152 160 168 2.3 700 6500 0.25 1 121.6 9
1IN5955B 1IN5955B 171 180 189 2.1 900 7000 0.25 1 136.8 8
1IN5956B 1N5956B 190 200 210 1.9 1200 8000 0.25 1 152

1. TOLERANCE AND TYPE NUMBER DESIGNATION
Tolerance designation — device tolerance of +5% are indicated by a “B” suffix.

2. ZENER VOLTAGE (Vz) MEASUREMENT
ON Semiconductor guarantees the zener voltage when measured at 90 seconds while maintaining the lead temperature (T ) at 30°C £1°C,
3/8" from the diode body.

3. ZENER IMPEDANCE (Z7) DERIVATION
The zener impedance is derived from 60 seconds AC voltage, which results when an AC current having an rms value equal to 10% of the
DC zener current (Iz7 or Izk) is superimposed on Izt or Izk.
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1N5913B Series
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Figure 1. Power Temperature Derating Curve
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1N5913B Series

APPLICATION NOTE

Since the actual voltage available from a given zener AT, is the increase in junction temperature above the lead
diode is temperature dependent, it is necessary to determineemperature and may be found from Figure 2 for a train of
junction temperature under any set of operating conditionspowerpulses (L = 3/8 inch) or from Figure 10 for dc power.
in order to calculate its value. The following procedure is ATy =65 Pp
recommended:

. For worst-case design, using expected limits pfimits
Lead Temperature, T should be determined from: g g exp 0

of Pp and the extremes of ;T{AT;) may be estimated.

_ TL=8APp+Ta Changes in voltage, )/ can then be found from:
B_a is the lead-to-ambient thermal resistariéz\(V) and B AV = Byz AT,

is the power dissipation. The value fiyra will vary and o )
depends on the device mounting metHyd, is generally Bvz, the zener voltage temperature coefficient, is found
from Figures 5 and 6.

30-40C/W for the various clips and tie points in common : ) .
Under high power-pulse operation, the zener voltage will

use and for printed circuit board wiring. = T8

The temperature of the lead can also be measured using 7Y Withtime and may also be affected significantly by the
thermocouple placed on the lead as close as possible to th&€Ner resistance. For best regulation, keep current
tie point. The thermal mass connected to the tie point is€XCUrsions as low as possible.
normally large enough so that it will not significanty ~ Data of Figure 2 should not be used to compute surge

respond to heat surges generated in the diode as a result GPapility. Surge limitations are given in Figure 3. They are

pulsed operation once steady-state conditions are achieved®Wer than would be expected by considering only junction

Using the measured value of Tthe junction temperature temperature, asurrent crowding effects cause temperatures
may be determined by: to be extremely high in small spots resulting in device

T, T, + ATy, degradation should the limits of Figure 3 be exceeded.
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0yz TEMPERATURE COEFFICIENT (mV/°C) @ | zT

|7, ZENER CURRENT (mA)

|7, ZENER CURRENT (mA)

1N5913B Series

TEMPERATURE COEFFICIENT RANGES
(90% of the Units are in the Ranges Indicated)
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3EZ4.3D5 Series

3 Watt DO-41 Surmetic™ 30
Zener Voltage Regulators

This is a complete series of 3 Watt Zener diodes with limits and

excellent operating characteristics that reflect the superior capabilities ON Semiconductor™
of silicon—oxide passivated junctions. All this in an axial-lead,
transfer—molded plastic package that offers protection in all common http://onsemi.com
environmental conditions.
A
it . o < o)
Specification Features: Cathode L\ Anode
* Zener \Voltage Range — 4.3 V to 330 V
* ESD Rating of Class 3 (>16 KV) per Human Body Model
* Surge Rating of 98 W @ 1 ms
¢ Maximum Limits Guaranteed on up to Six Electrical Parameters
* Package No Larger than the Conventional 1 Watt Package
Mechanical Characteristics:
CASE: Void free, transfer-molded, thermosetting plastic AXIAL LEAD
FINISH: All external surfaces are corrosion resistant and leads are CASE 59
readily solderable PLASTIC
MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES:
230°C, 1/18 from the case for 10 seconds MARKING DIAGRAM
POLARITY: Cathode indicated by polarity band
MOUNTING POSITION: Any I§Ez
] ooy —1
MAXIMUM RATINGS vYww
Rating Symbol Value Unit L = Assembly Location
Max. Steady State Power Dissipation Ppb 3 w 3EZxxxD5 = Device Code
@ T, =75°C, Lead Length = 3/8" (See Table Next Page)
Derate above 75°C 24 mw/°C YY = Year
ww = Work Week
Steady State Power Dissipation Pp 1 w
@ Tp =50°C
Derate above 50°C 6.67 mw/°C
Operating and Storage T3, Tstg —65 to °C ORDERING INFORMATION
Temperature Range +200 Device Package Shipping
3EZxxxD5 Axial Lead 2000 Units/Box
3EZxxxD5RL Axial Lead | 6000/Tape & Reel
3EZxxxD5RR1 T | Axial Lead 2000/Tape & Reel
3EZxxxD5RR2 ¥ | Axial Lead 2000/Tape & Reel
T Polarity band up with cathode lead off first
Polarity band down with cathode lead off first
0 Semiconductor Components Industries, LLC, 2001 234 Publication Order Number:

May, 2001 — Rev. 1 3EZ4.3D5/D



3EZ4.3D5 Series

ELECTRICAL CHARACTERISTICS (Ta =25°C unless
otherwise noted, Vg = 1.5 V Max @ I = 200 mA for all types)

Symbol Parameter
Vyz Reverse Zener Voltage @ Izt
Iz Reverse Current
Z77 Maximum Zener Impedance @ Izt
Izk Reverse Current
Zzk Maximum Zener Impedance @ lzk
IR Reverse Leakage Current @ VR
VR Breakdown Voltage
I Forward Current
\= Forward Voltage @ I
Izm Maximum DC Zener Current
IR Surge Current @ Tp = 25°C

http://onsemi.com
235

IR VF

Zener Voltage Regulator




3EZ4.3D5 Series

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted, Vg = 1.5V Max @ |g = 200 mA for all types)

Zener Voltage (Note 2.)

Zener Impedance (Note 3.)

Leakage Current

IR

Device Device Vz (Volts) @lzr | Zz1 @ Iz7 Zzk @ Iz IR @ VR Izm | (Note 4.)
(Note 1.) Marking Min Nom Max mA Q Q mA HA Max Volts mA mA
3EZ4.3D5 3EZ4.3D5 4.09 4.3 4.52 174 4.5 400 1 30 1 590 4.1
3EZ6.2D5 3EZ6.2D5 5.89 6.2 6.51 121 1.5 700 1 5 3 435 3.1
3EZ8.2D5 3EZ8.2D5 7.79 8.2 8.61 91 2.3 700 0.5 5 6 330 2.44
3EZ10D5 3EZ10D5 9.50 10 10.5 75 35 700 0.25 3 7.6 270 2.0
3EZ13D5 3EZ13D5 12.35 13 13.65 58 4.5 700 0.25 0.5 9.9 208 1.54
3EZ15D5 3EZ15D5 14.25 15 15.75 50 55 700 0.25 0.5 11.4 180 1.33
3EZ16D5 3EZ16D5 15.2 16 16.8 47 55 700 0.25 0.5 12.2 169 1.25
3EZ18D5 3EZ18D5 17.1 18 18.9 42 6.0 750 0.25 0.5 13.7 150 1.11
3EZ24D5 3EZ24D5 22.8 24 25.2 31 9.0 750 0.25 0.5 18.2 112 0.83
3EZ36D5 3EZ36D5 34.2 36 37.8 21 22 1000 0.25 0.5 27.4 75 0.56
3EZ39D5 3EZ39D5 37.05 39 40.95 19 28 1000 0.25 0.5 29.7 69 0.51
3EZ220D5 | 3EZ220D5 209 220 231 3.4 1600 9000 0.25 1 167 12 0.09
3EZ240D5 | 3EZ240D5 228 240 252 3.1 1700 9000 0.25 1 182 11 0.09
3EZ330D5 | 3EZ330D5 | 313.5 330 346.5 2.3 2200 9000 0.25 1 251 8 0.06

1. TOLERANCE AND TYPE NUMBER DESIGNATION
Tolerance designation — device tolerance of +5% are indicated by a “5” suffix.
2. ZENER VOLTAGE (Vz) MEASUREMENT
ON Semiconductor guarantees the zener voltage when measured at 40 ms +10 ms, 3/8" from the diode body. And an ambient temperature
of 25°C (+8°C, —2°C)
3. ZENER IMPEDANCE (Z7) DERIVATION
The zener impedance is derived from 60 seconds AC voltage, which results when an AC current having an rms value equal to 10% of the
DC zener current (IzT or Izk) is superimposed on Izt or Izk.

SURGE CURRENT (Ir) NON-REPETITIVE

The rating listed in the electrical characteristics table is maximum peak, non-repetitive, reverse surge current of 1/2 square wave or
equivalent sine wave pulse of 1/120 second duration superimposed on the test current, Iz, per JEDEC standards. However, actual device
capability is as described in Figure 3 of the General Data sheet for Surmetic 30s.
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Figure 1. Power Temperature Derating Curve
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3EZ4.3D5 Series
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3EZ4.3D5 Series

APPLICATION NOTE

Since the actual voltage available from a given zener AT, is the increase in junction temperature above the lead
diode is temperature dependent, it is necessary to determineemperature and may be found from Figure 2 for a train of
junction temperature under any set of operating conditionspowerpulses (L = 3/8 inch) or from Figure 10 for dc power.
in order to calculate its value. The following procedure is ATy =65 Pp
recommended:

. For worst-case design, using expected limits pfimits
Lead Temperature, T should be determined from: g g exp 0

of Pp and the extremes of ;T{AT;) may be estimated.

_ TL=8APp+Ta Changes in voltage, )/ can then be found from:
B_a is the lead-to-ambient thermal resistariéz\(V) and B AV = Byz AT,

is the power dissipation. The value fiyra will vary and o )
depends on the device mounting metHyd, is generally Bvz, the zener voltage temperature coefficient, is found
from Figures 5 and 6.

30-40C/W for the various clips and tie points in common : ) .
Under high power-pulse operation, the zener voltage will

use and for printed circuit board wiring. = T8

The temperature of the lead can also be measured using 7Y Withtime and may also be affected significantly by the
thermocouple placed on the lead as close as possible to th&€Ner resistance. For best regulation, keep current
tie point. The thermal mass connected to the tie point is€XCUrsions as low as possible.
normally large enough so that it will not significanty ~ Data of Figure 2 should not be used to compute surge

respond to heat surges generated in the diode as a result GPapility. Surge limitations are given in Figure 3. They are

pulsed operation once steady-state conditions are achieved®Wer than would be expected by considering only junction

Using the measured value of Tthe junction temperature temperature, asurrent crowding effects cause temperatures
may be determined by: to be extremely high in small spots resulting in device

T, T, + ATy, degradation should the limits of Figure 3 be exceeded.
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0yz TEMPERATURE COEFFICIENT (mV/°C) @ | zT

|7, ZENER CURRENT (mA)

|7, ZENER CURRENT (mA)

3EZ4.3D5 Series

TEMPERATURE COEFFICIENT RANGES
(90% of the Units are in the Ranges Indicated)
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MZP4729A Series

3 Watt DO-41 Surmetic™ 30
Zener Voltage Regulators

This is a complete series of 3 Watt Zener diodes with limits and
excellent operating characteristics that reflect the superior capabilities
of silicon—oxide passivated junctions. All this in an axial-lead,
transfer—molded plastic package that offers protection in all common
environmental conditions.

Specification Features:

* Zener Voltage Range — 3.6 Vto 30 V

ESD Rating of Class 3 (>16 KV) per Human Body Model

* Surge Rating of 98 W @ 1 ms

¢ Maximum Limits Guaranteed on up to Six Electrical Parameters
Package No Larger than the Conventional 1 Watt Package

Mechanical Characteristics:

CASE: Void free, transfer-molded, thermosetting plastic

FINISH: All external surfaces are corrosion resistant and leads are
readily solderable

MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES:
23C°C, 1/18 from the case for 10 seconds

POLARITY: Cathode indicated by polarity band

ON Semiconductor™

http://onsemi.com

o 11 o
Cathode Anode
AXIAL LEAD
CASE 59
PLASTIC

MARKING DIAGRAM

MOUNTING POSITION: Any L
MZP4
| o 1
MAXIMUM RATINGS YYWw
Rating Symbol Value Unit L = Assembly Location
Max. Steady State Power Dissipation Ppb 3 w MZP47xxA = Device Code
@ T, =75°C, Lead Length = 3/8" (See Table Next Page)
Derate above 75°C 24 mw/°C Yy = Year
Ww = Work Week
Steady State Power Dissipation Pp 1 w
@ Tp =50°C
Derate above 50°C 6.67 mwW/°C
Operating and Storage T3, Tstg —65 to °C ORDERING INFORMATION
Temperature Range +200 Device Package Shipping
MZP47xxA Axial Lead 2000 Units/Box
MZP47xxARL Axial Lead | 6000/Tape & Reel
MZP47xxATA Axial Lead | 4000/Ammo Pack
MZP47xxARRL T| Axial Lead | 2000/Tape & Reel
MZP47xxARR2 ¥ | Axial Lead | 2000/Tape & Reel
T Polarity band up with cathode lead off first
* Polarity band down with cathode lead off first
0 Semiconductor Components Industries, LLC, 2001 240 Publication Order Number:

May, 2001 — Rev. 1
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MZP4729A Series

ELECTRICAL CHARACTERISTICS (Tp =25°C unless |
otherwise noted, Vg = 1.5 V Max @ I = 200 mA for all types)
Symbol Parameter e
Vyz Reverse Zener Voltage @ Izt |
I7T Reverse Current |
Z77 Maximum Zener Impedance @ Izt |
Izx Reverse Current Ir \l/F
Zzk Maximum Zener Impedance @ lzk
IR Reverse Leakage Current @ VR
VR Breakdown Voltage
I Forward Current
\= Forward Voltage @ I
Ir Surge Current @ Ta = 25°C Zener Voltage Regulator
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MZP4729A Series

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted, Vg = 1.5V Max @ |g = 200 mA for all types)

Zener Voltage (Note 2.)

Zener Impedance (Note 3.)

Leakage Current

The rating listed in the electrical characteristics table is maximum peak, non-repetitive, reverse surge current of 1/2 square wave or
equivalent sine wave pulse of 1/120 second duration superimposed on the test current, Iz, per JEDEC standards. However, actual device

capability is as described in Figure 3 of the General Data sheet for Surmetic 30s.

Pp, MAXIMUM STEADY STATE
POWER DISSIPATION (WATTS)

T., LEAD TEMPERATURE (°C)

5
A
N\ L= LEAD LENGTH
N L=1/8" TO HEAT SINK |
. \‘\
L= Y
. 38 \\
2\\
L=1"
\
1
0
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Figure 1. Power Temperature Derating Curve
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Ir
Device Device Vz (Volts) @lzr |Zz1 @77 Zzk @ Iz Ir @ Vg (Note 4.)
(Note 1.) Marking Min Nom Max mA Q Q mA HA Max Volts mA

MZP4729A MZP4729A 3.42 3.6 3.78 69 10 400 1 100 1 1260
MZP4734A MZP4734A 5.32 5.6 5.88 45 5 600 1 10 2 810
MZP4735A MZP4735A 5.89 6.2 6.51 41 2 700 1 10 3 730
MZP4736A MZP4736A 6.46 6.8 7.14 37 35 700 1 10 4 660
MZP4737A MZP4737A 7.13 7.5 7.88 34 4 700 0.5 10 5 605
MZP4738A MZP4738A 7.79 8.2 8.61 31 4.5 700 0.5 10 6 550
MZP4740A MZP4740A 9.50 10 10.50 25 7 700 0.25 10 7.6 454
MZP4741A MZP4741A 10.45 11 11.55 23 8 700 0.25 5 8.4 414
MZP4744A MZP4744A 14.25 15 15.75 17 14 700 0.25 5 114 304
MZP4745A MZP4745A 15.20 16 16.80 155 16 700 0.25 5 12.2 285
MZP4746A MZP4746A 17.10 18 18.90 14 20 750 0.25 5 13.7 250
MZP4749A MZP4749A 22.80 24 25.20 10.5 25 750 0.25 5 18.2 190
MZP4750A MZP4750A 25.65 27 28.35 9.5 35 750 0.25 5 20.6 170
MZP4751A MZP4751A 28.50 30 31.50 8.5 40 1000 0.25 5 22.8 150
MZP4752A MZP4752A 31.35 33 34.65 7.5 45 1000 0.25 5 25.1 135
MZP4753A MZP4753A 34.20 36 37.80 7.0 50 1000 0.25 5 274 125

1. TOLERANCE AND TYPE NUMBER DESIGNATION
The type numbers listed have a standard tolerance on the nominal zener voltage of +5%.

2. ZENER VOLTAGE (Vz) MEASUREMENT
ON Semiconductor guarantees the zener voltage when measured at 90 seconds while maintaining the lead temperature (T ) at 30°C £1°C,
3/8" from the diode body.

3. ZENER IMPEDANCE (Zz) DERIVATION
The zener impedance is derived from 60 seconds AC voltage, which results when an AC current having an rms value equal to 10% of the
DC zener current (Izt or Izk) is superimposed on Izt or Izk.

4. SURGE CURRENT (Ir) NON-REPETITIVE




MZP4729A Series
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MZP4729A Series

APPLICATION NOTE

Since the actual voltage available from a given zener AT, is the increase in junction temperature above the lead
diode is temperature dependent, it is necessary to determineemperature and may be found from Figure 2 for a train of
junction temperature under any set of operating conditionspowerpulses (L = 3/8 inch) or from Figure 10 for dc power.
in order to calculate its value. The following procedure is ATy =65 Pp
recommended:

. For worst-case design, using expected limits pfimits
Lead Temperature, T should be determined from: g g exp 0

of Pp and the extremes of ;T{AT;) may be estimated.

_ TL=8APp+Ta Changes in voltage, )/ can then be found from:
B_a is the lead-to-ambient thermal resistariéz\(V) and B AV = Byz AT,

is the power dissipation. The value fiyra will vary and o )
depends on the device mounting metHyd, is generally Bvz, the zener voltage temperature coefficient, is found
from Figures 5 and 6.

30-40C/W for the various clips and tie points in common : ) .
Under high power-pulse operation, the zener voltage will

use and for printed circuit board wiring. = T8

The temperature of the lead can also be measured using 7Y Withtime and may also be affected significantly by the
thermocouple placed on the lead as close as possible to th&€Ner resistance. For best regulation, keep current
tie point. The thermal mass connected to the tie point is€XCUrsions as low as possible.
normally large enough so that it will not significanty ~ Data of Figure 2 should not be used to compute surge

respond to heat surges generated in the diode as a result GPapility. Surge limitations are given in Figure 3. They are

pulsed operation once steady-state conditions are achieved®Wer than would be expected by considering only junction

Using the measured value of Tthe junction temperature temperature, asurrent crowding effects cause temperatures
may be determined by: to be extremely high in small spots resulting in device

T, T, + ATy, degradation should the limits of Figure 3 be exceeded.
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0yz TEMPERATURE COEFFICIENT (mV/°C) @ | zT

|7, ZENER CURRENT (mA)

|7, ZENER CURRENT (mA)

MZP4729A Series

TEMPERATURE COEFFICIENT RANGES
(90% of the Units are in the Ranges Indicated)

10 K 1000
®
8 —#| 2 s
VI — 7 £ s
6 — = Z
// Z 200 ,;
4 ~ ) //
it 100 7
o]
2 7 RANGE 3 A
0 7 ~ E
/' ) <
L £ 2
L &
-4 N10 Vi
3 4 5 6 7 8 9 10 1 19 & 10 20 50 100 200 400 1000
V7, ZENER VOLTAGE @ lz7 (VOLTS) Vz, ZENER VOLTAGE @ Izy (VOLTS)
Figure 5. Units To 12 Volts Figure 6. Units 10 To 400 Volts
ZENER VOLTAGE versus ZENER CURRENT
(Figures 7, 8 and 9)
100 S==c===[Rl\
gg /- — % 7 /7 7
/A [ 1% 1 / /
20 — £ [ 1
" =" A £t £
5 / / o f f
3 I 5 ° I
/17 o 3
2 7 | G 2
1 [ i/ J &
.-' / N
05 4 4 A N
03 I/ I/ 82
0.2 AN / 0.2
0.1 L1 0.1
1 2 3 4 5 6 7 8 9 10 0 10 20 30 40 5 60 70 80 90 100
V7, ZENER VOLTAGE (VOLTS) V7, ZENER VOLTAGE (VOLTS)
Figure 7.V z = 3.3 thru 10 Volts Figure 8.V 7 = 12 thru 82 Volts
=
10 — . 7 7 e &
i H——FT—F— 4,
[ | 1 ] I =
S | [ 1 = 7
| | [ ][ ] 2 60 -
, AN 2 A
| [ 1] 2% =~
=
! 'I E 40 / L_'I |"L ]
— A
2 30 = ]
05 o 2 / T —
e PRIMARY PATH OF
0.2 3 10 CONDUCTION IS THROUGH
5 THE CATHODE LEAD
0.1 % 0 | | |
100 150 200 250 300 350 400 =20 1/8 1/4 3/8 1/2 5/8 3/4 718 1
@’ L, LEAD LENGTH TO HEAT SINK (INCH)

V, ZENER VOLTAGE (VOLTS)

Figure 9. V z =100 thru 400 Volts

http://onsemi.com

245

Figure 10. Typical Thermal Resistance



1N5333B Series

5 Watt Surmetic™ 40
Zener Voltage Regulators

This is acomplete series of 5 Watt Zener diodes with tight limits and

better operating characteristics that reflect the superior capabilities of ON Semiconductor™
silicon—-oxide passivated junctions. All this in an axial-lead,
transfer—molded plastic package that offers protection in all common http://onsemi.com
environmental conditions.
Al
PP . o < o}
Specification Features: Cathode C Anode

* Zener \Voltage Range — 3.3 V to 200 V

* ESD Rating of Class 3 (>16 KV) per Human Body Model

¢ Surge Rating of upto 180 W @ 8.3 ms

¢ Maximum Limits Guaranteed on up to Six Electrical Parameters

Mechanical Characteristics:
CASE: Void free, transfer-molded, thermosetting plastic
FINISH: All external surfaces are corrosion resistant and leads are

AXIAL LEAD

readily solderable CASE 17
MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES: PLASTIC
230C°C, 1/16 from the case for 10 seconds
POLARITY: Cathode indicated by polarity band MARKING DIAGRAM
MOUNTING POSITION: Any
L
MAXIMUM RATINGS N B
Rating Symbol Value Unit YW
Max. Steady State Power Dissipation Pp 5 \W L = Assembly Location
@ T =75°C, Lead Length = 3/8" IN53xxB = Device Code
Derate above 75°C 40 mw/°C (See Table Next Page)
- Y = Year
Operating and Storage T3 Tstg —65 to °C "
Temperature Range +200 Ww = Work Week

ORDERING INFORMATION

Device Package Shipping

1N53xxB Axial Lead 1000 Units/Box

1N53xxBRL Axial Lead | 4000/Tape & Reel

IN53xxBTA Axial Lead 2000/Ammo Pack

Devices listed in bold, italic are ON Semiconductor
Preferred devices. Preferred devices are recommended
choices for future use and best overall value.

0 Semiconductor Components Industries, LLC, 2001 246 Publication Order Number:
May, 2001 — Rev. 1 1N5333B/D



ELECTRICAL CHARACTERISTICS (Ta =25°C unless
otherwise noted, Vg = 1.2 V Max @ I = 1.0 A for all types)

1N5333B Series

IR VF

Zener Voltage Regulator

Symbol Parameter
Vyz Reverse Zener Voltage @ Izt
Iz Reverse Current
Z77 Maximum Zener Impedance @ Izt
Izk Reverse Current
Zzk Maximum Zener Impedance @ lzk
IR Reverse Leakage Current @ VR
VR Breakdown Voltage
I Forward Current
\= Forward Voltage @ I
Ir Maximum Surge Current @ Tp = 25°C
AVz Reverse Zener Voltage Change
Izm Maximum DC Zener Current
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1N5333B Series

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted, Vg = 1.2 V Max @ Ig = 1.0 A for all types)

Leakage
Zener Voltage (Note 2.) Zener Impedance (Note 2.) Current
Ir AVz Izm
Device Device VZ (VOltS) @ IZT ZZT @ IZT ZZK @ IZK IZK IR @ VR (Note 3) (Note 4) (Note 5)
(Note 1.) | Marking Min | Nom | Max mA Q Q pA | pA Max | Volts A Volts mA
IN5333B | 1IN5333B | 3.14 3.3 3.47 380 3 400 1 300 1 20 0.85 1440
1N5334B | 1IN5334B | 3.42 | 3.6 | 3.78 | 350 25 500 1 150 1 18.7 0.8 1320
1N5335B | 1N5335B | 3.71 | 3.9 | 4.10 | 320 2 500 1 50 1 17.6 0.54 1220
1N5336B | 1N5336B | 4.09 | 4.3 | 452 | 290 2 500 1 10 1 16.4 0.49 1100
IN5337B | IN5337B | 4.47 | 4.7 | 494 | 260 2 450 1 5 1 15.3 0.44 1010
IN5338B | IN5338B | 4.85 | 51 | 5.36 | 240 1.5 400 1 1 1 14.4 0.39 930
IN5339B | 1N5339B | 5.32 | 5.6 | 588 | 220 1 400 1 1 2 134 0.25 865
1N5340B | 1N5340B | 5.70 | 6.0 | 6.30 [ 200 1 300 1 1 3 12.7 0.19 790
IN5341B | 1N5341B | 5.89 6.2 6.51 200 1 200 1 1 3 12.4 0.1 765
IN5342B | 1N5342B | 6.46 6.8 7.14 175 1 200 1 10 5.2 11.5 0.15 700
1IN5343B | 1N5343B | 7.13 7.5 7.88 175 1.5 200 1 10 5.7 10.7 0.15 630
1N5344B | 1N5344B | 7.79 8.2 8.61 150 1.5 200 1 10 6.2 10 0.2 580
1N5345B | 1N5345B | 8.27 8.7 9.14 150 2 200 1 10 6.6 9.5 0.2 545
1N5346B | 1N5346B | 8.65 | 9.1 | 9.56 | 150 2 150 1 7.5 6.9 9.2 0.22 520
IN5347B | 1IN5347B | 9.50 10 10.5 125 2 125 1 5 7.6 8.6 0.22 475
1IN5348B | 1N5348B | 10.45 11 11.55 | 125 2.5 125 1 5 8.4 8.0 0.25 430
IN5349B | 1IN5349B | 11.4 12 12.6 100 2.5 125 1 2 9.1 7.5 0.25 395
IN5350B | 1IN5350B | 12.35 | 13 |13.65| 100 2.5 100 1 1 9.9 7.0 0.25 365
IN5351B | 1IN5351B | 13.3 14 14.7 100 25 75 1 1 10.6 6.7 0.25 340
IN5352B | 1IN5352B | 14.25 | 15 | 15.75 75 2.5 75 1 1 11.5 6.3 0.25 315
IN5353B | 1IN5353B | 15.2 16 16.8 75 2.5 75 1 1 12.2 6.0 0.3 295
1IN5354B | 1N5354B | 16.15 17 |17.85 70 25 75 1 0.5 12.9 5.8 0.35 280
IN5355B | 1IN5355B | 17.1 18 18.9 65 2.5 75 1 0.5 13.7 5.5 0.4 264
1IN5356B | 1N5356B | 18.05 19 [19.95 65 3 75 1 0.5 14.4 5.3 0.4 250
1IN5357B | 1N5357B 19 20 21 65 3 75 1 0.5 15.2 5.1 0.4 237
IN5358B | 1N5358B | 20.9 22 23.1 50 3.5 75 1 0.5 16.7 4.7 0.45 216
IN5359B | 1IN5359B | 22.8 24 25.2 50 3.5 100 1 0.5 18.2 4.4 0.55 198
1IN5360B | 1IN5360B [ 23.75 | 25 |[26.25 50 4 110 1 0.5 19 4.3 0.55 190
IN5361B | 1IN5361B | 25.65 | 27 |28.35 50 5 120 1 0.5 20.6 4.1 0.6 176
1IN5362B | 1N5362B | 26.6 28 29.4 50 6 130 1 0.5 21.2 3.9 0.6 170

1. TOLERANCE AND TYPE NUMBER DESIGNATION
The JEDEC type numbers shown indicate a tolerance of +5%.

2. ZENER VOLTAGE (V) and IMPEDANCE (I 77 and | z¢)
Test conditions for zener voltage and impedance are as follows: |7 is applied 40 +10 ms prior to reading. Mounting contacts are located 3/8"
to 1/2" from the inside edge of mounting clips to the body of the diode (T = 25°C +8°C, —2°C).

3. SURGE CURRENT (IR)
Surge current is specified as the maximum allowable peak, non-recurrent square—wave current with a pulse width, PW, of 8.3 ms. The data
given in Figure 6 may be used to find the maximum surge current for a square wave of any pulse width between 1 ms and 1000 ms by plotting
the applicable points on logarithmic paper. Examples of this, using the 3.3 V and 200 V zener are shown in Figure 7. Mounting contact located
as specified in Note 2 (Tp = 25°C +8°C, —2°C).

4. VOLTAGE REGULATION (AVZ)
The conditions for voltage regulation are as follows: Vz; measurements are made at 10% and then at 50% of the I; max value listed in the
electrical characteristics table. The test current time duration for each VVz; measurement is 40 £10 ms. Mounting contact located as specified
in Note 2 (Ta = 25°C +8°C, —2°C).

5. MAXIMUM REGULATOR CURRENT (I z\1)
The maximum current shown is based on the maximum voltage of a 5% type unit, therefore, it applies only to the B—suffix device. The actual
17\ for any device may not exceed the value of 5 watts divided by the actual V; of the device. T = 75°C at 3/8" maximum from the device
body.
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1N5333B Series

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted, Vg = 1.2 V Max @ Ig = 1.0 A for all types)

Leakage
Zener Voltage (Note 7.) Zener Impedance (Note 7.) Current
Ir AVz Izm
Device Device VZ (VOltS) @ IZT ZZT @ IZT ZZK @ IZK IZK IR @ VR (Note 8) (Note 9) (Note 10)
(Note 6.) | Marking Min | Nom | Max mA Q Q pA | pA Max | Volts A Volts mA
1N5363B | 1N5363B | 28.5 30 | 315 40 8 140 1 0.5 22.8 3.7 0.6 158
IN5364B | 1IN5364B |[31.35 | 33 [34.65| 40 10 150 1 0.5 25.1 35 0.6 144
IN5365B | 1IN5365B | 34.2 36 | 37.8 30 11 160 1 0.5 27.4 3.5 0.65 132
1N5366B | 1N5366B |37.05 | 39 |[40.95 | 30 14 170 1 0.5 29.7 3.1 0.65 122
IN5367B | 1IN5367B [40.85 | 43 [45.15| 30 20 190 1 0.5 32.7 2.8 0.7 110
IN5368B | IN5368B | 44.65 | 47 |49.35| 25 25 210 1 0.5 35.8 2.7 0.8 100
IN5369B | 1IN5369B [48.45 | 51 |[5355 | 25 27 230 1 0.5 38.8 25 0.9 93
IN5370B | 1N5370B | 53.2 56 58.8 20 35 280 1 0.5 42.6 2.3 1.0 86
IN5371B | 1IN5371B | 57 60 63 20 40 350 1 0.5 45.5 2.2 12 79
IN5372B | 1IN5372B | 58.9 62 65.1 20 42 400 1 0.5 47.1 21 1.35 76
1IN5373B | 1IN5373B | 64.6 68 71.4 20 44 500 1 0.5 51.7 2.0 1.52 70
IN5374B | IN5374B |71.25 | 75 |78.75| 20 45 620 1 0.5 56 1.9 1.6 63
IN5375B | 1IN5375B | 77.9 82 | 86.1 15 65 720 1 0.5 62.2 1.8 18 58
IN5376B | 1IN5376B |82.65 | 87 [91.35| 15 75 760 1 0.5 66 1.7 2.0 54.5
IN5377B | IN5377B |86.45 | 91 [9555 | 15 75 760 1 0.5 69.2 1.6 2.2 52.5
1N5378B | 1IN5378B | 95 100 | 105 12 90 800 1 0.5 76 15 25 47.5
IN5379B | 1IN5379B | 104.5 | 110 [ 1155 | 12 125 1000 1 0.5 83.6 14 25 43
1N5380B | 1N5380B | 114 | 120 | 126 10 170 1150 1 0.5 91.2 1.3 25 39.5
1N5381B | 1IN5381B |123.5 | 130 [136.5 | 10 190 1250 1 0.5 98.8 1.2 25 36.6
1N5382B | 1N5382B | 133 | 140 | 147 8 230 1500 1 0.5 106 1.2 25 34
IN5383B | 1IN5383B | 142.5 | 150 | 157.5 8 330 1500 1 0.5 114 1.1 3.0 31.6
1N5384B | 1N5384B | 152 | 160 | 168 8 350 1650 1 0.5 122 11 3.0 29.4
1N5385B | 1N5385B | 161.5 | 170 | 178.5 8 380 1750 1 0.5 129 1.0 3.0 28
1N5386B | 1N5386B | 171 | 180 | 189 5 430 1750 1 0.5 137 1.0 4.0 26.4
1N5387B | 1N5387B | 180.5 | 190 [ 199.5 5 450 1850 1 0.5 144 0.9 5.0 25
1N5388B | 1N5388B | 190 | 200 | 210 5 480 1850 1 0.5 152 0.9 5.0 23.6
6. TOLERANCE AND TYPE NUMBER DESIGNATION
The JEDEC type numbers shown indicate a tolerance of £5%.
7. ZENER VOLTAGE (Vz) and IMPEDANCE (I zt and k)
Test conditions for zener voltage and impedance are as follows: |7 is applied 40 +10 ms prior to reading. Mounting contacts are located 3/8"
to 1/2" from the inside edge of mounting clips to the body of the diode (Ta = 25°C +8°C, —2°C).
8. SURGE CURRENT (IR)
Surge current is specified as the maximum allowable peak, non-recurrent square—wave current with a pulse width, PW, of 8.3 ms. The data
given in Figure 6 may be used to find the maximum surge current for a square wave of any pulse width between 1 ms and 1000 ms by plotting
the applicable points on logarithmic paper. Examples of this, using the 3.3 V and 200 V zener are shown in Figure 7. Mounting contact located
as specified in Note 7 (T = 25°C +8°C, -2°C).
9. VOLTAGE REGULATION (AVy)

The conditions for voltage regulation are as follows: V; measurements are made at 10% and then at 50% of the I; max value listed in the
electrical characteristics table. The test current time duration for each Vz measurement is 40 +10 ms. Mounting contact located as specified
in Note 7 (Tp = 25°C +8°C, —2°C).

10.MAXIMUM REGULATOR CURRENT (I zp1)

The maximum current shown is based on the maximum voltage of a 5% type unit, therefore, it applies only to the B—suffix device. The actual
Iz, for any device may not exceed the value of 5 watts divided by the actual V; of the device. T = 75°C at 3/8" maximum from the device
body.
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6Vz, TEMPERATURE COEFFICIENT

1N5333B Series
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1IN5333B

Series
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Figure 10. Zener Voltage versus Zener Current
V7 = 82 thru 200 Volts

APPLICATION NOTE

Since the actual voltage available from a given zener

For worst-case design, using expected limits pfitnits

diode is temperature dependent, it is necessary to determinef Pp and the extremes of TAT; may be estimated.
junction temperature under any set of operating conditionsChanges in voltage, 2/ can then be found from:

in order to calculate its value. The following procedure is
recommended:
Lead Temperature, T should be determined from:
TL=6APp+Ta
O A is the lead-to-ambient thermal resistance anisPhe
power dissipation.
Junction Temperature gTmay be found from:

Ty=TL+ ATy

AV = 9\/2 ATJ
Bvz, the zener voltage temperature coefficient, is found
from Figures 2 and 3.

Under high power-pulse operation, the zener voltage will
vary withtime and may also be affected significantly by the
zener resistance. For best regulation, keep current
excursions as low as possible.

Data of Figure 4 should not be used to compute surge

ATy is the increase in junction temperature above the leadcapability. Surge limitations are given in Figure 6. They are
temperature and may be found from Figure 4 for a train of lower than would be expected by considering only junction

power pulses or from Figure 5 for dc power.
ATy =65 Pp

temperature, asurrent crowding effects cause temperatures
to be extremely high in small spots resulting in device
degradation should the limits of Figure 6 be exceeded.
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CHAPTER 7
Zener Voltage Regulator Diodes —
Surface Mounted Data Sheets
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MM32Z2V4T1 SERIES

Zener Voltage Regulators
200 mW SOD-323 Surface Mount

This series of Zener diodes is packaged in a SOD-323 surface
mount package that has a power dissipation of 200 mW. They are
designed to provide voltage regulation protection and are especially
attractive in situations where space is at a premium. They are well
suited for applications such as cellular phones, hand held portables,
and high density PC boards.

Specification Features:
¢ Standard Zener Breakdown Voltage Range — 2.4V to 75V
* Steady State Power Rating of 200 mW
¢ Small Body Outline Dimensions:
0.067 x 0.049 (1.7 mm x 1.25 mm)
* Low Body Height: 0.035(0.9 mm)
¢ Package Weight: 4.507 mg/unit
* ESD Rating of Class 3 (>16 KV) per Human Body Model
Mechanical Characteristics:
CASE: Void-free, transfer-molded plastic
FINISH: All external surfaces are corrosion resistant
MAXIMUM CASE TEMPERATURE FOR SOLDERING PURPOSES:
260C°C for 10 Seconds
LEADS: Plated with Pb/Sn for ease of solderability
POLARITY: Cathode indicated by polarity band
FLAMMABILITY RATING: UL94 V-0
MOUNTING POSITION: Any

MAXIMUM RATINGS

ON Semiconductor™

http://onsemi.com

1 2
Cathode Anode
SOD-323
CASE 477-02
STYLE 1

MARKING DIAGRAM

XX M :D

xx = Specific Device Code
M = Date Code

1. FR—4 Minimum Pad

Rating Symbol Max Unit

Total Device Dissipation FR-5 Board, Pp

(Note 1.) @ Tp = 25°C 200 mw ORDERING INFORMATION

Derate above 25°C 15 mw/°C 1 —

Device Package Shipping

Thermal Resistance from Roia 635 °C/IW

Junction to Ambient MM3ZxxxT1 | SOD-323 3000/Tape & Reel
Junction and Storage T3 Tstg —65 to °C

Temperature Range +150

DEVICE MARKING INFORMATION

See specific marking information in the device marking
column of the Electrical Characteristics table on page 256 of
this data sheet.

TThe “T1” suffix refers to an 8 mm, 7 inch reel.

O Semiconductor Components Industries, LLC, 2001 254
May, 2001 — Rev. 5

Publication Order Number:
MM3Z2V4T1/D




MM3Z2V4T1 SERIES

ELECTRICAL CHARACTERISTICS |
(Ta = 25°C unless otherwise noted,

VE=0.9 V Max. @ I = 10 mA for all types) I
Symbol Parameter |
Vyz Reverse Zener Voltage @ Izt
Iz Reverse Current
Z77 Maximum Zener Impedance @ Izt
Izx Reverse Current
Zzk Maximum Zener Impedance @ Izk
IR Reverse Leakage Current @ Vg
VR Reverse Voltage
Ir Forward Current Zener Voltage Regulator
Vg Forward Voltage @ I
BOVz Maximum Temperature Coefficient of Vz
C Max. Capacitance @Vg =0 and f =1 MHz
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MM3Z2V4T1 SERIES

ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted, Vg = 0.9 V Max. @ Ig = 10 mA for all types)

Zener Voltage (Note 2.)

Zener Impedance

Leakage Current

vy C
Zz7 (mV/K) @Vg=0
Device Vz (Volts) @lzr [@lzr | Zzk @ Iz« IR @ VR @ Izt f=1MHz

Device Marking Min Nom Max mA Q Q mA pA Volts Min Max pF
MM3Z2V4T1 00 2.2 2.4 2.6 5 100 | 1000 0.5 50 1.0 -3.5 0 450
MM3z2V7T1 01 2.5 2.7 2.9 5 100 1000 0.5 20 1.0 -3.5 0 450
MM3Z3V0T1 02 2.8 3.0 3.2 5 100 1000 0.5 10 1.0 -35 0 450
MM3Z3V3T1 05 3.1 3.3 35 5 95 1000 0.5 5 1.0 -3.5 0 450
MM3Z3V6T1 06 3.4 3.6 3.8 5 90 1000 0.5 5 1.0 -3.5 0 450
MM3Z3V9T1 07 3.7 3.9 4.1 5 90 1000 0.5 3 1.0 -35 -2.5 450
MM3Z4V3T1 08 4.0 4.3 4.6 5 90 1000 0.5 3 1.0 -35 0 450
MM3Z4V7T1 09 4.4 4.7 5.0 5 80 800 0.5 3 2.0 -3.5 0.2 260
MM3Z5V1T1 0A 4.8 5.1 5.4 5 60 500 0.5 2 2.0 2.7 1.2 225
MM3Z5V6T1 oC 5.2 5.6 6.0 5 40 200 0.5 1 2.0 -2.0 2.5 200
MM3Z6V2T1 OE 5.8 6.2 6.6 5 10 100 0.5 3 4.0 0.4 3.7 185
MM3z6V8T1 OF 6.4 6.8 7.2 5 15 160 0.5 2 4.0 1.2 4.5 155
MM3Z7V5T1 0G 7.0 7.5 7.9 5 15 160 0.5 1 5.0 2.5 5.3 140
MM3z8V2T1 OH 7.7 8.2 8.7 5 15 160 0.5 0.7 5.0 3.2 6.2 135
MM3Z9V1T1 OK 8.5 9.1 9.6 5 15 160 0.5 0.2 7.0 3.8 7.0 130
MM3Z10VT1 oL 9.4 10 10.6 5 20 160 0.5 0.1 8.0 4.5 8.0 130
MM3Z11VT1 oM 10.4 11 11.6 5 20 160 0.5 0.1 8.0 54 9.0 130
MM3Z12VT1 ON 11.4 12 12.7 5 25 80 0.5 0.1 8.0 6.0 10 130
MM3Z13VT1 oP 12.4 |113.25 | 14.1 5 30 80 0.5 0.1 8.0 7.0 11 120
MM3Z15VT1 oT 14.3 15 15.8 5 30 80 0.5 0.05 10.5 9.2 13 110
MM3Z16VT1 ouU 15.3 16.2 17.1 5 40 80 0.5 0.05 11.2 10.4 14 105
MM3Z18VT1 ow 16.8 18 19.1 5 45 80 0.5 0.05 12.6 12.4 16 100
MM3Z20VT1 0z 18.8 20 21.2 5 55 100 0.5 0.05 14.0 14.4 18 85
MM3z22VT1 10 20.8 22 23.3 5 55 100 0.5 0.05 15.4 16.4 20 85
MM3Z224VT1 11 22.8 24.2 25.6 5 70 120 0.5 0.05 16.8 18.4 22 80
MM3Z27VT1 12 25.1 27 28.9 2 80 300 0.5 0.05 18.9 21.4 25.3 70
MM3Z30VT1 14 28 30 32 2 80 300 0.5 0.05 21.0 24.4 29.4 70
MM3Z33VT1 18 31 33 35 2 80 300 0.5 0.05 23.2 27.4 33.4 70
MM3Z36VT1 19 34 36 38 2 90 500 0.5 0.05 25.2 30.4 374 70
MM3Z39VT1 20 37 39 41 2 130 500 0.5 0.05 27.3 334 41.2 45
MM3Z43VT1 21 40 43 46 2 150 500 0.5 0.05 30.1 37.6 46.6 40
MM3z47VT1 1A 44 47 50 2 170 500 0.5 0.05 32.9 42.0 51.8 40
MM3Z51VT1 1C 48 51 54 2 180 500 0.5 0.05 35.7 46.6 57.2 40
MM3Z56VT1 1D 52 56 60 2 200 500 0.5 0.05 39.2 52.2 63.8 40
MM3Z62VT1 1E 58 62 66 2 215 500 0.5 0.05 43.4 58.8 71.6 35
MM3z68VT1 1F 64 68 72 2 240 500 0.5 0.05 47.6 65.6 79.8 35
MM3Z75VT1 1G 70 75 79 2 255 500 0.5 0.05 52.5 73.4 88.6 35

2. Zener voltage is measured with a pulse test current Iz at an ambient temperature of 25°C.
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MM3Z2V4T1 SERIES

Typical Characteristics
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BZX84C2V4LT1 Series

Zener Voltage Regulators
225 mW SOT-23 Surface Mount

This series of Zener diodes is offered in the convenient, surface
mount plastic SOT-23 package. These devices are designed to provide
voltage regulation with minimum space requirement. They are well
suited for applications such as cellular phones, hand held portables,

and high density PC boards.

Specification Features:

* 225 mW Rating on FR—4 or FR-5 Board

* Zener Breakdown Voltage Range — 2.4V to 75V

* Package Designed for Optimal Automated Board Assembly
Small Package Size for High Density Applications

ESD Rating of Class 3 (>16 KV) per Human Body Model

Mechanical Characteristics:

CASE: Void-free, transfer-molded, thermosetting plastic case

FINISH: Corrosion resistant finish, easily solderable

MAXIMUM CASE TEMPERATURE FOR SOLDERING PURPOSES:
26C°C for 10 Seconds

POLARITY: Cathode indicated by polarity band

FLAMMABILITY RATING: UL94 V-0

MAXIMUM RATINGS

3
Cathode

3

b

2

SOT-23
CASE 318
STYLE 8

ON Semiconductor™

http://onsemi.com
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MARKING DIAGRAM

O

XXX S

U L

xxx = Specific Device Code

M

= Date Code

ORDERING INFORMATION

Rating Symbol Max Unit

Total Power Dissipation on FR-5 Board, Ppo

(Note 1.) @ Ta = 25°C 225 mw

Derated above 25°C 1.8 mwW/°C
Thermal Resistance — Junction to Ambient Rgia 556 °C/W
Total Power Dissipation on Alumina Pp

Substrate, (Note 2.) @ Tp = 25°C 300 mw

Derated above 25°C 2.4 mwW/°C
Thermal Resistance — Junction to Ambient Rgia 417 °C/IW
Junction and Storage T3, Tstg —65 to °C

Temperature Range +150

1. FR-5=1.0X0.75 X 0.62 in.
2. Alumina =0.4 X 0.3 X 0.024 in., 99.5% alumina

0 Semiconductor Components Industries, LLC, 2001 259
May, 2001 — Rev. 1

Device T Package Shipping
BZX84CxxxLT1 SOT-23 3000/Tape & Reel
BZX84CxxxLT3 SOT-23 |10,000/Tape & Reel

DEVICE MARKING INFORMATION

See specific marking information in the device marking
column of the Electrical Characteristics table on page 261 of

this data sheet.

Devices listed in bold, italic are ON Semiconductor
Preferred devices. Preferred devices are recommended
choices for future use and best overall value.

TThe “T1” suffix refers to an 8 mm, 7 inch reel.
The “T3" suffix refers to an 8 mm, 13 inch reel.

Publication Order Number:

BZX84C2V4LT1/D




BZX84C2VA4LT1 Series

ELECTRICAL CHARACTERISTICS |
(Pinout: 1-Anode, 2-No Connection, 3-Cathode) (T = 25°C )
unless otherwise noted, Vg = 0.95 V Max. @ Iz = 10 mA) IF
Symbol Parameter |
Vyz Reverse Zener Voltage @ Izt
Iz Reverse Current
Z77 Maximum Zener Impedance @ Izt
IR Reverse Leakage Current @ VR
VR Reverse Voltage
Ie Forward Current
Ve Forward Voltage @ I
BVy Maximum Temperature Coefficient of V2 Zener Voltage Regulator
c Max. Capacitance @ Vg =0 and f =1 MHz
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ELECTRICAL CHARACTERISTICS

BZX84C2VA4LT1 Series

(Pinout: 1-Anode, 2-No Connection, 3-Cathode) (Tp = 25°C unless otherwise noted, Vg = 0.90 V Max. @ Iz = 10 mA)

Vz1 (Volts) Vz, (Volts) Vz3 (Volts) Max Reverse Oyz
@ lzr1=5mA @ lzr2=1mA 2712 @ lIzr3 =20 mA Leakage (mV/K)
(Note 3.) Z711 (Note 3.) (Ohms) (Note 3.) Z713 Current @ lz11 =5mA
(Ohms) @lzm2= (Ohms) C (pF)
Device ) @ lzr1= ‘ 1mA . @lzrz= | IR @ VR ‘ @Vg=0
Device Marking Min | Nom | Max 5mA Min Max (Note 4.) Min Max 20 mA A Volts Min Max f=1MHz
BZX84C2V4LT1 Z11 2.2 2.4 2.6 100 1.7 2.1 600 2.6 3.2 50 50 1 -3.5 0 450
BZX84C2V7LT1 z12 2.5 2.7 2.9 100 1.9 2.4 600 3 3.6 50 20 1 -3.5 0 450
BZX84C3VOLT1 Z13 2.8 3 3.2 95 2.1 2.7 600 3.3 3.9 50 10 1 -3.5 0 450
BZX84C3V3LT1 Z14 3.1 3.3 3.5 95 2.3 2.9 600 3.6 4.2 40 5 1 -3.5 0 450
BZX84C3V6LT1 715 3.4 3.6 3.8 90 2.7 3.3 600 3.9 4.5 40 5 1 -35 0 450
BZX84C3VILT1 Z16 3.7 3.9 4.1 90 2.9 35 600 4.1 4.7 30 3 1 -35 -2.5 450
BZX84C4V3LT1 w9 4 4.3 4.6 90 3.3 4 600 4.4 51 30 3 1 -35 0 450
BZX84C4V7LT1 Z1 4.4 4.7 5 80 3.7 4.7 500 4.5 5.4 15 3 2 -35 02 260
BZX84C5V1LT1 z2 4.8 5.1 54 60 4.2 53 480 5 59 15 2 2 2.7 1.2 225
BZX84C5V6LT1 zZ3 52 5.6 6 40 4.8 6 400 52 6.3 10 1 2 -2.0 2.5 200
BZX84C6V2LT1 zZ4 5.8 6.2 6.6 10 5.6 6.6 150 5.8 6.8 6 3 4 0.4 3.7 185
BZX84C6V8LT1 Z5 6.4 6.8 7.2 15 6.3 7.2 80 6.4 7.4 6 2 4 1.2 4.5 155
BZX84C7V5LT1 Z6 7 7.5 7.9 15 6.9 7.9 80 7 8 6 1 5 25 53 140
BZX84C8V2LT1 z7 7.7 8.2 8.7 15 7.6 8.7 80 7.7 8.8 6 0.7 5 3.2 6.2 135
BZX84C9V1LT1 z8 8.5 9.1 9.6 15 8.4 9.6 100 8.5 9.7 8 0.5 6 3.8 7.0 130
BZX84C10LT1 Z9 9.4 10 10.6 20 9.3 10.6 150 9.4 10.7 10 0.2 7 4.5 8.0 130
BZX84C11LT1 Y1 10.4 11 11.6 20 10.2 11.6 150 10.4 11.8 10 0.1 8 5.4 9.0 130
BzZX84C12LT1 Y2 11.4 12 12.7 25 11.2 12.7 150 11.4 12.9 10 0.1 8 6.0 10.0 130
BZX84C13LT1 Y3 124 13 141 30 123 14 170 125 14.2 15 0.1 8 7.0 11.0 120
BZX84C15LT1 Y4 143 15 15.8 30 13.7 155 200 13.9 15.7 20 0.05 105 9.2 13.0 110
BZX84C16LT1 Y5 15.3 16 17.1 40 15.2 17 200 15.4 17.2 20 0.05 11.2 10.4 14.0 105
BZX84C18LT1 Y6 16.8 18 19.1 45 16.7 19 225 16.9 19.2 20 0.05 12.6 12.4 16.0 100
BZX84C20LT1 Y7 18.8 20 21.2 55 18.7 21.1 225 18.9 21.4 20 0.05 14 14.4 18.0 85
BZX84C22LT1 Y8 20.8 22 233 55 20.7 23.2 250 20.9 234 25 0.05 15.4 16.4 20.0 85
BZX84C24LT1 Y9 22.8 24 25.6 70 22.7 255 250 22.9 25.7 25 0.05 16.8 18.4 22.0 80
Max Reverse 0yz
Vz1 Below Vz, Below 2712 Vz3 Below Leakage (mV/Kk) Below
@ lz11 =2 mA Zz711 @ lz12=0.1 mA Below @ lz13 =10 mA Z713 Current @ lzr1=2mA
Below @ lz1a= Below C (pF)
Device ) @ lzr1 = ) 0.5 mA ) @lzr3= | R @ VR ) @VR=0
Device Marking | Min | Nom | Max 2mA Min Max (Note 4.) Min Max 10 mA nA Volts Min Max | f=1MHz
BZX84C27LT1 Y10 25.1 27 28.9 80 25 28.9 300 25.2 29.3 45 0.05 18.9 21.4 25.3 70
BZX84C30LT1 Y11 28 30 32 80 27.8 32 300 28.1 324 50 0.05 21 24.4 29.4 70
BZX84C33LT1 Y12 31 33 35 80 30.8 35 325 311 354 55 0.05 23.1 27.4 334 70
BZX84C36LT1 Y13 34 36 38 90 33.8 38 350 34.1 38.4 60 0.05 25.2 30.4 37.4 70
BZX84C39LT1 Y14 37 39 41 130 36.7 41 350 37.1 41.5 70 0.05 27.3 33.4 41.2 45
BZX84C43LT1 Y15 40 43 46 150 39.7 46 375 40.1 46.5 80 0.05 30.1 37.6 46.6 40
BZX84C47LT1 Y16 44 47 50 170 43.7 50 375 44.1 50.5 90 0.05 329 42.0 51.8 40
BZX84C51LT1 Y17 48 51 54 180 47.6 54 400 48.1 54.6 100 0.05 35.7 46.6 57.2 40
BZX84C56LT1 Y18 52 56 60 200 51.5 60 425 52.1 60.8 110 0.05 39.2 52.2 63.8 40
BZX84C62LT1 Y19 58 62 66 215 57.4 66 450 58.2 67 120 0.05 43.4 58.8 71.6 35
BZX84C68LT1 Y20 64 68 72 240 63.4 72 475 64.2 73.2 130 0.05 47.6 65.6 79.8 35
BZX84C75LT1 Y21 70 75 79 255 69.4 79 500 70.3 80.2 140 0.05 52.5 73.4 88.6 35

3. Zener voltage is measured with a pulse test current Iz at an ambient temperature of 25°C

4. The Zener impedance, Zz1,, for the 27 through 75 volt types is tested at 0.5 mA rather than the test current of 0.1 mA used for Vz,
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BZX84C2VA4LT1 Series

TYPICAL CHARACTERISTICS
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BZX84C2VA4LT1 Series

TYPICAL CHARACTERISTICS
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Figure 8. Zener Voltage versus Zener Current
(12Vto91V)



MMBZ25221BLT1 Series

Zener Voltage Regulators

225 mW SOT-23 Surface Mount

This series of Zener diodes is offered in the convenient, surface

mount plastic SOT-23 package. These devices are designed to provide ON Semiconductor™

voltage regulation with minimum space requirement. They are well
suited for applications such as cellular phones, hand held portables,

and high density PC boards.

Specification Features:

* 225 mW Rating on FR—4 or FR-5 Board
* Zener \Voltage Range — 2.4V to 91V
* Package Designed for Optimal Automated Board Assembly

Mechanical Characteristics:

Small Package Size for High Density Applications
ESD Rating of Class 3 (>16 KV) per Human Body Model

CASE: Void-free, transfer-molded, thermosetting plastic case
FINISH: Corrosion resistant finish, easily solderable
MAXIMUM CASE TEMPERATURE FOR SOLDERING PURPOSES:

260°C for 10 Seconds

POLARITY: Cathode indicated by polarity band

FLAMMABILITY RATING: UL94 V-0

MAXIMUM RATINGS

http://onsemi.com
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CASE 318
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MARKING DIAGRAM
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XXX S
U U

xxx = Specific Device Code
M = Date Code

ORDERING INFORMATION

Device T Package Shipping

MMBZ52xxBLT1| SOT-23 3000/Tape & Reel

Rating Symbol Max Unit
Total Power Dissipation on FR-5 Board, Ppo
(Note 1.) @ Ta = 25°C 225 mw
Derated above 25°C 1.8 mwW/°C
Thermal Resistance — Junction to Ambient Rgia 556 °C/W
Total Power Dissipation on Alumina Pp
Substrate, (Note 2.) @ Tp = 25°C 300 mw
Derated above 25°C 2.4 mwW/°C
Thermal Resistance — Junction to Ambient Rgia 417 °C/IW
Junction and Storage T3, Tstg —65 to °C
Temperature Range +150
1. FR-5=1.0X0.75 X 0.62 in.
2. Alumina = 0.4 X 0.3 X 0.024 in., 99.5% alumina
0 Semiconductor Components Industries, LLC, 2001 264

April, 2001 — Rev. 2

MMBZ52xxBLT3 | SOT-23 |10,000/Tape & Reel

DEVICE MARKING INFORMATION

See specific marking information in the device marking
column of the Electrical Characteristics table on page 266 of
this data sheet.

Devices listed in bold, italic are ON Semiconductor
Preferred devices. Preferred devices are recommended
choices for future use and best overall value.

TThe “T1” suffix refers to an 8 mm, 7 inch reel.
The “T3” suffix refers to an 8 mm, 13 inch reel.

Publication Order Number:
MMBZ5221BLT1/D




MMBZ5221BLT1 Series

ELECTRICAL CHARACTERISTICS |
(Pinout: 1-Anode, 2-No Connection, 3-Cathode) (T = 25°C

unless otherwise noted, Vg = 0.95 V Max. @ Iz = 10 mA) I
Symbol Parameter |
Vyz Reverse Zener Voltage @ Izt
Iz Reverse Current
Z77 Maximum Zener Impedance @ Izt
Izx Reverse Current
Zzk Maximum Zener Impedance @ Izk
IR Reverse Leakage Current @ Vg
VR Reverse Voltage
Ir Forward Current Zener Voltage Regulator
Vg Forward Voltage @ I
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MMBZ5221BLT1 Series

ELECTRICAL CHARACTERISTICS (Pinout: 1-Anode, 2-NC, 3-Cathode) (Vg = 0.9 V Max @ I = 10 mA for all types.)

Zener Voltage (Note 3.) Zener Impedance Leakage Current
Device Vz (Volts) @lzr | Zz1 @ Iz7 Zzk @ Iz Ir @ VR
Device Marking Min Nom Max mA Q Q mA pA Volts
MMBZ5221BLT1 18A 2.28 24 2.52 20 30 1200 0.25 100 1
MMBZ5222BLT1 18B 2.37 25 2.63 20 30 1250 0.25 100 1
MMBZ5223BLT1 18C 2.56 2.7 2.84 20 30 1300 0.25 75 1
MMBZ5224BLT1 18D 2.66 2.8 2.94 20 30 1400 0.25 75 1
MMBZ5225BLT1 18E 2.85 3 3.15 20 29 1600 0.25 50 1
MMBZ5226BLT1 8A 3.13 3.3 3.47 20 28 1600 0.25 25 1
MMBZ5227BLT1 8B 3.42 3.6 3.78 20 24 1700 0.25 15 1
MMBZ5228BLT1 8C 3.70 3.9 4.10 20 23 1900 0.25 10 1
MMBZ5229BLT1 8D 4.08 4.3 4.52 20 22 2000 0.25 5 1
MMBZ5230BLT1 8E 4.46 4.7 4.94 20 19 1900 0.25 5 2
MMBZ5231BLT1 8F 4.84 51 5.36 20 17 1600 0.25 5 2
MMBZ5232BLT1 8G 532 5.6 5.88 20 11 1600 0.25 5 3
MMBZ5233BLT1 8H 5.70 6 6.30 20 7 1600 0.25 5 35
MMBZ5234BLT1 8J 5.89 6.2 6.51 20 7 1000 0.25 5 4
MMBZ5235BLT1 8K 6.46 6.8 7.14 20 5 750 0.25 3 5
MMBZ5236BLT1 8L 7.12 7.5 7.88 20 6 500 0.25 3 6
MMBZ5237BLT1 8M 7.79 8.2 8.61 20 8 500 0.25 3 6.5
MMBZ5238BLT1 8N 8.26 8.7 9.14 20 8 600 0.25 3 6.5
MMBZ5239BLT1 8P 8.64 9.1 9.56 20 10 600 0.25 3 7
MMBZ5240BLT1 8Q 9.50 10 10.50 20 17 600 0.25 3 8
MMBZ5241BLT1 8R 10.4 11 11.55 20 22 600 0.25 2 8.4
MMBZ5242BLT1 8S 11.40 12 12.60 20 30 600 0.25 1 9.1
MMBZ5243BLT1 8T 12.35 13 13.65 9.5 13 600 0.25 0.5 9.9
MMBZ5244BLT1 8u 13.30 14 14.70 9 15 600 0.25 0.1 10
MMBZ5245BLT1 8v 14.25 15 15.75 8.5 16 600 0.25 0.1 11
MMBZ5246BLT1 8w 15.20 16 16.80 7.8 17 600 0.25 0.1 12
MMBZ5247BLT1 8X 16.15 17 17.85 7.4 19 600 0.25 0.1 13
MMBZ5248BLT1 8y 17.10 18 18.90 7 21 600 0.25 0.1 14
MMBZ5249BLT1 8z 18.05 19 19.95 6.6 23 600 0.25 0.1 14
MMBZ5250BLT1 81A 19.00 20 21.00 6.2 25 600 0.25 0.1 15
MMBZ5251BLT1 81B 20.90 22 23.10 5.6 29 600 0.25 0.1 17
MMBZ5252BLT1 81C 22.80 24 25.20 5.2 33 600 0.25 0.1 18
MMBZ5253BLT1 81D 23.75 25 26.25 5 35 600 0.25 0.1 19
MMBZ5254BLT1 81E 25.65 27 28.35 4.6 41 600 0.25 0.1 21
MMBZ5255BLT1 81F 26.60 28 29.40 45 44 600 0.25 0.1 21
MMBZ5256BLT1 81G 28.50 30 31.50 4.2 49 600 0.25 0.1 23
MMBZ5257BLT1 81H 31.35 33 34.65 3.8 58 700 0.25 0.1 25
MMBZ5258BLT1 81J 34.20 36 37.80 34 70 700 0.25 0.1 27
MMBZ5259BLT1 81K 37.05 39 40.95 3.2 80 800 0.25 0.1 30
MMBZ5260BLT1 81L 40.85 43 45.15 3 93 900 0.25 0.1 33
MMBZ5261BLT1 81M 44.65 47 49.35 2.7 105 1000 0.25 0.1 36
MMBZ5262BLT1 81N 48.45 51 53.55 25 125 1100 0.25 0.1 39
MMBZ5263BLT1 81P 53.20 56 58.80 2.2 150 1300 0.25 0.1 43
MMBZ5264BLT1 81Q 57.00 60 63.00 21 170 1400 0.25 0.1 46
MMBZ5265BLT1 81R 58.90 62 65.10 2 185 1400 0.25 0.1 47
MMBZ5266BLT1 81S 64.60 68 71.40 1.8 230 1600 0.25 0.1 52
MMBZ5267BLT1 81T 71.25 75 78.75 17 270 1700 0.25 0.1 56
MMBZ5268BLT1 81U 77.90 82 86.10 15 330 2000 0.25 0.1 62
MMBZ5269BLT1 81V 82.65 87 91.35 1.4 370 2200 0.25 0.1 68
MMBZ5270BLT1 81W 86.45 91 95.55 1.4 400 2300 0.25 0.1 69

3. Zener voltage is measured with a pulse test current I at an ambient temperature of 25°C
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MMBZ5221BLT1 Series

TYPICAL CHARACTERISTICS
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MMBZ5221BLT1 Series

TYPICAL CHARACTERISTICS
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MMSZ5221BT1 Series

Zener Voltage Regulators
500 mW SOD-123 Surface Mount

Three complete series of Zener diodes are offered in the convenient,

surface mount plastic SOD-123 package. These devices provide a

convenient alternative to the leadless 34—package style.

Specification Features:

¢ 500 mW Rating on FR—4 or FR-5 Board
* Wide Zener Reverse \oltage Range — 2.4V to 110 V

¢ Package Designed for Optimal Automated Board Assembly

* Small Package Size for High Density Applications

¢ General Purpose, Medium Current

* ESD Rating of Class 3 (>16 KV) per Human Body Model

Mechanical Characteristics:

CASE: Void-free, transfer-molded, thermosetting plastic case
FINISH: Corrosion resistant finish, easily solderable

MAXIMUM CASE TEMPERATURE FOR SOLDERING PURPOSES:

260°C for 10 Seconds

POLARITY: Cathode indicated by polarity band

FLAMMABILITY RATING: UL94 V-0

MAXIMUM RATINGS

Rating Symbol Max Unit
Total Power Dissipation on FR-5 Board, Ppo
(Note 1.) @ T = 75°C 500 mw
Derated above 75°C 6.7 mw/°C
Thermal Resistance — Rgia 340 °C/W
Junction to Ambient (Note 2.)
Thermal Resistance — ReiL 150 °C/W
Junction to Lead (Note 2.)
Junction and Storage T3 Tatg -55to °C
Temperature Range +150

ON Semiconductor™

http://onsemi.com

1

Cathode

1

&

SOD-123
CASE 425
STYLE 1

Anode

MARKING DIAGRAM

545
;5;5 XX M
5559

xx = Specific Device Code
M = Date Code

ORDERING INFORMATION

1. FR-5=3.5 X 1.5 inches, using the On minimum recommended footprint as

shown in Figure NO TAG

2. Thermal Resistance measurement obtained via infrared Scan Method

[0 Semiconductor Components Industries, LLC, 2001

May, 2001 — Rev. 1
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Device T Package Shipping
MMSZ52xxBT1 | SOD-123 | 3000/Tape & Reel
MMSZ52xxBT3 | SOD-123 | 10,000/Tape & Reel

DEVICE MARKING INFORMATION

See specific marking information in the device marking
column of the Electrical Characteristics table on page 271 of

this data sheet.

Devices listed in bold, italic are ON Semiconductor
Preferred devices. Preferred devices are recommended
choices for future use and best overall value.

TThe “T1” suffix refers to an 8 mm, 7 inch reel.
The “T3” suffix refers to an 8 mm, 13 inch reel.

Publication Order Number:

MMSZ5221BT1/D




ELECTRICAL CHARACTERISTICS (Tp =25°C unless
otherwise noted, Vg = 0.95 V Max. @ Ig = 10 mA)

MMSZ5221BT1 Series

Symbol Parameter

Vyz Reverse Zener Voltage @ Izt

Iz Reverse Current

Z77 Maximum Zener Impedance @ Izt
Izk Reverse Current

Zzk Maximum Zener Impedance @ lzk
IR Reverse Leakage Current @ VR
VR Reverse Voltage
I Forward Current

\= Forward Voltage @ I

Zener Voltage Regulator

http://onsemi.com
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MMSZ5221BT1 Series

ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted, Vg = 0.9 V Max. @ Ig = 10 mA)

Zener Voltage (Notes 3. and 4.)

Zener Impedance (Note 5.)

Leakage Current

Device Vz (Volts) @lzr | Zz1 @ Iz7 Zzk @ Iz IR @ VR

Device Marking Min Nom Max mA Q Q mA pA Volts
MMSZz5221BT1 C1 2.28 2.4 2.52 20 30 1200 0.25 100 1
MMSZz5222BT1 c2 2.38 2.5 2.63 20 30 1250 0.25 100 1
MMSZ5223BT1 C3 2.57 2.7 2.84 20 30 1300 0.25 75 1
MMSZ5224BT1 C4 2.66 2.8 2.94 20 30 1400 0.25 75 1
MMSZzZ5225BT1 Cc5 2.85 3.0 3.15 20 29 1600 0.25 50 1
MMSZ5226BT1 D1 3.14 3.3 3.47 20 28 1600 0.25 25 1
MMSZ5227BT1 D2 3.42 3.6 3.78 20 24 1700 0.25 15 1
MMSZ5228BT1 D3 3.71 3.9 4.10 20 23 1900 0.25 10 1
MMSZ5229BT1 D4 4.09 4.3 4.52 20 22 2000 0.25 5 1
MMSZ5230BT1 D5 4.47 4.7 4.94 20 19 1900 0.25 5 2
MMSZ5231BT1 E1 4.85 51 5.36 20 17 1600 0.25 5 2
MMSZ5232BT1 E2 5.32 5.6 5.88 20 11 1600 0.25 5 3
MMSZ5233BT1 E3 5.70 6.0 6.30 20 7 1600 0.25 5 35
MMSZ5234BT1 E4 5.89 6.2 6.51 20 7 1000 0.25 5 4
MMSZ5235BT1 E5 6.46 6.8 7.14 20 5 750 0.25 3 5
MMSZ5236BT1 F1 7.13 75 7.88 20 6 500 0.25 3 6
MMSZ5237BT1 F2 7.79 8.2 8.61 20 8 500 0.25 3 6.5
MMSZ5238BT1 F3 8.27 8.7 9.14 20 8 600 0.25 3 6.5
MMSZ5239BT1 F4 8.65 9.1 9.56 20 10 600 0.25 3 7
MMSZ5240BT1 F5 9.50 10 10.50 20 17 600 0.25 3 8
MMSZ5241BT1 H1 10.45 1 11.55 20 22 600 0.25 2 8.4
MMSZz5242BT1 H2 11.40 12 12.60 20 30 600 0.25 1 9.1
MMSZ5243BT1 H3 12.35 13 13.65 9.5 13 600 0.25 0.5 9.9
MMSZ5244BT1 H4 13.30 14 14.70 9.0 15 600 0.25 0.1 10
MMSZz5245BT1 H5 14.25 15 15.75 8.5 16 600 0.25 0.1 11
MMSZ5246BT1 J1 15.20 16 16.80 7.8 17 600 0.25 0.1 12
MMSZ5247BT1 J2 16.15 17 17.85 7.4 19 600 0.25 0.1 13
MMSZz5248BT1 J3 17.10 18 18.90 7.0 21 600 0.25 0.1 14
MMSZ5249BT1 J4 18.05 19 19.95 6.6 23 600 0.25 0.1 14
MMSZ5250BT1 J5 19.00 20 21.00 6.2 25 600 0.25 0.1 15
MMSZ5251BT1 K1 20.90 22 23.10 5.6 29 600 0.25 0.1 17
MMSZz5252BT1 K2 22.80 24 25.20 52 33 600 0.25 0.1 18
MMSZ5253BT1 K3 23.75 25 26.25 5.0 35 600 0.25 0.1 19
MMSZ5254BT1 K4 25.65 27 28.35 4.6 41 600 0.25 0.1 21
MMSZ5255BT1 K5 26.60 28 29.40 4.5 44 600 0.25 0.1 21
MMSZz5256BT1 M1 28.50 30 31.50 4.2 49 600 0.25 0.1 23
MMSZ5257BT1 M2 31.35 33 34.65 3.8 58 700 0.25 0.1 25
MMSZ5258BT1 M3 34.20 36 37.80 34 70 700 0.25 0.1 27
MMSZ5259BT1 M4 37.05 39 40.95 3.2 80 800 0.25 0.1 30
MMSZ5260BT1 M5 40.85 43 45.15 3.0 93 900 0.25 0.1 33
MMSZz5261BT1 N1 44.65 47 49.35 2.7 105 1000 0.25 0.1 36
MMSZ5262BT1 N2 48.45 51 53.55 2.5 125 1100 0.25 0.1 39
MMSZ5263BT1 N3 53.20 56 58.80 2.2 150 1300 0.25 0.1 43
MMSZ5264BT1 N4 57.00 60 63.00 2.1 170 1400 0.25 0.1 46
MMSZ5265BT1 N5 58.90 62 65.10 2.0 185 1400 0.25 0.1 47
MMSZ5266BT1 P1 64.60 68 71.40 1.8 230 1600 0.25 0.1 52
MMSZ5267BT1 P2 71.25 75 78.75 1.7 270 1700 0.25 0.1 56
MMSZ5268BT1 P3 77.90 82 86.10 15 330 2000 0.25 0.1 62
MMSZ5269BT1 P4 82.65 87 91.35 1.4 370 2200 0.25 0.1 68
MMSZ5270BT1 P5 86.45 91 95.55 1.4 400 2300 0.25 0.1 69
MMSZ5272BT1 R2 104.5 110 115.5 1.1 750 3000 0.25 0.1 84

P

The type numbers shown have a standard tolerance of +5% on the nominal Zener voltage.

Nominal Zener voltage is measured with the device junction in thermal equilibrium at T = 30°C +1°C
Zz1 and Zz are measured by dividing the AC voltage drop across the device by the ac current applied.

The specified limits are for Izac) = 0.1 Iz(gc) with the AC frequency = 1 KHz.

271
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TYPICAL CHARACTERISTICS
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MMSZ4678T1 Series

Zener Voltage Regulators
500 mW SOD-123 Surface Mount

Three complete series of Zener diodes are offered in the convenient,
surface mount plastic SOD-123 package. These devices provide a
convenient alternative to the leadless 34—package style.

Specification Features:

¢ 500 mW Rating on FR—4 or FR-5 Board

* Wide Zener Reverse \Voltage Range — 1.8 Vto 43V

¢ Package Designed for Optimal Automated Board Assembly
Small Package Size for High Density Applications

ESD Rating of Class 3 (>16 KV) per Human Body Model

Mechanical Characteristics:

CASE: Void-free, transfer-molded, thermosetting plastic case

FINISH: Corrosion resistant finish, easily solderable

MAXIMUM CASE TEMPERATURE FOR SOLDERING PURPOSES:
260°C for 10 Seconds

POLARITY: Cathode indicated by polarity band

FLAMMABILITY RATING: UL94 V-0

MAXIMUM RATINGS

Rating Symbol Max Unit
Total Power Dissipation on FR-5 Board, Pp
(Note 1.) @ T = 75°C 500 mw
Derated above 75°C 6.7 mw/°C
Thermal Resistance — Roia 340 °C/IW

Junction to Ambient (Note 2.)

Thermal Resistance — RoaL 150 °C/IW
Junction to Lead (Note 2.)

ON Semiconductor™

http://onsemi.com
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Cathode Anode
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SOD-123
CASE 425
STYLE 1

MARKING DIAGRAM

545
;5;5 XX M
5559

xx = Specific Device Code
M = Date Code

Junction and Storage T3 Tstg | 5510 °C ORDERING INFORMATION
Temperature Range +150 :
1. FR-5=3.5 X 1.5 inches, using the On minimum recommended footprint as Device Package Shipping
shown in Figure NO TAG MMSZ4xxxT1 SOD-123 | 3000/Tape & Reel
2. Thermal Resistance measurement obtained via infrared Scan Method
MMSZ4xxxT3 SOD-123 | 10,000/Tape & Reel

DEVICE MARKING INFORMATION

See specific marking information in the device marking
column of the Electrical Characteristics table on page 276 of
this data sheet.

Devices listed in bold, italic are ON Semiconductor
Preferred devices. Preferred devices are recommended
choices for future use and best overall value.

TThe “T1” suffix refers to an 8 mm, 7 inch reel.
The “T3” suffix refers to an 8 mm, 13 inch reel.

O Semiconductor Components Industries, LLC, 2001 274
May, 2001 — Rev. 1

Publication Order Number:
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MMSZ4678T1 Series

ELECTRICAL CHARACTERISTICS (Tp =25°C unless
otherwise noted, Vg = 0.95 V Max. @ Ig = 10 mA)

Symbol Parameter
Vyz Reverse Zener Voltage @ Izt
Iz Reverse Current
IR Reverse Leakage Current @ VR
VR Reverse Voltage

I Forward Current
Vg Forward Voltage @ I

Zener Voltage Regulator
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MMSZ4678T1 Series

ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted, Vg = 0.9 V Max. @ Ig = 10 mA)

Zener Voltage (Notes 3.) Leakage Current
Device Vz (Volts) @ Izr IR @ VR
Device Marking Min Nom Max pA A Volts
MMSZ4678T1 CcC 1.71 1.8 1.89 50 7.5 1
MMSZ4679T1 CD 1.90 2.0 2.10 50 5 1
MMSZ4680T1 CE 2.09 2.2 2.31 50 4 1
MMSZ4681T1 CF 2.28 24 2.52 50 2 1
MMSZ4682T1 CH 2.565 2.7 2.835 50 1 1
MMSZ4683T1 CJ 2.85 3.0 3.15 50 0.8 1
MMSZ4684T1 CK 3.13 33 3.47 50 75 15
MMSZ4685T1 CM 3.42 3.6 3.78 50 7.5 2
MMSZ4686T1 CN 3.70 3.9 4.10 50 5 2
MMSZ4687T1 CP 4.09 43 4.52 50 4 2
MMSZ4688T1 CT 4.47 4.7 4.94 50 10 3
MMSZ4689T1 CuU 4.85 51 5.36 50 10 3
MMSZ4690T1 cv 5.32 5.6 5.88 50 10 4
MMSZ4691T1 CA 5.89 6.2 6.51 50 10 5
MMSZ4692T1 CX 6.46 6.8 7.14 50 10 5.1
MMSZ4693T1 CcY 7.13 75 7.88 50 10 5.7
MMSZ4694T1 cz 7.79 8.2 8.61 50 1 6.2
MMSZ4695T1 DC 8.27 8.7 9.14 50 1 6.6
MMSZ4696T1 DD 8.65 9.1 9.56 50 1 6.9
MMSZ4697T1 DE 9.50 10 10.50 50 1 7.6
MMSZ4698T1 DF 10.45 11 11.55 50 0.05 8.4
MMSZ4699T1 DH 11.40 12 12.60 50 0.05 9.1
MMSZ4700T1 DJ 12.35 13 13.65 50 0.05 9.8
MMSZ4701T1 DK 13.30 14 14.70 50 0.05 10.6
MMSZ4702T1 DM 14.25 15 15.75 50 0.05 11.4
MMSZ4703T1 DN 15.20 16 16.80 50 0.05 12.1
MMSZ4704T1 DP 16.15 17 17.85 50 0.05 12.9
MMSZ4705T1 DT 17.10 18 18.90 50 0.05 13.6
MMSZ4706T1 DU 18.05 19 19.95 50 0.05 14.4
MMSZ4707T1 DV 19.00 20 21.00 50 0.01 15.2
MMSZ4708T1 DA 20.90 22 23.10 50 0.01 16.7
MMSZ4709T1 DX 22.80 24 25.20 50 0.01 18.2
MMSZ4710T1 DY 23.75 25 26.25 50 0.01 19.0
MMSZ4711T1 EA 25.65 27 28.35 50 0.01 20.4
MMSZ4712T1 EC 26.60 28 29.40 50 0.01 21.2
MMSZ4713T1 ED 28.50 30 31.50 50 0.01 22.8
MMSZ4714T1 EE 31.35 33 34.65 50 0.01 25.0
MMSZz4715T1 EF 34.20 36 37.80 50 0.01 27.3
MMSZ4716T1 EH 37.05 39 40.95 50 0.01 29.6
MMSZ4717T1 EJ 40.85 43 45.15 50 0.01 32.6

3. Nominal Zener voltage is measured with the device junction in thermal equilibrium at T, = 30°C £1°C
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MMSZ2V4T1 Series

Zener Voltage Regulators
500 mW SOD-123 Surface Mount

Three complete series of Zener diodes are offered in the convenient,
surface mount plastic SOD-123 package. These devices provide a
convenient alternative to the leadless 34—package style.

Specification Features:

¢ 500 mW Rating on FR—4 or FR-5 Board

* Wide Zener Reverse \Voltage Range — 2.4 Vto 56 V

¢ Package Designed for Optimal Automated Board Assembly
Small Package Size for High Density Applications

ESD Rating of Class 3 (>16 KV) per Human Body Model

Mechanical Characteristics:

CASE: Void-free, transfer-molded, thermosetting plastic case

FINISH: Corrosion resistant finish, easily solderable

MAXIMUM CASE TEMPERATURE FOR SOLDERING PURPOSES:
260°C for 10 Seconds

POLARITY: Cathode indicated by polarity band

FLAMMABILITY RATING: UL94 V-0

MAXIMUM RATINGS

Rating Symbol Max Unit
Total Power Dissipation on FR-5 Board, Pp
(Note 1.) @ T = 75°C 500 mw
Derated above 75°C 6.7 mw/°C
Thermal Resistance — Roia 340 °C/IW

Junction to Ambient (Note 2.)

Thermal Resistance — RoaL 150 °C/IW
Junction to Lead (Note 2.)

ON Semiconductor™

http://onsemi.com

1 2
Cathode Anode

&

1

SOD-123
CASE 425
STYLE 1

MARKING DIAGRAM

545
;5;5 XX M
5559

xx = Specific Device Code
M = Date Code

Junction and Storage T3 Tstg | 5510 °C ORDERING INFORMATION
Temperature Range +150 :
1. FR-5=3.5 X 1.5 inches, using the On minimum recommended footprint as Device Package Shipping
shown in Figure NO TAG MMSZxxxT1 SOD-123 | 3000/Tape & Reel
2. Thermal Resistance measurement obtained via infrared Scan Method
MMSZxxxT3 SOD-123 | 10,000/Tape & Reel

DEVICE MARKING INFORMATION

See specific marking information in the device marking
column of the Electrical Characteristics table on page 280 of
this data sheet.

Devices listed in bold, italic are ON Semiconductor
Preferred devices. Preferred devices are recommended
choices for future use and best overall value.

TThe “T1” suffix refers to an 8 mm, 7 inch reel.
The “T3” suffix refers to an 8 mm, 13 inch reel.
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MMSZ2V4T1 Series

ELECTRICAL CHARACTERISTICS (Tp =25°C unless |
otherwise noted, Vg = 0.95 V Max. @ I = 10 mA) IF‘L
Symbol Parameter
Vyz Reverse Zener Voltage @ Izt \
Iz Reverse Current }
Zs7 Maximum Zener Impedance @ 7 Vz VR \
IR Reverse Leakage Current @ VR T I?TVF
VR Reverse Voltage
I Forward Current
Vg Forward Voltage @ Ir
Zener Voltage Regulator

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted, Vg = 0.9 V Max. @ Ig = 10 mA)

Vz1 (Volts) Zzm Vzz (Volts) Z712
(Notes 3. and 4.) (Note 5.) (Notes 3. and 4.) (Note 5.) | Leakage Current
Device @ IZTl =5mA @ IZTZ =1mA IR @ VR
Device Marking Min Nom Max Q Min Max Q nA Volts
MMSZ2V4T1 T1 2.28 2.4 2.52 100 1.7 2.1 600 50 1
MMSZ2V7T1 T2 2.57 2.7 2.84 100 19 24 600 20 1
MMSZ3V0T1 T3 2.85 3.0 3.15 95 21 2.7 600 10 1
MMSZ3V3T1 T4 3.14 3.3 3.47 95 2.3 2.9 600 5 1
MMSZ3V6T1 T5 3.42 3.6 3.78 90 2.7 3.3 600 5 1
MMSZ3V9T1 Ul 3.71 3.9 4.10 90 2.9 35 600 3 1
MMSZ4V3T1 U2 4.09 4.3 4.52 90 3.3 4.0 600 3 1
MMSZ4V7T1 U3 4.47 4.7 4.94 80 3.7 4.7 500 3 2
MMSZ5V1T1 u4 4.85 51 5.36 60 4.2 5.3 480 2 2
MMSZ5V6T1 95 5.32 56 5.88 40 4.8 6.0 400 1 2
MMSZ6V2T1 V1 5.89 6.2 6.51 10 5.6 6.6 150 3 4
MMSZ6V8T1 V2 6.46 6.8 7.14 15 6.3 7.2 80 2 4
MMSZ7V5T1 V3 7.13 7.5 7.88 15 6.9 7.9 80 1 5
MMSZ8V2T1 V4 7.79 8.2 8.61 15 7.6 8.7 80 0.7 5
MMSZ9V1T1 V5 8.65 9.1 9.56 15 8.4 9.6 100 0.5 6
MMSZ10T1 Al 9.50 10 10.50 20 9.3 10.6 150 0.2 7
MMSZ11T1 A2 10.45 11 11.55 20 10.2 11.6 150 0.1 8
MMSZ12T1 A3 11.40 12 12.60 25 11.2 12.7 150 0.1 8
MMSZ13T1 A4 12.35 13 13.65 30 12.3 14.0 170 0.1 8
MMSZ15T1 A5 14.25 15 15.75 30 13.7 15.5 200 0.05 10.5
MMSZ16T1 X1 15.20 16 16.80 40 15.2 17.0 200 0.05 11.2
MMSZ18T1 X2 17.10 18 18.90 45 16.7 19.0 225 0.05 12.6
MMSZz20T1 X3 19.00 20 21.00 55 18.7 21.1 225 0.05 14
MMSZz22T1 X4 20.90 22 23.10 55 20.7 23.2 250 0.05 15.4
MMSZ24T1 X5 22.80 24 25.20 70 22.7 25.5 250 0.05 16.8
MMSZ27T1 Y1 25.65 27 28.35 80 25 28.9 300 0.05 18.9
MMSZ30T1 Y2 28.50 30 31.50 80 27.8 32 300 0.05 21
MMSZ33T1 Y3 31.35 33 34.65 80 30.8 35 325 0.05 231
MMSZ36T1 Y4 34.20 36 37.80 90 33.8 38 350 0.05 25.2
MMSZ39T1 Y5 37.05 39 40.95 130 36.7 41 350 0.05 27.3
MMSZ43T1 Z1 40.85 43 45.15 150 39.7 46 375 0.05 30.1
MMSZ51T1 Z3 48.45 51 53.55 180 47.6 54 400 0.05 35.7
MMSZ56T1 Z4 53.20 56 58.80 200 51.5 60 425 0.05 39.2

&

The type numbers shown have a standard tolerance of +5% on the nominal Zener Voltage.

Tolerance and Voltage Designation: Zener Voltage (VZ) is measured with the Zener Current applied for PW = 1 ms.
ZzT and Zzk are measured by dividing the AC voltage drop across the device by the AC current applied.

The specified limits are for Izac) = 0.1 Izpc), with the AC frequency = 1 kHz.
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Z 71, DYNAMIC IMPEDANCE (Q)

6yz, TEMPERATURE COEFFICIENT (mV/°C)
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MMSZ2V4T1 Series

TYPICAL CHARACTERISTICS
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MMSZ2V4T1 Series

TYPICAL CHARACTERISTICS
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1PMT5920BT3 Series

3.2 Watt Plastic
Surface Mount
POWERMITE" Package

This complete new line of 3.2 Watt Zener Diodes are offered in ON Semiconductor™
highly efficient micro miniature, space saving surface mount with its
unique heat sink design. The POWERMITE package has the same
thermal performance as the SMA while being 50% smaller in
footprint area and delivering one of the lowest height profiles (1.1  PLASTIC SURFACE MOUNT
mm) in the industry. Because of its small size, it is ideal for use in
cellular phones, portable devices, business machines and many other 3.2 WATT ZENER DIODES

http://onsemi.com

industrial/consumer applications. 6.2 — 47 VOLTS
Specification Features:
* Zener Breakdown Voltage: 6.2 — 47 \olts
* DC Power Dissipation: 3.2 Watts with Tab 1 (Cathode) @75 10 k 02
* Low Leakage < A 1: CATHODE
* ESD Rating of Class 3 (> 16 kV) per Human Body Model 2: ANODE
* Low Profile — Maximum Height of 1.1 mm
¢ |ntegral Heat Sink/Locking Tabs
¢ Full Metallic Bottom Eliminates Flux Entrapment 1 O
* Small Footprint — Footprint Area of 8.45 Mm N&
¢ Supplied in 12 mm Tape and Reel — 12,000 Units per Reel 9
* POWERMITE is JEDEC Registered as DO-216AA
. . POWERMITE
¢ Cathode Indicated by Polarity Band CASE 457
PLASTIC
Mechanical Characteristics:
CASE: Void-free, transfer-molded, thermosetting plastic
FINISH: All external surfaces are corrosion resistant and leads are MARKING DIAGRAM
readily solderable
MOUNTING POSITION: Any 1 |: e[,
MAXIMUM CASE TEMPERATURE FOR SOLDERING PURPOSES: CATHODE ANODE
260°C for 10 Seconds
xxB = Specific Device Code
XX =20-41
(See Table Next Page)
D = Date Code

ORDERING INFORMATION

Device Package Shipping

1PMT59xxBT3| POWERMITE| 12,000/Tape & Reel

LEAD ORIENTATION IN TAPE:
Cathode (Short) Lead to Sprocket Holes

0 Semiconductor Components Industries, LLC, 2001 283 Publication Order Number:
May, 2001 — Rev. 3 1PMT5920BT3/D



1PMT5920BT3 Series

MAXIMUM RATINGS

Rating Symbol Value Unit
DC Power Dissipation @ T = 25°C (Note 1.) Pp 500 mw
Derate above 25°C 4.0 mw/°C
Thermal Resistance from Junction to Ambient Rgia 248 °C/W
Thermal Resistance from Junction to Lead (Anode) Rejanode 35 °CIW
Maximum DC Power Dissipation (Note 2.) Pp 3.2 W
Thermal Resistance from Junction to Tab (Cathode) Rgjcathode 23 °C/W
Operating and Storage Temperature Range T3, Tstg —55 to +150 °C

1. Mounted with recommended minimum pad size, PC board FR-4.
2. At Tab (Cathode) temperature, Tigp = 75°C

ELECTRICAL CHARACTERISTICS (T, = 25°C unless “|
otherwise noted, Vg = 1.5 V Max. @ Ir = 200 mAdc for all types) I L
Symbol Parameter
Vz Reverse Zener Voltage @ Iz7 \
Vas Reverse Current }
Z77 Maximum Zener Impedance @ Izt v
Izk Reverse Current I?TVF
Z7k Maximum Zener Impedance @ Izk
Ir Reverse Leakage Current @ Vg
VR Reverse Voltage
Ie Forward Current
Ve Forward Voltage @ Ir Zener Voltage Regulator
ELECTRICAL CHARACTERISTICS (T, = 30°C unless otherwise noted, Vg = 1.25 Volts @ 200 mA)
Zener Voltage (Note 3.) Zrr @ ot | Zok @ bk
Device Vz @ Izt (Volts) Pas IR @ VR VR (Note 4.) | (Note 4.) Iz
Device Marking Min Nom Max (mA) (nA) V) (Q) (Q) (mA)
1PMT5920BT3 20B 5.89 6.2 6.51 60.5 5.0 4.0 2.0 200 1.0
1PMT5921BT3 21B 6.46 6.8 7.14 55.1 5.0 5.2 25 200 1.0
1PMT5922BT3 22B 7.12 7.5 7.88 50 5.0 6.0 3.0 400 0.5
1PMT5923BT3 23B 7.79 8.2 8.61 45.7 5.0 6.5 35 400 0.5
1PMT5924BT3 24B 8.64 9.1 9.56 41.2 5.0 7.0 4.0 500 0.5
1PMT5925BT3 25B 9.5 10 10.5 375 5.0 8.0 45 500 0.25
1PMT5927BT3 27B 11.4 12 12.6 31.2 1.0 9.1 6.5 550 0.25
1PMT5929BT3 29B 14.25 15 15.75 25 1.0 11.4 9.0 600 0.25
1PMT5930BT3 30B 15.2 16 16.8 23.4 1.0 12.2 10 600 0.25
1PMT5931BT3 31B 171 18 18.9 20.8 1.0 13.7 12 650 0.25
1PMT5933BT3 33B 20.9 22 231 17 1.0 16.7 17.5 650 0.25
1PMT5934BT3 34B 22.8 24 25.2 15.6 1.0 18.2 19 700 0.25
1PMT5935BT3 35B 25.65 27 28.35 13.9 1.0 20.6 23 700 0.25
1PMT5936BT3 36B 28.5 30 31.5 125 1.0 22.8 28 750 0.25
1PMT5939BT3 39B 37.05 39 40.95 9.6 1.0 29.7 45 900 0.25
1PMT5941BT3 41B 44.65 47 49.35 8.0 1.0 35.8 67 1000 0.25

3. Zener voltage is measured with the device junction in thermal equilibrium with an ambient temperature of 25°C.
4. Zener Impedance Derivation Zzt and Zzi are measured by dividing the AC voltage drop across the device by the AC current applied. The
specified limits are for Iz(ac) = 0.1 Iz(dc) with the ac frequency = 60 Hz.

http://onsemi.com
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1PMT5920BT3 Series

TYPICAL CHARACTERISTICS

3.5 100 1
3 \ <
E
2.5 =
\ E 10
2 N i
2
&L 3
15 14
\ ]
1
1 \ N
N
0.5 /
0 0.1 /
25 50 75 100 125 150 175 5 6 7 8 9 10 11
T, TEMPERATURE (°C) Vz, ZENER VOLTAGE (VOLTS)
Figure 1. Steady State Power Derating Figure 2.V zto 10 Volts
100 210 ]
50 E T T
[AN T / =
30 | II II b 8 Vz @ Izt —~
20 1 1 w
O 6
10 o //
th ~
; 0 Va
2 x 2
1 g 0
0.5 |E|LJ
' =
0.1 -4
0O 10 20 30 40 50 60 70 80 90 100 & 2 4 6 8 10 12
Vz, ZENER VOLTAGE (VOLTS) Vz, ZENER VOLTAGE (VOLTS)
Figure 3. V 7 = 12 thru 47 Volts Figure 4. Zener Voltage — To 12 Volts
200 | | 200 T T
0 L
T T s IZ(dc) =1mA
V7 @ lz7 I 100
100 e 2
o 70 NG 7
O 50 / N~ =
70 Z I/
< e
o 30
50 w /
2 20 -
= ] A
30 / Q Peid
b L 10 mA i
20 s 7 / S———
7/ P
// E 5 p 7
/ o3 frr 20mA iz(rms) = 0.1 Iz(de) —T
10 / 2 | 1 I 1 c o
10 20 30 50 70 100 200 5 7 10 20 30 50 70 100
Vz, ZENER VOLTAGE (VOLTS) V7, ZENER VOLTAGE (VOLTS)

Figure 5. Zener Voltage — 14 To 47 Volts Figure 6. Effect of Zener Voltage

http://onsemi.com
285



1PMT5920BT3 Series

1k T
n o I
S 500 TJ =25°C .
o) iz(rms) = 0-1 Iz(dcy 1
I 200
© 100 kg
g 50
E N \\\
= 20
O
S 10 SN
< ~ —
E 5 N £ 22V
o) ~
N NN ™~
N ~ T 12V T
N » 6.8V

05 1 2 5 10 20 50 100 200 500
Iz, ZENER TEST CURRENT (mA)

Figure 7. Effect of Zener Current

10,000
o
£
'éJ 1000 = ==
2 N MEASURED @ 0V BIAS
|: |
) | I N
g MEASURED @ 50% Vg R
S 100 S~
) ™~

~
10
1 10 100

Vz, REVERSE ZENER VOLTAGE (VOLTS)

Figure 8. Capacitance versus Reverse
Zener Voltage

http://onsemi.com
286



1SMA5913BT3 Series

1.5 Watt Plastic
Surface Mount
Zener Voltage Regulators

This complete new line of 1.5 Watt Zener Diodes offers the

following advantages.

Specification Features:

¢ Standard Zener Breakdown Voltage Range — 3.3 V to 68 V

¢ ESD Rating of Class 3 (>16 kV) per Human Body Model

* Flat Handling Surface for Accurate Placement

¢ Package Design for Top Slide or Bottom Circuit Board Mounting
* Low Profile Package

* |deal Replacement for MELF Packages

Mechanical Characteristics:

CASE: \Void-free, transfer-molded plastic

FINISH: All external surfaces are corrosion resistant with readily
solderable leads

MAXIMUM CASE TEMPERATURE FOR SOLDERING PURPOSES:
260°C for 10 seconds

POLARITY: Cathode indicated by molded polarity notch or cathode
band

FLAMMABILITY RATING: UL94 V-0

MAXIMUM RATINGS

Rating Symbol Value Unit
DC Power Dissipation @ T = 75°C, Pp 15 Watts
Measured Zero Lead Length (Note 1.) 20 mw/°C

Derate above 75°C
Thermal Resistance —

Junction—-to—Lead RoiL 50 °C/W
DC Power Dissipation @ Ta = 25°C Pp 0.5 Watts

(Note 2.) Derate above 25°C 4.0 mw/°C
Thermal Resistance —

Junction-to—Ambient Rgia 250 °C/W
Operating and Storage T3, Tstg —65 to °C

Temperature Range +150

1. 1" square copper pad, FR—4 board
2. FR—4 Board, using ON Semiconductor minimum recommended footprint

0 Semiconductor Components Industries, LLC, 2001 287
May, 2001 — Rev. 2

ON Semiconductor™

http://onsemi.com

o 11 ‘o)
CATHODE ANODE
SMA
CASE 403B
PLASTIC

MARKING DIAGRAM

:) 8xxB
LLYWW

8xxB = Specific Device Code
(See Table Next Page)

LL = Assembly Location
Y = Year
ww = Work Week

ORDERING INFORMATION

Device T Package Shipping

1SMAS59xxBT3 SMA 5000/Tape & Reel

1tThe “T3" suffix refers to a 13 inch reel.

Publication Order Number:
1SMA5913BT3/D




1SMA5913BT3 Series

ELECTRICAL CHARACTERISTICS (Ta =25°C unless
otherwise noted, Vg = 1.5 V Max. @ | = 200 mA for all types)

Symbol Parameter

Vyz Reverse Zener Voltage @ Izt

Iz Reverse Current

Z77 Maximum Zener Impedance @ Izt
Izk Reverse Current

Zzk Maximum Zener Impedance @ lzk
IR Reverse Leakage Current @ VR
VR Reverse Voltage

I Forward Current

\= Forward Voltage @ I

Izm Maximum DC Zener Current

http://onsemi.com
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1SMA5913BT3 Series

ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted, Vg = 1.5 V Max. @ I = 200 mA for all types)

Zener Voltage (Note 4.) Zener Impedance Leakage Current
V7 (Volts | Z I Z | | V|

Device z (Volts) @ Izt 771 @ Iz7 7K @ Iz R @ VR Izm
Device (Note 3.) Marking Min Nom Max mA Q Q mA UA Volts mA(dc)
1SMA5913BT3 813B 3.13 3.3 3.47 113.6 10 500 1.0 50 1.0 455
1SMA5914BT3 814B 3.42 3.6 3.78 104.2 9.0 500 1.0 35.5 1.0 417
1SMA5915BT3 815B 3.70 3.9 4.10 96.1 7.5 500 1.0 125 1.0 385
1SMA5916BT3 816B 4.08 4.3 4.52 87.2 6.0 500 1.0 25 1.0 349
1SMA5917BT3 817B 4.46 4.7 4.94 79.8 5.0 500 1.0 2.5 15 319
1SMAS5918BT3 818B 4.84 51 5.36 73.5 4.0 350 1.0 25 2.0 294
1SMA5919BT3 819B 5.32 5.6 5.88 66.9 2.0 250 1.0 25 3.0 268
1SMA5920BT3 820B 5.89 6.2 6.51 60.5 2.0 200 1.0 25 4.0 242
1SMA5921BT3 821B 6.46 6.8 7.14 55.1 25 200 1.0 2.5 5.2 221
1SMAS5922BT3 822B 7.12 7.5 7.88 50 3.0 400 0.5 25 6.0 200
1SMAS5923BT3 823B 7.79 8.2 8.61 45.7 3.5 400 0.5 25 6.5 183
1SMA5924BT3 824B 8.64 9.1 9.56 41.2 4.0 500 0.5 25 7.0 165
1SMAS5925BT3 825B 9.5 10 10.5 37.5 4.5 500 0.25 25 8.0 150
1SMA5926BT3 826B 10.45 11 11.55 34.1 5.5 550 0.25 0.5 8.4 136
1SMA5927BT3 827B 11.4 12 12.6 31.2 6.5 550 0.25 0.5 9.1 125
1SMAS5928BT3 828B 12.35 13 13.65 28.8 7.0 550 0.25 0.5 9.9 115
1SMAS5929BT3 829B 14.25 15 15.75 25 9.0 600 0.25 0.5 11.4 100
1SMAS5930BT3 830B 15.2 16 16.8 23.4 10 600 0.25 0.5 12.2 94
1SMA5931BT3 831B 17.1 18 18.9 20.8 12 650 0.25 0.5 13.7 83
1SMAS5932BT3 832B 19 20 21 18.7 14 650 0.25 0.5 15.2 75
1SMAS5933BT3 833B 20.9 22 23.1 17 17.5 650 0.25 0.5 16.7 68
1SMAS5934BT3 834B 22.8 24 25.2 15.6 19 700 0.25 0.5 18.2 63
1SMAS5935BT3 835B 25.65 27 28.35 13.9 23 700 0.25 0.5 20.6 56
1SMA5936BT3 836B 28.5 30 315 12.5 26 750 0.25 0.5 22.8 50
1SMA5937BT3 837B 31.35 33 34.65 11.4 33 800 0.25 0.5 25.1 45
1SMAS5938BT3 838B 34.2 36 37.8 10.4 38 850 0.25 0.5 27.4 42
1SMA5939BT3 839B 37.05 39 40.95 9.6 45 900 0.25 0.5 29.7 38
1SMA5940BT3 840B 40.85 43 45.15 8.7 53 950 0.25 0.5 32.7 35
1SMA5941BT3 841B 44.65 47 49.35 8.0 67 1000 0.25 0.5 35.8 32
1SMA5942BT3 842B 48.45 51 53.55 7.3 70 1100 0.25 0.5 38.8 29
1SMAS5943BT3 843B 53.2 56 58.8 6.7 86 1300 0.25 0.5 42.6 27
1SMA5944BT3 844B 58.9 62 65.1 6.0 100 1500 0.25 0.5 47.1 24
1SMA5945BT3 845B 64.6 68 71.4 5.5 120 1700 0.25 0.5 51.7 22

3. Tolerance and Voltage Regulation Designation — The type number listed indicates a tolerance of +5%.
4. V7 limits are to be guaranteed at thermal equilibrium.
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1SMA5913BT3 Series

Rating and Typical Characteristic Curves (T 5 = 25°C)
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1SMA5913BT3 Series

Rating and Typical Characteristic Curves (T 5 = 25°C)
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1SMB5913BT3 Series

3 Watt Plastic Surface Mount
Zener Voltage Regulators

This complete new line of 3 Watt Zener diodes offers the following
advantages.

Specification Features:

¢ Zener Voltage Range — 3.3 V to 200 V

¢ ESD Rating of Class 3 (>16 KV) per Human Body Model

Flat Handling Surface for Accurate Placement

Package Design for Top Side or Bottom Circuit Board Mounting

Mechanical Characteristics:

CASE: Void-free, transfer-molded plastic

FINISH: All external surfaces are corrosion resistant and leads are
readily solderable

MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES:
260°C for 10 Seconds

LEADS: Modified L-Bend providing more contact area to bond pads

POLARITY: Cathode indicated by polarity band

FLAMMABILITY RATING: UL94 V-0

MAXIMUM RATINGS

Rating Symbol Value Unit
Maximum Steady State Power Dissipation Pp 3.0 w
@ T =75°C
Measured at Zero Lead Length
Derate Above 75°C 40 mwW/°C
Thermal Resistance from Junction to Lead RoJL 25 °C/W
Maximum Steady State Power Dissipation Pp 550 mwW

@ Ta = 25°C (Note 1.)
Derate Above 25°C

Thermal Resistance from Junction 4.4 mwW/°C
to Ambient Roia 226 °CIW

Operating and Storage T3, Tstg | 6510 °C
Temperature Range +150

1. FR-4 board, within 1" to device, using ON Semiconductor minimum
recommended footprint, as shown in case 403A outline dimensions spec.

0 Semiconductor Components Industries, LLC, 2001 292
May, 2001 — Rev. 1

ON Semiconductor™

http://onsemi.com

PLASTIC SURFACE MOUNT
ZENER VOLTAGE
REGULATOR DIODES
3.3-200 VOLTS
3 WATT DC POWER

[o

Cathode

SMB

CASE 403A

PLASTIC

MARKING DIAGRAM

Y
Ww
9xxB

7

YWW
9xxB

\L

N

]

= Year

= Work Week

= Specific Device Code
(See Table Page 294)

ORDERING INFORMATION

Device

Package

Shipping

1SMB59xxBT3

SMB

2500/Tape & Reel

Devices listed in bold, italic are ON Semiconductor
Preferred devices. Preferred devices are recommended
choices for future use and best overall value.

1tThe “T3” suffix refers to a 13 inch reel.

Publication Order Number:

1SMB5913BT3/D




ELECTRICAL CHARACTERISTICS
(T, = 30°C unless otherwise noted,
VE =15V Max. @ I = 200 mA(dc) for all types)

1SMB5913BT3 Series

Zener Voltage Regulator

Symbol Parameter

Vyz Reverse Zener Voltage @ Izt

Iz Reverse Current

Z77 Maximum Zener Impedance @ Izt
Izx Reverse Current

Zzk Maximum Zener Impedance @ Izk
IR Reverse Leakage Current @ Vg
VR Reverse Voltage

I Forward Current

Vg Forward Voltage @ I

Izm Maximum DC Zener Current
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1SMB5913BT3 Series

ELECTRICAL CHARACTERISTICS (T_ = 30°C unless otherwise noted, Vg = 1.5 V Max. @ Iz = 200 mA(dc) for all types)

Zener Voltage (Note 3.) Zener Impedance (Note 4.) Leakage Current
V7 (Volts | Z | V4 | | V

Device Device z (Volts) @ lzr 721 @ Iz7 7k @ Izk R@ VR Izm

(Note 2.) Marking Min Nom Max mA Q Q mA HA Volts mA(dc)
1SMB5913BT3 913B 3.13 3.3 3.47 113.6 10 500 1 100 1 454
1SMB5914BT3 914B 3.42 3.6 3.78 104.2 9 500 1 75 1 416
1SMB5915BT3 915B 3.70 3.9 4.10 96.1 7.5 500 1 25 1 384
1SMB5916BT3 9168 4.08 4.3 4.52 87.2 6 500 1 5 1 348
1SMB5917BT3 917B 4.46 4.7 4.94 79.8 5 500 1 5 1.5 319
1SMB5918BT3 918B 4.84 5.1 5.36 73.5 4 350 1 5 2 294
1SMB5919BT3 919B 5.32 5.6 5.88 66.9 2 250 1 5 3 267
1SMB5920BT3 920B 5.89 6.2 6.51 60.5 2 200 1 5 4 241
1SMB5921BT3 921B 6.46 6.8 7.14 55.1 2.5 200 1 5 5.2 220
1SMB5922BT3 922B 7.12 7.5 7.88 50 3 400 0.5 5 6 200
1SMB5923BT3 923B 7.79 8.2 8.61 45.7 3.5 400 0.5 5 6.5 182
1SMB5924BT3 924B 8.64 9.1 9.56 41.2 4 500 0.5 5 7 164
1SMB5925BT3 925B 9.5 10 10.5 37.5 4.5 500 0.25 5 8 150
1SMB5926BT3 9268 10.45 11 11.55 34.1 55 550 0.25 1 84 136
1SMB5927BT3 927B 11.4 12 12.6 31.2 6.5 550 0.25 1 9.1 125
1SMB5928BT3 928B 12.35 13 13.65 28.8 7 550 0.25 1 9.9 115
1SMB5929BT3 929B 14.25 15 15.75 25 9 600 0.25 1 11.4 100
1SMB5930BT3 930B 15.2 16 16.8 23.4 10 600 0.25 1 12.2 93
1SMB5931BT3 931B 17.1 18 18.9 20.8 12 650 0.25 1 13.7 83
1SMB5932BT3 932B 19 20 21 18.7 14 650 0.25 1 15.2 75
1SMB5933BT3 933B 20.9 22 231 17 175 650 0.25 1 16.7 68
1SMB5934BT3 934B 22.8 24 25.2 15.6 19 700 0.25 1 18.2 62
1SMB5935BT3 9358 25.65 27 28.35 13.9 23 700 0.25 1 20.6 55
1SMB5936BT3 9368 28.5 30 31.5 12.5 28 750 0.25 1 22.8 50
1SMB5937BT3 937B 31.35 33 34.65 11.4 33 800 0.25 1 25.1 45
1SMB5938BT3 938B 34.2 36 37.8 10.4 38 850 0.25 1 27.4 41
1SMB5939BT3 939B 37.05 39 40.95 9.6 45 900 0.25 1 29.7 38
1SMB5940BT3 940B 40.85 43 45.15 8.7 53 950 0.25 1 32.7 34
1SMB5941BT3 941B 44.65 47 49.35 8 67 1000 0.25 1 35.8 31
1SMB5942BT3 942B 48.45 51 53.55 7.3 70 1100 0.25 1 38.8 29
1SMB5943BT3 943B 53.2 56 58.8 6.7 86 1300 0.25 1 42.6 26
1SMB5944BT3 944B 58.9 62 65.1 6 100 1500 0.25 1 47.1 24
1SMB5945BT3 945B 64.6 68 71.4 55 120 1700 0.25 1 51.7 22
1SMB5946BT3 946B 71.25 75 78.75 5 140 2000 0.25 1 56 20
1SMB5947BT3 947B 77.9 82 86.1 4.6 160 2500 0.25 1 62.2 18
1SMB5948BT3 948B 86.45 91 95.55 4.1 200 3000 0.25 1 69.2 16
1SMB5949BT3 949B 95 100 105 3.7 250 3100 0.25 1 76 15
1SMB5950BT3 950B 104.5 110 115.5 34 300 4000 0.25 1 83.6 13
1SMB5951BT3 951B 114 120 126 3.1 380 4500 0.25 1 91.2 12
1SMB5952BT3 952B 1235 130 136.5 29 450 5000 0.25 1 98.8 11
1SMB5953BT3 953B 142.5 150 157.5 25 600 6000 0.25 1 114 10
1SMB5954BT3 954B 152 160 168 2.3 700 6500 0.25 1 121.6 9
1SMB5955BT3 955B 171 180 189 2.1 900 7000 0.25 1 136.8 8
1SMB5956BT3 956B 190 200 210 1.9 1200 8000 0.25 1 152 7

2. TOLERANCE AND TYPE NUMBER DESIGNATION
The type numbers listed indicate a tolerance of +5%.

3. ZENER VOLTAGE (Vz) MEASUREMENT
Nominal Zener voltage is measured with the device junction in thermal equilibrium with ambient temperature at 25°C.

4. ZENER IMPEDANCE (Zz) DERIVATION Zz7 and Zzk are measured by dividing the ac voltage drop across the device by the ac current
applied. The specified limits are for Iz(ac) = 0.1 Iz(gc) With the ac frequency = 60 Hz.
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1SMB5913BT3 Series
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1SMB5913BT3 Series

200 U > lL{=:=: e —
Iz(ge) = TmA - e
(dc) / 500 TJ =25°C I
& 100 ~ A & ~ izgms) = 0.11 T
g — %J - Z(rms) Z(de)
7 ~ T 200 4 SRV
e ] N — ./ e ~ Vz =150V
& / a w100 3 =~ L1
% e —t— /I LZ) N ‘X 91V
= % / < 50 =
) i o N 62V
o rd o N
= l 7// = 2 N
(&} 10mA
2 10 o~ ,¢ S oG
= 7 7 ~——_~ = =
& 5 / = z ° ~ = 22V
N // S N N N
N 3 /4 20mA iZ =01 |Zd i — N 2 ~~ N— 12V i
) I Ll ] (rms)l ] g c)l 1 ~ — 6.8V
5 710 20 30 50 70 100 05 1 2 5 10 20 50 100 200 500
Vz, ZENER VOLTAGE (VOLTS) Iz, ZENER TEST CURRENT (mA)
Figure 7. Effect of Zener Voltage Figure 8. Effect of Zener Current
Rating and Typical Characteristic Curves (T o = 25°C)
1000 10 P
— ——
~_ NONREPETITIVE, EXPONENTIALTT]
~ VEASURED @ PULSE WAVEFORM, Ty =25°C [
= < < ZERO BIAS s
m& \\ \\\ if 1 S~
S MEASURED @ \\ N = <
= 100 Vo2 - ™~ 2 ~~
(&] N ~ N
= = o
3 N & 04
S N =
Ty=25°C
10 || 0.01
10 100 0.01 0.1 1 10
BREAKDOWN VOLTAGE (VOLTS) Tp, PULSE WIDTH (ms)
Figure 9. Capacitance Curve Figure 10. Typical Pulse Rating Curve
120 | | T T T T T T 120 | | | |
Tp=25°
— e <1ops——— TA=25°C . 8/20 ps WAVEFORM .
100 | PW (Io) IS DEFINED AS THE — 100 AS DEFINED BY ANSI C62.1 —
g I POINT WHERE THE PEAK CURRENT | AND IEC 8015 :
g \ | PEAK VALUE ~ DECAYS TO 50% OF Iy, 7 09l - .
& 80 [ @ 80
5 \ ppm =4 —
5 LI\ SN AN
L ~ =
2 60 < & 60
;,' - HALF VALUE - |,3p/2 m E | 05 lpeax
= 40 | — §8 40 / D
& 10/1000 pis WAVEFORM = |
£ AS DEFINED BY REA. |
=20 S~ 20
td —> S ——
| 0.1 Ipeak T=8s
0 0 |
0 1 2 3 4 5 0 0.02 0.04 0.06 0.08 0.1
t, TIME (ms) Te— t, TIME (ms)
) 20ps >
Figure 11. Pulse Waveform Figure 12. Pulse Waveform

http://onsemi.com

296



CHAPTER 8
Surface Mount Information
and Packaging Specifications
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INFORMATION FOR USING SURFACE MOUNT PACKAGES
RECOMMENDED FOOTPRINTS FOR SURFACE MOUNTED APPLICATIONS

Surfacemount board layout is a critical portion of the total interface between the board and the package. With the
design. The footprint for the semiconductor packages mustcorrect pad geometry, the packages will self align when
be the correct size to ensure proper solder connectiorsubjected to a solder reflow process.

POWER DISSIPATION FOR A SURFACE MOUNT DEVICE

The power dissipation for a surface mount device is a— 160 | | |
function ofthe drain/collector pad size. These can vary from 2

the minimum pad size for soldering to a pad size given for%
maximum power dissipation. Power dissipation for a

Board Material = 0.0625" Ta=25°C

\ G-10/FR-4, 2 0z Copper
! | |
< 0.8 Watts

—_
S
o

(*CwW)

m

surface mount device is determined bymbx) the %

maximum rated junction temperature of the digjaRthe 55120

thermal resistance from the device junction to ambient, andd &

i i i - 1.25 Watls* 1.5 Watts

the operating temperaturey . TUsing the values provided on 3= / .

the data sheetgxan be calculated as follows: 5;91 00 \'\A
ju S—

_ TJ(maX) —Ta " T
Pp= § *Mounted on the DPAK footprint B
Reaa o g ] I ! | P I %~
0.0 0.2 0.4 0.6 0.8 1.0

The values for the equation are found in the maximum
ratingstable on the data sheet. Substituting these values into
the equation for an ambient temperatyeo25°C, one can
calculate the power dissipation of the device. For example,

A, AREA (SQUARE INCHES)

Figure 1. Thermal Resistance versus Drain Pad
Area for the SOT-223 Package (Typical)

for a SOT-223 device,Fs calculated as follows. = 100 T T T
g Board Material = 0.0625"
o ° D) G-10/FR-4, 2 oz Copper
pp= L50°C=25°C _ gnq miliwatts = |\ 1,75 Watts
156°C/W = 80 }
§ s Tp=25°C
The 156C/W for the SOT-223 package assumes the useE ;
of the recommended footprint on a glass epoxy printed® & 60
circuit board to achieve a power dissipation of 800 ;% \ 3.0 Watts
milliwatts. There are other alternatives to achieving higher = o
power dissipation from the surface mount packages. One i 40
. . . . 5.0 Watts
to increase the area of the drain/collector pad. By increasingz
the area of the drain/collector pad, the power dissipation can®
be increased. Although the power dissipation can almost be 2 2 4 6 8 10
doubled with this method, area is taken up on the printed _ A, AREA (SQUARE INCHES) _
circuit board which can defeat the purpose of using surface ~ Figure 2. Thermal Resistance versus Drain Pad
mount technology. For example, a graph @fRversus Area for the DPAK Package (Typical)
drain pad area is shown in Figures 1, 2 and 3. =~ 70 | | | |
g Board Material = 0.0625"
; : G-10/FR-4,2 0z C 2 050
Anotheralternative would be to use a ceramic substrate or%J 60 / 01 OPPEr,  Ta=25°C
an aluminum core board such as Thermal Cladsing a  j— 2.5 Watts
board material such as Thermal Clad, an aluminum core‘g’gso
board, the power dissipation can be doubled using the sam& E
footprint. oy | 3.5 Watts
=40
JiS
o~
w 5 Watts
E 30
<
E \;/
T 20
0

2 4 6 8 10 12 14 16
A, AREA (SQUARE INCHES)
Figure 3. Thermal Resistance versus Drain Pad
Area for the D 2PAK Package (Typical)
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SOLDER STENCIL GUIDELINES

Prior to placing surface mount components onto a printedpattern of the opening in the stencil for the drain pad is not
circuit board, solder paste must be applied to the padscritical aslong as it allows approximately 50% of the pad to
Solder stencils are used to screen the optimum amountbe covered with paste.

These stencils are typically 0.008 inches thick and may be

made of brass or stainless steel. For packages such as the
SC-59, SC-70/SOT-323, SOD-123, SOT-23, SOT-143
SOT-223, SO-8, SO-14, SO-16, and SMB/SMC diode § \Q NN N SOLDER PASTE
packages, the stencil opening should be the same as the pad AN\ N\ k OPENINGS
size or a 1:tegistration. This is not the case with the DPAK
and PPAK packages. If a 1:1 opening is used to screen & Q NN

solder onto the drain pad, misalignment and/or k k > STENCIL
“tombstoning” may occur due to an excess of solder. For
these two packages, the opening in the stencil for the paste ] _ ]
should be approximately 50% of the tab area. The opening Figure 4. TypZICa| Stencil for DPAK and
for the leads is still a 1:1 registration. Figure 4 shows a DPAK Packages

typical stencil for the DPAK and 4PAK packages. The

SOLDERING PRECAUTIONS

The melting temperature of solder is higher than the rateds After soldering has been completed, the device should
temperature of the device. When the entire device is heated be allowed to cool naturally for at least three minutes.
to a high temperature, failure to complete soldering within ~ Gradual cooling should be used since the use of forced
a short time could result in device failure. Therefore, the  cooling will increase the temperature gradient and will
following items should always be observed in order to  result in latent failure due to mechanical stress.
minimize the thermal stress to which the devices are. Mechanical stress or shock should not be applied during
subjected. cooling.

» Always preheat the device.

« The delta temperature between the preheat and® Soldering a device without preheating can cause
soldering should be 10Q or less.* excessive thermal shock and stress which can result in

« When preheating and soldering, the temperature of thedamage to the device.

leads and the case must not exceed the maximum

temperature ratings as shown on the data sheet. Whefi Due to shadowing and the inability to set the wave height

using infrared heating with the reflow soldering to incorporate other surface mount components, #RAR

method, the difference should be a maximum 6€10 is not recommended for wave soldering.
» The soldering temperature and time should not exceed

260°C for more than 10 seconds.
e« When shifting from preheating to soldering, the

maximum temperature gradient shall B€Br less.
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TYPICAL SOLDER HEATING PROFILE

For any given circuit board, there will be a group of actual temperature that might be experienced on the surface
control settings that will give the desired heat pattern. Theof a test board at or near a central solder joint. The two
operatomust set temperatures for several heating zones angrofilesare based on a high density and a low density board.
a figure for belt speed. Taken together, these control setting§he Vitronics SMD310 convection/infrared reflow
make up a heating “profile” for that particular circuit board. soldering system was used to generate this profile. The type
On machines controlled by a computer, the computerof solder used was 62/36/2 Tin Lead Silver with a melting
remembers these profiles from one operating session to th@ointbetween 17-189C. When this type of furnace is used
next. Figure 5 shows a typical heating profile for use when for solder reflow work, the circuit boards and solder joints
soldering a surface mount device to a printed circuit board.tend to heat first. The components on the board are then
This profile will vary among soldering systems, but it is a heated by conduction. The circuit board, because it has a
good starting point. Factors that can affect the profile large surface area, absorbs the thermal energy more
includethe type of soldering system in use, density and typesefficiently, then distributes this energy to the components.
of components on the board, type of solder used, and the typBecause of this effect, the main body of a component may
of board or substrate material being used. This profile showsbe up to 30 degrees cooler than the adjacent solder
temperature versus time. The line on the graph shows thgoints.

STEP 1 STEP2 STEP3 STEP 4 STEP 5 STEP6  STEP7
PREHEAT  VENT HEATING  HEATING  HEATING  VENT  COOLING
ZONE 1 “SOAK’ ZONES28&5 ZONES3&6 ZONES4&7
“RAMP” o “RAMP’ “SOAK’ SPIKE’ 205° T0 219°C
. , PEAK AT
200°C—- DESIRED CURVE FOR HIGH 170°C SOLDER JOINT
MASS ASSEMBLIE‘S 160°C
150°C /
150°C_| ¥
SOLDER IS LIQUID FOR
40 TO 80 SECONDS
100°C 140°c (DEPENDING ON
MASS OF ASSEMBLY)
100°c_|
DESIRED CURVE FOR LOW
MASS ASSEMBLIES
50°C_|
TIME (3 TO 7 MINUTES TOTAL) > Tuax

Figure 5. Typical Solder Heating Profile
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Footprints for Soldering
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Footprints for Soldering
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TVS/Zener Axial-Lead

Lead Tape Packaging Standards for Axial-Lead

Components

1.0 SCOPE

This section covers packaging requirements for the
following axial-lead component’s use in automatic testing
and assembly equipment: ON Semiconductor Case 17-02,
Case 41A-02, Case 51-02 (DO-7), Case 59-03 (DO-41),
Case 59-04, Case 194-04 and Case 299-02 (DO-35).
Packaging, as covered in this section, shall consist of
axial-lead components mounted by their leads on pressure
sensitive tape, wound onto a reel.

2.0 PURPOSE

This section establishes ON Semiconductor standard
practices for lead-tape packaging of axial-lead components
and meets the requirements of EIA Standard RS-296-D
“Lead-taping of Components on Axial Lead Configuration
for Automatic Insertion,” level 1.

3.0 REQUIREMENTS

3.1 Component leads

3.1.1- Component leads shall not be bent beyond
dimension E from their normal position. See Figure 2.

3.1.2— The “C” dimension shall be governed by the
overall length of the reel packaged component. The
distance between flanges shall be 0.059 inch to 0.315

inch greater than the overall component length. See3.4

Figures 2 and 3.

3.1.3— Cumulative dimension “A” tolerance shall
not exceed 0.059 over 6 in consecutive components.

3.2 Orientation

All polarized components must be oriented in one
direction. The cathode lead tape shall be blue and the
anode tape shall be white. See Figure 1.

3.3 Reeling 4.0

3.3.1- Components on any reel shall not represent
more than two date codes when date code
identification is required.

3.3.4— 50 Ib. Kraft paper is wound between layers
of components as far as necessary for component
protection.

3.3.5— Components shall be centered between tapes
such that the difference between D1 and D2 does not
exceed 0.055.

3.3.6— Staples shall not be used for splicing. No more
than four layers of tape shall be used in any splice area
and no tape shall be offset from another by more than
0.031 inch noncumulative. Tape splices shall overlap
at least 6 inches for butt joints and at least 3 inches for
lap joints and shall not be weaker than unspliced tape.

3.3.7— Quantity per reel shall be as indicated in
Table 1. Orders for tape and reeled product will only
be processed and shipped in full reel increments.
Scheduled orders must be in releases of full reel
increments or multiples thereof.

3.3.8— A maximum of 0.25% of the components
per reel quantity may be missing without consecutive
missing per level 1 of RS-296-D.

3.3.9 — The single face roll pad shall be placed
around the finished reel and taped securely. Each reel
shall then be placed in an appropriate container.

Marking

Minimum reel and carton marking shall consist of
the following (see Figure 3):

ON Semiconductor part number
Quantity
Manufacturer’s name

Date codes (when applicable; see a1

Requirements differing from this ON Semiconductor
standard shall be negotiated with the factory.
The packages indicated in the following table are suitable

3.3.2 — Component’s leads shall be positioned for lead tape packaging. The table indicates the specific
perpendicularly between pairs of 0.250 inch tape. Seedevices (transient voltage suppressors and/or zeners) that

Figure 2.

3.3.3— A minimum 12 inch leader of tape shall be
provided before the first and last component on the
reel.

can be obtained from ON Semiconductor in reel packaging
and provides the appropriate packaging specification.
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Lead Tape Packaging Standards for Axial-Lead Components (continued)

Table 1. Packaging Details (all dimensions in inches)

MPQ
Device | Quantity Component Tape Reel Reel Max Off
Product Title Per Reel Spacing Spacing Dimension | Dimension | Alignment
Case Type Category Suffix | (Item 3.3.7) | A Dimension B Dimension C D (Max) E
Case 17 Surmetic 40 & RL 4000 0.2 +/- 0.015 | 2.062 +/— 0.059 3 14 0.047
600 Watt TVS
Case 41A 1500 Watt TVS RL4 1500 0.4 +/-0.02 |2.062 +/-0.059 3 14 0.047
Case 51-02 DO-7 Glass RL 3000 0.2 +/-0.02 |2.062 +/-0.059 3 14 0.047
(For Reference only)
Case 59-03 DO-41 Glass & RL 6000 0.2 +/-0.015 | 2.062 +/-0.059 3 14 0.047
DO-41 Surmetic 30
Rectifier
Case 59-04 500 Watt TVS RL 5000 0.2 +/-0.02 |2.062 +/-0.059 3 14 0.047
Rectifier
Case 194-04 110 Amp TVS RL 800 0.4 +/-0.02 |1.875 +/-0.059 3 14 0.047
(Automotive)
Rectifier
Case 267-02 Rectifier RL 1500 0.4 +/-0.02 |2.062 +/-0.059 3 14 0.047
Case 299 DO-35 Glass RL 5000 0.2 +/-0.02 |2.062 +/-0.059 3 14 0.047
Overall LG
Kraft Paper Iltem 3.1.2
4——' Reel < B »
Roll Pad = A
Item 3.1.1 = A
Max Off —
Alignment 3
. E 1 =
Container {3
Tape, Blue Tape, White ltem 3.3.5 | DL| [|D2]] 950
Item 3.2 ltem 3.2 Both Sides ! ‘ "7 ltem3.3.2
Cathode,
( ) (Anode) 0.031
ltem 3.3.5

Figure 1. Reel Packing

Figure 2. Component Spacing

Optional Design

1.188

3.5 Dia.
y

Item 3.4

Figure 3. Reel Dimensions
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TVS/Zener Surface Mount
Embossed Tape and Reel

Embossed Tape and Reel is used to facilitate automatic pick and
place equipment feed requirements. The tape is used as the shipping
container for various products and requires a minimum of handling.
The antistatic/conductive tape provides a secure cavity for the product
when sealed with the “peel-back” cover tape.
¢ Used for Automatic Pick and Place Feed Systems
* Minimizes Product Handling

* EIA 481-1, 8 mm and 12 mm Taping of Surface Mount Components
for Automatic Handling and EIA 481-2, 16 mm and 24 mm
Embossed Carrier Taping of Surface Mount Components for
Automatic Handling

* SOD-123, SOT-23 in 8 mm Tape, SOD-323

¢ SMB in 12 mm Tape

¢ SMC in 16 mm Tape

Ordering Information

Use the standard device title and add the required suffix as listed in
the option table below. Note that the individual reels have a finite
number of devices depending on the type of product contained in the
tape. Also note the minimum lot size is one full reel for each line item
and orders are required to be in increments of the single reel quantity.

SOT-23
8 mm

o

SOD-123, SOD-323
8 mm

VBEEE )

Tape and Reel
Data for
TVS/Zener
Surface Mount
Devices

PACKAGES
SOD-123  SOT-23
SMB SMC

SMA, SMB,
POWERMITE SMC
12 mm 16 mm

O O O O O OO O O O

CIEICIC]

Pitch @ Devices Per Reel

Tape Widith Reel Size and Minimum Device

Package Case Type (mm) (mm) (in) (inch)* Order Quantity Suffix
SOD-123, SOT-23, Case 318 8 40+£0.1 .157 +.004 7 3,000 T1
SOD-323 8 13 10,000 T3
SMA Case 403B 12 8.0+£0.1 .315 +.004 13 5,000 T3
SMB Case 403A 12 8.0+0.1 .315 +.004 13 2,500 T3
SMC Case 403 16 8.0+£0.1 .315 +.004 13 2,500 T3
POWERMITE Case 457 12 8.0+0.1 .315 +.004 13 12,000 T3

SC-88 Case 419B 8 40+£0.1 .157 +.004 7 3,000 T1/T2

SC-88A Case 419A 8 40+0.1 .157 + .004 7 3,000 T1/T2
SC-74 Case 318F 8 4.0+£0.1 .157 + .004 7 3,000 T1
8 13 10,000 T3

(1)See Next Page.
* 7 inch reel = 180 mm, 13 inch reel = 330 mm
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CARRIER TAPE SPECIFICATIONS

10 PITCHES
CUMULATIVE
TOLERANCE ON
TAPE

< K r; Po —> +0.2 mm
. % 0 F P, | (£0008") i
TOP ‘ ‘ T i i E

COVER — - { %f
TAPE H A | | \ FTW
1 il
T
e e BN

L
.{

D,
EMBOSSMENT CENTER LINES FOR COMPONENTS
OF CAVITY
FOR MACHINE REFERENCE —_— 20 mmx 1.2 mm
AND LARGER
ONLY USER DIRECTION OF FEED
INCLUDING DRAFT AND RADII
CONCENTRIC AROUND B,
*TOP COVER
BAR CODE ml(’)EanI]-IICKNESS (ty)
, RMIN LABEL <~ (004") MAX.
’ TAPE AND COMPONENTS \
SHALL PASS AROUND RADIUS ‘R
WITHOUT DAMAGE 20
- =
BENDING RADIUS EMBOSSED
CARRIER
10° \‘ﬂ MAXIMUM COMPONENT ROTATION . 23"33[‘7'"; EMBOSSMENT
r 1 mm MAX
TYPICAL S
COMPONENT CAVITY fv\o 0T \ y ~< ° |
CENTER LINE N | TAPE
1 mm
(:039") MAX 250 mm
TYPICAL (0.843") >~
COMPONENT CAMBER (TOP VIEW)
‘'« CENTERLINE ALLOWABLE CAMBER TO BE 1 mm/100 mm NONACCUMULATIVE OVER 250 mm
DIMENSIONS
Tape By
Size Max(@ D D4 E F K P Py Py R Min T Max W Max
8mm | 455mm | 1.5+0.1 mm 1.0 Min 1.7520.1 mm | 3.5+0.05 mm 2.4 mm Max 4.0+0.1 mm 4.0£0.1 mm 2.0+0.1mm | 25 mm | 0.6 mm 8.3 mm
(179" -0.0 (039" | (.069+.004") | (.138+.002") (094" (157+.004") | (.157+.004") | (.079+.002") | (.98") | (.024") (:327")
12mm | 8.2mm ('05_9(;'(%04 1.5 mm Min 5.5+0.05mm | 6.4 mm Max 4.0+0.1 mm 30 mm 12+.30 mm
(-323") ' (-060") (-217+.002") (-252") (-157+.004") (1.18") (470+.012")
8.0+0.1 mm
(:315+.004")
16 mm | 121 mm 7.5£0.10 mm 7.9 mm Max 4.0+0.1 mm 16.3 mm
(:476") (-295+.004") (3117 (157+.004") (642")
8.0+0.1 mm
(:315+.004")
12.0£0.1 mm
(:472+.004")
24 mm | 20.1 mm 11.5+0.1 mm | 11.9 mm Max | 16.0+.01 mm 24.3 mm
(791" (453+.004") (:468") (.63+.004") (.957")

Metric dimensions govern — English are in parentheses for reference only.

NOTE 1: Ag, Bg, and Kg are determined by component size. The clearance between the components and the cavity must be within .05 mm min. to .5 mm max.,
the component cannot rotate more than 10° within the determined cavity.

NOTE 2: If B; exceeds 4.2 mm (.165) for 8 mm embossed tape, the tape may not feed through all tape feeders.
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REEL CONFIGURATION

Metric Dimensions Govern — English are in parentheses for reference only

ﬂ h T MAX
OUTSIDE DIMENSION

1.5 mm MIN
(-06")

13.0mm £ 0.5 mm
(512" +.002")

20.2 mm MIN

MEASURED AT EDGE

50 mm MIN

(.795")

FULL RADIUS

(1.969")

- |l G INSIDE DIMENSION
MEASURED NEAR HUB

Size A Max G T Max

8 mm 330 mm 8.4 mm+ 1.5 mm, —0.0 14.4 mm
(12.992") (.33" +.059", —0.00) (.56")

12 mm 330 mm 12.4 mm + 2.0 mm, —0.0 18.4 mm
(12.992") (.49" +.079", —0.00) (.72")

16 mm 360 mm 16.4 mm + 2.0 mm, -0.0 22.4 mm
(14.173") (.646" +.078", —0.00) (.882")

24 mm 360 mm 24.4 mm + 2.0 mm, —0.0 30.4 mm

(14.173") (.961" +.070", —0.00) (2.197")
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TAPE LEADER AND TRAILER DIMENSIONS

Carrier Tape
END Cover Tape
|> Y START
ollo 0 ollo 0 0l ©
_| | Y
I ﬂ s Fﬂ ﬂ == Fﬂ ‘Fﬂ ‘Fﬂ |
=] I NP AR L] B LY TRy |
Trailer Components Leader
l«— (Note 2) —» l«———— (Notel) —
160 mm 390 mm
Top Cover Tape (6.30) Min (15.35) Min
Metric dimensions govern
NOTES

1. There shall be a leader of 230 mm (9.05) minimum which may consist of carrier and/or cover tape followed
by a minimum of 160 mm (6.30) of empty carrier tape sealed with cover tape.

2. There shall be a trailer of 160 mm (6.30) minimum of empty carrier tape sealed with cover tape. The entire carrier
tape must release from the reel hub as the last portion of the tape unwinds from the reel without damage to the
carrier tape and the remaining components in the cavities.

ELECTRICAL POLARIZATION

TWO TERMINATION DEVICES

A A A A

\O\O\O\

0o0oO

—>
User Direction of Feed
Top Cover Tape Removed

Metric dimensions govern

NOTES

1. All polarized components must be oriented in one direction. For components with two terminations the cathode
shall be adjacent to the sprocket hole side.
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CHAPTER 9
Package Outline Dimensions
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Package Outline Dimensions

SURMETIC 40
CASE 17-02
ISSUE C

@ NOTES:
1. LEAD DIAMETER AND FINISH NOT CONTROLLED
B

WITHIN DIMENSION F.

INCHES MILLIMETERS
DIM[ MIN | MAX [ MIN [ MAX
< D A | 0330 | 0350 | 838 | 889
K B | 0130 | 0.145 | 330 | 368
D | 0037 | 0.043 | 094 | 1.09
F} F | — [ 0050 | —— | 127
|2 - K | 1.000 | 1.250 | 25.40 [ 31.75
T STYLE 1:
A PIN 1. ANODE
l * 2. CATHODE
{ 1
F
K
MOSORB
CASE 41A-02
ISSUE A
B
NOTES:
—»lle— D 1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.
- 2. CONTROLLING DIMENSION: INCH.
3. LEAD FINISH AND DIAMETER
UNCONTROLLED IN DIMENSION P.
K INCHES MILLIMETERS

| DIM[ MIN | MAX | MIN | MAX
0.360 | 0.375 | 014 | 952
0.190 | 0.205 | 4.83 | 521
0.038 | 0.042 | 097 | 1.07

100 | ——- | 2540 | ——-
- 0050 | -] 127

!
o|x|(O|w|>
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PACKAGE OUTLINE DIMENSIONS (continued)

GLASS/PLASTIC
DO-41
CASE 59-03
ISSUE M

NOTES:
1. ALL RULES AND NOTES ASSOCIATED WITH
R JEDEC DO-41 OUTLINE SHALL APPLY.

2. POLARITY DENOTED BY CATHODE BAND.
3. LEAD DIAMETER NOT CONTROLLED WITHIN F
DIMENSION.
—> <—D
K MILLIMETERS INCHES
F DIM[ MIN [ MAX [ MIN [ mAX
A | 407 [ 520 [ 0.160 | 0.205
i ¢ B [ 204 | 271 [ 0080 | 0107
T l A D[ 071 | 086 [ 0028 | 0034
Fl — [ 127 —— [0050
1 _f K [270a [ — [1100 ]
F
K
MINI MOSORB
CASE 59-04
ISSUEM

©
B NOTES:
1. ALL RULES AND NOTES ASSOCIATED WITH
— JEDEC DO-41 OUTLINE SHALL APPLY.
. POLARITY DENOTED BY CATHODE BAND.
. LEAD DIAMETER NOT CONTROLLED WITHIN F
DIMENSION.

-]
w N

K MILLIMETERS INCHES

| DIM| MIN MAX MIN | MAX

A 597 6.60 | 0.235 | 0.260

A B 2.79 3.05 | 0.110 | 0.120

) D 0.76 0.86 | 0.030 | 0.034
u K | 27.94 -— | 1.100 —
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PACKAGE OUTLINE DIMENSIONS (continued)

GLASS DO-35/DO-204AH
CASE 299-02
ISSUE A

_»I L_ 5 NOTES:

. PACKAGE CONTOUR OPTIONAL WITHIN A AND B
R HEAT SLUGS, IF ANY, SHALL BE INCLUDED
WITHIN THIS CYLINDER, BUT NOT SUBJECT TO
THE MINIMUM LIMIT OF B.

LEAD DIAMETER NOT CONTROLLED IN ZONE F
K <D TO ALLOW FOR FLASH, LEAD FINISH BUILDUP
AND MINOR IRREGULARITIES OTHER THAN

[

F HEAT SLUGS.
{ . POLARITY DENOTED BY CATHODE BAND.
DIMENSIONING AND TOLERANCING PER ANSI

f ﬁ A Y14.5M, 1982.

] Y MILLIMETERS INCHES
_f MIN | MAX | MIN | MAX
F 3.05 | 508 | 0120 | 0.200
152 | 229 | 0.060 | 0.090
046 | 056 | 0.018 | 0.022
— | 127 | —— | 0.050
2540 | 38.10 | 1.000 | 1.500

All JEDEC dimensions and notes apply.

S oow

=
7:-ncm>|g

SOT-23 (TO-236)
CASE 318-08

ISSUE AF
NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.

2. CONTROLLING DIMENSION: INCH.
e——— A —> 3. MAXIMUM LEAD THICKNESS INCLUDES LEAD
> | e FINISH THICKNESS. MINIMUM LEAD THICKNESS
IS THE MINIMUM THICKNESS OF BASE

Y MATERIAL.

| INCHES | MILLIMETERS

B S | DIM[ MIN | MAX | MIN | MAX
01102 [0.1197 | 280 | 3.04
0.0472 [0.0551 | 120 | 1.40
00350 [0.0440 | 089 | 1.1
0.0150 [0.0200 | 037 | 050
0.0701 [0.0807 | 178 | 2.04
0.0005_[0.0040 | 0.013 | 0.100
0.0034_[0.0070 | 0.085 | 0.177
0.0140 [0.0285 | 035 | 0,69
00350 [0.0401 | 089 | 1.0
0.0830 [0.1039 | 210 | 264
00177 10,0236 | 045 | 0.60

ool A K_t

ool b LN E

e
<|wirXl-lxooo|w>

STYLE 1 THRU 5: STYLE 6: STYLET: STYLE 8: STYLE 9:
CANCELLED PIN1. BASE PIN1. EMITTER PIN1. ANODE PIN1. ANODE
2. EMITTER 2. BASE 2. NO CONNECTION 2. ANODE
3. COLLECTOR 3. COLLECTOR 3. CATHODE 3. CATHODE
STYLE 10: STYLE 11: STYLE 12: STYLE 13: STYLE 14:
PIN1. DRAIN PIN1. ANODE PIN1. CATHODE PIN1. SOURCE PIN 1. CATHODE
2. SOURCE 2. CATHODE 2. CATHODE 2. DRAIN 2. GATE
3. GATE 3. CATHODE-ANODE 3. ANODE 3. GATE 3. ANODE
STYLE 15: STYLE 16: STYLE17: STYLE 18: STYLE19:
PIN1. GATE PIN1. ANODE PIN1. NO CONNECTION PIN1.  NO CONNECTION PIN1. CATHODE
2. CATHODE 2. CATHODE 2. ANODE 2. CATHODE 2. ANODE
3. ANODE 3. CATHODE 3. CATHODE 3. ANODE 3. CATHODE-ANODE
STYLE 20: STYLE 21: STYLE 22: STYLE 23: STYLE 24:
PIN1. CATHODE PIN1. GATE PIN1. RETURN PIN1. ANODE PIN 1. GATE
2. ANODE 2. SOURCE 2. OUTPUT 2. ANODE 2. DRAIN
3. GATE 3. DRAIN 3. INPUT 3. CATHODE 3. SOURCE
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PACKAGE OUTLINE DIMENSIONS (continued)

SC-74
CASE 318F-03
ISSUE E

£l
H

-~

Sy

NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI

[EN )

Y14.5M, 1982.

. CONTROLLING DIMENSION: INCH.
. MAXIMUM LEAD THICKNESS INCLUDES LEAD

FINISH THICKNESS. MINIMUM LEAD THICKNESS
IS THE MINIMUM THICKNESS OF BASE

MATERIAL.

®1 2 3 4. 318F-01 AND -02 OBSOLETE. NEW STANDARD
U—' U—' |_| + 318F-03.
. ‘ |<_ INCHES MILLIMETERS
D DIM[ MIN [ mAX | mIN [ mAX
G A [0.1142 J01220 | 290 | 3.10
B [0.0512 [0.0669 | 1.30 [ 1.70
C [0.0354 [0.0433 [ 090 | 1.10
l M D [0.0098 [0.0197 | 0.25 | 0.50
) G [0.0335 [0.0413 [ 0.85 | 1.05
c J] H [0.0005 [0.0040 | 0.013 | 0.100
| 0.05 (0.002) l :U J [0.0040 [0.0102 | 010 | 0.26
= K [0.0079 [0.0236 | 0.20 | 0.60
L H K (- L [0.0493 [0.0649 | 1.25 | 1.65
1] 0°] 10°] 0o 10°
S [0.09085 [0.1181 | 250 | 3.00
STYLE 1: STYLE 2:
PIN 1. CATHODE PIN 1. NO CONNECTION
2. ANODE 2. COLLECTOR
3. CATHODE 3. EMITTER
4. CATHODE 4. NO CONNECTION
5. ANODE 5. COLLECTOR
6. CATHODE 6. BASE
SMC
CASE 403-03
ISSUE B
S
|<— A
NOTES:
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1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.

2. CONTROLLING DIMENSION: INCH.

3. D DIMENSION SHALL BE MEASURED WITHIN

0.020 REF 0.51 REF

DIMENSION P.

INCHES | MILLIMETERS
|Dm[ mIN | MAX | MIN [ MAX
A [ 0260 [ 0.280 | 660 [ 7.11
B [ 0220 [ 0240 | 559 | 6.10
c [ 0075 [ 0095 | 190 [ 241
D [ 0115 [ o121 [ 292 | 307
H [0.0020 [0.0060 | 0.051 | 0152
J [ 0006 [ 0012 | 015 | 030
K | 0030 [ 0050 | 076 | 127
P
s

0305 | 0320 | 7.75

[ 813




PACKAGE OUTLINE DIMENSIONS (continued)

< S

T
|

SMB
D0-214AA
CASE 403A-03
ISSUE D
NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.

2. CONTROLLING DIMENSION: INCH.
3. D DIMENSION SHALL BE MEASURED WITHIN

DIMENSION P.
INCHES MILLIMETERS
| Dm|[ MIN | MAX | MIN | MAX
A | 0.160 | 0.180 | 406 | 457
B | 0130 | 0.150 | 330 | 3.81
C | 0075 | 0095 | 190 | 241
l D | 0077 | 0083 | 196 | 2.11
H 0.0020 [0.0060 | 0.051 | 0.152
[ \ J | 0006 [ 0012 | 015 030
_____ c K | 0.080 | 0050 | 076 | 1.7
P | 0.020REF 0.51 REF
----- s | 0205 [ 020 521 [ 559

o

by

SMA
CASE 403B-01
ISSUE O

NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.
2. CONTROLLING DIMENSION: INCH.

INCHES MILLIMETERS

| DIM| MIN MAX MIN | MAX
A | 0.160 | 0.180 4.06 4.57

B | 0090 | 0.115 229 292

C | 0075 | 0.105 1.91 267

D | 0.050 | 0.064 1.27 1.63

H | 0.004 | 0.008 0.10 0.20

J | 0.006 | 0.016 0.15 0.41

K | 0.030 | 0.060 0.76 1.52

S [ 0190 | 0.220 4.83 5.59

[~
|/
(')—>
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PACKAGE OUTLINE DIMENSIONS (continued)

SOD-123
CASE 425-04
ISSUE C

e— C—>

~—H

.

NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.
2. CONTROLLING DIMENSION: INCH.

'y —] INCHES | MILLIMETERS
M| WMIN | MAX | MIN | MAX
A | 0055 | 0.071 | 1.40 | 180
B | 0100 | 0.112 | 255 | 285
C | 0.037 | 0,053 | 095 | 135
K B D | 0020 | 0028 | 050 | 070
El 001 | — | 025 ] -
H | 0.000 | 0.004 | 000 | 010
| — o006 — [ 015
S K | 0.140 | 0.152 | 355 | 385
) n E
STYLE1:
f PIN 1. CATHODE
, 2. ANODE
— D |=— J [
SOD-323
CASE 477-02
ISSUE B
o - NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI

W —>

e

|<—
|
>

NOTE 3
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Y14.5M, 1982.

2. CONTROLLING DIMENSION: MILLIMETERS.
3. LEAD THICKNESS SPECIFIED PER L/F DRAWING
WITH SOLDER PLATING.
MILLIMETERS INCHES
| DIM| MIN MAX MIN | MAX
A 1.60 1.80 | 0.063 | 0.071
B 1.15 1.35 | 0.045 | 0.053
C 0.80 1.00 | 0.031 | 0.039
D 0.25 0.40 | 0.010 | 0.016
E 0.15 REF 0.006 REF
H 0.00 0.10 | 0.000 | 0.004
J | 0089 | 0.177 |0.0035 |0.0070
K 2.30 270 | 0.091 | 0.106
STYLE 1:
PIN 1. CATHODE
2. ANODE



PACKAGE OUTLINE DIMENSIONS (continued)

SC-88A (SOT-323)
CASE 419A-01

< A > ISSUE E
G i NOTES:
V = 1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.

2. CONTROLLING DIMENSION: INCH.

| INCHES MILLIMETERS

. =~ _f | DIM[ MIN | MAX [ MIN | MAX

| | A | 0071 [ 0087 [ 1.80 | 220

| | B [ 0045 [ 0053 | 115 | 1.35

S C [ 0031 | 0043 [ 080 1.10

O, | 2 | 3 _{ D | 0004 | 0012 [ 010 [ 030
* * G 0.026 BSC 0.65 BSC

H —— Jo0004 [ —— T 010

J [ 0004 [ 0010 010 [ 025

_J L_ K [ 0004 [ 0012 ] 010 [ 030
N 0.008 REF 0.20 REF

DsPL |$| 0.2 (0.008) ®| B @| s | 0079 [ 0.087 | 200 | 220

v [ 0012 [ 0016 [ 030 [ 040

fN
1 F o
J J I_l_{

]
el

-_,L—>||<—

STYLE 1: STYLE 2: STYLE 3: STYLE 4:
PIN 1. BASE PIN 1. ANODE PIN 1. ANODE 1 PIN 1. SOURCE 1
2. EMITTER 2. EMITTER 2. NIC 2. DRAIN1/2
3. BASE 3. BASE 3. ANODE 2 3. SOURCE 1
4. COLLECTOR 4. COLLECTOR 4. CATHODE 2 4. GATE1
5. COLLECTOR 5. CATHODE 5. CATHODE 1 5. GATE 2
STYLE5: STYLE6: STYLET:
PIN 1. CATHODE PIN 1. EMITTER PIN 1. BASE
2. COMMON ANODE 2. BASE 2. EMITTER
3. CATHODE 2 3. EMITTER 3. BASE
4. CATHODE 3 4. COLLECTOR 4. COLLECTOR
5. CATHODE 4 5. COLLECTOR 5. COLLECTOR
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PACKAGE OUTLINE DIMENSIONS (continued)

SC-88 (SOT-363)
CASE 419B-01
ISSUE G

BB

NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI
s 5 2 _f Y14.5M, 1982.
| | 2. CONTROLLING DIMENSION: INCH.
| |
S INCHES MILLIMETERS
i DIM[ MIN | MAX | MIN | MAX
! 2 3 A | 0071 | 0087 | 1.80 | 220
B | 0045 | 0053 | 115 1.35
C | 0031 | 0043 | 080 | 1.10
D | 0004 | 0012 010 | 030
G | 0026BSC 0.65 BSC
DePL |$| 0.2 (0.008) ®| B ®| H| —— [o0004] — | 00
J | 0004 | 0010 | 010 | 025
K | 0004 | 0012 | 010 | 030
N N | 0.008 REF 0.20 REF
S | 0079 | 0087 | 200 | 220
v | 0012 [ 0016 [ 030 | 040
1 F J
| v l
E Ot _{ _f
H .
STYLE 1: STYLE 2: STYLE 3: STYLE 4: STYLE 5:
PIN 1. EMITTER 2 CANCELLED CANCELLED PIN 1. CATHODE PIN 1. ANODE
2. BASE2 2. CATHODE 2. ANODE
3. COLLECTOR 1 3. COLLECTOR 3. COLLECTOR
4. EMITTER 1 4. EMITTER 4. EMITTER
5. BASE1 5. BASE 5. BASE
6. COLLECTOR 2 6. ANODE 6. CATHODE
STYLE 6: STYLE7: STYLE 8: STYLE 9: STYLE 10:
PIN 1. ANODE 2 PIN 1. SOURCE 2 CANCELLED PIN 1. EMITTER 2 PIN 1. SOURCE 2
2. NIC 2. DRAIN 2 2. EMITTER 1 2. SOURCE 1
3. CATHODE 1 3. GATE 1 3. COLLECTOR 1 3. GATE1
4. ANODE 1 4. SOURCE 1 4. BASE 1 4. DRAIN 1
5. NIC 5. DRAIN 1 5. BASE 2 5. DRAIN 2
6. CATHODE 2 6. GATE 2 6. COLLECTOR 2 6. GATE 2
STYLE 11: STYLE 12; STYLE 13; STYLE 14: STYLE 15
PIN 1. GATHODE 2 PIN 1. ANODE 2 PIN 1. ANODE PIN 1. VREF PIN 1. ANODE
2. CATHODE 2 2. ANODE 2 2. NIC 2. GND 2. ANODE
3. ANODE 1 3. CATHODE 1 3. COLLECTOR 3. GND 3. ANODE
4. CATHODE 1 4. ANODE 1 4. EMITTER 4. 10UT 4. CATHODE
5. CATHODE 1 5. ANODE 1 5. BASE 5. VEN 5. CATHODE
6. ANODE 2 6. CATHODE 2 6. CATHODE 6. VCC 6. CATHODE
STYLE 16: STYLE17: STYLE 18: STYLE 19:
PIN 1. BASE 1 PIN 1. BASE 1 PIN 1. VIN1 PIN1. 10UT
2. EMITTER 2 2. EMITTER 1 2. VCC 2. GND
3. COLLECTOR 2 3. COLLECTOR 2 3. VOUT2 3. GND
4. BASE 2 4. BASE2 4. VIN2 4.VCC
5. EMITTER 1 5. EMITTER 2 5. GND 5 VEN
6. COLLEGTOR 1 6. COLLECTOR 1 6. VOUT1 6. V REF
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PACKAGE OUTLINE DIMENSIONS (continued)

POWERMITE
CASE 457-04
ISSUE D
NOTES:
A < C > E 1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.
I |€B 0.08 (0.003)@| T| B® | C @| 2. CONTROLLING DIMENSION: MILLIMETER.
3. DIMENSION A DOES NOT INCLUDE MOLD FLASH,
y PROTRUSIONS OR GATE BURRS. MOLD FLASH,
| | S |_ PROTRUSIONS OR GATE BURRS SHALL NOT
T EXCEED 0.15 (0.006) PER SIDE.
MILLIMETERS | __INCHES
TERM. 1 piM[ MIN | MAX | mIN | mAX
A 175 | 205 | 0069 | 0081
K B | 175 | 218 | 0.069 | 0.086
C | 085 | 1.5 | 0033 | 0.045
TERM. 2 D | 040 | 069 | 0.016 | 0.027
! K F | 070 | 1.00 | 0.028 | 0,039
H | 005 | +0.10 |-0.002 |+0.004
R _{ J | 010 | 025 | 0.004 | 0.010
L K | 360 | 390 | 0142 | 0154
\ + L | 050 | 080 | 0.020 | 0.031
R | 120 | 150 | 0.047 | 0.059
3 o e S | 050REF 0.019 REF
H —>ije— D
] [@[os8003®[1[8 O[cO)
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ZENER DIODE THEORY

INTRODUCTION now see. Silicon is a tetravalent element, one with four

The zener diode is a semiconductor device unique in itSyalence electrons in the outer shell; all are virtually locked

mode of operation and completely unreplaceable by any'nto place by the covalent bonds of the crystal lattice

other electronic device. Because of its unusual properties itStru,::tu”r ed as sh(t)wnf jchemancal_![y n GF|gureV 1?' Whten
fills a long-standing need in electronic circuitry. It provides, controlled amounts of donor impurities (Group V elements)

among other useful functions, a constant voltage referenceSUCh as pho.sphorus are added, the pen_tavalent phosphorus
or voltage control element available over a wide spectrum ofatoms entering the lattice structure provide extra electrons
voltage and power levels not required by the covalent bonds. These impurities are

The zener diode is unique among the semiconductorcaHEd donor impurities since they “donate” a free electron
family of devices because its electrical properties are to the lattice. These donated electrons are free to drift from

derived from a rectifying junction which operates in the negative tgositive across the crystal when a field is applied,

reverse breakdown region. In the sections that follow, thea? sho&/vn tlln?gurelllb.“The tl'\l Torr?enclature_ for this kind
reverse biased rectifying junction, some of the terms ©' cONAuCtivity Implies ‘negative™ charge carriers.

associated with it, and properties derived from it will be In P-type conductivity, the c;harges that carry electric
discussed fully. currentacross the crystal act as if they were positivegesar

The zener diode is fabricated from the element silicon. We know that electricity is always carried by drifting

Special techniques are applied in the fabrication of Zenerelegtrons in any materl_al, af‘d that t.here areé no mobile
diodes to create the required properties. positively charged carriers in a solid. Positive charge

This manual was prepared to acquaint the engineer, th&arrierscan exist in gases and liquids in the form of positive

equipmendesigner and manufacturer, and the experimenter'f?ns 'butthnot n ?0"";- Tthe pos[[tnlle chatr)acttﬁ r of rt:e fcurrtehnt
with the fundamental principles, design characteristics, own the semiconductor crystal may be thought ol as the

applications and advantages of this important movement of/_acancies (c_a_lled holes) in the_ coyalent Iattic_e.
semiconductor device. 'I_'heseholes _drlft fro_m positive towar_d_ negatw_e in an electric
field, behaving as if they were positive carriers.
SEMICONDUCTOR THEORY P-type (.:ondu_c.tivity irsemiconductors result from adding
acceptor impurities (Group Il elements) such as boron to
The active portion of a zener diode is a semiconductor PNsjjicon to the semiconductor crystal. In this case, boron
junction. PN junctions are formed in various kinds of atoms, with three valence electrons, enter the tetravalent
semiconductor devices by several techniques. Among thesgjjicon lattice. Since the covalent bonds cannot be satisfied
are the widely used techniques known as alloying andpy only three electrons, each acceptor atom leaves a hole in
diffusion which are utilized in fabricating zener PN the |attice which is deficient by one electron. These holes
junctions to providexcellent control over zener breakdown readily accept electrons introduced by external sources or
voltage. created by radiation or heat, as shown in Figure 1c. Hence
At the present time, zener diodes use silicon as the basi¢nhe name acceptor ion or acceptor impurity. When an
material in the formation of their PN junction. Silicon is in  external circuit is connected, electrons from the current
Group IV ofthe periodic table (tetravalent) and is classed as g rce “fill up” these holes from the negative end and jump
a “semiconductor” due to the fact that it is a poor conductor from hole to hole across the crystal or one may think of this
in a pure state. When controlled amounts of certain process in a slightly different but equivalent way, that is as
“impurities” are added to a semiconductor it becomes athe displacement of positive holes toward the negative
better conductor of electricity. Depending on the type of terminal. It isthis drift of the positively charged holes which
impurity added to the basic semiconductor, its conductivity accounts for the term P-type conductivity.
may take two different forms, called P- and N-type \wnhen semiconductor regions of N- and P-type
respectively. conductivities are formed in a semiconductor crystal
N-type conductivity in a semiconductor is much like the agjacent teach other, this structure is called a PN junction.
conductivity due to the drift of free electrons in a metal. In gych a junction is responsible for the action of both zener

pure silicon at room temperature there are t00 few freegigdesand rectifier devices, and will be discussed in the next
electrons to conduct current. However, there are ways ofggction.

introducing free electrons into the crystal lattice as we shall
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Figure 1. Semiconductor Structure

THE SEMICONDUCTOR DIODE

Conversely, electrons in the N-type are readily attracted by
the positive polarity in the other direction.

When a PN junction is reverse biased, the P-type side is
made more negative than the N-type side. (See Figure 2b.)
At voltages below the breakdown of the junction, there is
very little current flow across the junction interface. At first
thought one would expect no reverse current under reverse
bias conditions, but several effects are responsible for this
small current.

Under this condition the positive holes in the P-type
semiconductor are repelled from the junction interface by
the positive polarity applied to the N side, and conversely,
the electrons in the N material are repelled from the interface
by the negative polarity of the P side. This creates a region
extending from the junction interface into both P- and
N-type materials which is completely free of charge carriers,
that is, the region is depleted of its charge carriers. Hence,
this region is usually called the depletion region.

Although the region is free of chargarriers, the P-side
of the depletion region will have an excess negative charge
due to the presence of acceptor ions which are, of course,
fixed in the lattice; while the N-side of the depletion region
has an excess positive charge due to the presence of donor
ions. These opposing regions of charged ions create a strong
electric field across the PN junction responsible for the
creation of reverse current.

The semiconductor regions are never perfect; there are
always a few free electrons in P material and few holes in N
material. A more significant factor, however, is the fact that
great magnitudes of electron-hole pairs may be thermally
generated abom temperatures in the semiconductor. When
these electron-hole pairs are created within the depletion
region,then the intense electric field mentioned in the above
paragraph will cause a small current to flow. This small
current is called the reverse saturation current, and tends to
maintain a relatively constant value for a fixed temperature
at all voltages. The reverse saturation current is usually
negligiblecompared with the current flow when the junction
is forward biased. Hence, we see that the PN junction, when
not reverse biased beyond breakdown voltage, will conduct
heavily in only one direction. When this property is utilized
in a circuit we are employing the PN junction as a rectifier.
Let us see how we can employ its reverse breakdown
characteristics to an advantage.

As the reverse voltage is increased to a point called the
voltage breakdown point and beyond, current conduction
across the junction interface increases rapidly. The break
from a low value of the reverse saturation current to heavy
conductance is very sharp and well defined in most PN
junctions. It is called the zener knee. When reverse voltages

In the forward-biased PN junction, Figure 2a, the P region greater than the voltage breakdown point are applied to the
is made more positive than the N region by an externalPN junction, the voltage drop across the PN junction
circuit. Under these conditions there is a very low resistanceremains essentially constant at the value of the breakdown
to current flow in the circuit. This is because the holes in the voltage for a relatively wide range of currents. This region
positive P-type material are very readily attracted across theébeyond the voltage breakdown point is called the zener
junction interface toward the negative N-type side. control region.
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ZENER CONTROL REGION: VOLTAGE
BREAKDOWN MECHANISMS VRev

-—
Figure 3 depicts the extension of reverse biasing to the '
point where voltage breakdown occurs. Although all PN |
junctions exhibit a voltage breakdown, it is important to
know that there are two distinct voltage breakdown
mechanism®ne is calledener beakdowrand the other is |
calledavalanche breakdowin zener breakdown the value |
of breakdown voltage decreases as the PN junction :
|
|

VBREAKDOWN

IRev
SLOPE

temperature increases; while in avalanche breakdown the

value ofthe breakdown voltage increases as the PN junction

temperature increases. Typical diode breakdown

characteristics of each category are shown in Figure 4. The Figure 3. Reverse Characteristic Extended
factor determining which of the two breakdown to Show Breakdown Effect
mechanisms occurs is the relative concentrations of the . . . -
impurities in the materials which comprise the junction. If presence of more ions/unit volume in the less resistive

two different resistivity P-type materials are placed against m.atenal. Ajunction that re:'sults' In a narrow depletion region
two separate but equally doped low-resistivity pieces of will therefore develop a high field intensity and breakdown

N-type materials, the depletion region spread in the low by the zener mechanism. A junction that results in a wider

resistivity P-type material will be smaller than the depletion gepletlobn retghlon andl, thuﬁ a Iowehr f|e_|d mtgn?lty will break
region spread in the high resistivity P-type material. own Dy the avalanché mechanism before a zener

Moreover, in both situations little of the resultant depletion briﬁkdown condﬂ;}on can be r%acr(;ed. ibed litativel
width lies in the N material if its resistivity is low compared € zener mechanism can be described qualitalively as

to the P-type material. In other words, the depletion regionfolloyvs:.because the deplgtlon width is very ;mall, the
always spreads principally into the material having the a_1ppl|cat|on of low reverse b'f”‘s (5 volts or less) will cause a
highest resistivity. Also, the electric field (voltage per unit Re]!_d IZC“;SS thﬁ g_epr:etlon rggl(;n on thte ordler of 1;,5)(/llﬂn th

length) in the less resistive material is greater than the Ile OISL;C Igf mzi_gnl u te ex?r Sd.a atrge orcetor:h €
electric field in the material of greater resistivity due to the valenceelectrons of a silicon atom, tending to separate them
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Figure 4. Typical Breakdown Diode Characteristics. Note Effects of Temperature for Each Mechanism

from their respective nuclei. Actual rupture of the covalent before combining with a carrier of opposite conductivity).
bondsoccurs when the field approaches 3 R\/@m. Thus, Therefore, when temperature is increased, the increased
electron-hole pairs are generated in large humbers and #atticevibration shortens the distance a carrier travels before
sudden increase of current is observed. Although we spealkolliding and thus requires a higher voltage to get it across
of a rupture of the atomic structure, it should be understoodthe depletion region.
that this generation of electron-hole pairs magdreied on As established earlier, the applied reverse bias causes a
continuously as long as an external source suppliessmallmovement of intrinsic electrons from the P material to
additional electrons. If a limiting resistance in the circuit the potentially positive N material and intrinsic holes from
external to the diode junction does not prevent the currentthe N material to the potentially negative P material (leakage
fromincreasing to high values, the device may be destroyedcurrent). As the applied voltage becomes larger, these
due to overheating. The actual critical value of field causing electrons and holes increasingly accelerate. There are also
zener breakdown is believed to be approximately collisions between these intrinsic particles and bound
3 x 10°V/cm. On most commercially available silicon electrons as the intrinsic particles move through the
diodes, the maximum value of voltage breakdown by the depletion region. If the applied voltage is such that the
zener mechanism is 8 volts. In order to fabricate devicesintrinsic electrons do not have high velocity, then the
with higher voltage breakdown characteristics, materials collisions take some energy from the intrinsic particles,
with higher resistivity, and consequently, wider depletion altering their velocity. If the applied voltage is increased,
regions are required. These wide depletion regions hold thecollision with a valence electron will give considerable
field strength down below the zener breakdown value energy to the electron and it will break free of its covalent
(3 x 1PV/cm). Consequentlypr devices with breakdown  bond. Thus, one electron by collision, has created an
voltage lower than 5 volts the zener mechanism electron-hole pair. These secondary particles will also be
predominates, between 5 and 8 volts both zener and aracceleratednd participate in collisions which generate new
avalanche mechanism are involved, while above 8 volts theelectron-hole pairs. This phenomenon is called carrier
avalanche mechanism alone takes over. multiplication. Electron-hole pairs are generated so quickly
The decrease of zener breakdown voltage as junctionand in such large numbers that there is an appavatenche
temperature increases can be explained in terms of ther self-sustained multiplication process (depicted
energies of the valence electrons. An increase of temperaturgraphically in Figure 5). The junction is said to be in
increases the energies of the valence electrons. This weakerseakdown and the current is limited only by resistance
the bonds holding the electrons and consequently, less appliedxternal to the junction. Zener diodes above 7 to 8 volts
voltage is necessary to pull the valence electrons from theirexhibit avalanche breakdown.
position around the nuclei. Thus, the breakdown voltage As junction temperature increases, the voltage breakdown
decreases as the temperature increases. point for the avalanche mechanism increases. This effect can
The dependence on temperature of the avalanchebe explained by considering the vibration displacement of
breakdowrmechanism is quite different. Here the depletion atoms in their lattice increases, and this increased
region is of sufficient width that the carriers (electrons or displacement corresponds to an increase in the probability
holes) can suffer collisions before traveling the region that intrinsic particles in the depletion region will collide
completely i.e., the depletion region is wider than one with the lattice atoms. If the probability of an intrinsic
mean-free path (the average distance a carrier can travegbarticle-atom collision increases, then the probability that a
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LARGE CURRENT ﬁ REVERSE-BIASED
PN JUNCTION IN AVALANCHE

- N y |p +
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Figure 5. PN Junction in Avalanche Breakdown

given intrinsic particle will obtain high momentum a different symbol. For the leakage current region, i.e.
decreases, and it follows that the low momentum intrinsic non-conducting region, between 0 volts and e reverse
particlesare less likely to ionize the lattice atoms. Naturally, current isdenoted by the symbak;l but for the zener control
increased voltage increases the acceleration of the intrinsigegion, \k = Vz, the reverse current is denoted by the
particles, providing higher mean momentum and more symbol . Ir is usually specified at a reverse voltage
electron-hole pairs production. If the voltage is raised Vg = 0.8 V7.

sufficiently, the mean momentum becomes great enough to The PN junction breakdown voltagez Ms usually called
create electron-hole pairs and carrier multiplication results.the zener voltage, regardless whether the diode is of the
Hence, for increasing temperature, the value of thezener or avalanche breakdown type. Commercial zener

avalanche breakdown voltage increases. diodes are available with zener voltages from about
1.8 V—-400 V. For most applications the zener diode is
VOLT-AMPERE CHARACTERISTICS operated well into the breakdown regiopr(to Izp). Most

The zener volt-ampere characteristics for a typical 30 volt manufactgrers_ give an z_idd_monal sp_e(_:|f|cat|on ok _I
(= 5 mA in Figure 6) to indicate a minimum operating

zener diode is illustrated in Figure 6. It shows that the zener\™ i
diode conducts current in both directions: the forward CUITent to assure reasonable regulation.

current f being a function of forward voltage-WNote that This minimum currentz varies in the various types of
I is small until \E = 0.65 V; then ¢ increases very rapidly. zener diodes and, consequently, is given on the data sheets.

For Ve > 0.65 V E is limited primarily by the circuit The _maximum zener currentyl should be considered the
resistance external to the diode maximum reverse current recommended by the
manufacturer. Values ofj\y are usually given in the data

FORWARD JT 1° sheets.
[~ CHARACTERISTIC TYPICAL / a Between the limits ofA and ky, which are 5 mA and
T 0 2 1400 mA(1.4 Amps) in the example of Figure 6, the voltage
w across the diode is essentially constant, and;. This
ZK In / v & plateau region has, however, a large positive slope such that
N y - S the precise value of reverse voltage will change slightly as
Vz || lzxk=5mA 4 0 .<: a function of . For any point on this plateau region one may
N L - 420 mA E calculate an impedance using the incremental magnitudes of
Zzr 05 g the voltage and current. This impedance is usually called the
Iz -~ | u zener impedancezZand is specified for most zener diodes.
L REVERSE ' & Most manufacturers measure the maximum zener
=t 1204 C!'IARf\CTEBIST!C 1.5 E impedance atvo test points on the plateau region. The first
o 20, 10008, 118 is usually near the knee of the zener plateaw, Znd the
(VOLTS) (VOLTS) latter point near the midrange of the usable zener current
Figure 6. Zener Diode Characteristics excursion. Two such points are illustrated in Figure 6.

) ) This section was intended to introduce the reader to a few
The reverse current is a function of the reverse voltagge V ¢ the major terms used with zener diodes. A complete

but for most prNO TAGactical purposes is zero until the gegcription of these terms may be found in chapter four. In
reverse voltage approacheg, ¥he PN junction breakdown  chanter four a full discussion of zener leakage, DC

voltage, at which time the reverse current increases VelYpreakdown, zener impedance, temperature coefficients and
rapidly. Since the reverse current is small fgy &/Vz, but many other topics may be found.

greatfor VR > Vz each of the current regions is specified by
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ZENER DIODE FABRICATION TECHNIQUES

INTRODUCTION

A brief exposure to the techniques used in the fabrication
of zener diodes can provide the engineer with additional
insight using zeners in their applications. That is, an
understanding of zener fabrication makes the capabilities
and limitations of the zener diode more meaningful. This
chapter discusses the basic steps in the fabrication of th
zener from crystal growing through final testing.

have the same surge carrying capability as diffused diodes.
The manufacturing process begins with the growing of high
quality silicon crystals.

Crystals for ON Semiconductor zener diodes are grown
using the Czochralski technique, a widely used process
which begins with ultra-pure polycrystalline silicon. The
é)olycrystalline silicon is first melted in a nonreactive
crucible held at a temperature just above the melting point.
A carefully controlled quantity of the desired dopant
ZENER DIODE WAFER FABRICATION impqrity, such as phosphorus_ or boron i§ add_ed. A high

. ] _quality seed crystal of the desired crystalline orientation is
~ The major steps in the manufacture of zeners are providedhen |owered into the melt while rotating. A portion of this
in the process flow in Figure 1. It is important to point out seeq crystal is allowed to melt into the molten silicon. The
that the manufacturing steps vary somewhat from geeq js then slowly pulled and continues to rotate as it is
manufacturer tananufacturer, and also vary with the type of raised from the melt. As the seed is raised, cooling takes
zener diode produced. This is driven by the type of packagép|ace and material from the melt adheres to it, thus forming
required as well as the electrical characteristics desired. Fog single crystal ingot. With this technique, ingots with

example, alloy diffused devices provide excellent lIow giameters of several inches can be fabricated.
voltagereference with low leakage characteristics but do not

SILICON CRYSTAL WAFER OXIDE
GROWING PREPARATION PASSIVATION
e
el s Y S
TEST FLIEf‘SDH ASSEMBLY
MARK TEST PACKAGE
SHIP

Figure 1. General Flow of the Zener Diode Process
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SILICON DIOXIDE SELECTIVELY REMOVED

SILICON DIOXIDE GROWTH
H s, r 1
DOPANT ATOMS DEPOSITED ONTO DOPANT ATOMS DIFFUSE INTO SILICON

THE EXPOSED SILICON BUT NOT APPRECIABLY INTO THE SILICON DIOXIDE
_ N /

( (d)

Figure 2. Basic Fabrication Steps in the Silicon Planar Process: a) oxide formation, b) selective oxide removal,
c¢) deposition of dopant atoms, d) junction formation by diffusion of dopant atoms.

Once the single-crystal silicon ingot is grown, it is tested  Dopant is then introduced onto the wafer surface using
for doping concentration (resistivity), undesired impurity various techniques such as aluminum alloy for low voltage
levels, and minority carrier lifetime. The ingot is then sliced devices, ion-implantation, spin-on dopants, or chemical
into thin, circular wafers. The wafers are then chemically vapor deposition. Once the dopant is deposited, the
etched taemove saw damage and polished in a sequence ofunctionsare formed in a subsequent high temperature (1100
successively finer polishing grits until a mirror-like defect to 1250 degrees celcius are typical) drive-in. The resultant
free surface is obtained. The wafers are then cleaned angunction profile is determined by the background
placed in vacuum sealed wafer carriers to prevent anyconcentration ofhe starting substrate, the amount of dopant
contamination from getting on them. At this point, the placed at the surface, and amount of time and temperature
wafers are ready to begin device fabrication. used during the dopant drive-in. This junction profile

Zener diodes can be manufactured using differentdetermines the electrical characteristics of the device.
processing techniques such as planar processing or medauring the drive-in cycle, additional passivation oxide is
etched processing. The majority of ON Semiconductor grown providing additional protection for the devices.
zenerdiodes are manufactured using the planar technique as After junction formation, the wafers are then processed
shown in Figure 2. through what is called a getter process. The getter step

The planar process begins by growing an ultra-cleanutilizes high temperature and slight stress provided by a
protective silicon dioxide passivation layer. The oxide is highly doped phosphosilicate glass layer introduced into the
typically grown in the temperature range of 900 to 1200 backside of the wafers. This causes any contaminants in the
degrees celcius. Once the protective layer of silicon dioxidearea of the junction to diffuse away from the region. This
has been formed, it must be selectively removed from thoseserves to improve the reverse leakage characteristic and the
areas into which dopant atoms will be introduced. This is stability ofthe device. Following the getter process, a second
done using photolithographic techniques. photo resist step opens the contact area in which the anode

First a light sensitive solution called photo resist is spun metallization is deposited.
onto the wafer. The resist is then dried and a photographic Metal systems for ON Semiconductor’s zener diodes are
negative or mask is placed over the wafer. The resist is therdetermined by the requirements of the package. The metal
exposed to ultraviolet light causing the molecules in it to systems are deposited in ultra-clean vacuum chambers
cross link or polymerize becoming very rigid. Those areas utilizing electron-beam evaporation techniques. Once the
of the wafer that are protected by opaque portions of themetal isdeposited, photo resist processing is utilized to form
mask are not exposed and are developed away. The oxide ithe desired patterns. The wafers are then lapped to their final
thenetched forming the exposed regions in which the dopantthickness and the cathode metallization deposited using the
will be introduced. The remaining resist is then removed andsame e-beam process.
the wafers carefully cleaned for the doping steps.
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The quality of the wafers is closely monitored throughout a solder disc is placed into each cavity and then a die is put
the process by using statistical process control techniquesn on top. A solder disc is put in on top of the die. Another
and careful microscopic inspections at critical steps. Specialassembly boat containing only leads is mated to the boat
wafer handling equipment is used throughout the containingthe leads, die, and two solder discs. The boats are
manufacturing process to minimize contamination and to passedhrough the assembly furnace; this operation requires
avoid damaging the wafers in any way. This further only one pass through the furnace.
enhances the quality and stability of the devices. After assembly, the leads on the Surmetic 30s, 40s and

Upon completion of the fabrication steps, the wafers are MOSORBSs are plated with a tin-lead alloy making them
electricallyprobed, inspected, and packaged for shipment toreadily solderable and corrosion resistant.
the assembly operations. All ON Semiconductor zener
diode product is sawn using 100% saw-through techniquesPouble Slug (DO-35 and DO-41)

stringently developed to provide high quality silicon die. Doubleslugs receive their name from the dumet slugs, one
attached to one end of each lead. These slugs sandwich the

ZENER DIODE ASSEMBLY pre-tinned die between them and are hermetically sealed to

Surmetic 30, 40 and MOSORB the glass envelope or body during assembly. Figure 4 shows

The plastic packages (Surmetic 30, 40 and MOSORBs)tyIOical assembly.

- : o The assembly begins with the copper clad steel leads
are assembled using oxygen free high conductivity copper, . . ) i
leads for efficient heat transfer from the die and allowing being loaded into assembly *boats.” Every other boat load

maximum power dissipation with a minimum of external _Of leads has a glass body set over the slug. A pre-tinned die
heatsinkingFigure 3 shows typical assembly. The leads are is placed into each glass body and the other boat load of leads

of nail head construction, soldered directly to the die, which is mated to the boat holding the leads, body and die. These
further enhances the heat dissipating capabilities of the

matedboats are then placed into the assembly furnace where
package the total mass is heated. Each glass body melts; and as the

The Surmetic 30s, 40s and MOSORBs are basicallyboat proceeds through the cooling portion of the furnace

assembled ithe same manner; the only difference being the Cha".‘be“ the tin which has W?ttEd to each slug solidifies
MOSORBs are soldered together using a solder diSCformlng a bond between the die and both slugs. The glass

between the lead and die whereas the Surmetic 30s anq]ardensattaching itself to the sides of the two slugs forming
Surmetic 40s utilize pre-soldered leads the hermetic seal. The above illustrates how the diodes are

Assembly isstarted on the Surmetic 30 and 40 by loading cqmpllet.ely assergnlbled b?sing a single furace pass
the leads into assembly boats and pre-soldering the naifMNiMIZINg assembly problems.
heads. After pre-soldering, one die is then placed into eac@. The encapsulated devices are then processed through lead
i

cavity of one assembly boat and another assembly boat inish. This consists of dipping the leads in molten tin/lead
then mated to it. Since the MOSORBS do not use solder alloy. The solder dipped leads produce an external

pre-soldered leads, the leads are put into the assembly boaft',nISh which is tarnish-resistant and very solderable.

OFHC COPPER LEAD, g
SOLDER PLATED ~~__ [
PLASTIC
(THERMO SET) — =2
ENCAPSULATED
LEAD, STEEL, CU CLAD
NAILHEAD LEAD ~—_| A N SOLDER DIPPED
T SLUG DUMET
ZENER DIE — SnPb «— GLASS SLEEVE
PASSIVATED
NAILHEAD LEAD — Y1 ZENER DIE
=
OFHC COPPER LEAD, =
SOLDER PLATED B
Figure 3. Double-Slug Plastic Figure 4. Double Slug Glass
Zener Construction Zener Construction
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ZENER DIODE TEST, MARK AND PACKAGING parameters ake units are being tested to ensure that the lot
Double Slug, Surmetic 30, 40 and MOSORB is testing well to the process average and compared against
other lots of the same voltage.

After testing, the units are marked as required by the
specification. The markers are equipped to polarity orient
'the devices as well as perform 100% redundant test prior to
gackaging.

After marking, the units are packaged either in “bulk”
rm or taped and reeled or taped and ammo packed to
ccommodate automatic insertion.

After lead finish, all products are final tested, whether
theyare double slug or of Surmetic construction, all are 100
percent final tested for zener voltage, leakage current
impedance and forward voltage drop.

Process average testing is used which is based upon th
averages of the previous lots for a given voltage line andfo
package type. Histograms are generated for the various‘,j1
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RELIABILITY

INTRODUCTION distributions will be centered within the specification limits
with aproduct distribution of plus or minus Six Sigma about
mean. Six Sigma capability, shown graphically in Figure 1,

Idetails the benefit in terms of yield and outgoing quality

levels. This compares a centered distribution versus a 1.5

sigma worst case distribution shift.

New product development at ON Semiconductor requires
more robust design features that make them less sensitive to
minor variations in processing. These features make the
implementation of SPC much easier.

A complete commitment to SPC is present throughout

STATISTICAL PROCESS CONTROL ON Semiconductc_)r. All managers, engineers, production
) ) ) _ operators, supervisors and maintenance personnel have

ON Semiconductor’s Discrete Group is continually recejved multiple training courses on SPC techniques.
pursuingnew ways to improve product quality. Initial design  pmanufacturing has identified 22 wafer processing and 8
improvement is one method that can be used to produce gssemblysteps considered critical to the processing of zener
superior product. Equally important to outgoing product products. Processes, controlled by SPC methods, that have
quality is the ability to produce product that consistently ghown significant improvement are in the diffusion,
conforms to specification. Process variability is the basic photolithography and metallization areas.
enemy of semiconductor manufacturing since it leads to 1q petter understand SPC principles, brief explanations

product variability. ~Used in all phases of nhave been provided. These cover process capability,
ON Semiconductor’s product manufacturing, jmplementation and use.

STATISTICAL PROCESS CONTROL (SPC) replaces
variability with predictability. The traditional philosophy in

the semiconductor industry has been adherence to the data
sheet specification. Using SPC methods assures the product

ON Semiconductor's Quality System maintains
“continuousproduct improvement” goals in all phases of the
operation. Statistical process control (SPC), quality contro
sampling, reliability audits and accelerated stress testing
techniquesnonitor the quality and reliability of its products.
Management and engineering skills are continuously
upgraded through training programs. This maintains a
unified focus on Six Sigma quality and reliability from the
inception of the product to final customer use.

will meet specific process requirements throughout the 8¢ s -40 30 20 -lo 0 1g 20 30 40 5o 60
manufacturing cycle. The emphasis is on defect prevention, Standard Deviations From Mean
not detection. Predictability through SPC methods requires  piggipution Centered Distribution Shifted + 1.5
the manufacturing culture to focus on constant and At+3 02700 ppm defective 66810 ppm defective
permanent improvements. Usually these improvements 99.73% yield 93.32%yield
cannot be bought with state-of-the-art equipment or At*4063 gg’gggjﬁfc;'l‘éfd 2513)073")’/”‘)/;1?;9““’6
. N . . . . 0 . 0

automated factories. With quality in design, process and _ _

terial selection coupled ith manufacturin At+5 0 0.57 ppm defective 233 ppm defective
material ion,  coup wi utacturing 99.999943% yield 99.9767% yield
predictability, ON Semiconductor can produce world class At6 60,002 ppm defective 3.4 ppm defective
products. 99.9999998% yield 99.99966% yield

The immediate effect of SPC manufacturing is
predictability through process controls. Product centered andrigure 1. AOQL and Yield from a Normal Distribution of

distributed well within the product specification benefits ON Product With 6 ¢ Capability
Semiconductor with fewer rejects, improved yields and lower
cost. The direct benefit to ON Semiconductor’s customers PROCESS CAPABILITY

includes better incoming quality levels, less inspection time
and ship-to-stock capability. Circuit performance is often
dependent on the cumulative effect of component variability.
Tightly controlled component distributions give the customer
greater circuit predictability. Many customers are also
converting to just-in-time (JIT) delivery programs. These
programs require improvements in cycle time and vyield © ™ ) g C .
predictability achievable only through SPC techniques. The© identify and ehmmgte.t.he .most significant a35|g_nable
benefit derived from SPC helps the manufacturer meet theCauSes. Random variability is generally present in the

customer’s expectations of higher quality and lower cost system and dpeg not_ fluctuate.. Some_tlmes, thes_e are
product. considered basic limitations associated with the machinery,

Ultimately, ON Semiconductor will have Six Sigma materials, personnel skills or manufacturing methods.
capability (;n all products. This means parametric Assignable cause inconsistendielate to time variations in
' yield, performance or reliability.

One goal of SPC is to ensure a procesSAPABLE.
Process capability is the measurement of a process to
produce products consistently to  specification
requirements. The purpose of a process capability study is
to separate the inhereRANDOM VARIABILITY  from
ASSIGNABLE CAUSES Once completed, steps are taken
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PREDICTION

PREDICTION

SIZE—

TIME
SIZE ———==

Process “under control” — all assignable causes are
removed and future distribution is predictable.

Figure 2. Impact of Assignable Causes on Process Predictable

Lower
Specification Limit

—=—— Upper
Specification Limit

In control and capable
(variation from random
TIME variability reduced)

In control assignable
causes eliminated
TIME

Out of control SIZE In control but not capable
(assignable causes present) (variation from random variability
excessive)
SIZE
Figure 3. Difference Between Process Control and Process Capability
Traditionally, assignable causes appear to be random due SPC IMPLEMENTATION AND USE

to the lack of close_exam_lnatlon or analy5|s. Figure 2 shows The Discrete Group uses many parameters that show
the impact on predictability that assignable cause can have

Fi 3sh the diff bet irol Cgonformance to specification. Some parameters are
Igure 5 shows the dilterence between process control antye gijive to process variations while others remain constant
process capability.

. . . ... for a given product line. Often, specific parameters are
A process capability study involves taking periodic g P P P

les f th q olled diti Th influenced when changes to other parameters occur. It is
sanpr €s from he prt:cgsi un ?rtﬁon rofie clon ' |onsr.l ; oth impractical and unnecessary to monitor all parameters
performance cnaracteristics of these samples are charte sing SPC methods. Only critical parameters that are
againstime. In time, assignable causes can be identified and,

. dut. Careful d ot fth is k sensitive to process variability are chosen for SPC
engineeredut. Lareiul documentation of the process IS key monitoring. The process steps affecting these critical
to accurate diagnosis and successful removal of the

ioanabl S i " ianabl h vvﬂ rametersnust be identified also. It is equally important to
assigna elcauses. >ome m|1es, de assigna tet.causes d a measurement in these process steps that correlates
remain unciear requiring prolonged experimentation. with product performance. This is called a critical process
Elements which measure process variation control andparameter
capa_tf)_lllt)(_ are. d(t:hp d_af‘ dd dCbpkthrespectlvely. . d(t:hp ISC th_e Oncethe critical process parameters are selected, a sample
specitication wit vided Dy € process wi or-p = plan must be determined. The samples used for
(specification width) / 6. Cpk is the absolute value of the

closest specification value to the mean, minus the mean measurement = are  organized - intoRATIONAL
" ) ' SUBGROUPS of approximately 2 to 5 pieces. The
divided by half the process width or Cpk = | closest bp y P

ificati ~ % subgroup size should be such that variation among the
specification — : . sampleswithin the subgroup remain small. All samples must
At ON Semiconductor, for critical parameters, the process

e ) ~~>~come from the same source e.g., the same mold press
capability is aq_:ep_table with a Cpk = %'33' _The desired operator, etc.. Subgroup data should be collected at
Process capgpl!lty is a Cpk = 2 and the ideal is a Cpk = 5'appropriatetime intervals to detect variations in the process.
Cpk, by definition, shows where the current production

fits with relationshin to th ication limits. Off As the process begins to show improved stability, the
process Hits with reationship to the spectiication Imits. M a4 may be increased. The data collected must be
center distributions or excessive process variability will

itin | th i diti carefully documented and maintained for later correlation.
result infess than optimum conditions. Examples of common documentation entries would include
operator, machine, time, settings, product type, etc..
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Figure 4. Example of Process Control Chart Showing Oven Temperature Data

Once the plan is established, data collection may begin.problems with piece to piece variability related to the
The data collected will generate ahd R values that are  process. The X chart can often identify changes in people,
plotted with respect to time. Xefers to the mean of the machinesmethods, etc. The source of the variability can be
values within a given subgroup, while R is the range or difficult to find and may require experimental design
greatesvalue minus least value. When approximately 20 or techniques to identify assignable causes.
more Xand R values have been generated, the average of Some general rules have been established to help

these values is computed as follows: determinevhen a process QUT-OF-CONTROL . Figure
X = X+X2+X3+..)K 5a shows a control chart subdivided into zones A, B, and C
R=(R1+R2+R3+..)/K corresponding to 3 sigma, 2 sigma, and 1 sigma limits

respectively. IrFigure 5b through Figure 5e four of the tests
that can be used to identify excessive variability and the
presence adissignable causes are shown. As familiarity with
a given process increases, more subtle tests may be
employed successfully.

Once the variability is identified, the cause of the
variability must be determined. Normally, only a few factors
have a significant impact on the total variability of the

where K = the number of subgroups measured.

The values of Xand Rare used to create the process
control chart. Control charts are the primary SPC tool used
to signal a problem. Shown in Figure 4, process control
charts show Xand R values with respect to time and
concerning reference to upper and lower control limit
values. Control limits are computed as follows:

R upper control limit = UCk = D4 R process. The importance of correctly identifying these

R lower control limit LClg = D3 R factors is stressed in the following example. Suppose a

X upper control limit = UCk = X + A2 R proceswariability depends on the variance of five factors A,

X lower control limit = LCly = X — A B, C, D_ and E. Each has a variance of 5, 3, 2, 1 and 0.4
respectively.

Where D4, D3 and A2 are constants varying by sample Since:

size, with values for sample sizes from 2 to 10 shown in agtot= /gA2 +gB2 + 6C2 + oD? + oE?

the following partial table: otot= _/52+32+22+12+(0.4)2 =6.3

Control charts are used to monitor the variability of
critical process parameters. The R chart shows basic

n 2 3 4 5 6 7 8 9 10
Dy 3.27 2.57 2.28 211 2.00 1.92 1.86 1.82 1.78
D3 * * * * * 0.08 0.14 0.18 0.22
As 1.88 1.02 0.73 0.58 0.48 0.42 0.37 0.34 0.31

* For sample sizes below 7, the LCLg would technically be a negative number; in those cases there is no lower control limit;
this means that for a subgroup size 6, six “identical” measurements would not be unreasonable.
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Now if only D is identified and eliminated then; be identified and eliminated in the most expeditious manner

stot= _/52+32+22+(0.4)2 =6.2 possible. _ o
Thisresults in less than 2% total variability improvement. ~ Aftér_assignable causes have been eliminated, new
If B. C and D were eliminated. then: control limits are calculated to provide a more challenging
otot=_ /524 (0.4)2=5.02 yarlablllty qntena for the process. As ygalt;is and variability
improve, it may become more difficult to detect

This gives a considerably better improvement of 23%. If

only A is identified and reduced from 5 to 2, then: improvementdecause they become much smaller. When all

assignable causes have been eliminated and the points

otot=./22+32+22+12+(0.4)2 =43 _ remain within control limits for 25 groups, the process is
Identifyingand improving the variabilitrom 5to 2 gives  g3id to be in a state of control.

us a total variability improvement of nearly 40%.

Mosttechniques may be employed to identify the primary SUMMARY
assignable cause(s). Out-of-control conditions may be ON Semiconductor is committed to the use of
correlated talocumented process changes. The product maySTATISTICAL PROCESS CONTROLS. These principles,
be analyzed in detail using best versus worst partysed throughout manufacturing, have already resulted in
comparisons or Product Analysis Lab equipment. many significant improvements to the processes. Continued
Multi-varianceanalysis can be used to determine the family dedication to the SPC culture will allow ON Semiconductor
of variation (positional, critical or temporal). Lastly, to reach the Six Sigma and zero defect capability goals. SPC
experiments may be run to test theoretical or factorial will further enhance the commitment tdOTAL
analysis. Whatever method is used, assignable causes MusilUSTOMER SATISFACTION .

UCL UCL
ZONE A (+ 3 SIGMA) o
ZONE B (+ 2 SIGMA) )
ZONE C (- 1 SIGMA) o
ZONE B (- 2 SIGMA) S
ZONE A (— 3 SIGMA) LCL A Lo
Figure 5a. Control Chart Zones Figure 5b. One Point Outside Control Limit
Indicating Excessive Variability
uCL UCL
LCL A LcL
Figure 5c. Two Out of Three Points in Zone A or Figure 5d. Four Out of Five Points in Zone B or
Beyond Indicating Excessive Variability Beyond Indicating Excessive Variability
UCL
A
,,,,, B
Cc
,,,,,,,,,,,,,,,,,,,,,,,,,, C
,,,,,,,,,,,,,,,,,,,,,,,,,, B
A Lol

Figure 5e. Seven Out of Eight Points in Zone C or
Beyond Indicating Excessive Variability
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RELIABILITY STRESS TESTS HIGH TEMPERATURE STORAGE LIFE (HTSL)

The following gives brief descriptions of the reliability ~ High temperature storage life testing is performed to
tests commonly used in the reliability monitoring program. accelerate failure mechanisms which are thermally
Not all of the tests listed are performed on each product.activated through the application of extreme temperatures.
Othertests may be performed when appropriate. In addition  TyPical Test Conditions Ta = 70°C to 200C, no bias,

some form of preconditioning may be used in conjunction
with the following tests.

AUTOCLAVE (aka, PRESSURE COOKER)
Autoclave is an environmental test which measures

t = 24 to 2500 hours

Common Failure Modes Parametric shifts in leakage
Common Failure Mechanisms Bulk die and diffusion
defects

Military Reference: MIL-STD-750, Method 1032

device resistance to moisture penetration and the resultant

effects of galvanic corrosion. Autoclave is a highly
accelerated and destructive test.
Typical Test Conditions Ta = 121°C, rh = 100%, p =
1 atmosphere (15 psig), t = 24 to 96 hours
Common Failure Modes Parametric shifts, high
leakage and/or catastrophic
Common Failure Mechanisms Die corrosion or
contaminants such as foreign material on or within the
package materials. Poor package sealing

HIGH HUMIDITY HIGH TEMPERATURE BIAS
(H3TB or H3TRB)

This is an environmental test designed to measure the
moisture resistance of plastic encapsulated devices. A bias

is applied to create an electrolytic cell necessary to
accelerate corrosion of the die metallization. With tithis,
is a catastrophically destructive test.
Typical Test Conditions Ta = 85°C to 95C, rh = 85%
to 95%, Bias = 80% to 100% of Data Book max. rating,
t = 96 to 1750 hours
Common Failure Modes Parametric shifts, high
leakage and/or catastrophic
Common Failure Mechanisms Die corrosion or
contaminants such as foreign material on or within the
package materials. Poor package sealing
Military Reference: MIL-STD-750, Method 1042

HIGH TEMPERATURE REVERSE BIAS (HTRB)
The purpose of this test is to align mobile ions by means

of temperature and voltage stress to form a high-current

leakage path between two or more junctions.
Typical Test Conditions Ta = 85°C to 150C, Bias =
80% to 100% of Data Book max. rating, t = 120 to 1000
hours
Common Failure Modes Parametric shifts in leakage
Common Failure Mechanisms lonic contamination on
the surface or under the metallization of the die
Military Reference: MIL-STD-750, Method 1039
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INTERMITTENT OPERATING LIFE (I0OL)

The purpose of this test is the same as SSOL in addition
to checking the integrity of both wire and die bonds by
means of thermal stressing.

Typical Test Conditions: Ta = 25°C, Pd = Data Book
maximum rating, d, = Toff = A of 50°C to 100C, t =

42 to 30000 cycles

Common Failure Modes Parametric shifts and
catastrophic

Common Failure Mechanisms:Foreign material, crack
and bulk die defects, metallization, wire and die bond
defects

Military Reference: MIL-STD-750, Method 1037

MECHANICAL SHOCK
This test is used to determine the ability of the device to
withstand a sudden change in mechanical stress due to
abruptchanges in motion as seen in handling, transportation,
or actual use.
Typical Test Conditions Acceleration 1500 g’s,
Orientation = X, Y1, Yo plane, t = 0.5 msec, Blows = 5
Common Failure Modes: Open, short, excessive
leakage, mechanical failure
Common Failure Mechanisms Die and wire bonds,
cracked die, package defects
Military Reference: MIL-STD-750, Method 2015

MOISTURE RESISTANCE

The purpose of this test is to evaluate the moisture
resistance of components under temperature/humidity
conditions typical of tropical environments.

Typical Test Conditions Tp =-1C0C to 65C, rh = 80%

to 98%, t = 24 hours/cycle, cycle = 10

Common Failure Modes Parametric shifts in leakage

and mechanical failure

Common Failure Mechanisms Corrosion or

contaminants on or within the package materials. Poor

package sealing

Military Reference: MIL-STD-750, Method 1021
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SOLDERABILITY and transitions between temperature extremes. This testing
The purpose of this test is to measure the ability of deviceWill also expose excessive thermal mismatch between
leads/terminals to be soldered after an extended period ofmaterials.

storage (shelf life). Typical Test Conditions Tp = —65C to 200C, cycle
Typical Test Conditions Steam aging = 8 hours, Flux = 10 to 1000
= R, Solder = Sn60, Sn63 Common Failure Modes: Parametric shifts and
Common Failure Modes: Pin holes, dewetting, catastrophic
non-wetting Common Failure Mechanisms:Wire bond, cracked or
Common Failure Mechanisms: Poor plating, lifted die and package failure
contaminated leads Military Reference: MIL-STD-750, Method 1051

Military Reference: MIL-STD-750, Method 2026
THERMAL SHOCK (LIQUID TO LIQUID)
SOLDER HEAT The purpose of this test is to evaluate the ability of the
This test is used to measure the ability of a device todevice to withstand both exposure to extreme temperatures
withstandthe temperatures as may be seen in wave So|dering’ind sudden transitions between temperature extremes. This
operations. Electrical testing is the endpoint criterion for this testing will also expose excessive thermal mismatch

stress. between materials.
Typical Test Conditions: Solder Temperature = 280, Typical Test Conditions: T = O°C to 100C, cycles
t = 10 seconds =10 to 1000
Common Failure Modes Parameter shifts, mechanical ~Common Failure Modes: Parametric shifts and
failure catastrophic
Common Failure Mechanisms Poor package design Common Failure Mechanisms Wire bond, cracked or
Military Reference: MIL-STD-750, Method 2031 lifted die and package failure

Military Reference: MIL-STD-750, Method 1056
STEADY STATE OPERATING LIFE (SSOL)
The purpose of this test is to evaluate the bulk stability of YARIABLE FREQUENCY VIBRATION
the die and to generate defects resulting from manufacturing This test is used to examine the ability of the device to
aberrationshat are manifested as time and stress-dependentvithstand deterioration due to mechanical resonance.

failures. Typical Test Conditions Peak acceleration = 20 g's,
Typical Test Conditions: Ta = 25°C, B = Data Book Frequency range = 20 Hz to 20 kHz, t = 48 minutes.
maximum rating, t = 16 to 1000 hours Common Failure Modes Open, short, excessive
Common Failure Modes Parametric shifts and leakage, mechanical failure
catastrophic Common Failure Mechanisms Die and wire bonds,
Common Failure Mechanisms Foreign material, crack cracked die, package defects

die, bulk die, metallization, wire and die bond defects  Military Reference: MIL-STD-750, Method 2056
Military Reference: MIL-STD-750, Method 1026

TEMPERATURE CYCLING (AIR TO AIR)

The purpose of this test is to evaluate the ability of the
device to withstand both exposure to extreme temperatures
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At first glance the zener diode is a simple device
consisting of one P-N junction with controlled breakdown
voltage properties. Howevearhen considerations are given
to the variations of temperature -coefficient, zener
impedance, thermal time response, and capacitance, all of REVERSE VOLTAGE
which are a function of the breakdown voltage (from 1.8 to

to the voltage spectrum, a variety of power packages are on

ZENER DIODE CHARACTERISTICS

INTRODUCTION

FORWARD CHARACTERISTIC

FORWARD CURRENT

-

400 V), amuch more complicated picture arises. In addition LEAKAGE REGION FORWARD VOLTAGE

the market with a variation of dice area inside the
encapsulation.

This chapter is devoted to sorting out the important
considerations in a “typical” fashion. For exact details, the
data sheets must be consulted. However, much of the
information contained herein is supplemental to the data
sheet curves and will broaden your understanding of zener
diode behavior.

Specifically, the following main subjects will be detailed:

BREAKDOWN
REGION

REVERSE CURRENT

Figure 1. Typical Zener Diode DC V-I Characteristics
(Not to Scale)

While the common form of the diode equation suggests

Basic DC Volt-Ampere Characteristics that Ig is constant, in facilis itself strongly temperature
Impedance versus Voltage and Current dependent. The rapid increase ip With increasing
Temperature Coefficient versus Voltage and Current temperature dominates the decrease contributed by the
Power Derating exponential term in the diode equation. As a result, the
Mounting forward current increases with increasing temperature.

Thermal Time Response — Effective Thermal Impedance
Surge Capabilities
Frequency Response — Capacitance and Switchin

Figure 2 shows a forward characteristic temperature
dependence for a typical zener. These curves indicate that
for a constant current, an increase in temperature causes a
Yecrease in forward voltage. The voltage temperature

Effects coefficient values are typically in the range of —1.4 to
—2 mVFC.
BASIC ZENER DIODE DC VOLT-AMPERE
CHARACTERISTICS 1000 F——F =
Reverse and forward volt-ampere curves are representeds 500 ya 7 a /
in Figure 1 for a typical zener diode. The three areas — § 200 / /
forward, leakage, and breakdown — will each be examined. é 100 ,"/ ',/ = £
£ 7 7 7
FORWARD DC CHARACTERISTICS g // // ; a /I
The forward characteristics of a zener diode are = fg 1,=150°C £ 100°c/ 25°C /| -s5°C/
essentially identical with an “ordinary” rectifier and is § £ 2 £ £
shown in Figure 2. The volt-ampere curve follows the basic 5 > A £ /
diode equation ofd = IredV/KT where KT/q equals about 9 // / /
0.026 volts at room temperature anpd(teverse leakage 1 / / / /
current) is dependent upon the doping levels of the P-N 03 0.4 0.5 0.6 0.7 08 0.9
junction as well as the area. The actual plot pi&rsus ¢ Vr, FORWARD VOLTAGE (VOLTS)

deviates from the theoretical due to slightly “fixed” series
resistance of the lead wire, bonding contacts and some bulk
effects in the silicon.

Figure 2. Typical Forward Characteristics of
Zener Diodes
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LEAKAGE DC CHARACTERISTICS 1000 7 2 z 7

When reverse voltage less than the breakdown is applied 200
to a zener diode, the behavior of current is similar to any < 400
back-biasedilicon P-N junction. Ideally, the reverse current £ 4,
Woulq reach a Ievel' at about one volt reverse voltage ancé.E 20 -
remain constant until breakdown is reached. There are botrB 10 ! ’?ﬁl’ jg"’ L~
theoretical and practical reasons why the typical V-l curve 5 5 — — —7 ==
will have a definite slope to it as seen in Figure 3. £ 7 7
Multiplication effects and charge generation sites are [
present in a zener diode which dictate that reverse current 05 = = i f i — i
(even at low voltages) will increase with voltage. In 0.2 1= -55°¢ — 25°C 100°C 4 150°C
addition, surface charges are ever present across P-N 014l | ' 1 |
junctions which appear to be resistive in nature.

The leakage currents are generally less than one
microampere at 13C except with some large area devices.
Quite often a leakage specification at 80% or so of
breakdown voltage is used to assure low reverse currents.

~
\l

1

@
g2
N

t

25 26 27 28 29 30 31 32
Viz, ZENER VOLTAGE (VOLTS)

Figure 4. Typical Zener Characteristic
Variation with Temperature

An exaggerated view of the knee region is shown in
Figure 5. As can be seen, the breakdown or avalanche

—_
o
(=1
(=1
o

< current does not increase suddenly, but consists of a series
E 1000 of smoothly rising current versus voltage increments each
o : with a sudden break point.
< Ty =150°C Z——
o 10—
< =
s =
i o
= 10 A c
‘!:’ = o
w 25°C —— g
@1 5
o 3 VOLTAGE—>
- : o
= -55°C —— T ]
0.1 S EXAGGERATED V-|
0 4 6 12 16 20 OF KNEE REGION
VR, REVERSE VOLTAGE (VOLTS)
Figure 3. Typical Leakage Current j

versus Voltage ZENER VOLTAGE

Figure 5. Exaggerated V-l Characteristics

VOLTAGE BREAKDOWN of the Knee Region

At some definite reverse voltage, depending on the doping At the lowest point, the zener resistance (slope of the
levels(resistivity) of the P-N junction, the current will begin  curve)would test high, but as current continues to climb, the
to avalanche. This is the so-called “zener” or “breakdown” resistance decreases. It is as though each discharge site has
area and is where the device is usually biased during use. Aigh resistance with each succeeding site being in parallel
typical family of breakdown curves showing the effect of wuntil the total resistance is very small.
temperature is illustrated in Figure 4. In addition to the resistive effects, the micro plasmas may

Betweerthe minimum currents shown in Figure 4 and the act as noise generators. The exact process of manufacturing
leakage currents, there is the “knee” region. The avalancheaffectshow high the noise will be, but in any event there will
mechanism may not occur simultaneously across the entirégbe some noise at the knee, and it will diminish considerably
area of the P-N junction, but first at one microscopic site, as current is allowed to increase.
then at an increasing number of sites as further voltage is Since the zener impedance and the temperature
applied. This action can be accounted for by the coefficient are of prime importance when using the zener
“microplasma discharge” theory and correlates with severaldiode as a reference device, the next two sections will
breakdown characteristics. expand on these points.
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ZENER IMPEDANCE 100 s===—

The slope of the ¥— Iz curve (in breakdown) is defined /' f / ,'
as zener impedance or resistance. The measurement is. 1o VAVINWA
generally done with a 60 Hz (on modern, computerized £ =7
equipment this test is being done at 1 kHz) current variation 2 7/
whose value is 10% in rms of the dc value of the current. % 1 4
(That is,Alz peak to peak = 0.282.) This is really not a Q 777 1
smallsignal measurement but is convenient to use and gives= /17 7 / /
repeatable results. N o4 / [

The zener impedance always decreases as current : 7 I/’ I/’ 7 1 '
increases, although at very high currents (usually beyond | —f1 / / / /
max) the impedance will approach a constant. In contrast, 0-011 / 2/ 3/ 2 / 3 6/ 7 3
the zener impedance decreases very rapidly with increasing ZENER VOLTAGE (VOLTS)
current inthe knee region. On Semiconductor specifies most
zenerdiode impedances at two pointst land px. The term Figure 7. Zener Current versus Zener Voltage

Izt usually is at the quarter power point, apg is an (Low Voltage Region)

arbitrary low value in the knee region. Between these two Possibly the plots shown in Figure 8 of zener impedance
points a plot of impedance versus current on a log-log scalg,grg s voltage at several constar more clearly points

is close to a straight line. Figure 6 shows a typical plogof Z ¢ this effect. It is obvious that zener diodes whose

versus # for a 20 volt-500 mW zener. The worst case phreakdowns are about 7 volts will have remarkably low
impedance between+ and bk could be approximated by impedance.

assuming atraight line function on a log-log plot; however,

at currents abovert or below kg a projection of this line 200 /[I/l’l ]
may give erroneous values. g 100 A T=5C
1000 __ S 70 IZ(ac) = 0.1 Iz(e)
~H - TmA
—N g % V4
& N = AR /
& \ZK(MAX) T APPROXIMATE MAXIMUM LINE a 30 \ -7
% N N & 20 |7\ \ rd
9100 \\ N g \\ ‘ / 7~ 10mA
[&] 4
o] N ~ s 4 \ ‘\ /C
= ~ Z7T(MAX) = —
a S s 7 \ 7 20 mA
E \ o 5 \[\ y
= ‘\\ N N \\ /1~
c 10 N N, A
2 =~
i —>~ 2
N > 2 3 5 7 10 20 30 50 70 100 200
Vz, ZENER VOLTAGE (VOLTS)
10_1 1 10 100 Figure 8. Dynamic Zener Impedance (Typical)

ZENER CURRENT (mA) versus Zener Voltage

However, this is not the whole picture. A zener diode
figure of merit as a regulator could bg/¥ . This would
give some idea of what percentage change of voltage could

The impedance variation with voltage is much more be expected for some given change in current. Of course, a
complex.First of all, zeners below 6 volts or so exhibit “field low Zz/V7 is desirable. Generally zener current must be
emission” breakdown converting to “avalanche” at higher decreased asltage is increased to prevent excessive power
currentsThe two breakdowns behave somewhdedintly dissipationhence zener impedance will rise even higher and
with “field emission” associated with high impedance and the “figure of merit” will become higher as voltage
negative temperature coefficients and “avalanche” with increases. This is the case wigh taken as the test point.
lower impedance and positive temperature coefficients.  However, if bk is used as a comparison level in those

A V-l plot of several low voltage 500 mW zener diodes is devices which keep a constagk lover a large range of
shown in Figure 7. It is seen that at some given currentvoltage, the “figure of merit” will exhibit a bowl-shaped
(higher for the lower voltage types) there is a fairly sudden curve — first decreasing and then increasing as voltage is
decrease ithe slope oAV/Al. Apparentlythis currentis the  increased. Typical plots are shown in Figure 9. The
transition from one type of breakdown to the other. Above conclusion can be reached that for uses where wide swings
6 volts the curves would show a gradual decreas®/ 4l of current may occur and the quiescent bias current must be
rather than an abrupt change, as current is increased. high, the lower voltage zener will provide best regulation,

Figure 6. Zener Impedance versus
Zener Current
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but for low power applications, the best performance could 9.3 volts at 7%C for all useful current levels (disregarding

WHOLE NUMBER ON A DATA SHEET)

be obtained between 50 and 100 volts. impedance effects).
100 As was mentioned, the situation is further complicated by
L I t t t . . .
c K 400 mW, Zzpqax) AT 0.25 mA the normal deviation of J at a given current. For example,
= ~ ¥ i i for 7.5 mA the normal spread o Texpressed in %) is
z A oWz i 0.85 mA shown inFigure 11. This is based on limited samples and in
w \ m . . .
Z 1 N ZKMAY) 13 ’“ﬁé no manner implies that all On Semiconductor zeners
% —— 12.5mA g between 2 and 12 volts will exhibit this behavior. At other
] — .. ..
= / 3.8mA ﬁ: — SEE NOTE BELOW | current levels similar deviations would occur.
[&]
S / /V 1.7mA / / +0.08 P MAX |
g 400 mW, Z — — S ,0.06 _— _——TYPICAL
E ——— » £ZT(MAX) 3 7 o T / = _——1MIN
= — 250mA— 75 mA y i / < y. A/
= m Y | / — +0.04
& . ——7 1 X 17mA =7 = ///
1 I =
G o4 L_10W Zzrpuay 28mA | g +002 [[
10 30 50 70 90 10 130 150 5o Izr=75mA ——
o
ZENER VOLTAGE (VOLTS) S o )
(NOTE: CURVE IS APPROXIMATE, ACTUAL :‘2: 004 / /
Zzmax) 1S ROUNDED OFF TO NEAREST = Y/
&
=
Ll
-

-0.06 |— MI.N 7/
. . . _0.08| TYPICAL
Figure 9. Figure of Merit: Z zgvax)/Vz versus V z : !

(400 mW & 10 W Zeners) -0.10

7
MAX

0 2 4 6 8 10 12 14
ZENER VOLTAGE (VOLTS)

TEMPERATURE COEFFICIENT

Below three volts and above eight volts the zener voltage
change due to temperature is nearly a straight line function
and is almost independent of current (disregarding Obviously, all of these factors make it very difficult to
self-heating effects). However, between three and eightattempt any calculation of precise voltage shift due to
volts the temperature coefficients are not a simple affair. Atemperature. Except in devices with specified maximum

typical plot of Tc versus V¢ is shown in Figure 10. T.C., no “worse case” design is possible. Information
concerning the On Semiconductor temperature

Figure 11. Temperature Coefficient Spread
versus Zener Voltage

g ; | | [ | P compensated or reference diodes is given in Chapter 4.
S 5| V2 REFERENCE AT ;- 7 / Typlcal_te_mperature_ chgracterlstlcs _for a brpad range of
£ & Ty = 25°C voltages is illustrated in Figure 12. This graphically shows
s 4 the significant change in voltage for high voltage devices
E 3 (about a 20 volt increase for a 2@increase on a 200 volt

8 2 device).

Ll

oc

% (1) 10 mA // all 0.C|1 mA e

2| _soma / 0.1 mA —

'-,'_{ P /97L 1mA 10

© | =

2 3 4 5 6 7 8 9 0 11 12
Vz, ZENER VOLTAGE (VOLTS)

7

A 111
NOTE: DV IS + ABOVE 5 VOLTS

Figure 10. Temperature Coefficient versus
Zener Voltage at 25 °C Conditions Typical

AV7 (+25°CTO +125°C)

@EL

- BELOW 4.3 VOLTS
Any attempt to predict voltage changes as temperature e 4.3&5VOLTS
e N ) S ABOUT +0.08 VOLTS
changes would be very difficult on a “typical” basis. (This, g1 i Lo Lo
of course, is true to a lesser degree below three voltsand 1 2 3 5 10 50 100 200 1,000
above eight volts since the curve shown is a typical one and ZENER VOLTAGE (VOLTS)

slightdeviations will exist with a particular zener diode.) For
example, a&ener which is 5 volts at 26 could be from 4.9
to 5.05 volts at 78 depending on the current level.
Whereas, aener which is 9 volts at 26 would be close to

Figure 12. Typical Temperature
Characteristics
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POWER DERATING AND MOUNTING

o _ 2 . L= LEAD LENGTH _

The zener diode like any other semiconductor has ag \ L—1" TOHEATSINK
maximum junction temperature. This limit is somewhat = ! AN \\/ Lo 1E
arbitrary and is set from a reliability viewpoint. Most g \>‘ L: pow
semiconductors exhibit an increasing failure rate as3% o7s AN 5
temperature increases. At some temperature, the solder wilg \<\\
melt orsoften and the failure rate soars. The°Crt» 200C g 050 \\\\\
junction temperature rating gpiite safe from solder failures S \\\\
and still has a very low failure rate. Z RN

In order that power dissipated in the device will never cause§ ' \\
the junction to rise beyond 175 or 200C (dependingonthe =

device), the relation between temperature rise and powero 020
must be known. Of course, the thermal resistangga (&
Rgjy) is the factor which relates power and temperature in the

40 60 80 100 120 140 160 180 200
T, LEAD TEMPERATURE (°C)

well known “Thermal Ohm’s Law” relation: Figure 14. Power Temperature
AT =Ty—Ta = RgjaPy 1) Derating Curve
and . : .
AT =Tj—T_ = ReyPz @) A lead mounted QeV|ce can have its power rating
where increased by shortening the lead length and “heatsinking”
T; = Junction temperature the ends of the leads. This effect is shown in Figure 15, for
Ta = Ambient temperature the 1N4728, 1 watt zener diode.
T. = Lead temperature Each zener has a derating curve on its data sheet and
Reja = Thermal resistance junction to ambient steady state power can be set properly. However,
RejL = Thermal resistance junction to lead temperature increases due to pulse use are not so easily
Pz = Zener power dissipation calculated. The use of “Transient Thermal Resistance”

Obviously, if ambient or lead temperature is known and would be required. The next section expounds upon
the appropriate thermal resistance for a given device istransient thermal behavior as a function of time and surge
known, the junction temperature could be precisely power.
calculated by simply measuring the zener dc current and 175
voltage (B = IzVz). This would be helpful to calculate
voltage change versus temperature. However, only <150 —
maximumand typical values of thermal resistance are given < © —
for a family of zener diodes. So only “worst case” or typical
information could be obtained as to voltage changes.

The relations of equations 1 and 2 are usually expresse
as a graphical derating of power versus the appropriat
temperature. Maximum thermal resistance is used to
generate the slope of the curve. An example of a 400
milliwatt device derated to the ambient temperature and a 1
watt device derated to the lead temperature are shown in
Figures 13 and 14. 0007 02z 03 04 05 06 07 08 09 1

500 L, LEAD LENGTH TO HEAT SINK (INCH)

—_
N
(4]

—_
o
o

THON-TO-LEAD

e

THERMAL RESISTANCE (°C/W
~
[$,]

[$2)
o

RoyL, JU

n
[3,]

Figure 15. Typical 1N4728 Thermal
Resistance versus Lead Length

400

300 AN THERMAL TIME RESPONSE

\ Early studies of zener diodes indicated that a “thermal
200 time constant” existed which allowed calculation of
\ temperature rise as a function of power pulse height, width,
\\ and duty cycle. More precise measurements have shown that
temperature response as a function of time cannot be
0 represented assimple time constant. Although as shown in
2 50 75100 125 150 175 200 the preceding section, the steady state conditions are
Ta, AMBIENT TEMPERATURE (*C) analogous in every way to an electrical resistance; a simple
Figure 13. 400 mW Power Temperature “thermal capacitance” placed across the resistor is not the
Derating Curve true equivalent circuit. Probably a series of parallel R-C

Pp, POWER DISSIPATION (MILLIWATTS)
=
o
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networks or lumped constants representing a thermal PEAK

transmission line would be more accurate. | | TEMPERATURE RISE

Fortunately a concept has developed in the industry 3/1(\ | /!T\ AVERAGE
wherein the exact thermal equivalent circuit need not be ~J | \/ \ TEMPERATURE RISE
found. If one simply accepts the concept of a thermal \ [
resistance which varies with time in a predictable manner, — — TE,\?QASF"E\%RE
the situation becomes very practical. For each family of — —— PEAK POWER (PP)
zener diodes, a “worst case” transient thermal resistance
curve may be generated. T

. . . . o lee T

_ The main use of this tran5|en§jf_\’_ curve is wher_l the zener Ty AVERAGE POWER =T1 Pe
is used as a clipper or a protective device. First of all, the 11— -

power wave shape must be constructed. (Note, even though
the power-transient thermal resistance indicates reasonable
junction temperatures, the device still may fail if the peak
current exceeds certain values. Apparently a current
crowding efect occurs which causes the zener to short. ThiS 1 method will predict the temperature rise at the end of
is discussed further in this section.) the power pulse after the chain of pulses has reached
equilibrium. In other words, the average power will have
TRANSIENT POWER-TEMPERATURE EFFECTS caused aaverage temperature rise which has stabilized, but
A typical transient thermal resistance curve is shown in a temperature “ripple” is present.
Figure 16. This is for a lead mounted device and shows the
effect of lead length to an essentially infinite heatsink.
To calculate the temperature rise, the power surge wave

Figure 17. Relation of Junction Temperature to
Power Pulses

Example: (Use curve in Figure 16)
Pp = 5 watt (Lead length 1/32")

shapemust be approximated by its rectangular equivalent as ? 1 :01% ms
shown in Figure 17. In case of an essentially non-recurrent T =100 ms
pulse, there would be just one pulse, Afid= Rgr1 Pp. In Rega(ss) = 12°C/W (for 1/32" lead length)
the general case, it can be shown that Then
RQT]_ =1.8°C/W
AT = [DRgya (ss) + (1 - D) Rer1 + 7 + Rer1 — Rer] Pp Rgr = 5.8°C/W
where ReTt1 + T = 6°C/W
D = Duty cycle in percent And
ReT11 = Transient thermal resistance at the time AT=[01x12+(1-0.1)6+1.8-5.8]5
equal to the pulse width AT =13°C
Ret = Transient thermal resistance at the time Or atTp = 25°, T; = 38°C peak
equal to pulse interval
Ret1+T = Transient thermal resistance at the time SURGE FAILURES

equal to the pulse interval
plus one more pulse width.
Rgja(ss) or Rgj.(ss) = Steady state value of thermal
resistance

If no other considerations were present, it would be a
simple matter to specify a maximum junction temperature
no matter what pulses are present. However, as has been
noted, apparently other fault conditions prevail. The same

100 e group ofdevices for which the transient thermal curves were
?, 70 fe L—ﬂ r— L— generated were tested by subjecting them to single shot
Zg90 @ ), J@ 1B D power pulses. A failure was defined as a significant shift of
E %30 HEAT SINK // Ieakage or zener voltage, or of course opens or shprts. Each
é 22:’20 ) device was measureq bgfore and after the applied pulse.
o5 2ol - Most failures were shifts in zener voltage. The results are
z8 10 =2 shown in Figure 18.
5= ; | a Attempts to correlate this to the transient thermal
5z v FOR 6JL(t) VALUES AT PULSE WIDTHS — resistance work quite well on a typical basis. For example,
=z 3 - LESS THAN 30 ms, THE ABOVE assuming &alue for 1 ms of 90 watts and 35 watts at 10 ms
= /1 CURVE CAN BE EXTRAPOLATED | k : '
3 2 // DOWN TO 10 ps AT A CONTINUING the predicted temperature rise would be°t8and 190C.
A SLOPEOF12 But on a worst case basis, the temperature rises would be
1375 10 20 50 100 200 50010002000 5000 10k 30k about one half these values or junction temperatures, on the

PW, PULSE WIDTH (ms)
Figure 16. Typical Transient Thermal
Resistance (For Axial Lead Zener)

order of 88C to 105C, which are obviously low.
Apparently at very high power levels a current restriction
occurs causing hot spots. There was no apparent correlation
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of zener voltage or current on the failure points since each FREQUENCY AND PULSE CHARACTERISTICS

group of failures contained a mixture of voltages. The zener diode may be used in applications which

1000 £ I require &knowledge of the frequency response of the device.
N Of main concern are the zener resistance (usually specified
y N as ‘“impedance”) and the junction capacitance. The

N N capacitance curves shown in this section are typical.
100 < S TYPICAL

SN ZENER CAPACITANCE

S So Since zener diodes are basically PN junctions operated in
WORSE GASE 11 T~ the reverse direction, they display a capacitance that
S decreasewith increasing reverse voltage. This is so because
the effective width of the PN junction is increased by the
removal of charges (holes and electrons) as reverse voltage
1 is increased. This decrease in capacitance continues until the
0.00001  0.0001 0.001 0.01 0.1 1 SN ) .
zener breakdown region is entered; very little further
TIME OF PULSE (SECONDS) capacitance change takes place, owing to the now fixed
Figure 18. One Shot Power Failure Axial voltage across the junction. The value of this capacitance is
Lead Zener Diode a function of the material resistivity, (amount of doping —
which determines ¥ nominal), the diameter, D, of junction
or dice size (determines amount of power dissipation), the
VOLTAGE VERSUS TIME voltage across the junctiorngyand some constant, K. This
Quite often the junction temperature is only of academic relationship can be expressed as:
interestand the designer is more concerned with the voltage

POWER (WATTS)
Y
/
/

—_
o

behavior versus time. By using the transient thermal Co = n/ KD4
resistance, the power, and the temperature coefficient, the c pPVe

designer could generatezVversus time curves. The . . : .

. . After the junction enters the zener region, capacitance
On Semiconductor zener diode test group has ObserVedremains relatively fixed and the AC resistance then
device voltages versus time until the thermal equilibrium y

; : decreases with increasing zener current.
was reached. A typlca! curve is shown for a lead mou_nted TEST CIRCUIT CONSIDERATIONS: A capacitive
low wattage device in Figure 19 where the ambient

temperature was maintained constant. It is seen that voltagg ridge was used to measure junction capacitance. In this

- X ; method the zener is used as one leg of a bridge that is
stabilizes in about 100 seconds for 1 inch leads. :
. . . . : . . balanced for both DC at a given reverse voltage and for AC
Since information contained in this section may not be

found on data sheets it is necessary for the designer téthe test frequency 1 MHz). After balancing, the variable

contact the factory when using a zener diode as a surgé:{mamtor used for balancing is removed and its value

o . ; . .~ measured on a test instrument. The value thus indicated is
suppressor. Additional information on transient suppression ) . )
SN Lo the zener capacitance at reverse voltage for which bridge
application is presented elsewhere in this book.

balance was obtained. Figure 20 shows capacitance test
circuit.
/’ Figure 21 is a plot of junction capacitance for diffused
165 / zener diode units versus their nominal operating voltage.

/ Capacitance is the value obtained with reverse bias set at
164 one-halfthe nominal \4. The plot of the voltage range from

/ 6.8 V to 200 V, for three dice sizes, covers most
/ On Semiconductor diffused-junction zeners. Consult
/ specific data sheets for capacitance values.
162 Figures 22, 23, and 24 show plots of capacitance versus
reverse voltage for units of various voltage ratings in each
- of the three dice sizes. Junction capacitance decreases as
T reversevoltage increases to the zener region. This change in
1600_01 01 ] 10 100 capacitance can be expressed as a ratio which follows a
one-third law, and @C, = (Vo/V1)1/3. This law holds only
TIME (SECONDS)
from the zener voltage down to about 1 volt, where the curve
Figure 19. Zener Voltage (Typical) versus begins tdlatten out. Figure 25 shows this for a group of low
Time for Step Power Pulses wattage units.
(500 mW Lead Mounted Devices)

166

163

ZENER VOLTAGE (VOLTS)

161

http://onsemi.com
344



0.1 pF i 1 MHz
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—H—+ NULL IND s ' o—
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CAP
DECADE LG
© Zener 0-09 mF MEE}ER
R=Zr § 100 pF -
 UNoER " STEPS * 7(10 150 140
TEST AC 1% / F
p
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Figure 20. Capacitance Test Circuit
10,000 = 1,000 ——
o i LOW WATTAGE UNITS T
& " AVG. FOR 10 UNITS EACH T
® N\ HIGH WATTAGE z P ~<< 10 VOLTS
B MEDIUM WATTAGE N 0 | 2 —~ [T
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N 10 \| | 10
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Vz, NOMINAL UNIT VOLTAGE (VOLTS) Vg, REVERSE VOLTAGE (VOLTS)
Figure 21. Capacitance versus Voltage Figure 22. Capacitance versus Reverse Voltage
g p g p g
10,000 T+ F—F—FF+FFH 10,000 —— T T T T T T T
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Figure 23. Capacitance versus
Reverse Voltage
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Vg, REVERSE VOLTAGE (VOLTS)

Figure 24. Capacitance versus
Reverse Voltage
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Figure 25. Flattening of Capacitance Curve at
Low Voltages

mA
DC DC
SIGNAL
SUPPLY m 1K 1k 0'11(UF GEN
HP \_/ N * MWV [ *
HP
712A 650A
600§
READ St1A
—O
E-E 10M
Rx = T /M ®
SET |
E] IC
READ : 1€ 2
100 pF = AC
Rx=2z I Y VTVM
= T -
2 SET 5B 1 400H
Ra
1Q
= DC
VTVM
HP
412A
Figure 26. Impedance Test Circuit
ZENER IMPEDANCE (3) Measure the voltage across the entire network by

Zener impedance appears primarily as composed of a switching S1. The ratio of these two AC voltages is
current-dependent  resistance  shunted by a then a measure of the impedance ratio. This can be
voltage-dependent capacitor. Figure 26 shows the test  expressed simply asR= [(E1 — B)/Eg] Ro.
circuit used to gather impedance data. This is a
voltage-impedance ratio method of determining the
unknown zener impedance. The operation is as follows:

Section A of $ provides a dummy load consisting of a
10-M resistor and a 100 pF capacitor. This network is
required to simulate the input impedance of the AC VTVM
(1) Adjust for desired zenepphc by observing IR drop  while it is being used to measure the AC IR drop acress R

across the 1-ohm current-viewing resister R This method has been found accurate up to about three

] ] megahertzabove this frequency, lead inductances and strap
(2) Adjust izac to 100uA by observing AC IR drop across  capacitance become the dominant factors.
R2.
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Figure 27 shows typical impedance versus frequency

relationships 06.8 volt 500 mW zener diodes at various DC

zener currents. Before the zener breakdown region is

enteredthe impedance is almost all reactive, being provided

by a voltage-dependent capacitor shunted by a very highD
resistanceWhen the zener breakdown region is entered, the

capacitance is fixed and now is shunted by
current-dependent resistance. For comparison, Figure 2
also shows the plot for a 680 pF capacitey, ¥ 1K 1%
nonreactivaesistor, Rand the parallel combination of these
two passive elements;Z

10,000 == 3
__\\HHH T m’680pF N
LA ng TR
) \ ! \ R, 1K 1% DG [[l
% 1,000 =0.25 T — = , o
L.OT = 0.50 =
[&] _‘ HH ”ﬁu 6§0\RFH
= 1.00
S 100 )
a —— 5
= B
5 [
N
g 0t
N — 51
N T 10
!
1 20 il
10 100 1kHz 10kHz 100kHz 1MHz 10 MHz

FREQUENCY (H)

Figure 27. Zener Impedance
versus Frequency

ViEEVA\REVA
gﬂllﬂl'lﬂl

\ LA
EE\VEE\V/ER

0.5 ps/cm

0.5 ps/cm

HIGH FREQUENCY AND SWITCHING
CONSIDERATIONS

At frequencies about 100 kHz or so and switching speeds
above 10 microseconds, shunt capacitance of zener diodes
egins to seriously effect their usefulness. The upper photo
of Figure 28 shows the output waveform of a symmetrical

}Jeak limiter using two zener diodes back-to-back. The

capacitive dects are obvious here. In any application where
the signal is recurrent, the shunt capacitance limitations can
be overcome, as lower photo of Figure 28 shows. This is
done by operating fast diodes in series with the zener. Upon
application of aignal, the fast diode conducts in the forward
direction charging the shunt zener capacitance to the level
where the zener conducts and limits the peak. When the
signal swings the opposite direction, the fast diode becomes
back-biased and prevents fast discharge of shunt
capacitance. The fast diode remains back-biased when the
signal reverses again to the forward direction and remains
off until the input signal rises and exceeds the charge level
of the capacitor. When the signal exceeds this level, the fast
diode conducts as does the zener. Thus, between successive
cycles or pulses the charge in the shunt capacitor holds off
the fast diode, preventing capacitive loading of the signal
until zener breakdown is reached. Figures 29 and 30 show
this method applied to fast-pulse peak limiting.

Figure 28. Symmetrical Peak Limiter
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Figure 29. Shunt Clipper
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Figure 30. Shunt Clipper with Clamping Network
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Figure 31 is a photo of input-output pulse waveforms edge. Figure 32 clearly points out the advantage of the
using a zener alone as a series peak clipper. The smalleclamping network.
output waveform shows the capacitive spike on the leading

11 o
10VZ
& 50 Q 200Q €
O
20 ns/cm ——»
Figure 31. Basic Series Clipper
.001

20 nsfcm ——

Figure 32. Series Clipper with Clamping Network
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TEMPERATURE COMPENSATED ZENERS

INTRODUCTION TEMPERATURE CHARACTERISTICS OF THE P-N

A device which provides reference voltages in a special JUNCTION AND COMPENSATION
manner is a reference diode. The voltage of a forward biased P-N junction, at a specific

As was discussed in the preceding chapters, the zenecurrent, will decrease with increasing temperature. Thus, a
diode has the unique characteristic of exhibiting either adevice so biased displays a negative temperatggcient
positive or a negative temperature coefficient, or both. By (Figure 1). A P-N junction in avalanche (above 5 volts
properly employing this phenomenon in conjunction with breakdown) will display a positive temperature coefficient;
other semiconductor devices, it is possible to manufacture ahat is, voltage will increase as temperature increases. Due
zener reference element exhibiting a very low temperatureto energy levels of a junction which breaks down below
coefficient when properly used. This type of low 5 volts, the temperature coefficient is negative.
temperature coefficient device is referred to as a reference It follows that various combinations of forward biased

diode. junctions and reverse biased junctions may be arranged to
achieve temperature compensation. From Figure 2 it can be
INTRODUCTION TO REFERENCE DIODES seen that if the absolute value of voltage chany® is the

The temperature characteristics of the zener diode aresame for both the forward biased diode and the zener diode

discussed in a previous chapter, where it was shown thatVhere the temperature has gone frori2&® 100C, then
change in zener voltage with temperature can be significanth® total voltage across the combination will be the same at
under severe ambient temperature changes (for example, §Oth temperatures since oA¥ is negative and the other
100 V zener can change 12.5 volts from 0 to°C35The positive. Furthermore, if the rate of increase (or decrease) is
reference diode (often called the temperature compensated® Same throughout the temperature change, voltage will
zener or the TC zener) is specially designed to minimize@main constant. The non-linearity associated with the
these specific temperature effects. voltage temperature characteristics is a result of this rate of

Design oftemperature compensated zeners make possiblée1@nge not being a perfect match.

devices with voltage changes as low as 5 mV from —55 to VRer = Vz + AVz + Vp — AVp
+100°C, consequently, the advantages of the temperature

compensated zener are obvious. In critical applications, as THE METHODS OF TEMPERATURE
a voltage reference in precision dc power supplies, in high COMPENSATION

stability oscillators, in digital voltmeters, in frequency The effect of temperature is shown in Figure 1. The

meters, in analog-to-digital converters, or in other precision - S .

) . forward characteristic does not vary significantly with
equipment, the temperature compensated zener is a .
necessity feverse voltage breakdown (zener voltage) ratinchaage

Conceivably temperature compensated devices can bén ambient temperature from 2& 100C produces a shift

) . . : in the forward curve in the direction of lower voltage (a
designed for any voltage but present devices with optimum . - . .
o . ._hegative temperature coefficient — in this case about
voltage temperature characteristics are limited to specific

: .~150 mV change), while the same temperature change
voltagesEach family of temperature compensated zeners is roduces approximately 1.9 V increase in the zener voltage
designed byareful selection of its integral parts with special P pp y g

) . a positive coefficient). By combining one or more silicon
attention to the use conditions (temperature range and. : ; N . )
- . . . : diodes biased in the forward direction with the P-N biased
current). Adistinct operating current is associated with each

: o . zener diode as shown in Figure 3, it is possible to
device. Consequently, changes from the specified operatmgcompensate almost completely for the zener temperature

currgnt can only . degra_lde the . voltage-temperatureCoeﬁiciem. Obviously, with the example shown, 13
relationships. This will be discussed in more detail later. . . ;
junctionswould be needed. Usually reference diodes are low

The device “drift” or voltage-time stability is critical in : . ;
o . voltage devices, using zeners with 6 to 8 volts breakdown
some reference applications. Typically zeners and TC .
and one or two forward diodes.

zeners offer stability of better than 500 parts per million per
1000 hours.
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Figure 1. Effects of Temperature on Zener Diode Characteristics
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Figure 3. Zener Temperature Compensation with Silicon Forward Junctions
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In ac regulator and clipper circuits where zener diodes are = TEMPERATURE COEFFICIENT STABILITY
normally connected cathode to cathode, the forward biased
diode during each half cycle can be chosen with the correct,,
forward temperature coefficient (by stacking, etc.) to
correctly compensate for the temperature coefficient of the
reverse-biased zener diode. It is possible to compensate for g 506
voltage drift with temperature using this method to the - -
extent that zener voltage stabilities on the order of g304
0.001%?C are quite feasible. . - .

This technique is sometimes employed where higher%s.szz
wattage devices are required or where the zener S 7
compensated by the emitter base junction of a transistor‘§6-320
stage. Consider the example of using discrete component%
1N4001 rectifier and ON Semiconductor 5 Watt zener, to > 6-318
obtain compensated voltage-temperature characteristics.

Figure 5 shows the voltage-temperature characteristics of
e TC diode. It can be seen that the voltage drops slightly
with increasing temperature.

o = NN W H aA®

I
|
(S CIO N =
mV CHANGE FROM 25°C VOLTAGE

Examination othe curve in Figure 4 indicates that a 10 volt | N |
zener diode exhibits a temperature coefficient of 6314 "
approximately +5.5 mVLC. At a current level of 100 mA a -55 -10 25 62 100
temperature coefficient of approximately —2.0 ri¥//is TEMPERATURE (°C)

characteristic of the 1N4001 rectifiers. A series connection
of three silicon 1N4001 rectifiers produces a total
temperature coefficient of approximately —6 m¥/and a
total forward drop of approximately 2.17 volts at@5The
combination of three silicon rectifiers and the 10 volt zener
diodeproduces a device with a coefficient of approximately
—0.5 mVFC and a total breakdown voltage at 100 mA of
approximately 12.2 volts. Calculation shows this to be a
temperature stability of —0.004%.

Figure 5. Voltage versus Temperature,
Typical for ON Semiconductor 1N827
Temperature Compensated Zener Diode

This non-linearity of the voltage temperature
characteristiteads to a definition of a representative design
paramete\Vz. For each device type there is a specified
maximum change allowable. The voltage temperature

(— 0.5 mV/°C) 100 stability measurement consists of voltage measurement at
12.2V specified temperatures (for the 1N821 Series the
temperatureare -55, 0, +25, +75, and +2@). The voltage
The temperature compensated zener employs theeagings at each of the temperatures is compared with

technique obpecially selected dice. This provides optimum e5ings at the other temperatures and the largest voltage
voltage temperature characteristics by close control of dicechange between any of the specified temperatures

resistivities. determines the exact device type. For devices registered
7 - 7 prior to complete definition of the voltage temperature
g | ZENER VOLTAGE (10""AA‘T25 F) ,/____ stability measurement, the allowable maximum voltage
5 DIFFUSED /| THREE change over the temperature range is derived from the
. JUNCTION >4 !I'| FoRwARDS calculation converting %C to mV over the temperature
ALLOYDIFFUSED -~ #1— T 1705~ range. Under this standard definition, °@/is merely a
e 3 JUNCTION VA : | | FORWARDS | nomenclature and the meaningful allowable voltage
z 2 ——'I-i' T deviation to be expected becomes the designed parameter.
1 | , ONE ]
. | K I FORWARD
L
AN IR T
NEAN Ly |
B IHEE
0 1 2 3 4 5 6 7 8 9 10 11 12 13
VOLTS
Figure 4.
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CURRENT VOLTAGE (VOLTS)
66 65 64 -63 -62 61 -6  -59
Thus far, temperature compensated zeners have been \ \ \ \ |

discussed mainly with regard to temperature and voltage.
However, the underlying assumption throughout the
previous discussion was that current remained constant. -55

There is a significant change in the temperature
coefficient of aunit depending on how much above or below
the test current the device is operated.

A particular unit with a 0.01%%C temperature coefficient
at 7.5 mA over a temperature range of %%% +100C “AAXX
could possibly have a 0.0005%/temperature coefficient
at 11 mA. In fact, there is a particular current which can be
determined for each individual unitat will give the lowest
TC.

Manufacturingprocesses are designed so that the yields of
low TC units are high at the test specification for current. A
unit with a high TC at the test current can have a low TC at  The three volt-ampere curves do not usually cross over at
some other current. A look at the volt-ampere curves atexactly the same point. However, this does not take away
different temperatures illustrates this point clearly (see from the argument that current regulation is probably the
Figure 6). most critical consideration when using
temperature-compensated units.

CURRENT

Figure 7. Effects of Poorly Regulated Current

VOLTAGE (VOLTS)
66 65 64 63 62 61 6 59

ZENER IMPEDANCE AND CURRENT
REGULATION

Zener impedance is defined as the slope of the V-I curve
at the test point corresponding to the test current. It is
measured bguperimposing a small ac current on the dc test
current and then measuring the resulting ac voltage. This
procedure is identical with that used for regular zeners.

Impedance changes with temperature, but the variation is
—————————— —la usually small and it can be assumed that the amount of

currentregulation needed at +25 will be the same for other
temperatures.
le As an example, one might want to determine the amount
of current regulation necessary for the device described
Figure 6. Voltage-Ampere Curves Showing below when the maximum deviation in voltage due to
Crossover at A current variation is5 millivolts.

CURRENT

If the three curves intersect at A, then operationaat | Yz =632V

results in the least amount of voltage deviation due to IZZT :_71'2 gpc‘@ +25°C
temperature from the +26 voltage. At  and t there are zr -
) AV = AlVZ7

greater excursiond{/ g andAVc) from the +28C voltage 0.005 = AlIV15

as temperature increases or decreases. ' 0.005
Al = '15 =0.33 mA

THE EFFECTS OF POOR CURRENT
Therefore, the current cannot vary more than 0.33 mA.
REGULATION ) .
The amount of current regulation necessary is:
If current shifts (randomly or as a function of 0.33 o Ao )
temperatureXhen an area of operation can be defined for the 75 *100% = 4.5% regulation.

temperature compensated zener. ¢ the device of Fi ) idered to be the devi q
Once again the curves are drawn, this time a shaded are_aI the device of Figure 5 is considered to be the device use

is shown on the graph. The upper and lower extremities” the preceding discussion, it becomes apparent that on the

denotethe maximum current values generated by the currentdverage more voltage variation is due to current fluctuation

supplywhile the voltage extremes at each current are shownthan is due to temperature variation. Therefore, to obtain a

by the left and right sides of the area, shown in Figure 7 truly stable reference source, the device must be driven from
’ " aconstant current source.
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BASIC VOLTAGE REGULATION USING ZENER DIODES

BASIC CONCEPTS OF REGULATION going to have to be for the samg,\and not until the ratio

The purpose of any regulator circuit is to minimize output of R to Rg reaches infinity will the output be held entirely

variations with respect to variations in input, temperature, _constar_lt__for var_latlon in V This, of course, is an
and load requirements. The most obvious use of a regulatofmposs'b'"ty’ but it do_es stress the fact that the regulation
is in the design of a power supply, but any circuit that improves ashe OUtPUt impedance pecomes_ Iovyer and lower.
incorporates regulatory technique to give a controlled Where the output impedance of Figure 1 is given by
output or function can be considered as a regulator. In _ RsRg
general, to provide a regulated output voltage, electronic Ro = Rs + Rg
circuitry will be used to pass an output voltage that is ) ) ) ) )
significantly lower than the input voltage and block all _ !t IS apparent from this relation that as regulation is
voltage in excess of the desired output. Allocations should/MProvingwith Rs increasing and Rdecreasing the output
also be made in the regulation circuitry to maintain this ImPedance Bis decreasing, and is approximately equal to
output voltage for variation in load current demand. R.R as the ratio is 10 tlmes or greater.'The r'egulatlon of this

There are some basic rules of thumb for the electrical €ircuit can be greatly improved by inserting a reference
requirements of the electronic circuitry in order for it to SOUrce of voltage in series wittrRuch as Figure 2.
provide regulation. Number one, the output impedance
should bekept as low as possible. Number two, a controlling ' '\/F\é\‘ ' ¥
reference needs to be established that is relatively
insensitive to the prevailing variables. In order to illustrate RR
the importance of these rules, an analysis of some simple Vi §RL
regulator circuits will point out the validity of the
statements. The circuit of Figure 1 can be considered a 'l'
regulator. This circuit will serve to illustrate the importance - b -
of a low output impedance.

The resistors Rand Rk can be considered as the source
and regulator impedances, respectively.

The output of the circuit is:

@)

Vo

Figure 2. Regulator with Battery Reference Source

The resistancefRrepresents the internal impedance of the

battery. For this circuit, the output is
(1)

\Y
RrR RgrR V, —
Vo=Vix ¢ R+FLQ Rg+ — R | = ! Vo =Vr +V, R = (4)
R L RR+R|_ RS+ RS+1 _S+ _S+1
RL Rr

. . Then for incremental changes in the inpyt tfie changes
T Wy T in Vo will be dependent on the second term of equation

(4), which again makes the regulation dependent on the
ratio of Rs to Rz. Where changes in the output voltage
or the regulation of the circuit in Figure 1 were directly
and solely dependent upon the input voltage and output
- - impedance, the regulation of circuit 2 will have an output
that varies about the reference sourgg i accordance
with the magnitude of battery resistancg Rnd its
fluctuations for changes in|VTheoretically, if a perfect
battery were used, that isg\Vs constant and fris zero,

V) Rr RL Vo

Figure 1. Shunt Resistance Regulator

For a given incremental change ip Yhe changes iny

will be: the circuit would be a perfect regulator. In other words,
1 in line with the basic rules of thumb the circuit exhibits
AVo=A4V| | Rs . Rs | 1 @ optimum regulation with an output impedance of zero, and

RL Rr a constant reference source.

Assuming R fixed at some constant value, it is obvious ~ For regulator application, a zener diode can be used
from equation (2) that in order to minimize changes in V instead of dattery with a number of advantages. A battery’s
for variations in Y, the shunt resistorfRshould be made as  resistance and nominal voltage will change with age and
small as possible with respect to the source resistor R load demand; the ON Semiconductor zener diode
Obviously, the better this relation becomes, the largés V characteristics remain unchanged when operating within its
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specified limits. Any voltage value fromcauple of volts to device in the breakover region in order to maintain the
hundreds of volts is available with zener diodes, where zener voltage reference. The minimum current can be either
conventional batteries are limited in the nominal values chosen at some point beyond the knee or found on the

available Also, the zener presents a definite size advantage,manufacturer’'s data sheet). The basic voltage loop
and is less expensive than a battery because it is permane%uaﬂon for this circuit is:

and need not be regularly replaced. The basic zener diode

shunt regulator circuit is shown in Figure 3. V= (Iz + I)Rs + Vs (5)
* VF\{/" ! * The minimum zener current will occur when 6
S

minimum, Vz is maximum, andl is maximum, then

solving for R;, we have:

ZENER

DIODE § R Vo Rs = Vi(min) — Yz(max) 6)
Iz(min) * IL(max)

<
N
I — |

Having found R, we can determine the maximum power
dissipation P for the zener diode.

Pz(max) = 1z(max) Vz(max) (7)
Figure 3. Basic Zener Diode Shunt Regulator

. : . , Where:
Depending upon the operating conditions of the device, a

zener diode will exhibit some relatively low zener Iz(max) =

impedance Rand have a specified breakover voltage pf V

that is essentially constant. These inherent characteristicsTherefore:

make the zener diode suited for voltage regulator ©)

applications. b _ [ Vi(max) = Vz(min)
Z(max) Rs

Vi(max) = Vz(min)

Rs =l (min) (8)

=l miny 1| Vz(max)
DESIGNING THE ZENER SHUNT REGULATOR
_ o ) Once the basic regulator components values have been
Forany given application of a zener diode shunt regulator, getermined, adequate considerations will have to be given to
it will be required to know the input voltage variations and he variation in \6. The changes ind/are a function of four
output load requirements. The calculation of component yitterentfactors: namely, changes in,¥{ , temperature, and

values will be directly dependent upon the circuit e value of zener impedance;. Rhese changes indtan
requirements. The input may be constant or have maximumy,q expressed as:

and minimum values depending upon the natural regulation

or waveform of the supply source. The output volt_age_ will Ay o= Avi _ _RsRz Al + TCATVZz  (10)
be determined by the designer’s choice gfavid the circuit 1+Rs  Rs Rs*Rz
requirements. The actual value of Will be dependent Rz Re

upon the manufacturer’s tolerance and some small variatio
for different zener currents and operating temperatures.

For all practical purposes, the value of & specified on o i
the manufacturer’s data sheet can be used to approximat&’hen mea_lsur_ed emplrlcglly. Eor. al! _practlcal purposes
Vo in computing component values. The requirement for though, this difference will be insignificant for regulator
load current will be known and will vary within some given designs utilizing the conventional commercial line of zener
range of | (min) t0 I (max)- diodes.

The design objective of Figure 3 is to determine the proper Obviously to precisely predi&tVo with a given zener
values of the series resistanceg, Rind zener power diode, exact information would be needed about the zener
dissipation, P. A general solution for these values can be impedance and temperature coefficient throughout the
developed as follows, when the following conditions are variation ofzener current. The “worst case” change can only
known: be approximated by using maximum zener impedance and

V| (input voltage) from Ymin) t0 Vi(max) with typlcal_ temperature coefficient. 3

Vo (output voltage) from ¥min) 10 Vz(max) _The. basic zener shunt regulgtor can be.modlﬁed. to

minimizethe effects of each term in the regulation equation

I (load current) fromikmin) 10 IL(max) (10). Taking one term at a time, it is apparent that the
regulation orchanges in outputV o will be improved if the
magnitude oAV, is reduced. A practical and widely used
technique taeduce input variation is to cascade zener shunt
regulators such as shown in Figure 4.

"rhe value ofAV as calculated with equation (10) will
quite probably be slightly different from the actual value

The value of R must be of such a value so that the zener
current will not drop below a minimum value Qfhin).
This minimum zener current is mandatory to keep the

http://onsemi.com
355



Rs2

+ —— O — —— — — AN +
Rs1 T— —T T
I’ Vo' = V|' = VZ1 ?RL’ 22 ’ii’ Rp § Vo

[ S )

Figure 4. Cascaded Zener Shunt Regulators Reduce
AVp by Reducing AV, to the Succeeding Stages

This, in essence, is a regulator driven with a pre-regulatorhigh voltage device. So to speak, this technique will kill two
so that the over all regulation is the product of both. The birds with one stone, as it can also be used to minimize
regulation or changes in output voltage is determined by: temperature induced variations of the regulator.

In most regulator applications, the single most detrimental
AVg = AVz Rs2Rz2 factor affecti lation is that of variation in juncti
o= = R " Rep Ry actor affecting regulation is that of variation in junction
1+-—24 52 temperature. The junction temperature is a function of both

RL - Rz the ambient temperature and that of self heating. In order to
Al + TCo ATV, (11) illustrate how the overall temperature coefficient is
improved with series lower voltage zener, a mathematical
Where: relationship can be developed. Consider the diagram of
AV RsiRz1 ;
AVz1 =AVQ' = - Figure 5.
1+ Rsi, Rsi Rsi1+ Rz
RL' R21 + '\/F\‘g\, +
Al' + TC1 ATV (12) X7z
RLRz2
' = + — == = ’ZE’ Z
R = Rg2 R_ + Ry and ' =1 + 1z, v, 2 § R Vo
The changes in output with respect to changes in input for _/
both stages assuming the temperature and load are constant L 4
is - -
Ao _ AVpy _ . Figure 5. Series Zener Improve Dynamic Impedance
AVzy — AVG Regulation of second stage  (13) and Temperature Coefficient
T . . . 0
AVg' _ Regulation of first stage (14) With the temperatur_e coefficient TC Qeflned as the % change
av) per °C, the change in output for a given temperature range
; will equal some overall TC AT x Total V7. Such as
AVo = AVO, X AVo = Combined regulation  (15)
AV, AVo AV, AVour) = TC AT (Vz1 + Vzg +. ..+ Vzp) (16)
Obviously, this technique will vastly improve overall Obviously, the change in output will also be equal to the

regulation where the input fluctuates over a relatively wide ¢, of the changes as attributed from each zener.
range. As aexample, let’s say the input varies480% and

the regulation of each individual stage reduces the variation AVor) = AT(TC1Vzy + TCoVza + ... + TC\Vzn)  (17)
by a factor of 1/20. This then gives an overall output
variation of+20% x (1/20¥ or +0.05%.

The next two factors in equation (10) affecting regulation
are changes in load current and temperature excursions. In -~ TCAT(Vzy *Vzp +... 4+ Vzn) =AT(TC1VZ1 (4g)
order to minimize changes for load current variation, the +TCoVzz + ... + TC\VzN)
out_put impedance fRg/(Rz + R_S) will have to be r(_aduced. TCy Vyq + TCVgo + . . . + TC\Van
This can only be done by having a lower zener impedance TC = Vot Voot TV (19)

. oo : z1tVzot ... ZN

because the value ofsRs fixed by circuit requirements.
There are basically two ways that a lower zener impedance For equation (19) the overall temperature coefficient for
can be achieved. One, a higher wattage device can be useghy combination of series zeners can be calculated. Say for
which allows for an increase in zener current of which will instance several identical zeners in series replace a single
reducethe impedance. The other technigue is to series lowerhigher voltage zener. The new overall temperature
voltage devices to obtain the desired equivalent voltage, sacoefficient will now be that of one of the low voltage
that the sum of the impedance is less than that for a singlelevicesThis allows the designer to go to the manufacturer’s

Setting the two equations equal to each other and solving
for the overall TC, we get
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data sheet and select a combination of low TC zener diodeproblems because individual voltages are additive and the
in place of the single higher TC devices. Generally speaking,devices all carry the same current and the extent that this
the technique of using multiple devices will also yield a technique can be used is only restricted by the feasibility of
lower dynamic impedance. Advantages of this technique arecircuit parameters and cost. On the other hand, caution must
bestdemonstrated by example. Consider a 5 watt diode withbe taken when attempting to parallel zener diodes. If the
a nominal zener voltage of 10 volts exhibits approximately devices are not closely matched so that they all break over
0.055% change in voltage per degree centrigrade, a 20 volat the same voltage, the low voltage device will go into
unit approximately 0.075%C, and a 100 volt unit conductiorfirst and ultimately carry all the current. In order
approximately 0.198C. In the case of the 100 volt diode, to avoid this situation, the diodes should be matched for
five 20 volt diodes could be connected together to provide equal current sharing.

the correct voltage reference, but the overall temperature

coefficient would remain that of the low voltage units, i.e. EXTENDING POWER AND CURRENT RANGE
0.075_%7C_. It _should also be noted that thg same seri_es The most common practice for extending the power
combination improves the overall zener impedance in hangiing capabilities of a regulator is to incorporate

addition to the temperature coefficient. A 20 volt, 5 wall (ansistors inthe design. This technique is discussed in detail

ON Semiconductor zener diode has a maximum zenefi, the following sections of this chapter. The second

impedance of 3 ohms, compared to the 90 ohms impedancgjisadvantage to the basic zener shunt regulator is that

which is maximum for & 100 volt unit. Although these .5, s¢he device does not have a gain function, a feedback
impedances are measured at different current levels, th%ystem is not possible with just the zener resistor

series impedance of f_ive 20 volt zener diod_es is still much .o mpination. For very precise regulators, the design will
lower than that of a single 100 volt zener diode at the testy g ma|ly be an electronic circuit consisting of transistor
current specified on the data sheet. devices for control, probably a closed loop feedback system
Forthe ultimate in zener shunt regulator performance, the yith 5 zener device as the basic referencing element.
aforementionedechniques can be combined with the proper 1,0 concept of regulation can be further extended and

selection of devices to yield an overall improvement in improved with the addition of transistors as the power
regulation. For instance, a multiple string of low voltage absorbing elements to the zener diodes establishing a
zener diodes can be used as a preregulator, with & seri€gference. There are three basic techniques used that
combination of zero TC reference diodes in the final stage .ompine zener diodes and transistors for voltage regulation.
such as Figure 6. The shunt transistor type shown in Figure 7 will extend the

The first stage will reduce the large variation ji&/some .\ verhandling capabilities of the basic shunt regulator, and
relatively low level, i.eAVz. ThisAVz is optimized by gxhibit marked improvement in regulation.
utilizing aseries combination of zeners to reduce the overall

TC andAVz. Because of this small fluctuation of input to the  * R *
secondstage, and if Ris constant, the biasing current of the i Ic
TC units can be maintained at their specified level. This will Iz L Xz
give an output that is very precise and not significantly _ B §
affected bychanges in input voltage or junction temperature. Vi Q ILL Rl Vo
+ VWV +
Rst Rs2 §RB VBK_
% 7
¥ ¢4 - -
4
v L B2 éR v Figure 7. Basic Transistor Shunt Regulator
| L 0
X Z3 R In this configuration the source resistance must be large
2

enough to absorb the overvoltage in the same manner as in
92 the conventional zener shunt regulator. Most of the shunt
regulating current in this circuit will pass through the
transistor reducing the current requirements of the zener
diode byessentially the dc current gain of the transistet h
Where the total regulating shunt current is:

Figure 6. Series Zeners Cascaded With Series
Reference Diodes for Improved Zener
Shunt Regulation

. . . Is=lz+lc=lz+1Igh
The basic zener shunt regulator exhibits some inherent sTzricmzTBIFE

limitations tothe designer. First of all, the zener is limited to  Where

its particular power dissipating rating which may be less Iz=1g + Irg and Ig >> Irg

than the required amount for a particular situation. The total therefore

magnitude oflissipation can be increased to some degree by ls=lz+ Iz hgg =1z (1 + hgg) (20)

utilizing series or parallel units. Zeners in series present few
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The output voltage is the reference voltageplus the EMITTER FOLLOWER REGULATOR

forward junction drop from base to emittegg/ of the Another basic technique of transistor-zener regulation is

transistor. that of the emitter follower type shown in Figure 8.
Vo = VZ + VBE (21) 01
. . - ~—lc —
The values of components and their operating condition - A " -
is dictated by the specific input and output requirements and S Qﬁ
the characteristics of the designer’s chosen devices, as T §RB Vg
shown in the following relations: IRe
_ Vimin) — Vo(max) 22) % T §RL Vo
Iz(min) [1+hrEmin)] + IL(max) ? v :
IZ +
Rg = VI(min) - VZ(max) (23) + +
1z(min)
Figure 8. Emitter Follower Regulator
Ppz = Iz(max) Vz(max) (24) This circuit has the desirable feature of using a series
transistor to absorb overvoltages instead of a large fixed
resistor, thereby giving a significant improvement in
when efficiency over the shunt type regulator. The transistor must
(25) be capable of carrying the entire load current and
Vi(max) — Vo(min) 1 withstanding vqltages equal _to the input voltage minL_Js the
Iz(max) = Re = IL(min) 1+ Neg(miny loadvoltage. This, of course, imposes a much more stringent

power handling requirement upon the transistor than was

required in the shunt regulator. The output voltage is a

function of the zener reference voltage and the base to
(26) emitter drop of @ as expressed by the equation (28).

Vimax) = Vo(min) Vz(max) Vo =Vz~-Vge (28)
Ppz = R “lmin| {1+ hegm : : .
S (min) The load current is approximately equal to the transistor
collector current, such as shown in equation (29).

hence

27 IL(max) = lc(max) (29)

| Vigmax) — Yo(min) _ (v, ) , ) ,
Ppo = Rs = IL(min) O(max) The designer must select a transistor that will meet the

following basic requirements:

Regulation with this circuit is derived in essentially the
same manner as in the shunt zener circuit, where the output
impedance is low and the output voltage is a function of the
reference voltage. The regulation is improved with this
configuration because the small signal output impedance is . _
reduced by the gain of{Qyy 1/h-g. BVees 2 Vimay ~ Vo) (30)

One other highly desirable feature of this type of regulator Depending upon the designer’s choice of a transistor and
is that the output is somewhat self compensating for the imposed circuit requirements, the operation conditions
temperature changes by the opposing changes iand of the circuit are expressed by the following equations:
Vgg for Vz = 10 volts. With the zener having a positive

Pp U (Vl(max) - VO)'L(max)

Ic(max) = lL(max)

. ‘ . Vz=Vo + Vge
2 mV/°C TC and the transistor base to emitter being a
negative 2 mVIIC TC, therefore, a change in one is cancelled = Vo + I max)/9remin) @ I max)
by the change in the other. Even though this circuit is a very
effective regulator it is somewhat undesirable from an Re = —Vimin) = Vz = VeE(min) @ I (max) 31)
efficiency standpoint. Because the magnitude gfi® I (max)

required to be large, and it must carry the entire input
current, a large percentage of power is lost from input to
output.

Where \egmin) is an arbitrary value of minimum
collector toemitter voltage andggt is the transconductance.

This is sufficient to keep the transistor out of saturation,
which is usually about 2 volts.
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VcEmin) @ I (max) transistor with the zener for the shunt control element as

RB:

ILmaxy/NFEmin) @ IL(max) + Iz(min) (32) illustrated in Figure 10.
Rs
| _ Vimax) —Vz (33) % < O Q -
z = _— 1
max) Rg + Rz CONSTANT Qﬂ
CURRENT D |
SOURCE C2
Ppz = Izmax)Vz (34) x4
Qo
Vi h Vo
Actual Ppg = (Vimax) — Vo) ILmax) (35) < j > |
There are two primary factors that effect the regulation
most in a circuit of this type. First of all, the zener current Rs
may vary over a considerable range as the input change
from minimum to maximum and this, of course, may have ‘ *

a significant effect on the value ofz\and therefore Y.

Secondly, ¥ and \gg will both be effected by temperature
changesvhich are additive on their effect of output voltage. . . ) ) .
This can be seen by altering equation (28) to show changes This is the third basic technique used for transistor-zener

in Vo as dependent on temperature, see equation (36). regula_ltors. Thls_technlq_ue or at _Ieagt a var|at|(_)n qf |t,_f|nds
the widest use in practical applications. In this circuit the

Vo) = AT[(+TC) Vz - (-TC) Vggl (36) transistor Q is still the series control device operating as an
demitter follower. The output voltage is now established by
the transistor @ base to emitter voltage and the zener
oltage. Because the zener is only supplying base drive to
b, and it derives its bias from the output, the zener current
remains essential constant, which minimizes changeg in V

Figure 10. Series Pass Regulator

The effects of these detrimental factors can be minimize
by replacing the bleeder resistag Rith a constant current
source and the zener with a reference diode in series with
forward biased diode (see Figure 9).

Rs due to § excursions. Also, it may be possiblez(¥ 10 V)
D - to match the zener to the base-emitter junctiongib®an
CONSTANT Qﬁ Q4 output that is insensitive to temperature changes. The
CURRENT Ig = K constant current source looks like a very high load
SOURCE impedance to the collector obGus assuming a very high
voltage gain. There are three primary advantages gained
Vi ' §RL Vo with this configuration over the basic emitter follower:
& FORWARD ) . S
BIAS DIODE 1. The increased voltage gain of the circuit with the
W.TC ZENER addition of @ vylll improve regulation for changes in
both load and input.
+ +

2. The zener current excursions are reduced, thereby

Figure 9. Improved Emitter Follower Regulator improving regulation.
3. For certain voltages the configuration allows good

The constant current source can be either a current limiter temperature compensation by matching the
diode or a transistor source. The current limiter diode is temperature characteristics of the zener to the
ideally suited for applications of this type, because it will base-emitter junction of £
supply the same biasing current irregardless of collector to
base voltage swing as long as it is within the voltage limits The series pass regulator is superior to the other transistor
Of the device. Th|s technique W|” overcome Changesz'n V regulatorS thus far discussed. It has gOOd effiCiency, better
for changes ind and temperature, but changes igg\due  Stability and regulation, and is simple enough to be
to load current changes are still directly reflected upon the€conomically —practical for a large percentage of
output. This can be reduced somewhat by combining a@pplications.
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REGULATING

POWER
ELEMENT
REFERENCE
INPUT CONTROL AND LOAD OUTPUT
UNIT ERROR
DETECTION

Figure 11. Block Diagram of Regulator with Feedback

EMPLOYING FEEDBACK FOR In this circuit, the zener establishes a reference level for
OPTIMUM REGULATION the differential amplifier composed ofy@nd @ which will

The regulators discussed thus far do not employ anyset the base drive for the control transistgtdXegulate the

feedback techniques for precise control and compensatiorﬁerles h'_gh gain _tr_an5|stor combination afddd Q. The
and, therefore, find limited use where an ultra precise d!ff.er.entlal amplifier samples the pu.tput at the voltage
regulator is required. In the more sophisticated regulatorsd'\f/Idlng netvvlctJrk of R, Rg an F%ﬁ This is %mgﬁf;ed to the
some form of error detection is incorporated and amplified reference voltage provided by the zengr ¥ne difterence,
through a feedback network to closely control the power if any, 1S amplified apd fed back to the control elements. By
elements as illustrated in the block diagram of Figure 11. adjusting the potentlom_eterthe output level can be set
Regulating circuits of this type will vary in complexity to tam; delstlred yalue tvvghlntr;the rzlintge o{#ths/sugply; (The
and configuration from application to application. This ou 5’; Vo Bage 'St ?f ){h et re?'torb dZ[( Xf
technique can best be illustrated with a couple of actuaIRY). .X]') By Mma cdmg_ € hranS|s or Qan hQ or q
circuits of this type. The feedback regulators will generally yarlatlons n \6e and gain with temperature ¢ anges an
be some form of series pass regulator, for optimum incorporating a temperature compensated diode as the

performance and efficiency. A practical circuit of this type reference, the C'rCL!'t will be ult_rg stable_ to_temp_erature
that is extensively utilized is shown in Figure 12. effects. The regulation and stability of this circuit is very
good, and for this reason is used in a large percentage of

commercial power supplies.

+ N o +
01 Qﬁ e
! vV § Ry § R
a, 2% 4 Ry T
Qq Qs
o
\ ! 1

o R§
r Ro ML Vo

Rs
Ry < § R1o
G Ci T % Rs Rs Rs

Figure 12. Series Pass Regulator with Error Detection and Feedback
Amplification Derived from a Differential Amplifier

c
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Figure 13. Series Pass Regulator with Temperature Compensated Reference Amplifier

Another variation of the feedback series pass regulator is CONSTANT CURRENT SOURCES FOR
shown in Figure 13. This circuit incorporates a stable REGULATOR APPLICATIONS
temperatureompensated reference amplifier as the primary

Several places throughout this chapter emphasize the
control element.

A . ..., heed for maintaining a constant current level in the various
This circuit also employs error detection and amplified

feedback tion. It i . d . th biasing circuits for optimum regulation. As was mentioned
cedback compensation. 1 IS an Improved version over _egreviously in the discussion on the basic series pass

basic SEres pass regulator shown in I_:lgure 10'_ The sere egulator, the current limiter diode can be effectively used
element is composed of a Darlington high gain for the purpose

conﬂgqraﬂon formed by and Q fpr an improved Aside from the current limiter diode a transistorized
regulg_uon factor. .The combined gain of the r_eferen_ce source can be used. A widely used technique is shown
ampllfler and Qs mcorporated to control the series unit. incorporated in a basic series pass regulator in Figure 14.
This reduced the required collector current change of the The circuit is used as a preregulated current source to

reference amplifier to control the regulator so that the blasSuploly the biasing current to the transister The constant

;:urrent tremamsﬁ_cl_os? K)I thteh specmed_ cur(;_ente,%'r low current circuit is seldom used alone, but does find wide use
emperature coefficient. Also the germanium diod in conjunction with voltage regulators to supply biasing

cofmpensatﬁ)r tlr}e basc;:-l totemg_ter _change '8 fﬁ?d I|<eep thf ¢ current to transistors or reference diodes for stable
reterence ampiifier collector biasing currént fairly constan peration. The ZeneryZstablishes a fixed voltage across

with temperature changes. Proper biasing of the zener ant%E and the base to emitter oz QThis gives an emitter
transistor irthe reference amplifier must be adhered to if the current of = (Vz — Vag)/Re which will vary only slightly

output voltage changes are to be minimized. for changes in input voltage and temperature.
N

e

i__ —
|
| Re |
| 27 |
| | T4
v | S |
! | ] RL Vo
| RS & |
| | (
[ 4 b
CONSTANT
CURRENT Q, Re1
SOURCE
+ - +

Figure 14. Constant Current Source Incorporated in a Basic Regulator Circuit
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IMPEDANCE CANCELLATION Equation 40 merely states that the change in reference

One of the most common applications of zener diodes iSvoltage with input tends to zero when the zener impedance
tends also to zero, as expected.

in the general category of reference voltage supplies. The The fi ¢ it i b lied to the circuit
function ofthe zener diode in such applications is to provide 1€ Tigure ot merit equation can be applied to e circuits
of Figure 16 and 17 to explain impedance cancellation. The

a stable reference voltage during input voltage variations.Ch Fact i ; b d th p
This function is complicated by the zener diode impedance,volf‘;ggee\hZ‘;eo_r equations or each leg an € reference

which effectively causes an incremental change in zener

breakdown voltage with changing zener current. AVz Rz
Chvz= -~ Rzrs RA (41)
Ry Ry I 1tRz
e Wy Wy ° AV R
Vi X 7 ¥ ¢, CFyz = A_VT = ﬁ =Rp (42)
“° ° AV R R
— R _ Z _ 3 _
Figure 15. Impedance Cancellation with An CFvr = AV,  R;+Rz Ry+Rz Ra-Re  (43)
Uncompensated Zener
It is possible, however, by employing a bridge type circuit © |
which includes the zener diode and current regulating \'
resistance in its branch legs, to effectively cancel the effect §R1
of the zener impedance. Consider the circuit of Figure 15 as
an example. This is the common configuration for a zener Vi AV, .
diode voltageegulating system. The zener impedance at 20
mA of a 1N4740 diode is typically 2 ohms. If the supply
voltage now changes from 30 V to 40 V, the diode current x Vz
determined by Rchanges from 20 to 30 mA; the average i
zener impedance becomes 1.9 ohms; and the reference o o
voltage shifts by 19 mV. This represents a reference change
of .19%, an amount far too large for an input change of 30% Figure 16. Standard Voltage
in most reference supplies. Regulation Circuit

The effect of zener impedance change with current is
relativelysmall for most input changes and will be neglected ©

for this analysis. Assuming constant zener impedance, the
zener voltage is approximated by Ry Ro
V'z=Vz+Z(I'z-13) (37) VR
where V'zis the new zener voltage Vi Ay
V7 is the former zener voltage
I'z is the new zener current Vz Va
Iz is the new zener current flowing at V, Ry
Rz is the zener impedance
o

Then AVZ = ZA|Z
Let the input voltage Vin Figure 15 increase by an

Figure 17. Impedance Cancellation Bridge

amountAV, AV AV

Then Al =———"2 (38)
R1
Also a1 =2Y2 (39)
Rz
Solving AV|Rz — AVzRz —AVzR1 =0

AV; Rz

Or AV, "R +Ry (40)
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Sincethe design is to minimize R, Rs can be set equal It is seen thagVR can be minimized by settinggR= Ra.
to Ra. The Input Regulation Factors are: Note that it is not necessary to matcht® R, and R to
R;. Thus R and R can be large and hence dissipate low
power. This discussion is assuming very light load currents.

_AVz (MYt 44
e Av) (VZ) Vz (R1> o
1+-2 (22
v, \Rz
_AV2 (Vi)
W2 = AV, (Vz) =1 (45)
_ove (w) 1
yVR_AV| (VR> (VZ>(R1) 1 ()
1+ F ) =] [ —=
v, | \Rrz ( RB)
1_—

Ra
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ZENER PROTECTIVE CIRCUITS AND TECHNIQUES:
BASIC DESIGN CONSIDERATIONS

INTRODUCTION

The reliability of any system is a function of the ability of
the equipment to operate satisfactorily during moderate
changes of environment, and to protect itself during
otherwisedamaging catastrophic changes. The silicon zener
diode offers a convenient, simple but effective means of
achieving this result. Its precise voltage sensitive
breakdown characteristic provides an accurate limiting
element in the protective circuit. The extremely high
switchingspeed possible with the zener phenomenon allows
the circuit to react faster by orders of magnitude that
comparable mechanical and magnetic systems.

By shunting a component, circuit, or system with a zener
diode, the applied voltage cannot exceed that of the -
particular device’s breakdown voltage. (See Figure 1.)

A device should be chosen so that its zener voltage is
somewhat higher than the nominal operating voltage but
lower than the value of voltage that would be damaging if
allowed topass. In order to adequately incorporate the zener The maximum power dissipated by the zener is
diode for circuit protection, the designer must consider
severafactors in addition to the required zener voltage. The
first thing the designer should know is just what transient
characteristics can be anticipated, such as magnitude
duration, and the rate of reoccurrence. For short duration
transients, it isisually possible to suppress the voltage spike

of the input voltage transient and the total circuit impedance
minus the load current. The worst case occurs when load
current is zero and may be expressed as follows:

Vl(max) -Vz

o &y

Iz(max) =

POWER
SUPPLY

LOAD

Figure 1. Basic Shunt Zener Transient
Protection Circuit

Vl(max) -Vz

RS @

Pz(max) = lz(max) Vz(max)= Vz(max)
' Also, more than one device can be used, i.e., a series

string, which will reduce the percentagdaifl power to be

and allow the zener to shunt the transient current away from
the load without a circuit shutdown. On the other hand, if the

over-voltage condition is for a long duration, the protective

circuit may need to be complimented with a disconnect
element to protect the zener from damage created by

excessivéeating. In all cases, the end circuit will have to be

designed around the junction temperature limits of the

device.

dissipated per device by a factor equal to the number of
devices in series. The number of diodes required can be
found from the following expression:

PZ(max)

Number =

©)

Pz (allowable per device)

Any fraction of a zener must be taken as the next highest
whole number. This design discussion has been based upon

the assumption that the transient is of a single shot,
non-recurrent type. For all practical purposes it can be
considered non-recurrent if the “off period” between
transients is at least four times the thermal time constant of
the device. If the “off period” is shorter than this, then the
design calculations must include a factor for the duty cycle.
This isdiscussed in detail in Chapter 4. In Chapter 4 there are
The simple zener shunt protection circuit shown in alsosome typical curves relating peak power, pulse duration
Figure 1 is widely used for supply voltage transient and duty cycle that may be appropriate for some designs.
protection where the duration is relatively short. The circuit  Obviously,the factor that limits the feasibility of the basic
applies whether the load is an individual component or azener shunt protective circuit is the pulse durations “t". As
complete circuit requiring protection. Whenever the input the duration increases, the allowable peak power for a given

exceeds the zener voltage, the device avalanches int@onfiguration decreases and will approach a steady state
conduction clamping the load voltage tg.VThe total condition.

currentthe diode must carry is determined by the magnitude

The following sections illustrate the most common zener
protective circuits, and will demonstrate the criteria to be
followed for an adequate design.

BASIC PROTECTIVE CIRCUITS
FOR SUPPLY TRANSIENTS
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Figure 2. Overvoltage Protection with Zener Diodes and Fuses

When the anticipated transients expected to prevail for awould be reached before the fuse would begin to protect the
specific situation are of long duration, a basic zener shuntload.
becomes impractical, in such a case the circuit can be
improved by using a complementary disconnect element. 220
The most common overload protective element is withouta po|- — 1 [ ® | 1 |
doubt the standard fuse. The common fuse adequately
protects circuit component®m over-voltage surges, butat =

the same time must be chosen to eliminate “nuisance fusing§ 160 ZENER DIODE WITH,
which results when the maximum current rating of the fuseé 140 RESISTIVE LOAD
is too close to the normal operational current of the circuit. 5 RESISTIVE
i 120 LOAD ONLY —]
AN EXAMPLE PROBLEM: SELECTING A 2wl [~ ] |+
FUSE-ZENER COMBINATION — | \
. ] o 80 ’/ ZENER BREAKDOWN,
Consider the case illustrated in Figure 2. Here the load — VOLTAGE

components are represented by a parallel combination of R 60 Gﬁ 5 I 'ZSRMA';;OAD \1/8(')'TAG'1510 1‘20 1‘30 0
and C, equivalent to many loads found in practice. The
. . : ) Vs, SUPPLY VOLTAGE (VOLTS)

maximum capacitor voltage rating is usually the
circuit-voltagelimiting factor due to the cost of high voltage Figure 3. Fuse Current versus
capacitors. Consequently, a protective circuit must be Supply Voltage
designed to prevent voltage surges greater than 1.5 times
normal working voltage of the capacitor. It is common, Selection of the correct power rating of zener diodes to be
however, for the supply voltage to increase to 135% normalused for surge protection depends upon the magnitude and
for long periods. Examination of fuse manufacturers’ duration of anticipated surges. Often in circuits employing
meltingtime-current curves shows the difficulty of trying to  bothfuses and zener diodes, the limiting surge duration will
select duse which will melt rapidly at overload (within one be the melting time of the fuse. This, in turn, depends on the
or two cycles of the supply frequency to prevent capacitor nature of the load protected and the length of time it will
damage)and will not melt when subjected to voltages close tolerate an overload.
to overload for prolonged periods. As a first solution to the example problem, consider a

By connecting a zener diode of correct voltage ratings zener diode with a nominal breakdown voltage of 110 volts
across the load as shown, a fuse large enough to withstantheasured at a test currenty{l of 110 mA. Since the fuse
normal current increases for long periods may be chosenrequires about 200 mA to melt and 100 mA are drawn
The sudden current increase when zener breakdown occurthrough the load at this voltage, the load voltage will never
melts the fuse rapidly and protects the load from large exceedhe zener breakdown voltage on slowly rising inputs.
surges. In Figure 3, fuse current was plotted against supplylransientgroducing currents of approximately 200 mA but
voltage to illustrate the improvement in load protection of shorter duration than 30 ms will simply be clipped by
obtained with zener-fuse combinations. Fuse current “A” zener action and diverted from the load. Transients of very
would be selected to limit current resulting from voltage high voltage will produce larger currents and, hence, will
surges above 112 V to 90 mA, which would melt the fuse in melt the fuse more rapidly. In the limiting case where
100 ms. It is a simple matter, however, to select a fuse whichtransient power might eventually destroy the zener diode,
melts in 30 ms at 200 mA but is unaffected by 100 mA the fuse always melts first because of the slower thermal
currentsThe zener connection allows fuse current “B” to be time constant inherent in the zener diode’s larger geometry.
selected, eliminating this design problem and providing a The curves in Figure 4 illustrate the change in zener
faster, more reliable protective circuit. If the same fuse wasvoltage as &inction of changing current for a typical device
used without the zener diode, a supply voltage of 210 voltstype.
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illustrated in Figure 5. If a short circuit occurs in the
capacitive section of the load (represented by C) the
resulting fault current is limited by the resistive section
(represented by R) tovalue which may not be great enough
to melt the fuse. The fault current could be sufficient,
however, tadamage the supply and other components in the
load.

The problem is resolved by employing a zener diode to
protect against supply surges as described in the previous
sectionand by selecting a separate fuse to protect from load
faults. The load fuse in Figure 5 is chosen close to the normal
operating current. Abnormal supply surges do not affect it
LOG Izlz and equipment operates reliably but with ample protection
for the supply against load changes.

CHANGE, IN Vz

Figure 4. Change in V 7 for Changesin| 2

. . , ZENER DIODES AND RECLOSING
If an actual curve for the device being used is not DISCONNECT ELEMENTS
available, the zener voltage at a specific current above or

below the test current may be approximated by equation 4. An interesting application of zener diodes as overvoltage
protectorswhich offers the possibility of designing for both

Where: V = Vz + Zz1 (-z7) 4) long and short duration surges, is shown in Figure 6.
V7 = zener voltage at test current Izt

Z7T = zener impedance at test current Iyt

RECLOSING
IzT = test current R
r —AW—  CIRCUIT LOAD
V = zener voltage at current | BREAKER + !

For a given design, the maximum zener voltage to expect| POWER
for the higher zener current should be determined to make SUPPLY
sure the limits of the circuit are met. If the maximum limit
is excessive for the original device selection, the next lower
voltage rating should be used.

The previous discussion on design consideration for  Figure 6. Zener Diode Reclosing Circuit Breaker
protective circuits incorporating fuses is applicable to any Protective Circuit
protective element that permanently disconnects the supply
when actuated. Rather than a fuse, a non-resetting magnetic In the event of a voltage overload exceeding a chosen
circuit breaker could have been used, and the samezener voltage, a large current will be drawn through the

reasoning would have applied. diode. The reclosing disconnect element opens after an
interval determined by its time constant, and the supply is
LOAD CURRENT SURGES disconnectedAfter another interval, again depending on the

In many actual problems the designer must choose aswitch characteristics, the supply is reconnected and the

protectivecircuit to perform still another task. Not only must voltage “sampled” by the zener diode. This leads to an

the equipment be protected from the voltage surges in theon'Off action which continues until the supply voltage

supply, but the supply itself often requires protection from dr?psbelow the predetermclin(;d limit. ﬁt n?] time can _trhhe loi(.j f
shorts or partial shorts in the load. A direct short in the load voltage or current exceed that set by the zener. The chie

is fairly easy to handle, as the drastic current change permit§‘d\’|antage T _th's _typle oi cireuit Is th_f ellmr:r:atlon OT df_use
the use of fuses with ratings high enough to avoid problemsrelo ace_rr;lenh n-simi Iar dusmg circuits, while providing
with supply surges. More common is the partial short, as essentially the same load protection.

SUPPLY

FUSE FUSE

POWER O
SUPPLY @

Figure 5. Supply and Load with Zener Diode; Fuse Circuitry
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Figure 7. (Typical) Voltage, Current and Temperature Waveforms
for a Thermal Breaker

It is difficult to define a set design procedure in this case, causes the thermal breaker to open sooner. In effect, the
because of the wide variety of reclosing, magnetic andzener diode rating must be high enough to ensure that
thermal circuit breakers available. Care should be taken tomaximum junction temperature is not reached during the
ensurdhat the power dissipated in the zener diode during thelongest interval that the thermal switch will be closed.
conduction time of the disconnect element does not exceed Manufacturers of thermally operated circuit breakers
its rating. As an example, assume the disconnect elemenpublish current-time curves for their devices similar to that
was a thermal breaker switch. The waveforms for a typical shown in Figure 8. By estimating the peak supply
over-voltage situation are shown in Figure 7. overvoltage and determining the maximum overvoltage

It is apparent that the highest zener diode junction tolerated bythe load, an estimation of peak zener current can
temperature iseached during the first conduction period. At be made. The maximum breaker trip time may then be read
this time the thermal breaker is cold and requires the greatesirom Figure 8. (After the initial current surge, the duration
time to reach its break temperature. The breaker then cyclesf “of’ time is determined entirely by the breaker
thermallybetween the make and break temperatures as longharacteristics and will vary widely with manufacture.) The
as the supply voltage is greater than the zener voltage, agener diode junction temperature rise during conduction
shown in Figure 7. may be calculated now from the thermal time constant of the

The zener diode current and junction temperature device and the heatsink used.
variation are shown in the last two waveforms of Figure 7. Because the reclosing circuit breaker is continually
Overvoltage durations longer than the trip time of the cycling on and off, the zener current takes on the
thermal breaker do not affect the diode as the supply ischaracteristics of a repetitive surge, as can be seen in
disconnected. An overvoltage of much higher level simply Figure 7.

http://onsemi.com
367



30 of using a zener diode to protect an ignition transistor. These
are shown in Figures 9a and 9b. In Figure 9b the transistor
is protected by a zener diode connected between base and
collector and in Figure 9a, the zener is connected between
20 emitter and collector. In both cases the voltage level of the
zenemust be selected carefully so that the voltage stress on
\ the transistor is in a region where the safe operating area is

adequate for reliable circuit operation.

TRIP TIME (SECONDS)

Figure 10 illustrates “safe” and “unsafe” selection of a
\ zenerdiode for collector-base protection of a transistor in the
T— ignition coil circuit. It can be seen that the safe operating area
of a transistor must be known if an adequate protective zener
0 1 5 3 is to be selected.
CURRENT (AMPS) The zener diode must be able to take the stress of peak
Figure 8. Trip Time versus Current for pulse current necessary to clamp the voltage rise across the
Thermal Breaker transistor to @afe value. In a typical case, a 5 watt, 100 volt
zener transient suppressor diode is required to operate with
an 80us peak pulse current of 8 amperes when connected
between the collector-emitter of the transistor. The
TRANSISTOR OVERVOLTAGE PROTECTION waveform of this pulse current approaches a sine wave in
shapgFigure 11). The voltage rise across a typical transient
suppressodiode due to this current pulse is shown in Figure
12. This voltage rise of approximately 8 volts indicates an
effective zener impedance of approximately 1 ohm.
However, a good share of this voltage rise is due to the
temperature coefficient and thermal time constant of the
zener. The temperature rise of the zener diode junction is
éndicated by the voltage difference between the rise and fall
of the current pulse.

In many electronic circuits employing transistors, high
internal voltages can be developed and, if applied to the
transistors, will destroy them. This situation is quite
common in transistor circuits that are switching highly
inductive loads. A prime example of this would be in
transistorized electronic ignition systems such as shown in
Figures 9a and 9b.

The zener diode is an important component to assure soli
stateignition system reliability. There are two basic methods

—> +12V +12V
1Q
10Q 10Q
12W
2N6031 & 1N6295 2N5879

1N5374B
50Q
H.V.TO H.V.TO
DIST. DIST.
MALLORY || PRESTO-LITE
colL 201
28100
A) = (B) =

Figure 9. Transistor Ignition Systems with Zener
Overvoltage Surge Protection
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TYPICAL TRANSISTOR SAFE AREA LIMIT
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Figure 10. Safe Zener Protection
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Figure 12. Voltage-Current Representation on
100V Zener

In order to assure safe operation, the change in zeneresult in additional zener voltage rise. I uncommon to
junction temperature for the peak pulse conditions must beobserve a 15-volt rise above the zener device voltage rating
analyzed. In making the calculation, the method describeddue to temperature coefficient and impedance under these
in Chapter 3 should be used, taking into account duty cycle,pulse current conditions.
pulse duration, and pulse magnitude. The zener diode should be connected as close as possible

When the zener diode is connected between the collectoto the terminals of the transistor the zener is intended to
and emitter of the transistor, additional power dissipation protect. This insures that induced voltage transients, caused
will result from the clipping of the ringing voltage of the by current changes in long lead lengths, are clamped by the
ignition coil by the forward conduction of the zener diode. zener and do not appear across the transistor.

This power dissipation by the forward diode current will
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AAAAAAA.

o O é) O
Figure 13. DC-DC Converter with Surge Protecting Diodes
Another example of overvoltage protection of transistor voltmeter to measure 25 V, approximately 249 thousand

operating in an inductive load switch capacity is illustrated ohms are required in series.
in Figure 13. The DC-DC converter circuit shows a

connection from collector to emitter of two zener diodes as O N *

collector overvoltage protectors. Without some type of * 70K

limiting device, large voltage spikes may appear at the 179K

collectors, due to the switching transients produced with & 1N4746

normal circuit operation. When this spike exceeds the BV

collector breakdown rating of the transistor, transistor life is (18 VOLT

considerably shortened. The zener diodes shown are chosen ZENER DIODE) A

with zener breakdowns slightly below transistor breakdown °

voltage to provide the necessary clipping action. Since the

spikes are normally of short duration (0.5 fps and duty Figure 14. Meter Protection with Zener Diode

cycle is low, normal chassis mounting provides adequate

heatsinking. The protection provided by the addition of an 18 volt zener

is illustrated in Figure 15. With an applied voltage of

METER PROTECTION 25 volts, the 10QAmps current in the circuit produces a

The silicon zener diode can be employed to preventdrop of 17.9 volts across the series resistance of 179
overloading sensitive meter movements used in low rangethousand ohms. A further increase in voltage causes the
DC and AC voltmeters, without adversely affecting the zener diode to conduct, and the overload current is shunted
meter |inearity_ The zener diode has the advantage oveﬁwayfrom the meter. Since ON SemiCOHdUCtOI’ zener diOdeS
thermal protective devices of instantaneous action and, offave zener voltages specified within 5 and 10%, a safe
course, will function repeatedly for an indefinite time (as design may always be made with little sacrifice in meter
compared to the reset time necessary with thermal devices)linearity by assuming the lowest breakdown voltage within
While zener protection is presently available for voltages asthe tolerance. The shunting effect on the meter of the reverse
low as 2.4 volts, forward diode operation can be used forbiased diode is generally negligible below breakdown
meter protection where the voltage drop is much smaller. Avoltage (on the order of G.3ull scale). For very precise
typical protective circuit is illustrated in Figure 14. Here the WOrK, the zener diode breakdown voltage must be accurately
meter movement requires 1q(nAmps for fu” Sca|e known and the deSign equations solved for the correct
deflection and has 940 ohms resistance. For use in desistance values.
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Figure 15. Meter Protection with
Zener Diodes

ZENER DIODES USED WITH SCRS FOR
CIRCUIT PROTECTION

An interesting aspect of circuit protection incorporating
the reliable zener diode is the protective circuits shown in

Figures 16 and 17.

In a system that is handling large amounts of power, it may
become impractical to employ standard zener shunt
protection because of the large current it would be required
to carry. The SCR crowbar technique shown in Figure 16 can
be effectively used in these situations. The zener diode is still
the transient detection component, but it is only required to
carry the gate current for SCR turn on, and the SCR will
carry the bulk of the shunt current. Whenever the incoming
voltage exceeds the zener voltage, it avalanches, supplying
gate drive to the SCR which, when fired, causes a current
demandhat will trip the circuit breaker. The resistors shown
are for current limiting so that the SCR and zener ratings are
not exceeded.

The circuit of Figure 17 is designed to disconnect the
supply inthe event a specified load current is exceeded. This
is done by means of a series sense resistor and a compatible
zener tadurn the shunt SCR on. When the voltage across the
series resistor, which is a function of the load current,
becomes sufficient to break over the zether,SCR is fired,
causing the circuit breaker to trip.

CIRCUIT ¢
BREAKER

AC R, 9
SCR

Rs

Gk
SCR Rs

ZENER

O ®

Figure 16. SCR Crowbar Over-Voltage Protection Circuit for AC Circuit Operation

T

Oo—0O O . O
CIRCUIT
BREAKER
G'
O O

Figure 17. SCR Longterm Current Overload Protection
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ZENER TRANSIENT SUPPRESSORS 3. Large dice are used, or special tests are imposed on the

The transient suppressor is used as a shunt element in  Product to guarantee higher ratings than those shown
exactly the same manner as a conventional zener. It offers  in Figure 18.
the same advantages such as low insertion loss, immediate4. The specifications may be based on a JEDEC
recovery after operation, a clamping factor approaching registration or part number of another manufacturer.

unity, protection against fast rising transients, and simple . . " "
Y, P g g P The data of Figure 18 applies for non-repetitive conditions

circuitry. The primary difference is that the transient datalead t ; 05 1f the d lei
suppressoextends these advantages to higher power levels AN at a lead temperature o e duty cycle increases,

Even in the event of transients with power contents far in tr]leF_peak pingr must be reduced tat? |r:jd|catte(;j bytthhelcu:jves
excess of the capacity of the zeners, protection is stjf) ©' T1gure 19. Average power must be derated as the lead or

providedthe load. When overloaded to failure, the zener will Zmblt?nt temperature rllsl,es gbové(ZSl(‘jh? avehragte power b
approximate a short. The resulting heavy drain will aid in eraling curve normally given on dala sheets may be

opening the fuse or circuit breaker protecting the load normalized and used for this purpose.
against excess current. Thus, even if the suppressor is

o 100
destroyed, it still protects the load. o = 50 1703 W TYPES
The design of the suppressor-fuse combination for the= 20 PLASTIC DO-41
required level of protection follows the techniques for & ) =5 [
conventional zeners discussed earlier in this chapter. § 5 '
x - 1N6267 SERIES
< 2 )\ B Y
TRANSIENT SUPPRESSION CHARACTERISTICS B
r : N =L
. . . . . = o5 . e
Zgner diodes, be!ng pequy ideal clippers (that is, t.heyg =, 1 5 WATT TYPES
exhibit close to an infinite impedance below the clipping & 02 S~ B = A -
leveland close to a short circuit above the clipping level), are '50%; = S — .
gf_ten used to suppress transients. In thl_s_ type of appllcatloné — 250 mW TO 1 W TYPES R =
it is important to know the power capability of the zener for & 0-82 = GLASS DO-35 & GLASS DO-41
short pulse durations, since they are intolerant of excessive boi 002 005 01 02 05 1 2 5 10
stress. PULSE WIDTH (ms)

Some ON Semiconductor data sheets such as the ones for
devices shown in Table 1 contain short pulse surge
capability. However, there are many data sheets that do not
contain this data and Figure 18 is presented here to

Figure 18. Peak Power Ratings of
Zener Diodes

supplement this information. T
0.7 NS
Table 1. Transient Suppressor Diodes 0.5 SN \
N n N
Series Steady State - 03 N N NN PULSE WIDTH
Numbers Power Package Desctiption S 0.2 ) NS NI ™N [ ]
[&] N N N

IN4728A 1w DO-41 Double Slug = o4 N il 10ms

Glass S \ N ~—

= 0.07 AN —

- = N N 1 ms
1N6267A 5W Case 41A Axial Lead & 0.05 N

Plastic (=) 0.03 N N | |

: N0 s
1N5333B 5W Case 102 Surmetic 40 0.02
10 ps
IN746A/957B | 500 mW DO-35 Double Slug 0.01 N
14370A Glass 01 02 0.5 1 2 5 10 20 50 100

IN5221B 500 MW DO-35 Double Slug D, DUTY CYCLE (%)

Glass . . .

Figure 19. Typical Derating Factor for

Duty Cycle

Some data sheets have surge information which differs

slightly from the data shown in Figure 18. A variety of

reasons exist for this:

1. The surge data may be presented in terms of actuaﬁ

surge power instead of nominal power.

When it is necessary to use a zener close to surge ratings,
and a standard part having guaranteed surge limits is not
uitable, apecial part number may be created having a surge
mit as part of the specification. Contact your nearest
ON Semiconductor OEM sales office for capability, price,

2. Product improvements have occurred since the datagelivery, and minimum order quantities.
sheet was published.
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MATHEMATICAL MODEL with the zener is also effective in reducing the stress imposed
by very short duration transients.

Since the power shown on the curves is not the actual : L .
To illustrate use of the data, a common application will be

transient power measured, but is the product of the peak : 0 ;
current measured and the nominal zener voltage measure nalyzed. The transistor in Figure 20 drives a 50 mH

at the current used for voltage classification, the peak currenls‘c’leno'owhICh requires 5 amperes of currgnt. Without some
can be calculated from: means of clamping the voltage from the inductor when the

transistor turns off, it could be destroyed.

Ppk) ®) The means most often used to solve the problem is to
Vz(nom) connect an ordinary rectifier diode across the coil; however,
The peak voltage at peak current can be calculated from:thi.S technique may Keep the currenF cir.cula.ting through ke

coil for too long a time. Faster switching is achieved by
Vzek) = Fc X Vz(nom) (6) allowingthe voltage to rise to a level above the supply before

: . . . being clamped. The voltage rating of the transistor is 60 V,
where fc is the clamping factor. The clamping factor is indicating that approximately a 50 volt zener will be

approximately 1.20 for all zener diodes when operated atrequired.

their pulse power limits. For example, a 5 watt, 20 volt  The peak current will equal the on-state transistor current
zener can be expected to show a peak voltage of 24 volt§5 amperes) and will decay exponentially as determined by
regardless of whether it is handling 450 watts for 0.1 msthe coil L/R time constant (neglecting the zener impedance).
or 50 watts for 10 ms. This occurs because the voltage isA rectangular pulse of width L/R (0.01 s) and amplitude of
a function of junction temperature and IR drop. Heating pk (5 A) contains the same energy and may be used to select
of the junction is more severe at the longer pulse width, & Zener diode. The nominal zener power rating therefore

causing a higher voltage component due to temperaturdnuStexceed (5 A< 50) = 250 watts at 10 ms and a duty cycle
which is roughly offset by the smaller IR voltage of 0.01/2 = 0.5%. From Figure 19, the duty cycle factor is
0.62 making the single pulse power rating required equal to

Iz(Pk) =

component'. o 250/0.62 = 403 watts. From Figure 18, one of the 1N6267
For modeling purposes, an approximation of the zenergerjes zeners has the required capability. The 1N6287 is
resistance is needed. It is obtained from: specified nominally at 47 volts and should prove
v (Fe=1) satisfactory. _ _ 3 .
Rz(nom) = Znom™© (7) Although this series has specified maximum voltage

P IV . . . . .
PK(nom) ¥ (nom) limits, equation 7 will be used to determine the maximum

The value is approximate because both the clampingzener voltage in order to demonstrate its use.

factorand theactual resistance are a function of temperature. 47120-1) _ 94

. =
CIRCUIT CONSIDERATIONS 500747 10.64

It is important that as much impedance as circuit At 5 amperes, the peak voltage will be 4.5 volts above
constraintsllow be placed in series with the zener diode and hominal or 51.5 volts total which is safely below the 60

the components to be protected. The result will be a lowervolt transistor rating.
clippingvoltage and less zener stress. A capacitor in parallel

=09Q

Sl
|
| I
L ¢ \AANS $—0O 26 Vdc
| 50mH,5Q
I - |
10 ms = Jr‘
—> [<— 2s

USED TO SELECT A ZENER DIODE HAVING THE PROPER
VOLTAGE AND POWER CAPABILITY TO PROTECT THE TRANSISTOR

Figure 20. Circuit Example
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ZENER VOLTAGE SENSING CIRCUITS
AND APPLICATIONS

BASIC CONCEPTS OF VOLTAGE SENSING TRANSISTOR-ZENER SENSING CIRCUITS

Numerous electronic circuits require a signal or voltage The zener diode probably finds its greatest use in sensing
level to be sensed for circuit actuation, function control, or applications in conjunction with other semiconductor
circuit protection. The circuit may alter its mode of devices. Two basic widely used techniques are illustrated in
operation whenever an interdependent signal reaches #&igures 1a and 1b.
particularmagnitude (either higher or lower than a specified  In both of these circuits the output is a function of the input
value). These sensing functions may be accomplished byoltagelevel. As the input goes from low to high, the output
incorporating a voltage dependent device in the systemwill switch from either high to low (base sense circuit) or
creating a switching action that controls the overall low to high (emitter sense circuit), (see Figure 2).
operation of the circuit. The base sense circuit of Figure 1a operates as follows:

The zener diode is ideally suited for most sensing Whenthe input voltage is low, the voltage dropped acrgss R
applications because of its voltage dependentis not sufficient to bias the zener diode and base emitter
characteristicsThe following sections are some of the more junction into conduction, therefore, the transistor will not
commonapplications and techniques that utilize the zener in conduct. This causes a high voltage from collector to
a voltage sensing capacity. emitter. When the input becomes high, the zener is biased

into conduction, the transistor turns on, and the collector to
emitter voltage, which is the output, drops to a low value.

Vin
o—e— e —__ /L — — — _SENSING LEVEL
Rz + Ry
Vin = Vz + VBE(saT)
> TIME
ViN V)y BOTH CIRCUITS
A Vo
(OUTPUT OF FIGURE 1a)
O
O
» TIME
Z4 Vout BASE SENSE
Ra
Vo2
Vin q (OUTPUT OF FIGURE 1b)
1
Ry
Rs Voo
® ® TIME
© (b) ° Vout EMITTER SENSE
Figure 1. Basic Transistor-Zener Diode Figure 2. Outputs of Transistor-Zener Voltage
Sensing Circuits Sensing Circuits
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The emitter sense circuit of Figure 1b operates as follows:of these devices tend to change and have mechanical contact
Whenthe input is low the voltage drop across(fRe output) problems. Asolid state regulator that controls the charge rate
is negligible. As the input voltage increases the voltage dropby sensing the battery voltage is inherently more accurate
across R biases the zener into conduction and forward and reliable. A schematic of a simplified solid state voltage
biasegshe base-emitter junction. A large voltage drop across regulator is shown in Figure 3.

R3 (the output voltage) is equal to the product of the collector The purpose of an alternator regulator is to control the
currenttimes the resistancezRThe following relationships ~ battery charging current from the alternator. The charge
indicate the basic operating conditions for the circuits in level of the battery is proportional to the battery voltage

Figure 1. level. Consequently, the regulator must monitor the battery
voltage level allowing charging current to pass when the
Circuit Output battery voltage is low. When the battery has attained the
High proper charge the charging current is switched off. In the
I VouT = Vin = lcoRs OV case of_the solid state rggu!ator of Figure 3, _the charging
Low current |scon_trolled b_y SW|tch|_ng the glternator f|el_d CL_Jrrent
Ve = Vi — [~Ra = V on _and off Wlth a series transistor switch, (Qhe s_thqhmg _
OUT = ¥IN = ICT3 = VCE(say action of Q is controlled by a voltage sensing circuit that is
identical to the base sense circuit of Figure la. When
Low under-charged, the zenef does not conduct keeping Q
1b Vour = VIN — Vz — Vce(off) = lcoRs off. The collector-emitter voltage of@upplies a forward
High bias to the base-em?tter prQurnin_g it on. Wi'_[h Q turned _
Vour = Vin — Veegsan = IcRs on, the alternator field is energized allowing a charging

current to be delivered to the battery. When the battery

. L _ attains a proper charge level, the zener conducts causing Q

¢ In ad_(jj't'o_n’ the basut: u:cwts of Figure 1 can be rearrangedto turn on, and effectively shorting out the base-emitter

0 provide Inverse output. junction of Q. This short circuit cuts off § turns off the

AUTOMOTIVE ALTERNATOR VOLTAGE currentflowing in the field coil Whl(?h consequently, reduces
the output of the alternator. Diode; acts as a field

REGULATOR i . o
suppressopreventing the build up of a high induced voltage
Electromechanicalevices have been employed for many across the coil when the coil current is interrupted.
years as voltage regulators, however, the regulation setting

~ ALTERNATOR
L 2 L L 2

B N QUTPUT

RS

R2 § >Q
D ALTERNATOR
1 FIELD

Figure 3. Simplified Solid State Voltage Regulator
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In actual operation, this switching action occurs many In this configuration, the sensing circuit is composed;of Z
times each second, depending upon the current drain fromand Q with biasing components. It is similar to the sensing
the battery. The battery charge, therefore, remainscircuitshown in Figure 1b. The potentiometardeljusts the
essentiallyconstant and at the maximum value for optimum conductiorpoint of Q establishing the proper charge level.

operation. Whenthe battery has reached the desired levehegins to
A schematic of a complete alternator voltage regulator isconduct. This draws £into conduction, and therefore
shown in Figure 4. shorts off @ which is supplying power to the alternator

It is also possible to perform the alternator regulation field. This type of regulator offers greater sensitivity with an
function with the sensing element in the emitter of the increase in cost.
control transistor as shown in Figure 5.

Bs / ALTERNATOR
I N QUTPUT
30Q
1N3493
BIAS
100Q § 2N4234 DIODE
N8| sensing
ZENER
2N5879
. <o : TO ALTERNATOR
b3 0.05 iF FIELD COIL
70 FEEDBACK 1N4001
300 (\ ) HER 00 CAPACITOR EEIL_ERESSION
MISTOR
% - MISTO DIODE
*THE VALUE OF RT DEPENDS ON THE SLOPE OF THE VOLTAGE REGULATION ~ ~
VERSUS TEMPERATURE CURVE.
Figure 4. Complete Solid State Alternator Voltage Regulator
< ° ° ° o ALTERNATOR
Bt * < output
Rs
Rs
R4
Ry
Q
Ro Z
ALTERNATOR
FIELD

&

Figure 5. Alternator Regulator with Emitter Sensor
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UNIJUNCTION-ZENER SENSE CIRCUITS

Unijunction transistor oscillator circuits can be made
GO-NO GOvoltage sensitive by incorporating a zener diode

clamp. The UJT operates on the criterion: under proper

biasing conditions the emitter-base one junction will

breakover when the emitter voltage reaches a specific valué®

given by the equation:

Vp=nVepg +Vp (1)

where:
Vp = peak point emitter voltage
n  =intrinsic stand-off ratio for the device

Vgg = interbase voltage, from base two to base one
Vp = emitter to base one diode forward junction drop

Obviously, if we provide a voltage clamp in the circuit
such that the conditions of equation 1 are met only with
restriction on the input, the circuit becomes voltage
sensitive. There are two basic techniques used in clampin
UJT relaxation oscillators. They are shown in Figure 6 and
Figure 7.

The circuit in Figure 6 is that of a clamped emitter type.
As long as the input voltageyis low enough so thatp/

does not exceed the Zener voltage, the circuit will
generat@utput pulses. At some given point, the requirgd V
for triggering willexceed ¥. Since \j is clamped at ¥, the
circuit will not oscillate. This, in essence, means the circuit
is GO as long as |\ is below a certain level, and NO GO
bove the critical clamp point.

The circuit of Figure 7, is a clamped base UJT oscillator.
In this circuit Vg is clamped at a voltage,\and the emitter
tied to a voltage dividing network by a diode. When the
input voltage is low, the voltage drop acrosssiless than

Vp. The forward biased diode holds the emitter below the
trigger level. As the input increases, thg Rltage drop
approaches Y The diode [ becomes reversed biased and,
the UJT triggers. This phenomenon establishes the
operating criterion that the circuit is NO GO at a low input
and GO at an input higher than the clamp voltage. Therefore,
the circuits in Figures 6 and 7 are both input voltage
sensitive, but have opposite input requirements for a GO

%ondition. To illustrate the usefulness of the clamped UJT

relaxationoscillators, the following two sections show them
being used in practical applications.

+0 a
é Rez
Sh
/\ ‘\VP =NV +Vp
Vin [ 4 . 2 I Q_/) Vgg
TC Xz Ve T
l Re1 Vour
-o ° * O
Figure 6. UJT Oscillator, GO — NO GO Output,
GO for Low V IN— NO GO for ngh Vv IN
+o * *
R § §RT § Re2
ViN ¢ "; * /\) ®
1 ° o
R § T
~ C V
2 T JE §RB1 /]f 7 VOUT
-o ° ° ® ° o)

Figure 7. UJT — NO GO Output, NO GO for Low V |y — GO for High V |y
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BATTERY VOLTAGE SENSITIVE SCR CHARGER While operating, the oscillator will produce pulses in the
pulse transformer connected across the resistance, R
(Rec represents the gate-to-cathode resistance of the
controlled rectifier), at a frequency determined by the
rresistance, capacitance, R.C. time delay circuit.

A clamped emitter unijunction sensing circuit of the type
shown in Figure 6 makes a very good battery charger
(illustrated inFigure 8). This circuit will not operate until the
battery to be charged is properly connected to the charge . . .

Since the base-to-base voltage on the unijunction

The battery voltage controls the charger and will dictate its . . ) ) o
Y g g transistor is derived from the charging battery, it will

operationWhen the battery is properly charged, the charger . . .
will cease operation. increase athe battery charges. The increase in base-to-base

The battery charging current is obtained through the voltage of the gnijunction tran_sistor causes its peak point
controlled rectifier. Triggering pulses for the controlled voIta?(et(i]W|éch|nlg voltaget)ht_o |n(|:treasg. These Wf"lllv te fo(rjn:s
rectifier are generated by unijunction transistor relaxation arr]e SKe tCh N Iln |guret_t. (this tvo ba??h'.” c_reascta_m etn ¢ °
oscillator (Figure 9). This oscillator is activated when the change the pulse repetition rate, but this is not important).

battery voltage is low.

RECTIFIED A.C. i G
VOLTAGE FROM SCR
CHARGER . . @_‘, N
E B
2 R,
By C\D =
T 12V
no 7o Y |
Rs
A\ -
O ® />_
Ry —3.9K, 1/2W Ci— .25 uf UJT — 2N2646
R, — 1K, POT. Zy—1N753,6.2V T{ — PRy, 307, no. 22
Rs—5.1K, 12W SCR — MCR3813 SEC, 45T, NO. 22
CORE: FERROX CUBE
203F181-303
Figure 8. 12 Volt Battery Charger Control
AVB B,
BATTERY BATTERY
CHARGING CHARGED
|
|
| *
1 L
TIME ém
A Ve
ZENER UJT PEAK UJT B, B
| vourage _ — POINTVOLTAGE By "SR
— 1{ 21 o o
- Ci " Ti S Rac
TIME I ||
A VRoc Vl |_+
BATT.
« SCR  _,lo SCR
CONDUCTS NONCONDUCTING

Figure 9. UJT Relaxation Oscillator Operation
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When the peak point voltage (switching voltage) of the  Figure 10 shows a permanent magnet alternator regulator
unijunction transistor exceeds the breakdown voltage of thedesigned to regulate a 15 ampere output. The two SCRs are
Zener diode, 7, connected across the delay circuit connected on the ac side of the bridge, and short out the
capacitor, @, the unijunction transistor ceases to oscillate. alternator when triggered by the unijunction voltage
If the relaxation oscillator does not operate, the controlled sensitivetriggering circuit. The sensing circuit is of the type
rectifier will not receive trigger pulses and will not conduct. shown in Figure 7. The shorted output does not appreciably
Thisindicates that the battery has attained its desired chargéncrease the maximum output current level.
as setby R A single SCR could be designed into the dc side of the

The unijunction cannot oscillate unless a voltage bridge. However, the rapid turn-off requirement of this type
somewhere between 3 volts and the cutoff setting is presendf circuit at high alternator speeds makes this circuit
at the output terminals with polarity as indicated. Therefore, impractical.
the SCR cannot conduct under conditions of a short circuit, The unijunction circuit in Figure 10 will not oscillate until
an open circuit, or a reverse polarity connection to the the input voltage level reaches the voltage determined by the

battery. intrinsic standoff ratio. The adjustable voltage divider will
calibrate the circuit. The series diode in the voltage divider
ALTERNATOR REGULATOR FOR circuit will compensate for the emitter-base-one diode
PERMANENT MAGNET FIELD temperature  change, consequently, temperature

In alternator circuits such as those of an outboard engineCompensation is necessary only for the zener diode

the field may be composed of a permanent magnet. Thid€Mperature changes. _ L ,
increases the problem of regulating the output by limiting PU€ to the delay in charging the unijunction capacitor,
the control function to opening or shorting the outpui. when the battery is disconnected the alternator voltage will

Because of the high reactance source of most alternatorsgmd“ce, high stress voltage on all components before the
opening the output circuit will generally stress the bridge ©CRS Will be fired. The 1N971B Zener was included in the

rectifiers to a very high voltage level. It is, therefore, circuit to provide a trigger pulse to the SCRs as soon as the

apparenthat the best control function would be shorting the alternator output voltage level approaches 30 volts.
output of the alternator for regulation of the charge to the
battery.

' % %
MCR -
o 8" x 200 Q 5K Q 27 Q
7] . 1N971B
ALT.
out « MCR ®
G 23042 K . ( 1N4001
| 200 Q
@ MDA2500 T
2N2646
x E"% 0.1 pF
o
1N960B 7 O
T ® ® |||—
CORE: ARNOLD no. 4T5340 D1 DD1 +
PRIMARY 125 TURNSAWG 36 BATTERY

SECno.1 125 TURNSAWG 36
SEC no.2 125 TURNSAWG 36
TRIFILAR WOUND

Figure 10. Permanent Magnet Field Alternator Regulator
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:

— 0

Vin § R Vour

BASE CIRCUIT
ViN Vour ViN Vour

Vfr——————
.. .. . LI [T,
(LEVEL DETECTION) (MAGNITUDE REDUCTION)
TYPICAL OUTPUTS
Figure 11. Zener-Resistor Voltage Sensitive Circuit
Vz=20V
¥ fo—=
ViN=24V-28V VOLTMETER
l R 10 V—FULL SCALE
Figure 12. Improving Meter Resolution
ZENER-RESISTOR VOLTAGE SENSING which the meter can be read. By employing a 20 volt zener,

one can use a 10 voltmeter instead of the 30 volt unit, thereby
utilizing 40% of the meter movement instead of 13.3% with
2 corresponding increase in accuracy and readability. For
ultimate accuracy a 24 volt zener could be combined with a
5 voltmeter. This combination would have the disadvantage
of providing little room for voltage fluctuations, however.

In Figure 13, a number of sequentially higher-voltage

ener sense circuits are cascaded to actuate transistor
switches. As each goes into avalanche its respective
switching transistor is turned on, actuating the indicator
light for that particular voltage level. This technique can be
expanded and modified to use the zener sensors to actuate
some form of logic system.

A simple but useful sense circuit can be made from just a
Zener diode and resistor such as shown in Figure 11.

Whenever the applied signal exceeds the specific Zene
voltage \, the difference appears across the dropping
resistor R. This level dependent differential voltage can be
used for level detection, magnitude reduction, wave
shaping, etc. An illustrative application of the simple series
Zener sensor is shown in Figure 12, where the resistor dro
is monitored with a voltmeter.

If, for example, the input is variable from 24 to 28 volts,
a 30 voltmeter would normally be required. Unfortunately,
a 4 volt range of values on a 30 volt scale utilizes only 13.3%
of the meter movement — greatly limiting the accuracy with

? ® * ? * ®
X7 =) B 4, )
LIGHT LIGHT LIGHT
(1) @ &)
INPUT OUTPUT
Q ) Q3
R §R §R
§ ! Re1 2 Re2 s Res
? ? ?

Figure 13. Sequential Voltage Level Indicator
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MISCELLANEOUS APPLICATIONS
OF ZENER TYPE DEVICES

INTRODUCTION diode, the voltage acrossgNwindings of the timing
transformer T is clamped to ¥g of the ON device, giving

Many of the commonly used applications of zener diodes ™ ",
an inverter frequency of

have been illustrated in some depth in the preceding
chaptersThis chapter shows how a zener diode may be used _ Veex108

in some rarer applications such as voltage translators, to ~ 4Bg;A;Ng

provide constant current, wave shaping, frequency control . .
and synchronized SCR triggers. where BsjA1 is the flux capacity of Ttransformer core.

The circuits used in this chapter are not intended asThe effect on output frequency ofg¥ variations due to

finished designs since only a few component values arechanging load or temperature can be reduced by using a
given. The intent is to show some general broad ideas andener diode in series withg¢ as shown in Figure 1. For

not specific designs aimed at a narrow use. this circuit, the output frequency is given by
FREQUENCY REGULATION OF A ¢ (VeE * Vz) x 10°
DC TO AC INVERTER 4Bs1A1Ng

Zener diodes are often used in control circuits, usually to  If Vgg is small compared to the zener voltage yood
controlthe magnitude of the output voltage or current. In this frequency accuracy is possible. For example, wigh=V
unusual application, howevéine zener is used to control the 9.1 volts, a 40 Watt inverter using 2N3791 transistors
output frequency of a current feedback inverter. The circuit (operating from a 12 volt supply), exhibited frequency
is shown in Figure 1. regulation oft2% with £25% load variation.

Care should be taken not to exceegpryego of the
T A non-conducting transistor, since the reverse emitter-base
E Ne = voltagewill be twice the introduced series voltage, pluygV
of the conducting device.

Transformer 3 should not saturate at the lowest inverter
B frequency.

! > Q Inverter starting is facilitated by placing a resistor from
Ta point A to B; or a capacitor from A to B

M‘ N2 SIMPLE SQUARE WAVE GENERATOR
> . The zener diode is widely used in wave shaping circuits;
2

=
3
N
1
L
AAAA

=
=
+
=z
A

vxvlvvv

one of its best known applications is a simple square wave
generator. In this application, the zener clips sinusoidal
wavesproducing a square wave such as shown in Figure 2a.
i— In order to generate a wave with reasonably vertical sides,
Ne the ac voltage must be considerably higher than the zener
voltage.
Figure 1. Frequency Controlled Current Clipper diodes with opposing junctions built into the
Feedback Inverter device are ideal for applications of the type shown in
Figure 2b.

B,

The transformer T functions as a current transformer
providing base currengl= (Nc/Ng)lc. Without the zener

http://onsemi.com
381



N ?
R
A.C. INPUT z OUTPUT

(a) Single Zener Diode Square Wave Generator

e f

A.C. INPUT OUTPUT

b " :
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Figure 2. Zener Diode Square Wave Generator
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TRANSIENT VOLTAGE SUPPRESSION

INTRODUCTION LIGHTNING

Electrical transients in the form of voltage surges have At any given time there are about 1800 thunderstorms in
alwaysexisted in electrical distribution systems, and prior to progressround the world, with lightning striking about 100
the implementation of semiconductor devices, they were oftimes each second. In the U.S., lightning kills about 150
minor concern. The vulnerability of semiconductors to peopleeach year and injures another 250. In flat terrain with
lightning strikes was first studied by Bell Laboratories in an average lightning frequency, each 300 foot structure will
19611 A later report tried to quantify the amount of energy be hit, on average, once per year. Each 1200 foot structure,
certain semiconductors could absorb before they sufferedsuch as a radio or TV tower, will be hit 20 times each year,
latent or catastrophic damage from electrostatic discRarge. with strikes typically generating 600 million volts.
Despite these early warnings, industry did not begin to Each cloud-to-ground lightning flasbally contains from
address the issue satisfactorily until the late 1970s. Listedthree to five distinct strokes occurring at 60 ms intervals,

below are the seven major sources of overvoltage. with a peak current of some 20,000 amps for the first stroke
« Lightning and about half that for subsequent strokes. The final stroke
« Sunspots may be followed by a continuing current of around 150 amps
« Switching of Loads in Power Circuits lasting for 100 ms.
« Electrostatic Discharge The rise time of these strokes has been measured at around
« Nuclear Electromagnetic Pulses 200 nanoseconds or faster. It is easy to see that the
« Microwave Radiation combination 020,000 amps and 200 ns calculates to a value
« Power Cross of dl/dt of 131 amps per second! This large value means that

Most electrical and electronic devices can be damaged b )}ran5|ent protection circuits must use RF design techniques,

voltage transients. The difference between them is thepartlcglarly considerate of parasitic inductance and
capacitance of conductors.

amount of energy they can absorb before damage occurs. While this peak energy is certainly impressive, it is really

Because many modern semiconductor devices, such a .2 . .
Y the longer-term continuing current which carries the bulk of

small signal t_ranS|stors and integrated circuits can bet e charge transferred between the cloud and ground. From
damaged by disturbances that exceed the voltage ratings at__. . . . .

) T . various field measurements, a typical lightning model has
only 20volts or so, their survivability is poor in unprotected

: been constructed, as shown in Figure 1.
environments.

In many cases, as semiconductors have evolved their
ruggedness has diminished. The trend to produce smaller
and faster devices, and the advent of MOSFET and gallium — 40 us
arsenide FET technologies has led to an increased
vulnerability. High impedance inputs and small junction
sizes limit the ability of these devices to absorb energy and
to conduct large currents. It is necessary, therefore, to >

supplement vulnerable electronic components with devices 60 60

specially designed to cope with these hazards. Listed below TIME (ms)

are the four primary philosophies for protecting against Flash with No Continuing Current
transients.

« Clamping, or “clipping” is a method of limiting the
amplitude of the transient.

e Shunting provides a harmless path for the transient,
usually to ground by way of an avalanche or a crowbar

mechanism.
* Interrupting opens the circuit for the duration of the
transient. ‘ ‘
« Isolating provides a transient barrier between hostile 60 037 100 |
environmentsand vulnerable circuits through the use of TIVE (ms)

transformers or optoisolators.

Selection othe proper protective method should be made
based upon a thorough investigation of the potential sources Figure 1. Typical Lightning Model, with and without
of the overvoltage hazard. Different applications and Continuing Current
environments present different sources of overvoltage.

Flash with Continuing Current
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Depending on various conditions, continuing current may  Burying cables does not provide appreciable protection as
or may not be present in a lightning strike. A severe lightning the earth is almost transparent to lightning radiated fields. In
model has also been created, which gives an indication of théact, underground wiring has a higher incidence of strikes
strength which can be expected during worst case conditionghan aerial cables.
at a point very near the strike location. Figure 2 shows this
model. Note that continuing current is present at more than SUNSPOTS

one interval, greatly exacerbating the damage which can be The sun generates electromagnetic waves which can
expected. A severe strike can be expected to ignitedisruptradio signals and increase disturbances on residential

combustible materials. and business power lines. Solar flares, which run in cycles
of 11 years (1989 was a peak year) send out electromagnetic

—— 400 A waves which disrupt sensitive equipment.
Although not quantified, the effects of sunspot activity
I - - D should be considered. Sunspots may be the cause of
sporadic, and otherwise unexplainable problems in such
& sensitive areas.
20A SWITCHING OF LOADS IN POWER CIRCUITS
860

10 60 110 160 460 520 580 640 700 Inductive switching transientsccur when a reactive load,
TIME (ms) such as a motor or a solenoid coil, is switched off. The
rapidly collapsing magnetic field induces a voltage across

Figure 2. Severe Lightning Model = :
g 9 9 the load’s winding which can be expressed by the formula:

A direct hit by lightning is, of course, a dramatic event. In V=L (diidt)
fact, the electric field strength of a lightning strike nearby o . .
may be enough to cause catastrophic or latent damage t&vhere Lis mductgnce in henrys and dl/dt is the rate of
semiconductoequipment. It is a more realistic venture to try Change of cur_rent in amps per second. .
to protect equipment from these nearby strikes than to Such tranglents can occur from a power f_a|lure or the
expect survival from a direct hit. norm_al opening ofa swrc_ch_. The energy associated with the
With this in mind, it is important to be able to quantify the jcranS|ent_ IS stqred W'th'_n the inductance at power
induced voltage as a function of distance from the strike. interruption and is equal to:
Figure 3shows that these induced voltages can be quite high,
explaining the destruction of equipment from relatively
distant lightning flashes.

W=1/2 L2
where W isenergy in joules anidis instantaneous current in
amps at the time of interruption.

As an example, a 1.4 to 2.5 kV peak transient can be
injected into a 120 vac power line when the ignition system
of an oil furnace is fired. It has also been shown that there are
1000 - transients present on these lines which can reach as high as
= 6 kV. In locations without transient protection devices, the
x maximum transient voltage is limited to about 6 kV by the
100 - insulation breakdown of the wiring.

Inductive switching transients are the silent killers of
= semiconductors as they often occur with no outward
indication. A graphic example is the report of a large
elevator company indicating the failure of 1000 volt
rectifiersduring a power interruption. In another area, power
1 m interruption to a 20 HP pump motor in a remote area was

0.1 1 X . " o .
DISTANGE FROM STRIKE (km) directly related_ to failure of sensitive monitoring equipment
at that same site.

—_
o
(=1
[=]
o

—_
o

INDUCED VOLTAGE IN 1 m OF WIRE (V)
/|

Figure 3. Voltage Induced by Nearby
Lightning Strike
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28 Vdc o0 The electrical waveform involved in ESD is a brief pulse,
B A with arise time of about 1 ns, and a duration of 13WRHS.
WAVEFORM AT POINT A The peak voltage can be as large as 30 kV in dry weather, but

is more commonly 0.5-5.0 KVThe fastest rise times occur
= from discharges originating at the tip of a hand-held tool,
PN while dischages from the finger tip and the side of the hand
\/ are slightly slowef. A typical human with a body
v capacitance of 150 pF, charged to 3 microcoulombs, will
develop a voltage potential of 20 kV, according to the
formula:
v=Q/C
rt—> ) where V is voltage, Q is charge and C is capacitance. The
2 energy delivered upon discharge is:
TIME (us)
V = 600 V pk-pk t; = 0.2 to 10 ps W =1/2 Cv?
No. of Repetitions = 5 to 100 t; = 50 to 1000 ps where W is energy in joules, C is capacitance and V is
Figure 4. Switching Transient Definition for Aircraft voltage.
and Military Buses, per Boeing Document D6-16050 It is interesting to note that most microcircuits can be

destroyed by a 2500 volt pulse, but a person cannot feel a

After characterizing electrical overstress on aircraft .
static spark of less than 3500 volts!

power buses, Boeing publish&bcument D6-16050as
shown in Figure 4. NUCLEAR ELECTROMAGNETIC PULSES (NEMP)

The ~military has developed switching transient  \yhen a nuclear weapon is detonated, a very large flux of
definitions within several specifications including: photons (gamma rays) is produced. These rays act to

DOD-STD-1399for shipboard produce an electromagnetic field known as a nuclear
MIL-STD-704 for aircraft electromagnetipulse or NEMP. When a nuclear detonation
MIL-STD-1275 for ground vehicles occurs above the atmosphere, a particulary intense pulse

illuminates all objects on the surface of the earth, and all
objects in the lower atmosphere within line of sight of the
burst. A burst 300-500 km above Kansas would illuminate
the entire continental U.S.

A typical NEMP waveform is a pulse with a rise time of
about 5 n@nd a duration of abouts. Its peak electric field
is 50-100 kV/m at ground level. After such a pulse is
coupled into spacecraft, aircraft and ground support
equipment, it produces a waveform as described in
MIL-STD-461C. The insidious effect of NEMP is its broad
coverage and its potential for disabling military defense
ELECTROSTATIC DISCHARGE (ESD) systems.

ES[_D is a widely recqgnized hazard_ during shipping and MICROWAVE RADIATION
handling of many semiconductor devices, especially those

that contain unprotected MOSFETSs, semiconductors for usethgmc(r:zvr;'a(\j/izzglaen 323?;5??;5&};2”3hohr:g:vr‘])ig\r']veé;hnat
at microwave frequencies and very high speed logic with Y P y

switching times of 2 ns or less. In response to this threat,LnJlr';aSg/uﬂsetfgvse?Z?j dn:S' gﬁg]g%f;fg&%gr??mc‘ﬁis
most semiconductors are routinely shipped in containers ’

made of conductive material. bit errors in unshielded computérswith automobiles

In addition to various shipping precautions, electronic z;ﬂhzrlggegpau;i?\r;r?#sellfrglré %ﬁpgﬁsitgoni’ It:r;”i]cpr(c))::/?/te
assembly line workers should be grounded, use P 9 g9 by

grounded-tip soldering irons, ionized air blowers and other E:C;rgg:ﬁ:hlé:(tg\(v;%aas?g?;iﬁg%htsr}[g%ssmke could also
techniques to prevent large voltage potentials to be y '
generated and possibly discharged into the semiconductors POWER CROSS

they are handling. o _ Yet another source of electrical overstress is the accidental
Once the assembled device is in normal operation, ESDconnection of signal lines, such as telephone or cable

damage can still occur. Any person shuffling his feet on atejeyision, to an ac or dc power line. Strictly speaking, this
carpet and then touching a computer keyboard can possiblyhenomenorknown as a power cross, is a continuous state,

c?use oftware crash or, even worse, damage the keyboartyot 4 transient. However, the techniques for ensuring the
electronics.

The International Electrotechnical Commission (IEC) is
now promoting their specificatiofEC 801-4 throughout
the European community. This describes an inductive
switching transient voltage threat having 50 ns wide spikes
with amplitudes from 2 kV to 4 kV occurring in 300 ms wide
bursts®

Besides these particular military specifications, many are
application specific and functional tests exist. A supplier of
transient voltage suppressmmponents will be expected to
perform to a wide variety of them.

http://onsemi.com
385



survival of signal electronics after a power cross are similar (TVS) devices. TVS devices handle high peak currents
to techniques used for protection against transientwhile holding peak voltage below damaging levels, but have
overvoltages. relatively low energy capability and cannot protect against
a power cross fault. The first TVS used by telephone

STANDARDIZED WAVEFORMS companies is the carbon block, but its peak let-through
Fortunately, measurements of these hazards have bee@y|tage was too high for modern equipment using

studied and documented in several industry specifications.ynprotected solid state circuitry. A number of other
For  example, Bellcore Technical  Advisory components fill today’s needs.

TA-TSY-000974 defines the generic measurement The power cross condition causes a problem with
waveform for any double exponential waveform, which is telephone lines. Fast acting fuses, high speed circuit

the basis for most of the specific applications norms.  preakers and positive temperature coefficient thermistors
The predominant waveform for induced lightning haye peen successfully used to limit or interrupt current
transientsset down byRural Electrification Administration surges exceeding a millisecond.
Document PE-60 is shown in Figure 5. This pulse test,  Qyer the years, telecommunications switching equipment
performed athe conditions of 100 Vs rise, 10/100Qs, Ip has been transitioning from electromechanical relays to
=1 kV, is one of the two most commonly specified in the integrated circuits and MOSFET technology. The newer
industry. The other is the 8/20s waveform, shown in  aquipment operates at minimal electrical currents and
Figure 6. voltages, which make it very efficient. It is therefore quite
A sensitive to electrical overloads caused by lightning strikes
and other transient voltage sources, and by power crosses.
Ip Because of the deployment of new technology, both in
Sl new installations and in the refurbishment of older systems,
the need for transient protection has grown rapidly. It is
widely recognized that any new equipment must include
protection devices for reasons of safety, reliability and long
| term economy.
i} } | | The major telecom companies, in their never ending quest
0 1 2 3 > for the elimination of electromechanical technology have
TIVE, ms been looking at a number of novel methods and
implementations of protection. These methods provide for
solutions to both the primary and secondary protection
A categories.

A number of studies have been conducted to determine the
transient environment on telephone lines. Very little has
beendone with data lines because a typical situation does not
exist. However, information gathered from telephone line
studies can serve as a guide for data lines.

Past studies on telephone lines coupled with the high
current capability of arc type arrestors and the conservative
nature of engineers seem to have produced specifications

> whichfar exceed the real need. A recent study by Bell South
Service8 reported that the highest level of transient energy
encountered was well below standards and specifications in

Figure 6. Pulse Waveform (8/20 ps) common use. Now, solid state devices perform adequately

for many applications. However the stringent specifications
TRANSIENT VOLTAGE SUPPRESSION of some regulatory agencies promote arc-type arrestors,

SpH——

Figure 5. Pulse Waveform (10/1000 us)

Ip
9lp

Slp

Alp

TIME, ps

AND TELECOM though solid state devices would be a better choice.
TRANSIENT VOLTAGE SURGE SUPPRESSION
COMPONENTS ON DATA AND TELEPHONE LINES PRIMARY PROTECTION

Lines carrying data and telephone signals are subject to a Primary protection is necessary to protect against high
number of unwanted and potentially damaging transientsvoltage transients which occur in the outdoor environment.
primarily from two sources: lightning and “power crosses.” These transients include induced lightning surges and ac
A power cross is an accidental connection of a signal line toCross conditions.

a powerline. Transients from lightning can impress voltages ~As such, primary protection is located at the point where
well above a kilovolt on the line but are of short duration' Wiring enters the bU|Id|ng or terminal box. It is the first line
usua“y under a millisecond. |_|ghtn|ng transients are defenseagainst outside hazards. TVS devices located where

suppressed by using Transient Voltage Surge Suppressofnes enter a building are called primary protectors.

http://onsemi.com
386



Protectors connected to indoor lines are referred to as /

secondary protectors. Both primary and secondary P
protectors are required to provide complete equipment 09P
protection. . . WAVEFORM IS DEFINED AS 1/t

Today,primary protection is most generally accomplished  05P WHERE
through the use of surge protector modules. For telecom, t.: FRONT TIME = 1.25 (b-a)
these are designed specifically for the environment and the ;o - (T4-To)
standards dictated by the telecom applications. They tq: DURATION = (T>-To)
typically contain a two or three element gas arrestor tube and / Toa bTs T2

. . . . . TIME

a mechanically-triggered heat coil. Some also include air - >
gap carbon block arrestors which break over at voltages Figure 7. Definition of Double Exponential
above about 1500 volts. Impulse Waveform

Some mOdUIes contain high spee_d diod_es for C'amp The 10/1000us wave approximates the worst case
response in the IO\_N nanosecondg. This prOVIde_s protection, . eformobserved on data and telecom lines. TVS devices
until the gas tube fires, generally in about one microsecondnanded for this service are usually rated and characterized
The diodes may be connected between the tip, ring anqqjny 4 10/1000 waveform. The Bell South steeliealed
ground conductors in various combinations. The 5ESSthat the worst transient energy handled by primary

electronic SW"Ch"Fg system norms dlctate. design and protectors on lines entering a central office was equivalent
performance requirements of TVS modules in use today. only 27 A peak of a 10/1000 wave. This level is
Test methods are _s_pell_e d OUREA PE'.BO’ a publication considerablyess than that required by secondary protectors
of the Rural Electr|f|cat|or_1 Admw_ustratlon_ _ in most of the standards in use today. This finding is
In the U.S. alone, 58 m|II|oq primary protect|o.n modules particularly significant because the Bell South service area
are .SOId annua!ly, about_40 million for cent.ra! offices and 18 includesCentral Florida, the region experiencing the highest
mllllon for station locations, such as building entrances. lightning activity in the U.S.
Eighty percent of these use gas tubes, 1,6% US€ all*9ap The ynited States Federal Communications Commission
carbon blocks, and only 2% (so far) are solid state. (FCC) has defined mandatory requirements for equipment
SECONDARY PROTECTION which is to be connected to the U.S. telephone network. In
Secondary protection is necessary for the equipmentSOMecases, u.s. eql_Jipn_"nent must meet standards deyeloped
inputs,and assuch, is located between the primary protector Py the Rural Electrification Agency (REA). Many nations
and the equipment. Secondary protection is generallydémand compliance to standards imposed by the
accomplished with one or more TVS components, as Consultative Committee, InFernatlonaI Te'Iegraph and
opposed to the modules used for primary. It is often placed€/ephone (CCITT). In addition, most equipment users
on a circuit board along with other components handling demand safety certification from U.L., which has its own

other duties, such as switching. Secondary protection isStandards. .
applied to lines associated with long branch circuits which ~ 1he FCC Standards are based on a worst case residue from

have primary protection a significant distance away, to qcarbon block pri_mgry protector installed Whe_re the _phone
internal data lines, and to other locations requiring lin€ enters the building. The CCITT standard is applicable
additional local hazard-proofing. for situations Iackln_g primary protection, other thar_1 wiring

While not as open to external transients as the primaw,flashover. Companl_es entering the_telephone equme_n_t or
secondary can still see peak open circuit voltages in excesgrotector market will need to obtain and become familiar
of 1000 volts and short circuit currents of hundreds of amps. With the appropriate governing standards.

These transients may be locally generated, or they may be TRANSIENT VOLTAGE PROTECTION
residuals from the primary protectors upstream. COMPONENTS

STANDARDS GENERAL TVS CHARACTERISTICS

Transient voltage waveforms are commonly described in A number of transient voltage suppressor (TVS) devices
terms of alual exponential wave as defined in Figure 7. The are available. Each finds use in various applications based
standard chosen for power lines is a 1.2(6@oltage wave  upon performance and cost. All types are essentially
which causes an 8/26 current wave. Although the source transparent to the line until a transient occurs; however,
of the most severe transients on telecom lines is the same sgome devices have significant capacitance which loads the
for power lines and lightning, the higher impedance per unitline for ac signals. A few of the these are described in
length of the telephone line stretches the waves as theyfable 1.
propagate through the lines. Basedupon their response to an overvoltage, TVS devices

fit into two main categories, clamps and crowbars. A clamp
conducts when its breakdown voltage is exceeded and
reverts back to an open circuit when the applied voltage
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drops below breakdown. A crowbar switches into a low where K is aonstant of proportionality and s is an exponent
voltage, low impedance state when its breakover voltage iswhich defines the “sharpness factor” of the knee. The
exceeded and restores only when the current flowingexponent s is 1 for a resistor and varies from 5 to over 100
through it drops below a “holding” level. for the clamping devices being used in TVS applications. A
CLAMP DEVICES high value of s i.e., a shakpee, is beneficial. A TVS device
) . o can be chosen whose breakdown voltage is just above the
All clamp devices exhibit the general V-I characteristic of |, rst case signal amplitude on the line without concern of

Figure 8. There are variations; however, some clamps ar§q,jingthe line or causing excessive dissipation in the TVS.
asymmetric. In the non clamping direction, some devices s the current density in the clamp becomes high, the

such as the zener TVS exhibit the forward characteristic ofincremental resistance as described by Equation 1 becomes
a diode while others exhibit a very high breakdown voltage

: . ) 9% very small in comparison to the bulk resistance of the
and are not intended to handle energy of “reverse” polarity. yaterial. The incremental resistance is therefore ohmic in

Under normal operating conditions, clamp devices appeary,o high current region.

virtually as an open circuit, although a small amount of ~ ntortunately, amniform terminology for all TVS devices
leakage current is usually present. With increasing voltagey, 55 not been developed; rather, the terms were developed in
a point is reached where current inf:reases_rapidly Withconjunction with the appearance of each device in the
voltage as shown by the curved portion ‘?f Figure 8. ;I'he marketplace. The key characteristics normally specified
rapidly changing curved portiongalled the “knee region.”  yefine operation at voltages below the knee and at currents
Further increases in current places operation in theg,qve the knee.

“breakdown” region. Leakage current is normally specified below the knee at
a voltage variously referred to as the stand-off voltage, peak
working voltage or rated dc voltage. Some devices are rated
in terms of an RMS voltage, if they are bidirectional. Normal
signal levels must not exceed this working voltage if the
device is to be transparent.

Breakdown voltage is normally specified at a fairly low
current, typically 1 mA, which places operation past the
knee region. Worst case signal levels should not exceed the
breakdown voltage to avoid the possibility of circuit
malfunction or TVS destruction.

The voltage in the high current region is called the
clampingvoltage, \¢. It is usually specified at the maximum
current rating for the device. To keep: \tlose to the
breakdown voltage, s must be high and the bulk resistance
low. A term called clamping factor, €fis sometimes used
to describe the sharpness of the breakdown characteristic.
Fc is the ratio of clamping voltage to the breakdown voltage.
As the V-Icharacteristic curve of the TVS approaches a right
angle, the clamping factor approaches unity. Clamping
factor isnot often specified, but it is useful to describe clamp
device behavior in general terms.

, NN
HEENENEREN

Figure 8. Static Characteristics of a Clamp Device

In the knee region the V-l characteristic of clamping
devices can be approximated by the equation:

=K Vs (1)

Table 1. Comparison of TVS Components

Protection Protection Power Reliable Expected Other
Type Time Voltage Dissipation Performance Life Considerations
GAS TUBE >1us 60-100 V Nil No Limited Only 50-2500 surges.
Can short power line.
MOV 10-20 ns > 300V Nil No Degrades Fusing required. Degrades.
Voltage level too high.
AVALANCHE TVS 50 ps 3-400 V Low Yes Long Low power dissipation.
Bidirectional requires dual.
THYRISTOR TVS <3ns 30-400 V Nil Yes Long High capacitance.
Temperature sensitive.
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Clamp devices generally react with high speed and as aelatively low frequency applications. In a data line or
result find applications ovenaide frequency spectrum. No telecom application the turn-off delay causes a loss of
delay is associated with restoration to the off state afterintelligence after the transient surge has subsided.
operation in the breakdown region. A telephone line has both ac and dc signals present.
CROWBAR DEVICES Crowbars can be successfully used to protect telecom lines

) .. from high current surges. They must be carefully chosen to
Crowbar TVS devices have the general characteristicSgngre that the minimum holdiegrrent is safely above the
shown in Figure 9. As with clamp devices, asymmetric

: - . maximum dc current available from the lines.
crowbars are available which may show a diode forward

characteristic or a high voltage breakdown in one direction. TVS DEVICES
A description of the various types of TVS devices follows
/‘— Vr in the chronological order in which they became available.
| ®/ b Used appropriately, sometimes in combination, any
[ 7 transient protection problem can be suitably resolved. Their
RONVAO, bol hown in Figure 10
| ) symbols are shown in Figure 10.
T
/| —o — —KI_—
/) Vb V30, aln @ @
/ Air-Gap 2-and 3-Element  Heat Coil  Metal Oxide
Carbon Block Gas Tubes Switch  Varistor (MOV)
Figure 9. Static Characteristics of a
Bidirectional Crowbar Device \ \ q
The major difference between a crowbar and a clamp ig
that, at some current in the breakdown region, the devicg  Zener Unidirectional Bidirectional

Regulator Avalanche TVS De- Avalanche TVS Device

switches to a low voltage on-state. In the clamping region Vice

from I to I, the slope of the curve may be positive as shown
by segment 1, negative (segment 2) or exhibit both
characteristics as shown by segment 3. A slightly positive] —\- -~} ~H— @
slope is more desirable than the other two curves because [a
negative resistance usually causes a burst of high frequency tpyistor TvS Devices Dual Thyristor TVS Devices
oscillation which may cause malfunction in associated
circuitry. However, a number of performance and
manufacturing trade-offs affect the shape of the slope in the Figure 10. TVS Devices and Their Symbols
clamping region.
A crowbar TVS has an important advantage over a clampAIR GAP_ ARRI_ESTORS . o
TVS in that it can handle much larger transient surge current 1€ air gap is formed by a pair of metal points rigidly fixed
densities because the voltage during the surge isat a precise distance. Th_e air ionizes at a pa_rtlcular voltage
considerably lower. In a telephone line application, for dependingipon the gap width between the points. As the air
example, the clamping level must exceed the ring voltagelOnizes breakover occurs and the ionized alr_prowdes a low
peak and will typically be in the vicinity of 300 volts during IMPedance conductive path between the points. _
a high current surge. The on-state level of the crowbar may The breakover threshold voltage is a function of the air's
be as low as 3 volts for some types which allows about twor€lative humidity; consequently, open air gaps are used
orders of magnitude increasecirrent density for the same ~ Mainly on high voltage power lines where precise
peak power dissipation. performance is not necessary. For more predictable
However, a crowbar TVS becomes “latched” in the Dehaviorair gaps sealed in glass and metal packages are also
on-state. In order to turn off its current flow the driving 2available. _ o _
voltage must be reduced below a critical level called the Because a finite time is required to ionize the air, the actual
holding or extinguishing level. Consequently, in any breakovgwoltage of the gap dgpends upon the rgte of rise of
application where the on-state level is below the normal the transient overvoltage. Typically, anestor designed for
system voltage, a follow-on current occurs. In a dc circuit @ 120 V ac line breaks over at 2200 volts.
crowbars willnot turn off unless some means is provided to Al 9aps handle high currents in the range of 10,000
interrupt the current. In an ac application crowbars will turn @mperes. Unfortunately, the arc current pits the tips which
off near the zero crossing of the ac signal, but a time delaycauses theT breakover voltage and on-state resistance to
is associated with turn-off which limits crowbars to Increase with usage.
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CARBON BLOCK ARRESTORS Key electrical specifications for this TVS type include
The carbon block arrestor, developed around the turn ofbreakover voltage (dc & pulse), maximum holdover
the century to protect telephone circuits, is still in place in Voltage, arc voltage, and maximum surge current.
manyolder installations. The arrestor consists of two carbon ~The breakover voltage is rated at a slow rate of rise,
block electrodes separated by a 3 to 4 mil air gap. The gagp000 V/s, essentially dc to a gas arrestor. Typical dc voltage
breaksover at a fairly high level — approximately 1 kV —and ratings range from 75 V through 300 V to provide for most
cannot be used as a sole protection element for moderffOmmunication systems protection requirements. The
telecom equipment. The voltage breakdown level is maximum pulse voltage rating is that level at which the
irregular. Wth use, the surface of the carbon block is burned device fires and goes into conduction when subjected to a
which increases the unit's resistance. In addition, the burnedairly rapid rate of voltage rise, (dv/dt) usually 10Qu%/
material forms carbon tracks between the blocks causing dlaximum rated pulse voltages typically range from 400 V
leakage current path which generates noise. Consequentlyi0 600 V, depending on device type.
many of the carbon blocks in service are being replaced by A typical waveform of a gas surge arrestor responding to
gas tubes and are seldom used in new installations. a high voltage pulse is shown in Figure 12. From the
waveform, it can be seen that the dv/dt of the wave is 100
SILICON CARBIDE VARISTORS

v/us and the peak voltage (the breakover voltage) is 520 V.
The first non-linear resistor to be developed was called a
“varistor.” It was made from specially processed silicon 600
carbideand found wide use in high power, high voltage TVS ---.;---
applications. It is not used on telecom lines because it ---'!---
Jl
&

clamping factor is too high: s is only about 5.
air gap more suited to telecom circuit protection. Most often & /
used is the “communication” type gap which measures§200 i

TAGE (voLT)
-y
o
o

L

Gas surge arrestors are a sophisticated modification of thé
about3/8 inch in diameter and 1/4 inch thick. A cross section g
is shown in Figure 11. They consist of a glass or ceramic

envelopdilled with a low pressure inert gas with specialized
electrodes atach end. Most types contain a minute quantity

of radioactive material to stabilize breakover voltage. 0
Otherwise, breakover is sensitive to the level of ambient
light. TIME (500 ns/DIVISION)
Because of their small size and fairly wide gap, Figure 12. Voltage Waveform of Gas Surge Arrestor
capacitance is very low, only a few picofarads. When not Responding to a Surge Voltage
activated, their off-state impedance or insulation resistance Gas surge arrestors fire faster but firing voltage increases
is virtually infinite. as the transient wave fronts increase in slope as illustrated in
ACTIVATING Figure 13. The near vertical lines represent the incident
IGNITION I COMPOUN transientise time. Note that the response time is greater than

0.1s at slow rise times but decreases to less tharsGdr
risetimes of 20 kMis. However, the firing voltage has
increased to greater than 1000 V for the gas tube which
breaks over at 250 Vdc.

DISCHARGE The driving circuit voltage must be below the holdover
|_— REGION voltage for the gap to extinguish after the transient voltage
has passed. Holdover voltage levels are typically 60% to
70% of the rated dc breakdown voltage.
|_— ELECTRODES Arc voltage is the voltage across the device during

conduction. It igypically specified at 5 to 10 V under a low
current condition, but can exceed 30 V under maximum

//

INSULATOR rated pulse current.
(GLASS OR The maximum surge current rating for a 8/p8
CERAMIC MATERIAL)

waveform is typically in the 10 kA to 20 kA range for
communication type devices. For repetitive surges with a
Figure 11. Gas Arrestor Cross Section 10/1000 wave, current ratings are typically 100 A,
comfortablyabove the typical exposure levels in a telephone
subscriber loop.
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Figure 13. Typical Response Time of a Gas Surge Arrestor

Gas tubes normally provide long life under typical semiconductodiodes. The TVS cells are built by depositing
operating conditions, however; wear-out does occur. the polycrystalline material on a metal plate to increase their
Wear-out is characterized by increased leakage current andhermal mass thereby raising energy dissipation. The cells
firing voltage. An examination of gas tubes in service for six exhibittypical diode characteristics and a non-linear reverse
to eight years revealed that 15% were firing outside of their breakdown which is useful for transient suppression. Cells
specified voltage limit§.Because firing voltage increases can be made which are “self-healing”; that is, the damage
with use, protectors often use an air gap backup in parallewhich occurs when subjecting them to excessive transient
with the gas tube. End-of-life is often specified by currentis repaired with time.
manufacturers as an increase of greater than 50% of Selenium cells are still used in high power ac line
breakover or firing voltage. Other limits include a decrease protection applications because of their self-healing

in leakage resistance to less than 1 mW. characteristic; however, their high capacitance and poor
The features and limitations of gas tube surge arrestors arelampingfactor (s » 8) rule them out for data or telecom line
listed below. applications.
Advantages: METAL OXIDE VARISTORS
* High current capability The metal oxide varistor (MOV) is composed of zinc
* Low cgpacnance _ oxide granules in a matrix of bismuth and other metal
» Very high off-state impedance oxides. The interface between the zinc oxide and the matrix
Disadvantages: material exhibits characteristics similar to that of a p-n
« Slow response time junction having a voltage breakdown of about 2.6 V. With

this structure the electrical equivalent is that of groups of
diodes in parallel which are stacked in series with similar
parallel groups to provide the desired electrical parameters.
The taller the stack, the higher the breakdown and operating
Principally because of their high firing voltage, gas surge \ojtage. Larger cross-sections provide higher current
arrestors are not suitable for use as the sole element t@anapility. The structure of an MOV is shown in Figure 14.
protect modern equipment connected to a data or telecom
line. However, they are often part of a protection network E J

 Limited life
¢ High let-through voltage
e Open circuit failure mode

] L0025

where they are used as the primary protector at the building S——
v = MICROVARISTOR
..v PY)
interface with the outside world. ! “ . . —,.),.) "ﬁ4 JING OXIDE
SELENIUM CELLS i . .'
3 ‘ ,...&.-‘. “ INTERGRANULAR

Polycrystalline diodes formed from a combination of

selenium and iron were the forerunners of monocrystalline Figure 14. MOV Cross Section
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Figure 15. MOV Clamping Voltage Waveform

MOVs, formed from a ceramic-like material, are usually for devices most often used on power lines. Leakage current
produced in the shape discs with most widely used MOVs  behavior is similar to that of a p-n junction. It roughly
having diameters of 7 mm, 14 mm, and 20 mm. The discdoubles for every I« increase in temperature and also
surfaces are coated with a highly conductive metal such ashows an exponential dependence upon applied voltage. At
silver to assure uniform conduction through the cross a voltage of 80% of breakdown, leakage currents are several
sectional area of the device. After terminal attachment themicroamperes at a temperature ofG0
parts are coated with a durable plastic material. Although the theory of MOV operation is not fully

The typical voltage spectrum of MOVs ranges from 8 V developed, behavior is similar to a bidirectional avalanche
through 1000 V for individual elements. Pulse current diode. Consequently its response time is very fast.
capability (8/20us) ranges from a few amperes to several Life expectancy is an important characteristic generated
thousands of amperes depending on the element’s size. Thender pulse conditions. A typical example is shown in
V-1 characteristic of MOVs is similar to Figure 8. Their Figure 16. The data applies to 20 mm diameter disc types
clamping factor is fairly good; s is in the vicinity of 25. having rated rms voltage from 130 V to 320 V. Lifetime

Key electrical specifications include: operating voltage, rating curves are usually given for each device family.
breakdown voltage, peak current maximum clamping 10000

voltage, and leakage current. o 5000 N E
The maximum operating voltage specified is chosen to be“J 2000 Sg = 102
below the breakdown voltage by a margin sufficient to £ = 1000 T~
produce negligible heating under normal operating ' 500 &= —n -
conditions. Breakdown voltage is the transition point at & = 200 b= = ~
which a small increase in voltage results in a S|gn|f|cantn: 1005 S
increase in current producing a clamping action. Maximum g, % ::\ NS
limits for breakdown voltage are typically specified at ‘g 20 [ INDEFINITE 1% RSN TS
1 mA with upper end limits ranging from 20% to 40% g 10 7***”41*0’6; P = SN NN
greater than the minimum breakdown voltage. £ 5 0 WHT SSSSST =
Maximum peak current is a function of element area and™ 108 \ :
rangesrom tens of amperes to tens of thousands of amperes. 155 100 — 1000 — ‘1‘0,000
MOVS are typ}cally pulsel ratgd with an 8/g8 Waveform IMPULSE DURATION — pis
sincethey are intended primarily for use across power lines.
The clamping characteristics of a 27 V ac rated MOV, with Figure 16. MOV Pulse Life Curve

a 4 joule maximum pulse capability is shown in Figure 15. For a single 8/2Qis pulse, the device described in Figure
The transient energy is derived from an exponentially 16 is rated at 6500 A; however, it must be derated by more
decreasingulse having a peak amplitude of 90 V. The pulse than two orders of magnitude for large numbers of pulses.
generator source impedance is 0.55 W. Peak clamping.onger duration pulses also require further derating. For
voltage is 62.5 V while the developed current is 50 A. The example, for a 10/100Qs duration pulse, this family of
clamping factor calculates to be 2.3. devices has a maximum pulse rating of about 100 A on a

Leakage currents are listed for MOVs intended for use insingle shot basis and devices must be derated to less than
sensitive protection applications but are not normally listed 10A for long lifetimes in excess of 100,000 pulses.
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End-of-life for an MOV is defined as the voltage
breakdowrdegrading beyond the limits 6fL0%. As MOVs
are pulsed, they degrade incrementally as granular
interfaces are overheated and changed to a highly
conductive state. Failure occurs in power line applications
when the breakdown voltage has degraded to the point
where the MOV attempts to clip the powerline peaks. In 17-02 21A 50-03
telecom applications, their breakdown must be above the
peaks othe impressed ac line during a ring cycle or a power
cross; otherwise an immediate catastrophic failure will % k!) %
occeur. =

When MOVs fail catastrophically they initially fail short. 318-07 403 403A
However, if asource of high energy is present as might occur
with apower cross, the follow-on current may cause the part
to rupture resulting in an open circuit.

The advantages and shortcomings of using an MOV for Key electrical parameters include maximum operating
general purpose protection in microprocessor basedvoltage, maximum reverse breakdown voltage, peak pulse
circuitry include the following: current, peak clamping voltage, peak pulse power, and

Advantages leakage current.

« High current capability The normal operating or W(_)rklng \/_o_ltage is usually call_ed

- Broad voltage spectrum the reverse stand_off voltage in specification sheets. Devices

are generally available over the range of 5 V through 250 V.

« Broad current spectrum ! X

Standoffvoltage defines the maximum peak ac or dc voltage
* Fast response which the device can handle. Standoff voltage is typically

Figure 18. Typical Insertion and Surface Mount Silicon
TVS Packages — Zeners and Thyristors

. .Short circuit failure mode 10% to 15% below minimum reverse breakdown voltage. A
Disadvantages: listing of TVS products available from ON Semiconductor
e Gradual decrease of breakdown voltage is shown in Table 2.

» High capacitance
Table 2. ON Semiconductor Zener TVS Series

The capacitance of MOVs is fairly high because a large

device isrequired in order to achieve a low clamping factor; PUL:ETFI”%’VER
consequently, they are seldom used across telecom lines. DEVICE vy (100/1000
ZENER TVS SERIES RANGE PULSE) PACKAGE
ZgnerT_VS devu_:es are constructe_d with large area silicon SSAAE-SAA- 6.8-200 500 W Axial
p-n junctions designed to operate in avalanche and handl¢
much higher currents than their cousins, zener voltage| *P6KE6.8A - 6.8-200 600 W Axial
regulator diodes. Some manufacturers use small area meg&6KE200A '
chips with metal heatsinks to achieve high peak power| 1 skeg.8a - 6.6.950 1500 W Aoial
capability. However, ON Semiconductor has determined | 1.5KE250A : X1
that Iarge area planar die produce Iowe.r leakage currgnt an 0 SMB5.0ATS -
clamping factor. The planar construction cross section is| 1sMB170AT3 6.8-200 600 W SMB
shown in Figure 17 and several packages are shown ir
. 9 P 9 P6SMB6.8ATS -
Figure 18. PESMB200T3 6.8-200 600 W SMB
PLASTIC PLANAR DIE SOLDER 1SMC5.0AT3 -
ENCAPSULATION ~ Py 6.8-91 1500 W SMC
\J
~ = 1.55MC6.8AT3 6.8-91 1500 W SMC
1.5SMC91AT3 :
ESD Protection
MMBZ15VDLT1 15 215 kY SOT-23

* Available in bidirectional configurations

Figure 17. Zener TVS Cross-Section
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The reverse breakdown voltage is specified at a bias leveb kW, which is four times greater than the rating at 1ms. The
at which the device begins to conduct in the avalanche modecurrent handling capability is also increased roughly by this
Test current levels typically are 1 mA for diodes which same factor of four.
breakdown above 10 V and 10 mA for lower voltage
devices. Softening of the breakdown knee, that is, lower s, 100
for lower voltage p-n junction devices requires a higher test
current for accurate measurements of reverse breakdown N
voltage. Diodes that break down above 10 V display a very;
sharp knee; s is over 100.

Peak pulse current is the maximum upper limit at which ; \
the device is expected to survive. Silicon p-n junctions are“— 10
rated for constant power using a particular transien@
waveform; consequently, current is a function of the peak a N

clamping voltage. For example, a 6.8 V device handles \\
about 28 times the pulse current that a 220 V device will b 5
withstand;however, both the 6.8 V and 220 V types dissipate \\
the same peak power under the same pulse waveform 1 01ps  1ps 10us 100 us 1ms 10 ms
conditions Most Zener TVS diodes are rated for 10/1080 tp, PULSE WIDTH
waveformpulses which are common in the telecom industry. Figure 20. Peak Pulse Power Rating

The clamping voltage waveform of a 27 V Zener TVS for a Popular Zener TVS Family

having a 1.5 joule capability is illustrated in Figure 19. Its

peak voltage is 30.2 V. The transient energy source is the T0 increase power capability devices are stacked in series.
same as applied to the MOV whose response is shown irff-or example, doubling the power capability requirement for
Figure 10. However, the current through the Zener TVS is @100V, 1.5 kW Zener TVS is easily done by placing two 50
over100 A, much higher than occurs with the MOV because V devices in series. Clamping factor is not significantly
the clamping voltage is significantly lower. Despite the affected by this arrangement.

higher pu|Se current, the Zener disp|ays much better Although Ieakage current limigre I’E|ative|y hlgh for the

clamping action; its clamping factor is 1.1. industry low voltage types (5Q0A to 1000uA), dropping
off to 5pA or less for voltages above 10 V, the planar die in

use by ON Semiconductor exhibit considerably less leakage
than the specified limits of the industry types.

Capacitance for the popular 1500 W family exceeds
10,000 pF at zero bias for a 6.8 V part, dropping

exponentially to less than 100 pF for a 200 V device.
..---!.--. Capacitance drops exponentially with a linear increase in
.l..‘n‘..l bias.The capacitance of a 6.8 V device is 7000 pF, while the
200 V part measures under 60 pF, at their respective standoff
AUNNE RN -
5 Capacitance loads the signal line at high frequencies. For

high speed data transmission circuits, low capacitance is
achieved bylacing two diodes in a series stack as shown in
Figure 21. Under normal operation the top diode)(D
operates at essentially zero bias current. Since its power
dissipation requirement is small, its area can be much
smaller than that of the TVS diodeA0n order to provide
TIME (500 ps/DIVISION) low capacitance. The top diode normally is not intended to
Figure 19. Zener TVS Clamping Voltage Waveform be used in avalanche. Consequently if a negative voltage
Peak pulse power is the instantaneous power dissipated @xceedinghe reverse rating of the stack could occur, the low
the rated pulse condition. Common peak pulse power ratingsapacitance diode must be protected by another diggle (D
are 500 W, 600 W, and 1500 W for 10/1Q@0waveforms. shown connected by dotted lines on Figure 21. The
As the pulse width decreases, the peak power capabilityarrangement dfigure 21 is satisfactory for situations where
increases in a logarithmic relationship. An example of a the signal on the line is always positive. When the signal is
curve depicting peak pulse power versus pulse width isac, diode B is replaced by another low capacitance stack,
shown in Figure 20. The graph applies to the 1.5 kW seriesconnected in anti-parallel.
(10/1000 pulse) of TVS diodes and can be interpolated to
determinegpower ratings over a broad range of pulse widths.
At 50 ps, the maximum rated power shown in the curve is

Ve, CLAMPING VOLTAGE (VOLTS)
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Advantages:

» High repetitive pulse power ratings
| » Low clamping factor

| * Sub-nanosecond turn-on

* Dp * No wearout

| » Broad voltage spectrum

| » Short circuit failure mode

| Disadvantages:

* Low non-repetitive pulse current

» High capacitance for low voltage types

Because of their fast response and low clamping factor,
Figure 21. A Series Stack to Achieve Low silicon devices are used extensively for protecting
Capacitance with Zener TVS Diodes microprocessor based equipment from voltage surges on dc

. . . . power buses and 1/O ports.
Switching speed is a prime attribute of the zener TVS.

Avalancheaction occurs in picoseconds but performing tests THYRISTOR DIODES
to substantiate the theory is extremely difficult. As a The most recent addition to the TVS arsenal is the
practical matter, the device may be regarded as respondinghyristor surge suppressor (TSS). The device has the low
instantaneously. Voltage overshoots which may appear orclamping factor and virtually instantaneous response
protected lines are the result of poor layout and packagingcharacteristic of a silicon avalanche (Zener) diode but, in
or faulty measurement techniques. addition, it switches to a low voltage on-state when
The p-n junction diode is a unidirectional device. For use sufficient avalanche current flows. Because the on-state
on ac signal lines, bidirectional devices are available whichvoltage isonly a few volts, the TSS can handle much higher
are based upon stacking two diodes back to back. Mostcurrentghan a silicon diode TVS having the same chip area
manufacturersise monolithic NPN and PNP structures. The and breakdown voltage. Furthermore, the TSS does not
center region is made relatively wide compared to a exhibit the large overshoot voltage of the gas tube.
transistotbase to minimize transistor action which can cause Thyristor TVS diodes are available with unidirectional or
increased leakage current. bidirectional characteristics. The unidirectional type
No wearout mechanism exists for properly manufactured behaves somewhat like an SCR with a Zener diode
Zener diode chips. They are normally in one of two states;connected from anode to gate. The bidirectional type
good, orshorted out from over-stress. Long-term life studies behaves similarly to a triac having a bidirectional diode
show no evidence of degradation of any electrical (Diac) from main terminal to gate.
parametersgrior to failure. Failures result from stress which ~ Packaged TSS chips are shown in Figure 18. Figure 22a
causes separation of thetal heat sink from the silicon chip  shows a typical positive switching resistance bidirectional
with subsequent overheating and then failure. Like MOVs, TSS chip. Construction of the device starts with an n
silicon chips quickly fail short under steady state or long material wafer into which the p-bases and n-emitters are

duration pulses which exceed their capabilities. diffused. There are four layers from top to bottom on each
The strengths and weaknesses of Zener TVS devices arside of the chip, forming an equivalent SCR. Only half the
listed below. device conducts for a particular transient polarity.
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Figure 22a. Chip Construction
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Figure 22b. Cross Section Figure 22c. Circuit Model Figure 22d. Circuit Symbol
of Left Side of Left Side
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The “gate” does not trigger the SCR, instead, operation inof the NPN transistor drives the base of the PNP causing the
the Zener mode begins when the collector junction two devices to hold one another on. Both the p and n emitters
avalanches. Note that the p-bases pass through thdélood the chip with carriers resulting in high electrical
n-emitters in a dot pattern and connect to the contact metatonductivity and surge current capability.
covering both halves of the chip. This construction When driven with high voltage ac, which occurs during a
technique provides a low resistance path for current flow powercross, positive resistance TSS devices act like a Zener
and prevents it from turning on the NPN transistor. diode until the ac voltage drives the load line through the
Therefore, at relatively low currents, the device acts like a point where regeneration occurs. Then it abruptly switches
low gain PNP transistor in breakdown. The Zener diode isto a low voltage. When the peak ac current is just below the
the collector base junction of the PNP transistor. Negativecurrent required for breakover, the device operates mainly
resistance TSS devices are similarly constructed but staras a Zener and power dissipation is high although the current
with p-type material wafer, allowing the fabrication of a is low. When the ac current peak is well above breakover,
high-gain NPN transistor. The switchback in voltage with (>10 A), the device operates mainly as an SCR, and the low
increasing current is caused by the gain of the NPN. on-state voltage causes power dissipation to be relatively

Both device types switch on completely when the current low.
flow through the base emitter shunt resistance causes Negative resistance devices operate in a similar fashion.
enough voltage drop to turn on the emitter and begin four However, their behavior is dependent upon the “load line,”
layeraction. Now the device acts like an SCR. The collector that is, the equivalent resistance which the device “sees.”
current of the PNP transistor (Figure 22c) provides the basé/Nhen the load resistance is high (>1000 W) behavior is
drive for the NPN transistor. Likewise, the collector current similar to that of a positive resistance TSS in that high
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instantaneous power dissipation occurs as the load line ion-state conduction mode. The transition stage to
driven along the high voltage region of the TSS prior to conduction may have any of the slopes shown in Figure 9.
switching. The important voltages which define the thyristor

When a TSS with a negative resistance characteristic isoperating characteristics are also shown in Figureg9sV
driven with a low “load” resistance, switching occurs when operating voltage, ¥ is the clamping voltage andr\Ms
the load line is tangent to the peak of the negative resistancen-state voltage.
curve. Thus, complete turn-on can occur at a very low On-state voltage for most devices is approximately 3 V.
current if the load resistance is low and the device has aConsequentlytransient power dissipation is much lower for
“sharp” switchback characteristic. the thyristor TVS than for other TVS devices because of its

Leakage and the Zener knee voltage increase withlow on-state voltage. For example, under power cross
temperature at eight percent and 0.11%°@erespectively conditions Bell South Services reported their tests showed
for 200 V positive resistance types. But the current requiredthat the thyristor TVS devices handled short bursts of
to cause regeneration falls with temperature, causing lessommercial power with far less heating than arc type surge
Zener impedance contribution to the breakover voltage, arrestor$,
resulting in a large reduction in the breakover voltage Capacitance is also a key parameter since in many cases
temperature coefficient to as little as 0.05%%/Negative the TSS is a replacement for gas surge arrestors which have
resistance types can show positive or negative breakovetow capacitance. Values for the TSS range from 100 pF to
voltage coefficients depending on temperature and the200 pF at zero volts, but drop to about half of these values
sharpness of the negative switchback. at a 50 Vdc bias.

The response of both positive and negative switching Holding current () is defined as the current required to
resistance units to fast transients involves a race betweemaintain the on-state condition. Device thru-current must
their Zener and regenerative attributes. At first the devicedrop below | before it will restore to the non-conducting
conducts only in the small chip area where breakdown isstate. Turn-off time is usually not specified but it can be
occurring. Time is required for conduction to spread acrossexpected to be several milliseconds in a telecom application
the chip and to establish the currents and temperaturesvhere the dc follow-on current is just slightly below the
leading tocomplete turn-on. The net result is that both types holding current.
exhibit increasing breakover voltage with fast transients. The major advantages and limitations of the thyristor are:
Howeverthis effect is very small compared to gas discharge  advantages
tubes, being less than 25% of the breakover voltage.

Negative resistance types are more sensitive to unwanted
turn-on by voltage rates (dv/dt) at peak voltages below the
avalanche value. The transient current that flows to charge
the self-capacitance of the device sets up an operating point
on the negative resistance slope leading to turn-on. Disadvantages
Reduction of dv/dt capability becomes significant when the ¢ Narrow voltage spectrum
signal voltage exceeds 80% of the avalanche value. » Non-restoring in dc circuits unless current is belpw |

Complete turn-off following a transient requires the load  « Turn-off delay time

line to intersect the device leakage characteristic at a point The thyristor TVS is finding wide acceptance in telecom
belowthe avalanche knee. During turn-off the load line must applications because its characteristics uniquely match

not meet an intermediate conducting state which can 0CCUL 4 0 com requirements. It handles the difficult “power cross”

with a negative resistanpe device. Pos.itiv.e resistance type?equirements with less stress than other TVS devices while
are free of states causing turn-off “sticking.” Both types providing the total protection needed.

have temperature sensitive holding currents thaelieeen
1 and 4 mAJC. SURGE PROTECTOR MODULES
Recent product developments and published studies havaYPES OF SURGE PROTECTOR MODULES

genergtednuch interest. Based on a study sponsored by Bell - geyeral component technologies have been implemented
South? the authors concluded that these new devidesstf  gjther singly or in combination in surge protector modules

the highest level of surge protection available. and devices. The simplest surge protectors contain nothing
Key electrical parameters for the Thyristor TVS include ore than a single transient voltage suppression (TVS)

operating voltage, clamping voltage, pulse current, on-statecomponent in a larger package. Others contain two or more

voltage, capacitance, and holding current. in a series, parallel or series-parallel arrangement. Still
Operating voltage is defined as the maximum normal gthers contain two or more varieties of TVS elements in

voltage which the device should experience. Operat'”gcombination, providing multiple levels of protection.

voltages from 60 V to 200 V are available. _ Many surge protectors contain non-semiconductor
Clamping voltage is the maximum voltage level attained glements such as carbon blocks and varistors. If required,
before thyristor turn-on and subsequent transition to the

* Fast response

¢ No wearout

* Produces no noise

e Short circuit failure mode
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othermodes of protection components may be incorporated,UTILITY

such as circuit breakers or EMI noise filters. The power transmission and distribution equipment
Surge protector modules are one solution to the industry has an obvious need for heavy duty protection
overvoltage problem. Alternatives include: against overvoltage transients. Many utility situations

 Uninterruptible power systems (UPS), whose main require acombination of techniques to provide the necessary
duty is to provide power during a blackout, but solution to their particular problems. This industry utilizes
secondarily provide protection from surges, sags andmany forms of transient suppression outside the realm of
spikes. semiconductors.

. Povx_/er line conditioners, V'\I.hICh are designed to isolate p xracom
equipment from raw utility power and regulated

voltages within narrow limits. Local area networks and other computer links require

, . protectionagainst high energy transients originating on their
Both UPS and power line conditioners are far more a4 jines. In addition, transients on adjacent power lines
expensive than surge protector modules. produce electromagnetic fields that can be coupled onto

THE 6 MAJOR CATEGORIES OF unprotected signal lines. Datacom protectors have a ground

SURGE PROTECTION MODULES terminal orpigtail which must be tied to the local equipment
Plug-in ground with as short a lead as possible. Datacom protectors
Hardwired should benstalled on both ends of a data link, or at all nodes

Utility in a network. This protection is in addition to the ac line
transient protection, which is served by the plug-in or

hardwired protection modules. Some datacom protector

modules contain multi-stage hybrid circuits, specially

tailored for specific applications, such as 4-20 mA analog

PLUG-IN MODULES current |00ps_

Plug-inmodules come in a variety of sizes and shapes, andTELECOM
are intended for general purpose use. They permit the

protection ofvulnerable electronic equipment, such as home Ncludedhere are devices used to protect central office and
computers, from overvoltage transients on the 115 vac line Station telecommunications (telecom) equipment against

Theseproducts are sold in retail outlets, computer stores and’©!t@ge surges. None IOf thﬁse diwces are gro(;méjer(]j throrl]Jgh
via mail order. Most models incorporate a circuit breaker or an ac power receptacle. Those t_ atare grounde through an
fuse,and an on/off switch with a neon indicator. The module &€ POWEr receptacle are categorized as plug-in modules. Not

may have any number of receptacles, with common modelsonly can overvoltages cause disruptions of telecom service,
having from two to six. These products comply with but they can destroy the sophisticated equipment connected

1449 and are generally rated to withstand the application of 1© the network. Also, users or technicians working on the
multiple transients, as specified IEEE 587. Plug-in gqmp_ment can be injured should I|ghtq|ng §tr|ke nearby. It
modules generally provide their protection through the uselS estimated that 10 to 15 people are killed in the U.S. each

of these devices which are typically connected between lineYe2" While talking on the telephone during lightning storms.
and neutral, and between neutral and ground For these reasons, surge protectors are used both in central

offices and in customer premises.

HARDWIRED There are three types of telecom surge protectors now in

Hardwired modules take on a wide variety of styles, service: air-gap carbon block, gas tube, and solid state. The
depending upon their designed application. They provide desire of the telecom market is to convert as many of the
protection for instrumentation, computers, automatic test non-solid state implementations into solid state as cost will
equipment, industrial controls, motor controls, and for permit.
certain telecom situations.

Many of these modules provide snubbing networks SELECTI.NG T_VS CQM_PONENTS
employing resistors and capacitors to produce an RC time _From _the f_oregomg dlscu53|_on it should be clear that the
constant. Snubbers provide common mode and differentialSilicon junction avalanche diode offers more desirable
mode low-pass filtering to reduce interference from line to Characterls'tm':s than any Othgr TVS component. Its ab|||ty to
equipment, and are effective in reducing equipment clampfast rising transients Wl_thout overshoot, low clamping
generated noise from being propogated onto the line.factor, non-latching behavior, and lack of a wearout
Snubbers leak current however, and many of these module&1€chanism are .the overriding considerations. It§ one—sh.ot
are designed with heat sinks and require mounting to aSur9e capability is lower than most.other TVS devices but is
chassis. The surge protection is performed in a similar"rmally adequate for the application. Should an unusually
manner to the plug-in modules mentioned earlier. SEVere event occur, it will short yet still protect the
Hardwired products, therefore, present a prime opportunity €duiPment.
for avalanche TVS components.

Datacom
Telecom
RF and microwave
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For example, an RS-232 data line is specified to operate Telephone and RS-422 lines are called balanced lines
with a maximum signal level of 25 V. Failure analysis  because the signal is placed between two lines which are
studied! have shown that the transmitters and receivers “floating” with respect to ground. A signal appears between
used on RS-232 links tolerate 40 V transients. A each signal line and ground but is rejected by the receiver;
1.5KE27CA diode will handle the maximum signal level only the difference in potential between the two signal lines
while holding the peak transient voltage to less than 40 Vs recognized as the transmitted signal. This system has been
with a 40 A 10/1000 pulse which is adequate for all indoor in use for decades as a means of providing improved noise
and most outdoor data line runs. As a practical matter, fewimmunity, but protection from transient surge voltages is
data links use 25 V signals; 5 V is most common. more complex.

Consequently, much lower voltage silicon diodes may be A cost-effective means of protecting a balanced line is
used which will allow a corresponding increase in surge shown in Figure 23. The bridge diode arrangement allows
current capability. For example, a 10 V breakdown device protectionagainst both positive and negative transients to be
from the same 1500 W family will clamp to under 15 V achieved, an essential requirement but the TVS devigces Z
(typically 12 V) when subjected to a 100 A pulse. and % need only be unidirectional. The diodes are chosen

Telecommunications lines which must accommodate theto have low capacitance to reduce loading on the line and
ring voltage have much more severe requirements. Forlow turn-on impedance to avoid causing an overshoot on the
example, one specificatibhfrom Bellcore suggests that clamped voltage level. Although a zener TVS is shown, a
leakage current be under 20 mA over the temperature rangdSS is more appropriate when a telephone line having ring
from —40°C to +65C with 265 V peak ac applied. To meet voltages is to be protected.
this specification using Zener TVS parts, devices must be
stacked. Devices which breakdown at 160 V are chosen to
accommodate tolerances and the temperature coefficient. A D D,
part number with a 10% tolerance on breakdown could
supply a unit which breaks down at 144 V. At 2@0
breakdown could be 133 V. The breakdown of two devices
stacked just barely exceeds the worst case ring peak of
265V. A 1500 W unit has a surge capability of 6.5 A
(10/1000) which is too low to be satisfactory while higher
power units are too expensive as a rule. Ds Dy

Anotherproblem which telephone line service presents to
a surge suppressor is survival during a power cross. An

avalanche diode is impractical to use because the energy 2 Z,

delivered by gower cross will produce diode failure before

any overcurrent protective element can react. P T
As indicated by the Bell South studies, the thyristor TVS I

is ideal for telephone line applications. Suppliers offer

ynidirectional and pidirectional uni.ts which meet tk_lg FCC Figure 23. A Method of Réducing Capacitance and

impulse wave requirementsstsown in &ble 1. In addition, Protecting a Balanced Line

the thyristor can handle several cycles of 50/60 Hz power _ o

before failure. The ON Semiconductor MKT1V200 series,  Sincetransients are usually common-mode, it is important

for example, can handle 10 A for 4 cycles, which is enoughthat the TVS circuit operate in a balanced fashion;
time for a low current fuse or other current activated otherwise, common mode transients can cause differential

protective device to react. mode disturbances which can be devastating to the line
receiver. For example, suppose that an identical positive
APPLICATION CONSIDERATIONS common mode surge voltage appears from each

In most cases, it is not advisable to place a zener TVSline-to-groundDiodes B and D will conduct the transients
directly across a data line because of its relatively highto Z,. However, if one of these diodes has a slower turn-on
capacitance. The arrangement previously discussed anar higher dynamic impedance than the other, the voltage
shown in Figure 21 works well for an unbalanced line such difference caused by the differing diode response appears
as RS-232. When using discrete steering diodes, they shouldcrosshe signal lines. Consequently, the bridge diodes must
have low capacitance and low turn-on impedance to avoidbe chosen to be as nearly identical as possible.
causing an overshoot on the clamped voltage level. Should a differential mode transient appear on the signal

Most noise and transient surge voltages occur on lineslines, it will be held to twice that of the line-to-ground
with respect to ground. A signal line such as RS-232 which clamping level. In many cases a lower clamping level is
uses ground as a signal reference is thus very vulnerable tdeeded which can be achieved by placing another TVS
noise and transients. It is, however, easy to protect using across the signal lines. It must be a bidirectional low
single TVS at each end of the line.
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capacitance device. With a line-to-line TVS in the circuit resulting current flow. To insure that this occurs,
diode matching is not required. semiconductor devices use heavy gauge clips or bonding
Other schemes appearing in the literature use twowires between the chip and terminals. In addition, parts are
bidirectional TVS devices from each line-to-ground as available in plastic packages having a spring type shorting
shown in Figure 24 that of the line-to-ground voltage. To bar which shorts the terminals when the package softens at
avoid generating a differential mode signal, the TVS must the very high temperatures generated during a severe
be closely matched or a third TVS must be placed overload.
line-to-line. By using a third TVS differential mode The shorted TVS protects the equipment, but the line
transients can be held to a low level. feeding it could be destroyed if the source of energy which
shorted the TVS is from a power cross. Therefore, it is wise
o and necessary for a UL listing to provide a series element
such as a fuse or PTC device to either open the circuit or
restrict its value to a safe level.
The design of circuit boards is critical and layout must be
done to minimize any lead or wiring inductance in series
Ts with the TVS. Significant voltage is developed in any loop
subject tdransients because of their high current amplitudes
and fast risetimes.

TP o
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IMPORTANT REGULATORY REQUIREMENTS UL943. This requirement defines a 0%/100 kHz
AND GUIDELINES waveformfor ground fault and other switching applications.
GENERAL VDE 0420. Industrial remote control receivers are
DOD-STD-1399, MIL-STD-704, MIL-STD-1275, detailed, and test procedures defined.
MIL-STD-461C. These military specifications are VDE 0860/Part 1/11. This includes a description of
important, if we intend to target devices for military or 0-2/200us, 10KV test requirements.

commercial aviation markets. TELECOM
IEEE 587.This specification describes multiple transient  ~~ 11 x K.17. K.20. K.15. These documents relate to
waveforms. repeaters. ' ’

UL1449. This is_a gompulsqry _test which c_lemonstrates EIA PM-1361. This document covers requirements for
performance to criteria establishing the maximum V°|tagetelephone terminals and data processing equipment.

that can pass through a device after clamping has taken FTZ 4391 TV1. This is a general German specification
place. It is important that we compgnd say so on our data for telecom equipment

sheets. FCC Part 68. The Federal Communications Commission
INDUSTRIAL (FCC) requirements for communications equipment is

ANSI/IEEE C62.41. Established by the American defined_. Of special note §68.302,dealing with telecom
National Standards Institute (ANSI) and the Institute of POWer lines. _ .
Electrical and Electronic Engineers (IEEE), this guideline NT/DAS/PRL/003. Telephone instrument, subscriber
tests the effectiveness of devices to typical power €duipmentand line requirements are documented.
disturbances. To meet the most rigorous category of this PTT 692.01.This is a general Swiss specification for
spec, a device or module must be capable of withstanding 4€/6cOm exchange equipment.

maximum repetitive surge current pulse of 3000 amps with REA PE-60. The Rural Electrificatiqn Administration
a 8/20us waveform. (REA) has documented the predominant waveform for

IEC TC 102 D. Requirements for remote control induced lightning transients. This test is now commonly

receivers for industrial applications are detailed in this known as the 10/1008s pulse test.
International  Electrotechnical Commission (IEC)  REA PE-80.The REA defines requirements for gas tubes

document. and similar devices for telecom applications.

IEC 255-4 and IEC TC 41.These documents describe  TA-TSY-000974. This technical advisory by Bellcore
testing for static relays for industrial use. defines double exponential waveforms, which are the basis

IEC 801-1 thru -3. These are specifications for various for many telecom applications norms. _
industrial control applications. UL 1459 and UL 497$.These document detall' tests for

IEC 801-4.The IEC specifies transient voltage impulses Standard telephone equipment and data transmission.
which occur from the switching of inductive loads. We must ~ TA-TSY-000974. This technical advisory by Bellcore
be aware of the importance of this specification, especially d€fines double exponential waveforms, which are the basis
in Europe, and characterize our devices’ performance to it.for many telecom applications norms. _

IEEE 472/ANSI C 37.90.1Requirements for protective UL 1459 and UL 4978 These document detail tests for
relays, including 10/1000 nS waveform testing is described. Standard telephone equipment and data transmission.
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Industrial and Hi-Rel Zener Diodes

APPLICATION NOTE

INTRODUCTION 1. The surge data may be presented in terms of actual surge
Because of the sensitivity of semiconductor componentsPower instead of nominal power. _
to voltage transients in excess of their ratings, circuits are 2. Product improvements have occurred since the data
often designed to inhibit voltage surges in order to protect Sheet was published.
equipment from catastrophic failure. External voltage

transientare imposed on power lines as a result of lightning s 50
strikes, motors, solenoids, relays or SCR switching circuits, = o
which share the same ac source with other equipmenty 1o
Internal transients can be generated within a piece of2 5 Bans= =
equipment by rectifier reverse recovery transients,é 2 —T~~LL1! 1N6267 SERIES
switching of loads or transformer primaries, fuse blowing, & 1=
solenoidsetc. The basic relation, v = L di/dt, describes most %‘ 05 — pypaid TYPE=S
. . ~L ‘\\5
equipment developed transients. % OE 1703 W TYPESTHE= 1
ZENER DIODE CHARACTERISTICS §0ld5%ﬁ’9§9 Do-4
= [ N
Zener diodes, being nearly ideal clippers (that is, they g gaf 20 mWT01WLYPES ! = =
exhibit close to an infinite impedance below the clipping * 0.01 GLASS DO-35 & GLASS DO-41 —
001 002 005 01 02 05 1 2 5 10

leveland close to a short circuit above the clipping level), are
often used to suppress transients. In this type of application, o _ _
it is important to know the power capability of the zener for FOWer is defined as Vzow) X Iz(pk) where Vzow) is the nominal
. . . . _zener voltage measured at the low test current used for voltage
short pulse durations, since they are intolerant of excessiveasification.
stress.
Some ON Semiconductor data sheets such as the ones for ~Figure 1. Peak Power Ratings of Zener Diodes
devices shown in Table 1 contain short pulse surge . ] ]
capability. However, there are many data sheets that do not 3- Larger dice are used, or special tests are imposed on the
contain this data and Figure 1 is presented here toProduct to guarantee higher ratings than those shown on

PULSE WIDTH (ms)

supplement this information. Figure 1. o
4. The specifications may be based on a JEDEC
Table 1. Transient Suppressor Diodes registration or part number of another manufacturer.
Series Steady The data of Figure 1 applies for non-repetitive conditions
Numbers | State Power | Package Description and at a lead temperature of@5If the duty cycle increases,
the peak power must be reduced as indicated by the curves
1N4728 1w DO-41 Double Slug Glass ]
of Figure 2. Average power must be derated as the lead or
1N6267 SW Case 41A | Axial Lead Plastic ambient temperature rises abové@5The average power
1N5333A 5W Case 17 Surmetic 40 derating curve normally given on data sheets may be
IN746/957 | 400 mW DO-35 | Double Slug Glass normalized and used for this purpose.
AJ4371 At first glance the derating curves of Figure 2 appear to be
in error as the 10 ms pulse has a higher derating factor than
1IN5221A 500 mW DO-35 Double Slug Glass

the 10ps pulse. However, when the derating factor for a

Some data sheets have surge information which differsgivenpulse of Figure 2 is multiplied by the peak power value
slightly from the data shown in Figure 1. A variety of reasons of Figure 1 for the same pulse, the results follow the
exist for this: expected trend.
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When it is necessary to use a zener close to surge ratings, CIRCUIT CONSIDERATIONS
and a standard part having guaranteed surge limits is not |t js important that as much impedance as circuit
suitable, apecial part number may be created having a surgeconstraintsllow be placed in series with the zener diode and
limit as part of the specification. Contact your nearest the components to be protected. The result will be a lower
ON Semiconductor OEM sales office for capability, price, clippingvoltage and less zener stress. A capacitor in parallel
delivery, and minimum order criteria. with the zener is also effective in reducing the stress imposed

MATHEMATICAL MODEL by very short duration transients. o _
To illustrate use of the data, a common application will be

0; ——— anglyzed?l’he transistor in Figure 3 drives_a 50 mH solenoid
S T which requires 5 amperes of current. Wlthout some means
TR N of clamping the voltage from the inductor when the
5 g-z \\ N \\\:\\ transistor turns off, it could be destroyed.
Q N N NN
i 0 NI NN ‘PULsfoer:? T P
é 0.07 . = 1 50 mH, 5 Q Ve
g oo ENSESHIENE TSl £
0.03 N — 10 ms:j F—Lﬁ 1l L
0.02 N\ 100 pis 2s - -
0.01 \10 Hs Used to select a zener_t_:iiode having the proper voltage
01 02 05 1 2 5 10 20 50 100 and power capability to protect the transistor.
D, DUTY CYCLE (%) Figure 3. Circuit Example
Figure 2. Typical Derating Factor for Duty Cycle The means most often used to solve the problem is to

. . connect an ordinary rectifier diode across the coil; however,
Since the power shown on the curves is not the actual

transient power measured, but is the product of the peakth'.S technique may keep the currenF C|r_CuIa_t|ng th_rough the
oil for too long a time. Faster switching is achieved by

current measured and the nominal zener voltage measured"" - :
- llowingthe voltage to rise to a level above the supply before
at the current used for voltage classification, the peak current_ . ; . .
eing clamped. The voltage rating of the transistor is 60 V,

can be calculated from: P indicating that approximately a 50 volt zener will be
lzpy= ———— 1) required.
Vz(nowm) The peak current will equal the on-state transistor current
(5 amperes) and will decay exponentially as determined by
the coil L/R time constant (neglecting the zener impedance).
Vzpky = Fe % Vznom) 2) A rectangular pulse of width L/R (0.01 sec) and amplitude

, ) , . of Ipk (5 A) contains the same energy and may be used to
where k is the clamping factor. The clamping factor is goject a zener diode. The nominal zener power rating

approximately 1.2_0 _for all zener diodes when operated aliherefore must exceed (5450) = 250 watts at 10 ms and

their pulse power limits. For example, a 5 watt, 20 volt zener a duty cycle of 0.01/2 = 0.5%. From Figure 2, the duty cycle
can be expected to show a peak voltage of 24 volts regardlesg, .1 is 0.62 making the single pulse power rating required
of whether it is handling 450 watts for 0.1 ms or 50 watts for equal to 250/0.62 = 403 watts. From Figure 1, one of the
10 ms. This occurs because the voltage is a function of;\e267 series zeners has the required capability. The

junctiontemperature and IR drop. Heating of the junction is 1N6287 is specified nominally at 47 volts and should prove
more severe at the longer pulse width, causing a highersatisfactory.

voltage component due to temperature which is roughly Although this series has specified maximum voltage
offset by the_smaller IR voltage comp(_)nen_t. limits, equation 3 will be used to determine the maximum
For modeling purposes, an approximation of the zener, ., voltage in order to demonstrate its use.
resistance is needed. It is obtained from:
47(1.20 - 1) 9.4

y - . - = 0.9Q
znowm)(Fc-1) 3) z 500/47 10.64

The peak voltage at peak current can be calculated from:

Rznowm) =
(NOW) PpkNomy/Vznom)

At 5 amperes, the peak voltage will be 4.5 volts above

The value is approximate because both the clampingp,mina| or51.5 volts total which is safely below the 60 volt
factorand theactual resistance are a function of temperature. transistor rating.
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APPLICATION NOTE

INTRODUCTION
One problem that most, if not all electronic equipment
designers must deal with, is transient overvoltages.
Transients in electrical circuits result from the sudden

release of previously stored energy. Some transients may b%e destroyed. When the fuse opens and interrupts the fault

voluntary and created in the circuit due to inductive . : :

N ) : current, the slightly inductive power supply produces a
switching, commutation voltage spikes, etc. and may be _ _ di .
easily suppressed since their energy content is known andransientoltage spike o = L 7 with an energy content of

predictable. Other transients may be created outside thel = 1/2L7. This transient might be beyond the voltage
circuit and then coupled into it. These can be caused bylimitations of the rectifiers and/or load 1. Switching out a
lightning, substation problems, or other such phenomenahigh current load will have a similar effect.
These transients, unlilgvitching transients, are beyond the
control of the circuit designer and are more difficult to TRANSFORMER PRIMARY
identify, measure and suppress. BEING ENERGIZED

Effective transient suppression requires that the impulse If a transformer is energized at the peak of the line voltage
energy idissipated in the added suppressor at a low enougHFigure 2), this voltage step function can couple to the stray
voltage so the capabilities of the circuit or device will not be capacitance and inductance of the secondary winding and
exceeded. generate an oscillating transient voltage whose oscillations

depend on circuit inductance and capacitance. This
REOCCURRING TRANSIENTS transient's peak voltage can be up to twice the peak
Transients may be formed from energy stored in circuit amplitude of the normal secondary voltage.
inductanceand capacitance when electrical conditions inthe  In addition to the above phenomena the capacitively
circuit are abruptly changed. coupled (&) voltage spike has no direct relationship with
Switching induced transients are a good example of this;the turns ratio, so it is possible for the secondary circuit to see
the change in currer(%) in an inductor (L) will generate  the peak applied primary voltage.

a voltage equal tbg—l. The energy (J) in the transient is equal

to 1/2Li¢ and usually exists as a high power impulse for a
relatively short time (J = Pt).
If load 2 is shorted (Figure 1), devices parallel to it may

FUSE

POWER | ¥

SUPPLY 0
(@) SHORT

LOAD ACROSS Vag
_B 2 LOAD 2
Figure 1. Load Dump with Inductive Power Supply
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SWITCH PEAK SHOULD
BE 30% LIGHTER \ } } }
A )
e A A4
LOAD A | |
o MAY HAVE STRAY
B INDUCTANCE OR Vag

CAPACITANCE |
SWITCH |
Vpg - | CLOSED |

Figure 2. Situation Where Transformer Capacitance Causes a Transient

TRANSFORMER PRIMARY Transients produced by interrupting transformers
BEING DE-ENERGIZED magnetizing current can be severe. These transients can
If the transformer is driving a high impedance load, destroy a rectifier diode or filter capacitor if a low
transients of more than ten times normal voltage can beimpedance discharge path is not provided.
created at the secondary when the primary circuit of the SWITCH “ARCING”

transformer impened during zero-voltage crossing of the ac h itch d i .
line. This is due to the interruption of the transformer When a contact type switch opens and tries to interrupt

magnetizing current which causes a rapid collapse of thecurrent in an inductive circuit, the inductance tries to keep

magnetidlux in the core. This, in turn, causes a high voltage current flowing by charging stray capacitances. (See
transient to be coupled into the transformer’s secondary':Igure 4)
winding (Figure 3).

LINE | 7"\
—e VOLTAGE i
N N
SWITCH \ | }
O_I_O/ MAGNETIZING /| \ /J\‘

L) L
CURRENT AND ‘ ‘ ‘
LAI\IS:E Im FLUX ./\ \ \J./ \
e LOAD (. \ \

SECONDARY N\

VOLTAGE N SWITCH

OPENED

Figure 3. Typical Situation Showing Possible Transient When Interrupting
Transformer Magnetizing Current

VCap

LINE

\/\/\/\/\//
TRANSIENT
" SENSITIVE
VOLTAGE | LOAD
$ Viine
J——

Figure 4. Transients Caused by Switch Opening
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This can also happen when the switch contacts bounce — Vi
open after its initial closing. When the switch is opened (or 0.9 Vo =
bounces open momgntarily) the current that the inductance £=10 s (f = 100 kH2)
wants to keep flowing will oscillate between the stray |
capacitancand the inductance. When the voltage due to the \ ‘ |
oscillation rises at the contacts, breakdown of the contact | \ ‘
gap is possible, since the switch opens (or bounces open) 0.1 Vy — } /\
relatively slowly compared to the oscillation frequency, and 0.5 s —
the distance may be small enough to permit “arcing.” The
arc will discontinue at the zero current point of the
oscillation,but as the oscillatory voltage builds up again and
the contacts move further apart, each arc will occur at a —— 60% OF Vg
higher voltage until the contacts are far enough apart to
interrupt the current. Figure 5. 0.5 us 100 kHz Ring Wave
WAVESHAPES OF SURGE VOLTAGES The oscillating portion of the waveform produces voltage
Indoor Waveshapes polarity reversal effects. Some semiconductors are sensitive

| to polarity changes or can be damaged when forced into or
calculations indicate that the majority of surge voltages in ©ut f conduction (i.e. reverse recovery of rectifier devices).
indoor low-voltage power systems have an oscillatory The s_:ensmwty of some semiconductors to the tlmlljg anq
waveshape. This is because the voltage surge excites thBOl&rity of a surge is one of the reasons for selecting this
natural resonant frequency of the indoor wiring system. In OScillatory waveform to represent actual conditions.
addition to being typically oscillatory, the surges can also _

have different amplitudes and waveshapes in the variousOlJtdOOr Loc_at'O.nS o ]
places of the wiring system. The resonant frequency can Both oscillating and unidirectional transients have been
range from about 5 kHz to over 500 kHz. A 100 kHz recorded in outdoor environments (service entrances and

frequency is a realistic value for a typical surge voltage for Other places nearby). In these locations substantial energy is
most residential and light industrial ac wire systems. still available in the transient, so the waveform used to
The waveshape shown in Figure 5 is known as an§.5 model transient conditions outside bwldmg_s must contgln
— 100 kHz ring wave.” This waveshape is reasonably greater energy than one used to model indoor transient
representative ahdoor low-voltage (120 V — 240 V) wiring ~ SUrges.
system transients based on measurements conducted by Properly selected surge suppressors have a good
several independent organizations. The waveshape ideputation of successful performance when chosen in
defined as rising from 10% to 90% of its final amplitude in conjunction with the waveforms described in F|gure_ 6. The
0.5us, then decays while oscillating at 100 kHz, each peak¢commendedaveshape of 1.2 50us (1.2us is associated
being 60% of the preceding one. with the transients rise time and the&0is the _tlmg it takes
The fast rise portion of the waveform can induce the for the voltage to drop to 1/2)) for the open circuit voltage
effects associated with non-linear voltage distribution in @nd 8x 20us for the short circuit current are as defined in
windings or cause dv/dt problems in semiconductors. [EEE standard 28-ANSI Standard C62.1 and can be
Shorter rise times can be found in transients but they areconsidered @ealistic representation of an outdoor transients
lengthened as they propagate into the wiring system orWaveshape.
reflected from wiring discontinuities.

Measurements in the field, laboratory, and theoretica

<

0.9Vy |

\
0.3 Vi \ }
0.1 Vi } |
—H— b= — | 1528
f l< 50 ps J tx1.67=12us | 20 ps —| 2% he
(a) Open-Circuit Voltage Waveform (b) Discharge Current Waveform

Figure 6. Unidirectional Wave Shapes
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The type of device under test determines which branch of gower distribution system and can also be caused
waveshape in Figure 6 is more appropriate. The voltageby lightning.
waveform is normally used for insulation voltage withstand
tests and the current waveform is usually used for discharge AC POWER LINE TRANSIENTS
Transients on the ac power line range from just above

current tests.
normal voltage to several kV. The rate of occurrence of
RANDOM TRANSIENTS transients varies widely from one branch of a power
The source powering the circuit or system is frequently distributionsystem to the next, although low-level transients
the cause of transient induced problems or failures. Theseccur more often than high-level surges.
transients are difficult to deal with due to their nature; they Datafrom surge counters and other sources is the basis for
are totally random and it is difficult to define their the curves shown in Figure 7. This data was taken from
amplitude duration and energy content. These transients areunprotected (no voltage limiting devices) circuits meaning
generally caused by switching parallel loads on the samethat the transient voltage is limited only by the sparkover
distance of the wires in the distribution system.

20 -
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Figure 7. Peak Surge Voltage versus Surges per Year*
*EIA paper, P587.1/F, May, 1979, Page 10
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The low exposure portion of the set of curves is data open circuit voltages do not change very much throughout
collected from systems with little load-switching activity the structure since the wiring does not provide much
that are located in areas of light lightning activity. attenuation. There are three categories of service locations

Medium exposure systems are in areas of frequentthat can represent the majority of locations from the
lightning activity with a severe switching transient problem. electrical service entrance to the most remote wall outlet.

High exposure systems are rare systems supplied by londg hese are listed below. Table 1 is intended as an aid for the
overhead lines which supply installations that have high preliminary selection of surge suppression devices, since it
sparkover clearances and may be subject to reflections ats very difficult to select a specific value of source
power line ends. impedance.

When using Figure 7 it is helpful to remember that peak N ] . »
transient voltages will be limited to approximately 6 kV in Category I: Outlets and circuits a *long distance” from

indoor locations due to the spacing between conductors"3‘|eCtrica| service entrance. Outlets more than 10 meters
using standard wiring practices. from Category Il or more than 20 meters from Category

TRANSIENT ENERGY LEVELS AND Il (wire gauge #14 — #10)
SOURCE IMPEDANCE Category II: Major bus lines and circuits a “short distance”
The energy contained in a transient will be divided betweenfrom electrical service entrance. Bus system in industrial

the transient suppressor and the source impedance of thEIants. Outlets for heavy duty appliances that are “close”
transient in a way that is determined by the two impedancesto the service entrance

With a spark-gap type suppressor, the low impedance of the
Arc after breakdown forces most of the transient’s energy to
be dissipated elsewhere, e.g. in a current limiting resistor in
series with the spark-gap and/or in the transient’s sourceCategory Ill. Electrical service entrance and outdoor
impedance. \oltage clamping suppressors (e.g. zenersjgcations.

mov’s, rectifiers operating in the breakdown region) on the  power line between pole and electrical service entrance.
other hand absorb a large portion of the transient's surge power line between distribution panel and meter.

energy. So it is necessary that a realistic assumption of the pgwer line connection to additional near-by buildings.
transient’s source impedance be made in order to be able to Underground power lines leading to pumps, filters, etc.

select a device with an adequate surge capability.

The 100 kHz “Ring Wave” shown in Figure 5 is intended Categories | and Il in Table 1 correspond to the extreme
to represent a transient’s waveshape across an open circuitange of the “medium exposure” curve in Figure 7. The
The waveshape will change when a load is connected and theurge voltage is limited to approximately 6 kV due to the
amount of change will depend on the transient's sourcesparkover spacing of indoor wiring.
impedance. The surge suppressor must be able to withstand
the current passed through it from the surge source. An The discharge currents of Category Il were obtained from
assumption ofoo high a surge impedance (when testing the Simulated lightning tests and field experience with
suppressor) will not subject the device under test tosuppressor performance.
sufficient stresses, while an assumption of too low a surge The surge currents in Category | are less than in Category
impedance may subject it to an unrealistically large stress;/l because of the increase in surge impedance due to the fact
there is a trade-off between the size (cost) of the suppressoihat Category | is further away from the service entrance.
and the amount of protection obtained. Category Il can be compared to the “High Exposure”

In a building, the transient’s source impedance increasessituation in Figure 7. The limiting effect of sparkover is not
with the distance from the electrical service entrance, butavailable here so the transient voltage can be quite large.

Distribution panel devices.
Commercial building lighting systems.

Table 1. Surge Voltages and Currents Deemed to Represent the Indoor Environment Depending Upon Location
Energy (Joules) Dissipated in a
Suppressor with a Clamping Voltage of  (3)
Category Waveform Surge Voltage () Surge Current (2) 250 V 500 V 1000 V
| 0.5 ps 100 kHz 6 kV 200 A 0.4 0.8 1.6
Ring Wave
I 0.5 ps 100 kHz 6 kV 500 A 1 2 4
Ring Wave
1.2 x50 ps 6 kv
8 x 20 us 3 kA 20 40 80
Il 1.2 x50 ps 10 kV or more
8 x 20 us 10 kA or more

Notes: 1. Open Circuit voltage
2. Discharge current of the surge (not the short circuit current of the power system)
3. The energy a suppressor will dissipate varies in proportion with the suppressor’s clamping voltage, which can be different with different system voltages (assuming the same
discharge current).
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LIGHTNING TRANSIENTS Dump” can cause the most destructive transients; it is when

There are several mechanisms in which lightning can the battery becomes disconnected from the charging system
produce surge voltages on power distribution lines. One ofduring high charging rates. This is not unlikely when one
them is a direct lightning strike to a primary (before the considers bad battery connections due to corrosion or other
substation) circuit. When this high current, that is injected wiring problems. Other problems can exist such as steady
into the power line, flows through ground resistance and thestate overvoltages caused by regulator failure or 24 V
surge impedance of the conductors, very large transientoatteryjump starts. There is even the possibility of incorrect
voltages will be produced. If the lightning misses the battery connection (reverse polarity).
primary power line but hits a nearby object the lightning ~ Capacitive and/or inductiveoupling in wire harnesses as
discharge may also induce large voltage transients on thavell as conductive coupling (common ground) can transmit
line. When a primary circuit surge arrester operates andthese transients to the inputs and outputs of automotive
limits the primary voltage the rapid dv/dt produced will €lectronics.
effectivelycouple transients to the secondary circuit through ~ The Society of Automotive Engineers (SAE) documented
the capacitance of the transformer (substation) windings ina table describing automotive transients (see Table 2) which
addition to those coupled into the secondary circuit by is useful when trying to provide transient protection.
normal transformer action. If lightning struck the secondary ~ Considerableariation has been observed while gathering
circuit directly, very high currents may be involved which data on automobile transients. All automobiles have their
would exceed the capability of conventional surge electricalsystems set up differently and it is not the intent of
suppressors. Lightning ground current flow resulting from this paper to suggest a protection level that is required. There
nearby direct to ground discharges can couple onto thewill always be a trade-off between cost of the suppressor and
common ground impedance paths of the grounding the level of protection obtained. The concept of one master

networks also causing transients. suppressor placed on the main power lines is the most
cost-effective scheme possible since individual suppressors
AUTOMOTIVE TRANSIENTS at the various electronic devices will each have to suppress

Transients in the automotive environment can range fromthe largest transient that is likely to appear (Load Dump),
the noise generated by the ignition system and the variousienceeach individual suppressor would have to be the same
accessories (radio, power window, etc.) to the potentially size as the one master suppressor since it is unlikely for

destructive high energy transients caused by the chargingeveral suppressors to share the transient discharge.
(alternator/regulator) system. The automotive “Load

Table 2. Typical Transients Encountered in the Automotive Environment

Length of Energy Capability Possible Frequency
Transient Cause Voltage Amplitude of Application
0
Steady State | Failed Voltage Regulator Infrequent
+18 V
[oe]
5 Minutes Booster starts with 24 V battery Infrequent
24V
—j i i i >10J
4.5-100 ms Lpad Dump i.e., disconnection of battery during Infrequent
high charging rates <125V
<1J
<0.32s Inductive Load Switching Transient Often
-300 V to +80 V
) <1
<0.2s Alternator Field Decay Each Turn-Off
-100 Vto—-40V
Ignition Pulse <05J < 500 Hz ) .
90 ms Disconnected Batter Several Times in
y =75V vehicle life
- <1
1ms Mutual Coupling in Harness Often
<200V
" <0.001J 3500 Hz
15 ps Ignition Pulse Normal .y Continuous
Accessory Noise <15V 50 Hz to 10 kHz
Transceiver Feedback =20 mV R.F.
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There will, of course, be instances where a need forintergranulaboundaries. These boundaries are the source of
individual suppressors at the individual accessories will bethe MOV'’s non-linear electrical behavior.
required, depending on the particular wiring system or MOV electrical characteristics are mainly controlled by
situation. the physical dimensions of the polycrystalline structure

since conduction occurs between the zinc oxide grains and
TRANSIENT SUPPRESSOR TYPES the intergranular boundaries which are distributed
Carbon Block Spark Gap throughout the bulk of the device.

This is the oldest and most commonly used transient The MOV polycrystalline body is usually formed into the
suppressor in power distribution and telecommunication shape of a disc. The energy rating is determined by the
systemsThe device consists of two carbon block electrodes device’s volume, voltage rating by its thickness, and current
separated by an air gap, usually 3 to 4 mils apart. Onehandling capability by its area. Since the energy dissipated
electrode ixonnected to the system ground and the other toin the device is spread throughout its entire metal oxide
the signal cable conductor. When a transient over-voltagevolume, MOV’s are well suited for single shot high power
appearsits energy is dissipated in the arc that forms betweentransient suppression applications where good clamping
the two electrodes, a resistor in series with the gap, and als@apability is not required.
in the transient’s source impedance, which depends on The major disadvantages with using MOV's are that they
conductor length, material and other parameters. can only dissipate relatively small amounts of average

The carbon block gap is a fairly inexpensive suppressorpower and are not suitable for many repetitive applications.
but it has some serious problems. One is that it has aAnother drawback with MOV’s is that their voltage
relatively short service life and the other is that there areclamping capability is not as good as zeners, and is
large variations in its arcing voltage. This is the major insufficient in many applications.
problem since a nominal 3 mil gap will arc anywhere from  Perhapshe major difficulty with MOV’s is that they have
300 to 1000 volts. This arcing voltage variation limits its use a limited life time even when used below their maximum
mainly to primary transient suppression with more accurateratings. For example, a particular MOV with a peak current
suppressors to keep transient voltages below an acceptablgandlingcapability of 1000 A has a lifetime of about 1 surge
level. at 1000 Ay, 100 surges at 10Q,Aand approximately 1000
surges at 65 fx.

Gas Tubes
The gas tube is another common transient suppressor, TRANSIENT SUPPRESSION
especially in telecommunication systems. It is made of two USING ZENERS

metallic conductors usually separated by 10 to 15 mils Zener diodes exhibit a very high impedance below the
encapsulated inglass envelope which is filled with several  zener voltage (¥), and a very low impedance above.V
gases at low pressure. Gas tubes have a higher currerBecause ofhese excellent clipping characteristics, the zener
carrying capability and longer life than carbon block gaps. diode is often used to suppress transients. Zeners are
The possibility of seal leakage and the resultant of lossintolerant of excessive stress so it is important to know the
protection has limited the use of these devices. power handling capability for short pulse durations.
Selenium Rectifiers Most zeners handle less than thelr rated power during
Selenium transient suppressors are selenium rectifiersnormal applications and are designed to operate most
used in the reverse breF;F;(down mode to clamp volta eeffectively at this low level. Zener transient suppressors
transients. Some of these devices have seFI)f-heaIi?I such as the ON Semiconductor 1N6267 Mosorb series are
Lo ) . gdesigned to take large, short duration power pulses.
properties which allows the device to survive energy This is accomplished by enlarging the chip and the
discharges greater than their maximum capability for a o A . .
L . o effective junction area to withstand the high energy surges.
limited number of surges. Selenium rectifiers do not have o .
the voltage clamping capability of zener diodes. This is The package size is usually kept as small as possible to
9 ping cap y ' provide space efficiency in the circuit layout, and since the

causing their usage to become more and more limited. package does not differ greatly from other standard zener
METAL OXIDE VARISTORS (MOV'’S) packages, the steady state power dissipation does not differ
An MOV is a non-linear resistor which is voltage dreatly. n _
dependent and has electrical characteristics similar to SOmedata sheets contain information on short pulse surge
back-to-backzener diodes. As its name implies it is made up capability. When this information is not available for ON
of metal oxides, mostly zinc oxide with other oxides added Semiconductor devices, Figure 8 can be used. This data
to control electrical characteristics. MOV characteristics are aPpliesfor non-repetitive conditions with a lead temperature
compared to back-to-back zeners in Photos 2 through 7. Of 25°C. . _
When constructing MOV's the metal oxides are sintered It iS necessary to determine the pulse width and peak
at high temperatures to produce a polycrystalline structurePOWer of the transient being suppressed when using
of conductive zinc oxide separated by highly resistive Figure 8. This can be done by taking whatever waveform
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the transient is and approximating it with a rectangular pulse Eqtn 1: Vz(pk) = Fc (Vznom)

W.'th the same peak POWEr. For example, an egponentlal Unless otherwise specifie¢tis approximately 1.20 for
dischargewith a 1 ms time constant can be approximated by : . L
zener diodes when operated at their pulse power limits.

a rectangular pulse 1 ms wide that has the same peak power
. ; C For example, a 5 watt, 20 volt zener can be expected to
as the transient. This would be a better approximation than o
: . : show a peak voltage of 24 volts regardless of whether it is
a rectangular pulse 10 ms wide with a correspondingly lower :
. L . ; handling 450 watts for 0.1 ms or 50 watts for 10 ms. (See
amplitude. This is because the heating effects of different _.
. : o Figure 8.)
pulse width lengths affect the power handling capability, as . . .
. ) . Thisoccurs because the zener voltage is a function of both
can be seen by Figure 8. This also represents a conservative . .
S . . janction temperature and IR drop. Longer pulse widths
approach because the exponential discharge will contain . ) . )
. cause greater junction temperature rise than short ones; the
1/2 the energy of a rectangular pulse with the same pulse S . i .
; : increase in junction temperature slightly increases the zener
width and amplitude.

voltage. This increase in zener voltage due to heating is

__ 100 roughly offset by the fact that longer pulse widths of
2 50 identical energy content have lower peak currents. This
G 2 results in a lower IR drop (zener voltage drop) keeping the
§ 10 = — clamping factor relatively constant with various pulse
x 5 — s widths of identical energy content.
£ 2 = 1N6267 SERIES An approximation of zener impedance is also helpful in
s i —— the design of transient protection circuits. The value of
§ 0.5 :‘L. — = & WATT TYPES Rz(nom) (Eqn 2) is approximate because both the clamping
= 02} 47103 WTYPES T = t—— factor and the actual resistance is a function of temperature.
S 01 ===k PLASTIC D041 : V2 £
S 005 T ~ Eqin 2: R _ z(nom) (Fc 1)
& 0.02]F 250 MW TO 1 W TYPES =7 = = q Z(nom) P ok(nom)
0.01 __f_GLASS DO-35 & GLASS DO-41 —
001 002 005 01 02 05 1 2 5 10 Vznom) = Nominal Zener \Voltage
PULSE WIDTH (ms) Ppk(nom) = Found from Figure 8 when device type and

pulse width are known. For example, from Figure 8 a

IN6267 zener suppressor hasgxfom) of 1.5 kW at a
Whenused in repetitive applications, the peak power must pylse width of 1 ms.

be reduced as indicated by the curves of Figure 9. Averagens seen from equation 2, zeners with a larget Rm)

power must be derated as the lead or ambient temperaturgapabi"ty will have a lower Rnom

exceeds 2%C. The power derating curve normally given on

Figure 8. Peak Power Ratings of Zener Diodes

data sheets can be normalized and used for this purpose. ZENER versus MOV TRADEOFFS
1 The clamping characteristics of Zeners and MOV's are
g~ best compared by measuring their voltages under transient
0.5[N SR conditions. Photos 1 through 9 are the result of an
NN experiment that was done to compare the clamping
o 0.3 \ N \\ \\ .. .
S 02 N N A charac?erlstlcs of a Zene'r (ON Semiconductor 1N6281,
2 N \\ NS PULSE WIDTH approximately 1.5J capability) with those of an MOV (G.E.
S 0.4 N \\\ ™ ‘1‘,0 ms V27ZA4, 4] capability); both are 27 V devices.
5007 NG N — Photo 1 shows the pulse generator output voltage. This
go.os 2 HHN] ms generator synthesizes a transient pulse that is characteristic
0.03 q N [ | of those that may appear in the real world.
0.02 100 ps Photos 2 and 3 are clamping voltages of the MOV and
J0ks Zener respectively with a surge source impedance of(300
0.01 Photos 4 and 5 are the clamping voltages with a surge
01 02 05 1 2 5 10 20 50

source impedance of X0.
Photos 6 and 7 simulate a condition where the surge
Figure 9. Typical Derating Factor for Duty Cycle source impedance is(.
Photos &nd 9 show a surge source impedance of Q,55
The peak zener voltage during the peak current of thewhich is at the limits of the Zener suppressor’s capability.
transient being suppressed can be related to the nominal
zener voltage (Eqtn 1) by the clamping factag)(F

D, DUTY CYCLE (%)
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PHOTO 1

Open Circuit Transient Pulse
Vert: 20 V/div

Horiz: 0.5 ms/div

Vpeak =90V

PHOTO 2

MOV (27 V)

Vert: 10 V/div

Horiz: 0.5 ms/div

Transient Source Impedance: 500 Q
Vpeak = 39.9 V
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PHOTO 3

Zener (27 V)

Vert: 10 V/div

Horiz: 0.5 ms/div

Transient Source Impedance: 500 Q
Vpeak = 27 V

PHOTO 4
MOV (27 V)

IIIII!!IIIII-- Vert: 10 V/div

L FLLL Horiz: 0.5 ms/div

“‘.-.-!!...-I‘- Transient Source Impedance: 50 Q
O P O =S AL R Vipeak = 44.7V

TR

PHOTO 5

Zener (27 V)

Vert: 10 V/div

Horiz: 0.5 ms/div

Transient Source Impedance: 50 Q
Vpeak = 27 V
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PHOTO 6

MOV (27 V)

Vert: 10 V/div

Horiz: 0.5 ms/div

Transient Source Impedance: 5 Q
Vpeak = 52 V

PHOTO 7

Zener (27 V)

Vert: 10 V/div

Horiz: 0.5 ms/div

Transient Source Impedance: 5 Q

Vpeak = 28 V
.Elll!!llll
!‘IIIIIIII
PHOTO 8
MOV (27 V)

Vert: 10 V/div

Horiz: 0.5 ms/div

Transient Source Impedance: 0.55 Q
M.
LN E LT
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PHOTO 9

Zener (27 V)

Vert: 10 V/div

Horiz: 0.5 ms/div

Transient Source Impedance: 0.55 Q
Vpeak: 30.2 V

Peak Power: Approx 2000 Wpeak
(The limit of this device’s capability)

As can be seen by the photographs, the Zener suppressdre placed as close to the load as possible to minimize
has significantly better voltage clamping characteristics overshoot due to wiring (or any inductive) effect. (See
than the MOV even though that particular Zener has lessFigure 11b.)

than one-fourth the energy capability of the MOV it was
compared with. However, the energy rating can be
misleadingoecause it is based on the clamp voltage times the
surge current, and when using an MOV, the high impedance
results in a fairly high clamp voltage. The major tradeoff
with using a zener type suppressor is its cost versus power
handling capability, but since it would take an “oversized”
MOV to clamp voltages (suppress transients) as well as the
zener, the MOV begins to lose its cost advantage.

If a transient should come along that exceeds the
capabilities othe particular Zener, or MOV, suppressor that
was chosen, the load will still be protected, since they both
fail short.

The theoretical reaction time for Zeners is in the
picosecond range, but this is slowed down somewhat with
lead and package inductance. The 1N6267 Mosorb series of
transient suppressors have a typical response time of less
than one nanosecond. For very fast rising transients it is
important to minimize external inductances (due to wiring,
etc.) which will minimize overshoot.

Connecting Zeners in a back-to-back arrangement will
enable bidirectional voltage clamping characteristics. (See
Figure 10.)

If Zeners A and B are the same voltage, a transient of
eitherpolarity will be clamped at approximately that voltage
sinceone Zener will be in reverse bias mode while the other
will be in the forward bias mode. When clamping low
voltage it may be necessary to consider the forward drop of
the forward biased Zener.

The typical protection circuit is shown in Figure 11a. In
almost every application, the transisaoppression device is
placed in parallel with the load, or component to be
protected. Since the main purpose of the circuit is to clamp
the voltage appearing across the load, the suppressor should
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415

Figure 10. Zener Arrangement for
Bidirectional Clamping

o— z ¢ -
LOAD L
Vin
o * -—

Figure 11a. Using Zener to Protect Load
Against Transients

TRANSIENT
INPUT

PEAK VOLTAGE
ZENER DUE TO OVERSHOOT

VOLTAGE

Figure 11b. Overshoot Due to Inductive Effect
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Zener capacitance prior to breakdown is quite small (for These transients may be generated by normal circuit
example, the 1N6281 27 \olt Mosorb has a typical operations such as inductive switching circuits, energizing
capacitance of 800 pF). Capacitance this small is desirableand deenergizing transformer primaries, etc. They do not
in the off-state since it will not attenuate wide-band signals. present much of a problem since their energy content,

When the Zener is in the breakdown mode of operationduration and effect may easily be obtained and dealt with.
(e.g. when suppressing a transient) its effective capacitance Random transients found on power lines, or lightning
increases drastically from what it was in the off-state. This transients, present a greater threat to electronic components
makes the Zener ideal for parallel protection schemes sincesincethere is no way to be sure when or how severe they will
during transient suppression, its large effective capacitancebe. General guidelines were discussed to aid the circuit
will tend to hold the voltage across the protected elementdesigner in deciding what size (capability and cost)
constant; while in the off-state (normal conditions, no suppressor to choose for a certain level of protection. There
transient present), its low off-state capacitance will not will always be a tradeoff between suppressor price and
attenuate high frequency signals. protection obtained.

Input impedance (g) always exists due to wiring and Several different suppression deviease discussed with
transient source impedance, byt €hould be increased as emphasis on Zeners and MOV’s, since these are the most
much as possible with an external resistor, if circuit popular devices to use in most applications.

constraints allow. This will minimize Zener stress.
REFERENCES

CONCLUSION 1. GE Transient \oltage Suppression Manual, 2nd
The reliable use of semiconductor devices requires that edition.
the circuit designer consider the possibility of transient _ i
overvoltages  destroying these transient-sensitive 2: ON Semiconductor Zener Diode Manual.
components.
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DESIGN CONSIDERATIONS AND PERFORMANCE
OF ON SEMICONDUCTOR TEMPERATURE-COMPENSATED
ZENER (REFERENCE) DIODES

Prepared by

Zener Diode Engineering

and

Ronald N. Racino

Reliability and Quality Assurance

INTRODUCTION 6.4

This application note defines ON Semiconductor
temperature-compensated zener (reference) diodes, 6.2 6.2 - VOLT REFERENCE DIODE
explains the device characteristics, describes electrical (COMBINATION OF ZENER
testing, and discusses the advanced concepts of device AND FORWARD DICE)
reliability and quality assurance. It is a valuaditbto those 6
who contemplate designing circuits requiring the use of
these devices.

Zener diodes fall into three general classifications:

. , ) ZENER DIE

Regulator diodes, reference diodes and transient voltage //
suppressors. Regulator diodes are normally employed in
power supplies where a nearly constant dc output voltage i
required despite relatively large changes in input voltage or
loadresistance. Such devices are available with a wide rang
of voltage and power ratings, making them suitable for a
wide variety of electronic equipments.

Regulator diodes, however, have one limitation: They are
temperature-sensitive. Therefore, in applications in which T~
the output voltage must remain within narrow limits during \\
input-voltage, load-current, and temperature changes, a 0.6 i
temperature-compensated regulator diode, called a FORWARD-BIASED COMPENSATING DIE\
reference diode, is required.

The reference diode is made possible by taking advantage
of the differing thermal characteristics of forward- and
reverse-biased silicon p-n junctions. A forward-biased
junction has a negative temperature coefficient of
approximately 2 m\iC, while reverse-biased junctions
have positive temperature coefficients ranging from about 0
2 mVIC at 5.5 V to 6 mVIC at 10 V. Therefore it is 5 50 -2 0 +25 450 475 +100
possible, by judicious combination of forward- and TEMPERATURE (*C)
reverse-biased junctions, to fabricate a device with a very Figure 1. Temperature Compensation
low overall temperature coefficient (Figure 1). of a 6.2 Volt Reference Diode (1N821 Series)

The principle of temperature compensation is further

illustrated in Figure 2, which shows the voltage-current ¢ " defined by th ints is not i
characteristics dwo temperature points (25 and 1Q0) for emperalure range detined by Ihese points 1S not necessartly
the same for both junctions, thus the temperature

both a forward- and a reverse-biased junction. The diagram i tbe i h i
shows that, at the specified test currept)the absolute compensation may not be finear over the entire range.

value of voltage changa\y) for the temperature change Figure 2also indicates that the voltage changes of the two
between 25 and 160G is the same for both junctions junctions are equal and opposite only at the specified test

Therefore, the total voltage across the combination of thesecurrent. Fct)'r any othetr bvalue Ofl iurrent, the temperature
two junctions is also the same at these temperature points(,:()rnpem’a 10N May not be complete.
sinceoneAV is negative and the other is positive. However,

the rate of voltage change with temperature over the
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DIRECTION OF CURRENT FLOW

PACKAGE
OUTLINE

FORWARD-BIASED
P-N JUNCTION

REVERSE-BIASED
ZENER JUNCTION

Figure 2. Temperature Compensation of
P-N Junctions

IMPORTANT ELECTRICAL CHARACTERISTICS
OF REFERENCE DIODES

2. \oltage-Temperature Stability. The temperature
stability of zener voltage is sometimes expressed by means
of the temperature coefficient. This parameter is usually
defined as the percent voltage change across the device per
degree centigrade. This method of indicating voltage
stability accurately reflects the voltage deviation at the test
temperature extremes but not necessarily at other points
within the specified temperature range. This fact is due to
variations irthe rate of voltage change with temperature for
the forward- and reverse-biased dice of the reference diode.
Therefore, the temperature coefficient is given in
ON Semiconductor data sheets only as a quick reference,
for designers who are accustomed to this method of
specification.

A more meaningful way of defining temperature stability
is the “box method.” This method, used by
ON Semiconductor, guarantees that the zener voltage will
not vary by more than a specified amount over a specified
temperatureange at the indicated test current, as verified by
tests at several temperatures within this range.

Some devices are accurately compensated over a wide

The three most important characteristics of referencetemperatureange (-55C to 100C), others over a narrower
diodes are 1)reference voltage, 2) voltage-temperaturerange (0 to 7%). The wide-range devices are, as a rule,

stability, and 3) voltage-time stability.

more expensive. Therefore, it would be economically

1. Reference dltage. This characteristic is defined as the \asteful for the designer to specify devices with a

voltage drop measured across the diode when the specifiegemperatureange much wider than actually required for the
test current passes through it in the zener direction. It is alsapecific device application.

called the zener voltage fVFigure 3). On the data sheets,

During actual production of reference diodes, it i§iclifit

the reference voltage is given as a nominal voltage for eacho predict the compensation accuracy. In the interest of

family of reference diodes.

maximumeconomy, it is common practice to test all devices

The nominal voltages are normally specified to a coming off the production line, and to divide the production
tolerance of:5%, but devices with tighter tolerances, such |ot into groups, each with a specified maximam. Each

as*+2% andt1%, are available on special order.

group, then, is given a different device type number.
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Figure 3. Typical Voltage — Current Characteristic of Reference Diodes
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On the data sheet, the voltage-temperature characteristics The reason that the device reference voltage may change
of the most widely used device types are illustrated in ain either the negative or positive direction is that after
graph similar to the one shown in Figure 4. The particular assembly, some of the devices within a lot may be
production line represented in this figure produces 6.2 volt overcompensated while others may be undercompensated.
devices, but the line yields five different device type In any design, the “worst-case” condition must be
numbers (1N821 through 1N829), each with a different considered. Therefore, in the above example, it can be
temperature coefficient. The 1N829, for example, has aassumed that the maximum voltage change will not exceed
maximum voltage change of less than 5 mV over a 31 mV.

50} AVz =

| | 1N823,A
| _y_ ‘ +100°C /
-75 } 4 5 /
i i | / / - -55°C
I 1N821 A . P
|

-100 |
_55 0 50 100 -75 -50 -25 0 25 50

AVz, MAXIMUM VOLTAGE CHANGE (mV)
(Referenced to Izt = 7.5 mA)

+25°C

temperature range of —55 to +2@0 while the 1N821 may It should be understood, however, that the above
have a voltage change of up to 96 mV over the samecalculations give the maximum possible voltage change for
temperature range. the device type, and by no means the actual voltage change
for the individual unit.
100 | 1N;21 x 3. Voltage-Time Stability. The voltage-time stability of
'ZT=‘7'5 mA / | ’ a reference diode is defined by the voltage change during
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In the past, design data and characteristic curves on data sheets for
reference diodes have been somewhat limited: The devices have

been characterized principally at the recommended operating point. Figure 5. Current Dependence of Zener Voltage
ON Semiconductor has introduced a data sheet, providing device at Various Temperatures
data previously not available, and showing limit curves that permit (1IN821 Series)

worst-case circuit design without the need for associated tests re-
quired in conjunction with the conventional data sheets.

Figure 4. Temperature Dependence THE EFFECT OF CURRENT VARIATION ON
of Zener Voltage (1N821 Series) ZENER VOLTAGE

The nominal zener voltage of a referen