ALPHANUMERIC INDEX — CROSS-REFERENCE (Continued)

Motorola Motorola Motorola Motorola
Industry Direct Similar Page Industry Direct Similar Page
Part Number Repl. pl Number Part Number Repl. Repl. Number
2NB410 MJE200 3-866 2N6531 TIP102 3-1091
2NBAY MJEZ10 3-866 2N6532 TIP102 3-1091
2NB412 MJE180 3-862 2N6534 2N6301 3-147
2N6413 MJE18T 3-862 2N6535 TIP102 31091
2N6414 MJET70 3-862 2N6536 TIP102 3-1091
2N6415 MJET71 3-862 2NB542 2N6543 3215
2N6416 MJE243 3-870 2N6543 2N6543 3215
2N6417 MJE?243 3-870 2N6544 2N6545 3221
2N6418 MJUE253 3-870 2N6545 2N6545 3221
2N6419 MJE253 3870 2N6546 2N6546 3-225
2N6420 2N6420 3-20 2NB546JAN 2NB546JAN 3225
2NB4 2N6421 3-20 2NB546JTX 2NB546JTX 3225
2N6422 2N6422 3-20 2NB547 2N6547 3225
2N6423 2N6212 3161 2N6547JAN 2NB547JAN 3-225
2NB424 2N6212 3-161 INBBATITX 2N654TITX 3225
2N6425 2N6212 3-161 2N6548 MJESOC 3-888
2N6436 2N6436 3-203 2N6549 MJESOC 3-838
2N6437 2N6437 3203 2N8551 2N4923 379
2N6437JAN 2N6437JAN 3-203 2N65652 2N4923 379
2N6437JTX 2NB437JTX 3-203 2N6553 2N4923 379
2NBA3TITXV 2NGA3TITXV 3-203 2NGS5¢ 2N4N9 375
2N6438 2N6438 3-203 2N6555 2N4919 375
2N6438JAN 2N6438JAN 3-203 2N6556 2N4919 375
2N6438JTX 2NB438JTX 3-203 2NB557 MJE340 3-876
ANBA3BITRY INBA3BITXV 3-203 2NB558 MJE340 3-876
2NB465 MJE15030 3-972 2N6559 MJE340 3-876
2N6466 MJE15030 3-972 2N6569 2N3055 3-6
INGABT MJE15031 3972 2NB573 2N6546 3225
2N6468 MJE15031 3-972 2N6574 2N6546 3-225
2N6469 2N5879 3123 2N6575 2N6547 3-225
N84T0 2N5831 3123 2N6576 2N8576 3-229
2N6471 2N5831 3123 2N8577 2N6577 3-229
2N6472 2N5882 3123 2N6578 2NB578 3-229
2N6473 MJE15028 3972 2N6609 2N6609 3-52
2N6474 MJE15028 3-972 2N6648 2N6648 3-195
2N6475 MJE15029 3972 2N6648JAN 2NB648JAN 3-195
2NB476 MJE15029 3-972 2NB648JTX 2N6648JTX 3195
2NB477 MJE15028 3972 2N6648JTXV 2N6648JTXV 3-195
2N6478 MJE15030 3972 2N6649 2N6054 3-147
2N6486 2N6486 3-207 2N6649JAN 2N6649JAN —
2N6487 2N6487 3-207 2NB643JTX 2N6649JTX -
2N6488 2N6488 3-207 2N6643JTXV 2NG6AIJTXV -
2N6489 2N6483 3-207 2N6650JAN 2N6650JAN —
2N6490 2N6430 3-207 2NBBSOUTX 2N6650JTX -
2NB491 2N6491 3-207 2NB650JTXV 2NBB50JTXV -
2N6492 2N6055 3147 2N6666 2N6667 3232
2N6493 26056 3147 2N6667 2N6667 3232
2N6494 2N6056 3147 2N6668 2N6668 3-232
2N6495 2N5428 3101 2N6671JAN 2N6671JAN -
2N6496 2N63329 3-188 2NBET1JTX 2NB671JTX —
2N6497 2N6497 3211 2N6671JTXV 2N6671JTXV —
2N6493 2N6498 3211 2NE6T3JAN 2N6673JAN —
2NB499 MJE13005 3944 2NBBT3JTX 2N6673JTX —
2N6500 IN5430 3101 2NB673JTXV 2NBBT3ITXV -
2N6510 2N6306 3181 2N6676 MJ16010 3758
2N6511 2N6306 3181 2N6677 MJ16010 3-758
2NES12 2N6545 32 2N6678 MJ16010 3758
2N6513 2N6545 3-221 2N6833 2N6833 3-236
2N6514 2N6545 3 2N6834 2ZN6834 3-236
2N6530 TIP101 31091 2N68B35 MJ16006 3-742

*Consult Motorola if a direct replacement is necessary.
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TABLE 5 — PLASTIC TO-220 (continued)

Resistive Switching

IcCont | VCEO(sus) ice T tg tf fr Pp (Case)
Amps Volts Device Type heg @ Ic Hs us @l MHz Watts
Max Min NPN PNP Min/Max Amp Max Max Amp Min @ 25°C
10 60 D44H7 D45H7 20 min 4 50
D44H8 D45H8 40 min 4 50
D45H9 40 min 4 50
MJE2801T 25/100 3 75
MJE3055T MJE2955T 20/70 4 75
2N6387## 2N6667 ## 1k/20k 5 20# 65
SE9300## SE9400# # 1k min 4 1# 70
80 BDX33B## BDX34B## 750 min 3 3 70
BD809 BD810 15 min 4 15 90
DA4E3## 1000 min 5 2 typ 0.5 typ 10 50
D45H12 40 min 4 50
2N6388# # 2N6668# # 1k/20k 5 20# 65
D44H10 D45H10 20 min 4 05typ | 0.14 typ 5 50 typ 50
D44H11 D45H11 40 min 4 0.5typ [0.14 typ 5 50 typ 50
SES3014## SES401## 1k min 4 1# 70
100 BDX33C## BDX34C## 750 min 3 3 70
SE9302## SE9402# # 1k min 4 14 70
12 300 MJE13008 6/30 8 3 0.7 8 4 100
400 MJE13009 6/30 8 3 0.7 8 4 100
15 30 D44VH1 D45VH1 20 min 4 0.7 0.09 8 50 typ 83
40 2N6486 2N6489 20/150 5 0.6typ | 0.3 typ 5 5 75
45 BDW39 BDW44 1 k min 5 1typ 1.5 typ 5 4 85
D44VH4 D45VH4 20 min 4 0.5 0.09 8 50 typ 83
60 2N6487 2N6490 20/150 5 0.6 typ | 0.3 typ 5 5 75
BDW40 BDW45 1k min 5 1typ 1.5 typ 5 4 85
D44vVH7? 20 min 4 0.5 0.09 8 50 typ 85
80 2N6488 2N6491 20/150 5 0.6typ | 0.3 typ 5 5 75
BDW41 BDW46 1 k min 5 1typ 1.5 typ 5 4 85
D44vVH10 D45VH10 20 min 4 0.5 0.08 8 50 typ 83
100 BDW42 BDW47 1 k min 5 1typ 1.5 typ 5 4 85
120 BDW43 BDW4s 1k min 5 1typ 1.5 typ 5 4 85
# |hfe| @ 1 MHz, ## Darlington
TABLE 6 — PLASTIC Full Pak {TO-220 Type)
|p.o
1
2
3
CASE 221C-02
Resistive Switching
IcCont | VCEOQ(sus) ice T tg tf fr Pp (Case}
Amps Volts Device Type hre @ lg us ps @ g MHz Watts
Max Min NPN PNP Min/Max Amp Max Max Amp Min @ 25°C
1 250 MJF47 30/150 0.3 2typ [0.17 typ 0.3 10 28
5 100 MJF122## MJIF127## 2000 min 3 15typ | 1.5typ 3 4% 28
8 80 MJF6107 30/90 2 0.5typ | 0.13 typ 2 4 35
100 MJF102# # MJF107## 3000 min 3 1.5typ | 1.5typ 3 4# 35
150 MJF15030 MJF15031 40 min 3 Ttyp |0.15typ 3 30 35
10 60 MJF3055 MJF2955 20/100 4 2 40

# |hfe] @ 1 MRz, ## Darlington

2-14




TABLE 12 — POWER DARLINGTONS (continued)

Resistive Switching

IcCont | VCEO(sus) . ts t§ |hfe| @ | Pp (Case)
Amps Volts Device Type hrg @Il us ps @lc | 1TMHz | Watts Case
Max Min NPN PNP Min/Max | Amp Max Max | Amp Min @ 25°C JEDEC/MOT
8 80 MJ1001 MJ90? 1k min 3 90 TO-204/1
TIP101 TiP106 1k/20k 3 1.5 typ { 1.5 typ 3 4 80 TO-220/221A
2N6044 2N6041 1k/10k 4 1.5typ | 1.5 typ 3 4 75 TO-220/221A
2N6301 2N6299 750k/18k 4 1.5typ |1.5 typ 4 4 75 TO-213A/80
2N6056 2N6054 750k/18k 4 15typ |[1.5typ| 4 4 100 TO-204AN
MJE6044 MJE6041 1k/20k 4 15typ (1.6typ| 4 2 75 TO-225AB/90
100 BDX53C BDX54C 750 min 3 4 60 TO-220/221A
BD901 BD902 750 min 3 1 70 TO-220/221A
MJE6045 1k/20k 4 1.5typ (1.5typ| 4 2 75 TO-225AB/90
MJD122 MJD127 1k/12k 4 15typ | 2typ 4 4 20 TO-252/369A-04
MJF102 MJF107 3k min 3 1.5typ [1.5typ 3 4 35 —/221C-02
TiP102 TIP107 1k/20k 3 1.5typ (1.5 typ 3 4 80 TO-220/221A
2N6045 2N6042 1k/10k 4 1.5 typ {1.5typ 3 4 75 TO-220/221A
120 BDX53D BDX54D 750 min 3 4 60 TO-220/221A
150 BU807e 100 min 5 |0.55typ|0.2typ 5 60 TO-220/221A
200 BU8OGe 100 min 5 |0.55typ|0.2 typ 5 60 TO-220/221A
300 MJES740 2007400 4 8typ | 2typ 6 80 TO-220/221A
350 MJES5741 200/400 4 8typ | 2typ 6 80 T0-220/221A
400 MJE5742 200/400 4 8typ | 2typ 6 80 T0-220/221A
500 BUT50Pe 30 min 2 0.75typ 0.1 typ 5 100 TO-218/340D
1400* MJ10011 20 min 4 1 4 80 TO-204/1
10 40 2N6383 2N6648 1k/20k 5 20 100 TO-204/1
D44E1 1000 min 5 2typ |05typ| 10 50 TO-220/221A
45 BDX33 BDX34 750 min 4 3 70 TO-220/221A
60 BDVé6S BDV64 1k min 5 125 TO-218/340D
BDX33A BDX34A 750 min 4 3 70 TO-220/221A
MJ3000 MJ2500 1k min 5 150 TO-20411
2N6387 2N6667 1k/20k 5 20 65 TO-220/221A
2N6384 1k/20k 5 20 100 TO-20411
D44E2 1000 min 5 2typ |05typ| 10 50 TO-220/221A
TIP140 TIP145 500 min 10 ! 25typ |25typ 5 4 125 TO-218/340
80 2N6388 2N6668 1k/20k 5 20 65 TO-220/221A
2N6385 1k/20k 5 20 100 TO-204/1
BDV65A BDV64A 1k min 5 125 T0-218/340D
BDX33B BDX34B 750 min 3 3 70 TO-220/221A
D44E3 1000 min 5 2typ {0.5typ| 10 50 TO-220/221A
MJD44E3 1k min 5 2typ {05typ| 10 20 TO-252/369A-04
TIP141 TIP146 500 min 10 25typ {25 typ 5 4 125 TO-218/340
100 BDV65B BDV64B 1k min 5 125 TO-218/340D
BDX33C BDX34C 750 min 3 3 70 TO-220/221A
TIP142 TIP147 500 min 10 25typ |25 typ 5 4 125 TO-218/340
120 BDV65C BDV64C 1k min 5 125 TO-218/340D
BDX33D BDX34D 750 min 3 3 70 TO-220/221A
200 BU323P 150 min 6 15 15 6 125 TO-218/340D
250 BU323AP 150 min 6 15 15 6 125 TO-218/340D
350 BU323 150 min 6 7.5typ 5.2 typ 6 175 TO-204/1
MJ10002 30/300 5 25 1 5 10 150 TO-2041
MJ10006e .30/300 5 1.5 0.5 5 10 150 TO-204/1
400 BU323A 150 min 6 7.5typ 5.2 typ 6 175 TO-204/1
MJH10012 100/2k 6 15 15 6 118 TO-218/340
MJ10007e 30/300 5 15 0.5 5 10 150 TO-204/1
® Darlington with speed-up diode. {continued)
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MOTOROLA
TECHNICAL DATA

Darlington Silicon
Power Transistors

m SEMICONDUCTOR mm

... designed for general-purpose amplifier and low speed switching applications.

® High DC Current Gain — hpg = 3500 (Typ) @ Ig = 4 Adc
& Collector-Emitter Sustaining Voltage — @ 200 mAdc

VCEO(sus) = 60 Vdc (Min) — 2N6667

= 80 Vdc (Min) — 2N6668

® Low Collector-Emitter Saturation Voltage ~— VCE(sat) = 2 Vdc {(Max) @ Ic = 5 Adc
® Monolithic Construction with Built-in Base-Emitter Shunt Resistors
® TO-220AB Compact Package
® Complementary to 2N6387, 2N6388

COLLECTOR

Lo ____4

Figure 1. Darlington Schematic

Seo Page 35

2N6609

‘2N6648

See Page 3-195

2N6667
2N66638

POWER TRANSISTORS

PNP SILICON

D'ARLINGTON

10 AMPERES
60-80 VOLTS
65 WATTS

CASE 221A-04

TO-220AB
*MAXIMUM RATINGS
Rating Symbo! 2NB667 | IN6668 | Unit
Collector-Emitter Voltage VeEO 60 80 l Vde _T
Collector-Base Voltage VeB f'_ 60 E L Vdc |
Emitier-Base Voltage VEB 5 Vde
Collector Current — Continuous Ic 10 -‘ Adc
— Peak 15
Base Current B 250 mAdc
Total Device Dissipation ( T¢ = 25°C Pp 65 i watts
Derate above 25°C 0.52 wrC
Total Device Dissipation @ Tp = 25°C Pp 2 T Watts
Derate above 25°C 0.016 wW/r°C
LOperating and Storage Junction Temperature Range T Tstg -85 to + 150 °C :
THERMAL CHARACTERISTICS
Characteristics Symbol Max Unit
Thermal Resistance, Junction to Case ReuC 1.92 CW _ﬂ
Thermal Resistance, Junction to Ambient Roua 62.5 T /W

* Indicates JEDEC Registered Data
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2N6667, 2N6668

*ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted)

Characteristic i Symbol T Min Max [ Unit
OFF CHARACTERISTICS
Collector-Emitter Sustaining Voltage (1) 2N6667 VCEOQ(sus) 60 — T Vdc
{Ic = 200 mAdc, Ig = 0) 2N6668 80 -—
Collector Cutoff Current (Vcg = 60 Vdc, Ig = 0) 2N6667 {CEO - 1 mAdc
(VCE = 80 Vdc, Ig = 0) 2N6668 — 1
Collector Cutoff Current
(VCe = 60 Vdc, VEB(off) = 1.5 Vdc) 2N6667 iCEX — 300 wAdc
(Vee = 80 Vdc, VEB(off) = 1.5 Vdc) 2N6668 — 300
(VCg = 60 Vdc, VEB(off) = 1.5 Vdc, T¢ = 125°C) 2N6667 — 3 mAdc
(VCE = 80 Vdc, VEB(off) = 1.5 Vdc, Te = 125°C) 2N6668 — 3
Emitter Cutoff Current (VBg = 5 Vdc, Ic = 0) lEBO — 5 mAdc
ON CHARACTERISTICS (1)
DC Current Gain {Ic = 5 Adc, Vg = 3 Vde) hEE 1000 20000 —
(ic = 10 Adc, VCg = 3 Vdc) 100 —
Coliector-Emitter Saturation Voltage (Ic = 5 Adc, Ig = 0.01 Adc) VCE(sat) — 2 Vde
{lc = 10 Adc, Ig = 0.1 Adc) —_ 3
Base-Emitter Saturation Voltage (Ic = 5 Adc, Ig = 0.01 Adc) VBE(sat) — 2.8 Vdc
{Ic = 10 Adc, Ig = 0.1 Adc) — a5
DYNAMIC CHARACTERISTICS
Small-Signal Current Gain {Ic = 1 Adc, VCE = 5 Vdc, fregt = 1 MH2) |htel 20 — —
Output Capacitance (Vcg = 10 Vdc, Ig = 0, f = 1 MHz) Cob — 200 pF
Small-Signal Current Gain (Ic = 1 Adc, Vgg = 5 Vdc, f = 1 kHz) hie 1000 — —

* Indicates JEDEC Registered Data
{1) Pulse Test: Pulse Width < 300 us, Duty Cycle = 2%.

Rg & Re VARIED TO OBTAIN DESIRED CURRENT LEVELS
Dy, MUST BE FAST RECOVERY TYPES, e.g,

MBD5300 USED ABOVE Ig = 100 mA

MSD6100 USED BELOW Ig ~ 100 mA

FOR tg AND t;, D IS DISCONNECTED AND V3 — 0

t, 4 = 10 ns
DUTY CYCLE = 1%

\
APPROX -~ —i -
+8V )—l
0 yoe ol
o |
APPROX -
12v po— - =25 us

Figure 2. Switching Times Test Circuit

Pp. POWER DISSIPATION (WATTS}

0 20 40 60 80
T, TEMPERATURE (°C)

100 120

Figure 3. Power Derating

10 ————
B ¥ 4’7
! TH— Ve = 3V
5% Iclg = 250
3 T B =1g2 ]
t Ty = ¢
2
g Is
g ! 2
Z 07
= 08 3
03—t ]
02 f -
|
01
160 01 02 03 05 07 1 27 3 5 7 10

Ic, COLLECTOR CURRENT (AMPS)

Figure 4. Typical Switching Times
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2N6667, 2N6668
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Figure 5. Thermal Response
L T TIT L i .
0 T~ 1T There are two limitations on the power handling ability
N 5 ms S S of a transistor: average junction temperature and second
‘§ 5 ] s - ] m: breakdown. Safe operating area curves indicate Ic-Vcg
< g 1 . 8 limits of the transistor that must be observed for reliable
= 1 1 operation; i.e., the transistor must not be subjected to
& I AN R -
% 1 += += == greater dissipation than the curves indicate.
S 05 i == The data of Figure 6 is based on Tj(pk) = 150°C; Tc
g 03 | 2\6667 == is variable depending on conditions. Second breakdown
o 02— T{) |‘50\%/ — 1 26668 pulse limits are valid for duty cycles to 10% provided
8 0 -~ __.._-_?HSRDM':(SLL,,:;[ETt:PA‘TTC _ ’2_5°-c | TJ(pk) < 150°C. Ty(pk) may be calculated from the data
© 0'05“:' ~——————— SECOND BREAKDOWN LIMIT -F in Figure 5. At high case temperatures, tnermal limita-
0.03— " CURVES APPLY BELOW RATED Vogg tions will reduce the power that can be handled to values
00 G U U L less than the limitations imposed by second breakdown,
2 3 5 7 10 20 % 50 70 100
Vg, COLLECTOR-EMITTER VOLTAGE (VO.TS)
Figure 6. Maximum Safe Operating Area
10,000 j— y-p. g S ——
4 =y - 7 - R S e 300
so00l= I =F = = = % E l T I L
z | T L— Ty = 25°C
S a0 BNy 20 -
\% |r g | _ T
& 1000} I z i -y
3 - w Cip \}\‘f\\
gz T g 0 ST Cob
=z Vg = 4VOLTS i+ +- = I~
g 200 ic ~ 3AMPS 11— Jj:* N 2 .
200 Lt L g
2 = == %15: < I
e X 1 BERa 50
0F— P
0 H —H I -
1 2 3 57 10 20 30 5070100 200300 500 1000 01 02 05 1 2 5 10 20 50 100

f, FREQUENCY (kHz}

Figure 7. Typical Small-Signal Current Gain
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2N6667, 2N6663

Ve, COLLECTOR-EMITTER VOLTAGE (VOLTS)

20,000—— TTIT
Vee = 3V
10,000 £
7000k~ 1)~ 1500 T
<Z( 5000 = y
& 3000
=z / LA
& 2000
s
S Ty = 5% A Y
< 1000 S
w700
&
500
- 1) = 55
me L L [ 1]
200
0.1 02 03 05 07 1 2 3 5
Ig, COLLECTOR CURRENT (AMPS}
Figure 9. Typical DC Current Gain
3 I-—ﬂ——sm
T 1 2!3% T l a
25— J - IR
s —t T ol
g i
§ VBE(sat) « I¢/ig = 250 T
Y15 IR,
B - 4/P
= VB e Ve = 3V =TT F)"
[ — llal A
l L i
05 ] VeE(sat (@ gl = 250
0.1 02 03 05 07 1 2 3 5 10
I, COLLECTOR CURRENT {AMPS)
Figure 11. Typical “On" Voltages
105 o
T R S—
+—REVERSE ——=|+——F+
Wt
© Vop = 0V-—
&
=
=l
o
ped
o
S
3
© 1.100°C 4
100 ::2506,,
1 ———4*‘——4—‘-4»‘“:4
o1 L )
+06 +04 +02 0 -02 -04 -06 —08 12 -4

VRE. BASE-EMITTER VOLTAGE {(VOLTS)

Figure 13. Typical Collector Cut-Off Region

6y, TEMPERATURE COEFFICIENT (mV:°C}

26
1)) A
2 Ic=2A 4A‘_4? 6 A T) :ﬁsc
18 1 N
\
14 \ . T
1 \ |
]
(| M
06 |
03 05 07 1 2 3 5 7 10 20 30

1g. BASE CURRENT (mA)

Figure 10. Typical Collector Saturation Region

I L LA _
HA g = TFE VoE = 30V . BEE
- 3 |

+2f—

l
. "6y for VeE(sat l
2 J = 4/ d (
—l 25°Cto 1
=31 gyp for Vgg ~ ;::1:15

\r\f

,4__.‘—
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Ig, COLLECTOR CURRENT (AMP)

0.1 02 03

Figure 12. Typical Temperature Coefficients

A [ ads | w5 05w | o
C B [ 9ss | 1028 ] 030 D 040y ‘
¢l oaw 4&2}0150’0\90 |
o ‘n_ou_um‘oozyuuzs
EoLo36 0 31 0w 0
6 | am ! o266 00w o |
H [ 280 | 333 [ o1io | 0155
NOTES i 01 0m | 0k I a0 | 002
- K 1270, 193 0500 | 0562 |
1. DIMENSIONING AND TOLERANCING PER ANS! s ‘ R T o055
Y14.5M, 1982 N oL oeB3 | 523 [ 00 o2
2. CONTROLLING DIMENSION: INCH .0 254 l 304 | 0100 l 0120
3 DIM Z DEFINES & ZONE WHERE ALLBODY anD % [ 266 1 215 o0 [ oro |
LEAD IRREGULARITIES ARE ALLOWED. ' T sw e 0 o !
y o ooog | | oo | oo
CASE 221A-04 It s oot |~ |
b T ! T o

OUTLINE DIMENSIONS

STYLE 1:
PIN 1. BASE
2. COLLECTOR
3. EMITTER
4. COLLECTOR

' MILLIMETERS \ INCHES

oM MN  MAX | MIN | Max !

TO-220AB




