BUT14 :

Advance Information

SWITCHMODE SERIES
NPN SILICON POWER DARLINGTON TRANSISTORS
WITH BASE-EMITTER SPEEDUP DIODE

The BUT14 darlington transistor is designed for high voltage, high
speed, high power switching in circuits where fall/storage time is
critical. It is particularly suited for line operated switchmode
applications such as:

Switching regulators
Inverters

Motor controls

— Solenoid and relay drivers

MAXIMUM RATINGS

Rating Symbol Value Unit

Collector-Emitter Voltage VCEO(sus) 500 Vde

Collector-Emitter Voltage VCES 850 Vdc

Emitter-Base Voltage VEB - 8 Vde

Collector-Current — Continuous Ic 25 Adc

— Peak Icm « 35%
Base-Current — Continuous I3 5.0 Adc
— Peak Ism 75

Total Power Dissipation @ T¢ = 25 °c Pp 175 Waotts
Derate above 25 °C 1.0 w/°C

Operating and Storage Junction Ty, Tstg °c
Temperature Range -65 to +200

THERMAL CHARACTERISTICS

Characteristic Symbol Max. Unit
Thermal Resistance, Junction to Case ReJc 1.0 °C/IW

25 AMPERES

NPN SILICON
POWER DARLINGTON
TRANSISTORS

850 VOLTS /176 WATTS

=~ 100 =15}

TES

1. DIMENSIONS @ AND V ARE DATUMS,

2 1S SEATING PLANE AND DATUM.

3. POSITIONAL TOLERANCE FOR
MOUNTING HOLE Q

C+[iname [1[ve]

FOR LEADS:

4. DIMENSIONS AND TOLERANCES PER

ANSI Y14.5,1973
MILLIMETERS| __INCHES

DIM[ MIN | MAX | MIN | MAX
-3 — | 1550
~ {2108 | — [ 0830
636|762 | 0250 0.300
097] 1.09[0.038] 0.043
- 43| - 1013
301585C | 1.1878SC

10.92 BSC 0430 BSC

76.898SC_| 0,665 85C
TI.18] 12,19 | 0440 0,480
3

8T 4.19 [ 0.150] 0.165
= 1 -

483 .. 0.190] 0.210
381 0.150 [ 0.165

CASE 1-05 TO-3




BUT14

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

I Characteristics -

l Symbol I Min. l Typ. I

Max. l Unitj

OFF CHARACTERISTICS
Collector-Emitter Sustaining Voltage VCEO(sus) Vdc
(Ic=100mA, Ig=0, Velamp = Rated Vcgp) 500 - -
Collector-Cutoff Current ICcES , mAdc
(VcEs = Rated Value, s - - 0.1
Emitter-Cutoff Current : IEBO , mAdc
(VEB =2 Vdc, ic=0) — - 175
ON CHARACTERISTICS?
DC Current Gain hege
(Ic =8 Adc, VGE = 6 Vdc) 30 - -
(Ic =16 Adc, Vg = 5 Vdc) 15 - —
Collector-Emitter Saturation Voltage VCE(sat) Vdc
(Ic =8 Adc, Ig = 0.4 Adc) - - 20
(Ic=16'Adc, Ig = 1.6 Adc) - - 3.0
(Ic = 20 Adc, Ig = 2.0 Adc) — - 35
(ic =25 Adc, Ig = 5 Adc) - - 5.0
Base-Emitter Saturation Voltage VBE(sat) Vdc
(Ic =8 Adc, Ig = 0.4 Adc) - . 25
(Ic =16 Adc, Ig = 1.6 Adc) - . 29
(Ic = 20 Adc, Ig = 2.0 Adc) — — 3.3
Diode Forward Voltage' Vs Vdc
(Ig = 20 Adc) ~ —~ 4.0
Collector Emitter Sustaining Voltage Vdc
Reoil = 0.0582, Legjj = 180uH
Vclamp = rated Vogyx Ic =16 Adc VCEX1 (sus) 350 - -
VBE (off) = —5Vdc .
Te ;?00’0(: Ic =8Adc - VCEX2 {sus) 400 - -
'c
igy =20 Ic = 2Adc VCEX3 (sus) 500 - -
SWITCHING CHARACTERISTICS
RESISTIVE LOAD
Turn-on Time . (Veg =250 Vae, Ic = 8 A, ton - 0.6 19 us
Storage Time Ig1 =04 A, VBE(off) = 5 Vde, tp =25 us tg - 0.85 3.2 us
Fall Time Duty Cycle < 2%). . t - 0.20 0.9 us

! The internal Collector-to-Emitter diode can eliminate the need for an extérnal diode to clamp inductive loads. .
Tests have shown that the Forward Recovery Voltage (V¢) of this diode is comparable to that of typical fast recovery rectifiers.

? Pulse Test. PW = 300 us, Duty Cycle < 2%.




BUT15

Advance Information

SWITCHMODEA SERIES
NPN SILICON POWER DARLINGTON TRANSISTORS
WITH BASE-EMITTER SPEEDUP DIODE

The BUT15 darlington transistor is designed for high voltage, high
speed, high power switching in circuits where fall/storage time is
critical. It is particularly suited for line operated switchmode
applications such as:

— Switching regulators

— Inverters

— Motor controls

Solenoid and relay drivers

20 AMPERES

NPN SILICON
POWER DARLINGTON
TRANSISTORS

1000 VOLTS / 176 WATTS

~100 =15 §

MAXIMUM RATINGS

Rating Symbol Value Unit
‘Collector-Emitter Voltage VCEO(sus) 700 Vdc
Collector-Emitter Voltage VCES 1000 Vdc
Emitter-Base Voltage R VEB 8 Vde
C -Current — Conti Ic 20 Adc
— Peak Icm 25
Base-Current — Continuous B 5.0 Adc
— Peak Ism 10
Total Power Dissipation @ Tc=25°C Pp 175 Watts
Derate above 25 °C 1.0 w/c
Operating and Storage Junction Ty, Tstg °c
Temperature Range -65 to +200

THERMAL CHARACTERISTICS

Charseteristic . Symbol Max. Unit

Thermal Resistance, Junction to Case RgJc 1.0 °c/w

! G

NOTES

1. DIMENSIONS 0 AND V ARE DATUMS

2, IS SEATING PLANE AND DATUM.

3. POSITIONAL TOLERANCE FOR
MOUNTING HOLE Q:

G Liom e [1[ve

FOR LEADS:

130 @1
4. DIMENSIONS AND TOLERANCES PER
ANSI Y145, 1973,
MILLIMETERS| _INCHES

0IM M—IN MAX [ MIN | MAX

3937 - 1550
2108 0.830 |

635) 762 | 0.250] 0.300
0.87] 1.09 [0.038] 0.043
= 343 - 0.135
3 BSC 1,187 BSC

1 BSC 04308SC |

6. -
11.18] 12.19 | 0440 0.480
381] 4.19 [ 0.150] 0.165
- [ 7. - 1

4831 533 [0190] 0210
381 0,150 0.165

CASE 1-056 TO-3




BUT15

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

Ldnrachristia < | Symbol I Min. | Typ. I Max. I Unit l
OFF CHARACTERISTICS
Coll -Emitter ining Voltage VCEO(sus) Vde
(Ic=100mA, 1g = 0, V¢jamp = Rated VcgQ) 700 - -
Collector-Cutoff Current : ICES mAdc
(VCES = Rated Value, - - 0.2
Emitter-Cutoff Current IEBO mAdc
(Vg =2 Vde, Ic=0) - - 175
ON CHARACTERISTICS?
DC Current Gain hgg
(g =6 Adc, Vg =5 Vdc) 30 - -
(Ic = 12 Ade, Vg = 5 Vdc) 15 - -
Collector-Emitter Saturation Voltage VCE(sat) Vdc
(g =6 Adc, Ig = 0.3 Adc) - - 20
(Ic =12 Adc, Ig = 1.2 Adc) - - 3.0
(Ic = 16 Adc, Ig = 1.6 Adc) - - 35
(Ic = 20 Adc, Ig = 4.0 Adc) - - 5.0
Base-Emitter Saturation Voltage VBE(sat) Vdc
(Ic = 6 Adc, Ig = 0.3 Adc) - - 25
(Ic =12 Adc, IR = 1.2 Adc) - - 29
(Ic = 16 Adc, Ig = 1.6 Adc) — - 3.3
Diode Forward Voltage' Vg Vde
(Ig = 16 Adc) — — 4.0
Collector Emitter Sustaining Voltage Vdc
Reoil = 0.0582, Leoj = 180uH
Velamp = rated Vegx Ic =12Adc VCEX1 (sus) 400 - -
VBE (off) = —5Vdc
o =‘$oo°c Ic =6Adc VCEX2 (sus)| 425 - - .
'c
i57 =20 Ic =2Adc VCEX3 (sus) 700 - -
SWITCHING CHARACTERISTICS
RESISTIVE LOAD
TurnonTime | (vee=250 Vdc, Ic=6 A, fon - 03 12 d
Storage Time 1g1 =0.3 A, VBE(off) = 5 Vdc, tp = 25 us ts - 0.76 3.0 us
Fall Time Duty Cycle < 2%). t _ 03 1.0 us

? Pulse Test. PW = 300 us, Duty Cycle < 2%.

! The internal Collector-to-Emitter diode can eliminate the need for an external diode to clamp inductive loads.
Tests have shown that the Forward Recovery Voltage (Vg) of this diode is comparable to that of typical fast recovery rectifiers.




@ MOTOROLA | BUT 16

12 AMPERES
SWITCHMODE SERIES NPN SILICON
NPN SILICON POWER DARLINGTON TRANSISTORS POWER DARLINGTON
WITH BASE-EMITTER SPEEDUP DIODE TRANSISTORS
1400 VOLTS
The BUT 16 Darlington transistor is designed for high-voltage, 150 WATTS

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

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

® AC and DC Motor Controls The Designers Data Sheet permits the

witching R lators dasngn of most circuits entirely from
*S 9 Regulat © k the information presented. Limit data
o Inverters L 4 — representing device characteristics

® Solenoid and Relay Drivers Be:‘;ds?'ée:se: d:;?g,s'ven to facilitate
® Fast Turn-Off Times ~100 ~15 &
2.0 uS Inductive Fall Time at 100°C (Typ)
0.8 uS Inductive Storage Time at 100°C (Typ)

e Operating Temperature Range — 65 to 175°C

MAXIMUM RATINGS

Rating Symbol Unit
Collector-Emitter Voltage VCEO(sus) 1000 Vdc
Collector-Emitter Voltage VCEv 1400 Vdc
Emitter Base Voltage © VEB 10 Vdc
Collector Current Adc
- Continuous Ic 12
- Peak(1) Icm 20
Base Current Adc
— Continuous B 8
— Peak(1) IBm 10
| Free Wheel Diode: Adc
Forward current — Continuous IF 12
- Peak IEM 20 NOTES
1 DIMENSIONS O AND V ARE DATUMS
Total Power Dissipation @ Tc = 25°C Pp 150 Watts g %&i‘:;’;ﬁl ::::E::g:“"“
@Tc = 100°C 75 MOUNTING HOLE O
Derate above 25°C w/°C L Tmewe [T [ve
Fi
Operating and Storage Junction TJ. Tstg °C o:ls:r‘::m‘m)®r e[@)]
‘ Temperature Range -651t0 +175 4 DIMENSIONS AND TOLERANCES PER
ANSI Y145 1973
- INCHES
THERMAL CHARACTERISTICS oo M T wax [ ]
B R :
Characteristic Symbol Max Unit sy
TS BSC
Thermal Resistance, . RO, c °C/W e
Junction to Case 1.0 MUY L
3] 4
Maximum Lead Temperature T °C R
for Soldering Purpose: 381
1/8" from Case for 5 Seconds 275

CASE 1-05 T0-3

(1) Pulse Test. Pulse Width = 5 ms, Duty Cycle = 10%.
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ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted)

BUT 16

Characteristic l Symbol l Min Typ Max Unit ]
OFF CHARACTERISTICS
Collector-Emitter Sustaining Voltage (Table 1) VCEO(sus) Vdc
(IC = 100 mA, Ig = 0) 1000 - -
Collector Cutoff Current ICEV mAdc
(VCEV = Rated Value, VBE(off) = 1.5 Vdc) - - 0.1
(VCEV = Rated Value, VBE(off) = 1.5 Vdc, TC = 100°C) - - 2.0
Emitter Cutoff Current IEBO mAdc
(VEB = 2.0 V,iCc = 0) - - 175
SECOND BREAKDOWN
Second Breakdown Collector Current with base forward biased IS/b See Figure 16
Clamped Inductive SOA with Base Reverse Biased RBSOA See Figure 17
ON CHARACTERISTICS (1)
DC Current Gain hFE
(IC=4A VCE=5V) 20 - -
(IC=8A,VCE = 5V) 5 - -
Collector-Emitter Saturation Voltage VCE(sat) Vdc
(Ic=12A,18 = 6 A) - - 5.0
Base-Emitter Saturation Voltage VBE(sat) Vdc
(IC=8A,1B=16A) - - 3.3
Diode Forward Voltage V§ Vvdc
(lF=12A) - - 4.0
SWITCHING CHARACTERISTICS -
Inductive Load, Clamped (Table 1)
Storage Time See Table 1 ts - - 3.3 us
- 259
Fall Time Tc = 25°%¢C ic=8A t - - 15 s
Storage Time IB1 = 1.6 A ts - 2.0 - us
— O
Fall Time Tc = 100°C VBE(off) = 5 V t - 0.8 Z s

(1) Pulse Test: PW = 300 us, Duty Cycle = 2%.
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BUT 16

TYPICAL CHARACTERISTICS

FIGURE 1 — DC CURRENT GAIN . FIGURE 2 — COLLECTOR SATURATION REGION
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1, TIME (uS)

t, TIME (uS)

TABLE 1 — TEST CONDITIONS FOR DYNAMIC PERFORMANCE

BUT 16

VCEO{sus) RBSOA AND INDUCTIVE SWITCHING
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BUT 16

FREE-WHEEL DIODE CHARACTERISTICS

FIGURE 10 — FREE WHEEL DIODE MEASUREMENTS

Vdyn. FORWARD MODULATION VOLTAGE (VOLTS)

TrER. FORWARD RECOVERY TIME (uS)

IFM - didt - 25A48
T 25 IRM

N
10 (VDYN-VFM)

VFM

TER

FIGURE 12 — FORWARD MODULATION VOLTAGE
30

~
>

~
S

o

AN

AN

0 10 20 30 40
te. EMITTER CURRENT (AMPS)

FIGURE 14 — FORWARD RECOVERY TIME

50

r
Tc = 25°C

22
20
* /‘
16 T
14
12
10

8

0 10 20 31 a0 50

110

Ig. EM!TTER CURRENT (AMPS)

FIGURE 11 — FORWARD VOLTAGE
50

w0
7
2
E 3
=
=)
z
H
=
H
2
S -4 +a
H V4
H
- 4
L] v/
Y
Z T¢ - 25°C
0
0 1 2 3 4 5

VEC. EMITTER COLLECTOR VOLTAGE (VOLTS)

FIGURE 13 — PEAK REVERSE RECOVERY CURRENT
50

= Tc - 25°C
2
=
< 40
=
=
=
&
H
3
]
=
s
s
3
S
=
w 20
]
2
=
2
: e
=
H
g0 "
=
=

0

0 0 20 30 40 50

1g. EMITTER CURRENT (AMPS)

FIGURE 15 — REVERSE RECOVERY TIME

T
Tc - 25°C

10
=1
%
3
- 5
=
=
x 3
H
=4
2 2
=
5
2
E 1 / N S

Z

o L
= 7

5

3

0 10 20 30 40 50

Ig. EMITTER CURRENT (AMPS)



BUT 16

The Safe Operating Area fi h in Figures 16 and 17 SAFE OPERATING AREA INFORMATION
are opod'od for these devices under the test conditions shown.
FIGURE 16 — SAFE OPERATING AREA FORWARD BIAS
H There are two limitations on the power handling ability
T of a transistor: average junction temperature and second
— 1048 breakdown. Safe operating area curves indicate Ic-VcE
i \ Lo N L limits of the transistor that must be observed for reliable
0 N - =0 ",S operation, i.e., the transistor must not be subject to
NS N grater dissipation than the curves indicate.
0 N

The data of Figure 16 is based on Tc = 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 when Tc & 25°C. Second breakdown limitations
do not derate the same as thermal limitations. Allowable
current at the voltages shown on Figure 16 may be found
- 1c - 257 at any case temperature by using the appropriate curve
q on Figure 18.

e

Ic. COLLECTOR CURRENT (AMPS)

/

0.1

1 5 0 30 100 300 1000 TJ(pk) may be calculated from the data in Figure 5. At
Voe. COLLECTOR-EMITTER VOLTAGE (VOLTS) high case temperatures, thermal limitations will reduce
the power that can be handled to values less than the

FIGURE 17 — REVERSE BIAS SAFE OPERATING AREA limitations imposed by second breakdown.
30

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

\ Vet = 3V as active clamping, RC snubbing, load line shaping, etc.
Vakiott = 5V ] The safe level for these devices is specified as Reverse
Vet - 8V Bias Safe Operating Area and .represents tl'?e voltage-
NS ! current condition allowable during reverse biased turn-
Lfm _’55° AN off. This rating is verified under clamped conditions so
I that the device is never subjected to an avalanche mode.

Figure 17 gives the RBSOA characteristics.

3
.
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Advance Information

SWITCHMODE SERIES
NPN SILICON POWER DARLINGTON TRANSISTORS
WITH BASE-EMITTER SPEEDUP DIODE

The BUT33 darlington transistor is designed for high voltage, high
speed, high power switching in circuits where fall/storage time is
critical. It is particularly suited for line operated switchmode
applications such as: .

— Switching regulators
Inverters -

Motor controls

Solenoid and relay drivers

50 AMPERES

NPN SILICON
POWER DARLINGTON
TRANSISTORS

600 VOLTS / 250 WATTS

it
Pt

=50 ~8 )

MAXIMUM RATINGS
Rating Symbol Value Unit
Collector-Emitter Voltage VCEO!(sus) 400 Vdc
Collector-Emitter Voltage VCES 600 Vde
Emitter-Base Voltage VEB 8 Vde
Coll -Current — Conti Ic 50 Adc
— Peak Icm 75
Base-Current — Continuous i 12 Adc
— Peak ’ Ism 15
Total Power Dissipation @ Tc=25°C Pp 250 Watts
Derate above 25 °C 1.428 wre
Operating and Storage Junction Ty, Tstg °c
Temperature Range -65 to +200
THERMAL CHARACTERISTICS
Characteristic Symbol Max. * Unit
Thermal Resistance, Junction to Case Royc 0.7 °cw

| I
seane U}

PLANE

J—

W P _T. _—ﬁ

STYLE 1:
PIN 1. BASE

2. EMITTER
CASE. COLLECTOR

[WiLCMETERS]
MiN X

DIM

-aiﬁl

T

N
el |

CASE 19701
MODIFIED TO-3




BUT33

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

Iihmriniet - I Symbol I Min, l Typ I Max. ' Unit I
OFF CHARACTERISTICS
Coll -Emitter Sustaining Voltage VCEO(sus) Vdc
{ic=100mA, Ig =0, Vclamp = Rated V¢gq) 400 - -
Collector-Cutoff Current IceES mAdc
(VCES = Rated Value, - - 0.2
Emitter-Cutoff Current Iego mAdc
(VEB = 2 Vdec, Ic=0) - — 350
ON CHARACTERISTICS®
DC Current Gain hrg
(Ic = 20 Adc, Vg = 5 Vdc) 30 - -
(Ic =36 Adc, Vg = 5 Vdc) 20 - -
Collector-Emitter Saturation Voltage VCE(sat) Vdc
(Ic =20 Adc, Ig = 1.0 Adc) - - 20
(Ic = 36 Adc, Ig = 3.6 Adc) - - 25
(Ic = 44 Adc, Ig = 4.4 Adc) - - 3.0
(Ic =56 Adc, Ig = 11.2 Adc) — — 5.0
Base-Emitter Saturation Voltage VBE(sat) Vdc
(Ic =20 Adc, Ig = 1.0 Adc) — _ 25
(Ic = 36 Adc, Ig = 3.6 Adc) - - 29
{lc =44 Adc, Ig = 4.4 Adc) - - 33
Diode Forward Voltage! Vi Vde
(IE = 44 Adc) — - 4.0
Collector Emitter Sustaining Voltage Vdc
Reoil = 0.058, Legi) = 180uH
Velamp = rated Vogy " lc =36Adc VCEX1 (sus) 275 - -
VBE (off) = —5Vdc ’
ez o0 - Ic=20Ade . |VCEX2(sus)| 325 - -
Ic )
57 =20 Ic =5Adc VCEX3 (sus) 400 - -
SWITCHING CHARACTERISTICS
RESISTIVE LOAD
i - 0.45 1.3
Turn-on Time (Ve = 250 Vde, I1c = 20 A, ton us
Storage Time 1B1=1A, VBE(off) =5 Vdc, tp = 25 us ts - 0.8 25 us
Fall Time Duty Cycle < 2%). t — 0.3 1.0 us

2 Pulse Test. PW = 300 us, Duty Cycle < 2%.

! The internal Collector-to-Emitter diode can eliminate the need for an external diode to clamp inductive loads.
Tests have shown that the Forward Recovery Voltage (V¢) of this diode is comparable to that of typical fast recovery rectifiers.




BUT34

Advance Information

SWITCHMODE* SERIES
NPN SILICON POWER DARLINGTON TRANSISTORS
- WITH BASE-EMITTER SPEEDUP DIODE

The BUT34 darlington transistor is designed for high voltage, high
speed, high power switching in circuits where fall/storage time is
critical. It is particularly suited for line operated switchmode
applications such as:

Switching regulators

— Inverters

— Motor controls

— Solenoid and relay drivers

50 AMPERES

NPN SILICON
POWER DARLINGTON
TRANSISTORS

850 VOLTS / 250 WATTS

=50 =84

MAX‘IMUM RATINGS

Rating ) Symbol Value Unit
Collector-Emitter Voltage VCEO(sus) 500 Vde
Collector-Emitter Voltage VCES 850 Vde
Emitter-Base Voltage VEB 8 Vdc
Collector-Current — Continuous Ic 50 Adc
— Peak Icm 75
Base-Current — Continuous s 10 Adc
— Peak IBM 15
Total Power Dissipation @ Tc=25°C Pp 250 Watts
Derate above 25 °C 1.428 w/°C
Operating and Storage Junction Ty, Tstg °c
' Temperature Range -65 to +200

THERMAL CHARACTERISTICS

Characteristic Symbol Max. Unit

Thermal Resistance, Junction to Case RgJc 0.7 °cw

STYLE 1:
PIN 1. BASE
2. EMITTER
CASE. COLLECTOR

MILLIMETERS INCHES
DIM[ miN Mii X
\ | 3835

19.30

CASE 19701
MODIFIED TO-3




BUT34

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

I Characteristics b I Symbol I Min. I Typ. I Max. I Unit ]
OFF CHARACTERISTICS
Collector-Emitter Sustaining Voltage VCEO(sus) Vdc
(Ic =100 mA, 1g =0, Vcjamp = Rated VcgQ) 500 = -
Collector-Cutoff Current IcEs mAdc
(VCES = Rated Value - - 0.2
Emitter-Cutoff Current IEBO mAdc
(VER =2 Vde, Ic=0) — — 350
ON CHARACTERISTICS?
DC Current Gain hee
(Ic =16 Adc, Vg = 5 Vdc) 30 — -
(Ic =32 Vdc, Vg = 5 Vdc) 15 — -
Collector-Emitter Saturation Voltage VCE(sat) Vde
(Ic =16 Adc, Ig = 0.8 Adc) - - 20
(Ic =32 Adc, ig = 3.2 Adc) - - 3.0
(Ic = 40 Adc, Ig = 4.0 Adc) - - 35
(Ic = 60 Adc, Ig = 10 Adc) = — 5.0
Base-Emitter Saturation Voltage VBE(sat) Vdc
({Ic =16 Adc, Ig = 0.8 Adc) - - 25
(Ic = 32 Adc, Ig = 3.2 Adc) - - 29
(Ic = 40 Adc, Ig = 4.0 Adc) - - 3.3
Diode Forward Voltage' \73 Vdc
(Ig = 40 Adc) = — 4.0
Collector Emitter Sustaining Voltage Vdc
Reoil = 0.0582, Leoij = 180uH
Velamp = rated Vogx Ic =32Adc VCEX1 (sus) 350 - -
Vv = —5Vdc :
Tg E:(?cf,g% Ic = 16Adc VCEX2 (sus) 400 - _
Ic .
ig; =20 Ic =5Adc VCEX3 (sus) 500 - -
SWITCHING CHARACTERISTICS
RESISTIVE LOAD
" - 4 1.3
Turn-on Time (Voo = 250 Ve, Ic = 16 A, ton 0.40 us
Storage Time 181 =0.8 A, VBE(off) =5 Vdc, tp =25 us tg - 08 25 us
Fall Time Duty Cycle < 2%). t _ 0.22 09 us

2 Pulse Test. PW = 300 us, Duty Cycle < 2%.

! The internal Collector-to-Emitter diode can eliminate the need for an external diode to clamp inductive loads.
Tests have shown that the Forward Recovery Voltage (V¢) of this diode is comparable to that of typical fast recovery rectifiers.
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Advance Information

SWITCHMODE* SERIES
NPN SILICON POWER DARLINGTON TRANSISTORS
’ WITH BASE-EMITTER SPEEDUP DIODE

The BUT356 darlington transistor is designed for high voltage, high
speed, high power switching in circuits where fall/storage time is
critical. It is particularly suited for line operated switchmode
applications such as:

- Switching regulators

— Inverters

— Motor controls

Solenoid and relay drivers

40 AMPERES
NPN SILICON

POWER DARLINGTON

TRANSISTORS
1000 VOLTS / 250 WATTS

=50 =84

MAXIMUM RATINGS

Rating . Symbol Value Unit
Collector-Emitter Voltage VCEO(sus) 700 Vde
Collector-Emitter Voltage VCES 1000 Vdc
Emitter-Base Voltage VEB 8 Vdc
Collector-Current — Continuous Ic 40 Adc
— Peak icm 50
Base-Current — Continuous i 10 Adc
— Peak IBM 20
Total Power Dissipation @ Tc=25°C Pp 250 Watts
Derate above 25 °C 1.428 w/°C
Operating and Storage Junction T4, Tetg °c
Temperature Range -665 to +200

THERMAL CHARACTERISTICS

Characteristic . Symbol Max. Unit

Thermal Resistance, Junction to Case RoJc 0.7 °cw

p—-20
SEATING i
PLANE
r-—ﬂ————
J—

2 -
JR §> L9

PN &)

STYLE 1:
PIN 1. BASE
2. EMITTE
CASE. COLLECTOR

MILLIMETERS] _ INCHES
OIM["MIN [ MAX | MIN | MAX

38.35 | 39.37 | 1.510 | 1.550
19.30 | 21.08 | 0.760 | 0.830

9. X
| 635 7.62] 0.250 ] 0.300
1.

!

.60 | 0.057 | 0.063
.43 - 10135
30401 1.177 | 1.197
1118 | 0.420 [ 0.440

S. ..
17.15 | 0.655
1.18 [ 12.19 | 0.440 | 0.480
3. 409} 0.151 | 0.161
24.89 | 26.67 | 0.980 | 1.050
CASE 197-01
MODIFIED TO-3

2l

5
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BUT35

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

LChtrmristiec - l Symbol I " Min. I Typ. l Max. l Unit —l
OFF CHARACTERISTICS
Coll -Emitter Sustaining Voltage VCEO(sus) Vde
{Ic=100mA, Ig = 0, V¢jgmp = Rated Vceo) 700 - =
Collector-Cutoff Current ICES mAdc
(VCES = Rated Value : — — 0.2
Emitter-Cutoff Current leBO mAde
(VEB =2 Vdc, I = 0) - - 350
ON CHARACTERISTICS?
DC Current Gain . <L hrg
(Ic =12 Adc, Vcg = 5 Vde) 30 - -
(Ic =24 Adc, VcE = 5 Vdc) 15 — —
Collector-Emitter Saturation Voltage VCE(sat) Vdc
(Ic =12 Adc, I = 0.6 Adc) - - 20
(Ic =24 Adc, Ig = 2.4, Adc) - - 3.0
(Ic =32 Ade, Ig = 3.2 Adc) - - 35
(1c = 40 Adc, Ig = 8.0 Adc) - - 5.0
Base-Emitter Saturation Voltage ’ VBE(sat) Vdc
(Ic =12 Adc, Ig = 0.6 Adc) - - 25
(ic =24 Adc, Ig = 2.4 Adc) - - 29
(Ic =32 Adc, Ig = 3.2 Adc) - - 3.3
Diode Forward Voltage' Vg Vdc
(IF = 32 Adc) ) — — 4.0
Coll Emitter Sustaining Voltage Vde
Reoil = 0.058, Legij = 180uH
Velamp = rated Vogx Ic = 24Adc VCEX1 (sus)] 400 - -
v = —5Vdc .
Tgi(?:)goc Ic = 12Adc VCEX2 (sus) 425 - -
lc
gy =20 Ic =4Adc VCEX3 (sus)| 700 - -
SWITCHING CHARACTERISTICS
RESISTIVE LOAD )
i - . 1.2
Turn-on Time {Vee =250 Vde, Ic = 12 A, ton 0.3 us
Storage Time 181 =0.6 A, VBE(off) = 5 Vdc, tp = 25 us tg - 08 33 us
Fall Time Duty Cycle < 2%). t - 0.4 1.2 us

? Pulse Test. PW = 300 us, Duty Cycle < 2%.

! The internal 'Collector-to-Emitter diode can eliminate the need for an external diode to clamp inductive loads.
Tests have shown that the Forward Recovery Voltage (V) of this diode is comparable to that of typical fast recovery rectifiers.
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applications such as:

SWITCHMODE SERIES
NPN SILICON POWER DARLINGTON TRANSISTORS
WITH BASE-EMITTER SPEEDUP DIODE

The BUT 36 Darlington transistor is designed for high-voltage,
high-speed, power switching in inductive circuits where fall time is
critical. They are particularly suited for line-operated switchmode

24 AMPERES

NPN SILICON
POWER DARLINGTON
TRANSISTORS

1400 VOLTS
250 WATTS

Designer’s Data for
“Worst Case” Conditions

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

@ AC and DC Motor Controls
® Switching Regulators o
e Inverters 7 3
® Solenoid and Relay Drivers
o Fast Turn-Off Times 5 I
1.7 uS Inductive Fall Time at 100°C (Typ) %0
4.5 uS Inductive Storage Time at 100°C (Typ)
o Operating Temperature Range - 65 to 175°C
MAXIMUM RATINGS
Rating Symbol Unit
Collector-Emitter Voltage VCEO(sus) 1000 Vdc
Collector-Emitter Voltage Vcev 1400 Vdc
Emitter Base Voltage VeB 10 Vdc
Collector Current Adc
- Continuous Ic 24
- Peak(1) Icm 40
Base Current Adc
- Continuous g 15
- Peak(1) IBM 20
Free Wheel Diode : Adc
Forward current - Continuous g 24 ’
- Peak lem 40
Total Power Dissipation @Tc = 25°C Pp 250 Watts
@T¢c = 100°C 125
Derate above 25°C wieC
Operating and Storage Junction Ty Tstg °C
Temperature Range ~65to +175
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, RO, c °C/W
Junction to Case 0.6
Maximum Lead Temperature T °C
for Soldering Purpose:
1/8" from Case for 5 Seconds 275

(1) Pulse Test. Pulse Width = 6 ms, Duty Cycle S 10%.
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SEATING — f
PLANE
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J—
Q I
o —
M D
o 3
STYLEY
PINT BASE
2 EMITTER

CASE COLLECTOR

MILUIMETERS] INCHES
OIM ["MIN TMAX | WiN | MAX
- 2] - 550
- 2108 N 8%
0 [0 o%_ 043
e - 13%
[ 128 N1
420 | 080
[ T 0210 0220
[ 6557 0675
“0 ] 0480
151 161
B 050
CASE 197-01
MODIFIED TO-3




BUT 36

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

Characteristic | Symbol [ Min T Typ | max Unit |

OFF CHARACTERISTICS

Collector-Emitter Sustaining Valtage {Table 1) VCEO(sus) : Vdc
(IC = 100 mA, IB = 0) 1000 - -

Collector Cutoff Current ICEV mAdc
(VCEV = Rated Value, VBE(off) = 1.5 Vdc) - - 0.2
(VCEV = Rated Value, VBE(off) = 1.5 Vdc, TC = 100°C) . - - 4.0

Emitter Cutoff Current IEBO mAdc
(VEB = 2.0V, IC = 0) - = 350

SECOND BREAKDOWN

Second Breakdown Collector Current with base forward biased IS/b See Figure 16

Clamped Inductive SOA with Base Reverse Biased RBSOA See Figure 17

ON CHARACTERISTICS (1)

DC Current Gain hFE
(IC = B8A,VCE = 5V) 20 - -
(IC = 16 A, VCE = 5V) 5 - -

Collector-Emitter Saturation Voltage VCE(sat) Vdc
(IC=24A,1B=12A) - - 5.0

Bgse{mme' Saturation Voltage VBE(sat) Vdc
(IC = 16A,1B = 3.2 A) - - 3.3

Diode Forward Voltage V¢ Vdc
(IF = 24 A) - - 4.0

SWITCHING CHARACTERISTICS
Inductive Load, Clamped (Table 1)

Storage Time See Table 1 ts - - 6.0 us
Fall Time Tc = 25%C IC = 16A t - - 25 s
Storage Time IB1 = 3.2A ts - 4.5 - us
Fall Time Tc = 100°C VBE(off) = 5 V 1 N 17 - s

(1) Pulse Test: PW = 300 us, Duty Cycle = 2%.
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TYPICAL CHARACTERISTICS

FIGURE 1 — DC CURRENT GAIN

FIGURE 2 — COLLECTOR SATURATION REGION
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BUT 36

TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE

8f FORCED GAIN
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FREE-WHEEL DIODE CHARACTERISTICS

FIGURE 10 — FREE WHEEL DIODE MEASUREMENTS
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The Safe Operating Area fig h in Figures 16 and 17 SAFE OPERATING AREA INFORMATION
are specifed for these devices under the test conditions shown.
FIGURE 16 — SAFE OPERATING AREA FORWARD BIAS

% — I~ T 1 Flows There are two limitations on the power handling ability
30 S T‘_I\ ,1[1}# of a transistor: average junction temperature and second
_ LI NSy MJooss breakdown. Safe operating area curves indicate Ic-VCg
g \\ ; \ limits of the transistor that must be observed for reliable
= 0 TTEXC \ operation, i.e., the transistor must not be subject to

§ - ~ H grater dissipation than the curves indicate.
S 30 H H - The data of Figure 16 is based on Tc = 25°C; Tj(pk) is
E iR mun viniiee variable depending on power level. Second breakdown
§ ‘o ! [ N pulse limits are valid for duty cycles to 10 % but must be
S —— e i e 5. S 1 derated when Tc 2 25°C. Second breakdown limitations
o5 a1 0 3 do not derate the same as thermal limitations. Allowable
zoal T ; ? o B 1 current at the voltages shown on Figure 16 may be found
H e s _- 1 H l R H at any case temperature by using the appropriate curve

IR on Figure 18
0 A IUSIHH

1 5 10 30 100 300 1000 TJ(pk) may be calculated from the data in Figure 5. At
Vee. COLLECTOR EMITTER VOLTAGE (VOLTS) high case temperatures, thermal limitations will reduce

the power that can be handled to values less than the

FIGURE 17 — REVERSE BIAS SAFE OPERATING AREA limitations imposed by second breakdown.

* ] % ‘ REVERSE BIAS
i‘-~7, - l . +__ For inductive loads, high voltage and high current must
B ‘ : : be sustained simultaneously during turn-oft, in most
£ 1 ' l cases, with the base to emitter junction reverse biased.
:n + ' + + Under these conditions the collector voltage must be held
E- ' [ i . | to a safe level at or below a specific value of collector
ER i i L, | i current. This can be accomplished by several means such
S : | Vge 8V as active clamping, RC snubbing, load line shaping, etc.
% X E ! Y ; — The safe level for these devices is specified as Reverse
B 0 _w'jlﬁ" %77" i AR T Bias Safe Operating Area and represents the voltage-
e ‘l : ‘ I o3 current condition allowable during reverse biased turn-
_— "Ccm ‘755“5 e + T & oft. Thus rating is verified under clamped conditions so
! ; that the device is never subjected to an avalanche mode.
0 I | | | | Figure 17 gives the RBSOA characteristics.
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V(e COLLECTOR EMITTER VOLTAGE 'VOLTS!
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bUIl S0P

ADVANCE INFORMATION

-

cations such as :

® Switching Regulators

® |nverters

® Solenoid and Relay Drivers
® Motor Controls

® Deflection Circuits

SWITCHMODE* SERIES
NPN SILICON POWER DARLINGTON TRANSISTORS

The BUTS50P darlington transistor is designed for high-voltage,
high-speed, power switching in inductive circuits where fall time is
critical. It is particularly suited for line operated switch-mode appli-

Y
4

v Lo
etk
P s

8 AMPERES
NPN SILICON
POWER DARLINGTON
TRANSISTORS

500 VOLTS-Vceo(sus)
100 WATTS
850 VOLTS-Vces

MAXIMUM RATINGS

Rating Symbol BUT50P Unit
Collector-Emiter Voltage VCEO(sus) 500 Vdc
Collector-Emitter Voltage VGEX (sus) 850 Vdc
Collector-Emitter Voltage VCEV 850 Vdc
Emitter Base Voltage VEB 8 Vdc
Collector Current — Continuous Ic 8 Adc

— Peak (1) Icm 16
Base Current — Continuous B 2 Adc
— Peak (1) IBM 4
Free Wheel Diode : Adc
Forward Current — continous I 8
— peak IFm 16
Total Power Dissipation @ Tc=25°C Pp 100 Watts
@Tc=100°C 40
Derate above 25°C .8 w/°c
Operating and Storage Junction Ty, Tstg -65 to + 150 °C
Temperature Range
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case RoJc 1.25 °c/wW

(1) Pulse Test: Pulse Width = 5 ms, Duty Cycle < 10%.

o
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|
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b
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T
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i
f
o

STYLE!
1. BASE
2. COLLECTOR
3. EMITTER
4. COLLECTOR

Case 340-01
TO-218AC
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted)

BUTS0P

Characteristic I Symbol I Min l Typ | Max I Unit —l
OFF CHARACTERISTICS
Collector-Emitter Sustaining Voltage VCEO(sus) Vdc
(lc=100mA, Ig=0) 500 - —
Collector Cutoff Current ICEV mAdc
(VCEV = Rated Value, VBE(off) = 1.5 Vdc) - - 0.25
(VCEV = Rated Value, VBE(off) = 1.5 Vdc, T¢ = 100°C - - 25
Emitter Cutoff Current IEBO mAdc
(VEB=8.0V, Ic=0) - - 175
ON CHARACTERISTICS (1)
DC Current Gain hFE —
(lc=2 Adc, Vce =5 V) 30 - -
Collector-Emitter Saturation Voltage VCE(sat) Vdc
(lc =5 Adc, Ip = 0.25 Adc) - — 2.0
(Ic =8 Adc, Ip = 1 Adc) - — 3.0
(Ic =5 Adc, Ip = 0.25 Adc, T¢ = 100°C) - - 25
Base-Emitter Saturation Voltage VBE(sat) Vdc
(Ic =5 Adc, Ip =0.25 Adc) - - 25
(Ic =5 Adc, Ip = 0.25 Adc, T¢ = 100°C) - - 25
Diode Forward Voltage V¢ Vdc
(IF =5 Adc) - - 4.0
SWITCHING CHARACTERISTICS
Inductive Load, Clamped )
Storage Time ts - 0.75 - us
(lc=5A,1by =0.25 A, Vbe(off) =5 V)
Fall Time tf - 0.10 - us

(1) Pulse Test: PW = 300 us, Duty Cycle < 2%

+ V=20V

Ls40pH

w-T}

RC=50ps

sV i.e.Re470,Cxipf Ve LAMP=RATED VCEx

SWITCHING TIMES TEST CIRCUIT
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g @ MOTOROLA BUT 51P

ADVANCE INFORMATION
15 AMPERES
. NPN SILICON
POWER DARLINGTON
SWITCHMODE* SERIES TRANSISTORS
NPN SILICON POWER DARLINGTON TRANSISTORS 500 VOLTS-Veso(sus)
100 WATTS
The BUT51P darlington transistor is designed for high-voltage, 850 VOLTS —Vces
high-speed, power switching in inductive circuits where fall time is
critical. It is particularly suited for line operated switch-mode appli-
cations such as :
—
® Switching Regulators ’
® |nverters
® Solenoid and Relay Drivers T
® Motor Controls
® Deflection Circuits ~100 ~15 |
MAXIMUM RATINGS
C —

Rating Symbol BUT51P Unit -TIE ° 1
Collector-Emiter Voltage VCEO(sus) 500 Vdc i r@
Collector-Emitter Voltage VCEX(sus) 850 Vdc . - T
Collector-Emitter Voltage VCEV 850 Vdc l NI
Emitter Base Voltage VEB 8 Vdc | [
Collector Current — Continuous Ic 15 Adc X

— Peak (1) Icm 25 / i.
Base Current — Continuous B 25 Adc " Ry
— Peak (1) 1BM 5 —;t o=
Free Wheel Diode : Adc
Forward Current — continous IF 15 smer
— peak IEM 25 :ﬁ caLecron
Total Power Dissipation @ Tc=25°C Pp 125 Watts + couscron
@Tc=100°C 50 TR _noiE
Derate above 25°C 1 W/°C (% [ooiT oo oo aes
Operating and Storage Junction TJ, Tstg -65 to + 150 °c AR BT IaT
Temperature Range o = T
5. 12 | 0208 | 0.22%
320 | 0095 ] 6.1
THERMAL CHARACTERISTICS e T e
Characteristic Symbol Max Unit :“"%f? IRl e
(a3 [ois [eis] Sims
Thermal Resistance, Junction to Case RgJC 1 °cwW
Case 340-01
(1) Pulse Test: Pulse Width = 5 ms, Duty Cycle < 10%. TO-218AC
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= BUT'S1 P
T
ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted)
Characteristic l Symbol l Min I Typ l Max l Unit J
OFF CHARACTERISTICS
Collector-Emitter Sustaining Voltage VCEO(sus) Vdc
(lc=100mA, Ig=0) 500 - -
Collector Cutoff Current ICEV mAdc
(VCEV = Rated Value, VBE(off) = 1.5 Vdc) . 0.25 - -
(VCEV = Rated Value, VBE(off) = 1.6 Vdc, TC = 100°C 25 - -
Emitter Cutoff Current IEBO mAdc
(VEg=8.0V,Ic=0) - - 175
ON CHARACTERISTICS ()
DC Current Gain hEE —
(Ilc=5 Adc, Vee=5V) 40 — _
Collector-Emitter Saturation Voltage VCE(sat) Vdc
(e = 10 Adc, Ip = 0.5 Adc) - - 20
(Ic = 15 Adc, lp = 1.5 Adc) - - 3.0
(I = 10 Adc, Ip = 0.55 Adc, T¢ = 100°C) - - 25
Base-Emitter Saturation Voltage VBE(sat) - Vdc
(Ic = 10 Adc, Ip = 0.5 Adc) - - 25
(1c =10 Adc, Ip = 0.55 Adc, T¢ = 100°C) - - 25
Diode Forward Voltage V¥ Vdc
(g = 10 Adc) - - 4.0
SWITCHING CHARACTERISTICS
Inductive Load, Clamped
Storage Time t - 11 - us
(lc=10 A, Ib =05 A, Vbe(off) =5 V) s
Fall Time tf - 0.16 - us

(1) Pulse Test: PW = 300 us, Duty Cycle <2%

+veg =20V
V ADJUST

Ls40pH

RC=50ps l

-V i.e.R:470,Co1pf Ve LAMPsRATED VX

SWITCHING TIMES TEST CIRCUIT
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