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MOTOROLA
m SEMICONDUCTOR I Mi8504 m
TECHNICAL DATA MI8505

Designers Data Sheet

SWITCHMODE SERIES

10 AMPERE

NPN SILICON

POWER TRANSISTORS
NPN SILICON POWER TRANSISTORS
700 and 800 VOLTS
175 WATTS
The MJ8504 and MJ8505 transistors are designed for high-

voltage, high-speed, power switching in inductive circuits where fall
time is critical. They are particularly suited for line operated switch-

ical. Designer’s Data for
mode applications such as: “Worst Case” Conditions

Switching Regulators The Designers Data Sheet per-
mits the design of most circuits
entirely from the information pre-

*
® |[nverters

® Solenoid and Relay Drivers
.

°

Motor Controls sented. Limit data — representing

. - device characteristics boundaries —

Deflection Circuits are given to facilitate “worst case™
Fast Turn-Off Times design.

75 ns Inductive Fall Time —25°C (typ)
160 ns inductive Crossover Time —259C (typ)
1.25 us Inductive Storage Time —25°C (typ)

Operating Temperature Range —65 to + 200°C
100°C Performance Specified for:

Reverse-Biased SOA with Inductive Loads
Switching Times with inductive Loads

= | |

L 1 1 ¢
Saturation Voltages 'L_' - w
Leakage Currents E
—sile—D 20 —K
eannm ®
MAXIMUM RATINGS
Rating Symbol MIB504 MJI8505 Unit b
Collector-Emitter Voltage VCEO 700 800 vdc
Collector-Emitter Voltage Veey 1200 1400 Vdc [
Emitter Base Voltage Vgs 8.0 8.0 Vdc NOTES
Collector Current — Continuous Ic 10 10 Adc 1. DMENSON'NG AND TOLERANCING PER ANS!
Peak (1} IcMm 15 15 YI45M, 1982,
-~ 2. CONTROLUNG D.MENSION: INCH.
Base Current — Continuous s 8 8 Adc 3. ALL RULES AND NOTES ASSOCIATED WITH
Peak (1) Iam 12 12 REFERENCED TO 204AA QUTLINE SHALL AFPLY.
Total Pawer Dissipation @ Tg = 25°C [ 175 175 Watts
@ T¢ = 100°C 100 100
Derate above 269C R 0 wi°c [ MILLMETERS | NCHES |
: , 1.0 ! u | own [ aw [ o [ o [ WX} smaen:
Operating and Storage Juaction T4 Tsig —65 to +200 C - 37 | — 550 PIN 1. 8ASE
Temperature Range — | 008 | -~ 830 2. EMITTER
£ 2 5% | 65| om0 05|  case couecron
THERMAL CHARACTERISTICS LRI AR
Characteristic Symbol Max Unit 301585C 1 1315:2
Thermal Resistance, Junction to Case ReJc 1.0 ocw H "5'3: Eﬁ 3;?2 BSC
Maximum Lead Temperature for Soldering TL 275 oc “"5359 Bf“ 03‘0555 E‘S'Cm
Purposes: 1/8" from Case for 5 Secands 76 0151 | 016s CASE 1-06
{11 Pulse Test: Pulse Width = 5 ms, Duty Cycle < 10%. — [me | — | 1% TO-204AA
483 | 533 | 0180 | o0 ({TO-3)
V_| 384 ] 418 f o1 ] 0165
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ELECTRICAL CHARACTERISTICS (T = 25°C uniess otharwise noted)

{ Characteristic [ symbot [ min | Ty | Mex | umit |
OFF CHARACTERISTICS
Coll itter Sustaining Voitage (Table 1) MJ8604 VCEO(sus) 700 - - Vde
{ic =100 mA, ig =0} MJ8505 800 s -
Collector Cutoff Current ICEV mAdc
{Vcey = Rated Value, Vgg(off) = 1.5 Vdc} - - 0.25
(VoEy = Rated Value, Vgg(gtf) = 1.5 Vde, Tg = 160°C) - - 50
Collector Cutoff Currant Icer - - 5.0 mAdc
{VgEe = Rated Voey, Rge = 50 @, Tg = 100°C)
Emitter Cutoff Current lggo - - 10 mAdc
{Vgg = 7.0 Vdc, ig = 0)
SECOND BREAKDOWN
S d Break Coll Current with base forward biased Is/b See Figure 12
Clamped Inductive SOA with Base Reverse Biased RBSOA See Figure 13
ON CHARACTERISTICS (1)
DC Current Gain hge 1.6 - - -
(Ig = 1.5 Adc, Vg = 6.0 Vdc)
Coli -Emitter ion Voltage VCE(sat) Vde
({Igc = 5.0 Adc, |g = 2.0 Adc) - - 2.0
{ic = 10 Ade, 1g = 4.0 Adc) - - 50
{Ic = 5.0 Ade, Ig = 2.0 Adc, T¢ = 100°C) - - 3.0
Bass-Emitter Saturation Voltage VBE(sat) Vde
{Ig = 5.0 Ade, lg = 2.0 Ade) - - 15
{ic = 6.0 Ade, Ig = 2.0 Adc, Tg = 100°C) - - 1.5
DYNAMIC CHARACTERISTICS
Output Capacitance I Cob l 90 I - I 450 | pF
{(Veg = 10 Vde, I = 0, frget = 1.0 kHz}
SWITCHING CHABACTERISTICS
Resistive Load (Table 1)
Delay Time td - 0.050 0.20 Hs
ise Time {(Vge =500 Vde, Ig = 5.0 A, . — 0.175 20 ™
Storage Time la1 = 20 A, VBElofr) = 5.0 Vdc, tp = 5045, t - 1.25 4.0 Hs
Duty Cycle < 2.0%) $ .
Fall Time tf - 0.60 2.0 Hs
Inductive Load, Clamped (Table 1)
Storage Time {ic = 5.0 Alpk), V¢lamp = 500 Vdc, Ig1 =2.0 A, tay - 1.76 5.6 us
Crossover Time | VgE(off) = 6 Vde. T¢ = 100°C [ - 0.400 2.0 us
Z:{:asii :::\ = Vlc = 50 AlbkL, Veiamp = 500 Ve, 1gy = 20A, "S: = ; 1220 = ::
Fall Time VBEloft) = Vde. Tc = 27C) i - 0075 = us

(1) Pulse Test: PW - 300 us, Duty Cycle < 2%.
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MJ8504, MJ8505
72375
FIGURE 1 — DC CURRENT GAIN FIGURE 2 - COLLECTOR SATURATION REGION
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FIGURE 3 — COLLECTOR-EMITTER SATURATION REGION FIGURE 4 — BASE EMITTER VOLTAGE
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FIGURE 6 — COLLECTOR CUTOFF REGION FIGURE 6 — CAPACITANCE
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SWITCHING TIMES NOTE

FIGURE 7 — INDUCTIVE SWITCHING MEASUREMENTS In resistive switching circuits, rise, fall, and storage
0 T times have been defined and apply to both current and
c ok o VCE(p) voltage waveforms since they are in phase. However,
| - for inductive loads which are common to SWITCHMODE
/' 90% Vo) J)\ 90% ¢ power supplies and hammer drivers, current and voltage
e o o l:i____'"_ forms are not in phase. Therefore, separate measure-
A ments must be made on each waveform to determine
hd the total switching time. For this reason, the following
new terms have been defined.
VCE =T A% Veelpl) | 10% tgy = Voltage Storage Time, 90% Ig1 to 10% VCE(pk)
M Wh g gk T Z¥ic try = Voltage Rise Time, 10—90% VCE(pk)
—— = t§i = Current Fall Time, 90-10% Ic
- tyi = Current Tail, 10-2% Ic
tc = Crossover Time, 10% VCE(pk) to 10% Ic
An enlarged portion of the inductive switching waveforms
TIME is shown in Figure 7 to aid in the visual identity of these
terms.
For the designer, there is minimal switching loss
FIGURE 8 — PEAK REVERSE BASE CURRENT during storage time and the predominant switching
8.0 power losses occur during the crossover interval and
can be obtained using the standard equation from AN-222A:
PswTt = 1/2 Veloltef
—— In general, try + tfj = to. However, at lower test currents
] this relationship may not be valid.
/' As is comman with most switching transistors, resistive
- switching is specified at 269C and has become a bench-
/ mark for designers. However, for designers of high
// A frequency converter circuits, the user oriented specifica-
tions which make this a "SWITCHMODE" transistor are
the inductive switching speeds (tc and tgy) which are
guaranteed at 100°C.
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RESISTIVE SWITCHING PERFORMANCE
FIGURE 8 — TUAN-ON SWITCHING TIMES FIGURE 10 — TURN-OFF SWITCHING TIMES
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TABLE 1 — TEST CONDITIONS FOR DYNAMIC PERFORMANCE

126 o ] t3e7254 0085007 & i

7-33/5
7-G1-0f

VCEO(sus) RBSQA AND INDUCTIVE SWITCHING RESISTIVE SWITCHING
J_ ’ 0 +15
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T it
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s hEE denred
Q 500 1009 TURN OFF TIME
PW Varied to Attain Uss inductive switching
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SAFE OPERATING AREA INFORMATION

FIGURE 12 - FORWARD BIAS SAFE OPERATING AREA FORWARD BIAS

There are two limitations on the power handling abitity
HT of a transistor: average junction temperature and second
3= breakdown. Safe operating area curves indicate IiC—VCE
=== =2 limits of the transistor that must be observed for reliable
N S ims operation; i.e., the transistor must not be subjected to

greater dissipation than the curves indicate.
10 The data of Figure 12 is based on T¢ = 25°C; T j(pk)
= i is variable depending on power fevel. Second breakdown
de 1 pulse limits are valid for duty cycles to 10% but must be
01 — ~—- BONDING WIRE LIMIT ﬁ derated when Tg > 25°C. Second breakdown limitations
1
I

§0

31

[

I

[~ — - —= THERAMAL LIMIT do not derate the same as thermal limitations. Allowable
[~ —— SECOND BREAKDOWN LIMIY I current at the voltages shown on Figure 12 may be found
at any case temperature by using the appropriate curve on

Figure 14,
10 10 100 1000 Ti(pk) may be calculated from the data in Figure 11.
VeE, COLLECTOR EMITTER VOLTAGE (VOLTS) At high case temperatures, thermal limitations will reduce
the power that can be handled to values less than the

g, COLLECTOR CURRENT (AMPS)
H
H

FIGURE 13 — RBSOA, REVERSE BIAS SWITCHING {imitations imposed by second breakdown.
SAFE OPERATING AREA

10 REVERSE BIAS
;% \ For inductive loads, high voltage and high current must
E 8.0 be sustained simultaneously during turn-off, in most cases,
E with the base to emitter junction reverse biased. Under
3 50 VgE (off) =210 7V \ these conditions the collector voltage must be held to
E Ig/g=20 \ a safe level at or below a specific value of collector cur-
g T4S1009C N rent. This can be accomplished by several means such as
§ 4.0 N active clamping, RC snubbing, load line shaping, etc. The
X ‘\ safe fevel for these devices is specified as Reverse Bias
8 20 Safe Operating Area and represents the voltage-current
2 | FOR MJ8504 RESOA \\ condition allowable during reverse biased turn-off. This
2 L”{"T '? m,v 0”;5 LEISS \ _ rating is verified under clamped conditions so that the

o 200 400 600 800 1000 1200 1400 device is never subjected to an avalanche mode. Figure 13

VgE, COLLECTOR-EMITTER VOLTAGE (VOLTS) gives the complete RBSOA characteristics.
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