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sl esigner’s DataSheet 25, 50, and 100 AMPERE
NPN SILICON

POWER DARLINGTON

- 25 kVA ENERGY MANAGEMENT SERIES
SWITCHMODE DARLINGTON TRANSISTORS 260 EZ)AN?:;I?/?)LTs
25, 50 and 100 Ampere Operating Current ' 253'\‘NA1'rs

These Darlington transistors are designed for industrial service
under practical operating environments requiring fast switching
speed for highly efficient systems operating at high frequency
such as inverters, PWM controllers and other high frequency sys- Designer’s Data for
tems operating from 120, 230 and 460 V lines. “Worst-Case” Conditions

The Designer's Data Sheet permits the design
of most circuits entirely from the information
presented. Limit data — representing device
characteristics boundaries — are given to facil-

EMITTER itate “worst-case” design.
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*Emitter-Collector Diode is a fast recovery high power diode. HOTES:
Note: The 8 ohm resistor s not included in the MJ10044 and MJ10047. 1. DIMENSIONS A AND B ARE DATUMS AND
T ISBOTH A DATUM SURFACE AND
SEATING PLANE.
MAXIMUM RATINGS 2. POSITIONAL TOLERANCE FOR MOUNTING
. HOLES:
Mechanical Ratings [4]gozsponET[A@[:@]
Rating Value Unit 3. DIMENSIONING AND TOLERANCING PER
N ANSI Y14.5,1982,
Mounting Torque (To heat sink with 6-32 Screw) 8.0 in-tb 4, CONTROLLING DIMENSION: INCH
(Note 1) EXCEPT FOR METRICALLY THREADED
ote INSERTS.
Lea;‘i Torzque {Lead to bus with 5 mm Screw) 20 in.-ib ALLMETERS] INCHES
{Note 2} DM MIN | MAX | MIN | MAX
Per Unit Weight 41 grams LA [39.11 14013 11.540 }1.580
. 3393 [34.95 {1.336 |1.376
THERMAL CHARACTERISTICS 1€ ~ 12032 | - 800
D {068 | 083 {0027 {0033
[ Thermal Resistance, Junction to Case, Rgjc 0.5 1 °CW B30 | @ a; 0321 10347
a4 | — 10478
Mica Insulators available as sep items. C 1.168 BSC
0.003" thick. Motorola Part Number 14CSB123878003. [1 0200 BSC
[ 1037 10043
Notes: - .000
1. A Belleville washer of 0.2817 0.D., 0.138" 1.D., 0.013" thick and 43 pounds flat [ 130
is recommended. 685
2. The maximum penetration of the screw should be limited to 0.50". 163
3. To adapt the collector and emitter inals to quick inals, AMP 35 0230 ¢ ;g—g
260 Series Faston tab P/N 61499-1 is suggested. M5 8 (METRICTHRD) |
4, The mounting holes of this package are compatible with T0-204 {formerly [V | 127 [ 1.62 [0.050 [0060
T0-3) mounting holes. |W | 468 | 485 {0185 [0191 |
[X_[ 3016BSC | 1.187BSC
CASE 353-01
3-729 '
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MAXIMUM RATINGS (Continued) (T¢ = 25°C unless otherwise noted.)

Rating Symbol MJ10041 MJ10044 MJ10047 Unit
Collector-Emitter Voltage {lg = 0) VCEO 850 450 250 Vde
Collector-Emitter Voitage (Rgg = 10 Ohms) VCER 900 500 300 Vde
Collector-Base Voltage vece 900 600 300 Vdc
Emitter-Base Voltage VEB 8.0 Vde
Collector Current — Operating (Tc = 115°C) | Ic(op) 25 -— -— A
(Tg = 85°C) - 50 —
(Tg = 85°C) —_ - 100*
Collector Current — Continuous e 376 75 100 A
— Peak Repetitive 75 150 300
— Peak Nonrepetitive 126 250 500
Base Current — Continuous Ig 25 A
— Peak Nonrepstitive 50
Total Device Dissipation Pp 250 Watts
Derate above Tg = 25°C 2.0 wrc
For 1-minute overload 333 Watts
Operating Junction and Storage Temperature Range TJ: Tstg -55to +160 °C
For 1-minute overload -55 to 200

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

r Characteristic l Symbol | Min Max Unit
OFF CHARACTERISTICS
Collector-Emitter Sustaining Voltage (1) VCEO(sus) vde
(ic = 126 mAdc) MJ10041 850 —
MJ10044 450 —
.. MJ10047 250 —
Collector Cutoff Current Icev mA
. (Vce = Rated Vcg, VBE(off) = 1.5 Vdc) - 2.0
: (Vcg = Rated Vg, VBE(off) = 1.8 Vde, Tc = 160°C) — 10
Collector Cutoff Current ICER - 10 mA
(Vcg = Rated VceR, RBe = 10 (), Tg = 100°C)
Emitter Cutoff Current IEBO mA
{VEB = 4.0 Vdc, ic = 0) MJ10041 —_ 500
MJ10044 —_ 2.5
MJ10047
SAFE OPERATING AREA
Second Breakdown Collector Current with Base Forward-Biased FBSOA See Figures 32, 34 & 36
Clamped Inductive SOA with Base Reverse-Biased RBSOA See Figures 33, 35 & 37
Overload Safe Operating Area OLSOA See Figures 38, 39, 40, 41, 42 & 43
DYNAMIC CHARACTERISTICS
Output Capacitance Cob - 2000 pF
(Vo = 10 Vde, Ig = 0, frest = 1.0 kHz)

(1) Pulse Test. Pulse width of 300 us, duty cycle < 2.0%.
*This rating is with a 50% duty cycle, and is limited by power dissipation. Higher operating currents are allowable at lower duty cycles.

3-730
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ELECTRICAL CHARACTERISTICS (Continued) (Tc = 256°C unless otherwise noted.}

l Characteristic i Symbol l Min Max Unit
ON CHARACTERISTICS (1)
MJ10041
DC Current Gain hgg
(Ic = 25 Adc, Vgg = 5.0 Vdc) 25 - -
{Ig = 25 Adc, Vcg = 10 Vdc) 40 —
Collector-Emitter Saturation Voltage VCE(sat) Vdc
{Ic = 25 Adc, Ig = 2.0 Adc) - 20
{ic = 37.5 Adgc, Ig = 7.5 Adc) - 5.0
{ic = 26 Adc, Ig = 2.0 Adc, T¢ = 100°C) — 25
Base-Emitter Saturation Volitage - VBE(sat) - Vde
(Ilc = 25 Adc, Ig = 2.0 Adc) - 3.0
(ic = 25 Adc, Ig = 2.0 Ade, Tg = 100°C) - 3.0
MJ10044
DC Current Gain hre
{Ic = 50 Adc, Vcg = 5.0 Vdc) T 50 —
{lc = 50 Adc, VG = 10 Vdc) 60 —
Collector-Emitter Saturation Voltage VCE(sat) Vde
{lc = 50 Adc, Ig = 1.67 Adc) - 2.0
(ic = 75 Ade, Ig = 6.0 Adc) - 3.3
(ic = 50 Adc, Ig = 1.67 Adc, T¢c = 100°C) — 2.5
Base-Emitter Saturation Voltage VBE(sat) Vde
(lc = 50 Adc, Ig = 1.67 Adc) - 3.0
{Ic = 50 Adc, Ig = 1.67 Adc, T¢ = 100°C) — 3.0
MJ10047
DC Current Gain hge
{ic = 100 Adc, Vcg = 5.0 Vdc) 75 -
{ic = 100 Adc, Vcg = 10 Vdc) 90 —
Collector-Emitter Saturation Voltage VCE(sat) Vdc
, {ic = 100 Adc, ig = 2.76 Adc) - 2.0
N {lc = 100 Adc, Ig = 2.75 Adc, Tg = 100°C) — 25
Base-Emitter Saturation Voltage VBE(sat) Vde
{lc = 100 Adc, Ig = 2.76 Adc} - 35
{Ic = 100 Adg, Ig = 2.75 Adc, Tg = 100°C) - 3.5

{1) Pulse Test: Pulse width of 300 us, duty cycle < 2.0%.

ELECTRICAL CHARACTERISTICS (Continued) (T¢ = 25°C unless otherwise noted.)
I Characteristic l Symbol | Min Typ Max Unit j
SWITCHING CHARACTERISTICS

'
!
H

MJ10041
Resistive Load
Delay Time t4 — 0.03 0.25 us
Rise Time S/CC = 300 ‘édglv'c = 255(’;' B = 25A, t — 1.2 5.0
B =50V, ty =50 ps,
Storage Time DutEy(%i;i)le < 2.0%) P tg —_ 3.3 10
¢ Fall Time tf —_ 1.5 5.0
{nductive Load, Clamped
Storage Time flcm = 265 A, T = 100°C tsy — 5.0 15 s
Crossover Time | Vegp = 300 V, te — 3.0 10
Storage Time VBE(OFF) = 5.0V, _ op t — 35 10
Igy = 25 A) Ty =25°C Y
Crossover Time te — 1.5 5.0
3-731
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r _ Characteristic Symbol Min | Typ Max | Unit I
SWITCHING CHARACTERISTICS
MJ10044
Resistive Load
Delay Time td —_ 0.03 0.26 HS
Rise Time S’CC = 260 ‘;doc:v'c = 5‘;6‘\' lg1 = 1.67 A, tr - 09 3.0
=50V, ty = 3
Storage Time DEtEy(%';i)le < 2.0%) P ks ts — 1.5 38
Fall Time t§ — 0.4 1.3
inductive Load, Clamped
Storage 'ﬁmfz licm = 50 A, Ty = 100°C tsy -— 2.5 7.5 us
Crossover Time | Voppm = 250V, . tc —_ 0.8 3.0
Storage Time :’BE(OI;FS)7=A5-° V. T) = 25°%C tey - 1.5 3.8
Crossover Time | B1 " ! te — 0.5 1.5
MJ10047
Resistive Load
Delay Time td — 0.035 0.25 us
Rise Time {Vge = 180 Vde, Ig = 100 A, g = 2.75 A, t — 12 4.0
VBE(OFF) = 50V, tp = 80 us,
Storage Time Duty Cycle =< 2.0%) ts —_ 14 4.0
Fall Time % —_ 0.256 1.0
tnductive Load, Clamped
Storage Time (icp = 100 A, Ty = 100°C tsv —_ 2.8 8.0 us
Crossover Time | vogp = 150 V, tc _ 14 4.0
Storage Time | VBE(OFF) = 50V, _ oge t - 2.2 6.5
—— gy = 2.76 A} Ty =25C ~
Crossover Time te - 1.0 3.0
C-E DIODE CHARACTERISTICS
Power Dissipation {Ig = 0) Pp — —_ 125 w
Single Cycle Surge Current (60 Hz) lESM — — 250 Apk
Forward Voltage {1) VEF Vde
(Ig = 25 Adc) MJ10041 _ 27 5.0
{IF = 60 Adc) MJ10044 - 17 5.0
(IF = 100 Adc) MJ10047 —_ 2.5 5.0
Reverse Recovery Time trr us
{If = 25 Adc, di/dt = 25 Alus) MJ10041 _ 0.2 1.0
(IF = 50 Adc, di/dt = 50 Alus) MJ10044 —_ 0.4 1.0
{lg = 100 Adc, di/dt = 100 Alps) MJ10047 - 0.4 1.0
Reverse Recovery Current IRM(rec) A
(Ilf = 26 A, dirdt = 25 Alps) MJ10041 —_ 35 125
(i = 50 A, di/dt = 50 A/us) MJ10044 - 10 25
{tg = 100 A, di/dt = 100 Aps) MJ10047 — 25 50
Forward Turn-On Time (Compliance Voltage = 250 V) ton us
(g = 26 Adc) MJ10041 Lt 0.1 1.0
(If = 50 Adc) MJ10044 —_ 0.1 0.5
{lg = 100 Adc) MJ10047 — 0.4 1.0
(1) Putse Test; Pulse width of 300 us, duty cycle < 2.0%.
3-732
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TYPICAL ELECTRICAL CHARACTERISTICS
MJ10041
FIGURE 1 — DC CURRENT GAIN FIGURE 2 — DC CURRENT GAIN
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FIGURE 3 — DC CURRENT GAIN FIGURE 4 — DC CURRENT GAIN
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FIGURE 5 — DC CURRENT GAIN FIGURE 6 — DC CURRENT GAIN
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TYPICAL ELECTRICAL CHARACTERISTICS (continued)

MJ10041
FIGURE 7 — DC CURRENT GAIN FIGURE 8 — COLLECTOR SATURATION VOLTAGE
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FIGURE 9 — DC CURRENT GAIN FIGURE 10 — COLLECTOR SATURATION REGION
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FIGURE 11 — DC CURRENT GAIN FIGURE 12 — COLLECTOR SATURATION REGION
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TYPICAL ELECTRICAL CHARACTERISTICS (continued)
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MJ10041
FIGURE 13 — BASE-EMITTER SATURATION VOLTAGE FIGURE 14 — PEAK REVERSE BASE CURRENT
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MJ10044
FIGURE 15 — BASE-EMITTER SATURATION VOLTAGE FIGURE 18 — PEAK REVERSE BASE CURRENT
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MJ10047
FIGURE 17 — BASE-EMITTER SATURATION VOLTAGE FIGURE 18 — PEAK REVERSE BASE CURRENT
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TYPICAL ELECTRICAL CHARACTERISTICS (continued) i

MJ10041
RGURE 19 — TYPICAL INDUCTIVE SWITCHING TIMES FIGURE 20 — TYPICAL TURN-ON SWITCHING TIMES
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FIGURE 21 — TYPICAL INDUCTIVE SWITCHING TIMES FIGURE 22 — TYPICAL TURN-ON SWITCHING TIMES .
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i MJ10047
i FIGURE 23 — TYPICAL INDUCTIVE SWITCHING TIMES FIGURE 24 — TYPICAL TURN-ON SWITCHING TIMES
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TYPICAL ELECTRICAL CHARACTERISTICS (continued)

FIGURE 25 — TYPICAL TURN-OFF SWITCHING TIMES

FIGURE 26 — EMITTER-COLLECTOR DIODE

MJ10041 FORWARD VOLTAGE
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FIGURE 27 — TV G TIMES FIGURE 28 — POWER DERATING
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FIGURE 29 — TYPICAL TURN-OFF SWITCHING TIMES
MJ10047
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TABLE 1 — TEST CONDITIONS FOR DYNAMIC PERFORMANCE

VCEO{sus) RBSOA AND INDUCTIVE SWITCHING e
o TURAN ON TIME
00 DRIVER SCHEMATIC T30V 1
> AA—P—o 1 2000
S0V For inductive loads pulsa width Ry Adiut BRI 2
0 Is adjusted to obtaln specified Ic 0.1uE 508 25 V) deslred gy 181
; — I T N T Al
= = abtain the forca
500 - = 3
§ N I I - a2 ilr MTM12N08 he deslred
r TURN-OFF TIME
PW varied to Attain LA LR WA FTRYY H Use inductive switching
Ic = 126 mA e - 01 circuit as tha input to
- 2 the resistive test circuit.
o0 I
9 | Leoll = 10mH Vee = 10V = Vee = 15010300V
a Rgoll = 0700 Leoit = 5.0 uH - Pulss Width = 60 us
£ [ Vetamp = VceO{sus) Vee =20V Adjust Ry for Icpm
INDUCTIVE TEST CIRCUIT OUTPUT WAVEFORMS RESISTIVE TEST CIRCUIT
- 11 Adjusted to
- Obtain I
'C 1_—
I?/ \T— qCumped | _ Legi lcw)
| R Vee
=ty = g Lol )
T V,
Ve VCEM \7 e
clam, o
s i N Test Equipment

Detalfed Conditions | Velamp =
T
2 = 6Rs

010 Time [—lz ] Scope — Tektronix

475 or Equivalent

*Adjust — V such that Vgg(otf) =5 O V except as required for RBSOA.

SWITCHING TIMES NOTE

In resistive switching circuits, rise, fall, and storage form is shown in Figure 30 to aid on the visual identity
times have been defined and apply to both current and of these terms.
voltage waveforms since they are in phase. However, For the designer, there is minimal switching loss dur-
for inductive loads which are common to SWITCH- ing storage time and the predominant switching power
MODE power supplies and motor controls, current and losses occur during the crossover interval and can be
voltage waveforms are not in phase. Therefore, sepa- obtained using the standard equation from AN-222A:
rate measurements must be made on each waveform PswT = %2 Veclolte)f

to determine the total switching time. For this reason,

the following new terms have been defined. In general, tyy, + tfj=ts. However, at lower test currents

this relationship may not be valid.

tgy = Voltage Storage Time, 90% Ig1 to 10% As is common with most switching transistors, resis-
VCEM . . . tive switching is specified at 25°C and has become a
try = Voitage Rise Time, 10‘9(‘)’/"VCEM benchmark for designers. However, for designers of
tfi = Current Fall Time, 90-10% Icm high frequency converter circuits, the user-oriented
tyj = Current Tail, 10-2% icm N specifications which make this a “SWITCHMODE" tran-
tc = Crossover Time, 10% VCEM to 10% Icm sistor are the inductive switching speeds {t; and tgy)
An enlarged portion of the inductive switching wave- which are guaranteed at 100°C.
FIGURE 30 — INDUCTIVE SWITCHING MEASUREMENTS . FIGURE 31 ~— THERMAL RESPONSE
T T 210 =z
o ..\“/c:u AVetamp z B 0 SEHH
// | } § 1 i AL
1 0% Voem JI\S0% om 2 n-]oli it I L (1]
. ¢~ v Wy =t 1 =] 2 0’0_0‘0 SEini== E I__
e % =T } ﬁr i 3 '-_lll';
812t AT Bi it RN LR
= Ht it it~
Ver —ovoen | t=k & ooifagcin = fguc :
s 0% g1 oM T Zic £ BgJC = 0.5 °C/W Max
] D Curves Apply for Power Pulse Train Shown
\ -4-\]--4--4--4--4= 2 Read Time @ 4 1
N T g Tytpk) = ¢ = Ploiy Roctt) .
= g 07 0.1 10 T} 100 1000
1, TIME {ms)
TIME
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SAFE OPERATING AREA INFORMATION

MJ10041
FIGURE 32 — MAXIMUM RATED FORWARD-BIAS FIGURE 33 — MAXIMUM RATED REVERSE-BIAS
SAFE OPERATING AREA (FBSOA) SAFE OPERATING AREA (RBSOA)
7 " ]
t T HH X s 23
& E%EHE% i HH {Turn-On Switchil _'_ = | I
g i Hi N = 60 T =s10°C 44—
= N MJ10041 ‘ ! ] Iclg=10 |
£ £ & VBE(OFF) = 50V
o =
£ N g -
= 10 : § :
g & : EREY i
3 4 | o i
8 | H + = !
ol - —Current Limit = EEEEE% PSS t
~Thermat Limit @ Tg = 25°C E :
(Single Pulse] ¢ % i 3 \ !
0.01 | -—-Second Breakdown Limit = i 0 I
’ 10 108 1000 10,000 0 100 500 900 1000
VCE, COLLECTOR-EMITTER VOLTAGE {VOLTS] Vge. PEAK COLLECTOR-EMITTER VOLTAGE (VOLTS}
MJ10044
FIGURE 34 — MAXIMUM RATED FORWARD-BIAS FIGURE 35 — MAXIMUM RATED REVERSE-BIAS
SAFE OPERATING AREA (FBSOA) SAFE OPERATING AREA (RBSOA)
1800 ==== ====ccci 160
= wnys o ‘Z
g {Tuin-On patch E 125
< 100 + E Ty < 100°C
] : ] lolg=20
g & wEis % 100 VBE(OFF) = 50V
a 1 b d \ o<
= 10 ¢ i g n
5 i e E
! = HHHHK S 50
5 1.0k Current Limit H S
- == = Thermal Limit @ Tg = 25°C g
{Single Pulse} } N H
mem Second Breakdown Limit T =
0.1 [ LiTT] e ST ERENTE 0
10 20 50 10 20 50 100 300 500 1000 0 100 200 300 200 500 500
VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) VgE. PEAK COLLECTOR-EMITTER VOLTAGE (VOLTS) ;
MJ10047 \
FIGURE 36 — MAXIMUM RATED FORWARD-BIAS FIGURE 37 — MAXIMUM RATED REVERSE-BIAS $
SAFE OPERATING AREA (FBSOA) SAFE OPERATING AREA (RBSOA) l
300l T e T 30ul T i
Z 100 Turn-On Swil \ 5 T<10C !
£ £ 250  lelg=125
E_ § N < VBE(OFF) = 50V |
£ i i g 2uur
g e g
= VL = l
=1 de S 150 '
5 N B
Z 0 g \
8 «==Current Limi 8 100 \ i
o = = =Thermal Limit @ T, = 25°C -
{Single Pulss} & g
0.1 Second Braskdown Limit ] ¢
£ T - I
DDO.I 1.8 10 100 1000 0 50 100 150 200 25 300 !
VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) Vge. PEAK COLLECTOR-EMITTER VOLTAGE (VOLTS) '
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OVERLOAD CHARACTERISTICS

MJ10041
FIGURE 38 — OVERLOAD SAFE OPERATING AREA FIGURE 39 — OVERLOAD SAFE OPERATING AREA
TYPE { (OLSOA) TYPE Ii {OLSOA}
126 } ll \ - 5.0 - ! !
g 100 }— Tg = 25°C \& 40 - Tg=25°C
(2]
< a
= -]
& 15 = 30
= =
: \\ tp= 50 ps ‘g
g2 50 L o 20
- S \\\ 15 =10 us 7]
g \Z e %
> 25 \ 7'?‘2‘““ <10 tp=60us
\\2 | 1 =20 ps o | |
0 ol 11 l '
0 200 500 850 1000 0 200 500 850 1000
Vgg. COLLECTOR-EMITTER VOLTAGE (VOLTS) Vg, COLLECTOR-EMITTER VOLTAGE (VOLTS)
C
MJ10044
FIGURE 40 — OVERLOAD SAFE OPERATING AREA FIGURE 41 — OVERLOAD SAFE OPERATING AREA
TYPE | (OLSOA} TYPE Il (OLSOA)
250 \ \ 50 l ‘
T
€ o \ \ | Te = 25°C \
S Y- z |
g 150 T = 28°C \ p= 10 S i
o [ =
3 \ & \ ‘ t, = 50 us
pt € 25 \‘ =l =30 B8
B o NN 2 \
E \§ g \\
o 2 -l
S 50 ™ N & 1p = 20 us> \
, \\ u.; i i
0 100 200 300 400 500 0 100 200 300 400 500
Vgg. COLLECTOR-EMITTER VOLTAGE (VOLTS) Vg, COLLECTOR-EMJTTER VOLTAGE (VOLTS)
MJ10047
FIGURE 42 — OVERLOAD SAFE OPERATING AREA FIGURE 43 — OVERLOAD SAFE OPERATING AREA
TYPE | {OLSOA) TYPE 1l (OLSOA)
500 T I 5.0 I
2 400 Tg = 25°C \ 40 Tg = 25°C
S - \ 7
=4 a.
o \ E
Z 300 = 30
g z
3 tg=5 0 us &
=2
*."'-_E' 200 \\\\/ ! — 2 20
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o N7 E
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0 o | U
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cE
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SAFE OPERATING AREA INFORMATION

FORWARD BIAS

There are two limitations on the power handling abil-
ity of a transitor: average junction temperature and sec-
ond 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 Figures 32, 34, and 36 are based on Tg¢
= 256°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 T¢ = 25°C. Second

breakdown limitations do not derate the same as ther-
mal limitations. Allowable current at the voltages shown
on these figures may be found at any case temperature
by using the appropriate curve on Figure 28,

TJy(pk) may be calculated from the data in Figure 31.
At high case temperatures, thermal limitations will re-
duce the power that can be handled to values less than
the limitations imposed by second breakdown.

REVERSE BIAS

For inductive loads, high voltage and high current
must be sustained simultaneously during turn-off, in
most cases, with the base to emitter junction reverse-
biased. Under these conditions the collector voltage
must be held to a safe level at or below a specific value
of collactor current. This can be accomplished by sev-
eral means such as active clamping, RC snubbing, load
line shaping, etc. The safe level for these devices is
specified as Reverse-Bias Safe Operating Area and rep-
resents the voltage-current condition allowable during
reverse-biased turn-off. This rating is verified under
clamped conditions so that the device is never subjected
to an avalanche mode, Figures 33, 35 and 37 give the
RBSOA characteristics.

OVERLOAD SAFE OPERATING AREA

The forward-bias safe operating area {(FBSOA) spec-
ification given in-these figures adequately describes
transistor capability for normal repetitive operation.
When short circuit or fault conditions occur, these tran-
sistor specifications are not always adequate. A speci-
fication called overload safe operating area (OLSOA)
has been developed to describe the transistor’s ability
to survive under fault conditions. OLSOA is specified
under two types of conditions.

TYPE | OLSOA

Type | OLSOA applies when maximum collector cur-
rent is limited and known. A good example is a circuit
where an inductor is inserted between the transistor
and the bus, which limits the rate of rise of collector
current to a known value, If the transistor is then turned
off within a specified amount of time, the magnitude of
collector current is also known. Figures 38, 40 and 42
depict the Type | OLSOA rating for these devices. Max-
imum allowable collector-emitter voitage versus collac-

tor current is plotted for several pulse widths. (Pulse
width is defined as the time lag between the fault con-
dition and the removal of base drive.} Storage time of
the transistor has been factored into the curve. There-
fore, with bus voltage and maximum collector current
known, these figures define the maximum time which
can be allowed for fault detection and shutdown of base
drive.

Type | OLSOA is measured in a common-base circuit
(Figure 44) which allows precise definition of collector-
emitter voltage and collector current. This is the same
circuit that is used to measure forward-bias safe oper-
ating area.

TYPE Il OLSOA

Type li OLSOA applies when maximum collector cur-
rent is not limited by circuit design, but is limited only
by the gain of the transistor, Therefore, collector current
does not appear on the Type Il OLSOA curve. This curve
defines a safe region of operation from the information
that is usually available to the designer.

This information is normally base drive, bus voltage
and time. In terms of the OLSOA curve, bus voltage is
assumed to be worst-case collector-emitter voltage, and
time is defined to be the same pulse width that was
described for Type | OLSOA. Using these variables,
maximum collector-emitter voltage versus base drive
is plotted for several values of pulse width. A safe region
of operation is thus determined by the circuit parame-
ters. Type H OLSOA, as shown in Figures 39, 41 and 43
are measured in the circuit shown in Figure 45, and
measurement is made as follows: Base current is ap-
plied while the collector is open, allowing a highly over-
driven saturated condition. Next, a stiff voltage source
is applied to the collector. The rising voitage at the col-
lector of the transistor triggers a delay function. At the
end of this delay, base drive is removed. The delay time
is the variable on the Type il OLSOA curve. The storage
time of the transistor is thereby factored into the rating.

There are several additional aspects to be considered
regarding OLSOA. The first consideration is that OLSOA
is strictly a NON-REPETITIVE rating. It is intended to
describe the survivability of the transistor during an
accidental overload and is not intended to describe a
stress level which can be sustained indefinitely. The
number of nonrepetitive faults for which OLSOA is de-
fined for these devices is 100 occurrences. Another
factor is the form of turn-off bias. For these devices,
turn-off bias has relatively little effect on its OLSOA
capability. This observation is valid from Ig2 = 0 (soft)
to VBE(off) = 5.0 V (stiff).

OLSOA is subject to the same derating with temper-
ature as normal FBSOA. The second breakdown de-
rating curve is applied to the allowable current at any
given voltage, using the same procedure that is fol-
lowed with pulsed FBSOA.
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Notes:
® Rep Rate < 10 Hz

® Adjust R1 for desired Ig

# Pulse delay time at the
generator determines pulse
width at the device under test
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OVERLOAD SAFE OPERATING TEST CIRCUITS

FIGURE 44 — OVERLOAD SOA TEST CiRCUIT

TYPE | (OLSOA}

VEE 500 yFl = vee

J

500V T
Notes:

® Vee=Vce+ VB
@ Adjust pulsed current source
for desired Ic, 1p

FIGURE 45 — OVERLOAD SOA TEST CIRCUIT

TYPE Il (OLSOA)
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