




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































MOTOROLA
MPS-U03
| n
= SEMICONDUCTOR MPS-U04

NPN SILICON ANNULAR

HIGH VOLTAGE AMPLIFIER TRANSISTORS NPN SILICON
AMPLIFIER

TRANSISTORS

.. .designed for horizontal drive applications, high-voltage linear
amplifiers, and high-voltage transistor regulators.

® High Collector-Emitter Breakdown Voltage —
V(BR)CEO = 180 Vdc (Min) @ Ic = 1 mAdc — MPS-U04

® Low Collector-Emitter Saturation Voltage —
VCE(sat) = 0.5 Vdc (Max) @ Ic = 200 mAdc

® High Power Dissipation —
Pp=10W @ T¢ = 25°C

H
H
A — —— R
ja— B oy J
F~ §
MAXIMUM RATINGS %}) T
Rating Symbol | MPS-U03 | MPS-U04 |  Unit £ B c re

Collector-Emitter Voltage VcEO 120 180 Vdc R
Collector-Base Voltage Vee 120 180 Vdc 12 3 L
Emitter-Base Voltage VeB 5 Vdc T
Collector Current Ic 1 Adc
Total Power Dissipation @ T = 25°C PD 1 Watts K

Derate Above 25°C 8 mW/°C D
Total Power Dissipation @ T¢ = 25°C Pp 10 Watts

Derate Above 25°C 80 mW/°C

- - 5} -~ G . ——”47_5

Operating and Storage Junction Ty Tstg -55 to +150 C ™ sver

Temperature Range N PN ; E:;?ER
Solder Temperature, 1/16’' From Case — 260 °c 3: COLLECTOR

for 10 Seconds (COLLECTOR CONNECTED TO TAB)

NOTE:
1. LEADS WITHIN 0.15 mm(0.006) TOTAL OF TRUE
THERMAL CHARACTERISTICS POSITION AT CASE, AT MAXIMUM MATERIAL
s CONDITION.
Characteristic Symbol Max Unit T NGHES

o - - - 5 | MILLIMETERS |

ermal Resistance, Junction to Ambient RoJA 125 C/W DIM MIN | MAX
Thermal Resistance, Junction to Case Rpuc 125 Sc/w 914 | 953 | 0360 | 0375

660 | 724 | 0260 | 0.285

541 | 566 | 0213 | 0223
038 | 053 [ 0015 | 0021
318 | 333 | 0125 [ 0131
BSC 0.100 BSC
394 [ 419 | 0155 | 0165
036 | 041 | 0014 | 0016
1163 | 1270 | 0458 | 0500
2458 | 2553 | 0.968 | 1.005
5,08 BSC 0.200 BSC
239 [ 269 [ 0094 [ 0.106
104 | 140 [ 0045 | 0055

ozl |x|-|zio/no|o s
>
2

CASE 152-02
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MPS-U03, MPS-U04

ELECTRICAL CHARACTERISTICS (T4 = 25°C unless otherwise noted)

[ Characteristic J Symbol | Min | Max Unit J
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage V(BR)CEO Vdc
(ic =1.0 mAdc, I1g =0) MPS-UO03 120 - :
MPS-U04 180 _
Collector-Base Breakdown Voltage vV, Vdc
(ic =100 uAdc, Ig =0) MPS-U03 (‘BR)CBO, 120 -
MPS-U04 180 —
Emitter-Base Breakdown Voitage vV 5.0 - Vdc
(Ig = 100 uAdc, I = 0) (BRIEBO
Collector Cutoff Current icBO uAdc
(Veg = 100 Vdc, Ig =0) MPS-U03 - 0.1
(Vcg = 150 Vdc, Ig =0) MPS-U04 - 0.1
ON CHARACTERISTICS (1)
DC Current Gain hEge 40 - -
(Ic = 10 mAdc, Vg = 10 Vdc)
Collector-Emitter Saturation Voltage VCE(sat) - 05 Vdc
{Ic = 200 mAdc, Ig = 20 mAdc)
Base-Emitter On Voltage VBE(on) - 1.0 Vdc
(I = 200 mAdc, Vcg = 1.0 Vdc)
DYNAMIC CHARACTERISTICS
Current-Gain—Bandwidth Product fr 35 - MHz
(Ic =50 mAdc, V¢g = 20 Vdc, f = 20 MHz)
Output Capacitance Cob - 12 pF
(Ve =10 Vdc, Ig =0, f =100 kHz)
Input Capacitance Cib - 110 pF
(Ve =05 Vdc, Ig =0, f = 100 kHz)
{1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%.
TYPICAL CHARACTERISTICS
FIGURE 1 — CURRENT-GAIN — BANDWIDTH PRODUCT FIGURE 2 - CAPACITANCE
= 300 100
£ | 0
I VCE= 20V 50
S 200
> =250 H
3 Ty= 5% 30 u Cib Ty=1250¢
g T ™
x L, e
=
s b ™~ &
g w 2 M
z =
3 210
zn g 50 —
3 S Cob—1—
£ 50 30 —~o
& 20
L3
2
<
r 30 . 1.0
10 20 30 50 70 100 03 050710 2030 507010 20 30 50 70 100 200 300

Ic, COLLECTOR CURRENT (mA)

3-1128
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MPS-U03, MPS-U04

TYPICAL CHARACTERISTICS (Continued)

FIGURE 3 —~ DC CURRENT GAIN

VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS)

3-1129

FIGURE 4 — “ON"” VOLTAGE

500 1 10 y
1 Ty = 250C
300
0 Ty = 1509C T
=== < . 08 T =
= 255c_ | LI e =3 'h,‘ 4 > VBE(san @ lc/ig = 10 T TH
3 100 o aas 2 2 H—1]
5 5 5500 — . g 06 F:]E =t Tt
= H= MY T o VBE(on) @ VCE= 10V
3 50 o ~N Q
S 30 Il N \‘\ S 04
a VCeE=20V N Y Ay E y,
@20 ———Vgg=10V NT A > /
& \
‘\ 02 7
10 = . VeE(sat) @ Ic/ig = 10| =
" -
‘0 ) 11 fofg-50
05 10 20 50 10 20 50 100 200 500 05 10 20 50 10 20 50 100 200 500
Ic, COLLECTOR CURRENT (mA) IC. COLLECTOR CURRENT (mA)
FIGURE 5 — COLLECTOR SATURATION REGION FIGURE 6 —~ TEMPERATURE COEFFICIENTS
— 10 e 16 T T T
2 ‘ Ty = 259C — *Applies for I¢/Ig <hfg/2
p=) " ©
g g
L 08 E 08
e | | @ +280c10 12500 | |17
o T 2 - 4
3 o \|c= 5 mA| 50 mA \1 0 mA lZODmA s, oV FOR VeE(san H 1
g ( \ \ & -559C to +250C
— o
S \ \ S
= 0.4 \ = -08
|
=4 X H \ H 2
o | o«
S 02 \ | \\ £ 16 asoc w0 +izsoc | | [W7
3 b IS U Bnan g L —
o = ——{—— v for VB 2 T
S L | Y ] -550C to +259C
01 0203050710 2030 507610 20 30 50 70 100 02 05 10 20 50 10 20 50 100 200
18. BASE CURRENT (mA) Ic, COLLECTOR CURRENT (mA)
FIGURE 7 — COLLECTOR CHARACTERISTICS FIGURE 8 — COLLECTOR CUTOFF REGION
103 e 7
200 (7, oo ‘ _lzlA L 0 —— = 7
FPULSE WIDTH = 300 s Shem F— Ve - 150V /-
- I CE yd ya
< DUTY CYCLE < 2.0% Tk — 102 f— A A /
g 160 — 1 z i 2 - =7 7 7
= T a00uh hd = Ty = 1500C - y /
=5 / y.
E 120 / ’;/ = /, ]Iz
3 A &
= » 7 600 4 2 100 — va
e o
g // ] o 1000C —
=5 % 400 uA bl f VA
N/ 4 . == ~
o 8 REVERSE FORWARD $£
40 200 uA B0-2 L _J
! t "
250C -
or —[ 10-3 +
0 10 20 30 40 50 04 02 0 +02 04 06

VBE. BASE-EMITTER VOLTAGE (VOLTS)




MPS-UO3, MPS-U04

TYPICAL CHARACTERISTICS (Continued)

FIGURE 9 — THERMAL RESPONSE

!

h 1 : { r{ I3 F 11T
07 T t ¥
05 0=0.! 1 P
28
E3 - " <
$E 03,04 =
w3 02 !
£z g = =7 ——Zgic() =1 Rgsc
Z2 o010 4 1 RJC = 12500 Max 1
28 o HHF E:
=z 0.0s B2 - Single Pulse ingle Pulse — - = Zgya(t) = () Rgya 1
co A 9 Plpk) Roa = 1259CWMax ]
<00 a 0.01 HH I D CURVES APPLY FOR POWER 7]
002 T < 4{2 PULSE TRAIN SHOWN 1
=+ 1 2 READ TIME AT t] )
v.01 Duty Cycle, D = 1j/t2 Tutpk) -Tc = P(pk) Reuc(t)
001 902 005 01 02 05 108 20 50 10 20 50 100 200 500 10k 20k 50k 10k 20k 50k 100k

t, TIME (ms)

FIGURE 10 — ACTIVE REGION SAFE-OPERATING AREA
1500,

There are two limitations on the power handling ability
of a transistor: average junction temperature and second

1000 ] breakdown. Safe operating area curves indicate |c—VCE
< 700 < \"'"“‘— limits of the transistor that must be observed for reliable
f 500 ~ ~ \\ operation; i.e., the transistor must not be subjected to
z ~L LN 5™ T Y greater dissipation than the curves indicate.

E o N T~=Z5‘c\4 \ The data of Figure 10 is based on T¢ = 25°C; TJ(pk)
b=t ] LS N \ is variable depending on power level. Second breakdown
g2 . Ta=25°CIN N pulse limits are valid for duty cycles to 10% but must be
o o e N derated when T¢ > 25°C. Second breakdown limitaticns
é 50:___§n"ai";“i,; Limit + do not derate the same as thermal limitations. Allowable
© |- e=e=e=Thermal Limit Single Pulse [ Sag current at the voltages shown on Figure 10 may be found

30 Second own Limit ™Y at any case temperature by using the appropriate curve on

201~ .. (Applies Below Rated VcEQ) N Figure 11.

15 ;: . é L '7 L ’110 L 20 30 50 70 ‘UL;J 0 TJ(pk) may be calculated from the data in Figure 9.

VgE, COLLECTOR-EMITTER VOLTAGE (VOLTS)

At high case temperatures, thermal limitations will reduce
the power that can be handled to values less than the
limitations imposed by second breakdown.

FIGURE 11 — POWER DERATING

1.0
N 1 T
g NN !
=08 Second Break
§ L ) Derating
?L 06 Thevmal\
g Derating \\
=
<
& 04 \‘
5 < >
E3
202 \\
0
0 20 40 60 80 100 120 140 160

Tc. CASE TEMPERATURE (9C)
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MOTOROLA
- I MPS-U05 -
TecHNicALDATA T OR MPS-U06

NPN SILICON

NPN SILICON ANNULAR AMPLIFIER TRANSISTORS

AMPLIFIER TRANSISTORS

. . . designed for general-purpose, high-voltage amplifier and driver
applications.

® High Collector-Emitter Breakdown Voltage —
V(BR)CEO = 60 Vdc (Min) @ Ic = 1.0 mAdc — MPS-U05
80 Vdc (Min) @ I¢ = 1.0 mAdc — MPS-U06

® High Power Dissipation — Pp = 10W @ T¢ = 25°C
® Complements to PNP MPS-U55 and MPS-U56

H
A — —— Ln
p— B oy J
F~{ *
Q
MAXIMUM RATINGS . 4
Rating Symbol MPS-U05 | MPS-U06 Unit E B C ¢
L
Collector-Emitter Voltage Vceo 60 80 + Vdc
Collector-Base Voltage VcB 60 80 Vde 12 3 L
Emitter-Base Voltage VEB 4.0 Vdc
Collector Current — Continuous Ic 2.0 Adc X
Total Power Dissipation @ Tp = 25°C Pp 1.0 Watt
Derate above 25°C 8.0 mw/°c b
Total Power Dissipation @ T¢ = 25°C Pp 10 Watts
0 0
Derate above 25°C 80 mw/°c el s ey
Operating and Storage Junction T4 Tstg -55 to +150 °c N PINT.EMITTER
Temperature Range 2 BASE
3. COLLECTOR
(COLLECTOR CONNECTED TO TAB)
THERMAL CHARACTERISTICS NOTE: :
1. LEADS WITHIN 0.15 mm{0.006) TOTAL OF TRUE
Characteristic Symbol Max Unit POSITION AT CASE, AT MAXIMUM MATERIAL
Thermal Resi Junction to C: Re 12.5 o°c/w conprmion
ermal Resistance, Junction to Case JC . VLMETERS INGHES
Thermal Resistance, Junction to Ambient Roya 125 oc/w DIM | MIN | MAX | MIN | MAX
A | 914 | 953 [ 0360 [ 0375 |
B | 660 | 724 | 0260 | 0285 |
c 541 566 | 0213 | 0223

038 | 083 | 0015 | 0021
318 | 333 | 0126 | 0131
254 BSC 0.100 8SC
394 | 419 | 0.155 | 0.165
036 | 041 | 0014 | 0.016

0.

163 [ 1270 | 0458 [ 0500
| 2553 | 0968 | 1.005
5.8 BSC 0200 BSC

239 | 269 | 0094 | 0.106
194 | 140 | 0045 | 0055

CASE 152-02

o |02 | |x|e|=
>
=
o
&
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MPS-U05, MPS-U06

ELECTRICAL CHARACTERISTICS (T A = 25°C unless ofherwise noted)

L Characteristic Symbol Min Typ ] Max J Unit I
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage ’ V(BR)CEO Vde
(Ic=1.0mAdc, Ig = 0) MPS-U05 60 - -
MPS-U06 80 - ~
Emitter-Base Breakdown Voltage V(BR)EBO 4.0 — - Vde
(lg = 100 uAdc, Ic=0)
Collector Cutoff Current IcBO nAdc
(Vcp = 40 Vdc, Ig = 0) MPS-U05 - - 100
(VB = 60 Vdc, Ig = 0) MPS-U06 - - 100
ON CHARACTERISTICS
DC Current Gain (1) hgg -
(Ic = 50 mAdc, Vcg = 1.0 Vde) 80 125 -
(Ic = 260 mAdc, Vcg = 1.0 Vdc) 60 100 -
(I¢ = 500 mAdc, Ve = 1.0 Vdc - 55 =
Collector-Emitter Saturation Voltage(1) VCE(sat) Vdc
(¢ = 250 mAdc, Ig = 10 mAdc) - 0.18 0.4
(I¢c = 2560 mAdc, Ig = 256 mAdc) — 0.1 —
Base-Emitter On Voltage (1) VBE(on) - 0.74 1.2 Vde
(i¢ = 250 mAdc, Vcg = 5.0 Vdc) :
SMALL-SIGNAL CHARACTERISTICS
Current-Gain—Bandwidth Product (1} fT 50 150 - MHz
(ic =250 mAdc, VcE = 5.0 Vde, f = 100 MHz)
Output Capacitance Cob - 6.0 12 pF
(Vcg =10 Vdc, Ig =0, f = 100 kHz)
(1)Pulse Test: Pulse Width <300 us; Duty Cycle <2.0%.
FIGURE 1 — DC CURRENT GAIN FIGURE 2 — “ON"” VOLTAGES
301 T 10
LT
2004+ 97 0 VBE(say @1¢/18 = 10 —
3 ? =
H T TN g o8 T Ve (on) @ Veg =50 Vde
& o =
g T
=l 70 g
W =
= 50 02
A
V?E(sa\\} @lg/lg= 10 -
30 0 T
5.0 10 20 50 100 200 500 10 20 50 10 20 50 100 200 500

Ic, COLLECTOR CURRENT (mA)

FIGURE 3 — DC SAFE OPERATING AREA
2. -

I¢, COLLECTOR CURRENT (mA}

FIGURE 4 — CURRENT-GAIN-BANDWIDTH PRODUCT

N
B!
% N
o
£ 0 ~
=
& fry=1s00c N
£ —————Second Breakdown Limited N
& 02F———— gonding Wire Limited
S == = —= Thermal Limitations @ T( = 250C PS.U0
2 o Applicable To BVCEQ A\
= MPS-U05 \
38 \
G 008

002

10 20 50 0 20 50 100

VgE. COLLECTOR-EMITTER VOLTAGE (VOLTS)

There are two limitations on the power handling ability of a
transistor: junction temperature and second breakdown. Safe
operating area curves indicate | — 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.

17, CURRENT-GAIN-BANDWIDTH PRODUCT (MH2)

300

Say,
200
A/
100 \
\
70
Veg = 5.0 Ve
T Ty=250C
sol L]}
50 10 20 50 100 200 500

Ic, COLLECTOR CURRENT (mA)

The data of Figure 3 is based on T j(pk) = 150°C; T¢ is variable
depending on conditions. At high case temperatures, thermal
limitations will reduce the power that can be handled to values less
than the limitations imposed by second'breakdown.
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MOTOR

OLA
| ] -
SEEONucToR wesuo7 =

NPN SILICON ANNULAR NPN SILICON
AMPLIFIER TRANSISTOR AMPLIFIER TRANSISTOR

. . . designed for general-purpose, high-voltage amplifier and driver
applications.

® High Collector-Emitter Breakdown Voltage —
V(BR)CEQ = 100 Vdc (Min) @ Ic = 1.0 mAdc

® High Power Dissipation — Pp = 10 W@ T = 25°C

® Complement to PNP MPS-U57 H
- =
o B J |
F—| | |
[
~C
E B C ||
12 3 L I: |
MAXIMUM RATINGS
Rating Symbol Value Unit K
Collector-Emitter Voltage VCEO 100 Vdc D
Collector-Base Voltage Ves 100 Vdc
Emitter- Vol
mitter-Base Voltage VEB 40 Vdc el smer JLJ
Collector Current — Continuous Ic 2.0 Adc PIN 1. EMITTER
Total Power Dissipaton. @ T = 25°C P Watt 2. BASE
Derate above 25°C 8 ° ;g V3/°C 3. COLLECTOR
z m (COLLECTOR CONNECTED TO TAB)
Total Power Dissipaton @ T¢ = 25°C PD 10 Watts NOTE:
Derate above 25°C 80 mw/°C 1. LEADS WITHIN 0.15 mm(0.006) TOTAL OF TRUE
" N POSITION AT CASE, AT MAXIMUM MATERIAL
Operating and Storage Junction TJ,Ts(g -55 to +150 °c CONDITION,
Temperature Range ETERS INCHES
L DM [TMIN | MAX | MIN [ MAX
.14 953 | 0360 | 0375
THERMAL CHARACTERISTICS A e o
isti C 541 566 | 0213 | 0223
Characteristic Symbol | Max Unit D | 038 | 053 | 0015 | 002
i i R o F | 318 [ 333 [ 0125 | 0131
Thermal Resistance, Junction to Case 6JC 12.5 C/wW G 264 BSC 0.100 BSC
Thermal Resistance, Junction to Ambient Rgya 125 oc/w H 394 | 419 | 0155 | 0185
J 0.36 041 0014 | 0016
1163 | 1270 | 0458 | 0500
L 2458 | 2553 | 0968 | 1.005
N 5.08 BSC 0.200 BSC
Q | 239 | 269 | 00%4 [ 0.106
R [ 114 | 140 | 0045 [ 0055

CASE 152-02
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MPS-U07

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

[ Characteristic Symbol Min l Typ [ Max l Unit J
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage (1) V(BR)CEO 100 - - Vdc
(Ic=1.0mAdc, Ig = 0)
Emitter-Base Breakdown Voltage V(BR)EBO 4.0 - - Vdc
(Ig = 100 uAdc, I¢ = 0)
Collector Cutoff Current IcBO — - 100 nAdc
(Vcg =80 Vdc, Ig = 0)
ON CHARACTERISTICS
DC Current Gain (1) hgg -
. {Ig =50 mAdc, Vg = 1.0 Vdc) 60 110 -
(I = 250 mAdc, Vg = 1.0 Vdc) 30 65 -
(Ic = 500 mAdc, Vcg = 1.0 Vdc) - 33 —
Collector-Emitter Saturation Voltage (1) VCE(sat) Vdc
(I¢ = 250 mAdc, Ig = 10 mAdc) - 0.18 0.4
(I = 250 mAdec, Ig = 25 mAdc) - 0.1 —
Base-Emitter On Voltage (1) VBE (on) - 0.76 1.2 Vde
(¢ = 250 mAdc, Vg = 5.0 Vdc)
SMALL-SIGNAL CHARACTERISTICS
Current-Gain—Bandwidth Product (1) fr 50 150 - MHz
(Ic = 250 mAde, Vg = 5.0 Vdc, f = 100 MHz)
Output Capacitance Cob - 6.0 12 pF
(Veg = 10 Vdc, Ig = 0, f = 100 kHz)
(Dpulse Test: Pulse Width <300 us, Duty Cycle < 2.0%.
FIGURE 1 — DC CURRENT GAIN FIGURE 2 — “ON’” VOLTAGES
200 T T 10 T
VeE = 1.0 Vde 09
Ty=250C 4
08
L — 1 VE(say) @ Ip/18= 10 | | L=+~
z 100 N 4 07 ot 11
3 2 05 mmmny T T VaE(on) @ VeE = 5.0 Vde ||
S N S
2 AN g 05
§ 50 E 0.4
2 Z o3
< W 02 VeE(sat) @ ic/1g = 10
01 ol e B
o 0 IT] I
50 7.0 10 20 50 70 100 200 500 10 20 50 10 20 50 100 200 300 500

ic, COLLECTOR CURRENT (mA)

FIGURE 3 — DC SAFE OPERATING AREA

50

_ 20

5 L

2 w0 B

= ~

Z s

g ~

3 02f—T;= 1500 \\\

< |

2 o1 Second Breakdown Limited = =t

§ 005 = = = Bonding Wire Limited x

= E —— = Thermal Limitations @ T, = 250C

8 Applicable To BV,

S0 P
001 ﬁ
0.005 H

10 20 50 10 20 50 100

VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS)

There are two limitations on the power handling ability of a
transistor: junction temperature and second breakdown. Safe
operating area curves indicate |c — VCEg 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.

I, COLLECTOR CURRENT (mA)

FIGURE 4 — CURRENT-GAIN-BANDWIDTH PRODUCT

300

H [ — Y

5 w0

a L N

g y, ™

=

E U

§ 100

= \
I

E VCE =5.0 Vde

S Ty=25C \
£ 50

4]

&

ES

2o 1

£ 5070 10 20 50 70 100 . 200 500

i1¢, COLLECTOR CURRENT (mA)

The data of Figure 3 is based on T j(pk) = 150°C; T¢ is variable

depending on conditions.

At high case temperatures, thermal

limitations will reduce the power that can be handled to values less
than the limitations imposed by second breakdown .
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(0)
] I |
SEEonpucTOR | mesuio

NPN SILICON
HIGH VOLTAGE
AMPLIFIER
TRANSISTOR

NPN SILICON ANNULAR TRANSISTOR

. . . designed for high-voltage video and luminance output stages in
TV receivers.

® High Collector-Emitter Breakdown Voltage —
V(BR)CEQO = 300 Vdc (Min) @ Ic = 1.0 mAdc

® | ow Collector-Emitter Saturation Voltage —
VCE(sat) = 0.75 Vdc (Max) @ Ic = 30 mAdc

® | ow Collector-Base Capacitance —
Ccb = 3.0 pF (Max) @ Vg = 20 Vdc

H
— A g
f<— B = J
F~| |
%D 1] o
4 -C
E B C
L
12 3 L [ |
MAXIMUM RATINGS K
Rating Symbol Vatue Unit b
Collector-Emitter Voltage VCED 300 Vdc
Collector-Base Voltage Veg 300 Vdc =6~ gyer: "“‘“J
Emitter-Base Voltage Veg 6.0 vdc N PN ; gf:ISTETER
Collector Current — Continuous ic 0.5 Adc 3. COLLECTOR
N R CONNECTED T(
Total Power Dissipation @ Tp = 25°C Pp 1.0 Watt NOTE: {COLLECTOR CONNECTED 10 TA8)
Derate above 25°C 8.0 mW/°C 1, LEADS WITHIN 0.15 mm(0.006) TOTAL OF TRUE
Total Power Dissipation @ T¢ = 275°C_ Po 10 Watts ngqg:%f CASE, AT MAXIMUM MATERIAL
Derate above 25°C 80 mW/°C . NCHES
Operating and Storage Junction Temperature Range Ty Tstg |-55t0+150 oc DIM N 1
9.4 953 | 0360 | 0375
6.60 724 | 0260 | 0.285
THERMAL CHARACTERISTICS 541 | 566 | 0213 | 0223
0.38 053 | 0015 | 0021
Characteristic Symbol Max Unit 318 | 333 | 0125 [ 0131
: . G 2,54 BSC 0.100 BSC
Thermal Resistance, Junction to Case RoJc 125 °c/w W | 394 [ 419 | 0155 [ 065
Thermal Resistance, Junction to Ambient ReJA(1) 125 oc/w J 1 036 | 041 | 0014 1 0016
- K | 1163 { 1270 | 0458 | 0.500
L | 2458 | 2553 | 0968 | 1.005
(1) Rgja is measured with the device soldered into a typical printed circuit board. N 5.08 BSC 0.200 BSC
Q 239 269 | 0.0%4 | 0.106
R [ 114 [ 140 [ 0045 | 0055

CASE 152-02
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MPS-U10

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

I Characteristics Symbol Min J Max [ Unit ]
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage (1) V(BR)CEO 300 - Vdc
(Ic = 1.0 mAdc, Ig = 0)
Collector-Base Breakdown Voltage V(BR)CBO 300 - Vdc
(Ic =100 pAdc, Ig = 0)
Emitter-Base Breakdown Voltage v 6.0 B Vdc
(g = 100 pAdc, Ic=0) (BRIEBO
Collector Cutoff Current Icso - 0.2 nAdc
(Vcg =200 Vde, 1g = 0)
Emitter Cutoff Current IEBO - 041 wAdc
(Vg = 6.0 Vde, Ic=0)
ON CHARACTERISTICS |
DC Current Gain : hrg -
{Ic = 1.0 mAdec, Vcg = 10 Vdc) 25 -
(Ic = 10 mAdc, Vcg = 10 Vdc) 40 -
{I¢c = 30.mAdc, Vg = 10 Vdc) 40 -
Collector-Emitter Saturation Voltage VCE(sat) - 0.75 Vde
(Ic =30 mAdc, Ig = 3.0 mAdc)
Base-Emitter On Voltage VBE(on) - 0.85 Vdc
(Ic = 30 mAdc, Vg = 10 Vdc)
DYNAMIC CHARACTERISTICS
Current-Gain—Bandwidth Product (1) fr 45 - MHz
(Ic =10 mAdc, Vcg = 20 Vdc, f = 100 MHz)
Collector-Base Capacitance Ceb - 3.0 pF
(Veg =20 Vde, Ig = 0, f = 1.0 MHz)

(1)Pulse Test: Pulse Width <300 us, Duty Cycle< 2%.

Ic, COLLECTOR CURRENT (mA)

FIGURE 1 — DC SAFE OPERATING AREA
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300

The Safe Operating Area Curves indicate |c—V g limits below
which the device will not enter second breakdown. Collector
load lines for specific circuits must fall within the applicable Safe
Area to avoid causing a catastrophic failure. To insure operation
below the maximum T, power-temperature derating must be ob-

- served for both steady state and pulse power conditions.
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MPS-U10

FIGURE 2 -DC CURRENT GAIN
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MOTOR

OLA
 SEMICONDUCTOR I
TECHNICAL DATA

MPS-U45

NPN SILICON DARLINGTON
AMPLIFIER TRANSISTOR

.. . designed for amplifier and driver applications.

® High DC Current Gain —
hFg = 25,000 (Min) @ ¢ = 200 mAdc
15,000 (Min) @ Ic = 500 mAdc

@ Collector-Emitter Breakdown Voltage —
V(BR)CES = 40 Vdc (Min) @ Ic = 100 pAdc

® Low Collector-Emitter Saturation Voltage —
VCE(sat) = 1.6 Vdc @ Ic = 1.0 Adc

® Monolithic Construction for High Reliability

e Complement to PNP MPS-U95

NPN SILICON
DARLINGTON
TRANSISTOR

MAXIMUM RATINGS

Rating Symbol Value Unit
Collector-Emitter Voltage Vceolh) 40 Vde
Collector-Emitter Voltage VCES 40 Vdc
Collector-Base Voltage Vee 50 Vdc
Emitter-Base Voltage Ve 12 Vde
Collector Current Ic 2.0 Adc
Total Power Dissipation @ T 5 = 25°C 25 1.0 Watt

Derate above 25°C - 80 mW/9C
Total Power Dissipation @ T¢ = 25°C - Pp 10 Watts

Derate above 25°C 80 . mw/°c
Operating and Storage Junction T4 Tstg -55 to +150 °c

Temperature Range
THERMAL CHARACTERISTICS

Characteristic Symbol Max Unit

Thermal Resistance, Junction to Ambient Roya 125 oc/w
Thermal Resistance, Junction to Case RoJc 12.5 oc/w

(1) Due to the monolithic construction of this device, breakdown voltages of both
transistor elements are identical. V(BR)CES is tested in lieu of V(BRICEQ in order to
avoid errors caused by noise pickup. The voltage measured during the V(BR)CES
test is the V(BR)CEO of the output transistor.
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H
- A —= =R
e J
F~ ] |
O
* ~C
EB C
L
12 3 L E B
K
D
= G = STYLET™: ——“—-J
PIN 1. EMITTER
2. BASE
3. COLLECTOR
(COLLECTOR CONNECTED TO TAB'
NOTE:

1. LEADS WITHIN 0.15 mm(0.006) TOTAL OF TRUE
POSITION AT CASE, AT MAXIMUM MATERIAL

CONDITION.
MILLIMETERS INCHES
DIM | MIN | MAX | MIN | MAX
A | 914 | 953 | 0360 | 075
B | 660 | 724 | 0260 | 0.85
C | 541 | 566 | 013 | 0223
038 | 053 | 0015 | 0021
318 | 333 | 0125 | 0131
] 254 BSC 0.100 BSC
H | 394 | 413 | 0165 | 0.165
J | 036 | 041 | 0014 | 0016
K_| 1163 | 1270 | 0458 | 0500
L | 2458 | 2553 | 0.968 | 1.005
N 508 BSC 0.200 BSC
Q | 239 | 269 | 0034 [ 0106
R | 114 | 140 [ 0045 [ 0,085

CASE 152-02




MPS-U45

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

[ Characteristic [ Symbol Min L Typ l Max [ Unit J
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage V(BR)CES 40 - - Vdc
(lc = 100 uAdc, Vgg =0)
Collector-Base Breakdown Voltage V(BR)CBO 50 - - Vdc
(Ic =100 uAdc, Ig = 0)
Emitter-Base Breakdown Voltage V(BR)EBO 12 - - Vdc
(tg =10 pAdc, I¢c = 0)
Collector Cutoff Current fcBO - - 100 nAdc
(Vcg =30 Vdc, Ig =0)
Emitter Cutoff Current leBO - - 100 nAdc

(VEg =10 Vdc, Ic = 0)

ON CHARACTERISTICS(1)

DC Current Gain hgg -
{lc =200 mAdc, Vg = 5.0 Vdc) 25,000 65,000 150,000
(f¢ = 5600 mAdc, Vg = 5.0 Vdc) 15,000 35,000 -
{lc = 1.0 Adc, Vg = 5.0 Vdc) 4,000 12,000 —
Collector-Emitter Saturation Voltage VCE (sat) - 1.2 15 Vdc

(Ic = 1.0 Adc, Ig = 2.0 mAdc)

Base-Emitter Saturation Voltage VBE (sat) - 1.85 2.0 Vdc
(1c = 1.0 Adc, Ig = 2.0 mAdc)

Base-Emitter On Voltage VBE (on) - 1.7 2.0 Vdc
{lc = 1.0 Adc, Vcg = 5.0 Vdc)

DYNAMIC CHARACTERISTICS

Small-Signal Current Gain (1) |hte! 1.0 3.2 — -
({Ic = 200 mAdc, Vcg = 5.0 Vdc, f = 100 MHz)
Collector Base Capacitance Ceb — 25 6.0 pF

(Veg = 10 Vde, Ig =0, f = 1.0 MHz)

(VPulse Test: Pulse Width <300 us, Duty Cycle < 2.0%. 3

Uniwatt darlington transistors can be used in any number of low power applications, such as relay drivers, motor control and as general
purpose amplifiers. As an audio amplifier these devices, when used as a complementary pair, can drive 3.5 watts into a 3.2 ohm speaker using
a 14 volt supply with less than one per cent distortion. Because of the high gain the base drive requirement is aslow as 1 mA in this application.
They are also useful as power drivers for high current application such as voltage regulators.
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MPS-U45

FIGURE 1 - DC CURRENT GAIN FIGURE 2 — SMALL-SIGNAL CURRENT GAIN
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TECHNICAL DATA

OLA
CONDUCTOR

MPS-U51
MPS-U51A

PNP SILICON ANNULAR TRANSISTORS

Excellent Current Gain Linearity — 1.0 mAdc to 1.0 Adc

Low Collector-Emitter Saturation Voltage —
VCE(sat) = 0.7 Vdc (Max) @ Ic = 1.0 Adc

Complements to NPN MPS-UO1 and MPS-UO1A

1.0 Watt @ Tp = 25°C

Uniwatt Package for Excellent Thermal Properties —

. . . designed for complementary symmetry audio circuits to 5 Watts
output.

PNP SILICON
AUDIO TRANSISTORS

MAXIMUM RATINGS

Rating Symbol MPS-U51 | MPS-U51A Unit
Collector-Emitter Voitage VceEo 30 40 Vdc
Collector-Base Voltage Ves 40 50 Vdc
Emitter-Base Voltage VEB 5.0 Vde
Collector Current — Continuous [Fe] 2.0 Adc
Total Power Dissipation @ Ta=25°C Pp 1.0 Watt

Derate above 25°C 8.0 mw/°C
Total Power Dissipation @ T¢ = 26°C Pp 10 Watts
Derate above 25°C 80 mw/°c
Operating and Storage Junction Ty Tstg -55 to +150 °c
Temperature Range
THERMAL CHARACTERISTICS

Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case RgJc 125 oc/w
Thermal Resistance, Junction to Ambient RoJA 125 °c/w
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—H
-~ A — - =R
e B J |
F~ { |
a
EB C J—c
12 3 1 L {::)
K
’ l
=G~ SIET: ——“*J
N PIN 1. EMITTER
2. BASE
3. COLLECTOR
(COLLECTOR CONNECTED TO TAB)
NOTE:

1. LEADS WITHIN 0.15 mm(0.006) TOTAL OF TRUE
POSITION AT CASE, AT MAXIMUM MATERIAL

CONDITION,
| MILUMETERS | _INCHES

DIM | MIN | MAX | MIN | MAX
A | 914 | 953 | 0360 | 0375
B | 660 | 7.24 | 0.260 | 0285
C | 541 | 566 | 0213 | 0223
D | 038 | 053 | 0015 | 0021
F | 318 | 333 | 0125 | 0131
G 254 BSC 0.100 BSC
W | 304 | 419 | 0155 [ 0165
J | 036 | 041 | 0.014 | 0016
K| 11.63 | 1270 | 0458 | 0500
L | 2458 | 2553 | 0968 | 1.005
N 5.08 BSC 0.200 BSC
Q | 239 | 269 | 0034 | 0.106
R | 114 | 140 [ 0045 [ 0.0%

CASE 152-02




? MPS-U51,MPS-U51A

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

| Characteristic o S | symbot T min T max [ umie ]
OFF CHARACTERISTICS B ‘-~
Collector-Emitter Breakdown Voltage V(BRICEO Vdc
{ic =1.0mAdc, Ig = 0) MPS-US1 30 -
. MPS-US1A 40 -
Coliector-Base Breakdown Voltage V(BR)CBO i Vdc
(Ic = 100 uAdc, 1g = 0) MPS-US1 40 -
MPS-U51A 50 -
Emitter-Base Breakdown Voltage V(BR)EBO . 5.0 - Vdc
(Ig = 100 pAdc, Ic = 0) ' )
Collector Cutoff Current ., . Icso uAdc
(Vgg = 30 Vde, Ig = 0) MPS-U51 - 0.1
(Ve = 40 Vdc, Ig = 0) MPS-US1A - 0.1
Emitter Cutoff Current feBO - 0.1 pAdc

(Vgg = 3.0 Vdc, I = 0)

ON CHARACTERISTICS(1)

DC Current Gain heg -
(I¢ = 10'mAdc, Vg = 1.0 Vde) . 55 -
(Ic = 100 mAdc, Vcg = 1.0 Vdc) ) 60 -
(ic =1.0 Adc, Vcg = 1.0 Vde) ) 50 -
Collector-Emitter Saturation Voltage VCE (sat) - 0.7 Vdc

{Ilc = 1.0 Adc, Ig = 0.1 Adc)

Base-Emitter On Voltage VBE (on) - 12 Vde
{Ic = 1.0 Ade, VcE = 1.0 Vdc)

DYNAMIC CHARACTERISTICS
Current-Gain—Bandwidth Product T 50 - MHz
(ic = 50 mAdc, Vg = 10 Vdc, f = 20 MHz)

Output Capacitance Cob - 30 pF
(Vcg = 10 Vdc, Ig = 0, f = 100 kHz)

(1)Pulse Test: Pulse Width <300 us, Duty Cycle < 2.0%.

FIGURE 1 — DC CURRENT GAIN FIGURE 2 — “ON” VOLTAGES
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TECHNICAL DATA

MPS-U52

PNP SILICON ANNULAR TRANSISTOR

... designed for general-purpose amplifier and driver applications.

® Complement to NPN MPS-U02

PNP SILICON
AMPLIFIER TRANSISTOR

MAXIMUM RATINGS

Rating Symbol Value Unit
Collector-Enutter Voltage VCEO 40 Vde
Collector-Base Voltage VCB 60 Vde
Enutter-Buse Voltage VEB 5.0 Vdc
Collector Current.— Continuous lC 1.5 Adc
Total Power Dissipation @ TA =25°C PD 1.0 Watt

Derate above 25°C 8.0 mw/°C
Total Power Dissipation @ Te = 25°C Py 10 Watts
Derate above 25°C 80 mW/°C
Operating and Storage Junction TJ, T i m -55to +150 ‘c
Temperature Range ste
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case RoyC 12.5 “C/W
Thermal Resistance, Junction to Ambient Ryja o 125 Cc/W

ELECTRICAL CHARACTERISTICS (1, = 25°C unless otherwise noted)

r Characteristic L Symbol I Min—l Max} Unit ]

OFF CHARACTERISTICS

H
A —= (=R
fa— B -t J
F~ {
SO
4—c
E B C
L
3 L
J
K

Collector-Emitter Breakdown Voltage

Vv, Vdc
(I = 1.0 mAde, I =0) (BR)ICEO 10 _

Collector-Base Breakdown Voltage Vde

vV
(I =100pAde, 1p = 0) (BR)CBO

Collector Cutoff Current ICBO nAdc
(Veg =40 vde, I = 0) - 100

ON CHARACTERISTICS (2)
DC Current Gain hFE -

(IC = 10 mAdc, VCE =10 vdc) 50 -
= 150 mAdc, VCE = 10 vdc) 50 300

= 500 mAdc, =10 vdc) 30 -

(lc
Ue Ve

Collector-Emitter Saturation Voltage VCE(sul) vdc
(Ig = 150 mAde, 1y = 15 mAdc) R 0.4

Buase-Emitter Saturation Voltage Vv ) vde
(1 = 150 mAde, 15 = 15 made) BE(sat) . 1.3

DYNAMIC CHARACTERISTICS
Current-Gain—Bandwidth Product (2) [N MHz
(lC =20 mAdc, VCE

=20 Vdc, [ = 100 MHz 100 -
Output Capacitance Cob pF
(Veg = 10 Vde, I = 0, = 100 kKz) - 24

(1) RoJA is measured with device soldered into a typical printed circuit board
(2) Pulse Test: Pulse Width<300 us, Duty Cycle<2. 0%
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’ L
—={ G = STYLE!: ——“——J
_ PIN1.EMITTER

2.BASE

3. COLLECTOR
(COLLECTOR CONNECTED TO TAB)

NOTE:
1. LEADS WITHIN 0.15 mm(0.006) TOTAL OF TRUE
POSITION AT CASE, AT MAXIMUM MATERIAL

CONDITION.
MILLIMETERS INCHES
DIM [ MIN | MAX | MIN | MAX

A | 914 | 953 | 0360 | 0375

B | 660 | 724 | 0260 | 0285

C | 541 | 566 | 0213 | 023

D | 038 | 053 | 0015 | 0021 |

F | 318 | 333 | 0125 | 0131

G 254 BSC 0.100 BSC

H | 394 | 419 o.wj’E
036 _| 041 | 0014 | 0016
11.63 | 1270 | 0458 | 0500

L | 2458 | 2553 | 0968 | 1005

N 5.08 BSC 0.200 BSC

Q | 239 | 269 | 0034 [ 0106

R | 104 [ 140 [ 0045 [ 0055

CASE 15202




MPS-U52

FIGURE 1 — DC CURRENT GAIN :
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FIGURE 2 — “ON” VOLTAGES
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FIGURE 4 — DC SAFE OPERATING AREA
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MOTOROLA
m SEMICONDUCTOR msm— MPS-U55 -
TECHNICAL DATA MPS-U56

PNP SILICON ANNULAR PNP SILICON
AMPLIFIER TRANSISTORS AMPLIFIER TRANSISTORS

. . . designed for general-purpose, high-voltage amplifier and driver
applications.

o High Collector-Emitter Breakdown Voltage —
V(BR)CEQ = 60 Vdc (Min) @ Ic = 1.0 mAdc — MPS-U55
80 Vdc (Min) @ I = 1.0 mAdc — MPS-U56

e High Power Dissipation — Pp = 10W @ T¢ = 25°C
® Complements to NPN MPS-UQ5 and MPS-U06

MAXIMUM RATINGS

H
Rating Symbol | MPS-U55 | MPS-U56 |  Unit A - =R
B =~ L
Collector-Emitter Voltage VCEO 60 80 Vdc F r— |
a
Collector-Base Voltage Ve 60 80 Vdc T ‘
Emitter-Base Voltage VEB 4.0 vdc roc re
Collector Current — Continuous Ic 2.0 Adc I I R I L []
Total Power Dissipation @ Tp = 25°C Pp 1.0 Watt
Derate above 25°C 8.0 mw/°C .
Total Power Dissipation @ T¢ = 25°C Pp 10 Watts _—
Derate above 25°C 80 mW/°C [‘ L 3
Operating and Storage Junction T4 Tstg | -55 to +150 oc Jel— s ey
Temperature Range N PIN1.EMITTER
2.BASE
3. COLLECTOR
THERMAL CHARACTERISTICS vore (COLLECTOR CONNECTED TO TAB)
Characteristic Symbol Max Unit 1, LEADS WITHIN 0.15 mm(0.006) TOTAL OF TRUE
Thermal Resistance, Junction to Ambient RoJA(1)| 125 °c/w gﬁ;:%vf CASE, AT MAXIMUM MATERIAL
Thermal Resistance, Junction to Case RoJc 12.5 oc/w MILLIMETERS INCHES
DIM | MIN | MAX | MIN | MAX
A 9.14 953 | 0360 | 0375
(1) Rgyp is measured with the device soldered into a typical printed circuit board. B 6.60 724 | 0260 | 0.285
C 541 566 | 0213 | 0223
D | 038 | 053 | 0015 | 0.021
F 318 333 | 0125 | 0131
G 254 BSC 0.100 BSC
H 394 419 | 0155 | 0.165
J 0.36 041 | 0014 | 0016
K | 1163 | 1270 | 0458 | 0500
L 2458 | 2553 | 0968 | 1.005
N 5.08 BSC 0.200 BSC
Q 239 269 | 0094 | 0.106
R | 114 | 140 | 0045 [ 0055

CASE 152-02
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MPS-U55, MPS-U56

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

| Characteristic

ISymbdl Man Typ[

v | o ]

OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage!(1)
" fic = 1.0 mAdc, 1g = 0) MPS-USS

MPS-U56

V(BR)CEO Vdc

Emitter-Base Breakdown Voltage
(lg = 100:uAdc, Ic = 0)

V(BR)EBO

Collector Cutoff Current
(Ve =40 Vdc, 1g = 0)
(Vcg = 60 Vdc, Ig =0)

MPS-US5
MPS-U56

IcBo ' nAdc

ON CHARACTERISTICS

DC Current Gain (1)
{Ic = 50 mAdc, Vcg = 1.0 Vdc)
{Ic = 250 mAdc, Vcg = 1.0 Vdc)
(Ic = 500 mAdc, Vcg = 1.0 Vdc)

hrg -

80 160 -
50 130 : —

Collector-Emitter Saturation Voltage(1)
(Ic = 2560 mAdc, |g = 10 mAdc)
(I = 250 mAdc, Ig = 25 mAdc)

VCE (sat) Vvdc

- 0.22 0.5
- 0.15 -

Base-Emitter On Voltage (1)
(I¢c = 250 mAdc, Vg = 5.0 Vdc)

VBE(on) - 0.78 1.2 Vdc

SMALL-SIGNAL CHARACTERISTICS

Current-Gain—Bandwidth Product (1)
(I¢ = 250 mAdc, Vcg = 5.0 Vdc, f = 100 MHz)

T 50 100 - MHz

Output Capacitance

(Vcg = 10 Vdc, Ig = 0, f = 100 kHz)

Cob - 10 15 pF

(1)Pulse Test: Pulse Width <300 us, Duty Cycle <2.0%.

FIGURE 1 — DC CURRENT GAIN

FIGURE 2 — “ON" VOLTAGES
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FIGURE 4 — CURRENT-GAIN-BANDWIDTH PRODUCT
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There are two limitations on the power handling ability of a
transistor: junction temperature and second breakdown. Safe
operating area curves indicate | — Vg limits of the transistor that
must be observed for reliable operation; i.e., the transistor must
not be subj d to greater dissipation than the curves indicate.

Ig, COLLECTOR CURRENT (mA}

The data of Figure 3 is based on T j(pk) = 150°C; T is variable
depending on conditions. At high case temperatures, thermal
limitations will reduce the power that can be handled to values less
than the limitations imposed by second breakdown.
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MOTOR
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| L - .
SEMiCOuoucTon MPS-uS7

AMPLIFIER TRANSISTOR

PNP SILI NNULAR
P SILICON ANNULA PNP SILICON

AMPLIFIER TRANSISTOR

. . . designed for general-purpose, high-voltage amplifier and driver
applications.

o High Collector-Emitter Breakdown Voltage —
V(BR)CEO = 100 Vdc (Min) @ Ic = 1.0 mAdc

e High Power Dissipation — Pp = 10W @ T¢ = 25°C

e Complement to NPN MPS-U07 H
A - R
= B J
F 8 |
5{1} 1l @
‘ ~C
EB C
L
12 3 L r
MAXIMUM RATINGS ) K
Rating Symbol Value Unit D
Collector-Emitter Voltage VCeo 100 Vde
Collector-Base Volta V Vdc
! oltage cB 100 G~ st s
Emitter-Base Voltage VEB 4.0 Vde N PIN1TEMITTER
Collector Current — Continuous Ic 2.0 Adc 2.BASE
— 3. COLLECTOR
Total Power Dissipation @ Tp = 25°C Pp 1.0 Watt [COLLECTOR CONNECTED TO TAB)
Derate above 25°C 8.0 mw/°C NOTE:
Total Power Dissipation i@ Tc= 250C Pp 10 Watts 1. LEADS WITHIN 0.15 mm(0.006) TOTAL OF TRUE
0 0, POSITION AT CASE, AT MAXIMUM MATERIAL
Derate above 25°C 80 mV;I/ c CONDITION,
Operating and Storage Junction T4.Tstg -55 to +150 C MILLIMETERS INCHES
Temperature Range MIN | MAX | MIN | MAX

9.14 953 | 0360 | 0.375

660 | 724 | 0.260 | 0285
541 | 566 | 0.213 | 0223

038 053 | 0015 | 0.021

THERMAL CHARACTERISTICS

Characteristic Symbol Max Unit 318 | 333 | 0125 | 0.131

Thermal Resi Junction to C R 125 ocw SABSC_, DINESC
ermal Resistance, Junction to Case 8JC - 394 | 419 | 0155 | 0.165
Thermal Resistance, Junction to Ambient RoJA 126 °c/w 036 | 041 | 0014 | 0016
1163 | 1270 | 0458 | 0.500

2458 | 2553 | 0968 | 1.005
508 BSC 0.200 BS

2.39 269 | 0094 | 0.106

104 140 | 0045 [ 0.085
CASE 152-02

zOzn—xu:nmonm»]g
I~
by
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MPS-U57

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

r Characteristic

l Symbol [

Min

1 Typ Max I Unit —l

OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage (1) -
{ic = 1.0 mAdc, Ig = 0)

V(BRICEO

100

Emitter-Base Breakdown Voltage
{Ic = 100 yAdc, Ig = 0)

V(BRIEBO

4.0

- - Vdc .

Collector Cutoff Current
(Ve =40 Vdc, Ig =0)

lcBo

- © 100 nAdc

ON CHARACTERISTICS (1)

DC Current Gain
{Ic = 50 mAdc, Vcg = 1.0 Vdc)
(I = 260 mAdc, Vg = 1.0 Vdc)
(Ic = 600 mAdc, Vcg = 1.0 Vdc)

hFE

60
30

140 -
65 -
30 —

Collector-Emitter Saturation Voltage
(Ic = 250 mAdc, Ig = 10 mAdc)
(Ic = 250 mAdc, Ig = 25 mAdc)

VCE (sat)

Vdc
0.24 05
0.15 -

Base-Emitter On Voltage
(Ic = 260 mAdc, Vcg = 5.0 Vdc)

VBE(on)

0.78 1.2 Vde

SMALL-SIGNAL CHARACTERISTICS

Current-Gain—Bandwidth Product (1)
(Ic =250 mAdc, Vg = 5.0 Vdc, f = 100 MHz)

fr

50

100 - MHz

Output Capacitance
(Vcg = 10 Vdc, Ig = 0, f = 100 kHz)

Cob

(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%.

FIGURE 1 — DC CURRENT GAIN
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FIGURE 3 — DC SAFE OPERATING AREA
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o

VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS)

There are two limitations on the power handling ability of a
transistor: junctionltemperature and second breakdown. Safe
operating area curves indicate I — 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.
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1.0
09
08
07
06
0.5
04
03
02
0.1

FIGURE 2 — “ON"” VOLTAGES
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FIGURE 4 — CURRENT-GAIN-BANDWIDTH PRODUCT
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The data of Figure 3 is based on T j(pk) = 150°C; Tc is variable
depending on conditions. At high case temperatures, thermal
limitations will reduce the power that can be handled to values less
than the limitations imposed by second breakdown.
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[ |
SEiCONouCToR wsueo |

PNP SILICON ANNULAR TRANSISTOR

. . . designed for general-purpose applications requiring high break- PNP SILICON
down voltages, low saturation voltages and low capacitance. HIGH VOLTAGE

TRANSISTOR
® Complement to NPN Type MPS-U10

MAXIMUM RATINGS

Rating ) Symbol Value Unit
Collector-Emitter Voltage VCEO 300 Vdc
Collector-Base Voltage Vce 300 Vdc
Emitter-Base Voltage VEg 5.0 Vde
Colfector Current - Continuous Ic 500 mAdc
Total Power Dissipation @ Tp = 25°C Pp 10 Watt
Derate above 25°C 8.0 mwW/°C
Total Power, Dissipation @ T¢ = 25°C Pp 10 Watts
Derate above 25°C 80 mW/°C
Operating and Storage Junction T Tstg -55 to +150 °c
Temperature Range H
f— A —
—— R
THERMAL CHARACTERISTICS F f— B = ‘ J ‘i
Characteristic Symbol Max Unit \4 a
Thermal Resistance, Junction to Case RoJc 125 °c/w % *
Thermal Resistance, Junction to Ambient RgJa(1) 125 ocw £ b c ~C
L]
ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted) [
Characteristic T symbot | sin | Max [ unit | 12 3 L J
OFF CHARACTE 8ISTICS
Collector Emitter Breakdown Volitage (2) V(BR)ICEO Vde K
(Ic = 1.0 mAdc, Ig = 0) 300
Collector-Base Breakdown Voltage V(BR)CBO Vde D
(Ic = 100 wAdc, Ig = 0) 300 -
Emitter-Base Breakdown Voltage V(BR)EBO Vdc
(Ig = 10 wAdc, Ic = 0) 5.0 =G~ STYE®: _JL..J
Collector Cutoff Current Iceo uAdc N PINLEMITTER
(Vg =200 Vdc, Ig =0) 0.2 2.BASE
Emitter Cutoff Current 1EBO uAdc 3. COLLECTOR
(Vgg = 3.0 Vdc, I¢ = 0) 0.1 (COLLECTOR CONNECTED TO TAB)
ON CHARACTERISTICS NOTE:
1. LEADS WITHIN 0.15 mm(0.006) TOTAL OF TRUE
OF Corent AG:'“\i 2 Tovae) nFe 2 POSITION AT CASE, AT MAXIMUM MATERIAL
¢ o Ve = © CONDITION.
(ic = 10mAde, Vg = 10 Vde) 30
(I =30 mAde, Vg = 10 Vdc) 30 MILLMETERS INCHES
- DIM | MIN | MAX_| MIN [ MAX |
Collector-Emitter Saturation Voltage VCE(sat) Vdc A 9.14 953 | 0360 | 0375
{Ic =20 mAdc, 1g = 2.0 mAdc) 0.75 B | 660 | 724 | 0260 | 0.285
X . 1 0213 | 0223
Base-Emitter Saturation Voltage VBE (sat) 0.9 vdc C | 541 | 566 23 |
(I¢ = 20mAdc, |g = 2.0 mAdc) D | 038 [ 083 | 0015 | 0021
F 318 333 0125 | 0131
DYNAMIC CHARACTERISTICS G 2,64 BSC 0.100 BSC
Current-Gain—Bandwidth Product (2) fr 60 MHz H | 394 | 419 | 0.155 | 0.165
(Ic = 10 mAde, Vg = 20 Vdc, f = 100 MHz) J [ 036 | 041 | 0014 | 0016
Collector-Base Capacitance Ceb oF t ;g ;:752 g;:g ?g
Veg = Llg=0.f=10MH - 8.0 58 | 2653 | 0. /
(Vg =20 Vdc. Ig =0. 1.0 2) N 508 BSC 0.200 BSC
(1) Rgya is measured with the device soldered into a typical printed circuit board. : ﬁi ]:I %ig ggg g;g:

(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. CASE 152-02
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MPS-U60

hpE, DC CURRENT GAIN
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FIGURE 1 —DC CURRENT GAIN
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TECHNICAL DATA MPS-U95

PNP SILICON
PNP SILICON DARLINGTON DARLINGTON
AMPLIFIER TRANSISTOR TRANSISTOR

.. . designed for amplifier and driver applications.

® High DC Current Gain —
hgg = 25,000 (Min) @ I = 200 mAdc
15,000 (Min) @ I = 500 mAdc
® Collector-Emitter Breakdown Voltage —
V(BR)CES = 40 Vdc (Min) @ Ic = 100 pAdc
® Low Collector-Emitter Saturation Voltage —
VCE(sat) = 1.5 Vdc @ Ic = 1.0 Adc

® Monolithic Construction for High Reliability

® Complement to NPN MPS-U45

H
e A —w - R
p=— B = J
F~| {
7] a
MAXIMUM RATINGS %’) ]
- ~C
Rating Symbol Value Unit E B C L
| Collector-Emitter Voltage veeol! 40 Vde I:
: . 2 3 L
Collector-Emitter Voltage Vces 40 Vdc T r
Collector-Base Voltage Vce 50 Vdc
Emitter-Base Voltage VeB 10 Vdc K
Collector Current -Continuous Ic 2.0 Adc o
Total Power Dissipation @ T = 25°C Pp 1.0 Watt
Derate above 25°C 8.0 mw/°c G~ sTviEt: ,ILJ
Total Power Dissipation @ Tg = 25°C Pp 10 Watts N PINTEMITTER
Derate above 25°C 80 mw/°C § (B:ngECTOR
Operating and Storage Junction Ty Tstg -55 to +150 °c COLLECTOR CONNECTED TO TAB)
Temperature Range NOTE:
1. LEADS WITHIN 0.15 mm(0.006) TOTAL OF TRUE
POSITION AT CASE, AT MAXIMUM MATERIAL
THERMAL CHARACTERISTICS CONDITION.
Characteristic Symbol Max Unit
DIM
Thermal Resistance, Junction to Ambient RoJA(2) 125 oc/w A . .53 ) 0.360 4
- - " B 6.60 24 | 0260 | 0.285 |
Thermal Resistance, Junction to Case 64c 12.5 oc/w 5.41 566 | 0213 | 0223
. . . X .015 | 0.021
(1) Due to the monolithic construction of this device, breakdown voltages of.both g?g gg 3225 0431
transistor elements are identical, V(BR)CES is tested in lieu of V(BR)CEQ in order to ) '254956 0100 BSC
avoid errors caused by noise pickup. The voltage measured during the V(BR)CES 39,; 419 | 0155 | 0.165
test is the V(BR)CEQ of the output transistor. . . o T 0% | 041 | 0014 | 0016
(2) Rgya is measured with the device soldered into a typical printed circuit board. X “'53 1270 | 0458 | 0500
L | 2458 | 2553 | 0968 | 1.005
N 5.08 BSC 0.200 BSC
Q | 239 | 269 | 0094 | 0.106
R | 114 | 140 [ 0045 [ 0055
CASE 152-02
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MPS-U95

ELECTRICAL CHARACTERISTICS (T 5 = 25°C unless otherwise noted)

I : Characteristic I Symbol Min I Typ 1 Max 1 Unit l
OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage V(BR)CES 40 - - Vde
(Ic = 100 pAdc, Vgg = 0) . :

Collector-Base Breakdown Voltage V(BR)CBO 50 - - Vdc
(Ic = 100 uAdc, Ig = 0) :

Emitter-Base Breakdown Voltage
(lg = 10 uAdc, Ic = 0)

V(BR)EBO 10 - - Vde

Collector Cutoff Current IcBO - - 100 nAdc
(Vcg =30 Vdc, Ig = 0)

Emitter Cutoff Current IEBO - - 100 nAdc
(Ve = 8.0 Vdc, Ic =0)

ON CHARACTERISTICS(1)

DC Current Gain hpe -
(Ic = 200 mAdc, Vg = 5.0 Vdc) 25,000 43,000 150,000
(Ic = 500 mAdc, Vg = 5.0 Vdc) 15,000 41,000 -
{Ic = 1.0 Adc, Vg = 5.0 Vdc) 4,000 35,000 -

-Collector-Emitter Saturation Voltage VCE (sat) - 1.0 1.5 Vdc
(Ic = 1.0 Adc, Ig = 2.0 mAdc)

Base-Emitter Saturation Voltage VBE (sat) - 1.85 2.0 Vdc
(Ic =1.0 Adc, |g = 2.0 mAdc)

Base-Emitter On Voltage VBE(on) - 1.7 2.0 Vdc
(I = 1.0 Adc, V¢ = 5.0 Vdc)

DYNAMIC CHARACTERISTICS

Small-Signal Current Gain (1) Theel 0.5 1.6 - -
(I¢ = 200'mAdc, Vcg = 5.0 Vdc, f = 100 MHz)

Collector Base Capacitance Ceb - 25 12 pF
(Ve =10 Vdc, 1g =0, f = 1.0 MHz)

3 (Dpuise Test: Pulse Width <300 us, Duty Cycle < 2.0%.

Uniwatt Darlington transistors can be used in any number of low power applications, such as relay drivers, motor control and as general purpose amplifiers. As an
audio amplifier these devices, when used as a complementary pair, can drive 3.5 watts into a 3.2 ohm speaker using a 14 volt supply with less than one percent
distortion. Because of the high gain the base drive requirement is as low as 1 mA in this application. They are also useful as power drivers for high current application
such as voltage regulators.
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MPS-U95

FIGURE 1 — DC CURRENT GAIN FIGURE 2 — SMALLSIGNAL CURRENT GAIN
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NPN PNP

MOTOROLA TIP29 TIP30
m SEMICONDUCTOR S| 1iIP29A TIP30A

TECHNICAL DATA TIP29B TIP30B
TIP29C TIP30C

1 AMPERE
COMPLEMENTARY SILICON PLASTIC POWER TRANSISTORS
POWER TRANSISTORS COMPLEMENTARY SILICON

40-60-80-100 VOLTS

- designed for use in general purpose amplifier and switching 30 WATTS

applications. Compact TO-220 AB package. TO-66 leadform also

available.

MAXIMUM RATINGS

TIP29 TIP29A TIP298 TIP29C
Rating Symbol TIP30 TIP30A TIP308 TIP30C Unit
Collector-Emitter Voltage Vceo 40 60 80 100 Vdc
Collector-Base Voltage Vce 40 60 80 100 Vdc
Emitter-Base Voltage Ve - —— 50— Vdc
Collector Current — Continuous Ic - 1.0 Adc
Peak Peak - — 30 ———————— &
Base Current g - 04— Adc
Total Power Dissipation Pp
@ T¢ =25°%C 30 = | Watts
Derate above 25°C - 0.24 - w/°c
Total Power Dissipation P
@Tp = 25°C ° ° - 20 Watts T w
Derate above 25°C 0016 - | wie B F —] C f—
Unclamped Inductive Load E - 32 mJ _.l / T Ao
Energy (See Note 3) j—— —- ] .‘
Operating and Storage Junction Ty Teg | *—— — 65104150 — = | OcC T 7
Temperature Range a +- A }——
i i 2 U
THERMAL CHARACTERISTICS H N F
Characteristic Symbol Max Unit } K
Thermal Resistance, Junction to Case Rgyc 4.167 °c/wW z i
Thermal Resistance, Junction to Ambient RoJA 62.5 ocmw . a
-
V —ef Hef- jLJ
ELECTRICAL CHARACTERISTICS (T¢ = 259C unless otherwise noted) o H‘ L
Characteristic | symbot | Min | Max | unit | D
OFF CHARACTERISTICS —{ N
Collector-Emitter Sustaining Voltage (1) TIP29, TIP30 VCEO(sus) | 40 - Vde NOTES:
(Ic =30 mAdc, Ig = 0) TIP29A, TIP30A 60 - 1 arwlmue AND TOLERANCING PER ANSI
T1P298, TIP30B 80 - 2. CONTROLLING DIMENSION: INCH.
TIP29C, TIP30C 100 = 3. DIM Z DEFINES A ZONE WHERE ALL BODY AND
Collector Cutoff Current Iceo mAdc LEAD IRREGULARITIES ARE ALLOWED.
(Ve =30 Vdc, I = 0) TIP29, TIP29A, TIP30, TIP30A - 03
(Ve =60 Vde, Ig = 0) TIP29B, TIP29C, TIP308B, TIP30C — 0.3
Collector Cutoff Current Ices uAdc
(VCE = 40 Vdc, Veg = 0) TIP29, TIP30 - 200 366 | 10 380 | 0405
(Ve =60 Vde, VEg = 0) TIP29A, TIP30A - 200 ‘-g’ S ‘1,2 ,1,32
(VCE = 80 Vdc, Vgg = 0) TIP298B, TIP30B - 200 Y o T o -
(VCE = 100 Vde, Vgg = 0) TIP29C, TIP30C ~ 200 42 | 266 | 0095 | 0.005 PIN 1. BASE
Emitter Cutoff Current “TEBO = 10 | mAdc 80 | 393 ong gg 2.COLLECTOR
(Vgg = 5.0 Vde, Ic = 0) o | e o T ot & touenon
ON CHARACTERISTICS (1) 15 | 139 [ 0045 | 0055
DC Current Gain heE - 483 | 533 | 0190 | 0210
(ic =0.2 Adc, VCE = 4.0 Vde) 40 - AR B ET- RN
(Ic = 1.0 Adc, VCEg = 4.0 Vdc) 15 75 5 1 oo —L—ojoss
Collector-Emitter Saturation Voltage VCE (sat) - 0.7 Vdc .97 | 647 | 0236 | 0.255
(ic = 1.0 Adc, Ig = 125 mAdc) : .00 | 127 | 0000 | 0050 |
Base-Emitter On Voltage VBE (on) - 13 Vdc 118 7 045 080
(Ic = 1.0 Adc, Vg = 4.0 Vdc) CASE 221A-04
DYNAMIC CHARACTERISTICS AB
Current Gain — Bandwidth Product (2) [ 3.0 - MHz TO-220
(I = 200 mAdc, Vg = 10 Vde, frese = 1 MHz)
Small-Signal Current Gain hfe 20 - -
(Ic =0.2 Adc, Vcg = 10 Vdc, f = 1 kHz)

(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%.
(2) fr =Ihte | ® froqy

(3) This rating based on testing with Lc = 20 mH, Rgg = 100 2, Vcc =10V, Ic = 1.8 A, P.R.F. = 10 Hz.

3-1154



TIP29, TIP29A, TIP29B, TIP29C, NPN, TIP30, TIP30A, TIP30B, TIP30C, PNP

I, COLLECTOR CURRENT, (AMPS)

hfg, DC CURRENT GAIN

FIGURE 1 — DC CURRENT GAIN

FIGURE 2 — TURN-OFF TIME

SO T T T 1 40 S
200 11 l! ] 0 1B1=182 |
Ty 1500C VeE-20V Ne— . iclg=10 |
il R —— td=tg-1/81¢
19 Ty=250C —
250C —— 07 1@ Ve =30V
100l il 7
100 bt
1L - 5 P
— 3 05
0 —550C =
a0\ w <
50 z 03 {evge =10V <
% SNy = 02
0 0.07)
20 05
5.0 003
003 005 007 01 03 05 07 10 30 003 005007 0.1 02 03 05 07 10 20 30
ic, COLLECTOR CURRENT (AMP) Ic, COLLECTOR CURRENT (AMP)
FIGURE 3 — SWITCHING TIME EQUIVALENT CIRCUIT FIGURE 4 — TURN-ON TIME
2.0 -
TURN-ON PULSE Ig/lg =10
APPROX T e
1V O )2
07
. tr@Veep =30
Vin 0 f+— ——\— SCOPE 05
VEB(ott) —J | " = ——
malamtl 203 L @Vee=10V
APPROX =13 Cj << Ceb £
=
v I n<l0ns = N
P N~
1100 <ty <5004  -40V 0.
Vip— ~— = = AL _ 3<t5ns 0.07 14 @ VER(off) =20V
i [ 0.05
| I L
- 1 = DUTY CYCLE ~ 2.0% 0.03
! APPROX -9.0V 0.02
TURN-OFF PULSE 003 005007 01 03 05 07 10 30

Rgand Rg VARIED TO 0BTAIN
DESIRED CURRENT LEVELS.

FIGURE 5 — ACTIVE REGION SAFE OPERATING AREA

Ic, COLLECTOR CURRENT (AMP)

10 —
1 1
[ 1,=150°C
There are two limitations on the power handling ability of a
30 \’1‘~~ transistor: average junction temperature and second breakdown.
T \ 1 ms T Safe operating area curves indicate Ic-VCE operation; i.e., the
transistor must not be subjected to greater dissipation than the
1.0 & curves indicate.
SECOND BREAKDOWN LIMITED TN The data of Figure 5 is based on T)(pk) = 150°C; Tg is variable
_____ ~ THERMALLY LIMITED @ Tg = 250C N 5 ms - depending on conditions. Second breakdown pulse limits are valid
— — —— BONDING WIRE LIMIT for duty cycles to 10% provided T j(pk) < 150°C. At high case
B EEERY T'P-Z9 20— temperatures, thermal limitations will reduce the power that can
CURVES APPLY BELOW ——1/p2ga 304 be handled to values less than the limitations imposed by second
RATED V(g ——1TiP 298, 308 breakdown.
01 Lot TIP29C, 30C A
1.0 4.0 10 20 40 100

Ve COLLECTOR EMITTER VOLTAGE, (VOLTS)
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TECHNICAL DATA

MOTOROLA .
m SEMICONDUCTOR IS

NPN
TIP31
TIP31A
TIP31B
TIP31C

PNP
TIP32
TIP32A
TIP32B
TIP32C

COMPLEMENTARY SILICON PLASTIC
POWER TRANSISTORS

applications.
® Collector-Emitter Saturation Voltage —
VCE(sat) = 1.2 Vdc (Max) @ Ic = 3.0 Adc
"~ ® Collector-Emitter Sustaining Voltage —
VCEO(sus) = 40 Vdc (Min) — TIP31, TIP 32
=60Vdc (Min) — TIP31A, TIP32A
=80 Vdc (Min) — TIP31B, TIP32B
=100 Vdc (Min) — TIP31C, TIP32C
® High Current Gain — Bandwidth Product
f1 = 3.0 MHz (Min) @ Ic = 500 mAdc
® Compact TO-220 AB Package
® TO-66 Leadform Also Available

. . . designed for use in general purpose amplifier and switching

3 AMPERE

POWER TRANSISTORS
COMPLEMENTARY SILICON

40-60-80-100 VOLTS
40 WATTS

*MAXIMUM RATINGS

;
-

NOTES:
1. DIMENSIONING AND TOLERANCING PER ANS!
Y14.5M, 1982.
2. CONTROLLING DIMENSION: INCH.
3. DIM Z DEFINES A ZONE WHERE ALL BODY AND
LEAD IRREGULARITIES ARE ALLOWED.

85
{

TIP31 | TIP31A | TIP31B | TIP31C
Rating Symbol | TiP32 | TIP32A | TIP32B | TIP32C Unit
Collector-Emitter Voltage Vceo 40 60 80 100 Vdc
Collector-Base Voltage vee 40 60 80 100 Vdc
Emitter-Base Voltage Veg 5.0 Vdc
Collector Current - Continuous Ic 3.0 Adc
Peak ‘ 5.0
Base Current g 1.0 Adc
Total Power Dissipation [5)
@Tg=25°C 40 Watts
Derate above 25°C 0.32 w/°c
Total Power Dissipation Pp
@Tp =25°C 20 Watts
Derate above 25°C 0.016 w/°C
Unclamped Inductive E 32 mJ
Load Energy (1)
Operating and Storage Junction| T),Tstg | ~——— -65t0 +150 ——= °c
Temperature Range
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case Rguc 3.125 oc/w
Thermal Resistance, Junction to Ambient Rgja 62.5 oc/w

zia@E

lolalal

STYLE1:

(1)1c=18A,L=20mH,P.R.F.= 10 Hz, Vgc = 10 V, Rgg = 100 2.

PIN 1. BASE

2. COLLECTOR

3 EMITTER

s
BEESEERES

4. COLLECTOR

&

2
3
o
i
s

=
2
S
=

o
o
=

;

B
3

e
&

|

I

- 204 0.080

CASE 221A-04
TO-220AB
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TIP31, TIP31A, TIP31B, TIP31C, NPN, TIP32, TIP32A, TIP32B, TIP32C, PNP

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

L Characteristic [ Symbol | Min_ | - Max [ unit ]
OFF CHARACTERISTICS
Collector-Emitter Sustaining Voltage (1) TIP31, TIP32 VCEO(sus) 40 - Vde
(I = 30 mAdc, Ig =0) TIP31A, TIP32A 60 -
TIP31B, TIP32B 80 -
TIP31C, TIP32C 100 -
Collector Cutoff Current ICEO mAdc
(Ve =30 Vde, Ig = 0) TIP31, TIP31A, TIP32, TIP32A - 0.3
(Vce =60 Vdc, 1g =0) . TIP318, TIP31C, TIP328, TIP32C - 0.3
Collector Cutoff Current Ices #Adc
(VcE =40 Vdc, Vgg = 0} TIP31, TIP32 - 200
(VCE = 60 Vdc, Vgp = 0) TIP31A, TIP32A - 200
(VcE =80 Vdc, Vg = 0) TIP31B, TIP32B - 200
(VcEg = 100 Vde, Veg = 0) TIP31C, TIP32C - 200
Emitter Cutoff Current lggo - 1.0 mAdc

(Vgg =5.0 Vdc, Ic =0)
ON CHARACTERISTICS (1)

DC Current Gain hre -
(g =1.0 Adc, Vg = 4.0 Vdc) 25 -
(ig = 3.0 Adc, Vcg = 4.0 Vdc) 10 50

Collector-Emitter Saturation Voltage VCE(sat) - 1.2 Vde
(Ic = 3.0 Adc, Ig = 375 mAdc)

Base-Emitter On Voltage VBE(on) - 1.8 Vde

(lc = 3.0 Adc, Vcg = 4.0 Vdc)
DYNAMIC CHARACTERISTICS

Current Gain — Bandwidth Product (2) fr 3.0 - MHz
(Ic =500 mAdc, Vg = 10 Vdc, figgt = 1 MH2)
Small-Signal Current Gain Ihiel 20 - -

(Ilc =0.5 Adc, Vgg = 10 Vdc, f = 1 kHz)

(1) Pulse Test: Pulse Width <X 300 us, Duty Cycle < 2.0%.
(2) f1=1Ihgel ® frest
FIGURE 1 — POWER DERATING

TC TA
40 40
\\
& To
=30 30
<
S
= - N
S0 20
& ’ A N
@ N
o
-4
g | N\
210 10 ~ \
a.
o
£ ~
0 0 A\
0 20 40 60 80 00 120 140 180
T, TEMPERATURE (°C)
FIGURE 2 — SWITCHING TIME EQUIVALENT CIRCUIT FIGURE 3 — TURN-ON TIME
20 T
TURN-ON PULSE Ic/ig=10
APPROX vee RS Ty=25°C
1V 1.0
a7 tr@Vee=30V
Vin 0 Vin SCOPE 05 ~g i —
VEB(off) 3 03 1 @ =10V
— 1 g r@Vee
APPROX ——{ 13 |~ Cjg <<Ceb = A
H1V I <7008 o M
I\ i 40V -
N\ 100 <tzl<5500us 0.07) tg @ VEB(off) = 2.0V
vin_T__...l...__._t3< ns 05
' ! 0.03 3
— DUTY CYCLE ~ 2.0% 00 —
APPROX -9.0 V
TURN-OFF PULSE 003 0.05 007 0. 03 05 07 10 30
Rg and Rg VARIED TO OBTAIN|DESIRED CURRENT LEVELS, ic, COLLECTOR CURRENT (AMP)
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- TIP31, TIP31A, TIP31B, TIP31C, NPN, TIP32, TIP32A, TIP32B, TIP32C, PNP

FIGURE 4 — THERMAL RESPONSE

S
TN} e T
2 ot
A T
x 05
g = r
g ooju I e
< ™ T
= H
@ 0.1 1 B P(pk) .
& o = Zoucw =) Roc H
Rgyc = 3.1250 C/W Max 8|
g‘ 0.07—— U.Uj —] D CURVES APPLY FOR POWER 1
x 0.05 t - u ‘__ PULSE TRAIN SHOWN M
W —10.02 j— o ‘lv ’l READ TIME AT t; M
- 03 .
g =114 2 Tuipk) = TC = Pipk) Z
= pk) = 1€ = P(pk) £9JC(1)
& 0.02==770) r DUTY CYCLE, 0 = ty/1p
2 3 SINGLE PULSE H
S 00 L I O N R R
: 0.01 0.02 0.05 0.1 0.2 05 1.0 2.0 5.0 10 20 50 100 200 500 1.0k
z t, TIME (ms)
FIGURE 5 — ACTIVE REGION SAFE OPERATING AREA
o A Th limitati h handling ability of
= 10 mS\ 00 s ere are two limitations on the power handling ability of a
. 3 ~ 5.0 ms = transistor: average junction temperature and second breakdown.
- ™~ o \ Safe operating area curves indicate I|¢-V limits of the transistor
20 C-VCE
] I~ ~ N that must be observed for reliable operation; i.e., the transistor
g SECONDARY BBEAKUDOWN ~ \\ must not be subjected to greater dissipation than the curves indicate.
310 LIMITED @ Ty < 150°C N The data of Figure 5 is based on T j(pk) = 150°C; T is variable
===k THERMAL LIMIT @ T = 25C NS ; o i
= L 'c= N depending on conditions. Second breakdown pulse limits are valid
E 05 SINGLE PULSE) - for duty cycles to 10% provided T j(pk) < 150°C. T j(pk) may be
g =FBONDING WIRE LIMIT T NC Y Cy! 6 provided T j(pk) S - Ti(pk)
= T TiP31. TIP32 N calculated from the data in Figure 4. At high case temperatures,
2 — CURVES APPLY ’_TIPSI;'\ TIP32A thermal limitations will reduce the power that can be handled to
& 0.2 BELOWRATED Vegg hinhditiiinks : A\ values less than the limitations imposed by second breakdown.
= T TIP31B, TIB32B — | N
T T
ol LT 111 TIP31C, TIC320 ~——1 | |
5.0 10 20 50 100
VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS)
FIGURE 6 — TURN-OFF TIME FIGURE 7 — CAPACITANCE
3.::\ 77T 300 < [T
0 H lB1=lg2  — S Ty=+259C T
»{‘ Ichg=10 __|{ 200 NN
t=tg-1/81t¢ N
1.0 - — e Ty=250C —— _ NN
o t@Vee=30V T N
0.7 =3 N
— [ - w
z 0.5 2 \t\\
L o3 . — <] £ 100
£ 0 t@Vee=10V i N S Ceb] TN
> 0.2 - << T AN
= 0.2] g 5 -
(=]
0.1 50 N
07— Fcb
0.0SF {
0.03 30
1 02 03 05 07 10 20 30 01 0203 05 10 2030 50 10 20 3040

003  0.05 0.07 0.

Ic, COLLECTOR CURRENT (AMP)

VR, REVERSE VOLTAGE (VOLTS)
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TIP31, TIP31A, TIP31B, TIP31C, NPN, TIP32, TIP32A, TIP32B, TIP32C, PNP

FIGURE 8 — DC CURRENT GAIN FIGURE 9 — COLLECTOR SATURATION REGION
500, o
R R B —— 5 20 e
300) NRERN 1 2 T)=125C
T4 - 1509C VeE=20V 2
w18
= <
F 250C F—— &
S 100 + ) 3 -
5 1+ s, Ig=03A 1.0A 3.0A
@ 70 Z550C = \
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= 50 . =
o K. b \
2 20 Y = 08 \
" £ \ \
& 2 \ \ I~
10 5 04 AN
10 =4 N N
7.0 ui =
50 > 0
003 005 0.07 0.1 03 05 07 10 30 10 20 50 10 20 50 100 200 500 1000
I, COLLECTOR CURRENT (AMP) 1B, CASE CURRENT (mA)
FIGURE 10 — “ON” VOLTAGES FIGURE 11 — TEMPERATURE COEFFICIENTS
14 TTTTIT +2.5 T T 17 T T 1117
L1, =280¢ S 1y ol|| "APPLIES FOR Ic/lp <hee/2
12 g Ty = -65°C TO +1500C
' E 415 I W
7| T ;
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Z 7 T 405 2
=08 =5 s 1+
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g 06 : & g5
S VgE @ Vg =20V 2
> 04 l‘ 74 E -1.0 > 4
)
VeE(san © g/l = 10 g =TT
02t sat T " 0 6yg FOR VBE ||t
20 ;
oL LI = 24
00030005 0.01 002003005 0.1 0203 05 1.0 2030 00030005 001 002 005 01 0203 05 10 2030
I, COLLECTOR CURRENT (AMPS) Ic, COLLECTOR CURRENT (AMP)
FIGURE 12 — COLLECTOR CUT-OFF REGION FIGURE 13 — EFFECTS OF BASE-EMITTER RESISTANCE
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MOTOR

OLA
m SEMICONDUCTOR
TECHNICAL DATA

NPN
TIP33
TIP33A
TIP33B
TIP33C

PNP
TIP34

TIP34A
TIP34B
TIP34C

COMPLEMENTARY SILICON
HIGH-POWER TRANSISTORS

...forgeneral-purpose power amplifier and switching applications.

® 10 A Collector Current
® Low Leakage Current — IcEQ = 0.7 mA @ 30 and 60 V
® Excellentdc Gain —hpg=40Typ @ 3.0 A

@ High Current Gain Bandwidth Product — hfe = 3.0 min @ I =
05A,f=1.0MHz

MAXIMUM RATINGS

10 AMPERE
COMPLEMENTARY SILICON
POWER TRANSISTORS

40-100 VOLTS

80 WATTS

(1) Pulse Test: Pulse Width = 10 ms, Duty Cycle <10%.

FIGURE 1 — DC CURRENT GAIN
500

]
1
1
200 VCE=40V
Ty = 25°C

100

50

[ | ——neN 3
— —FPNP N
20 >

hrg. DC CURRENT GAIN

0.1 10 10
I, COLLECTOR CURRENT (A)

STY

LE 1

1. BASE
2. COLLECTOR
3. EMITTER

4. COLLECTOR

Rati bol TIP33 | TIP33A | TIP33B | TIP33C B
ating Sym TIP34 | TIP34A | TIP34B | TIP3ac | UMt
Collector-Emitter Voltage : Vceo 40V 60V 80V 100v Vdc
Collector-Base Voltage Ve a0V 60V 8oV 100v Vde
Emitter-Base Voltage VeB 5.0 Vdc
Collector Current — Continuous Ic 10 Adc
Peak (1) 15
-‘Twc —— B

Base Current — Continous I 30 Adc E .
Total Power Dissipation Pp 80 Watts Q

@ T =25°C . )

Derate above 25°C 0.64 w/°C 4

.. 4

Operating and Storage Junction Ty Tstg -65 to +150 °C

Temperature Range A I L

N
THERMAL CHARACTERISTICS {
3
Characteristic Symbol Max Unit *

Thermal Resistance, Junction to Case Reuc 1.56 °C/W ‘
Junction-To-Free-Air Thermal Resistance RguaA 357 °C/W I

=4
=

MILLIMETERS
T

INCHES

MAX

MAX

2032

21.08

0.800

0.830

1649

15.90

0610

0626

4.19

5.08

0.165

1.02

1.65

0.040

0.200
0.065 |

135

1.65

0.083

0.065

5.21

5.72

0.205

0.225

241

3.20

0.095

0.126

038

0.64

0.015

0.025

1270

1549

0.500

0610

15.88

16.51

0625

0.650

12.19

12.70

0480

0.500

o|z|r|x|c|xz(o|m|o|o|o|>

4.04

4.2

0.159

0.166

CASE 340-01
TO-218AC
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TIP33, TIP33A, TIP33B, TIP33C, TIP34, TIP34A, TIP34B, TIP34C

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

Characteristic

[ Symbol

I Min l

Unit

OFF CHARACTERISTICS

Collector-Emitter Sustaining Voltage (1)
(lc=30mA, iIg=0) TIP33, TIP34

TIP33A, TIP34A

TIP33B, TIP34B

TIP33C, TIP34C

VCEO(sus) 40 _ Vde

60 —
80 —

Collector-Emitter Cutoff Current
(VCe=30V,ig=0) TIP33, TIP33A, TIP34, TIP34A
(VCE=60V, Ig=0) TIP338B, TIP33C, TIP34B, TIP34C

IcEO mA

Collector-Emitter Cutoff Current
(VcE = Rated Vcgo. VEB = 0)

IcES — 0.4 mA

Emitter-Base Cutoff Current
(VEB=5.0V,Ic=0)

lEBO — 1.0 mA

ON CHARACTERISTICS (1)

DC Current Gain
(Ic=10A Vcg=40V)
(Ic=3.0A,Vcg=40V)

hrg —
40 —
20 100

Collector-Emitter Saturation Voltage
(lc=3.0A,1g=03A)
(Ic=10A,lg=25A)

VCE(sat) Vdc

Base-Emitter On Voltage
(Ic=3.0A Vcg=40V)
(lc=10A,Vcg=40V)

VBE(on) Vdc

DYNAMIC CHARACTERISTICS

Small-Signal Current Gain
(Ic=05A Vcg=10V, f=1.0kHz)

hte 20 — —

Current-Gain—Bandwidth Product (2)
(Ic=05A,Vcg=10V, f=1.0 MHz)

T 30 = MHz

Ig. COLLECTOR CURRENT (AMPS)

(1) Pulse Test: Pulse Width = 300 us, Duty Cycle <2.0%.
(2)f7 = [htel " frest

FIGURE 2 — MAXIMUM RATED FORWARD BIAS
SAFE OPERATING AREA

I T L300 sl ]
50 T S TIP3
" = Secondary Breakdown Limit — dc ‘1‘\‘ ~N TIP343
3.0 " RN — T~
2.0} —-— Bonding Wire Limit 10 ms QD N
|- = ===Thermal Limit
1o ;rma 'IMI TPaA
= 1¢ = 25°C TIP34A TR
05—+ € TIP338
TIP348 N
0.2 TIP33C
o1 TIP34C

1.0 20 30 50 70 10 20 30 60 70 100

Vce. COLLECTOR-EMITTER VOLTAGE (VOLTS)

FORWARD BIAS

The Forward Bias Safe Operating Area represents
the voltage and current conditions these devices can
withstand during forward bias. The data is based on T¢ =
25°C; TJ(pk) isvariable depending on power level. Second
breakdown pulse limits are valid for duty cycles to 10%,
and must be derated thermally for T¢c > 25°C.
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FIGURE 3 — MAXIMUM RATED REVERSE BIAS

SAFE OPERATING AREA
2
L=200 xH ]
z Ig/lg=5.0
15 VBE(off) =010 5.0V |
z Tg = 100°C
= N
=z
& §N
3 10
e
o
&
2 nr3a _ ) mesaa__Y mpase __ ] measc
o = —]
S 80 P34 1 Tip3aa [ TIP34B [ TIP34C ]
0
0 20 40 50 80 100

Vee. COLLECTOR EMITTER VOLTAGE (VOLTS)

REVERSE BIAS

The Reverse Bias Safe Operating Area represents
the voltage and currentconditions these devices can with-
stand during reverse biased turn-off. This rating is verified
under clamped conditions so the device is never subjected
to an avalanche mode.




MOTOROLA
TECHNICAL DATA

 SEMICONDUCTOR IS

NPN
TIP35
TIP35A
TIP35B
TIP35C

PNP
TIP36
TIP36A
TIP36B
TIP36C

COMPLEMENTARY SILICON
HIGH-POWER TRANSISTORS

.. for general-purpose power amplifier and switching applications.

@ 25 A Collector Current
@ Low Leakage Current — Icep = 1.0 mA @ 30 and 60 V
® Excellent dc Gain —hpg=40Typ @ 15 A

® High Current Gain Bandwidth Product — (hfe = 3.0 min @ Ic =
1.0A f=1.0MHz

25 AMPERE
COMPLEMENTARY SILICON
POWER TRANSISTORS

40-100 VOLTS
125 WATTS

MAXIMUM RATINGS

Rati Symbol TIP35 | TIP35A | TIP35B [ TIP35C Unit
ating ymbol | Tip3e | TIP36A | TIP36B | TIP36C |
Collector-Emitter Voltage Vceo 40V 60 V 80V 100 v Vdc
Collector-Base Voltage Ves 40 v 60V 8oV 100v Vdc
Emitter-Base Voltage Veg [€——————— 50— ¥ Vdc
Collector Current — Continuous Ic [e——————— 25 ——————— P Adc
Peak (1) |———— 40 ———— P

Base Current — Continous g (€——————— 50 ———— = Adc
Total Power Dissipation Pp 125 » Watts

@ Tg=25°C ’

Derate above 25°C 1.0 » W/°C
Operating and Storage Junction TJ,Tstg -65 to +150 °C

Temperature Range
Unclamped Inductive Load Egg 90 mJ
THERMAL CHARACTERISTICS

Characteristic Symbol Max Unit

Thermal Resistance, Junction to Case Rguc 1.0 °C/W
Junction-To-Free-Air Thermal Resistance RguA 35.7 °C/W

(1) Pulse Test: Pulse Width = 10 ms, Duty Cycle <10%.

FIGURE 1 — POWER DERATING

75

50

Pp. POWER DISSIPATION (WATTS)

25

0 25 50 75 100 125 150 175
T, CASE TEMPERATURE (°C)

~
w
fe— 2

—x

i
A\I:J J:JLD
—{H G
©OSTYLE:
1. BASE
2. COLLECTOR
3. EMITTER
4. COLLECTOR
MILLIMETERS|  INCHES
DIM[ MIN | MAX | MIN | MAX

20.32 | 21.08 | 0.800 | 0.830
1549 | 15.90 | 0.610 | 0.626
4.19 | 508 | 0.165] 0.200
1.02 | 1.65 | 0.040 | 0.065
135 | 1.65 | 0.053 | 0.065
5.21 | 5.72 | 0.205 | 0.225
241 | 3.20 | 0.085 | 0.126
038 | 0.64 | 0015 0.025
12.70 | 1549 | 0.500 | 0610
16.88 | 16.51 | 0.625 | 0.650
12.19 | 12.70 | 0.480 | 0.500
4.04 | 4.22 | 0.159 | 0.166

PlZlr| x| m|O|o o>

CASE 340-01
TO-218AC
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TIP35, TIP35A, TIP35B, TIP35C,NPN, TIP36, TIP36A, TIP36B, TIP36C,PNP

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

r Characteristic Symbol Min Max Unit
OFF CHARACTERISTICS
Collector-Emitter Sustaining Voltage (1) VCEO(sus) Vdc
(Ic=30mA, ig=0) TiP35, TIP36 40 —
TIP35A, TIP36A 60 —
TiP358, TIP36B 80 —
TIP35C, TIP36C 100 —
Coliector-Emitter Cutoff Current Iceo mA
(Vce=30V,I1g=0) TIP35, TIP35A, TIP36, TIP36A — 1.0
(Vce=60V,ig=0) TIP358, TIP35C, TIP36B, TIP36C - 1.0
Collector-Emitter Cutoff Current IcES — 0.7 mA

(Vce = Rated Vcgo, VEB = 0)

Emitter-Base Cutoff Current lEBO — 1.0 mA
(VEg=5.0V,Ic=0)
ON CHARACTERISTICS (1)
DC Current Gain hgg —
(Ilc=15A Vcg=40V) 25 —
(Ic=15A,Vcg=40V) 15 75
Collector-Emitter Saturation Voltage VCE(sat) Vdc
(Ic=15A,lg=15A) - 1.8
(Ic=25A,1g=5.0A) — 4.0
Base-Emitter On Voltage VBE(on) Vdc
(ic=15A,Vcg=4.0V) — 2.0
(Ic=25A,Vce=40V) - — 4.0
DYNAMIC CHARACTERISTICS
Small-Signal Current Gain he 25 — —
(Ic=1.0A Vcg=10V, f=1.0kHz)
Current-Gain—Bandwidth Product (2) fr . 3.0 — MHz
(Ic=10A, Vcg=10V,{=1.0MHz)
(1) Pulse Test: Pulse Width = 300 us, Duty Cycle <2.0%.
(2) f1 = [htel - frest

FIGURE 2 — SWITCHING TIME EQUIVALENT
TEST CIRCUITS

FIGURE 3 — TURN-ON TIME

TURN-ON TIME
20 : T
20V Ty =25°C
- Ic/ig=10 YA
0 T0 SCOPE 10 Ver- 30V
! tr<20ns cc
! ! 07 VBE(off) = 2V
z(«],nss_, — -nov 05 gz >
=1 = 10 to 100 us = ERr < T ~\ ] d
DUTY CYCLE ~ 2.0% £ LY = =11+
2 0
TURN-OFF TIME =
0.1 - - (PNP)
i—— — — — — (NPN).
ov 007
0 T0 SCOPE 0.05 = - —
| | } tr<20ns 0.03
OV iy <200s 0.02
- 1010100 s 03 05 07 10 20 30 50 70 10 20 30
DUTY CYCLE ~ 2.0% 16, COLLECTOR CURRENT (AMPERES)

FOR CURVES OF FIGURES 3 & 4, Rg & R ARE VARIED.
INPUT LEVELS ARE APPROXIMATELY AS SHOWN.
FOR NPN, REVERSE ALL POLARITIES.
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TIP35, TIP35A, TIP35B, TIP35C,NPN, TIP36, TIP36A, TIP36B, TIP36C,PNP

FIGURE 4 — TURN-OFF TIME

10

s ——— —
70 (PNP)‘ Ty =250C
50 ——— (NPN) Veg =30V ]
Ig/ig=10 —
3 Ig1=1g2 —
20 —
o e
3 ~ N
w o 5 T~ N
s - =
Zoor .
05 3 L I
r AN
0 3 S &
: t L T~
02
01 N\
03 05 07 10 20 30 50 7.0 10 20 30

Ic. COLLECTOR CURRENT (AMPERES)

FORWARD BIAS

There are two limitations on the power handling ability
of a transistor: average junction temperature and second
breakdown. Safe operating area curves indicate Ic-VCE
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 6 is based on T¢ = 25°C; Tj(pk) is
variable depending on power level. Second breakdown
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 limitations.

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 several 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 represents the voltage-
current conditions during reverse biased turn-off. This
rating is verified under clamped conditions so that the
device is never subjected to an avalanche mode. Figure 7
gives RBSOA characteristics.

FIGURE 5 — DC CURRENT GAIN

1000 ===
500 s s o 5
Vee =40V ““[:"'
20| —E 1y=25°c 101
,<E_,<, 100 ¥
2 50
£ N
8 21— e
=4 [ ——
g 1o NPN
< 50
20
10
00 02 05 10 20 50 10 20 50 100
I¢. COLLECTOR CURRENT (AMPS)
FIGURE 6 — MAXIMUM RATED FORWARD BIAS
SAFE OPERATING AREA
100 —t+—+
50 ——
P e s s g g < T¢ = 25°C
£ 2 3 S i
2N 300 us 2 1.0 ms RSk
= ;
Z 50 i PSRN
% — 10 ms Q \N
(=} de ——_3\ \
< 20 AN
E 10 TIP35 & 36 = N
g s ——t SE
2 05 — 3%
S o3k 1P 354, 36A
£ = [ —=—— Bonding Wire Limit TIP35B, 368 >}
R I - N
0 [ [T T TTT]messc, 36C -+
10 20 30 50 70 10 20 30 50 70 100
Ve, COLLECTOR-EMITTER VOLTAGE (VOLTS)
FIGURE 7 — MAXIMUM RATED REVERSE BIAS
SAFE OPERATING AREA
40
30
g
B
=
=
g TIP35C ——]
3 b 1y<io0ec TIP36C =
= 15 TIP358
o
8 TIP36B —
ERl TIP35A
o
° TIP3BA =
=50 TIP 35
TIP 36
0 I

0 10 20 30 40 50 60 70 80 80 100
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TIP35, TIP35A, TIP35B, TIP35C,NPN, TIP36, TIP36A, TIP36B, TIP36C,PNP

FIGURE 8 — INDUCTIVE LOAD SWITCHING

VcE Monitor

L1
(See Note A)

R
MJE180 BB1

TUT
L2

Input
50 (See Note A) B
R =100 _ =
$ 50 BB2 Vee=10V =
< Ic Monitor
4 Rg=0.10 =
vgg1 =10V
=
TEST CIRCUIT
tw=6.0ms
| | (See Note B)
5.0V = - i
Input
Voltage 0 N
I
Collector
Current
-30A - -1— V-
-10V
Collector
Voltage
|
VIBRICER — =+ — =+~ — — — — — —.
VOLTAGE AND CURRENT WAVEFORMS
NOTES:

A. L1and L2 are 10 mH, 0.11 (1, Chicago Standard Transformer Corporation C-2688, or equivalent.
B. Input pulse width is increased until Icp = -3.0 A,
C. ForNPN, reverse all polarities
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NPN PNP
TIP41 TIP42

MOTO
- SEMICONDUCTOR e TIP41A TIP42A
TECHNICAL DATA TIP41B TIP42B

TIP41C TIP42C

COMPLEMENTARY SILICON PLASTIC 6 AMPERE
POWER TRANSISTORS POWER TRANSISTORS
. designed for use in general purpose amplifier and switching COMPLEMENTARY SILICON
applications. 40-60-80-100 VOLTS
® Collector-Emitter Saturation Voltage — 65 WATTS

VCE(sat) = 1.5 Vdc (Max) @ I = 6.0 Adc

® Collector-Emitter Sustaining Voltage —

VCEO(SUS) = 40 Vdc (Min) —
0 Vdc (Min) —
= 80 Vdc (Min) —

=100 Vdc (Min) —

TIP41, TiP42
TIP41A, TIP42A
TIP41B, TIP42B

TIP41C, TIP42C
® High Current Gain — Bandwidth Product
f1 = 3.0 MHz (Min) @ I¢ = 500 mAdc
® Compact TO-220'AB Package
TO-66 Leadform Also Available

*MAXIMUM RATINGS

TIP41 | TIP41A | TIP41B | TIPA1C
Rating Symbol | TIP42 | TIP42A | TIP42B | TIP42C Unit
F —] C e
Collector-Emitter Voltage VCEO 40 60 80 100 Vdc i_-l L s
Collector-Base Voltage Ves | 40 60 80 100 | vdc J A f r
Emitter-Base Voltage VeB 5.0 Vdc ‘ N A }
Collector Current - Continuous Ic 6 Adc H * —‘ v
Peak 10 rT X
Base Current ¥:) 2.0 Adc z
Total Power Dissipation Pp . .
@ T¢ = 25°C 65 Watts
Derate above 25°C 052 W/oC V ] Halt- N
- G —p| o STYLE1
Total Power Dissipation Pp D PIN 1. BASE
@Tp= 25°C 2.0 Watts ] N e 2. COLLECTOR
3 EMITTER
Derate above 25°C 0.016 w/°C 4 COLLECTOR
Unclamped Inductive E 62.5 mJ NOTES:
1. mususu)nmc AND TOLERANCING PER ANS!
Load Energy (1) Y145M, 1
" - - 2 ccmmouna DIMENSION: INC
Operating and Storage Junction| Tj,Tstg | ————— -6510 +150 ——— °c 2 DM2Z DEFIINESAZONE wzelnz :LL BODY AND
Temperature Range LEAD IRREGULARITIES ARE ALLOWED.
MILLMETERS INCHES
THERMAL CHARACTERISTICS | o™ | - %ﬁ%%
- 966 | 10. . Y
Characteristic Symbol Max Unit .07 ! ; .g g::
X Y 025 | 0,035
Thermal Resistance, Junction to Case Rouc 192 oc/w Y ) 082 | 0147
- . Y 0% | 0.105
Thermal Resistance , Junction to Ambient RoJA 625 oc/w X X ;:: g:‘:
- - : 1270 |1 50 | 0.
(1)1g=25A,L=20mH, P.R.F. = 10 Hz, Voo = 10V, Rgg = 100 £2. e Tooe T o
0.1 | 0210
0100 | 0120
0080 o“o
0.045
0235 ozss
0,000 | 0.050 |
X — oo [ —
— T 200 — Tomm
CASE 221A-04
TO-220AB
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TIP41, TIPA1A, TIP41B, TIP41C, NPN, TIP42, TIP42A, TIP42B, TIP42C, PNP

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

[ Characteristic [ symboi ] Min | Max [ unit |
OFF CHARACTERISTICS
Coll -Emitter Sustaining Voltage (1) TIP41, TIP42 VCEO(sus) 40 - Vde
(Ic =30 mAdc, Ig =0) TIP41A, TIP42A 60 -
TIP418, TIP428 80 -
TIP41C, TIP42C 100 -~
Collector Cutoff Current ICEO mAdc
(Vce =30 Vdc, Ig = 0) TIP41, TIP41A, TIP42, TIPA2A - 0.7
(Vcg =60 Vdc, 1Ig =0) TiP41B, TIP41C, TIP42B, TIP42C - 0.7
Collector Cutoff Current ICES uAdc
(VCE =40 Vdc, Vgg = 0) TIP41, TIP42 - 400
(VcE =60 Vdc, VEg =0) - TIP41A, TIP42A - 400
(Vce =80 Vdc, Vgg =0) TIP41B, TIP42B - 1 400
(Vg =100 Vde, Vgg = 0) TIP41C, TIP42C - 400
Emitter Cutoff Current IEBO - 1.0 mAdc

(VBE = 5.0 Vdc, Ic = 0)
ON CHARACTERISTICS (1)

DC Current Gain hgg -
{Ic =0.3 Adc, Vg = 4.0 Vdc) 30 -
(I = 3.0 Adc, Vcg = 4.0 Vdc) 15 75

Collector-Emitter Saturation Voltage VCE(sat) - 1.5 Vde
(Ic = 6.0 Adc, Ig = 600 mAdc)

Base-Emitter On Voltage VBE(on) - 20 Vde

(Ic = 6.0 Adc, Vg = 4.0 Vdc)
DYNAMIC CHARACTERISTICS

Current Gain — Bandwidth Product (2) fr 3.0 - MHz
(Ic =500 mAdc, Vcg = 10 Vdc, figst = 1 MH2)
Small-Signal Current Gain lhgel 20 - -

(ic =05 Adc, Vg = 10 Vdc, f = 1 kHz)

(1) Pulse Test: Pulsewidth < 300 us, Duty Cycle < 2.0%. )
(2) f1=1hsel ® frest

Ta Tc FIGURE 1 — POWER DERATING
40 80
&
£ 30 60 AN
< \
ES c
=3 N
o
= N
g 20 40 oS
3 \
3
o
w TA
S
& N
00 N
0 20 40 60 80 100 120 140 160
T, TEMPERATURE (0C)
FIGURE 2 — SWITCHING TIME TEST CIRCUIT FIGURE 3 — TURN-ON TIME
20
vee 11
a0y Ty=25°C ]
1.0 - vee=30V_|
: Ig=10 I
25 s . 07 ig/ig=10
¢ 05
v fe SCOPE _
7 030
0- o AMA 2 N ‘f o
g 02 ]
-90V ;
51 0 Y
: td @ VBE (off) ~ 5.0 V]
tr, tf=<10 ns i = 0.07
DUTY CYCLE = 1.0% - -4y 0.0
Rp and Rg VARIED TO OBTAIN DESIRED CURRENT LEVELS 0.0 A
D7 MUST BE FAST RECOVERY TYPE, eg: 0.02
MBD5300 USED ABOVE I ~100 mA 006 01 02 04 06 10 20 40 60
MSD6100 USED BELOW I =100 mA Ic, COLLECTOR CURRENT (AMP)

3-1167



TIP41, TIP41A, TIP41B, TIP41C,

NPN, TIP42, TIP42A, TIP42B, TIP42C, PNP

FIGURE 4 — THERMAL RESPONSE

S
E‘ 1.0 = —F F ¥ T 5
3 01—
2 ,gp0c0s f —
2 . ==
.9 ——1 =1
"g' 02 munill Ll
£ 0 B T
2] 0.1 —1 [ Pipk) * 1
£ n Zgc(t) = (1) Royc H
= 007 505 Rgyc = 1.92° CAW Max H
‘:‘ T - 0 CURVES APPLY FOR POWER H
z 0.05 T A 4 |___ PULSE TRAIN SHOWN B
W —10.02 — = ‘L '1 READ TIME AT 1y M
= 0.03 L
= ad K Ti(pk) = Te = Pipk) ZaJC(n)
Z 002b=<501— DUTY CYCLE, D = ty/t N
2 1 SINGLE PULSI - H
Y 11 R R
: 0.01 0.02 0.05 0.1 02 05 10 20 50 10 20 50 100 200 500 1.0k
z "1, TIME (ms)
FIGURE 5 — ACTIVE-REGION SAFE OPERATING AREA
10 b, 4 —F
N S S -
A SN | .
A W AN T
a N 0.5 :
E 50 = < \\ AN Sl There are two limitations on the power handling ability of a
= 30 ~ NG \\\\ transistor: average junction temperature and second breakdown.
2 50 T, = 1500¢ ~J N N Safe operating area curves indicate |-V cg. limits of the transistor
- J‘ [ \ that must be observed for reliable operation; i.e., the transistor
3 ————— SECOND BREAKDOWN LTD \\ 5.0 ms™N must not be subjected to greater dissipation than the curves indicate.
& 1.0p— — — BONDING WIRE LTD NG The data of Figure 5 is based on T y(pk) = 150°C; T¢ is variable
5 F THERMAL LIMITATION T = 25°C hC depending on conditions. Second breakdown pulse limits are valid
w 05 11 (SINGLE PULSE) —¢ for duty cycles to 10% provided T j(pk) < 150°C. T j(pk) may be
é L CURVES APPLY BELOW Z‘ATEDIVCED N calculated from the data in Figure 4. At high case temperatures,
L 03 ) N thermal limitations will reduce the power that can be handled to
SN Ttea, TiP42 ) values less than the limitations imposed by second breakdown
0.2 TIPATA, TIP42A P Y :
TIP41B, TIP42B
01 TIP4“I C, TIP4ZF
5.0 10 20 40 60 80 100
Ve, COLLECTOR-EMITTER VOLTAGE (VOLTS)
FIGURE 6 — TURN-OFF TIME FIGURE 7 — CAPACITANCE
50 ¥ ! 300 I |
30 Ty=25°C 4
: veg=30V 200 Ty=250C
20 Ic/ig=10 T B
- ] 181=182 1 _ M~
0 N — s t‘ \\ Cib
El 07 § 100 \\
2 05 = -
[~ ~J =]
< 03 . P <
N N 3 0 Cob ]
02 T~ >
H 50 —
0.1
0.07
0.05 3 - 30
0.06 0.1 0.2 04 06 1.0 20 40 60 05 1.0 20 30 5.0 10 20 30 50

ic. COLLECTOR-CURRENT (AMP)

VR, REVERSE VOLTAGE (VOLTS)
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TIP41, TIP41A, TIP41B, TIP41C, NPN, TiP42, TIP42A, TIP42B, TIP42C, PNP

FIGURE 8 — DC CURRENT GAIN

FIGURE 9 —~ COLLECTOR SATURATION REGION

2.0

VBE, BASE-EMITTER VAOLTAGE (VOLTS)

500 TTT 1 &>
ol iy v 2 I ]
300 CE =2 5 1) =250C
= e
20014~ 150°C L= S S8
=z 2 ig=10A 25A 5.0A
S 00 ™ 5
Z B —= = 12
& — &
g 50 \ £
S . BEN 3 os
e " T sstc BN — R £ A
w20 N =
= P < 3 =M
N S 04
10 =] ™
(=)
70 "
50 B
006 0.1 02 03 04 06 10 20 40 6.0 10 20 30 50 100 200 300 500 1000
Ic, COLLECTOR CURRENT (AMP) 15, BASE CURRENT (mA)
FIGURE 10 — “ON" VOLTAGES FIGURE 11 — TEMPERATURE COEFFICIENTS
20 ] +2.5 l
H— S +2.0 [H*APPLIES FOR Ig/1g < hpg/e
Ty =250C S i
18 £ 45
(%]
@ £ 0
5 a 4259 10 +1509c_4~
S 12 T 405
z P &, LI hvcroR Veea | -
g = 3 -550C tg +250¢C 4
5 08} VBE(sat @ic/ig =10 == g s | L/
o 1 Lt . >
d ' = 1o l P
> VBE@V(CE=40V P g R +250C to +1500C -
0.4 > S .15 {1+1t0ve FORVBE
w fd—t—1T"1 -550C to +250C
VeE(sat) @ Ic/1g = 10 . |l g -20 I
oLt - 25
006 0.1 02 03 04 06 10 20 3040 60 006 0.1 02 03 05 10 20 3004 06
ic, COLLECTOR CURRENT (AMP) Ic. COLLECTOR CURRENT (AMP)
FIGURE 12 — COLLECTOR CUT-OFF REGION FIGURE 13 — EFFECTS OF BASE-EMITTER RESISTANCE
103 — - . 10M —
F=vce-30V y 4 7 ya N Vee =30V —]
1 / AN '
— 102 Ty = 15000 2 a 7 Z ioM 3
F 7 7 w M = ST ig=10x1
3 IL 7 ] £ — ¢ =10 xICES
Z w0 00°C » £z SN TN e - 2x e
< 4 4 @ Z 100 k S —
= 7 7 23 - ~
E] 250C <
< a0 / 7 o w N
= 10 7 Zg RN s
o =IcES N s
g 7 g5 ==
=g Ig = IcES 5 =8
é, 0 7 ﬁg ~J
(=] — < RS ui 0 k — .
2 E=REVE —~ FORWARD 2 1.0KE= (Typical ICES Values );F———-
10 T T Z a T = [— obtained from Figure 12) —
| I | N N I M| 1
103 I I [ I ookl T T [ 1 ]
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MOTOR

OLA
N SEMICONDUCTOR N

TECHNICAL DATA

TIP47
TIP49

TIP48
TIPS0

® 1 A Rated Collector Current

® TO-66 Leadform Available

® 250 V 0400 V (Min) — VCEQ(sus)

® Popular TO-220 Plastic Package

HIGH VOLTAGE NPN SILICON POWER TRANSISTORS

.. .designed for line operated audio output amplifier, Switchmode
power supply drivers and other switching applications.

1.0 AMPERE.

POWER TRANSISTORS
NPN SILICON

250-300-360-400 VOLTS
40 WATTS

MAXIMUM RATINGS

7
Rating Symbol | TIP47 TiP48 TiP49 TIPSO Unit /
Collector-Emitter Voltage Vceo | 250 | 300 | 350 | 400 | vde / 7
Collector-Base Voltage Vcs | 350 400 450 500 Vdc /
Emitter-Base Voltage VEB 4————— 50 ——— Vde
Collector Current— Continuous Ic -+ 1.0 ———> Adc
Peak -+ 20 —————
Base Current g - 06 ———— Adc G
Total Power Dissipation Pp . : 3 et
@TC=25°C - 40 — Watts B = F —of € j—
Derate above 25° C - 032—» | WO D . /— ™ s
Total Power Dissipation Pp : Vayad ?
@Ta=25°C - 20 ——— | Watts Jd B .
Derate above 25° C ——— 0016 ——» | w/°C ; L R v §
Unclamped Inducting Load E - 20 ————— mJ W - F———*
Energy (See Figure 8)
Operating and Storage Junction| T) Ty | <#——— -651t0+150 ——» oc 2 ¥
Temperature Range —-—-{
THERMAL CHARACTERISTICS t ="
[ . Characteristic Symbol Max Unit VG—. ;__ STYLEY: ’
Thermal Resistance, Junction to Case ReJc 3.125 oc/w ___. l.—D PN ; gg?fwmﬂ
Thermal Resistance, Junction to Ambient RpJA 62.5 oc/w —=i N j— 3 EMITTER
4. COLLECTOR
NOTES: i
FIGURE 1— POWER DERATING 1. w;:c‘sa‘c:azm AND TOLERANCING PER ANSI
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2. CONTROLLING DIMENSION: INCH.
3. DIM Z DEFINES A ZONE WHERE ALL BODY AND
LEAD IRREGULARITIES ARE ALLOWED.
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TIP47, TIP48, TIP49, TIP50 NPN

ELECTRICAL CHARACTERISTICS (T = 256°C unless otherwise noted)

[ Characteristic [ symbol | Min 1 Max | Unit ]
OFF CHARACTERISTICS
Collector-Emitter Sustaining Voltage (1) TiP47 VCEO(sus) 250 - Vdc
(Ic =30 mAdc, Ig = 0) TiP48 300 -
TIP49 350 -
TIPSO 400 =
Collector Cutoff Current ICEO mAdc
(Vg =150 Vdc, 1g = 0) _TiP47 - 1.0
(Vce =200 Vdc, 1g = 0) TIP48 - 1.0
(Veg = 250 Vdc, Ig = 0) TIP49 - 1.0
(Vcg =300 Vdc, Ig = 0) TIPSO - 1.0
Collector Cutoff Current Ices mAdc
(Vcg = 350 Vdc, Vgg = 0) TIP47 ~ 1.0
(VG =400 Vdc, Vgg = 0) TIP48 - 1.0
(VcE = 450 Vdc, Vg = 0) TiP49 - 1.0
(Vcg = 500 Vdc, Vgg = 0) TIPSO — 1.0
Emitter Cutoff Current leBO - 1.0 mAdc

(Vg =5.0Vdc, Ic = 0)
ON CHARACTERISTICS (1)

DC Current Gain hre -
(Ic = 0.3 Adc, Vg = 10 Vdc} 30 150
lic = 1.0 Adc, Vg = 10 Vdc) . 10 -

Collector-Emitter Saturation Voltage VCE (sat) - 1.0 Vdc
(Ic = 1.0 Adc, Ig = 0.2 Adc)

Base-Emitter On Voltage VBE (on) ~ 1.5 Vde

(Ic = 1.0 Adc, VG = 10 Vdc)
DYNAMIC CHARACTERISTICS

Current Gain — Bandwidth Product fr 10 - MHz
(Ic = 0.2 Adc, Vg = 10 Vdc, f = 2.0 MHz)
Small-Signal Current Gain hfe 25 - -

(Ic = 0.2 Adc, VcE = 10 Vdc, = 1.0 kHz)

(1) Pulse Test: Pulsewidth <X 300 us, Duty Cycle << 2.0%.

FIGURE 2 — SWITCHING TIME EQUIVALENT CIRCUIT FIGURE 3 — TURN-ON TIME
1o FEH
TURN-ON PULSE T o500 1
vee J p—
A‘:PIR\?X 05 - Vge =200 V44—
S ty Ig/lp=50 T
™~
Vin O+ — ——\~ . SCOPE 0.2 N —
VEB(off) 51 ‘ 3 N 1T
—b—u o 0 B
APPROX 13 = “Cjg << Ceb 2 —
v I u<lons ~ 0.05
} W0<t2<500 s  -4.0V
Vip— —— — — —\— — t3<16ns ]
0.02 m—
— 0 = DUTY CYCLE ~ 2.0%

00
TURN-OFF PULSE APPROX 9.0V 0.02 0.05 0.1 02 05 1.0 2.0

Rg and RC VARIED TO OBTAIN Ig, COLLECTOR CURRENT (AMPS)

DESIRED CURRENT LEVELS.
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TIP47, TIP48, TIP49, TIP50 NPN

FIGURE 4 — THERMAL RESPONSE

a
g 1.0 T T >t o v T iil:::
z 07 0 _7'0 5
£ 05 -
g e r
= 03
4 02 —— T —
Z 02 1 T
=
2] 0.1 et L Pipk)
£ o = Zg40(1) = (1) Roug H
3 0.07t+——0.05 RgyC = 3.1250 C/W Max H
; ~ — D CURVES APPLY FOR POWER H
g 005 T — wi= PULSE TRAIN SHOWN N
u o A e — g i “ ‘[ READ TIME AT t} H
= 0.03 M
£ LT 2 Talpk) = TC = Pipk) Z6JC(0)
& 0,027 07 i DUTY CYCLE, D = ty/12
2 e SINGLE PULSE t H
3 o001 LI I I I I I N A O I B W B
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s t, TIME (ms)
FIGURE 5 — ACTIVE REGION SAFE OPERATING AREA
5.0 T
= +
g 20 T There are two limitations on the power handling ability of a
< 99 ; \ transistor: average junction temperature and second breakdown.
= i — 00 s Safe operating area curves indicate |-V g limits of the transistor
¥ 05-Tc<250¢C NN that must be observed for reliable operation; i.e., the transistor
s % { ¥ I N \\ must not be subjected to greater dissipation than the curves indicate.
: 024 SECONDARY BREAKDOWN LIMITED\ 500 us The data of Figure 5 is based on T j(pk) = 1500C; T is variable
E otk - ====THERMALLY LIMITED @ 250 C . depending on conditiz)ns. Sgcond breakd<own %ulse limits are valid
3 .1 - — — BONDING WIRE LIMITED = N\ 0ms for duty cycles to 10% prgv-dgd TJpk) S 150°C. T y(pk) May be
= 005 ey ! } calculated from the data in Figure 4. At high case temperatures,
g_ [T CURVES APPLY BELOW T1P47 — thermal limitations will reduce the power that can be handled to
2 002 ——RATED Veeg w;zg values less than the limitations imposed by second breakdown.
L || TipsD
5.0 10 20 50 100 200 500
Vge, COLLECTOR-EMITTER VOLTAGE (VOLTS)
FIGURE 6 — TURN-OFF TIME FIGURE 7 — TEMPERATURE COEFFICIENTS
5.0 B 250'(; +45
Ty= =
g APPLIES FOR Ip/Ig < hgg/b
—— Vg =200V §E 135 CB = TFE -+
20 S Ic/lg=5.0 o = /
£ 425
~ = /
Ry =3
_ £ s /
EY n § +250 C 1o +
w
2 R~ g *“f;*o ¢ FOR VG (sat) o
- N =4 -550 C to +250 |
02 - Py a < 05
J w i
= +250 Cto +1500 C L At A
0.1k = = = = -15 | 6yg FOR Vgg L
— 11 z T~ —560C to +250 C
0.05 1 N Q.z'g LI][ L itdt
0.02 0.05 0.1 0.2 0.5 1.0 2.0 0.02 0.05 01 0.2 05 1.0 2.0

Ic, COLLECTOR CURRENT (AMPS)

¢, COLLECTOR CURRENT (AMPS)
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TIP47, TIP48, TIP49, TIP50 NPN

FIGURE 8 — INDUCTIVE LOAD SWITCHING

Test Circuit Voltage and Current Waveforms

f tyw = 3ms

Vcg Monitor - ™ (See Note A)
0V —— E
Reg1 Input
MJE171 150 Q 100 mH Voltage .. __
50 Vec =20V 100 ms et |
Input T Ic Monitor 0.63 A e sttt == - ——-
50 Collector | )
*—"‘g ) Current |
= 0V — h h
Vg1 =10V = VCER —_——
Collector : {
_L Voltage : |
i
10 Ve
Note A: Input pulse width is increased until Igyy = 0.63 A. VCE(sat) I
sat)—— e ————— --
FIGURE 9 — DC CURRENT GAIN FIGURE 10 — “ON” VOLTAGES
200
0 TTTT 14
Veg=10V.
100 12
—T,=1500¢C
=z 60 -t 1.0
3 a0 50¢ z L~
= N 3 s VBE(san @ /1B = 5.0 T T
g \== 2 - ue
20 1 X
E S Teroc & VBE(on) @ V=4V
3 55/ 2 06 1,
2 T~ z /
a0 — > Ty=25°C
= 60 > /j
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MOTOROLA

m SEMICONDUCTOR mEEEaanm

TECHNICAL DATA

TIP100
TIP101
TIP102

PNP
TIP105
TIP106
TIP107

applications.

VCEO(sus)

PLASTIC MEDIUM-POWER
COMPLEMENTARY SILICON TRANSISTORS

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

® High DC Current Gain —
hpg =.2500 (Typ) @ Ic =4.0 Adc
® Collector-Emitter Sustaining Voltage — @ 30 mAdc

= 60 Vdc (Min) — TIP100, TIP105
= 80 Vdc (Min) — TIP101, TIP106
=100 Vdc (Min) — TIP102, TIP107

® Low Collector-Emitter Saturation Voltage —
VCE(sat) =2.0 Vdc (Max) @ Ic=3.0 Adc

=2.5 Vdc (Max) @ Ic = 8.0 Adc
Monolithic Construction with Built-In Base-Emitter

Shunt Resistors

- TO-220AB Compact Package
TO-66 Leadform Also Available

DARLINGTON
8 AMPERE

COMPLEMENTARY SILICON

POWER TRANSISTORS

60-80-100 VOLTS
80 WATTS

*MAXIMUM RATINGS

)

%//

TIP100, | TIP101, | TIP102,
Rating Symbol | TIP105 | TIP106 | TIP107 Unit
Collector-Emitter Voltage VEEo 60 ~780 100 Vde
Collector-Base Voltage VeB 60 80 100 Vde (] &
Emitter-Base Voltage VeB 5.0 Vdc —a B e F —f C |
Collector Current — Continuous 8.0 ' i , A ™S
Peak Ic 15 Adc q‘;’ —f I'
4
Base Current g 1.0 Adc J : A
Total Power Dissipation @ T¢ = 25°C Pp 80 Watts l i 2 u
Derate above 25°C 0.64 w/oc H 7
Unclamped Inductive Load Energy (1) E 30 mJ * X
Total Power Dissipation @ T = 256°C Pp 2.0 Watts z i
Derate above 25°C 0.016 w/°c . .
Operating and Storage Junction TJ, Tstg | =— -65 to +150 ——= oc
V —=y 2 J
Temperature Range e .
THERMAL CHARACTERISTICS ] o Tenrmse
Characteristics Symbol Max Unit J (VY g.gouzcmn
Thermal Resistance, Junction to Case RoJc 1.56 ocw 4. COLLECTOR
Thermal Resistance, Junction to Ambient RgJA 625 ocw

(1) 1c=1.1 A, L =50 mH, P.R.F. = 10 Hz, Vgc = 20 V, Rgg = 100 Q.

FIGURE 1 — POWER DERATING
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NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982,

2. CONTROLLING DIMENSION: INCH.
3. DIM Z DEFINES A ZONE WHERE ALL BODY AND
LEAD IRREGULARITIES ARE ALLOWED.

o [ M| MAX
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TIP100, TIP101, TIP102 NPN/TIP105, TiP106, TIP107 PNP

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

Characteristic Symbo! Min Max Unit

OFF CHARACTERISTICS

Collector-Emitter Sustaining Voltage (1) VCEO(sus) Vde
(g =30 mAdc, I1g =0) TIP100, TIP105 60 -
TIP101, TIP106 80 -
TIP102, TIP107 100 —
Collector Cutoff Current ICEO #Ade
(Veg =30 Vdc, Ig=0) TIP100, TIP105 - 50
(VCE =40 Vdc, Ig = 0) TIP101, TIP106 - 50
(VcE =50 Vdc, 1Ig = 0) TiP102, TIP107 - 50
Collector Cuttoff Current iceo rAdc
(Veg =60 Vdc, Ig = 0) TIP100, TIP105 - 50
(Ve =80 Vdc, Ig =0) TIP101, TIP106 - 50
(Veg = 100 Vdc, Ig = 0) TIP102, TIP107 — 50
Emitter Cutoff Current lego - 8.0 mAdc

(VBg =5.0 Vdc, I¢ = 0)

ON-CHARACTERISTICS (1)

DC Current Gain hgg -
(Ic = 3.0 Adc, Vg = 4.0 Vdc) 1000 20,000
(I¢ = 8.0 Adc, Vg = 4.0 Vdc) 200 -

Collector-Emitter Saturation Voltage VCE(sat) Vdc
(Ic =3.0 Adc, Ig = 6.0 mAdc) - 2.0
(Ic = 8.0 Adc, Ig = 80 mAdc) — 2.5

Base-Emitter On Voltage VBE(on) Vde
(Ic = 8.0 Adc, Vo = 4.0 Vdc) - 28

DYNAMIC CHARACTERISTICS

Smali-Signal Current Gain Ihge |
(Ic = 3.0 Adc, Vcg = 4.0 Vdc, f = 1.0 MHz) 4.0 - -
Output Capacitance Cob pF
(Vgg = 10 Vdc, Ig =0, f = 0.1 MHz) TIP105, TIP106, TIP107 - 300
TIP100, TIP101, TIP102 - 200

(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2%.

FIGURE 2 — SWITCHING TIMES TEST CIRCUIT FIGURE 3 — SWITCHING TIMES
5.0 T
t
ver 30 ; -
. s PN
0V 20 =i {—
Rg & Rg VARIED TO OBTAIN DESIRED CURRENT LEVELS ‘[ N N L
01, MUST BE FAST RECOVERY TYPES, eq., A = N
MBDS5300 USED ABOVE ig ~ 100 mA s 0 ~ + DN
MSDE100 USED BELOW Ig ~ 100 mA TuT Cope = Y ~
v N =9 20 = e
e — | £ o5 = : -
| !F | : o~ ~< A
51 R 71 NN TS | 0.3 <L '
N A L = | 02fvge=30V ~
vy = === il - [ - g Sy i
approx 40V < _:c/tgl 250 = L
v’ B1 =182 = ™~
12v 25 us for tg and tr, D1 is disconnected 0.1k=T)= 25%6 — td @T VBE(cIM‘) [0[\{[ -
and V7 = 0 ———————PNP T
1,1 < 10 ns For NPN test circuit reverse all polarities 0.07 (7 NPN —
DUTY CYCLE = 1.0% 0.05 T
0.1 02 03 05 07 1.0 20 30 50 70 1

Ic, COLLECTOR CURRENT (AMP)

3-1175




TiP100, TIP101, TIP102 NPN/TIP105, TIP106, TIP107 PNP

FIGURE 4 — THERMAL RESPONSE
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FIGURE 5 — ACTIVE-REGION SAFE OPERATING AREA
P — 11 i T
10 R ’00125
g 5.0 = = There are two limitations on the power handling ability of a
g - 2 N transistor: average junction temperature and second breakdown.
T 20 de 2\ i&‘ Safe operating area curves indicate Ic — Vg limits of the tran-
& T =1500C . P’;—: sistor that must be observed for reliable operation; i.e., the transistor
3 10E 4= t not be subjected to greater dissipation than the curves indicate.
8 — - — BONDING WIRE LIMITED S musta ) 9 "
S 05f — — — THERMALLY LIMITED @T¢ = 25°¢ The data of Figure 5 is based on T jpk) = 150°C; T isvariable
2 - 'S:ECO':D ngA\:(DOWN LIMITED depending on conditions. Second breakdown pulse limits are valid
a‘ 02 URVES APPLY BELOW RATED YCEO for duty cycles to 10% provided Tj(pk) < 150°C. TJ(pk) May be
<. 0.1 I calculated from the data in Figure 4. At high case temperatures,
= " TIP100, TIP105 thermal limitations will reduce the power that can be handled to
0.05 , TIP101, TIP106 values less than the limitations imposed by second breakdown
. TIP102, TIP107
0.02 { I
1.0 20 5.0 10 20 50 100
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FIGURE 6 — SMALL-SIGNAL CURRENT GAIN FIGURE 7 — CAPACITANCE
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TIP100, TIP101, TIP102 NPN/TIP105, TIP106, TIP107 PNP

NPN PNP
TIP100, TIP101, TIP102 TIP105, TIP106, TIP107
FIGURE 8 — DC CURRENT GAIN
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FIGURE 9 — COLLECTOR SATURATION REGION
- 30 T 5 30 —
2 1] [T e T e
o -+ +
= Ic=20A 40A 60A g {
w26 & 26
2 2 ic=20A 40A \ 60A
pry -
g | \ g 0 1
o 22 > 9,
& &
s =
: \ \ : | \
28 AN w18
q .
e o N
o R o
b o \
S 14 =
=} 8 \
¥ - A
ST N > 10
03 05 07 10 20 30 50 70 10 20 3 03 05 07 10 20 30 50 70 10 0 30
|g, BASE CURRENT (mA) 18, BASE CURRENT (mA)
FIGURE 10 — “ON” VOLTAGES
i W st
Ty=250C / 7
/ 1
25 4 25
_ / &
2 =
S 20— g 20 -
w A7 w
< < r=d
5 | VBE(sat) @ IC/1B = 250_|_| 5 VBE@VCE=4.0V
2 15 sat) ’Aé a g 15 VeE@VeE = 4!
> l 7~ N —— o & //
VBE ® VCE = 40V
o BEJ‘ ?E 4 Lok VBE(sat) @ I¢/1g = 250 —
VCE(sat) @ Ic 18 = 250 " 1T
05 I ] I I 05 VCE(sat) @ 1€ 18 = 250
01 02 03 05 07 10 20 30 50 70 10 0.1 02 03 05 07 10 20 30 50 10 10
1c. COLLECTOR CURRENT (AMP) Ic. COLLECTOR CURRENT (AMP)

3-1177



MOTOR

OLA ‘
m SEMICONDUCTOR mEn

TECHNICAL DATA

PNP
TIP115
TIP116
TIP117

NPN
TIP110
TIP111
TIP112

applications.

® High DC Current Gain —

VCEO(sus)

Shunt Resistors
® TO-220AB Compact Package
® TO-66 Leadform Also Available

PLASTIC MEDIUM-POWER
COMPLEMENTARY SILICON TRANSISTORS

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

hEg = 2500 (Typ) @ Ic = 1.0 Adc
® Collector-Emitter Sustaining Voltage — @ 30 mAdc
= 60 Vdc (Min) — TIP110, TIP115
= 80 Vdc (Min) — TIP111, TIP116
=100 Vdc (Min) — TIP112, TIP117
Low Collector-Emitter Saturation Voitage —
VCE(sat) = 2.5 Vdc (Max) @ I¢ = 2.0 Adc
® Monolithic Construction with Built-in Base-Emitter

DARLINGTON
2 AMPERE

COMPLEMENTARY SILICON
POWER TRANSISTORS

60-80-100 VOLTS
50 WATTS

*MAXIMUM RATINGS

T, TEMPERATURE (°C)

TIP110, | TIP111, | TIP112,

Rating Symbol | TIP115 | TIP116 | TIP117 Unit
Collector-Emitter Voltage VCEO 60 80 100 Vdc
Collector-Base Voltage Ves 60 80 100 Vdc
Emitter-Base Voltage Ve +—— 50 ——— Vdc
Collector Current — Continuous Ic -+ 20 ——» Adc

Peak - 40 —————
Base Current g -4+—— 50 ——® [mAdc
Total Power Dissipation @ T¢ = 25°C Pp 4——— 50 ———p» | Watts
Derate above 25°C - 04 ——» |W/PC
Total Power Dissipation @ Tp = 25°C Pp -—— 20 ——p» | Watts
Derate above 25°C -«——0016 ——p |W/°C
Unclamped Inductive E - 26 —» mJ
Load Energy — Figure 13
Operating and Storage Junction, Ty, Tstg| <#——-65to +150 ——= °c
THERMAL CHARACTERISTICS

Characteristics Symbol Max Unit
Thermal Resistance, Junction to Case RoJc 25 oc/w
Thermal Resistance, Junction to Ambient RgJa 625 oc/w

FIGURE 1 — POWER DERATING
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g
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& 2040
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N fes—

NOTES: )
1. DIMENSIONING AND TOLERANCING PER ANSI  STYLE T

Y145M, 1982. PIN 1. BASE
2. CONTROLLING DIMENSION: INCH. 2 COLLECTOR
3. DIM Z DEFINES A ZONE WHERE AL BODY AND 3. EMITTER
LEAD IRREGULARITIES ARE ALLOWED. 4. COLLECTOR
| MALLIMETERS |

M| MAX | N | NAX
1448 | 15; 70 | 060 |
"8 | a66 | 1028 [ 030 | oat5 |
407 | 482 | 0160 | 0190 |

054 | 088 | 00%5 | 00%
[ F [ 361 | 3 142 E

247|266 | 008 | 0105
(W 280 [ 383 [ 0410 | 0155 |
711 0018 | 0028 |
1270 | 1427 | 050 | 08582 |

0045 | 005
010 | 0210 |
o [2s o100 0120 ]
R | 2 0080 [ 0110
; 0065 | 0055 |
0. 0.255_|
0 0.050_|

5] - 1o =
— 2w — o]
CASE 221A-04
TO-220AB
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TIP110, TIP111, TIP112, NPN, TIP115, TIP116, TIP117, PNP

ELECTRICAL CHARACTERISTICS

(TG = 25°C unless otherwise noted)

| Characteristic T symbot | Min T Max [ umie |
OFF CHARACTERISTICS
Coll -Emitter S ing Voltage (1) VCEO(sus) Vdc
(ic =30 mAdc, ig =0) TIP110, TIP115 60 -
TIP111, TIP116 80 _
TIP112, TIP117 100 _
Collector Cutoff Current ICEO mAdc
(Vce =30 Vdc, I1g =0) TIP110, TIP115 - 2.0
(VCe =40 Vdc, Ig=0) TIP111, TIP116 - 2.0
(Vcg =50 Vdc, Ig = 0) TIP112, TIP117 - 2.0
Collector Cutoff Current IcBO mAdc
(Vep =60 Vdc, Ig =0) TIP110, TIP115 . 1.0
(Vg =80 Vdc, Ig = 0) TIP111, TIP116 - 1.0
(Vg = 100 Vdc, Ig = 0) TIP112, TIP117 - 1.0
Emitter Cutoff Current IEBO - 20 mAdc
(VBg = 5.0 Vdc, ic = 0)
ON CHARACTERISTICS (1)
DC Current Gain hFE -
(Ic = 1.0 Ade, Vg = 4.0 Vde) 1000 -
(Ic = 2.0 Adc, VGE = 4.0 Vdc) 500 _
Collector-Emitter Saturation Voltage VCE(sat) Vdc
(Ic = 2.0 Ade, Ig = 8.0 mAdc) - 25
Base-Emitter On Voltage VBE(on) Vde
(Ic = 2.0 Adc, VCE = 4.0 Vdc) - 2.8
DYNAMIC CHARACTERISTICS
Small-Signal Current Gain Ihfel
(g = 0.75 Adc, Vcg = 10 Vdc, f = 1.0 MHz) 25 - -
Output Capacitance ) Cob pF
(Vgg = 10 Vdc, Ig =0, f = 0.1 MHz) TIP115, TIP116, TIP117 - 200
TIP110, TIP111, TIP112 - 100
(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2%.
FIGURE 2 — SWITCHING TIMES TEST CIRCUIT FIGURE 3 — SWITCHING TIMES
40
vee=30V
e \\ \ 11 Ic/ig = 250
° N t 1B1=182
RIED TO OBTAIN DESIRED CURRENT LEVELS B! =
E?,s;ﬁﬁgtvgs FAST RECOVERY wlpes, &gu, HEVEL 20 ININC Ty =25
MBD5300 USED ABOVE Ig ~ 100 mA e Mo N -
MSD6100 USED BELOW Ig ~ 100 mA N :\ . el b
v 7 ] N
anprzox o . W r 3 /)(\ \‘ = )"
wovTTTTT | g 10 e
SN B N R / = 0PI — B o e
L 06 U]
Vi = 'i” g L ~ - 77
approx 4oV = UTINA ~ e
-12v for tg and ty, 01 is di ected 04 4 — B
B 404 V3 0, Rg and R are varid 217 I~ [t 14 @ VBE(of) = 0__|
{4 < 10 ns to obtain desired test currents. PNP //
DUTY CYCLE = 1.0% For NPN test circuit, reverse diode, 02l | —— NN Ve \I-\l
polriiesand input pulses 004 006 0. 0.2 04 06 10 20 0

Ic, COLLECTOR CURRENT (AMP)
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Ic, COLLECTOR CURRENT (AMPS)

TIP110, TIP111, TIP112, NPN, TIP115, TIP116, TIP117, PNP

FIGURE 4 — THERMAL RESPONSE
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FIGURE 5 — TIP115, 116, 117 FIGURE 6 — TIP110, 111,112
10 10
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AY -3 T 1 N\ AY
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F @T = 250C (SINGLE PULSE) 3 @ T =250C (SINGLE PULSE)
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FIGURE 7 — CAPACITANCE
200 U
T
Tg = 25°C
There are two limitations on the power handling ability of a ‘Td 100 =
transistor: average junction temperature and second breakdown. v -
Safe operating area curves indicate Ic — VCg limits of the tran- 2 g
sistor that must be observed for reliable operation; i.e., the transistor ;
must not be subjected to greater dissipation than the curves indicate Q 50 -~ A g
o Ty ob|
The data of Figures 5 and 6 is based on T(pk) = 150°C; T is S Tt~ T~ — |
variable depending on conditions. Second breakdown pulse limits < 30 = Tib H~ 1
are valid for duty cycles to 10% provided T y(gk) <150°C. Ty(pk) NN ~K
may be calculated from the data in Figure 4. At high case tempera- 20 ~
tures, thermal limitations will reduce the power that can be handled | PNP
to values less than the limitations imposed by second breakdown. — e — NPN
: oLLLL )]
004006 0.1 02 04 06 10 20 4060 10 20 40
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MOTOR
1 SEMI

OLA
CONDUCTOR N

TECHNICAL DATA

NPN
TIP120
TIP121
TIP122

PNP
TIP125
TIP126
TIP127

PLASTIC MEDIUM-POWER
COMPLEMENTARY SILICON TRANSISTORS

applications.
® High DC Current Gain —
hgg =2500 (Typ) @ Ic =4.0 Adc
® Collector-Emitter Sustaining Voltage — @ 100 mAdc
VCEO(sus) = 60 Vdc (Min) —TIP120, TIP125
= 80 Vdc (Min) — TIP121, TIP126
=100 Vdc (Min) — TIP122, TIP127
® [ ow Collector-Emitter Saturation Voltage —
VCE(sat) = 2.0 Vdc (Max) @ Ic=3.0 Adc
=4.0 Vdc (Max) @ Ic=5.0 Adc
® Monolithic Construction with Built-In Base-Emitter
Shunt Resistors
® TO-220AB Compact Package
® TO-66 Leadform Also Available

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

DARLINGTON
5 AMPERE

COMPLEMENTARY SILICON
POWER TRANSISTORS
60-80-100 VOLTS
65 WATTS

*MAXIMUM RATINGS

. TIP120, | TIP121, | TIP122, .
Rating Symbol | vip12s | TiP126 | TIP127 | U™
Collector-Emitter Voltage VCEO 60 .80 100 Vdc
Collector-Base Voltage Vs 60 80 100 Vdc [ tume
PANE
Emitter-Base Voltage VEg | = 5.0 Vdc B e F e € L
~ Conti - 5.0 i_‘! /— T
Collector Current — Continuous Ic Adc ) =S
Peak - 8.0 L
[EZ f
Base Current g 120 mAdc a F A
Total Power Dissipation @ T¢ = 25°C P - 65 Watts } { . i v f
Derate above 25°C D e 0.52 w/°c W - !
Total Power Dissipation @ T = 256°C P - 2.0 — | Watts M
Derate above 25°C D - 0.016 w/°c z
Unclamped Inductive £ 50 1
Load Energy (1) m L ::H le—R
Operating and Storage Junction o, V —=thet- 3
’ Ty, T, 4——-65to +150 ———»
Temperature Range 4 Tstg © c G o
THERMAL CHARACTERISTICS ol N °
Characteristics Symbol Max Unit
Thermal Resistance, Junction to Case ReJc 1.92 °c/w "?_TES: AND PER ANSI 57‘2‘-5 “f aas
Thermal Resistance, Junction to Ambient RoJA 62.5 oc/wW ) Z&?«#&’S’m OMENSION: INCH zigauzc;on
" . " 3. EMITTE
(1)1 =1A,L=100 mH, P.R.F.= 10 Hz, Voc = 20 V, Rgg = 100 Q. A AR aEo_DY AD 4.COULECTOR
Ta Tc FIGURE 1 — POWER DERATING —
40 80 o
_ .66 | 1028 | 0380 | 0405 |
g 0 482 |00 |01
.64 | 088 | 0025 | 0035 |
g 30 80 61 | 373 | 0142 | 0147
= .42 | 266 | 0095 [ 0105 |
S 80 | 393 | 0110 | 0155
= c 46 | 071 | 0018 | 008 |
S ,040 1270 | 1427 | 0500 | 0562
8 “ ~ T 1. 139 | 0045 | 0,055
‘= N~ | 483 | 53 | 019 | 0210
@ ¢ .54 | 304 | 0100 | 0420
H \ 0.080 | 0.110
& 1020 - 045 | 0085
L 235 | 0255
&£ 000 | 0.050
N T
0 A ]
0 20 40 60 80 100 120 140 160 CASE 221A-04
T, TEMPERATURE (0C) TO-220AB
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TIP120, TIP121, TIP122, NPN, TIP125, TIP126, TIP127, PNP

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

l . Characteristic I Symbol l Min Max Unit
OFF CHARACTERISTICS ‘
Coll -Emitter Sustaining Voltage (1) VCEO(sus) Vdce
(Ig = 100 mAdc, Ig = 0) TIP120, TIP125 60 -
TIP121,TIP126 80 -
TIP122, TIP127 100 -
Collector Cutoff Current ICEO mAdc
(VCE =30 Vde, Ig =0) TIP120, TIP125 - 05
(Vce =40 Vdc, Ig =0) TIP121,TIP126 - 05
(Vgg =50 vdc, Ig = 0) TIP122, TIP127 - 05
Collector Cutoff Current IcBO mAdc
(Ve =60 Vdc, Ig =0) TIP120,TIP125 - 0.2
(Vcgi=80 Vvdc, I =0) TIP121,TIP126 - 0.2
(Vcg = 100 Vdc, Ig = 0) TIP122, TIP127 - 0.2
Emitter Cutoff Current IEBO - 20 mAdc
(Vgg =5.0Vdec, Ic =0)'
ON CHARACTERISTICS (1)
DC Current Gain hrg -
(lc = 0.5 Adc, Vgg = 3.0 Vdc) 1000 -
(Ic'= 3.0 Adc, Vg = 3.0 Vde) 1000 -
Collector-Emitter Saturation Voltage VCE(sat) Vdc
(ic = 3.0 Adc, Ig = 12 mAdc) - 2.0
(Ic = 5.0 Adc, Ig = 20 mAdc) - 4.0
Base-Emitter On Voltage VBE(on) Vde
(1c = 3.0 Adc, VGE = 3.0 Vdc) - 25
DYNAMIC CHARACTERISTICS
Small-Signal Current Gain Ihfgl
(Ic = 3.0 Adc, Vg = 4.0 Vde, f = 1.0 MHz) 4.0 — —
Output Capacitance Cob pF
(Ve =10 Vde, Ig =0, f = 0.1 MHz) TIP125, TIP126, TIP127 - 300
TIP120, TIP121, TIP122 - 200

(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2%.

FIGURE 2 — SWITCHING TIMES TEST CIRCUIT FIGURE 3 — SWITCHING TIMES
5.0 ] R R - %
vee, 30 ; ! ¢ —
\. S 1l - ——
R & Rg VARIED TO OBTAIN DESIRED CURRENT LEVELS 20 3 s o
D7, MUST BE FAST RECOVERY TYPES, eq. A b e i = L
MBD5300 USED ABOVE Ig = 100 mA ScoPE ~ s Bl
MSD6100 USED BELOW Ig ~ 100 mA ) _10 - -2t —
Va2 : ag _: NN -
approx o = " 3
------- - £ 05 =t
80V ) | 4 = . F—t——r
g 0y | = 03 > et
. 0-g-—-—-$----L- - S
v £ L - 02 veg = 30 V—— o o
approx Haov L ig/ig=250 {1 [~ P
-n2v Bus for tg and tr. D1 is discopnected | !81=182  |t3@VgE(fh) =0 V| ™~
andVz=0 0.1=T1y=25°C TR
1, 1< 10ns For NPN test circuit reverse all polarities. 0.07|—————FPNP I
DUTY CYCLE = 1.0% 0.05l0= —— —— NPN 1T
0.1 02 03 05 07 10 20 30 50 7.0

I, COLLECTOR CURRENT (AMP)
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TIP120, TIP121, TIP122, NPN, TIP125, TIP126, TIP127, PNP

FIGURE 4 — THERMAL RESPONSE
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- T

S
N i :
z 07—
S [D0:=05
x 05
= -
= 03 L
g oopu2 111 =]
< v H ]
% P
«2 0.1 ot T (pk)
g o | Zguc(1) ; gzlg] %ﬂl\;JcM H
= ) Rpyc = 1. Jax |
3 007700 D CURVES APPLY FOR POWER [
Z o005 PULSE TRAIN SHOWN B
s —oo2 = ‘t;‘l‘;‘ READ TIME AT 1) H
T . 1 {1 1
0% 1] K Tipk) - TC = Pipk) ZoJC(0)
I 002370 DUTY CYCLE, D = ty/tp i
L b SINGLE PULSE
2 oo [ L1 P e b
= oot 0.02 0.05 01 02 05 10 20 5.0 10 20 50 100 200 500 1.0k
;.3 t, TIME (ms)
FIGURE 5 — ACTIVE-REGION SAFE OPERATING AREA
2 I 1T
10 == 100 ps4 . .
& S = There are two limitations on the power handling ability of a
E 50 S 500w S transistor: average junction temperature and second breakdown.
= T\ Safe operating area curves indicate |c — Vg limits of the tran-
g 20 5 msy sistor that must be observed for reliable operation; i.e., the tran;lstor
£ 1.0 de i N must not be subjected to greater dissipation than the curves indicate.
S
=] T = 1500C ) - 1509C: Te is variabl
& = The data of Figure 6 is based on T j(pk) = 150°C; T¢ isvariable
E o8 _::?ggRD;ANAGL\,I_V\I(RLEm;:-,MéBEgTc = 250( depending on conditions. Second breakdown pulse limits are valid
= 02 —o (SINGLE PULSE) for duty cycles to 10% provided T j(pk) < 1.50°C. Ty(pk) may be
S  |~———SECOND BREAKDOWN LIMITED calculated from the data in Figure 4. At high case temperatures,
t; 0.1 =—==CURVES APPLY BELOW RATED V(EQ thermal limitations will reduce the power that can be handled to
- TIP120, TIP125, values less than the limitations imposed by second breakdown
0.05 TIP121, TIP126,
0.02 TIP122, T‘lP127
o 20 30 50 70 10 200 30 50 70 100
Ve, COLLECTOR-EMITTER VOLTAGE (VOLTS)
FIGURE 6 — SMALL-SIGNAL CURRENT GAIN FIGURE 7 — CAPACITANCE
10,000 == ¢ ~FE T +EVHE R PR EEEE 300 T I
. Ty =250C {4
5000 s e = el
Z 200 L LTI r 200
S . ™~
2 00— L LT Cll === i =
g - ] E": \ﬂ~‘~ T~ 4\ \\\J
S 500 Te = 2500 T z e - of
K < 100 =3 i Cob
2 300 - = Sl
Z 200 ~+-++41-VCE = 4.0 Vde |- 2 -
© 411c=30Ad - % 7 b3
2 00— b N 3 3 \ H
R E =
: sf PP - 5 R i
] - .
d ;“:#J{_’H'%' T SRR I —— T
- R S . L - —_—— — NP !
0 Pt 1T N L IS
1.0 2.0 5.0 10 20 50 100 200 500 1000 0.1 02 05 1.0 20 5.0 10 20 50 100
f, FREQUENCY (kHz) VR, REVERSE VOLTAGE (VOLTS)
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TIP120, TIP121, TIP122, NPN, TIP125, TIP126, TIP127, PNP

NPN PNP
TIP120, TIP121, TIP122 TIP125, TIP126, TIP127
FIGURE 8 — DC CURRENT GAIN
20,000 . .
[T 20,000 LBUN
VCE=40V VCE=4.0V _TJ
10,000 10,000
7000
2
3 so0 . g - 5000 o
- —— F Fu-
= 000 i \w‘\ 3 3000 H ~ X
g o H ol -1 N
£ 2000} & 2000}~ = - ANY
3 o A k3 250C
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S 1000 /‘g ™ S 1000 at ==
£ -550C o 7005 H
500 v 2 500 [ -550C
300 300
200 200
01 02 03 05 07 10 20 30 50 70 10 0.1 02 03 05 07 10 20 30 50 7.0 10
Ic. COLLECTOR CURRENT (AMP) Ir. COLLECTOR CURRENT (AMP)
FIGURE 9 — COLLECTOR SATURATION REGION
% 3.0 1 = 30
= L] I l Ty- 250 2 | Ty= 2500
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FIGURE 10 — “ON" VOLTAGES
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S 20 g 20
@ /4 &
x <
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MOTOR

NPN PNP
OLA
TIP140  TIP145
]
= SEMICONDUCTOR TIP141  TIP146 |™

TIP142 TIP147

10 AMPERE
DARLINGTON COMPLEMENTARY DARLINGTON
SILICON POWER TRANSISTORS COMPLEMENTARY SILICON
...designed for general-purpose amplifier and low frequency POWER TRANSISTORS

switching applications.
® High DC Current Gain — Min hgpg = 1000 @ Ic=5 A, Vcg=4V
@ Collector-Emitter Sustaining Voltage — @ 30 mA

VCEO(sus)= 60 Vdc (Min) — TIP140, TIP145
80 Vdc (Min) — TIP141, TIP146
100 Vdc (Min) — TIP142, TIP147

® Monolithic Construction with Built-In Base-Emitter Shunt Resistor

60-100 VOLTS
125 WATTS

MAXIMUM RATINGS

TIP140 | TIP141 | TIP142
Rating Symbol | TIP145 | TIP146 | TIP147 Unit
Collector-Emitter Voltage Vceo 60 80 100 Vdc
Collector-Base Voltage Ve 60 80 100 Vdc c

“‘1‘ —— B -}
Emitter-Base Voltage VEB 50 Vdc ] I._E

Collector Current — Continuous Ic 10 Adc LE— Q
Peak (1) 15 - .
Base Current — Continuous B 0.5 Adc - 4
A
@ Tc = 25°C 1

Total Device Dissipation Pp 125 Watts
Operating and Storage Junction Ty Tstg -65 to +1650 °C
Temperature Range

THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit

o R ———————

Thermal Resistance, Junction to Case Rguc 1.0 °C/W .”__ -1
J — L—D
Thermal Resistance, Case to Ambient Rgua 35.7 °C/W . HL G“L‘J
(1) 5 ms, <10% Duty Cycle STYLE 1:
1. BASE
2. COLLECTOR
3. EMITTER

4. COLLECTOR
DARLINGTON SCHEMATICS

MILLIMETERS|  INCHES
DIM| MIN_ [ MAX_| MIN | MAX
A | 2032 21.08 | 0.800 | 0.830
NPN COLLECTOR PNP COLLECTOR B | 1549 | 1590 | 0.610 | 0.626
TIP140 9 TIP145 C | 419 | 508 | 0.165] 0.200
TIP141 F—————— -9 TIP146 r D | 102 | 165 | 0.040| 0.065
TIP142 | | TP147 | E | 1.35 | 165 | 0.053 | 0.065
. | X G | 6521 | 572 | 0.205] 0.225
BASE © ! BASE O——+4 H | 241 | 320 | 0.095] 0.126
| k : 1 J | 038 | 064 | 0.015] 0.025
| | [ K | 1270 | 1549 | 0.500 [ 0.610
| X | L | 1588 | 1651 | 0.625 ] 0650
: " : N | 12.19 | 12.70 | 0480 | 0,500
L N 2 Q | 394 | 419 | 0.155| 0.165

d CASE 340-01

EMITTER EMITTER TO-218AC
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TIP140, TIP141, TIP142 NPN, TIP145, TIP146, TIP147 PNP

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

r . Characteristic Symbol r Min [ Typ I Max l Unit

OFF CHARACTERISTICS

Collector-Emitter Sustaining Voltage (1) VCEO(sus) Vdc
(lc=30mA, Ig=0) TIP140, TIP145 60 — —

TIP141, TIP146 80 — —
TiP142, TIP147 100 — —

Collector Cutoff Current IceEo mA
(Vce = 30 Vde, Ig=0) TIP140, TIP145 — — 2.0
(Vcg =40 Vdc, Ig = 0) TIP141, TIP146 — — 20
(Vce =50 Vdc, Ig = 0) TIP142, TIP147 — — 2.0

Collector Cutoff Current IcBo mA
(Vcg=60V, Ig=0) TIP140, TIP145 - — 1.0
(Vcg=80V, Ig=0) TIP141, TIP146 —_ — 1.0
(Vcg=100V, Ig=0) TIP142, TIP147 — — 1.0

Emitter Cutoff Current Vgg = 5.0 V IEBO — — 20 mA

ON CHARACTERISTICS (1)

DC Current Gain heg —
(Ic=5.0A Vcg=4.0V) 1000 — —
(Ic=10A,Vcg=4.0V) 500 — —

Collector-Emitter Saturation Voltage VCE(sat) Vdc
(Ic=5.0A,Ig=10mA) — — 20
(lc=10A, lg = 40 mA) — — 3.0

Base-Emitter Saturation Voltage VBE(sat) — — 35 Vdc
(Ic=10A,Ig=40mA)

Base-Emitter On Voltage VBE(on) — — 3.0 Vdc

(Ic=10 A, Vcg = 4.0 Vdc)

SWITCHING CHARACTERISTICS

Resistive Load (See Figure 1)

" — A —

HD~e Ia\-'rjnme (Vcc=30V.Ic=5.0A, td g sz -

S'se '"‘; Ig = 20 mA, Duty Cycle < 2.0%, :’ — e - kS
torage Time . s — . — us

Ig1 =1g2. Rc & Rp Varied, Ty = 25°C
Fall Time B1 =182, Fic % Rg vaned. 1 ) " — 25 — o
(1) Pulse Test: Pulse Width = 300 us, Duty Cycle < 2.0%.
FIGURE 1 — SWITCHING TIMES TEST CIRCUIT FIGURE 2 — SWITCHING TIMES
10 S s e
PNP
~‘;g(\:/ 50 —= —— — NPN
RAp & R VARIED TO OBTAIN DESIRED CURRENT LEVELS ’ =
D1, MUST BE FAST RECOVERY TYPES, e.g., . A ts —
MBD5300 USED ABOVE Ig ~ 100 mA C SCOPE el
MSD6100 USED BELOW Ig ~ 100 mA Tt 20 - —
v T = by | 2 =] tf
approx_ _ __ _ _ __ W r | f - |41
+2v " — o s 10
o v Y =
PRSI SRS 51 1 || =~80k ~40 | - - &
_____ — 05 P —
v 1
approx _ +40V = Vee =30 V]
-80V 2 td @ VBE(off) =0 I¢/lg = 250
Hs
For tg and t, D1 is disconnected 02 g 181 =182
<10 and Va2 =0 Ty=250C —
BTy CYCLE = 10% o NI~ IJI |
02 05 10 30 50 10 20
For NPN test circuit reverse diode and voltage polarities. I, COLLECTGR CURRENT (AMP)
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TIP140, TIP141, TIP142 NPN, TiP145, TIP146, TIP147 PNP

heE, DC CURRENT GAIN

VgEg. BASE-EMITTER VOLTAGE (VOLTS)

VCE(SAT). COLLECTOR-EMITTER SATURATION VOLTAGE (VOLTS)

TYPICAL CHARACTERISTICS

NPN
TIP140, TIP141, TIP142

PNP
TIP145, TIP146, TIP147

FIGURE 3 — DC CURRENT GAIN versus COLLECTOR CURRENT
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FIGURE 4 — COLLECTOR-EMITTER SATURATION VOLTAGE
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FIGURE 5 — BASE-EMITTER VOLTAGE
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TIP140, TIP141, TIP142 NPN, TIP145, TIP146, TIP147 PNP -

transistor must not be subj

FIGURE 6 — ACTIVE-REGION SAFE OPERATING AREA

ACTIVE-REGION SAFE OPERATING AREA

There are two limitations on the power handling ability of a
transistor: average junction temperature and second breakdown.
Safe operating area curves indicate Ic-VcE limits of the
transistor that must be observed for reliable operation; i.e., the

d to greater di

1 than the

curves indicate.

The data of Figure 6 is based on T jpk) = 150°C; T is variable
depending on conditions. At high case temperatures, thermal
limitations will reduce the power that can be handled to values
less than the limitations imposed by second breakdown.

FIGURE 7 — UNCLAMPED INDUCTIVE LOAD

20
15
10 N
a v - =
ERT) N g0
-4 7
% 20 de £ 5.0 \00%
s = N
=10 g N
§ Ty =160° = N
Z [~ Secondary Breakdown Limit  —TIP140, 145 e, 20 N
S k= —=Bonding Wire Limit =TIP141, 146 <—— =
£ = — ~Thermal Limitation @ T = 25°C —nﬁmz, hlu—_;__,
02 ! ] i 1.0 i
10 15 20 0 70 100 05 10 20 50 10 20 50
Vg, COLLECTOR-EMITTER VOLTAGE (VOLTS) L, UNCLAMPED INDUCTIVE LOAD {mH)
FIGURE 8 — INDUCTIVE LOAD
_L—@ VcEe Monitor
= ] | i+ w=7.0ms(See Note 1)
U520 e e e e e nput || 5.0V
MPS-U52 s — Voltage rl A
50 | 100 mH Collector L—;—‘IOO msel 1
Input |TUT Current —} ﬁﬁ_o
| = Vcc=20V 1.42A - “oeh -
1 1
| Ic VeE(sat) S I
Monitor G “'Z?V
= Vi =10V = ollector |
T BB1 Rg=0.1 Voltage
V(BRICER T
TEST CIRCUIT
NOTE 1: Input pulse width is increased until Icp = 1.42 A. VOLTAGE AND CURRENT WAVEFORMS
NOTE 2: For NPN test circuit reverse polarities.
FIGURE 9 — MAGNITUDE OF COMMON EMITTER FIGURE 10 — FREE-AIR TEMPERATURE
SMALL-SIGNAL SHORT-CIRCUIT FORWARD POWER DERATING
CURRENT TRANSFER RATIO
'30 VeE=10V 50
- 0 ig=104
50 = 250 .
§ N T) = 25°C 2 40
= S| ™ PNP— ES
g g < < NPN-- 2. Nl
E= <~ g7 N
ex 10 NPN a
v S 173
22 49 ~ 4]
iR s 2 20
% 50 \ AN g
P ~ o
2 > ™ = o AN
@ 20 ~ \\ £ \\
K3 o ~ N
F N N
1.0 0
1.0 20 3.0 5.0 7.0 10 40 80 120 160 200

f. FREQUENCY (MHz)
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MOTOR

OLA
m SEMICONDUCTOR I
TECHNICAL DATA

NPN
TIP3055
PNP
TIP2955

COMPLEMENTARY SILICON POWER TRANSISTORS

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

® DC Current Gain — hpg = 20-70 @ Ic = 4.0 Adc

® Collector-Emitter Saturation Voltage — VCE(sat)= 1.1 Vdc (Max)
@Ic=4.0Adc

® Excellent Safe Operating Area

MAXIMUM RATINGS

Rating Symbol Value Unit
Collector-Emitter Voltage VCEO 60 Vdc
Collector-Emitter Voltage VCER 70 Vdc
Collector-Base Voltage Ves 100 Vde
Emitter-Base Voltage VEB 7.0 Vdc
Collector Current — Continuous Ic 15 Adc
Base Current Ig 7.0 Adc
Total Power Dissipation @ T¢ = 26°C Pp 90 Watts
Derate above 25°C 0.72 W/°C
Operating and Storage Junction TJ,Ts(g -65 to +150 °C
Temperature Range
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case RgJc 1.39 °C/W
Thermal Resistance, Junction to Ambient RoJA 357 °C/W

FIGURE 1 — DC CURRENT GAIN

1nnn
=
S Ve =40V
= Ty =25°C
=z
g L ]
R i ok T
< 100] —— TIP3055
< — —~TIP2955
=
\k
IS
N
10
01 02 03 0507 1.0 20 30 50 7.0 10

I, COLLECTOR CURRENT (AMP)

15 AMPERE
POWER TRANSISTORS

COMPLEMENTARY SILICON

60 VOLTS
90 WATTS

~
w
—Z

e X ———A——

STYLET:
1. BASE
2. COLLECTOR
3. EMITTER
4. COLLECTOR

MILLIMETERS INCHES
MIN [ MAX | MIN | MAX
2032 | 21.08 | 0.800 | 0.830
1649 | 1590 | 0.610| 0.626
4.19 | 508 | 0.165]| 0.200
102 | 1.65 | 0.040| 0.065
135 | 165 | 0.053 | 0.065
621 | 572 | 0.205 | 0.225
241 | 320 | 0.095) 0.126
038 | 064 | 0.015] 0.025
12.70 | 1549 | 0.500 | 0.610
15.88 | 16.51 | 0.625 | 0.650
12.19 | 12.70 | 0.480 | 0.500
4.04 | 4.22 | 0.159 [ 0.166

CASE 340-01
(TO-218AC)

e
=

elz|r|xlc|x|o|m|o|o|o|>
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TIP3055NPN, TIP2955PNP

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

Characteristic

]

Symbol Unit

OFF CHARACTERISTICS

Collector-Emitter Sustaining Voltage (1)
(Ic =30 mAdc, Ig = 0)

VCEO(sus) Vdc

Collector Cutoff Current
(Vcg = 70 Vdc, Rgg = 100 Ohms)

ICER — 1.0 mAdc

Collector Cutoff Current
(VCg=30Vdc, Ig=0)

IcCEO — 0.7 mAdc

Collector Cutoff Current
(VcE = 100 Vdc, VBE(off) = 1.5 Vdc)

Icev — 5.0 mAdc

Emitter Cutoff Current
{(VBg =7.0 Vdc, Ic = 0)

IEBO - 5.0 mAdc

ON CHARACTERISTICS (1)

DC Current Gain
(Ic = 4.0 Adc, Vg = 4.0 Vdc)
(Ic = 10 Adc, VcE = 4.0 Vdc)

hrg —
20 70
50 —

Collector-Emitter Saturation Voltage
(Ic = 4.0 Adc, Ig = 400 mAdc)
(Ic =10 Adc, Ig = 3.3 Adc)

VCE(sat) Vde

Base-Emitter On Voltage
(Ic = 4.0 Adc, VcE = 4.0 Vdc)

VBE(on) — Vdc

SECOND BREAKDOWN

Second Breakdown Collector Current with Base Forward Biased
(Vcg = 30 Vdc, t = 1.0 s; Nonrepetitive)

Is/b 3.0 — Adc

DYNAMIC CHARACTERISTICS

Current Gain—Bandwidth Product
_(ic=05 Adc, Vcg = 10 Vdc, f = 1.0 MHz)

fr 25 — MHz

Small-Signal Current Gain
(VCcg =4.0 Vdc, Ic = 1.0 Adc, f = 1.0 kHz)

hfe 15 - kHz

(1) Pulse Test: Pulse Width = 300 us, Duty Cycle <2.0%.

Note: For additional design curves, refer to electrical characteristics curves of 2N3055.

FIGURE 2 — MAXIMUM RATED FORWARD BIAS
SAFE OPERATING AREA

100
5
£ s 300 s~
g 10 Sals 161.0115 et
3 59 D R
S 30 =
5 20
= F—————Secondary Breakdown Limit N
S 1:0===-— Bonding Wire Limit 2
£ 0.5f==-=~ - Thermal Limit @ Tg = 25°C

3 T, = 150°C

02 T

0.1 1 ]

10 2.0 40 60 10 20 40 6

Vce. COLLECTOR-EMITTER VOLTAGE (VOLTS)

There are two limitations on the power handling ability
of a transistor: average junction temperature and second
breakdown. Safe operating area curves indicate Ic-VCg
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 2 is based on T¢ = 25°C; Ty(pk) is
variable depending on power level. Second breakdown
pulse limits are valid for duty cycles to 10% but must be -
derated for temperature.
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