SwltchMax Power Transistors

2N6686, 2N6687, 2N6688

25-A SwitchMax
Power Transistors

N-P-N Types for
Power Supplies and Other High-Voltage
Switching Applications

Features:

W High-temperature parameters guaranteed
@ Fast switching speed

B Low Ve (sat)

m Steel hermetic TO-204AA Package

The RCA-2N6686, 2N6687, and 2N6688°® SwitchMax ser-
ies of silicon n-p-n power transistors feature high-voltage
capability, fast switching speeds, and low saturation voit-
ages, together with high safe-operating-area (SOA) rat-
ings. They are specially designed for converters, inver-
ters, pulse-width-modulated regulators and a variety of
power switching circuits. These high-current, high-speed
transistors are 100-per-cent tested for parameters that
are essential to the design of high-power switching cir-
cuits. Switching times, including inductive turn-off time,
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C
( FLANGE

92CS- 27518

JEDEC TO-204AA

and saturation voltages are guaranteed at 125°C as well as
at 25°C, to provide information necessary for worst-case
design.

The 2N6686, 2N6687, and 2N6688 transistors are supplied in
steel JEDEC TO-204AA hermetic packages.

®*Formerly RCA Dev. Type Nos. TA9119A, TA9119B, TA9119C,

respectively.

MAXIMUM RATINGS, Absolute-Maximum Values:

Y/

CEV
VBE= —158V.. ..o
* VGEex(Clamped)

VBE= —158V. ...
o] 7o T P
VEBO : ttvveeivnnnnnneenanannnnnneennns
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*
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Toupto25°C. ...
Tc above 25°C, derate linearly . . ...........
-
. Ptg, I T P

L
At distance > 1/16 in. (1.58 mm) from

seating planefor10smax. ................

* In accordance with JEDEC registration data.
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SwikvhMax Power Transistors

2N6686, 2N6687, 2N6688
ELECTRICAL CHARACTERISTICS T; = 25°C

. TEST CONDITIONS LIMITS
CHARACTERISTIC VOLTAGE CURRENT 2N6686 2N6687 2N6688 UNITS .
Vdec A dc
Vce Vee le Is Min. | Max. | Min. | Max. | Min. Max.
lcev 260 -15 — - — 50 — - — —
280 | -15 — — - - - 50 — —
30 | -15 | — - - - - - — | so | M
leso — -8 0 —_ — 100 — 100 — 100
Veeo(sus)b — — 0.28 0 160 — 180 — 200 — | v
hee 2 — 1a — 30 — 30 — 25 —
2 — 108 — 25 100 25 100 20 80
2 — | 208 — - - — - 15 - -
2 - 258 - 15 — 15 — - —
Vee(sat) — — 208 2 — - — — — 18
— - 258 25 — 1.8 — 1.8 — —
Vee(sat) — — 208 2 — — — — — 15
— — 258 25 - 1.5 — 1.5 — — v
VCEXb
(Clamped Esys)
L = 25 4, — -4 25 3 210 — 230 — 250 —
Res=10Q
Is 18 — 1.1 — 1 — 1 — 1 — s
[e] 10 — 1 — 4 20 4 20 4 20 -
=5 MHz
fr 10 — 1 - 20 100 20 100 20 100 [ MHz
Covo
f- 01 MH2 10¢ — - - 300 | 650 | 300 | 650 | 300 | 650 pF
tod — -4 20 2 — — - — — 0.1
— -4 25 25 — 0.1 — 0.1 — -
td - -4 20 2 - — — - — 0.60
- -4 25 2.5 — 0.60 - 0.60 — —
tod - -4 20 2e — - — — — 1.50
— -4 25 2.5¢ — 1.50 - 1.50 — —
td — | 4 | 20 | 22 | = — | = | = = Jom] ™
— -4 25 2.5¢ — 0.25 — 0.25 - —
te Vec=80V,
L=25uH,Rc<40, — -4 20 3e - — — — — 05
Coliector clamped — -4 25 3e - 0.5 — 0.5 — —
to Veex
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SwitehAMax Power Transistors

2N6686, 2N6687, 2N6688
ELECTRICAL CHARACTERISTICS (cont’d)
TEST CONDITIONS LIMITS
CHARAC- VOLTAGE |CURRENT
TERISTIC Vdc A dc 2N6686 2N6687 2N6688 UNITS
. VeE |VBE Ic | g Min.l Max. | Min. | Max. | Min. [ Max.
Tc=125C
260 | —-1.5 — 0.5 - - — -
* IcEV 280 -1.5 — - - 05 — — mA
300|-1.5 — - - - — 05
202 2 - - - — - 1.5
*
Veelsat) malos | | 15| = | 15| -| - v
20 2| - - - - - 0.8
* —
trd 41 |25 | - | o8| -| o8| - | -
20 2 - - - - - 25
* —
tsd 415 |2se|l = | 25| - | 28| - | - us
20 2 - - - - - 0.8
* —
ted 4125 |2sel —| o8| - | o8| -| -
* tC
Vce=80V,
L=25uH, —al20 | 3¢ -] - -l - ~| os
Rc<4Q, 4l | 3¢l | o8| -| o8| -} -
Collector
Clamped to
VCEX v
*WJC [ 10] [ 5 [ - | 0875] - [o875 [ -To®™ [Tew ]
* |n accordance with JEDEC registration data. c VCB value.
a pyised: pulse duration = 300 us, duty factor < 2%. d VCC =80V, ‘p =20 us
b CAUTION: The sustaining voltage VCEO(sus) and Veogx e |B1 = _|82 v

MUST NOT be measured on a curve tracer.
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COLLECTOR-TO-EMITTER VOLTAGE (Vgg)—V 92CM-31451
Fig. 1-Maximum operating areas for all types (Tc = 25°C).
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Fig.

SwitchMax Power Transistors

2N6686, 2N6687, 2N6688
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. SwitehMax Power Transistors

2N6686, 2N6687, 2N6688

CLAMPED TURN-OFF TIME (tg) — us

Fig. 8 — Typical output characteristics for all types.
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Fig. 9 — Typical clamped turn-off time characteristics for all

Fig. 10 — Typical saturated-switching-time characteristics as a
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function of collector current for all types.
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types.
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Fig. 11 — Typical saturated-switching-time characteristics at Tc =

125°C as a function of collector current for all types.

Fig. 12 — Typical common-base input (Civo) Or output ( Cobo)
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Fig. 13 — Maximum operating conditions for switching between
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2N6686, 2N6687, 2N6688
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Fig. 16 — Circuit for measuring switching times.
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High-Speed Power Transistors

2N6702, 2N6703, 2N6704

High-Current, Silicon N-P-N
VERSAWATT Transistors

Switching Applications

Features:

® Fast switching speed at temperatures up to 125°C
® Low Vce(sat)

» VERSAWATT plastic package

RCA-2N6702, 2N6703, and 2N6704° epitaxial-base silicon
n-p-n power transistors which feature fast switching speeds,
low saturation voltages, and high safe-operating-area (SOA)
ratings. They are specially designed for converters, in-
verters, pulse-width-modulated regulators and a variety of
power switching circuits.

The 2N6702, 2N6703, and 2N6704 transistors are supplied
in the JEDEC TO-220AB (RCA VERSAWATT) plastic
packages.

*Formerly RCA Dev. Type Nos. TA9164A, TA9164B, TA9164C,
respectively.

MAXIMUM RATINGS, Absolute-Maximum Values:

.

LI - 32 @
Tc above 25°C Derate Linearly

At distance = 1/8 in. (3.16 mm) from seating plane for 10 s max. ...

*In accordance with JEDEC registration data.
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High Speed Power Transistors

2N6702, 2N6703, 2N6704

ELECTRICAL CHARACTERISTICS, at Case Temperature T = 25°C Unless Otherwise

Specified
TEST CONDITIONS LIMITS
CHARAC- VOLTAGE | CURRENT
TERISTIC V de Adc 2N6702 | 2N6703 [ 2N6704 [UNITS
Veel VBe | Ic Ig |Min. | Max.|Min.| Max.|Min. |Max.
140 [-1.5 —|wof -} - -|-
IcEV 160 [-1.5 -l -1 =f100]=-}=-1 ua
180 |-1.5 - - -[-1= 1100
140 | -1.5 - 1l-1-1-1-
Tc=125°C 160 [-1.5 -1 -1~ 1 - |-
180 | -1.5 -l -1-1-=-1= 1| mA
IEBO -7] 0 — [100] - | 100 = 100] pua
Veeolsusib o.01a | o |90 [ — [110| — |130] - v
2 0.2 30 | — [30f - | 30] -
hgg 2 4a - -1-1- 20| —
2 58 20 20| - |- |-
alos - - |- -1|-114
VaE(sat sa o5 | — |15/~ 18] - |-
4a o4 |- - |- -|-1]o07] V
Vcglsat) 5a [05 | — | 08] - | 08] - | -
7a 07 | — | 15| - | 15| - | 15
Is/b 20 2.5 1| - -1 1]~ s
Ihel 10 05 10 | 40| 10| 40| 10] 40
f=5MHz
fr 10 0.5 50 | 200 50 | 200 | 501|200 | MHz
002101MHZ 10¢ 50 | 150 | 50 [ 150 | 50| 150 | pF
4 Jloa|-|-|-|-1|~- |01
d _
'd 4 5 o5 |- |oa]-]o1|- |-
od al 404 =-{- |- |0
r 5 |05 | — |025] — 025| — | — |
4 Joge| — | - |- - |- 1
d _
s 5 lose| - | 1|-| 1|- |-
4 Joge| — [ - [- |- |~ |05
d _
f ] 5 lose| - |os)—|os5]{- |-
RoJc 4 5 - |25]-f25]- |25|°Ccw
* In accordance with JEDEC registration data. € Vcp value.

8 Pulsed: pulse duration = 300 us, duty factor < 2%.

b CAUTION: The sustaining voltage Vg (sus) MUST NOT

be measured,on-a curve tracer.

dVee =70V, 15 =20 us

°lg, = ~Ig,
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High-Speed Power Transistors

2N6702, 2N6703, 2N6704
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High-Speed Power Transistors

2N6702, 2N6703, 2N6704

" 92cs-31841

Fig. 7 — Typical base-to-emitter saturation
voltage characteristic for all types.

Fig. 8 — Typical smali-signal forward-current transfer ratio

§ 10g
3 2
]
52 &
[} -
85 w
I3 '&' o L1
= z
= O >s .‘3 e
3% ® 6
Sz 2 s
B3] & 7
se SHH 2
e 0 AEEy
25 75 »
3.@ S 765 o A
2 %» |5 o7
§'5 . wo, ///
= K9 @
85 v g
2 H 19 [
2 HH 0.0
0o 25 75 100 125 150 175 200 6 4 2 4
CASE TEMPERATURE (T¢)—°C 92CS-31837 0.001 0.01 PULSE w]gilu (rp)—s chs_ala“ [
Fig. 3 — Dissipation and I g /b derating curves for Fig. 4 — Typical thermal-resp h istic
all types. for all types.
4[COLLECTOR-TO-EMITTER VOLTAGE (Vgg) =2V
— N 1g=Ic/I0
ol .
‘:_a e TEMPERATU o
- (Tg)=25°C Sy L
o \0 -~ Kvgus
E © 2 TesC,

100 —— N P Ve, 1
-2 ~a0°C o BSOS D H
« ‘\\ z 'S =
w ¢ w X3
w N x 8 Q¢
5 N\ £ 35S
z 4 - R o <
x x 6 T
= , 13
o
2 2.

5 e g
x 8 M
2 2 T
o 10 mai insa, ue
e 8 TTTTITT H
. 0O 02 04 06 08 | 12 14 16
2 g 2 g 2 COLLECTOR-TO-EMITTER SATURATION VOLTAGE [ch(sm)]—v
0.1 [ 10
COLLECTOR CURRENT (Ic)—A s2¢5-si80m 92CS-31840
Fig. 5 — Typical dc beta characteristics for all Fig. 6 — Typical cell, to-emitter saturati
types. voltage characteristics for all types.
HECREAG CASE TEMPERATURE (T( ) =25°C
COLLECTOR - TO- EMITTER VOLTAGE (Vg)=10V
o -l 35| FREQUENCY (1)=5MHz
Z 171 ] TJIT T

< S T T

L 30 T T

.:’ 4 7 = ot '

c e / 25

5 2 Y S

@ \"/ e

3 KY 20|

. ! wf 5

o« 8 &

- 5/ s

g &

g 4 é © 10| {1

© IR .

2 =5
W )
@ <
S =
0.1 < o
0 0.4 08 12 1.6 2 0.2 06 0.
BASE-TO-EMITTER SATURATION VOLTAGE [Vpglsati]-v COLLECTOR CURRENT (I¢)-A  opcs-31842

characteristic for all types (f = 5 MHz).

1.2

149



High-Speed Power Transistors

2N6702, 2N6703, 2N6704
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Fig. 13 — Circuit for measuring switching times.
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ShellehbMiax Power Transistors

2N6738, 2N6739, 2N6740

5-A SwilchMax
Power Transistors

High-Voltage N-P-N Types for Off-Line
Power Supplies and Other High-Voltage
Switching Applications

Features:

m High-temperature parameters guaranteed

® Fast switching speed

m High voltage ratings:
Vcex =350 V to 450 V

| Low Vce(sat)atic=5A

® VERSAWATT package

Applications:

The RCA 2N6738 and 2N6739 and 2N6740® SwitchMax
series of silicon n-p-n power transistors feature high-
voltage capability, fast switching speeds, and low saturation
voltages, together with high safe-operating-area (SOA)
ratings. They are specially designed for off-line power
supplies and are also well suited for use in a wide range of
inverter or converter circuits and pulse-width-modulated
regulators. These high-voltage, high-speed transistors are

*Formerly RCA Dev. Type Nos. TA9141A, TA9141B, and TA9141C,
respectively.

8 Off-line power supplies
B High-voltage inverters
® Switching regulators

File Number 1291

TERMINAL DESIGNATIONS
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JEDEC TO-220AB

100-per-cent tested for parameters that are essential to the
design of industrial high-power switching circuits. Switch-
ing times, including inductive turn-off time, and saturation
voltages are guaranteed at 125°C to provide information
necessary for worst-case design.

The RCA-2N6738, 2N6739, and 2N6740 series transistors
are supplied in the JEDEC TO-220AB package.

MAXIMUM RATINGS, Absolute-Maximum Values:

VCEV

VBE=—=15V conitiiiiieiiiiiiiaienein

* Vgex{Clamped)

VBE=—158V (i

TCupto25°C ...oovniiiiiiiiiiiiiies
Tc above 25°C, derate linearly .............

At distance = 1/8" in. (3.17 mm) from
seating plane for 10 s max.

*In accordance with JEDEC registration data.
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ELECTRICAL CHARACTERISTICS

2N6738, 2N6739, 2N6740

TEST CONDITIONS LIMITS
CHARAC- VOLTAGE [CURRENT 2N6738 | 2N6739 | 2N6740 |UNITS
TERISTIC Vdc A dc
VCEIVBE I [IB Min.l Max. | Min. lMax. Min. |Max.
Tc=25°C
450 [-15 —lo1 ] —-—T=T=T=
‘lcey 550 |-1.5 - — | =101 | -] — mA
650 |-1.5 -]l —1—=—1]1—=1—-1]01
"l lEBO -810 — 2 — 2 —_ 2
*| Voeo(sus)P 02aj 0 [300] — [350| — 400 — v
‘I heg 3 5a 10 40 | 10 | 40 [ 10 | 40
*| VBE(sat) 58| 1 | —[16]—J16]—]16
. sal 1 | — 1] =11 =71
VCE(say 8a | 4 | —| 2 1|2 |—-1]2
‘| Veexb v
(Clamped Eg/p) -5 |5 |1 |350] — 400 — |450| —
L1704, ~5 | 8 [3e {200 — (250 | — [300| —
Rpg=50Q
I !s/b 25 4 05| — o5 — [os5] — s
*[ Ihie| =5 MHz 10 0.2 3l 123112312
fT 10 0.2 15| 60 | 15 [ 60 | 15 | 60 | MHz
*| Cobo f=0.1 MHz 10¢ 50| 300 50 |300 | 50 [ 300 | pF
[ tgd 5 11 [ —]JoT]—T1o1] =701
*td 5|1 [—Jos|—]os|—T]os
*| ted 5 |1 —]25] —|25]—1]25
*[ 1 5 1| —|o04f — 04| —~T]o02
us
It
Vee=125V,
L=170 4H, 5 1] —] o4 — |oa|—]04 .
RCc=25Q
Collector clamped
to VCEX
Tc=125°C
450 [-15 -] 1] =1T=T=T=
“Hcev 550 |-1.5 - =1 —=111—-] =1 mA
650 [—1.5 —| =l =1=1=11
*I VcEe(sat) 52 | 1 -l 2 t—-]12 |—=12 \
1, d 5 |1 |—[o8]—Tos|—=Tos
“ted 5 (1] —| 4] —14 =712
*f tgd 5 11| —)08]—]o8]—1]os
I
Vece=125V, us
L=170 pH; s |1e| —|os|—-]os|{—~]o0s
Rc=25 Q
Collector clamped
to VCEX
| Reyc 10 5 — 1125 — J125] — T125]°Cc/w
RgJA —| 7ol -7 —-T7 [~cw
“In accordance with JEDEC registration data. CVcp value. elB1 = —132.

3Pulsed: pulse duration = 300 us, duty factor < 2%.

DCAUTION: The sustaining voltage VGgo(sus)
and Vcgx MUST NOT be measured on a curve tracer.

dvee =125V, tp = 20 ps.
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ShwitchAMax Power Transistors

2N6738, 2N6739, 2N6740

T(Ig)-A

* FOR SINGLE
NONREPETITIVE

C
CURVES MUST BE DERATED
LINEARLY WITH INCREASE
IN TEMPERATURE)

COLLECTOR C

Vceo (MAX) = 30

Vcgo (MAX)= 350 V (2N6739)

Vcgo (MAX)=400V (2N67401
Py

i
| 2 4 6 8 2 6 890 2 4 6 8550

COLLECTOR-TO-EMITTER VOLTAGE (Vcgl—V
92CM-33694

Fig. 1 — Maximum operating areas for all types (Tc=25°C).

g; NOTE: CURRENT DERATING AT CONSTANT VOLTAGE 2
bY APPLIES ONLY TO THE DISSIPATION-LIMITED PORTION:
e‘u’a OF MAXIMUM-OPERATING-AREA CURVES DO
O NOT DERATE THE SPECIFIED VALUE FOR Ic MAX. j
8 3
<§ § //
g 3
ik Ew
nm z
A Ny gﬁ q
34 T Mi7e, Ea
%9 T w
£ O a®
15 SOSHHT o
5 & 50 S N
M NH 32 /
K <4 2
o Wy
- o
£k FH
o & HHH
o 25 50 75 100 125 150 175 200 0.
CASE TEMPERATURE (TC)-°C 2 2 46 2 46 2 4 68
0.001 0.01 o1 10
92Cs-19663 PULSE WIDTH (tp)—s
Fig. 2 — Dissipation and derating curve for all ) . . sacs-ze9e!
1 Fig. 3 — Typical thermal-response character-
ypes. o
istic for all types.
200 [cOLLECTOR-TO-EMITTER 1 [181¢c/5] |
o VOLTAGE (Vgg)*3 V z T qlo c
e S c=-40°C |
g 100 E ¢ Te * 125°C
& z Te»25°C
woe 2>
2 £ %
3 125°C £3
-~ - [
[ 25°C e
3 o?
3 \ 2R .
é N zQ 2
T o G >ol
; CASE TEMPERATURE (Tc) = ~40°C \\ .G
w L]
§ 10 ™ 3
=3 L
3 o
8 4
. 4
0.1 * ‘ ° | ‘ ° 10 | 10
COLLECTOR CURRENT (Ig)—A COLLECTOR CURRENT (Ic)—A
92CS-29982 92CS-29983R1
) ) o Fig. 5 — Typical collector-to-emitter saturation
Fig. 4 — Typical dc beta characteristics for all voltage as a function of collector
types.
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SiwltchMax Power Transistors

2N6738, 2N6739, 2N6740

4 | coLLecTor -To-emiTTER
VOLTAGE (Vcg)= 3V
z
2 8
£
> £
2k . 2
83 &>
'E I
By £l
£2, =40 ] Fu, o
H 25°C W ~40
3 g e (o) = 128°C £~ 25°C —
a ATV 0 1
18, ThsE TEWPER u To2s
9 < RATURE (TC
3 ® CaSE TEMPE
I 10 ' 0
COLLECTOR CURRENT (I¢)—A COLLECTOR CURRENT (I¢) —A
92Cs-29984 92CS-29985
Fig. 6 — Typical base-to-emitter saturation Fig. 7 — Typical base-to-emitter voltage as a
voltage as a function of collector function of collector current for all
current for all types. types.

CASE TEMPERATURE (Tg)s 25
Ig=-Igp+iA
Vees125 v
in
< 17}
1 = .
2 z. i
‘e by
H 3l <
& s u
3 5 £
'3 2= w
2 ™ e
2 -z @
- éb— ’e
3 I 3
© H
<
3
° 8 0 12 2 3
COLLECTOR-TO-EMITTER VOLTAGE (Vcg)—V COLLECTOR CURRENT (Ic)—A
92CS-29987R|
92CS- 29986
Fig. 8 — Typical output characteristics for all Fig. 9 — Typical saturated switching time
types. characteristics for all types.

CASE TEMPERATURE (Tc)s25
Ig=1A H
w
w,
H 2 s
[}
H 1 2 ]
Se | <e ]
2 800 - - 4 ~
x| - =] -
L~ - ﬂ—-ﬁ <
we ) e w
35500 F 53 s 2
2z zZ'
5y § 5y H
" 400 8 ' 400) g
w B -
a L w 173
2 $
3 3
o [} 2 5 6 3 4 5
COLLECTOR CURRENT (Ic)—A COLLECTOR CURRENT (Ic)—A
92CS~-29988RI| 92CS-29989R!
Fig. 10 — Typical saturated switching time Fig. 11 — Typical saturated switching time
characteristics for all types. characteristics for all types.
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SwitchMax Power Transistors

2N6738, 2N6739, 2N6740

CASE TEMPERATURE (T
IgsiA
Igye-2A

AND RISE

Vec=125V
000} t;,=20 us
P I

.. 1
ge |
2| )
(RS 5
we w
-2 H
S
£ u
w w
B @
g~ 409 [
o [
: &
3 200

s 6
COLLECTOR CURRENT (Ic)—A
92CS-29990R1
Fig. 12 — Typical saturated switching time
characteristics for all types.

@ o 107 CASE TEMPERATURE (T¢)=25°C —T-
G & g FREQUENCY (f)=IMHz I - J S
sl | H
L2 T
58S o i i i
Cuw
ws
203
23" m - i
25 o | —
g8
85 4—r— _
38
52
g5 N~
;Olo8 . — - H
24 Cobo a
3d R —
) - 1
Z2z
238
£3 o — ||
38
10
7
102 103

0
COLLECTOR-TO-BASE VOLTAGE (Vcg)—V OR

EMITTER-TO-BASE VOLTAGE (Vgg)—V

92C5— 29992

Fig. 14 — Typical common-base input or output

capacitance characteristics as a
function of collector-to-base voltage or
emitter-to-base voltage for all types.

c)

H
t
1
t

LTAGE (Vcg)
g E (VCE!

=3

S

<3
N

NORMALIZED COLLECTOR CURRENT (I,

AND COLLECTOR VOI

&

[¢] 1 I 1 I i

0% VcEx-’ L——— te _———l Liow I (PEAK)

92CS-30389R|

Fig. 16 — Oscilloscope display for measurement
of clamped induction switching-time

(to).
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CLAMPED- TURN-OFF, FALL AND RISE
STORAGE TIME (1) —pus

0 20 40 60 80 100
CASE TEMPERATURE (T¢)—°C

92c- 2999101

Fig. 13 — Typical saturated switching time
characteristics as a function of case
temperature for all types.

Vego RATING
MINUS 100V

61
e — — ——
44
CLAMPED
3 7

n
t

COLLECTOR CURRENT (I )—A

|
|
|
Tes125°C | Veex RATING
|
|
|

o
COLLECTOR-TO-EMITTER VOLTAGE

Fig. 15 — Maximum operating conditions for
switching between saturation and
cutoff.

tg=A-B

tp=8-C

tg= X-Y

ty=Y-2

TRANSITION = X-W
NOTE: TRANSITION TIME
FROM 90% I, TO 90% Ig,
MUST BE LESS THAN 0.3 us.

92CS-30458

Fig. 17 — Phase relationship between input and
output currents showing reference
points for specification of switching
times.




SwilchMax Power Transistors

2N6738, 2N6739, 2N6740

NC Ic R1 R2 VCEX CLAMP
5A 159 [15Q [CLAMPED V RATING
ADJ. FOR Ip; 8AI5Q 50 VCEQ — 100V
Ri= 25 2/30W
- NON IND

170 wH

Ql, Q2 = 2N6354
Ic CURRENT 03 = 2N3762
) PROBE 04,05,
0.001 uF Ip CURRENT D2540M Q6,07 = CA3725 QUAD
180 2 PROBE TRANSISTOR
ARRAY
VCCTTg T =
SE
Noia IN388I c THIS CONNECTION

SHOULD BE MADE AS
CLOSE AS POSSIBLE TO
COLLECTOR OF
TRANSISTOR UNDER TEST
*% KELVIN (SENSING)
) CONNECTIONS
NOTE: BATTERY SYMBOLS Ve , Vg . V2.
VB(cLAMP) INDICATE RIGOROUSLY FILTERED
VOLTAGE SOURCES AT THE CIRCUIT TERMINALS
TO ACCOMODATE THE FAST t, AND 1; TIMES
| AND HIGH CURRENTS PRESENT N THE CIRCUIT.
20 us - Vv, =

B2 = NOTE: SWI CLOSED FOR ty, s, t¢. SWI OPEN FOR tc.
MIN ADJ. FOR Ig,
FREQ= 500 Hz

=VB(cL A\!/A P)

0.005 uF * 8

24 Q0

50 uF

¥

20
L

500 =

92CM-30458

Fig. 18 — Circuit for measuring switching times.
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SwilchMax Power Transistors

2N6751, 2N6752, 2N6753, 2N6754

5A SwilchMax

Power Transistors

High-Voltage N-P-N Types for 240 V Off-Line
Power Supplies and Other High-Voltage
Switching Applications

Features:

B High-temperature parameters guaranteed

B Fast switching speed

u High voltage ratings: Applications:
VCE)( =450V — 550V

B Low Vce(sat)atic=5A

The RCA-2N6751, 2N6752, 2N6753 and 2N6754 Switch-
Max series® of silicon n-p-n power transistors feature
high-voltage capability, fast switching speeds, and low
saturation voltages, together with high safe-operating-
area (SOA) ratings. They are specially designed for off-
line power supplies and are aiso well suited for use in a
wide range of inverter or converter circuits and pulse-
width-modulated regulators. These high-voltage, high-
speed transistors are 100-per-cent tested for parameters
that are essential to the design of high-power switching

B Off-line power supplies
m High-voltage inverters
B Steel hermetic TO-204AA package B Switching regulators

File Number 1244

TERMINAL DESIGNATIONS

C
(FLANGE)

92Cs- 27518
JEDEC TO-204AA
(200 mil diameter pin isolation)

circuits. Switching times, including inductive turn-off
time, and saturation voltages are guaranteed at 100°C to
provide information necessary for worst-case design.

The 2N6751, 2N6752, 2N6753, and 2N6754 series transistors
are supplied in steel JEDEC TO-204AA hermetic packages.

®Formerly TA9153, TA9153A, TA9153B,

MAXIMUM RATINGS, Absolute-Maximum Values:

2N6751 2N6752 2N6753 2N6754

V,
CEV
. VBe=—15V..........o 800 850 900 1000 \
Veex(Clamped)
e VBE=—T1BV....ii, 450 500 550 550 v
o VOB v vere e 400 450 500 500 v
o R 8 \
. IIc(s.m) ...................................... 15;) :
C ..........................................
ICM ........................................ 10 A
L+ v ettt 5 A
Py
TGE25%C .ttt a e 150 w
. Tc>25°C, deratelinearly ..................... 1 WI°C
e T —85to175 —_ o°C
Tg < v e e ettt et —65t0200 — __ °C
. g
T

At distance > 1/16 in. (1.58 mm) from
seatingplanefort0smax...................

* In accordance with JEDEC registration data.
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SwikchMax Power Transistors

2N6751, 2N6752, 2N6753, 2N6754
ELECTRICAL CHARACTERISTICS

TEST CONDITIONS | LIMITS
CHARACTERISTIC V°¢L:GE cu::sm 2N6751 2N6752 | UNITS
Veel VB Ic I Min.| Max.| Min.| Max.
TC = 25°C
1 icev 800 | -15 —jo1|] =] =
. 850 | -15 -1 —1 =1 o1 mA
lEBO -8] 0 — 2 —_ 2
1 VceolsusPp 02a| o | 40| — | 450 — v
‘[ heg 3 58 8| 0 8] 4
*| Vpglsat) 5a | 1 — | 13 =1 13
. 58 | 1 — 1 — 1
VeEsat) 08| 3| —| 3| — v
VeexP
(Clamped Egyp) —-6| 5 1¢ 450 — 500 —
L = 170 uH
ISib 30 5 1 — 1 - s
*|Ihgel f=5MHz 10 0.2 3| 12 3 [ 12
fr 10 0.2 15| 60 15| 60 | MH:z
*| Copo F=0.1 MHz 10d 50 | 250 | 50 | 250 pF
*[tg® 61 5 1 — [ o1 | — [ o1
*[y® 6| 5 1 — [ o4 — 1 o4
*[1g®@ 6|5 [1c] —] 3| = 3
*[ye , 65 1] —1oa] — | 04 s
* tc
Vee = 250V,
L=1704H, Rg = 6| 5 €| — ] o4 ] — | 04
50 Q, Collector
clamped to Voex
To = 100°C
. 800 | -15 | - 1 - | -
lcev 850 | -15 - =1=11 mA
*| Veg(sat) 58 1 — 15 — 15 v
‘(1 6| 5 1 — [ os | — | o8
*[ts® 6|5 |1€]| — | 5 | — 5
i@ -6 | 5 €| — o7 | — [o7 s
* tc
Ve = 250V,
= 1704H,Rg = -6 | 5 1€ | — o7 | = |07
*| 50 Q, Collector
clamped to Vogx

*[Rosc [of fs [ -]+ [-]1]wow]
* In accordance with JEDEC registration data.

8 Pulsed duration = 300 us, duty factor < 2%.
b CAUTION: The sustaining voltage Vceofsus) and Vopx MUST NOT be measured on a curve tracer.

¢ By = s, d Vg value ® Voo = 250 V, tp = 2048
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ShwiltehMax Power Transistors

2N6751, 2N6752, 2N6753, 2N6754

ELECTRICAL CHARACTERISTICS

TEST CONDITIONS LIMITS
CHARACTERISTIC "°",'T£GE C":R’E"T 2N6753 | 2Ne7ss | UNITS
Vee [ Vee | Ic | 18 | Min.| Max.| Min.| Max.
Tc = 25°C
o 900 [ -15 —JTo1] -] =
CEV 1000 | -15 — ]l =t —lot] A
*['eBO -8]0 — | 2] -1 2
*[ VcgolsusP 028 | 0 | 50| — | 500f — v
‘I heg 3 58 8 | 0| 8] 4
*[Vggisat) sa| 1 | —| 13| —[ 13
. |1 | — | 1] —] 1
VcEe(sat) 108 3 _ 3 _ v
Veex?
(Clamped Egyp) -6 |5 ¢ {550 | — | 550 —
L = 170 uH
Isb 30 5 1T -1 1] — )
*[Ihgel f=5MHz 10 0.2 3 [ 12| 3| 12
fr 10 02 15 | 60 | 15 | 60 | MHz
*[Copo f=0.1 MHz 10d 50 [ 250 | 50 | 250 pF
[tg® 6|5 T | —| o1 | — [ o1
1@ =6 | 5 1| —] 04| — | 04
s 5|5 | €| —1 3 =13
: t® 6|5 |1© | —Joa] — [ 04 s
tc
Veg = 250V,
L=170uH, Rg = 6|5 |1 ]| —]oa| —| 04 .
50 Q, Collector
clamped to Voex
Tc = 100°C
. 900 | -15 — 11 1-T1 -
lcev 1000 | -15 =] ™
*| Vegtsat) sa |1 | —]15] —] 15 v
*[ye % | 5 1 | — |06 — | 06
*[tg® %65 |*€ | —1]5]|—]5
- - C —_— —_—
1@ 615 |1 0.7 0.7 s
* tc
Voo = 250V,
L = 1704H, Rg = 6|5 |1 | —|o7 | —|]o07
*] 509, Coliector
clamped to Voex
. — T+ T7T-=-T1T+11"
[Resc [o] T8 [-l*[-F"]*™

* In accordance with JEDEC registration data.
& pyised duration = 300 us, duty factor € 2%.
b CAUTION: The sustaining voltage Vogolsus) and Voex MUST NOT be measured on a curve tracer.

lg, = “Ig, d vgp value eVoe = 250V, t, = 2048
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10 F-Ic (MAX) PULSED

DC OPERATION =
I DISSIPATION- LIMITED :

2N6751, 2N6752, 2N6753, 2N6754

PULSE OPERATION®:

T

o ®

0 T

|- (CURVES MUST BE DERATED
LINEARLY WITH INCREASE
IN TEMPERATURE)

~

|- CASE TEMPERATURE (T )= 25°C

*FOR SINGLE

COLLECTOR CURRENT (Ic)—A
-

T

NONREPETITIVE
ULSE

Vceo(MAX)= 400V (2N6751)
Ve (MAX)=450V (2N6752)
VcEo (MAX )= 500V (2N6753,
CEO \e754)

0.01

2

100
COLLECTOR-TO- EMITTER VOLTAGE (Vgg)—V

6 8

Fig. 1 — Maximum operating areas for all type (TcC).

3
o
I

PERCENT OF RATED CURRENT

~
>

o
o

at

v
>

i
W,

I
T

A

25 5 75 100 5 150 I

200
CASE TEMPERATURE (T¢)—°C 92C5-32042

Fig. 2 — Dissipation derating curves

for all types.
W 8 COLLECTOR-TO- EMITTER
£ ] VOLTAGE (Vcg)=3V
I
£
&
« 125°C
& 10
5O L
z 25°C
a 6
@ N
- 4
s N
z \
g = RATURE N
« E
SE TEMPET lec
3 o] CASE o) =-40
e 6
$ 4
@
(=]
w2
Q
o
0.1 o8, 2 10 100
COLLECTOR CURRENT (Ic )-A
92CS-32044
Fig. 4 — Typical dc beta characteristics

for all types.

1000
92CS-3204IRI
54
]
H
2
2 2
3
FRI
3'e
z .
£ . -] I
F 7
&
z /
£ e
8
N
-
a
z
2
000 ¢ 4 © g b se ®10
PULSE WIDTH (Tp)—§
. 92CS-32043
Fig. 3 — Typical thermal-response
characteristic for all types.
w ?[1g-1c75
s
g o
> nb-b S
i N
g 8¢
2> ¢ v
3L <
=3 '«
W3 L ,\S"
=] Al
i / o
&
e
5 A
I
] — /
] /
© ol
o.1 10

COLLECTOR CURRENT(Ic)=A g5¢s-32048
Fig. 5 — Typical collector-to-emitter saturation
voltage as a function of collector
current for all types.

SwikchMax Power Transistors
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SwltchMax Power Transistors

2N6751, 2N6752, 2N6753, 2N6754

48

(vgg (san)-V

Ig=Ic/s

v E—

\l

T

25°C o
T 1125

COLLECTOR CURRENT (I¢)—A

0
92CS-32046

Fig. 6 — Typical base-to-emitter saturation
voltage as a function of collector
current for all types.

COLLECTOR CURRENT (Ic)—A

8iCASE TEMPERATURE (T¢ )= 25°C]
T
Iv

r

10

COLLECTOR-TO-EMITTER VOLTAGE(Vcg) =V 92Cs-32048RI

Fig. 8 — Typical output characteristics

BASE -TO-EMITTER VOLTAGE (Vgg)-V

for all types.
2 Jcase T (T¢)# 100°C|
L 1, Ig,"14
< | vec=2s0Vv
] 1p*20us
y B .
L FEEY L
@ -
= M
o
< ¥
b e F
Fag i1 w
L 600/ H 3 2
] L «
= T o
S 3
E
I
e |
5 At T
2 ot H o
3 4 5 6 92CS-32050R!
COLLECTOR CURRENT (Lc)-A
Fig. 10 — Typical saturated switching time

characteristics for all types.

COLLECTOR- TO-EMITTER
VOLTAGE (Veg)*3V

-40°C

— 25°C ;‘.\zs'c
RE (Tc
MPERATY
ChsE TE

\l

i ¢ 10
COLLECTOR CURRENT (Ic)=A  joog 004

Fig. 7 — Typical base-to-emitter voltage as a

function of collector current for all
types.

[CLAMPED-TURN-OFF,FALL , AND RISE TIME (tc f,r)—ns]

[CASE TEMPERATURE (T )= 25
Lp)=IpytlA
Veg250 V
o
;
1
8 <
)
K]
800 1, L
z
w
8
<
2
o
[
@

TITIT
5

92CS- 32049RI
COLLECTOR CURRENT (Ic)—A

Fig. 9 — Typical saturated switching time
characteristics for all types.

—ns

(CLAMPED-TURN

~OFF, FALLAND RISE TIME(t, g 1,

CASE TEMPERATURE (T¢ }=25°C
Ig)=lA,1g,"24A

Vgg *250V

tp=20us

[
9

.
STORAGE TIME (tg)—us

4 5 &
COLLECTOR CURRENT (Ig)-A 9205-32081R

Fig. 11 — Typical saturated switching time
characteristics for all types.




ShwitehMax' Power Transistors

2N6751, 2N6752, 2N6753, 2N6754

2 [casE TEMPERATURE (T¢)=100°C = |fcr5a
k¢ Ip) 14, 1,24 ¢ s |Ig=IgytlA
< l#  [vec=2%0v
;:. o th=20us ]
M =
H 1 i 1
w 1 5 |
Fa : o z
= - < s w
2 600 H J 3 z
S = <2 te ;
Egseal w < fi 2
< 600 b o & as|] z
cd & ; t S
F4 =] E 1 &
i 5 5 t
e e
] % 20,
& ' 2
< e S
5' 44 1T O (M
t HH o
o s 6 92¢5-32052R! © G SempeRATURE (ro) e '
COLLECTOR CURRENT (Lc)-A ¢ 92C5-32053R1
Fig. 12 — Typical saturated switching time Fig. 13 — Typical saturated switching time
characteristics for all types. characteristics as a function of
case temperature for all types.
10
LD‘Q CASE TEMPERATURE (T¢)=25%
w5 | FREQUENCY u’)-mm 9
h o |
[ +
‘3..:5 L Jto 3
w V, RATING
S CEO
E210%] ‘]‘ 1 MINUS 100V
a2
I -~
EEE 8T
ERS e
-5 ™~ Es—— — ——
S \\ Co% w |
?E 104 g Pl
42 o = 3 '
53 e 3 | CLAMPED
; o
§§ 8 Tes 125°C |VCEX RATING
== 2 Q2+
5o o |
©S 10 }
0 10 4 & 8p2 4 €803 o I+ |
COLLECTOR-TO-BASE VOLTAGE (Vegl—V © |
OR EMITTER-TO-BASE VOLTAGE(Vgg)—v  92€$-32054 [

-TO- 92CS-32800
Fig. 14 - Typical common-base input or output COLLECTOR-TO-EMITTER VOLTAGE

capacitance characteristics as a Fig. 15 — Maximum operating conditions for
function of collector-to-base switching between saturation
voltage or emitter-to-base voltage and cutoff.

for all types.

X090 %
AQIO %
[ —————e e | e

'TRANBITION * X - W
Woo0 % NO;!;';lANIIVION TIME

ECTOR VOLTAGE (Vcg)

=
&
&
3
3
H Igpm e, e ———— FROM 90% Ig, TO 50% Iy,
i - :2 r MUST BI LESE THAN 0.3
3 c
o & kX | cpo0 % v&90%
|
28
Egc‘ BHI0 % 2%10%
< K asas
of A \
©% Veex [ te ———— Lo 1¢cpeara 92C8-30458
92CS-30389RI
Fig. 17 — Phase relationship between input
Fig. 16 — Oscilloscope display for measure- and output currents showing
ment of clamped induction reference points for specification
switching time (tc). of switching times.
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SwilchMax Power Transistors

2N6751, 2N6752, 2N6753, 2N6754

R = 500
NON IND

ADJ. FOR Ig|

170 uH

Ql, Q2 =2N6354
Ic CURRENT Q3 = 2N3762
PROBE 4,05,
0.001 uF 1g CURRENT D2540M Q6,Q7 = CA3725 QUAD
élso a TRANSISTOR
ARRAY
SETIC |~ *THIS CONNECTION
INoi4 4 SHOULD BE MADE AS
22k CLOSE AS POSSIBLE TO
y COLLECTOR OF
0,008 uF TRANSISTOR UNDER TEST
** KELVIN (SENSING)
240 CONNECTIONS
NOTE: BATTERY SYMBOLS V¢ , Vg . Vpa.
=50 uF Vg(cLAMP) INDICATE RIGOROUSLY FILTERED
* VOLTAGE SOURCES AT THE CIRCUIT TERMINALS
v/ TO ACCOMODATE THE FAST f, AND t; TIMES
[ wy AND HIGH CURRENTS PRESENT IN THE CIRCUIT
20 4S Vgz = NOTE. SW| CLOSED FOR tr, ts, ty SWI OPEN FOR 1.
MIN ADJ FOR Igp
FREQ= 500 Hz 92CM-32103

Fig. 18 — Circuit for measuring switching times.
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ShwitehAMax Power Transistors

File Number 1292

1-A SwilchMax
VERSAWATT Transistors

High-Voltage N-P-N Types for Off-Line
Power Supplies and Other High-Voltage
Switching Applications

Features:

® High-temperature parameters guaranteed

8 Fast switching speed

® High voltage ratings:
Vcex =350 Vto450 v

W Low Vce(sat)atic=1A

8 VERSAWATT package

Applications:

The RCA-2N6771, 2N6772, and 2N6773® SwitchMax series
of silicon n-p-n power transistors feature high-voltage
capability, fast switching speeds, and low saturation
voltages, together with high safe-operating-area (SOA)
ratings. They are specially designed for off-line power
supplies and are also well suited for use in a wide range
of inverter or converter circuits and pulse-width-
modulated regulators. These high-voltage, high-speed
transistors are 100-per-cent tested for parameters that are
essential to the design of high-power switching circuits.

MAXIMUM RATINGS, Absolute-Maximum Values:

*
VCEV

Vae=-1.5V L

* Veex (Clamped)

Vee=-18V

TeUPtO25°C Lottt i e e e

Tcabove 25°C, derate linearly ........................
L
‘T,

At distance = 1/8 in. (3.17 mm) from

seatingplanefor1t0smax. ................vvvvvnnne.

*In accordance with JEDEC registration data.

& Off-line power supplies
B High-voltage inverters
® Switching regulators

2N6771, 2N6772, 2N6773

TERMINAL DESIGNATIONS

:,#
c —
(FLANGE) O

TOP VIEW

92CS-39969

JEDEC TO-220AB

Switching times, including inductive turn-off time, and
saturation voltages are guaranteed at 125°C to provide
information necessary for worst-case design.

The RCA-2N6771, 2N6772, and 2N6773 series transistors
are supplied in the JEDEC TO-220AB VERSAWATT plas-
tic packages.

®Formerly RCA8863A, RCAB863B, and RCA8863C, respectively.

2N6771 2N6772 2N6773

450 550 650
350 400 450

300 350 400
8

1

1

2
0.6

40

0O >»rr»r<<< <

0.32 Wye

-65to 150

o
O

235

o
O
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SwilchAMbax Power Transistors

2N6771, 2N6772, 2N6773
ELECTRICAL CHARACTERISTICS

52

TEST CONDITIONS LIMITS
CHARAC- VOLTAGEICURRENT| ,\6771 | 2ne772 | 2N6773 |UNITS
TERISTIC V de A dc
Vce| VBE| Ic | B Mln.l Max. Mln.l Max. Mln.| Max.
Te=25°C
450]-15 —Jo1] =1 -T1T-1] —
*l Icev 550]-1.5 =1 =11 == | ma
650]-1.5 —] -] =1 —=1]1-=]01
‘| lEBO -8 0 -l 2 ]|—=]2]—] 2
“I'VeEO(sus)P 0.2a] o |300] — |350] — |400] —
*[ VcEe(sat) 1alo2| —}10]—-[10]—]10]| Vv
*| Vgg(sat) 1alo2| |12} —J12]—-]12
{nee 3 0.38 20| 100|201 100 | 20 | 100
3 1a 10) 50 | 10] 50 [ 10| 50
| veexb
(Clamped Eg/p) -5 1 |o.1e|350| — |400| — [450] — v
L=450 uH,
RpB=50 Q
1is/b 100 0.4 05| — 05! — |os| — s
“I'Infel =1 MHz 10 0.2 10] 50 [10] 50 [ 10] 50
T 10 0.2 10)] 50 | 10| 50 | 10] 50 | MHz
*| Cobo f=0.1 MHz 10¢ 20| 60 20| 60 | 20| 60 | pF
149 1 o2 | —]o005] —[005] —|0.05
[, d 1]o2|{—}04]|—]04]—]04
“[1d 1 |oce| —| 25| —[25|~—|25
| 140 1 [o2e{ —|o06|—]|06]|—|06
us
i
Vcc=200V,
L=450 uH, 1 |oze| —|o6|—|o06]|—|o06
Rc=200 Q
Collector clamped
to VCEX
Tc=125°C
450 |-15 —[1|-=t-=1-1-
*I'cev 550 |-1.5 - =1 - 1 — | — mA
650 |—1.5 e e e e
*IVcE(sat) 1alo2|—] 2| =] 2 |—]2 Y
“|t,d 1 o2 |—]os8|—-|o08|—] 08
*[tsd 1 |oce| —[45 ]| —]45|— |45
|1 1 |locel— 115 —fj15)—1| 15
g
Vee=200V, us
L=450 uH, 1 {oze|—]15|—~|15]—]15
RC=200 Q
Collector clamped.
to VCEX
“|Rguc 20 1 — |312| — |312]| — [3.12|°C/w
RgJA —Jmo | —]70]—1]70 j°Ccw
*In accordance with JEDEC registration data. cvcp value. eig, = —Ip,

apylsed: pulse duration = 300 us, duty factor < 2%.
bCAUTION: The sustaining voltage VogQ(sus)
and Vcex MUST NOT be measured on a curve tracer.

dvgoe =200 V, tp = 20 ps.




SwitchMax' Power Transistors

2N6771, 2N6772, 2N6773

10 4 [CASE TEMPERATURE(Tc )= 25°C
(CURVES MUST BE DERATED
LINEARLY WITH INCREASE

PULSE

COLLECTOR CURRENT (Ic)—A

FOR SINGLE
NONREPETITIVE

IN TEMPERATURE)

VcED (MAX) =300V (2N6771
Vego (MAX) = 350 V (2N6772)
VCED (MAX) = 400 V (2N6773

COLLECTOR-TO-EMITTER VOLTAGE (Vcg)—V
92CM- 33681

Fig. 1 — Maximum operating areas for all types.

5§ NOTE: CURRENT DERATING AT CONSTANT VOLTAGE wlOO
o5 APPLIES ONLY TO THE DISSIPATION-LIMITED PORTI Cz)
ﬂ§ OF MAXIMUM-OPERATING-AREA CURVES DO a
E)a NOT DERATE THE SPECIFIED VALUE FOR I MAX. ’u_-a
1 &
38 2
S 30
3k z
3 I
6§ N 2 :
£3 ~
3075 P hirg, &
B T 2
B34 SONIT K4
& 2 1
s Y £
ms ' o
o SIS 8
z ) 2
jna a
g T =
ME 11T @
Y TTTTT o
o 25 50 ke 100 125 150 17% 200 Z ol
CASE TEMPERATURE (T¢)-°C 0.0l ol 10
92C5-19663 PULSE WIDTH (!,)-S 92Cs-33682
Fig. 2 — Derating curve for all types. Fig. 3 — Typical thermal-response character-
istics for all types.
1000 [ cOLLECTOR - TO-EMITTER VOLTAGE (Vog)= 3V
o el Q9 4
E 4 - - E e -40°C
[4 ” z
e o7 4 i28°C
2 CASE TEMPERATURE (T¢ ):125°C =2 H
3 100 T {22202
[ T 58, O
¢ ! g R ofsssss
&5 - 2 N A e
a } Bl
gs , I NN\ £ ol 2
& -40°C N 5 9 W
i N z 4«.
g o AN S (52
H s v
S a—t 3 =
o G
o 2 3 1] T
' § 1
0.0l 2 4 6 0.1 2 4 6 8' 4 6 ‘IO 4 6 8 \ 4 € le
COLLECTOR CURRENT (Ic)-A ol
92Cs- 33683 COLLECTOR CURRENT (Ic)—A gocs_ 33684

Fig. 4 — Typical dc beta characteristics for all

types.

Fig. 5 — Typical collector-to-emitter saturation
voltage as a function of collector
current for all types.
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SholiebAfax’ Power Transistors

2N6771, 2N6772, 2N6773

TpTcss

& = 1T =S FH
Cl HEH S SSSaaRtiil

yausai SRS
i -
g'l'" cAS]E‘ TEMPERATURE (Tc)= w::
53 =
Ey o
g
: i 1 H
&
5
@

11

" i T
” cron cun 4 8o

I
COLLECTOR CURRENT (Ic)—A
92CS-33685

Fig. 6 — Typical base-to-emitter saturation
voltage as a function of collector
current for all types.

CASE TEMPERATURE (T¢)=25°C
<
1
°
H
.
z
§
[ 1
o
"
8
-
3
o
o
2 4 ] 8 10 2
COLLECTOR-TO-EMITTER VOLTAGE (Vcg)-V
92CS-33687
Fig. 8 — Typical output characteristics for all

types.

CLAMPED— TURN-OFF, FALL,AND RISE TIME
STORAGE TIME (1) —us

06 08 !

X .4 1.2
COLLECTOR CURRENT (Ig)-A

92CS-33689
Fig. 10 — Typical saturated-switching-time
characteristics as a function of collector
current for all types.

10 5[ COLLECTOR-TO-EMITTER VOLTAGE (VCg)=3V
L

o

>
1
W
. é‘ '
g £ =
2 i 1T H
: 'CASE | TEMPERATURE (Tc\--Azl 'f‘ I
E | 128°¢
o
3
w4
: H
f
w P
2 1T
o1 !
> . il 4 & 8

COLLECTOR CURRENT (Ic) —-A
92CS-33686
Fig. 7 — Typical base-to-emitter voltage as a
function of collector current for all
types.

CASE TEMPERATURE (T¢ )=25°C
Ig*lp,"024
Vo= 200V, 1p =20 us

g 8

(1.t .'%)-m

CLAMPED TURN-OFF, FALL, AND RISE TIME
STORAGE TIME (1 )—us

02 -4 -
COLg ECTORO ‘CUNR&& (Lc¢

Fig. 9 — Typical saturated-switching-time charac-
teristics for all types.

(e 1 10 )oms

STORGE TIME (g )=ps

CLAMPED- TURN-OFF, FALL,AND RISE ,TIME

CASE TEMPERATURE (T )-°C 92CS- 33690

Fig. 11 — Typical saturated-switching-time
characteristics as a function of case
temperature for all types.




Insulated-Gate Bipolar Transistors
2N6975, 2N6976, 2N6977, 2N6978 , _ : File Number 2297

N-Channel Enhancement-Mode
Conductivity-Modulated Power
Field-Effect Transistors

S5 A, 400V and 500 V N-CHANNEL ENHANCEMENT MODE
Veeon: 2 V :
Ts: 1 us, 0.5 us c
Features: Applications:
® Low on-state voltage m Power supplies
® Fast switching speeds u Motor drives
m High input impedance m Protection circuits - e
E
92C5-43134
The 2N6975, 2N6976, 2N6977 and the 2N6978 are n-channel TERMINAL DIAGRAM

enhancement-mode conductivity-modulated power field-
effect transistors designed for high-voltage, low on-dissipation
applications such as switching regulators and motor drivers.
These types can be operated directly from low-power inte-

grated circuits. TERMINAL DESIGNATION

'pl'::::ggpes are supplied in the JEDEC TO-204AA steel SOURCE wf::'c'b
®
O s O
‘EATE 92¢s-37801
JEDEC TO-204AA

MAXIMUM RATINGS, Absolute-Maximum Values (Tc = 25°C):

2N6975 2N6976

2N69 2N6978
COLLECTOR-EMITTER VOLTAGE, Vces «...ovvevvnevneennnnnn... 400" 500" v
COLLECTOR-GATE VOLTAGE (Ree = TMQ), VeGR +ovvvvnnennnnnn. 400" 500* v
REVERSE COLLECTOR-EMITTER VOLTAGE, Vcesvev) - ..vvvvvnnn.. —_—_— 5° v
GATE-EMITTER VOLTAGE, VGE +--vveevvniriiernarneanneennnnns —_— +20° '
COLLECTOR CURRENT, RMS Continuous, bc ............c........ —_— 5 A
Pulsed, lem .......ooviiiiiiiiiiiia., _— 10 A
POWER DISSIPATION @ Tc = 25°C, Py .. _— 100" _— W

Derate above Tc =25°C .....ouiuerunrennnrrenrneernrennennnns —_— 0.8* —_——— W/°C

OPERATING AND STORAGE TEMPERATURE, Ty, Tstg ...vvvvvnn... _— 55t +150* ———————————  °C

*JEDEC registered value.

Harris Semiconductor IGBT product is covered by one or more of the following U.S. patents:
4,364,073 4,417,385 4,430,792 4,443931 4,466,176 4,532,534 4,567,641
4,587,713 4618872 4620211 4,631,564 4,639,754 4,639,762 4,641,162
4,644,637 4,682,195 4684413 4,717,679 4794432 4801986 4,803,533
4,809,045 4,810,665
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Insulated-Gate Bipolar Transistors

2N6975, 2N6976, 2N6977, 2N6978

ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) = 25°C Unless Otherwise Specified

LIMITS
TEST 2N6975 2N6976
CHARACTERISTICS SYMBOL CONDITIONS 2N6977 2N6978 UNITS
Min. ] Max. Min. Max.
Collector-Emitter le=1mA " .
Breakdown Voltage BVees Vee =0 400 500 v
Vee = V N . " "
Gate Threshold Voltage Vaewm |CG=E | m°: 2 45 2 45 v
Vee =400 V —_ 250" — —
Zero-Gate Voltage Collector Vee =500V - — — 250
Current lces Tc=125°C - — — . — A
Vce = 400 V — 1000* — —
Vee = 500 V — — — 1000
Gate-Emitter Leakage Vee = £20 V . .
— 100 — 100
Current laes Ve =0 nA
Reverse Collector-Emitter Ree=0Q .
— — * A
Leakage Current fecs Vec=5V 5 5 m
Ic=5A .
B — 2 — 2*
Collector-Emitter Vee =10V v
On Voltage Veeom lc=10 A _ 25 _ 25
Vee = 20V ) .
Gate-Emitter Plateau le=5A . "
.4 X .4* .8"
Voltage Voer Vee=10V 3 68 8 68 v
On-State Gate lc=5A
- 25+ . -
Charge Qgon Vee= 10V 12 5 12 25 nC
Turn-On Delay Time taon lc=5A 50 max
Rise Time t Veeewr = 300V 50 max
Turn-Off Delay Time tacomn L =50 uH 400 max *
Fall Time t T,=125°C 2N6975 . ns
Vee=10V | 2N6976 1000 max
- Rs=50Q 2N6977 R
2N6978 500 max
Turn-Off Eott lc=5A
Energy Loss * - - ’ - Veeerm =300V | 2N6975 © - B SN
per Cycle L =50uH 2N6977 1000 max
(off switching dissipation Ts=125°C 78]
= Eot x frequency) Vee=10V 2N6976 N
=500 | 2N6978 500 max
Thermal Resistance
1.25* °
Junction-to-Case Rouc 5 crw
*JEDEC registered value. ’ ' SINGLE PULSE  D=0.05 D=0.5
: RNC(()-!(()R!)JC o wm APPLY FOR PWEI PULS{
VGEZVCE_IC=1ma TRAIN SHOWN READ TMIE AT t1_Ti(pk)-TC=P(pIROVCIY)
w
g
[~ S J0
3 3T
> [4
1.2) W1 10
9 Ia
<] Sl
i EN
W Z3
X7 W
pa= ns
P 1 z 1
wd #2
<2 =
¢ 09 w 3
a 2z
8 og \ 5§ 0.1
7 B
s w2
['4 0.7]
o
z
55 4 EY 700 750 oy 0.1 T ) 1000
JUNCTION TEMPERATURE (Tj)~degC TIME(ms)
GTHRCM10N50AM 1 TRRCM10NS0AM1
Fig. 1 - Typical normalized gate threshold volitage as a function of Fig. 2 - Normalized thermal response characteristics for all types.

junction temperature for all types.

7-63




Insulated-Gate Bipolar Transistors

2N6975, 2N6976, 2N6977, 2N6978

‘I 10 T

= PULSE TEST

Z PULSE DURATION = 8048

g DUTY CYCLE =.5% MAX

=

g X

&

H Veg = 10V
a -

e 5

o

5 125°C

3 ™~25°C

S 25

w

B I~~-40°c

X

@

z

© o 2.5 5 7.5 10

GATE-TO-EMITTER VOLTAGE (VGE) — V

92GS-44221

Fig. 3 - Typical transfer characteristics for all types.

Voe=10y
< PuLse TEST
[ PULBE CURTIONS0m
1 OUTY CYCLE <24
i
H /
g e
w /
B2
K3
by
o
- i 25
COLLECTOR-TO-EMITTER ON VOLTAGE Nestoni]-v
'VCE2NGI7SCFY

Fig. 5 - Typical collector-to-emitter on-vo/!age asa luncnon ol
collector current for all types.” '

1/Rg = 1/Rgen + 1/Rge

e m——————

skl
|
<
8

Fig. 7 - Inductive switching test circuit.
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10 T T T
Vge= +10 V- / Tc = 25°C
VGe=+8V
<| Vge=+7V. VGg=+6V
g 7.5
=
]
g VGe=+5V
3 S
<
<3
5 /
4
8 2.5 4
o VGE= +4V
[ 1 2 3 4 5

COLLECTOR-TO-EMITTER VOLTAGE(VCE)—V
92GS-44222

Fig. 4 - Typical saturation characteristics for all types.

Ciss Ccoss CRSS

FREQUENCY ()=0.1 Mtz
——r

CAPACITANCE (C)=—pF

__Fig. 6 - Capacitance as a function of collector-to-emitter voltage for

-l types. '

] !orr=f Ic+Vcedt

p——VCE

—_—
-

=
-

92CS-39974R1

Fig. 8 - Typical inductive switching waveforms.




= - - - Insulated-Gate Bipolar Transistors

2N6975, 2N6976, 2N6977, 2N6978

500 AL = 10002 0
N L =
T ToC 100 %0 0 GATE =
5 ot =05 e A\ emTTER) ' (?,ZF)E = Qasmad
E] w2 P - P /ot AN o VOLTAGE ds
E 375
N 2ermopen V% Vec=Vees
[ » B Vee=Vces 6 ®
F] - 5 5
[+ o o
¢ s > w0 3
w Voo = DV w w
a N -0des 38 L 0.75 Vcgs ~ 0.75 VCES 14 B
z et~ i > 0.50 Vees  0.50 VCgs >
5 60 e = 0.25Vcgs  9.25 Vees
§ g \\\ 125
& R 2
3 4
2 \
§ P ALLOWRBLE DIRSHATION COLLECTOR-EMITTER VOLTAGE
1 : 1 1 ) | 1
b
RE| 1G (REl
‘oMM MEMICROSECONDS a0 SEE0
COLLECTOR CURRENT 0c) - Amps Ig (ACT) I (ACT)
FREQ2NGITSCF3 92GS-44224
Fig. 9 - Maximum operating frequency vs collector current (typical). Fig. 10 - Normalized switching waveforms at constant gate current.

(Refer to RCA application notes AN-7254 and AN7260.)
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