ALPHANUMERIC INDEX — CROSS-REFERENCE (Continued)

Motorola Motorola Motorola Motorola
Industry Direct Simiiar Page Industry Direct Similar Page
Part Number Rep | Number Part Number Repl | Number

2N6836 2N6836 3-244 25A623 2Nd918 3-75
2N6837 2N6837 3-251 25A624 2N4919 375
25A1001 2N6438 3203 25A626 MJ15016 39
25A1002 2N6438 3203 25A627 MJ15016 39
25A1003 2N6438 3203 25A633 2N4918 3-75
25A1007 MJ15002 3710 25A634 2N4919 375
25A1008 TIP32C 31073 25A635 2N49138 375
2SA1010 TIP42C 3-1083 25A636 2N4919 375
25A101 MJE15031 3972 25A645 MJE182 3-862
25A1012 TIP424 3-1083 25A646 2N4919 375
25A1020 TiP32 31073 25A647 2N4919 375
25A1040 2N6438 3-203 25A648 MJ15002 3710
25A1041 2N6438 3-203 25A652 2N8420 3-20
25A1042 2N6438 3-203 25A653 2NB420 3-20
2SA1043 2N6438 3203 25A656 MJ15016 39
25A1084 2NB43% 3203 25A857 MJ15016 39
2SA1045 2N6052 3-143 25A658 MJ15016 39
25A1046 2N6052 3-143 25A663 MJ15016 39
25A1063 MJ15016 39 25A670 2N3125 3154
25A1064 MJ15002 3710 25A671 2NB125 3154
25A1065 MJ15002 3710 25A679 MJ15016 38
25A1067 MJ15002 3710 25A680 2N5880 3123
25A1068 MJ15002 3710 25A681 MJE253 3-870
2SA1069 TIP42E 3-1083 25A682 MJE253 3-870
25A1110 MJE350 3-880 25A698 MJE350 3-880
25A1MN MJE15031 3-972 25A698 2N4918 375
25AN112 MJE15031 3972 25A700 TIP30 310m
25A1197L MJD11741 3-816 25A703 2N4918 375
2SA1197S MJD117 3816 25A706 MPS-USE 3-1062
25A1201 MID32 3-797 28AT14 MJ15016 39
25A1204 MJD32 3-797 25A715 MJE170 3-862
25A1213 MJD32C 3-797 25A738 MJE170 3-862
25A1225 MJD5731-1 — 25A739 MJ6503 3-540
25A1241 MJID4EH11-1 3-808 25A755 2NB125 3-154
25A1242 MJD210-1 3-832 25A756 MJ15016 39
25A1243 MJD210-1 3-832 25A757 MJ15016 39
28A1244 MJID4EH11-1 3-808 25A758 MJ15016 39
25A1307 TIP42A 3-1083 25A762 2N6211 3-161
25A1314 MJD32 3-797 25A764 NG317 3185
25A1328 2N649) 3-207 25A765 2N6318 3-185
25A1329 2N6491 3-207 25A766 2N6420 320
25A1357 TIP42 3-1083 2SA768 2NG125 3154
2SA1375 MJD350 3-840 25A769 TIP32C 3-1073
25A1385 MJD2955 3-844 25A770 2N65108 3151
25A1552 MJD350-1 3840 2SATI INGIOT 3183
25A1562 MJD210-1 3832 2SAT75 TIP30C 3101
25A1592 MJD32C1 3-797 2SA779 2N4918 375
25A1593 MJD32C1 3797 25A780 2N4319 375
25A483 2N6420 3-20 25A794 MJE253 3870
25A489 TiP32C 3-1073 25A795 MJE253 3-870
25A490 2N6125 3-154 25A807 2N3789 356
25A496 TIP30 31071 25A808 2N3790 356
25A503 MJ4646 3-538 25A814 TIP30C 3107
25A505 2N4919 375 25A815 TIP30C 310N
25A510 2N6193 3-158 25A816 TIP30B 31071
25A512 2N6190 3-158 25A818 MJE350 3-880
25A566 2N6420) 320 25A835 MJE350 3-880
25A613 2N4839 —_ 25A837 MJ15016 39
25A614 2N4900 - 25A839 TIP32C 3-1073
25A616 2N3741 341 25A843 MJE15031 39712

*Consult Motorola if a direct replacement is necessary.
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TABLE 1 — METAL TO-204, TO-204AE (continued)

Resistive Switching

IcCont | VCEO(sus) . ts t fr Pp (Case)

Amps Volts Device Type hFe @lIg ns HS @l MHz Watts

Max Min NPN PNP Min/Max Amp Max Max Amp Min @ 25°C
15 MJ16012 7 min 15 09 typ [0.15 typ 10 175
2N6836 10/30 10 3 0.35 10 10 175
500 MJ16010A 5 min 15 3 04 10 175
850+ MJ12022 5 min 15 0.1 typ 10 175
16 100 BD318 25 min 5 1 200
2N5629 2N6029 25/100 8 1.2typ | 1.2 typ 8 1 200
120 2N5630 2N6030 20/80 8 1.2typ { 1.2typ 8 1 200
140 2N3773 2N6609 15/60 8 1.1typ | 1.5typ 8 4 150
2N5631 2N6031 15/60 8 1.2typ | 1.2 typ 8 1 200
200 MJ15022 MJ15023 15/60 8 5 250
250 MJ15024 MJ15025 15/60 8 5 250
18 160 BUX41N 8 min 12 1.2 0.25 12 8 120
20 60 2N3772 15/60 10 2 150
2N6282## 2N6285# # 750/18k 10 25typ | 25typ 10 a# 160
75 2N5039 20/100 10 1.5 0.5 10 60 140
80 2N5303 2N5745 15/60 10 2 1 10 2 200
2NE283## 2N6286## 750/18k 10 25typ | 25typ 10 44 160
90 2N5038 | 20/100 12 1.5 0.5 12 60 140
100 IN6284## 2N62874## 750/18k 10 25typ | 2.5typ 10 a4 160
125 BUX40 8 min 15 1 0.25 15 8 120
140 MJ15003 MJ15004 25/150 5 2 250
160 BUV1IN 10 min 15 1.2 0.25 15 8 150
200 BUV1I1 10 min 12 1.8 04 12 8 150
MJ13330 8/40 10 3.5 0.7 10 5to 40 175
250 BUV12 10 min 10 15 0.5 10 8 150
MJ13331 8/40 10 35 0.7 10 5to 40 175
350 MJ10000# # 40/400 10 3 1.8 10 10# 175
MJ10004## 40/400 10 1.5 0.5 10 104 175
400 MJ10001## 40/400 10 3 1.8 10 10# 175
MJ10005# # 40/400 10 1.5 0.5 10 104 175
MJ13333 10/60 5 4 0.7 10 175
450 MJ10008## 30/300 10 2 0.6 10 8# 175
MJ16014 5 min 20 2.7 0.35 20 250
MJ16016 7 min 20 2.2 0.25 20 250
2N6837 10/30 15 2.5 0.25 15 250
500 MJ100094# 30/300 10 2 0.6 10 8# 175
MJ13335 10/60 5 4 0.7 10 175
700 BUT15## 15 min 12 25 08 12 175
750 MJ10024# # 50/600 20 5 18 10 250
850 MJ10025# # 50/600 20 5 18 10 250

* V(BRICEX- # [hfel @ 1 MHz, ## Darlington {continued)

D JAN, JTX, JTXV Available

2-6



TABLE 14 — SWITCHMODE POWER TRANSISTORS (continued)

Resistive Switching
VCEO(sus) | IcCont | Vggy Device Type ts tf fr |Pp(Case)

Volts Amps Volts NPN unless hgg @I us s @ l¢ MHz Watts Case
Min Max Min otherwise noted | Min/Max | Amp | Max Max | Amp Min @ 25°C JEDEC/MOT
750 3 1500 MJE16032 4 min 3 2 1.5 2 80 TO-220/221A

1500 MJH16032 4 min 3 2 15 2 125 TO-218/340
25 1500 MJ12002% 1.11 min 2 1 2 4 typ TO-20411
1500 MJE12007 % 1.1 min 2 1 2 4 typ TO-220/221A
700 40 1000 BUT35## 15 min 24 4 1.2 24 250 TO-204/197
20 1000 BUT15## 15 min 12 25 0.8 12 175 TO-204/1
10 1200 MJ8504% 7.5 min 1.5 4 2 5 TO-204/1
8 1400 MJ10011# 20 min 4 1 4 TO-204/1
1500 BU508,A 225min| 45 8typ |05typ| 45 7 125 TO-218/340
1500 BUS508D,AD 2.25min| 45 8typ |0.5typ| 4.5 7 125 TO-218/340
5 1200 MJ8502% 7.5 min 1 4 2 25 TO-204/1
1200 MJEB502% 7.5 min 1 4 2 25 TO-220/221A
1500 BU208A 2.25min| 45 8typ [04typ| 45 4 typ 90 TO-204/1
1500 BU208D 2.25min | 45 06typ| 45 TO-204/1
25 1200 MJEB500% 7.5 min 0.5 4 2 1 TO-220/221A
600 10 700 MJ10014#:# % 10/250 10 25 0.8 10 TO-204/1
500 50 750 MJ10016## % 10 min 40 25 1 20 TO-204/197
850 BUT34## 15 min 32 3 1.5 32 250 TO-204/197
25 850 BUT14## 15 min 16 2.8 0.8 16 175 TO-204/1
20 600 MJ10009#:% % 30/300 10 2 0.6 10 gxx TO-204/1
800 MJ13335% 10/60 5 4 0.7 10 TO-204/1
15 850 BUTS1P## 40 min 5 1.1 0.16 10 125 TO-218/340D
1000 MJ16010A+ 5 min 15 3 0.4 10 TO-204/1
1000 MJH16010A% 5 min 15 3 0.4 10 TO-218/340
8 850 BUTS50P## 30 min 2 [0.75typ|0.1typ| 5 100 T0O-218/340D
1000 MJ16006A 5 min 15 3 0.4 10 TO-204/1
1000 MJH16006Ax 5 min 15 3 04 10 TO-218/340
5 1000 MJ16002A % 5 min 15 3 0.3 3 TO-204/1
1000 MJH16002A % 5 min 15 3 0.3 3 TO-218/340
450 30 850 MJ16020 5 min 30 1.8 0.2 20 250 TO-204/1
850 MJ16022 7 min 30 1.5 0.15 20 250 TO-204/1
1000 BUS98A 8 min 16 2.3 0.4 16 250 TO-204/197
20 650 MJ10008# # % 30/300 10 2 0.6 10 g** TO-204/1
850 2N6837% 10/30 15 25 0.25 15 15 TO-204/1
850 MJ16014% 5 min 20 27 0.35 20 TO-204/197
850 MJ16016% 7 min 20 22 0.25 20 TO-204/197
15 850 2N6836% 10/30 10 3 0.35 10 10 TO-204/1
850 MJ12022% 5 min 15 0.1 typ 10 TO-204/1
850 MJ16010% 5 min 15 1.2typ|(0.2typ| 10 TO-204/1
850 MJ16012% 7 min 15 0.9 typ [0.15 typ 10 TO-204/1
850 MJH16010% 5 min 15 1.2 0.2 10 175 TO-218/340
850 MJH16012% 7 min 15 0.9 0.15 10 150 TO-218/340
1000 BUX48A 8 min 10 2 04 10 175 TO-204/1
* Designers Data Sheet characterization (continued)
# Darlington ## Darlington with speed-up diode * toff ** |hfel @ 1 MHz
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MOTOROLA

@ SEMICONDUCTOR N
TECHNICAL DATA

2N6837

gner’s Data Sheet

20 AMPERE

NPN SILICON
POWER TRANSISTORS

450 VOLTS
250 WATTS

SWITCHMODE Il SERIES
ULTRA-FAST NPN SILICON POWER TRANSISTORS

This transistor is designed for high-voltage, high-speed, power

switching in inductive circuits where fall time is critical. They are

particularly suited for line-operated switchmode applications.

Typical Applications:
® Switching Regulators
® Inverters
® Motor Controls
@ Deflection Circuits
® Fast Turn-Off Times
30 ns Inductive Fall Time — 75°C (Typ}

40 ns Inductive Crossover Time — 75°C (Typ)

800 ns Inductive Storage Time — 75°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
Saturation Voltages

Designer's Data for
“Worst Case” Conditions

The Designers Data Sheet permits the design
of most circuits entirely from the information
presented. Limit data — representing device
characteristics boundaries — are given to facil-
itate “worst case” design.

- - A - P
Leakage Currents
- T C
| ———
r .
[ Re=mem—=l ]
i ya i
/
SEAEING /- o K
MAXIMUM RATINGS PLANE e 1
Rating Symbol Max Unit - — F e e
Collector-Emitter Voltage* VCEO(sus) 450 Vde [— -4 -1
Cofliector-Emitter Voltage* VCEV 850 Vdc o o . \\ | *
Emitter Base Voltage* VEB 6.0 Vde \(,‘ 3] h I
Collector Current — Continuous* ic 20 Adc - {6 ! - R
H o Lo
— Peak (1) IcM 30 Y 0 P
Base Current — Continuous* I8 15 Adc \ - e Gy
— Peak (1) IBM 20 _
R . INCHES
Total Power Dissipation ?L IC = fg:)cé Pp 32(3) Watts EM %%:?{S MIN 5 MAX
@ Te = °
< 0 A (383513937 151 1.550
Derate above 25°C 1.43 wC & 1930 2108 | 076 830
Operating and Storage Junction* T4 Tstg -65to +200 °C C .35 7&1“ .25 300
Temperature Range ;45 .g[) .l15 (‘)gg
*THERMAL CHARACTERISTICS 29.90°| 30.40 | 1.177 | 1.197
) G| 1067 | 11.1 0.420 | 0.44
Characteristic Symbol Max Unit 1] 5211 572 0.205 | 0.22
Thermal Resistance, Junction to Case* Rauc 0.7 °C/W ‘:( :f?‘ :;13 giig g%ﬂ
Maximum Lead Temperature for Soldering* T 275 °C a 3841 409 0151 | 0.161
Purposes: %" from Case for 5 Seconds R | 2489 | 26.67 | 0.980] 1.050

{1} Putse Test: Pulse Width = 5.0 ms, Duty Cycle < 10%. CASE 197_’-01
*indicate JEDEC Registered Data TO-204AE TYPE
(TO-3 TYPE)}
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2N6837

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

[ Characteristic [ Symbol [ Min Typ Max Unit
OFF CHARACTERISTICS
Collector-Emitter Sustaining Voltage {Table 2) VCEO(sus) 450* — — Vdc
(Ic = 100 mA, Ig = 0)
Collector Cutoff Current ICEV mAdc
(Vcgy = 850 Vdc, VBg(off) = 1.5'Vdc) —_ _ 0.25%
(Vcpv = 850 Vdc, VBEg(off) = 1.5 Vde, Tc = 100°C) — — 1.5%
Collector Cutoff Current ICER — — 25 mAdc
(Vcg = 850 Vdc, Rgg = 50 (2, T¢c = 100°C)
Emitter Cutoff Current IEBO — — 1.0% mAdc
{(Vgg = 6.0 Vdc, Ic = 0}
SECOND BREAKDOWN
Second Breakdown Collector Current with Base Forward Biased is/b See Figure 15*
Clamped Inductive SOA with Base Reverse Biased RBSOA See Figure 16
ON CHARACTERISYTICS (1)
Collector-Emitter Saturation Voltage VCE(sat) Vvdc
{Ilc = 10 Adc, Ig = 1.2 Adc) — — 15
{Ic = 15 Adc, |g = 2.0 Adc) — - 3.0%
{Ic = 15 Adc, Ig = 2.0 Ade, Tg = 100°C) — — 3.0%
Base-Emitter Saturation Voltage VBE(sat) Vdc
{Ic = 15 Adc, Ig = 2.0 Adc) — — 1.5%
(lc = 15 Adc, Ig = 2.0 Adc, Tg = 100°C) - — 1.5
DC Current Gain heg —
(Ic = 15 Adc, Vcg = 5.0 Vdc) 7.5 — 30*
{ic = 20 Adc, Ve = 5.0 Vdc) 5.0 — —
DYNAMIC CHARACTERISTICS (2)
Current Gain — Bandwidth Product fr 10* — 75* MHz
(VeE = 10 Vde, Ic = 0.26 Adc, frgst = 10 MHz)
Output Capacitance Cob 100* — 500* pF
(Vcp = 10 Vdg, g = 0, fegt = 1.0 kH2)
SWITCHING CHARACTERISTICS
Resistive Load (Table 1)
Delay Time tg — 20 | 100* ns
Rise Time {Ic = 15 Adc, (Ig2 = 4.0 Adc, tr — 200 500*
Storage Time Vee = 250 vde, Rpy = 1.6 Q) tg — 1200 2700*
- tg1 = 2.0 Adc, -
Fall Time PW = 30 us, tf — 200 350
Storage Time Duty Cycle = 2.0%) (VBE(off) = 5.0 Vo) te P 650 —
Fall Time tf — 80 —
Inductive Load (Table 2)
Storage Time tgy —_ 800 2700% ns
i Tec = 100°C i — 50 200"
Fall Time flc = 15 Adc, (Tg 00°C) fi
Crossover Time igy = 2.0 Adc, tc — 90 250*
Storage Time VBE(off) = 450% \\//dc, tsv — 1050 —
V = d
Fail Time CE(pk] | e = 1500) Lt — 70 —
Crossover Time [ tc — 120 —

{1} Pulse Test: PW — 300 us, Duty Cycle < 2.0%.

(217 = |beE] frest

*Indicates JEDEC Registered Limit
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Ic COLLECTOR CURRENT (uA}

2N6837

TYPICAL STATIC CHARACTERISTICS

FIGURE 1 — DC CURRENT GAIN FIGURE 2 — COLLECTOR SATURATION REGION
T 20—
H‘H’ 1 ‘”‘L’J‘ I 527 LLH
Ty - 100°C | 1 1 2 Ty=25°C
A g BBt
. Ty 25°C I i ;2, L4 i l
: S 2] \
2 I N ' = \ R
g T N - g5 3
: ‘ A \ el
a ] H NN z \ [T\lc=154
& vee-s0v{ LT - =09
= cf - * 2 g Ig=10 A\
i = -
T = Ic=50A ™
N | 2 0 S
10 30 50 70 10 267730 8 l T Bas
Ig. COLLECTOR CURRENT (AMPS) 03 0507 10 20 30 50 70 10 15
I5. BASE CURRENT (AMPS)
FIGURE 3 — COLLECTOR-EMITTER SATURATION REGION FIGURE 4 — BASE-EMITTER VOLTAGE
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FIGURE 5 — COLLECTOR CUTOFF REGION FIGURE 6 — CAPACITANCE
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2N6837

TYPICAL DYNAMIC CHARACTERISTICS

FIGURE 7 — STORAGE TIME FIGURE 8 — STORAGE TIME
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FIGURE 9 — COLLECTOR CURRENT FALL TIME FIGURE 10 — COLLECTOR CURRENT FALL TIME
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2N6837

FIGURE 13 — INDUCTIVE SWITCHING MEASUREMENTS
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FIGURE 14 — REVERSE BASE CURRENT
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GUARANTEED SAFE OPERATING AREA LIMITS

FIGURE 15 — MAXIMUM FORWARD BIAS
SAFE OPERATING AREA

P
g
Z :
= 30:51»& L
g oo [EHL
& “ttrp=2sec | -
O 10ttt L =
3 0/:@‘% Eff g = Ba
5 05ttt et - —~
= 3} —~—Bonding Wire Limit 0 N i S B B
S 0.2t -~~~ Thermal Limit Ll \\ . s
o Second Breakd -
< " : \k;:

——1

T B S S

50 70 100 200 450

Vg COLLECTOR-EMITTER VOLTAGE (VOLTS)

FIGURE 16 — MAXIMUM RATED REVERSE BIAS
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SAFE OPERATING AREA INFORMATION

FORWARD BIAS

There are two limitations on the power handling abil-
ity of a transistor: average junction temperature and
second breakdown. Safe operating area curves indicate
Ic — Vg limits of the transistor that must be observed
for reliable operation; i.e., the transistor must not be
subjected to greater dissipation than the curves indicate.

The data of Figure 15 is based on Tg = 25°C; T j(pk)
is variable depending on power level, Second break-
down pulse limits are valid for duty cycles to 10% but
must be derated when T¢=25°C. Second breakdown
limitations do not derate the same as thermal limita-
tions. Allowable current at the voltages shown on Figure
15 may be found at any case temperature by using the
appropriate curve on Figure 18,

Ty(pk) may be calculated from the data in Figure 17.
At high case temperatures, thermal limitations will re-

duce the power that can be handled to values less than
the limitations imposed by second breakdown.

REVERSE BIAS

For inductive loads, high voltage and high current
must be sustained simultaneously during turn-off, in
most cases, with the base-to-emitter junction reverse
biased. Under these conditions the collector voltage
must be held to a safe level at or below a specific value
of collector current. This can be accomplished by sev-
eral means such as active clamping, RC snubbing, load
line shaping, etc. The safe level for these devices is
specified as Reverse Bias Safe Operating Area and rep-
resents the voltage-current condition allowable during
reverse biased turn-off. This rating is verified under
clamped conditions so that the device is never subjected
to an avalanche mode. Figure 16 gives the RBSOA
characteristics.
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«{t), TRANSIENT THERMAL
RESISTANCE (NORMALIZED)

e

2N6837

FIGURE 17 — THERMAL RESPONSE
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TABLE 1 — RESISTIVE LOAD SWITCHING 100 +Vdc = 11 Vde
tq and ty tg and ty 0 ‘r
>
oV 20 b3
AAA~ 2N6191
~-35V + ) |
H.P. 214 ~ .02 uF
or [ e H.P. 214 _Trour RB1
or
Equiv. | 1 A
P.G.
R 7R 0.02 uF Rp2
50
vee = L3 2N5337
> 1.0 uF b3
_L 500 5: 100
= = '{l- -V
Vee = 250 Vde +V

RL =160 oV

I = 15 Adc l Y
~ 1V Ig = 2.0 Adc

ov

ty<15 ns
':"“'"’zni" Vee = 250 Igy = 2.0 Adc Rgy = 7.5 0
-6042 or RL=16Q Igz = 4.0 Adc Rgz = 1.6
Equivalent Ic = 15Adc  For VBg(off) = 50V Rz = 00

*Note: Adjust -V 1o obtain desired VBE|off) at Point A,
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T4 = Leoit (Cpk}
Vce
Ty adjusted to obtain Ig(pk)

V(BRICEO

L =10mH
Rp2 = ©

Vee = 20 Volts

*Tektronix
P-68042 or
Equivalent

Ic(pk) = 15A

Igy = 20A
VBE(off) = 5.0 Volts
VCE(pk) = 400 Volts

Tc = 25°C
Time Base = 200
ns/em

2N6837

TABLE 2 — INDUCTIVE LOAD SWITCHING

H.P. 214
or Equiv.

P.G.
o
-35V

Vv
o
©

Inductive Switching

L = 200 uH
Rpz = 0
Vee = 20 Volts

Rp1 selected for desired Ig4

Scope — Tektronix
7403 or
Equivalent

0.02 uF 100 T"V“’V
A1 AAA,
3 VWA VJ
—AM- 2N6191
- 20
-f 10 uF
A
= 0.02 uF
1.0 uF
g —
3 2N5337
<L
3 500

Ic
VCE(pk) —=
VCE — J\—L

I

B

RBSOA

L = 200 uH 82

Rg2 = 0
Vee = 20 Voits
Rp1 selected for desired ig4

Note: Adjust — V to obtain desired Vgg(offy at Point A.

TYPICAL INDUCTIVE SWITCHING WAVEFORMS

IC(pk)
Ig1 =

VBE(off) = 5.0 Voits
VCE(pk)

Tc =
Time
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=15A
20A

= 400 Volts |
25°C i
Base = 200
ns/cm




