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2S8C3178, 25C3059, 25C3060, 25C3061
Silicon High Speed Power Transistor

DESCRIPTION

This series are silicon NPN planer general purpose, high power switching transistors fabricated with Fujitsu’s
unique Ring Emitter Transistor (RET) technology., RET devices are constructed with multiple emitters
connected through ballast resistors which provide uniform cutrent density. This structure permits the design
of ll1igh power transistors with superior switching characteristics and frequency response in high current
applications.

This series are especially well-suited for-high speed/high voltage switching systems or other applications
where large SOA is required.

Features Applications

e High voltage ® Switching regulators

@ Ultra-fast switching e Motor controls

@ Large safe operating area e Ultrasonic oscillators 5

@ Class Cand D amplifiers
o Deflection circuits

Outline of the Series

ltem Symbol 28C3178 I 28C3059 I 28C3060 | 28C3061 Unit
Collector to Base Breakdown Voltage Veeo 1200 ) v
Collector to Emitter Breakdown Voltage Vceo 850 A"
Emitter to Base Breakdown Voltage Veso 7 v
Collector Current {continuous) e 2 5 10 A
Collector Current (pulsed) lep 4 8 20 A
Collector Power Dissipation Pc 80 100 180 200 w
Reverse Bids Safe Operating Area @ 900V RBSOA 25 5 7 A
Rise Time {Typ.) ] t, 0.20 ps
Storage Time (Typ.) tstg 2,60 us
Fall Time (Typ.) ts 0.07 us
Collector to Emitter Saturation Voltage (Typ.) Vee(sat) 0.3 A
Base to Emitter Saturation Voltage (Typ.) Vgetaay 1.0 v
Package - TO-220 TO-3 -
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OUTLINE DIMENSION

28C3178

OUTLINE DIMENSION
. JEDEC TO-220
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1: Basa  2: Collector
3: Emitter  4: Fin (Collector)
A Dl Ia Inches (milti )

28C3059
2SC3060
28C3061

OUTLINE DIMENSION

JEDEC TO-3
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28C3178, 25C3059, 25C3060, 28C3061

TEST CIRCUIT USED FOR MEASUREMENT OF SWITCHING TIME (RESISTIVE)

e ig1
e —0
_/— o
By
Vin
Vee %400V 90% 90%
Py = 60 us
DR.L1%
1g1=—lg2/3 = Icl10 1o 1% 0% o
tr tatg tf
TEST CIRCUIT USED FOR MEASUREMENT OF
Veex (sus) AND REVERSE BIAS SAFE OPERATING AREA
le L=1mH
ty Adjusted to Obtain ig
Il + Leoulic)

t
1 Vee

Vee
& 70V
VBE(off) ]‘ Vetamp v
£8V t

1

Veex (sus) REVERSE BIAS SAFE OPERATING AREA
Type No, I (A} lg2{A) | Rggin) Type No. tg2fA] | Rggin)
25C3178 25C3178
~s0a00s 25 -03 20 —ecass | 03 20
2563060 5.0 Y 10 25C3060 | -06 0
25C3061 70 2 5 25C3061 | -12 5

Velamp = 900V
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25C3178 T+-33~0/
Silicon High Speed Power Transistor

ABSOLUTE MAXIMUM RATINGS

Rating Symbol Value Unit
Collector to Emitter Voltage Veceo 850 \'
Collector to Base Voltage Vcao 1200 \"
Emitter to Base Voltage Veso 7 \
Collector Current-Continuous le 2 A
Colletor Current-Pulsed Py < 25 s, DR.< 50% Iep 4 A
Base Current-Continuous g 1 A
Collector Power Dissipation (T¢ = 25°C) Pc 60 w
Junction Temperature T +150 °c
Storage Temperature Range Tetg -55~ 150 °c

ELECTRICAL CHARACTERISTICS (T, = 25°C)

Parameter Symbol Test Conditions ey I::_:/n: TPy Unit
Collector to Base Breakdown Voltage Viar)CBO ic =1mA,lg =0 1200 - i - \'2
Emitter to Base Breakdown Voltage V(griEBO |lg =1mA, I =0 7 - - \Y
Collector to Emitter Sustaining Voltage | V(sg)CEO | Ic = 10mA, Rgg ==°Q 850 - - \
Collector to Emitter Sustaining Voltage | Veex (SUS) | Ic=2.5A, 1g2=-0.3A, L=1mH(*1) | 900 - - \
Collector Cutoff Current leso Veg = 1000V, 1g =0 - - 100 | pA
Collector Cutoff Current leso Veg = 1000V, 1g =0, Te = 100°c| — - 1 mA
Emitter Cutoff Current leso Vegg =6V, Ic=0 - - 100 | pA
DC Current Gain hee Vee = BY, I = 1A (*2) 10 |15 |3 |-
Collector to Emitter Saturation Voltage| Vcelsat) - 0.3 1.5 v

Ic = 1A, 15 =0.2A (*2)

Base ta Emitter Saturation Voltage Vge {sat) - 1.0 2.0 \
Output Capacitance Cob Veg =10V, 1 =0, f=1MHz _ 60 - pF
Gain Bandwidth Product fr Vee = 10V, I¢ =0.2A - 15 — | MHz
Rise Time te - 0.2 0.5 us
Storage Time tstg chg ::031\;1(2),_[52 =03A - 26 | 35 | us
Fall Time t¢ - 0.07 0.3 us

*1 Test Circuit *2 Pulse P, < 300 us,Duty Ratio <6%

Gopyight© 1460 by FUMTSU LIMTED and Fultsu Mcroslectronlcs, Inc.
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25C3178 -
DC CURRENT GAIN SWITCHING TIME
190 e T T Voo = 4007
i Veg=bVi Taq = ~lg2/3 = Ic/10
60 [150°C 10 Py = 50us
w 126°C — Duty Ratio= 1% *
& o Pz *1 Test Circuit -
[ 76°C] DN 6Lt il
3 20} o — Py Y T 24
?4 (] g ..\ ™ P~
§ 3 @ h
E'L; 10 N % 2 \\
g F 3 N
& PRl === h
- Ti -
g HHts=I=
2 0.0 F 05 { ~ 'i: N:
0.01 .02 0.0! 0. 0.2 . L
1 05 5 g LR
Collector Current Ig (A} s T NS
.E 02 L - ‘M‘
a N
N
0.t
GAIN BANDWIDTH PRODUCT =~ .
= Te=2°c | oos oo
K] Ve = 10V T~ 7= 100
= = (1 11l
£ 01 02 05 2
g Collector Current I (A)
8 N
a bt
11
£ 10 A\
H \
3 \
§° ‘
REVERSE BIAS SAFE OPERATING AREA
0.1 02 0.5 [} T T T
Collectar Current I (A} Te= 26 < 160°C
L=1mH - M
lg2 = -0.3A
4 Rgg =200
OUTPUT CAPACITANCE *1 Test Circuit
T <
200 Te=25°C P )
T E = IMHz z 3
& ol ;
& 100 a3 - \
8 g 2
§ N
g% s %
g N~ (5]
k3 — L
.u.- it
Y S 1
2
5]
1o
10 2 B0 100200 ° 400 00 1200 1600
Collector-Base Voltage Vg (V) Collector-Emitter Voltage Vejgmp (V) )
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_____ . 25C3178
SWITCHING TIME
Vg = 400V
Ic=1A
Py =60 #s
. Duty ratio = 1%
SATURATION VOLTAGE
o tstq — g2 - .
- Tec= 26°C 2 Tg - lc/5
N ;
Y/ T
o \9’ 0 8
_ 10 N -.3'7 u FTe= VaE(sat] =
g R 2 osf 25°C == -
] N 76°C ]
R ™ A WA L 7
sHI % 3L 7
N & o2 1] 180°C
\ 7>-3 Te= 126°C
N 5 04 26°C
: R == P
0.1 0.2 3 L& 25°
-lg2(A} A 005 4
t—la2 002
T, =ia“c e .01 0.02 0.05 0.1 0.2 0.5
c Collector Current I (A}
0.2
\§ ,
(&)
&
?"01 o 3
b N
= - COLLECTOR SATURATION REGION
! T [TFe=s .
0.05 g 3 IS
—— < <
L)
22 5 %
W w
0.1 0.2 L3
~lga (A} g,
% E-4
Sg 1 Vge
tr—Ig1 ;‘_;-, £ i 2AI 88 1
To=28°C 5% . 1] 18A s !
L E —
02 85 osal |- =iz
N, 2 fe =02AHN T .
{Q; 5 2 \ \ i \ Voe
o iy
1 ‘91 \ i \ :
"t 04 \0 \ \ \ 1
- - '% ] + g
N 0 i
0.005 0,01 0.02 005 0.1 0.2 0.5 1 2
0,05 Base Current lg (A)
0.1 0.2
ig1 (A}
6
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25C3178
THERMAL RESPONCE
I re=28°C
g 2
< D=
£ 1 T .
13 o:
8 0.2 H
§ 0557 HH X
i Rl
[ [RE g B e -ty 0 = t;/t;
= 0.2 oA -
g 0.2[00%
. i
£ 04 -
I 1
[N ENEE 1)
2 A (1]
05 0 20 80 100 200 600 1000
Time or Pulse Width t, {ms) .
FOWARD BIAS SAFE OPERATING AREA FOWARD BIAS SAFE OPERATING AREA
10 =T 1O =
(a1 T ¥ [} I 1
=11 =
Sk lg (Pulse) Max, 6 Ic (Pulse) Max,
i \\ \ \\ Gl \\ ANAY
2 ‘-;Max. S \\ \ \\ ‘9‘-r 2 \\ N \\ I‘
7 N N %9 N
1 N % H 1 N N N
2 ‘\ ‘!"—— - ‘\ ‘
< N < A
Bos \c 2N © 05 >
g \ ] g CIAL,
L"f 0.2 .’.1 91_ § 0.2 i | | Singled P:IISB %-
8 Single Pulse 5 Te=100°c N
2 0iptTon25°c D g oa —ED
8 ok 8 X
0.05 0,05 - N
AN A Y
N N
0.02 0.02 =
0.01 0.01
0 20 60 100 200 §00 1000 0 20 50 00 200 500 1000
Collector-Emitter Voltage Vog (V) Collector-Emiltter Voltage Vg (V]
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2SC3059
Silicon High Speed Power Transistor

T-33-0/

ABSOLUTE MAXIMUM RATINGS

Rating Symbol Value Unit
Collector to Emitter Voltage Veceo 80 v
Callector to Base Voltage Veso 1200 A
Emitter to Base Voltage Veso 7 A
Collector Current-Continuous le 2 A
Collector Current-Pulsed Py < 25 s, D.R. < 50% e 4 A
Base Current-Continuous [ 1 A
Collector Power Dissipation {T¢ = 256°C) Pc 100 w
Junction Temperature T +175 °c
Storage Temperature Range Tag —~65~ +175 °c

ELECTRICAL CHARACTERISTICS (T, = 25°C)

Parameter Symbol Taest Conditions i I:;;nplt YV Unit
Collector to Base Breakdown Voltage Visr)CBO |lc =1mA, 1 =0 1200 - - A"
Emitter to Base Breakdown Voltage Visr)EBO jle =1mA,lc =0 7 - - v
Collector to Emitter Sustaining Voltage | Vigr)CEQ | le = 10mA, Rge =2 860 - - v
Collector to Emitter Sustaining Voltage | Vgex (SUS) | 1c=2.6A, 1g2=-0.3A, L=1mH(*1} | 900 . - v
Collector Cutoff Current leao Veg = 1000V, e =0 — — 100 HA
Collector Cutoff Current leso Vg = 1000V, ig =0, Te = 100°C — - 1 mA.
Emitter Cutoff Current leso Vgg =6V, 1c =0 - - 100 RA
DC Current Gain . heg Vee =6V, le = 1A (*2) 10 15 30 —
Collector to Emitter Saturation Voltage | Ve (sat) - 0.3 1.8
Base to Emitter Séturation Voltage Ve (sat) e =1A.1s =024 °2) - 1.0 2.0
Qutput Capacitance Cob Ves = 10V, 1g0, f = IMHz - 80 - PF
Gain Bandwidth Product fr Vce = 10V, Ig =0.2A - 15 — MHz
Rise Time ) t, ~ o2 |os | ms
Storage Time tag :’:j :;03\: 1(:11152 —03A - |25 |35 | us
Fall Time t¢ - 007 |03 | us
*1 Test Circuit *2 Pulsed Py <300 ps, Duty Ratio < 6%

Copytight© 1950 by FUNHTSY LIMTED snd Fufitsu Microelectronlcs, Ine.
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28C3059
DC CURRENT GAIN
100 — T
—1 Vee = 5V
Tc=150°C
[125°C" 1
w .75°C. S
L —
E 20 | 28°C | 1T Py S
[0} N
g 10 \‘
3
S
[4]
a §
“7001 002 005 01 02 05 1 2 5
Collector Cusrent I (A}
GAIN BANDWIDTH PRODUCT
50 TTTTT
Tg=28°C
':EE' 30 Vee =10V
2
£ 5
:
g N
o LAt \
£
] 10
H
; '.
£ 65
o
0.1 0.2 0.5 1 2
Collector Current Ic {A)
OUTPUT CAPACITANCE
. I
T 1c=2€1"c
8 N <1MH
2 100 — :
g
8 =
§ 50 P~
=
8 N
§ 20 S~
2
o
10
1 2 10 20 50 100 200
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Collectar-Base Voltage Veg (V)

SWITCHING TIME

Vee =400V
tgy = -1g2/3 = Ic/I0
10 Py = B0us
.Diu{_y Ratio = 1%
MRE R pe— e est Circuit
& [t <] T
na N
i, N
% N
B
el 1 tf
& 13
a I ~
E L —
E 0.6 tr > :\
Z tf NN
E N 3 ]
& 02 N
\\ N
0.4
1) —Tc=28°¢c LT
0.05 H —~~Tc=100°C
0.1 0.2 0.5 2 6

Collector Current ig (A)

REVERSE BIAS SAFE OPERATING AREA

§

Collector Currept ig (A}

Te=25~160°C

*1 Test Circuit

400 800

1200 1600

Coltector-Emitter Voltage Velamp (V)
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25C3059
SWITCHING TIME
Ve = 400V
le=1A
Pw = BOMS
Duty Ratio = 1%
SATURATION VOLTAGE
tstg — IB2 —
- Te=35°C s s = Ic/s
q 8
\%’ ~ E 1 T Vae (sat) =
10 2 iy
. ] = 26°C =
3 2 os] 78°C e =] —
2 N u 128° C = -
- NG, 2 1FﬁT e
& X : 150°C |
\\ g 02 N N
\ > Tg: 25°C .
c 5°C
N g Ol Ve Gatl i S76°C
) g o5° 26°C
0.1 0.2 & 0.05 [150°
~lgalA)
t—ls2 001 002 005 01 02 05 1 2
Te=25°C Coltector Current I (A}
0214
N 6,
»
2
3 N
201 Y
= AN -
COLLECTOR SATURATION REGION
0.05 ” _[ |— Tc=25°C
S & S ER G
S S i -
- 2 u
0.1 0.2 22 <
~iga (A} ww
3>
t—la1 H i L BE
Te=25%C >§ . 18a | S
s 1AL ==
0.2 £> LI c.5A\ ﬁiF
3% I il \
> SE Ve
? ‘ol 2 \ AR NAY:
2 01 . 33 \ N . ass
K3 On — ===t
N\ 06005 001 002z 006 01 02 05 1 2
0.05 Base Current Ig (A}
0.1 0.2
1g1 (A)
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25C3059
THERMAL RESPONSE
g 2 Tc=25°C
‘g 1E 5 = rean
5 P2 - .
H I
g 05 Co2
] oy LT ta
k-l EtH e D =ty/t;
é 02 (B34 1
g & Single Pulse J |
g 04
L T TFEL T—T
IR NN [ ]
0.05 RN —1
051 2 § 10 20 50 100 200 600 1000
Time or Pulse Width ty (ms)
FOWARD BIAS SAFE OPERATING AREA FOWARD BIAS SAFE OPERATING AREA
10y = 10EFrr—
THE——F ==
5 T Ic(PutselM, i § [ Ic{Pulse)Max.
T TR A NI
[Tl v N NS %
K 2 SN T
\ 1| N I N
AL % N
1 =N 2 11
=" 1 NN HH
\‘ A\ Y yry \—H
< 05 A} o TN z . 3
= 8 \ \ = 0.5 X A N
_:; A\ \ L2 N\
g N \%
R TRNSERY P oozt N
3 g [ [N 3 €7 NLIEN
8 0.1 \\ == 2 0.1 (2}
g N 2 N
8 o005 NN 8 o0s
N
A\l
N
0.02 \‘l 0.02 I
0.01 0.01
10 20 60 100 200 500 1000 10 20 60 100 200 600 1000
Callector-Emitter Voltage Vg (V) Colfector-Emitter Voltage Vg (V)
|
1-104

Cr esepemee e b memmi gy e ey e emme =+ ma = - . - -



FUJITSU MICROELECTRONICS  31E D 3749762 00LbeL02 3 EAFMI
T-33~0f
January 1990 \

oS
Edition 1.1 FUIITSU

PRODUCT PROFILE—=
28C3060
Silicon High Speed Power Transistor

ABSOLUTE MAXIMUM RATINGS

Rating Symbol Value Unit
Collector to Emitter Voltage Veeo 850 v
Collector to Base Voltage Vceo 1200 v .
Emitter to Base Voltage Veso 7 v
Collector Current-Continuous ic 5 A
Collector Current-Pulsed Py <25ps, D.R. < 60% lcp 8 A
Base Current-Continuous la 3 A
Collector Power Dissipation (Tg = 26°C) Pe 150 w
Junction Temperature T +175 °c
Storage Temperature Range Teg —65~+176 °c

ELECTRICAL CHARACTERISTICS (T, = 25°C)

Parameter Symbol Test Conditions i I;::t e, Unit.
Collector to Base Breakdown Voltage VieajC80 {lc =1mA, lg=0 1200 - - A"
Emitter to Base Breakdown Voltage Vigr)EBO |l =71mA, le=0 7 - - A
Callector to Emitter Sustaining Voltage | Viga)CEO [lc = 10mA, Rge = o) 850 — — v
Collestor to Emitter Sustaining Voltage | Vgex (SUS) [lc = 5A,lg2=-0.6A.L = ImH("1)} | 900 - - A
Collector Cutoff Current leBo Vg = 1000V, le =0 - - 100 uA
Collector Cutoff Current lceo Veg = 1000V, lg =0, Te = 100°c| - - 1 mA
Emitter Cutoff Current leso Veg =6V, Ic =0 - - 100 uA
DC Current Gain hee Vee = Si/, I =2A(*2) 10 16 30 -
Collector to Emitter Saturation Voltage | Vge (sat) - 0.3 1.5 v

Ic =2A, g = 04A(*2]
Base to Emitter Saturation Voltage Vge (sat) - 1.0 2.0 v
Output Capacitance Cob Veg = 10V, Ig =0, f = iMHz — 120 - PF
Gain Bandwidth Product fr Vee =10V, Ic ;O.EA - 15 — MHz
Rise Time e, — o2 [os | us
Storage Time tog xfg ;:IO;‘;(;’_’ 1os = 06A ~ |25 |as | ms
Fall Time ts - 0.07 0.3 us
*1 Test Circuit *2 Pulsed Py € 300 s, Duty Ratio 6%

- Copyright © w0 by FUJITSU LIMTED and Fujitsu Microefectronics, Inc,
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28C3060
\ DC CURRENT GAIN SWITCHING T(ME -
00 Y 1T T 17T
i R Vee = 400V
7o = 150°G" Vee = BY T ~ Tg1 = —lg2fd = Ic/10
60 -—_zﬁg-c - 10 Py = 50us _
- 26°C i Duty Ratio = 1%
w T PN - _ L] *% Test Curant
© 20p1.28°C s S— NN RSSO
3 \ = . P
= 2 b,
§ 10 * 2 \\\
E - N
g 2 NHL
o 6§ PO
k-3
£
I : = 05
2 £
002 005 01 02 05 1 2 5 10 § NN (
3 ) ]
Collector Current Ig (A} 3 M S ﬁ 3
0.2 i J Sew _,ﬁ_ ﬁ
3 \ N i Lt
041
S
— -
GAIN BANDWIDTH PRODUCT 0.06
50 .06 .
= 11 —Te=26"C
§ ! rl ! 11 ~~=Tc=100°C
= ; R m - x
% 20 ce o5 1 2 5 10
-; Callector Current I (A}
| et
: " A
£ 10 - \ :
2 L)
2 \
g 6 M
£
3
0.1 0.2 0.6 1 2 6
Collector Current IglA) ‘BEVERSE BIAS SAFE OPERATING AREA
e ] ¥
To = 25~180°¢C
L=1mH
R lgz = —0.6A
OUTPUT CAPACITANCE 8 Agp =100
3 *1 Test Circuit
= 600 Te=26°C : —-
g t=1MHz | g
2 ~_ z 8
3
g 200 el g
g e - 3
8 - N [ \
5 T 8
g 100 S g af
38 = § X
S |
8 50 H— F
8 ~ 2
20 ! : -
2 6 10 20 50 100 200 o b
Collector-Basa Voltags Vg [V} o F- T o .
400 800 1200 1600

Collector Emther Voltage Veyamp (V)
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28C3060
SWITCHING TIME
Ve = 400V
lc= 24
Py = 60us
Duty Ratio = 1% SATURATION VOLTAGE
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20 T T 1T 2 2 ¢
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THERMAL RESPONSE
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25C3061
Silicon High Speed Power Transistor

FUJITSU MICROELECTRONICS  31E.D

ABSOLUTE MAXIMUM RATINGS

Rating Symbol Value Unit
Collector to Emitter Voltage Vceo ) 850 \Y
Colector to Base Voltage Veeo 1200 v -
Emitter to Base Voltage Veso 7 Vv
Collector Current-Continuous le 10 A
Collgctor Current-Pulsed Py, < 26pus, DRZE0% It lep 20 A
Base Current-Continuous ) Is [ A
Collector Powaer Dissipation {T¢ = 25°C) Pc 200 w
Junction Temperature T ) +176 °c
Storage Temperature Range Tag —66~+175 °c

ELECTRICAL CHARACTERISTICS (T, = 25°C)

. Limit
Parameter Symbol Test Conditions Unit
Min. Typ. Max.
Collector to Base Breakdown Voltage V(gr)CBO [Ic =1mA, 1 =0 1200 - - \"
Emitter to Base Breakdown Voltage Vier)EBO |le =1mA,lc =0 7 . . \
Collector to Emitter Sustaining Voltage | V(sr)CEO |Ic = 10mA, Rge =20 850 - - A"
Collector to Emitter Sustaining Voltage | Vcex (sus) | Ic = 7A, lg2 =-1.2A, L=1mH(*1) | 900 - - v
Collector Cutoff Current lceo Vee = 1000V, lg =0 - - 100 uA
Collector Cutoff Current Iceo Vgg = 1000V, Ig =0, Tg = 100°C - - 1 mA
Emitter Cutoff Current lego Veg =6V, Ic =0 - - 100 uA
DC Current Gain hee Vce =BV, tc =4A("2) 10 15 30 -
Collector to Emitter Saturation Voltage | Vge (sat) . - 0.3 1.6 v
—lc =4A, Ig = 0.8A("2)
Base to Emitter Saturation Voltage Vge {sat) - 1.0 2.0 v
Output Capacitance Cob Veg = 10V, g =0, f= tMHz — 220 - PF
Gain Bandwidth Product fr Vge =10V, Ic =1A - 15 - MHz
Rise Time t, - 0.2 0.5 Hs
. Vge =400V (*1) B
t - . .

Storage Time stg lo = 4A, 3lg; =-lsz = 1.2A 2.6 3.5 us
Fall Time ty - 0.07 | 0.3 Hs
*1 Test Circuit *2 Pulsed Py, <300 us, Duty Ratio £6%
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THERMAL RESPONSE
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