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		  motorola semiconductor technical data motorola tvs/zener device data 6-97 500 mw do-35 glass data sheet 500 mw do-35 glass zener voltage regulator diodes general data applicable to all series in this group 500 milliwatt hermetically sealed glass silicon zener diodes specification features: ? complete voltage range e 1.8 to 200 volts ? do-204ah package e smaller than conventional do-204aa package ? double slug type construction ? metallurgically bonded construction mechanical characteristics: case:  double slug type, hermetically sealed glass maximum lead temperature for soldering purposes:  230  c, 1/16   from case for 10 seconds finish:  all external surfaces are corrosion resistant with readily solderable leads polarity:  cathode indicated by color band. when operated in zener mode, cathode will be positive with respect to anode mounting position:  any wafer fab location:  phoenix, arizona assembly/test location:  seoul, korea maximum ratings  (motorola devices)* rating symbol value unit dc power dissipation and t l     75  c lead length = 3/8  derate above t l  = 75  c p d 500 4 mw mw/  c operating and storage temperature range t j , t stg  65 to +200  c * some part number series have lower jedec registered ratings. 0.7 0.6 0.5 0.4 0.3 0.2 0.1 0 0 20 40 60 80 100 120 140 160 180 200 t l , lead temperature (  c) p d , maximum power dissipation (watts) figure 1. steady state power derating heat sinks 3/8o 3/8o general data case 299 do-204ah glass 500 mw do-35 glass glass zener diodes 500 milliwatts 1.8200 volts

 general data e 500 mw do-35 glass motorola tvs/zener device data 6-98 500 mw do-35 glass data sheet application note e zener voltage since the actual voltage available from a given zener diode is temperature dependent, it is necessary to determine junc- tion temperature under any set of operating conditions in order to calculate its value. the following procedure is recom- mended: lead temperature, t l , should be determined from: t l  =  q la p d  + t a . q la  is the lead-to-ambient thermal resistance (  c/w) and p d  is the power dissipation. the value for  q la  will vary and depends on the device mounting method.  q la  is generally 30 to 40  c/w for the various clips and tie points in common use and for printed circuit board wiring. the temperature of the lead can also be measured using a 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 respond to heat surges generated in the diode as a result of pulsed operation once steady-state conditions are achieved. using the mea- sured value of t l , the junction temperature may be deter- mined by: t j  = t l  +  d t jl . d t jl  is the increase in junction temperature above the lead temperature and may be found from figure 2 for dc power: d t jl  =  q jl p d . for worst-case design, using expected limits of i z , limits of p d  and the extremes of t j ( d t j ) may be estimated. changes in voltage, v z , can then be found from: d v =  q vz t j . q vz , the zener voltage temperature coefficient, is found from figures 4 and 5. under high power-pulse operation, the zener voltage will vary with time and may also be affected significantly by the zener resistance. for best regulation, keep current excursions as low as possible. surge limitations are given in figure 7. they are lower than would be expected by considering only junction temperature, as current crowding effects cause temperatures to be ex- tremely high in small spots, resulting in device degradation should the limits of figure 7 be exceeded. ll 500 400 300 200 100 0 0 0.2 0.4 0.6 0.8 1 2.460 v 62200 v l, lead length to heat sink (inch) jl , junction-to-lead thermal resistance ( c/w) q  figure 2. typical thermal resistance typical leakage current at 80% of nominal breakdown voltage +25  c +125  c 1000 7000 5000 2000 1000 700 500 200 100 70 50 20 10 7 5 2 1 0.7 0.5 0.2 0.1 0.07 0.05 0.02 0.01 0.007 0.005 0.002 0.001 34 5 6 7 8 9101112131415 v z , nominal zener voltage (volts) i , leakage current ( a) m r figure 3. typical leakage current

 general data e 500 mw do-35 glass motorola tvs/zener device data 6-99 500 mw do-35 glass data sheet +12 +10 +8 +6 +4 +2 0 2 4 2345 678 9101112 v z , zener voltage (volts) figure 4a. range for units to 12 volts v z @i zt (note 2) range temperature coefficients (55  c to +150  c temperature range; 90% of the units are in the ranges indicated.) 100 70 50 30 20 10 7 5 3 2 1 2 3 4 5 6 7 8 9 10 11 12 10 20 30 50 70 100 v z , zener voltage (volts) figure 4b. range for units 12 to 100 volts range v z @i z (note 2) 120 130 140 150 160 170 180 190 200 200 180 160 140 120 100 v z , zener voltage (volts) figure 4c. range for units 120 to 200 volts v z @i zt (note 2) +6 +4 +2 0 2 4 3 4 56 78 v z , zener voltage (volts) figure 5. effect of zener current note: below 3 volts and above 8 volts note:  changes in zener current do not note:  affect temperature coefficients 1ma 0.01 ma v z @i z t a =25  c 1000 c, capacitance (pf) 500 200 100 50 20 10 5 2 1 1 2 5 10 20 50 100 v z , zener voltage (volts) figure 6a. typical capacitance 2.4100 volts t a =25  c 0 v bias 1 v bias 50% of v z bias 100 70 50 30 20 10 7 5 3 2 1 120 140 160 180 190 200 220 v z , zener voltage (volts) figure 6b. typical capacitance 120200 volts t a =25  c 1 volt bias 50% of v z bias 0 bias q v z , temperature coefficient (mv/  c) 20 ma c, capacitance (pf) q v z , temperature coefficient (mv/  c) q v z , temperature coefficient (mv/  c) q v z , temperature coefficient (mv/  c)

 general data e 500 mw do-35 glass motorola tvs/zener device data 6-100 500 mw do-35 glass data sheet 100 70 50 30 20 10 7 5 3 2 1 0.01 0.02 0.05 0.1 0.2 0.5 1 2 5 10 20 50 100 200 500 1000 p pk , peak surge power (watts) pw, pulse width (ms) 5% duty cycle 10% duty cycle 20% duty cycle 11 v91 v nonrepetitive 1.8 v10 v nonrepetitive rectangular waveform t j =25  c prior to initial pulse figure 7a. maximum surge power 1.891 volts 1000 700 500 300 200 100 70 50 30 20 10 7 5 3 2 1 0.01 0.1 1 10 100 1000 p pk , peak surge power (watts) pw, pulse width (ms) figure 7b. maximum surge power do-204ah 100200 volts 1000 500 200 100 50 20 10 1 2 5 0.1 0.2 0.5 1 2 5 10 20 50 100 i z , zener current (ma) figure 8. effect of zener current on zener impedance z z , dynamic impedance (ohms) z z , dynamic impedance (ohms) 1000 700 500 200 100 70 50 20 10 7 5 2 1 1 2 3 5 7 10 20 30 50 70 100 v z , zener voltage (volts) figure 9. effect of zener voltage on zener impedance figure 10. typical forward characteristics rectangular waveform, t j =25  c 100200 volts nonrepetitive t j =25  c i z (rms) = 0.1 i z (dc) f = 60 hz i z =1ma 5ma 20 ma t j =25  c i z (rms) = 0.1 i z (dc) f = 60 hz v z = 2.7 v 47 v 27 v 6.2 v v f , forward voltage (volts) 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 1000 500 200 100 50 20 10 5 2 1 i f , forward current (ma) minimum maximum 150  c 75  c 0  c 25  c

 general data e 500 mw do-35 glass motorola tvs/zener device data 6-101 500 mw do-35 glass data sheet figure 11. zener voltage versus zener current e v z  = 1 thru 16 volts v z , zener voltage (volts) i z , zener current (ma) 20 10 1 0.1 0.01 1 2 34 56 7 8 910111213141516 t a =25  figure 12. zener voltage versus zener current e v z  = 15 thru 30 volts v z , zener voltage (volts) 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 10 1 0.1 0.01 t a =25  i z , zener current (ma)

 general data e 500 mw do-35 glass motorola tvs/zener device data 6-102 500 mw do-35 glass data sheet figure 13. zener voltage versus zener current e v z  = 30 thru 105 volts v z , zener voltage (volts) 10 1 0.1 0.01 30 35 40 45 50 55 60 70 75 80 85 90 95 100 figure 14. zener voltage versus zener current e v z  = 110 thru 220 volts v z , zener voltage (volts) 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 10 1 0.1 0.01 t a =25  65 105 i z , zener current (ma) i z , zener current (ma)

 general data e 500 mw do-35 glass motorola tvs/zener device data 6-103 500 mw do-35 glass data sheet electrical characteristics  (t a  = 25  c, v f  = 1.5 v max at 200 ma for all types) t nominal zener voltage test maximum zener impedance maximum dc zener current maximum reverse leakage current type number (note 1) z ener  v o lt age v z  @ i zt (note 2) volts t es t current i zt ma m ax i mum  z ener  i mpe d ance z zt  @ i zt (note 3) ohms dc   z ener  c urren t i zm (note 4) ma t a  = 25  c i r  @ v r  = 1 v m a t a  = 150  c i r  @ v r  = 1 v m a 1n4370a 2.4 20 30 150 100 200 1n4371a 2.7 20 30 135 75 150 1n4372a 3 20 29 120 50 100 1n746a 3.3 20 28 110 10 30 1n747a 3.6 20 24 100 10 30 1n748a 3.9 20 23 95 10 30 1n749a 4.3 20 22 85 2 30 1n750a 4.7 20 19 75 2 30 1n751a 5.1 20 17 70 1 20 1n752a 5.6 20 11 65 1 20 1n753a 6.2 20 7 60 0.1 20 1n754a 6.8 20 5 55 0.1 20 1n755a 7.5 20 6 50 0.1 20 1n756a 8.2 20 8 45 0.1 20 1n757a 9.1 20 10 40 0.1 20 1n758a 10 20 17 35 0.1 20 1n759a 12 20 30 30 0.1 20 type nominal zener voltage v z test current maximum zener impedance (note 3) maximum dc zener current i zm maximum reverse current t ype number (note 1) v z (note 2) volts c urren t i zt ma z zt  @ i zt ohms z zk  @ i zk ohms i zk ma i zm (note 4) ma i r  maximum m a test voltage vdc v r 1n957b 6.8 18.5 4.5 700 1 47 150 5.2 1n958b 7.5 16.5 5.5 700 0.5 42 75 5.7 1n959b 8.2 15 6.5 700 0.5 38 50 6.2 1n960b 9.1 14 7.5 700 0.5 35 25 6.9 1n961b 10 12.5 8.5 700 0.25 32 10 7.6 1n962b 11 11.5 9.5 700 0.25 28 5 8.4 1n963b 12 10.5 11.5 700 0.25 26 5 9.1 1n964b 13 9.5 13 700 0.25 24 5 9.9 1n965b 15 8.5 16 700 0.25 21 5 11.4 1n966b 16 7.8 17 700 0.25 19 5 12.2 1n967b 18 7 21 750 0.25 17 5 13.7 1n968b 20 6.2 25 750 0.25 15 5 15.2 1n969b 22 5.6 29 750 0.25 14 5 16.7 1n970b 24 5.2 33 750 0.25 13 5 18.2 1n971b 27 4.6 41 750 0.25 11 5 20.6 1n972b 30 4.2 49 1000 0.25 10 5 22.8 1n973b 33 3.8 58 1000 0.25 9.2 5 25.1 1n974b 36 3.4 70 1000 0.25 8.5 5 27.4 1n975b 39 3.2 80 1000 0.25 7.8 5 29.7 1n976b 43 3 93 1500 0.25 7 5 32.7 1n977b 47 2.7 105 1500 0.25 6.4 5 35.8 1n978b 51 2.5 125 1500 0.25 5.9 5 38.8 1n979b 56 2.2 150 2000 0.25 5.4 5 42.6 1n980b 62 2 185 2000 0.25 4.9 5 47.1

 general data e 500 mw do-35 glass motorola tvs/zener device data 6-104 500 mw do-35 glass data sheet type nominal zener voltage v z test current maximum zener impedance (note 3) maximum dc zener current i zm maximum reverse leakage current t ype number (note 1) v z (note 2) volts c urren t i zt ma z zt  @ i zt ohms z zk  @ i zk ohms i zk ma i zm (note 4) ma i r  maximum m a test voltage vdc v r 1n981b 68 1.8 230 2000 0.25 4.5 5 51.7 1n982b 75 1.7 270 2000 0.25 4.1 5 56 1n983b 82 1.5 330 3000 0.25 3.7 5 62.2 1n984b 91 1.4 400 3000 0.25 3.3 5 69.2 1n985b 100 1.3 500 3000 0.25 3 5 76 1n986b 110 1.1 750 4000 0.25 2.7 5 83.6 1n987b 120 1 900 4500 0.25 2.5 5 91.2 1n988b 130 0.95 1100 5000 0.25 2.3 5 98.8 1n989b 150 0.85 1500 6000 0.25 2 5 114 1n990b 160 0.8 1700 6500 0.25 1.9 5 121.6 1n991b 180 0.68 2200 7100 0.25 1.7 5 136.8 1n992b 200 0.65 2500 8000 0.25 1.5 5 152 note 1. tolerance and voltage designation tolerance designation the type numbers shown have tolerance designations as follows: 1n4370a series:   5% units, c for   2%, d for   1%. 1n746a series:   5% units, c for   2%, d for   1%. 1n957b series:   5% units, c for   2%, d for   1%. note 2. zener voltage (v z ) measurement nominal zener voltage is measured with the device junction in thermal equilibrium at the lead temperature of 30  c   1  c and 3/8   lead length. note 3. zener impedance (z z ) derivation z zt  and z zk  are measured by dividing the ac voltage drop across the device by the ac current applied. the specified limits are for i z (ac) = 0.1 i z (dc) with the ac frequency = 60 hz. note 4. maximum zener current ratings (i zm ) values shown are based on the jedec rating of 400 mw. where the actual zener voltage (v z ) is known at the operating point, the maximum zener current may be increased and is limited by the derating curve.

 general data e 500 mw do-35 glass motorola tvs/zener device data 6-105 500 mw do-35 glass data sheet low level oxide passivated zener diodes for applications re- quiring extremely low operating currents, low leakage, and sharp breakdown voltage. ? zener voltage specified @ i zt  = 50  m a ? maximum delta v z  given from 10 to 100  m a electrical characteristics  (t a  = 25  c, v f  = 1.5 v max at i f  = 100 ma for all types) type number zener voltage v z  @ i zt  = 50  m a volts maximum reverse current i r   m a test voltage v r  volts maximum zener current i zm  ma maximum voltage change d v z  volts number (note 1) nom (note 1) min max (note 3) i zm   ma (note 2) d v z   v olts (note 4) 1n4678 1.8 1.71 1.89 7.5 1 120 0.7 1n4679 2 1.9 2.1 5 1 110 0.7 1n4680 2.2 2.09 2.31 4 1 100 0.75 1n4681 2.4 2.28 2.52 2 1 95 0.8 1n4682 2.7 2.565 2.835 1 1 90 0.85 1n4683 3 2.85 3.15 0.8 1 85 0.9 1n4684 3.3 3.135 3.465 7.5 1.5 80 0.95 1n4685 3.6 3.42 3.78 7.5 2 75 0.95 1n4686 3.9 3.705 4.095 5 2 70 0.97 1n4687 4.3 4.085 4.515 4 2 65 0.99 1n4688 4.7 4.465 4.935 10 3 60 0.99 1n4689 5.1 4.845 5.355 10 3 55 0.97 1n4690 5.6 5.32 5.88 10 4 50 0.96 1n4691 6.2 5.89 6.51 10 5 45 0.95 1n4692 6.8 6.46 7.14 10 5.1 35 0.9 1n4693 7.5 7.125 7.875 10 5.7 31.8 0.75 1n4694 8.2 7.79 8.61 1 6.2 29 0.5 1n4695 8.7 8.265 9.135 1 6.6 27.4 0.1 1n4696 9.1 8.645 9.555 1 6.9 26.2 0.08 1n4697 10 9.5 10.5 1 7.6 24.8 0.1 1n4698 11 10.45 11.55 0.05 8.4 21.6 0.11 1n4699 12 11.4 12.6 0.05 9.1 20.4 0.12 1n4700 13 12.35 13.65 0.05 9.8 19 0.13 1n4701 14 13.3 14.7 0.05 10.6 17.5 0.14 1n4702 15 14.25 15.75 0.05 11.4 16.3 0.15 1n4703 16 15.2 16.8 0.05 12.1 15.4 0.16 1n4704 17 16.15 17.85 0.05 12.9 14.5 0.17 1n4705 18 17.1 18.9 0.05 13.6 13.2 0.18 1n4706 19 18.05 19.95 0.05 14.4 12.5 0.19 1n4707 20 19 21 0.01 15.2 11.9 0.2 1n4708 22 20.9 23.1 0.01 16.7 10.8 0.22 1n4709 24 22.8 25.2 0.01 18.2 9.9 0.24 1n4710 25 23.75 26.25 0.01 19 9.5 0.25 1n4711 27 25.65 28.35 0.01 20.4 8.8 0.27 1n4712 28 26.6 29.4 0.01 21.2 8.5 0.28 1n4713 30 28.5 31.5 0.01 22.8 7.9 0.3 1n4714 33 31.35 34.65 0.01 25 7.2 0.33 1n4715 36 34.2 37.8 0.01 27.3 6.6 0.36 1n4716 39 37.05 40.95 0.01 29.6 6.1 0.39 1n4717 43 40.85 45.15 0.01 32.6 5.5 0.43 note 1. tolerance and voltage designation (v z ) the type numbers shown have a standard tolerance of   5% on the nominal zener voltage, c for   2%, d for   1%. note 2. maximum zener current ratings (i zm ) maximum zener current ratings are based on maximum zener voltage of the individual units and jedec 250 mw rating. note 3. reverse leakage current (i r ) reverse leakage currents are guaranteed and measured at v r  as shown on the table. note 4. maximum voltage change ( d v z ) voltage change is equal to the difference between v z  at 100  m a and v z  at 10  m a . note 5. zener voltage (v z ) measurement nominal zener voltage is measured with the device junction in thermal equilibrium at the lead temperature at 30  c   1  c and 3/8   lead length.

 general data e 500 mw do-35 glass motorola tvs/zener device data 6-106 500 mw do-35 glass data sheet electrical characteristics  (t a  = 25  c unless otherwise noted. based on dc measurements at thermal equilibrium; lead length = 3/8  ; thermal resistance of heat sink = 30  c/w) v f  = 1.1 max @ i f  = 200 ma for all types. jedec nominal zener voltage v z @i zt test current max zener impedance (note 4) max reverse leakage current max zener voltage temperature coeff jedec type no. (note 1) v z   @   i zt volts (note 3) c urren t i zt ma z zt @i zt ohms z zk @i zk = 0.25 ma ohms i r m a v r volts t empera t ure  c oe ff . q vz  (%/  c) (note 2) 1n5221b 2.4 20 30 1200 100 1 0.085 1n5222b 2.5 20 30 1250 100 1 0.085 1n5223b 2.7 20 30 1300 75 1 0.08 1n5224b 2.8 20 30 1400 75 1 0.08 1n5225b 3 20 29 1600 50 1 0.075 1n5226b 3.3 20 28 1600 25 1 0.07 1n5227b 3.6 20 24 1700 15 1 0.065 1n5228b 3.9 20 23 1900 10 1 0.06 1n5229b 4.3 20 22 2000 5 1  0.055 1n5230b 4.7 20 19 1900 5 2  0.03 1n5231b 5.1 20 17 1600 5 2  0.03 1n5232b 5.6 20 11 1600 5 3 +0.038 1n5233b 6 20 7 1600 5 3.5 +0.038 1n5234b 6.2 20 7 1000 5 4 +0.045 1n5235b 6.8 20 5 750 3 5 +0.05 1n5236b 7.5 20 6 500 3 6 +0.058 1n5237b 8.2 20 8 500 3 6.5 +0.062 1n5238b 8.7 20 8 600 3 6.5 +0.065 1n5239b 9.1 20 10 600 3 7 +0.068 1n5240b 10 20 17 600 3 8 +0.075 1n5241b 11 20 22 600 2 8.4 +0.076 1n5242b 12 20 30 600 1 9.1 +0.077 1n5243b 13 9.5 13 600 0.5 9.9 +0.079 1n5244b 14 9 15 600 0.1 10 +0.082 1n5245b 15 8.5 16 600 0.1 11 +0.082 1n5246b 16 7.8 17 600 0.1 12 +0.083 1n5247b 17 7.4 19 600 0.1 13 +0.084 1n5248b 18 7 21 600 0.1 14 +0.085 1n5249b 19 6.6 23 600 0.1 14 +0.086 1n5250b 20 6.2 25 600 0.1 15 +0.086 1n5251b 22 5.6 29 600 0.1 17 +0.087 1n5252b 24 5.2 33 600 0.1 18 +0.088 1n5253b 25 5 35 600 0.1 19 +0.089 1n5254b 27 4.6 41 600 0.1 21 +0.09 1n5255b 28 4.5 44 600 0.1 21 +0.091 1n5256b 30 4.2 49 600 0.1 23 +0.091 1n5257b 33 3.8 58 700 0.1 25 +0.092 1n5258b 36 3.4 70 700 0.1 27 +0.093 1n5259b 39 3.2 80 800 0.1 30 +0.094 1n5260b 43 3 93 900 0.1 33 +0.095 1n5261b 47 2.7 105 1000 0.1 36 +0.095 1n5262b 51 2.5 125 1100 0.1 39 +0.096 1n5263b 56 2.2 150 1300 0.1 43 +0.096 1n5264b 60 2.1 170 1400 0.1 46 +0.097 1n5265b 62 2 185 1400 0.1 47 +0.097 (continued)

 general data e 500 mw do-35 glass motorola tvs/zener device data 6-107 500 mw do-35 glass data sheet electrical characteristics e continued  (t a  = 25  c unless otherwise noted. based on dc measurements at thermal equi- librium; lead length = 3/8  ; thermal resistance of heat sink = 30  c/w) v f  = 1.1 max @ i f  = 200 ma for all types. jedec nominal zener voltage v z @i zt test current max zener impedance (note 4) max reverse leakage current max zener voltage temperature coeff jedec type no. (note 1) v z   @   i zt volts (note 3) c urren t i zt ma z zt @i zt ohms z zk @i zk = 0.25 ma ohms i r m a v r volts t empera t ure  c oe ff . q vz  (%/  c) (note 2) 1n5266b 68 1.8 230 1600 0.1 52 +0.097 1n5267b 75 1.7 270 1700 0.1 56 +0.098 1n5268b 82 1.5 330 2000 0.1 62 +0.098 1n5269b 87 1.4 370 2200 0.1 68 +0.099 1n5270b 91 1.4 400 2300 0.1 69 +0.099 1n5271b 100 1.3 500 2600 0.1 76 +0.11 1n5272b 110 1.1 750 3000 0.1 84 +0.11 1n5273b 120 1 900 4000 0.1 91 +0.11 1n5274b 130 0.95 1100 4500 0.1 99 +0.11 1n5275b 140 0.9 1300 4500 0.1 106 +0.11 1n5276b 150 0.85 1500 5000 0.1 114 +0.11 1n5277b 160 0.8 1700 5500 0.1 122 +0.11 1n5278b 170 0.74 1900 5500 0.1 129 +0.11 1n5279b 180 0.68 2200 6000 0.1 137 +0.11 1n5280b 190 0.66 2400 6500 0.1 144 +0.11 1n5281b 200 0.65 2500 7000 0.1 152 +0.11 note 1. tolerance the jedec type numbers shown indicate a tolerance of   5%. for tighter tolerance devices use suffixes aco for   2% and ado for   1%. note 2. temperature coefficient ( q vz ) test conditions for temperature coefficient are as follows: a. i zt  = 7.5 ma, t 1  = 25  c, a.  t 2  = 125  c (1n5221b through 1n5242b). b. i zt  = rated i zt , t 1  = 25  c, a.  t 2  = 125  c (1n5243b through 1n5281b). device to be temperature stabilized with current applied prior to reading breakdown voltage at the specified ambient temperature. note 3. zener voltage (v z ) measurement nominal zener voltage is measured with the device junction in thermal equilibrium at the lead temperature of 30  c   1  c and 3/8   lead length. note 4. zener impedance (z z ) derivation z zt  and z zk  are measured by dividing the ac voltage drop across the device by the ac current applied. the specified limits are for i z (ac) = 0.1 i z (dc) with the ac frequency = 60 hz. for more information on special selections contact your nearest motorola representa- tive.

 general data e 500 mw do-35 glass motorola tvs/zener device data 6-108 500 mw do-35 glass data sheet *electrical characteristics  (t l  = 30  c unless otherwise noted.) (v f  = 1.5 volts max @ i f  = 100 madc for all types.) motorola nominal zener voltage test max zener impedance (note 3) max reverse leakage current max dc zener motorola type number (note 1) zener voltage v z  @ i zt volts (note 4) test current i zt ma z zt @i zt ohms z zk @i zk  = ohms 0.25 ma i r m a v r volts zener current i zm (note 2) 1n5985b 2.4 5 100 1800 100 1 208 1n5986b 2.7 5 100 1900 75 1 185 1n5987b 3 5 95 2000 50 1 167 1n5988b 3.3 5 95 2200 25 1 152 1n5989b 3.6 5 90 2300 15 1 139 1n5990b 3.9 5 90 2400 10 1 128 1n5991b 4.3 5 88 2500 5 1 116 1n5992b 4.7 5 70 2200 3 1.5 106 1n5993b 5.1 5 50 2050 2 2 98 1n5994b 5.6 5 25 1800 2 3 89 1n5995b 6.2 5 10 1300 1 4 81 1n5996b 6.8 5 8 750 1 5.2 74 1n5997b 7.5 5 7 600 0.5 6 67 1n5998b 8.2 5 7 600 0.5 6.5 61 1n5999b 9.1 5 10 600 0.1 7 55 1n6000b 10 5 15 600 0.1 8 50 1n6001b 11 5 18 600 0.1 8.4 45 1n6002b 12 5 22 600 0.1 9.1 42 1n6003b 13 5 25 600 0.1 9.9 38 1n6004b 15 5 32 600 0.1 11 33 1n6005b 16 5 36 600 0.1 12 31 1n6006b 18 5 42 600 0.1 14 28 1n6007b 20 5 48 600 0.1 15 25 1n6008b 22 5 55 600 0.1 17 23 1n6009b 24 5 62 600 0.1 18 21 1n6010b 27 5 70 600 0.1 21 19 1n6011b 30 5 78 600 0.1 23 17 1n6012b 33 5 88 700 0.1 25 15 1n6013b 36 5 95 700 0.1 27 14 1n6014b 39 2 130 800 0.1 30 13 1n6015b 43 2 150 900 0.1 33 12 1n6016b 47 2 170 1000 0.1 36 11 1n6017b 51 2 180 1300 0.1 39 9.8 1n6018b 56 2 200 1400 0.1 43 8.9 1n6019b 62 2 225 1400 0.1 47 8 1n6020b 68 2 240 1600 0.1 52 7.4 1n6021b 75 2 265 1700 0.1 56 6.7 1n6022b 82 2 280 2000 0.1 62 6.1 1n6023b 91 2 300 2300 0.1 69 5.5 1n6024b 100 1 500 2600 0.1 76 5 1n6025b 110 1 650 3000 0.1 84 4.5 *indicates jedec registered data note 1. tolerance and voltage designation tolerance designation e device tolerances of   5% are indicated by a abo suffix,   2% by a aco suffix,   1% by a ado suffix. note 2. 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 operating point and the pow- er derating curve. note 3. z zt  and z zk  are measured by dividing the ac voltage drop across the device by the ac current applied. the specified limits are for i z (ac) = 0.1 i z (dc) with the ac frequency = 1.0 khz. note 4. nominal zener voltage (v z ) is measured with the device junction in thermal equilibrium at the lead temperature of 30  c   1  c and 3/8   lead length. @

 general data e 500 mw do-35 glass motorola tvs/zener device data 6-109 500 mw do-35 glass data sheet electrical characteristics  (t l  = 30  c unless otherwise noted.) (v f  = 1.3 volts max, i f  = 100 madc for all types.) v zt  at i zt (v) max zener impedance ( note 3 ) i max reverse leakage current i r  at v r ( m a) i motorola type number min (note 1) max (note 1) (note   3) z zt  @ i zt (ohms) max i zt (ma) t amb 25  c max t amb 125  c max v r (v) i zm (ma) (note 2) bzx55c2v4rl 2.28 2.56 85 5 50 100 1 155 bzx55c2v7rl 2.5 2.9 85 5 10 50 1 135 bzx55c3v0rl 2.8 3.2 85 5 4 40 1 125 bzx55c3v3rl 3.1 3.5 85 5 2 40 1 115 bzx55c3v6rl 3.4 3.8 85 5 2 40 1 105 bzx55c3v9rl 3.7 4.1 85 5 2 40 1 95 bzx55c4v3rl 4 4.6 75 5 1 20 1 90 bzx55c4v7rl 4.4 5 60 5 0.5 10 1 85 bzx55c5v1rl 4.8 5.4 35 5 0.1 2 1 80 bzx55c5v6rl 5.2 6 25 5 0.1 2 1 70 bzx55c6v2rl 5.8 6.6 10 5 0.1 2 2 64 bzx55c6v8rl 6.4 7.2 8 5 0.1 2 3 58 bzx55c7v5rl 7 7.9 7 5 0.1 2 5 53 bzx55c8v2rl 7.7 8.7 7 5 0.1 2 6 47 bzx55c9v1rl 8.5 9.6 10 5 0.1 2 7 43 bzx55c10rl 9.4 10.6 15 5 0.1 2 7.5 40 bzx55c11rl 10.4 11.6 20 5 0.1 2 8.5 36 bzx55c12rl 11.4 12.7 20 5 0.1 2 9 32 bzx55c13rl 12.4 14.1 26 5 0.1 2 10 29 bzx55c15rl 13.8 15.6 30 5 0.1 2 11 27 bzx55c16rl 15.3 17.1 40 5 0.1 2 12 24 bzx55c18rl 16.8 19.1 50 5 0.1 2 14 21 bzx55c20rl 18.8 21.1 55 5 0.1 2 15 20 bzx55c22rl 20.8 23.3 55 5 0.1 2 17 18 bzx55c24rl 22.8 25.6 80 5 0.1 2 18 16 bzx55c27rl 25.1 28.9 80 5 0.1 2 20 14 bzx55c30rl 28 32 80 5 0.1 2 22 13 bzx55c33rl 31 35 80 5 0.1 2 24 12 bzx55c36rl 34 38 80 5 0.1 2 27 11 bzx55c39rl 37 41 90 2.5 0.1 5 28 10 bzx55c43rl 40 46 90 2.5 0.1 5 32 9.2 bzx55c47rl 44 50 110 2.5 0.1 5 35 8.5 bzx55c51rl 48 54 125 2.5 0.1 10 38 7.8 bzx55c56rl 52 60 135 2.5 0.1 10 42 7 bzx55c62rl 58 66 150 2.5 0.1 10 47 6.4 bzx55c68rl 64 72 160 2.5 0.1 10 51 5.9 bzx55c75rl 70 80 170 2.5 0.1 10 56 5.3 bzx55c82rl 77 87 200 2.5 0.1 10 62 4.8 bzx55c91rl 85 96 250 1 0.1 10 69 4.3 note 1. tolerance and voltage designation tolerance designation e the type numbers listed have zener voltage min/max limits as shown. device tolerance of   2% are indicated by a abo instead of a aco. zener voltage is mea- sured with the device junction in thermal equilibrium at the lead temperature of 30  c   1  c and 3/8   lead length. note 2. 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 operating point and the pow- er derating curve. note 3. z zt  and z zk  are measured by dividing the ac voltage drop across the device by the ac current applied. the specified limtis are for i z (ac) = 0.1 i z (dc) with the ac frequency = 1.0 khz.

 general data e 500 mw do-35 glass motorola tvs/zener device data 6-110 500 mw do-35 glass data sheet *electrical characteristics  (t l  = 30  c unless otherwise noted.) (v f  = 1.5 volts max @ i f  = 100 madc for all types.) di t zener voltage (note 1) (note 4) impedance (ohm) @ i zt f = 1000 hz leakage current ( m a) temp. coefficient (typical) (mv/  c) capacitance (typical) (p f ) device type (note 2) min max i zt = (ma) max (note 3) max @v r = (volt) min max (pf) v r  = 0, f = 1.0 mhz bzx79c2v4rl 2.2 2.6 5 100 100 1 3.5 0 255 bzx79c2v7rl 2.5 2.9 5 100 75 1 3.5 0 230 bzx79c3v0rl 2.8 3.2 5 95 50 1 3.5 0 215 bzx79c3v3rl 3.1 3.5 5 95 25 1 3.5 0 200 bzx79c3v6rl 3.4 3.8 5 90 15 1 3.5 0 185 bzx79c3v9rl 3.7 4.1 5 90 10 1 3.5 +0.3 175 bzx79c4v3rl 4 4.6 5 90 5 1 3.5 +1 160 bzx79c4v7rl 4.4 5 5 80 3 2 3.5 +0.2 130 bzx79c5v1rl 4.8 5.4 5 60 2 2 2.7 +1.2 110 bzx79c5v6rl 5.2 6 5 40 1 2 2 +2.5 95 bzx79c6v2rl 5.8 6.6 5 10 3 4 0.4 3.7 90 bzx79c6v8rl 6.4 7.2 5 15 2 4 1.2 4.5 85 bzx79c7v5rl 7 7.9 5 15 1 5 2.5 5.3 80 bzx79c8v2rl 7.7 8.7 5 15 0.7 5 3.2 6.2 75 bzx79c9v1rl 8.5 9.6 5 15 0.5 6 3.8 7 70 bzx79c10rl 9.4 10.6 5 20 0.2 7 4.5 8 70 bzx79c11rl 10.4 11.6 5 20 0.1 8 5.4 9 65 bzx79c12rl 11.4 12.7 5 25 0.1 8 6 10 65 bzx79c13rl 12.4 14.1 5 30 0.1 8 7 11 60 bzx79c15rl 13.8 15.6 5 30 0.05 10.5 9.2 13 55 bzx79c16rl 15.3 17.1 5 40 0.05 11.2 10.4 14 52 bzx79c18rl 16.8 19.1 5 45 0.05 12.6 12.9 16 47 bzx79c20rl 18.8 21.2 5 55 0.05 14 14.4 18 36 bzx79c22rl 20.8 23.3 5 55 0.05 15.4 16.4 20 34 bzx79c24rl 22.8 25.6 5 70 0.05 16.8 18.4 22 33 bzx79c27rl 25.1 28.9 2 80 0.05 18.9 23.5 30 bzx79c30rl 28 32 2 80 0.05 21 26 27 bzx79c33rl 31 35 2 80 0.05 23.1 29 25 bzx79c36rl 34 38 2 90 0.05 25.2 31 23 bzx79c39rl 37 41 2 130 0.05 27.3 34 21 bzx79c43rl 40 46 2 150 0.05 30.1 37 21 bzx79c47rl 44 50 2 170 0.05 32.9 40 19 bzx79c51rl 48 54 2 180 0.05 35.7 44 19 bzx79c56rl 52 60 2 200 0.05 39.2 47 18 bzx79c62rl 58 66 2 215 0.05 43.4 51 17 bzx79c68rl 64 72 2 240 0.05 47.6 56 17 bzx79c75rl 70 79 2 255 0.05 52.5 60 16.5 bzx79c82rl 77 87 2 280 0.1 62 46 95 29 bzx79c91rl 85 96 2 300 0.1 69 51 107 28 bzx79c100rl 94 106 1 500 0.1 76 57 119 27 bzx79c110rl 104 116 1 650 0.1 84 63 131 26 bzx79c120rl 114 127 1 800 0.1 91 69 144 24 bzx79c130rl 124 141 1 950 0.1 99 75 158 23 bzx79c150rl 138 156 1 1250 0.1 114 87 185 21 bzx79c160rl 153 171 1 1400 0.1 122 93 200 20 bzx79c180rl 168 191 1 1700 0.1 137 105 228 18 bzx79c200rl 188 212 1 2000 0.1 152 120 255 17 note 1.  zener voltage is measured under pulse conditions such that t j  is no more than 2  c above t a . note 2. tolerance and voltage designation tolerance designation e the type numbers listed have zener voltage min/max limits as shown. device tolerances of   2% are indicated by a abo instead of a ac,o and   1% by aa.o note 3.   z zt  is measured by dividing the ac voltage drop across the device by the ac current applied. the specified limits are for i z (ac) = 0.1 i z (dc) with the ac frequency = 1.0 khz.

 general data e 500 mw do-35 glass motorola tvs/zener device data 6-111 500 mw do-35 glass data sheet electrical characteristics  (at t a  = 25  c) motorola zpd and bzx83c series.  forward voltage v f  = 1 volt max at i f  = 50 ma. zener voltage (note 1) at i zt = 5.0 ma impedance ( w ) max (note 2) typ. temp. cff v r  min at i z  = 1 ma yp p coeff. at i zt v device type nominal min max at i zt bzx83 zpd at   i zt % per   c bzx83 zpd at i r bzx83c2v7rl zpd2.7rl 2.7 2.5 2.9 85 600 500 0.09...0.04 1 e 100 m a bzx83c3v0rl zpd3.0rl 3 2.8 3.2 90 600 500 0.09...0.03 1 e 1 60 m a bzx83c3v3rl zpd3.3rl 3.3 3.1 3.5 90 600 500 0.08...0.03 1 e 1 30 m a bzx83c3v6rl zpd3.6rl 3.6 3.4 3.8 90 600 500 0.08...0.03 1 e 1 20 m a bzx83c3v9rl zpd3.9rl 3.9 3.7 4.1 85 600 500 0.07...0.03 1 e 1 10 m a bzx83c4v3rl zpd4.3rl 4.3 4 4.6 80 600 500 0.06...0.01 1 e 11 5 m a bzx83c4v7rl zpd4.7rl 4.7 4.4 5 78 600 500 0.05...+0.02 1 e 11 2 m a bzx83c5v1rl zpd5.1rl 5.1 4.8 5.4 60 550 480 0.03...+0.04 0.8 100 na bzx83c5v6rl zpd5.6rl 5.6 5.2 6 40 450 400 0.02...+0.06 1 100 na bzx83c6v2rl zpd6.2rl 6.2 5.8 6.6 10 200 0.01...+0.07 2 100 na bzx83c6v8rl zpd6.8rl 6.8 6.4 7.2 8 150 +0.02...+0.07 3 100 na bzx83c7v5rl zpd7.5rl 7.5 7 7.9 7 50 +0.03...+0.07 5 100 na bzx83c8v2rl zpd8.2rl 8.2 7.7 8.7 7 50 +0.04...+0.07 6 100 na bzx83c9v1rl zpd9.1rl 9.1 8.5 9.6 10 50 +0.05...+0.08 7 100 na bzx83c10rl zpd10rl 10 9.4 10.6 15 70 +0.05...+0.08 7.5 100 na bzx83c11rl zpd11rl 11 10.4 11.6 20 70 +0.05...+0.09 8.5 100 na bzx83c12rl zpd12rl 12 11.4 12.7 20 90 +0.06...+0.09 9 100 na bzx83c13rl zpd13rl 13 12.4 14.1 25 110 +0.07...+0.09 10 100 na bzx83c15rl zpd15rl 15 13.8 15.6 30 110 +0.07...+0.09 11 100 na bzx83c16rl zpd16rl 16 15.3 17.1 40 170 +0.08...+0.095 12 100 na bzx83c18rl zpd18rl 18 16.8 19.1 50 170 +0.08...+0.10 14 100 na bzx83c20rl zpd20rl 20 18.8 21.2 55 220 +0.08...+0.10 15 100 na bzx83c22rl zpd22rl 22 20.8 23.3 55 220 +0.08...+0.10 17 100 na bzx83c24rl zpd24rl 24 22.8 25.6 80 220 +0.08...+0.10 18 100 na bzx83c27rl zpd27rl 27 25.1 28.9 80 250 +0.08...+0.10 20 100 na bzx83c30rl zpd30rl 30 28 32 80 250 +0.08...+0.10 22 100 na bzx83c33rl zpd33rl 33 31 35 80 250 +0.08...+0.10 24 100 na note 1.  pulse test. note 2.  f = 1.0 khz, i z (ac) = 0.1 i z (dc).

 @ (note 5) general data e 500 mw do-35 glass motorola tvs/zener device data 6-112 500 mw do-35 glass data sheet designed for 250 mw applications requiring low leakage, low impedance. same as 1n4099 through 1n4104 and 1n4614 through 1n4627 except low noise test omitted. ? voltage range from 1.8 to 10 volts ? zener impedance and zener voltage specified for low- level operation at i zt  = 250  m a electrical characteristics  (t a  = 25  c unless otherwise specified. i zt  = 250  m a and v f  = 1 v max @ i f  = 200 ma for all electrical characteristics  types) type number (note 1) nominal zener voltage v z (note 2) (volts) max zener impedance z zt (note 3) (ohms) max reverse current i r ( m a) test voltage v r (volts) max zener current i zm (note 4) (ma) mz4614 1.8 1200 7.5 1 120 mz4615 2 1250 5 1 110 mz4616 2.2 1300 4 1 100 mz4617 2.4 1400 2 1 95 mz4618 2.7 1500 1 1 90 mz4619 3 1600 0.8 1 85 mz4620 3.3 1650 7.5 1.5 80 mz4621 3.6 1700 7.5 2 75 mz4622 3.9 1650 5 2 70 mz4623 4.3 1600 4 2 65 mz4624 4.7 1550 10 3 60 mz4625 5.1 1500 10 3 55 mz4626 5.6 1400 10 4 50 mz4627 6.2 1200 10 5 45 mz4099 6.8 200 10 5.2 35 mz4100 7.5 200 10 5.7 31.8 mz4101 8.2 200 1 6.3 29 mz4102 8.7 200 1 6.7 27.4 mz4103 9.1 200 1 7 26.2 mz4104 10 200 1 7.6 24.8 note 1. tolerance and voltage designation the type numbers shown have a standard tolerance of   5% on the nominal zener voltage. note 2. zener voltage (v z ) measurement nominal zener voltage is measured with the device junction in the thermal equilibrium with ambient temperature of 25  c. note 3. zener impedance (z zt ) derivation the zener impedance is derived from the 60 cycle ac voltage, which results when an ac cur- rent having an rms value equal to 10% of the dc zener current (i zt ) is superimposed on i zt . note 4. maximum zener current ratings (i zm ) maximum zener current ratings are based on maximum zener voltage of the individual units. note 5. reverse leakage current i r reverse leakage currents are guaranteed and are measured at v r  as shown on the table. note 6. special selectors available include: a) tighter voltage tolerances. contact your nearest motorola representative for more infor- mation.

 general data e 500 mw do-35 glass motorola tvs/zener device data 6-113 500 mw do-35 glass data sheet low voltage avalanche passivated silicon oxide zener regulator diodes same as 1n5520b through 1n5530b except low noise test spec omitted. ? low maximum regulation factor ? low zener impedance ? low leakage current electrical characteristics  (t a  = 25  c unless otherwise specified. based on dc measurements at thermal equilibrium; electrical characteristics  v f  = 1.1 max @ i f  = 200 ma for all types.) ml nominal zener t max zener max reverse leakage current maximum dc zener regulation low motorola type no. (note 1) z ener voltage v z  @ i zt volts (note 2) test current i zt madc max zener impedance z zt  @ i zt ohms (note 3) i r m adc (note 4) v r   volts dc   z ener current i zm madc (note 5) regulation factor d v z volts (note 6) low v z current i zl madc mz5520b 3.9 20 22 1 1 98 0.85 2.0 mz5521b 4.3 20 18 3 1.5 88 0.75 2.0 mz5522b 4.7 10 22 2 2 81 0.6 1.0 mz5523b 5.1 5 26 2 2.5 75 0.65 0.25 mz5524b 5.6 3 30 2 3.5 68 0.3 0.25 mz5525b 6.2 1 30 1 5 61 0.2 0.01 mz5526b 6.8 1 30 1 6.2 56 0.1 0.01 mz5527b 7.5 1 35 0.5 6.8 51 0.05 0.01 mz5528b 8.2 1 40 0.5 7.5 46 0.05 0.01 mz5529b 9.1 1 45 0.1 8.2 42 0.05 0.01 mz5530b 10 1 60 0.05 9.1 38 0.1 0.01 note 1. tolerance and voltage designation the abo suffix type numbers listed are   5% tolerance of nominal v z . note 2. zener voltage (v z ) measurement nominal zener voltage is measured with the device junction in thermal equilibrium with ambi- ent temperature of 25  c. note 3. zener impedance (z z ) derivatio n the zener impedance is derived from the 60 hz ac voltage, which results when an ac current having an rms value equal to 10% of the dc zener current (i zt ) is superimposed on i zt . note 4. reverse leakage current i r reverse leakage currents are guaranteed and are measured at v r  as shown on the table. note 5. maximum regulator current (i zm ) the maximum current shown is based on the maximum voltage of a   5% type unit, therefore, it applies only to the abo suffix device. the actual i zm  for any device may not exceed the value of 400 milliwatts divided by the actual v z  of the device. note 6. maximum regulation factor ( d v z ) d v z  is the maximum difference between v z  at i zt  and v z  at i zl  measured with the device junction in thermal equilibrium. note 7. special selectors available include: a) tighter voltage tolerances. contact your nearest motorola representative for more infor- mation.

 general data e 500 mw do-35 glass motorola tvs/zener device data 6-114 500 mw do-35 glass data sheet 500 mw do-35 glass multiple package quantity (mpq) requirements zener voltage regulator diodes e axial leaded case 299-02 do-204ah glass (refer to section 10 for surface mount, thermal data and footprint information.) refer to section 10 for more information on packaging specifications. min min max max millimeters inches dim 3.05 1.52 0.46 e   25.40 5.08 2.29 0.56 1.27 38.10 0.120 0.060 0.018 e   1.000 0.200 0.090 0.022 0.050 1.500 a b d f k all jedec dimensions and notes apply. notes: 1. package contour optional within a and b heat slugs, if any, shall be included within this cylinder, but not subject to the minimum limit of b. 2. lead diameter not controlled in zone f to allow for flash, lead finish buildup and minor irregularities other than heat slugs. 3. polarity denoted by cathode band. 4. dimensioning and tolerancing per ansi y14.5m, 1982. b a k d f f k package option tape and reel 5k type no. suffix rl, rl2 (1) mpq (units) tape and ammo ta, ta2 (1) 5k notes: 1. the a2o suffix refers to 26 mm tape spacing. notes:  2. radial tape and reel may be available. please contact your motorola notes: 2.  representative.
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