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applications such as:

Switching Regulators
Inverters

Solenoid and Relay Drivers
Fast Turn-Off Times

o & & 0 0

AC and DC Motor Controls

2.0 uS Inductive Fall Time at 100°C (Typ}
0.8 uS Inductive Storage Time at 100°C {Typ)

@ Operating Temperature Range —65 to 176°C

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

id
L

The BUT 16 Darlington transistor is desigrf;:d for high-voltage,
high-speed, power switching in inductive circuits where fall time is
critical. They are particularly suited for line-operated switchmode

=100 =16 I

12 AMPERES

NPN SILICON
POWER DARLINGTON
TRANSISTORS

1400 VOLTS
150 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.

MAXIMUM RATINGS

Rating Symbol BUT16 Unit
Collector-Emitter Voltage VCEO(sus} 1000 Vdc
Collector-Emitter Voltage Veev 1400 Vde
Emitter Base Voltage VEB 10 Vde
Collector Current Adc
- Continuous ic 12
— Peak{1} Icm 20
Base Current Adc
— Continuous ig 8
— Peak(1} IBm 10
Free Wheel Diode: Adc
Forward current - Continuous g 12
- Peak IEM 20
Total Power Dissipation @ Tg = 25°C Pp 150 Watts
@Tgc = 100°C 75
Derate above 25°C wi°C
Operating and Storage Junction Ty Tstg °C
Temperature Range -65to +175
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermzl Resistance, RO,C °C/W
Junction to Case 1.0
Maximum Lead Temperature T °C
for Soldering Purpose:
1/8” from Case for 5 Seconds 275
{1) Pulse Test. Pulse Width = 5 ms, Duty Cycle & 10%.
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NOTES
1 DIMENSIONS 0 AXD V ARE DATUMS
2 T ) IS SEATING PLAKE AND DATUM
3 POSITIONAL TOLERANCE FOR
MOUNTING HOLE O

Lo (70
DR LEADS

[+ [1num©T [vo 56l

4 DIMENSIOKS AND TOLENANCES PER
ANSLYI4 51973

WILLIMETERS| INCHES
oiM[ MIN | MAX | Win_| MAX
RN EELN e )
2108 0830

535 762 |0750] 0300
097 103 (0038 0043
- a3l -~ 0135
30T585C | _T1078sC
10528SC__|_0A3085C |
BSC_ 0215 85C

16 83BSC_| 0065 85C
18] 1279 0400] 0400
3 QIS0 0155
- | % g Y]
Y] T1%60 0210
i 0150 0165

CASE 1-05 TO-3
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ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted)

B Charactaristic | Symbol | Min Typ [ Max | unit |
OFF CHARACTERISTICS '
Collector-Emitter Sustaining Voltage {Table 1) VCEO(sus) Vde
{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 = 2.0V, IC = O} - - 178 H
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 l
ON CHARACTERISTICS (1) B .
DC Current Gain hFE .
Ic=4A VCE =5V . 20 - - f
(ic = BA, VCE = 6 V) 5 - - '
Collector-Emitter Saturation Voltage VCE(sat) vde t
{ic=12A,18 = 6 A) - - 5.0 !
!
Base-Emitter Saturation Voltage VBE{sat} Vdc
(lc=8A,18=1.6A) - - 3.3
Diode Forward Voltage \' Vdc
{IF =12 A) - - 4.0
SWITCHING CHARACTERISTICS
Inductive Load, Clamped (Table 1)
Storage Time See Table 1 ts - - 3.3 us
= O
Fall Time . Tc =25%¢ ic=8A m - - 15 s
Storage Time IB1 = 1.6 A ts - 2.0 - Hs
- 104
Fall Time Tc = 100°C VBE(off) = 5 V I - 0.8 - 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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TABLE 1 — TEST CONDITIONS FOR DYNAMIC PERFORMANCE

~ oW

VCEO{sus) RBSOA AND INDUCTIVE SWITCHING TEST CIARCUIT
for
son oy FREE-WHEEL
ot l DIODE
13 D12
kS . INGE 1Y
e
g 5V MRU54
g £ uﬂ 220 100 I/a'-‘\nsg
£ g : £500F ] .
o 2 -1 >—1 - D02 DI INAR -t o1 Adery
1. - i 30w 2 107 Adant
2 3w 1} l\mun Foan Adant
BW Vared fo Atrau: 680 LF 100 04
IC - 0CmA ¢ s — MRES4
3% ks ING339
£ 8 [Lecon=10mH vee =10V Leoy 180 uH e T 20
B 3[Reai=0r0 Reail =0 05 Q -
5 $ | Velamp = VCEQIsus) vee=10v
NDUCTIVE TEST CIRCUIT OUTPUT WAVEFORMS
11 Adjusted to
Obtan Ig
w k— tt Clamped "= Leanticmi
§ 2»— 1N4937 . vee
or '
% input Equlvalenll N r—-
5 See Above for 2= Leontlom
4] Deteiled Conditions Vetamp = . Vclamp
o 3 \ vi"‘"“p Test Equipment
2 = 6Rs t Scope  Tektsarux
o1qQ Time = t2=f 475 or Equivalent
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FREE-WHEEL DIODE CHARACTERISTICS

FIGURE 10 — FREE WHEEL DIODE MEASUREMENTS

oM - 25448
T 25 1AM

FIGURE 12 — FORWARD MODULATION VOLTAGE
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FIGURE 14 — FORWARD RECOVERY TIME
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FIGURE 11 — FORWARD VOLTAGE
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The Safe Operating Area figures shown in Figures 16 and 17 SAFE OPERATING AREA INFORMATION
ore speciied for these devices under the test conditions shown.
FIGURE 18 — SAFE OPERATING AREA FORWARD BIAS
© T There are two iimitations on the power handling ability
20 1111 of a transistor: average junction temperature and second
—_ < 1048 breakdown. Safe operating area curves indicate Ic-VCE
e \ 1o \WIU] T limits of the transistor that must be observed for reliable
1 - = "s operation, i.e., the transistor must not be subject to
; ™ grater dissipation than the curves indicate.

The data of Figure 18 is based on Tg = 2B°C; Tj(pk) Is
variable depending on power level. Second breakdown

I, COLLECTOR CURRENT (AMPS)

10 ) pulse limits are valid for duty cycles to 10% but must be
derated when T¢ & 26°C. Second breskdown limitations
05 do not derate the same as thermal limitations. Allowable

current at the voitages shown on Figure 16 may be found
at any case temperature by using the appropriate curve

| N on Figure 18.
01
: ) 5 0 kL) 100 360 1000 TJipk) may be calculated from the data in Figure 5. At
¥eg. COLLECTOR-EMITTER VDLTAGE YOLTSI : 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.
2

4

| T¢ - 25°C

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
Vagiet = 3¥ as active clamping, RC snubbing, load line shaping, etc.
Vet - 5V The safe level for these devices is specified as Reverse
Bias Safe Operating Area and represents the voltage-
current condition allowable during reverse biased turn-
off. This rating is verified under clamped conditions so
that the device is never subjected to an avalanche mode.

[ Figure 17 gives the RBSOA characteristics.
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