Hitachi Power Mos Fets

Lateral Gate and Vertical Gate types
Data Sheets
Applications Information

Note) The specification of these devices are subject to change without notice.
Please contact your nearest Hitachi’s Sales Dept. regarding specifications.

The example of an applied circuit or combination with
other equipment shown herein indicates characteristics and
performance of a semiconductor-applied product.

The Company shall assume no responsibility for any prob-
lem involving a patent caused when applying the descrip-
tions in the example.
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PRODUCT SELECTION D Series or S Series?

Power MOS FETs are used in communications and many industrial applications such as high-speed high-power switches,
high-frequency power amplifiers and ultrasonic generators. The characteristics which make them so ideal are (1) high
switching speed, (2) good frequency characteristics, and (3) a wide area of safe operation. In addition to the conventional
2SK259 H (Vpgs = 350V) and 2SK260 H (Vs = 400V) devices of the high-power-rating series (S series), HITACHI is
now marketing the D series. For example 28K298 H (Vs = 400V) and 2SK299 H (Vj,ss = 450V) devices of this
higher-power-rating low-on-resistance series to meet wider needs.

® Construction and Electrode
As shown in Table 1, the S series has the source, channel and drain paralleled horizontally, so that the drain current flows

horizontally. The substrate and source are at the same potential, and the case serves as the source electrode. In the D series,
by contrast, the source, channel and drain are disposéd vertically, so that the drain current flows vertically. With the
substrate constituting the drain, the case then serves as the drain electrode.

S. Series D. Series e
Type Offset Gate Vertical Type v Typ
G D
[}
Device ? thv
n
Structure
( P+ j] n+
— 3§ I o
Vps Fair Good Fair
R(on) Fair 2.50typ. Low 1.00) typ. Good
Comple- Good Poor Fair
” mentry
g AS.O Very large (approximately twice  |Larger than that of bipolar transistors Fair
® e larger than that of the D series.) even in the high-pressure area.
']
w
§ Terminal Source Case Drain Case Drain Case
'E Switchin
- witching Fair Fai
Speed ar Good
Gate Good Poor Good
Protection
5
® On-resistance gg;gggﬁ‘

Ron(Q)

As shown in Fig. 1, on-resistance of the D series is as Fig. 1 On-resistance vs
low as 1.082, as compared with the relatively high 2.5Q drain current characteristic gg:ggg
values for the S series. !

©os
0.1 0.2 05 | 2
® A.S.0. (Area of Safe Operation) 10 & \ T Drain current Io(A)
Due to the lack of the secondary breakdown area 5_0;‘ N ;
exhibited by bipolar transistors the A.S.0. of power MOS I’T\\\\ e
FETs can be guaranteed in terms of an equipotential line . B ma 2o \

even in the high-voltage area. In the A.S.O. under 10- z F\:\I\]\
z | N

second power application, the S series exhibit a maximum N 3¢
channel power dissipation of approximately 400W and a i \\
maximum channel voltage of 400V. The maximum channel 0.5 Fessrerment or AN
Jor pransistor =\ "\

power dissipation of the D series is approximately 200W, > \\\;

- \
3 shown in Fig. 2. 02 il Fig.2 DCAS.O. (Area

o M of Safety Operation)
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Vos(V)



® Frequency Characteristic and Switching Speed

As shown in Fig. 3, the cut-off frequency ranges
between 5 and 8MHz for both the S and the D series.
Standard switching times are as follows: ton = 25ns and
toff = 140ns for the S series: ton = 25ns and toff = 180ns
for the D Series.

® Gate Protection

As shown in Table 1, the S series has a protection diode
between the gate and source to provide protection against
electrostatic breakdown. Having no such diode, the D series
requires care in handling. Do not touch the gate electrode.
Also, devices, working tables and process operators must be
properly grounded

® Parallel Operation

Both S and D series can be paralleled to increase their
capacity. Because of this, they are suited for high-speed
large-capacity switching regulators, high-efficiency high-
frequency amplifiers, ultrasonic wave oscillators, PWM
amplifiers, solenoid and motor driving circuits, and many
other applications.

® Application Map
Further details in the applications section give typical
circuits and example PCB layouts etc.

25K 259 |
{25K260@) -
25K298®
25K2990
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Fig. 3 Frequency characteristic
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Handling Precautions v

Handling precautions and simple checking methods will [ Pin Arrangement w
be described for the benefit of those who use Hitachi’s L
power MOS FETs. abnormal oscillation due to high gain, high input
If handled improperly, power MOS FETs cannot display impedance, and excellent high frequency characteristics,
their excellent performance described in the foregoing. Not which are some of the features of power MOS FETs.
only that. Improper use can lead to destruction of the By observing these precautions, circuits can be designed
devices. with outstanding performance that cannot be expected
Also, it is necessary to take into consideration the from using conventional power devices,

Lead configration

Package D Series S Series
1 2 3 1 2 3
2
DPAK Gate Drain | Source - - -
123

TO-220 - Gate Drain | Source | Gate | Source | Drain
AB ! ’ x (Flange) (Flange)
3

TO-12 i - - -
Source | Drain Gate

~
-

o‘l
NOV

Gate Drain | Source | Gate | Source | Drain

HPAK (Flange) (Flange)

“

-
wQ, o

Gate Source | Drain Gate Drain | Source
(Case) (Case)

I
~@
-®

RFPAK - - - Source | Drain Gate

i

- - - Drain Gate | Source
(Case)
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*1 Ta s30C, RH= 20~~80% PC is & condition which is assumed as less than 60% of rating

SUFFIX (H) (K) NO SUFFIX
Resin moulded type
*tj:z small signal FET 10 25
2
o | Hermetic sealed type 5 _ 25
i small signal FET
2
::« Resin moulded type 30 50
. | Power FET
S
@l | Hermetic Sealed type
: Power FET 20 - 50
) LOT LEVEL
Z ACCEPTANCE
g Visual Inspection (MACHINE BY
s ol Lot Acceptance Lot Acceptance MACHINE)
[‘f‘ 2 Inspection Inspection
=] = =
= 8 AQL 0.25% AQL = 0.25%
é ez
a4y
Static Characeristicy
= 0.0 = 0. = 0.
Visual severe failurg AQL 65% AQL 0.065% AQL 0.1%
= . 13
g | static slight 0.25 0.4 1.0
a failure
Q
‘&1 Operating
(2]
Z | Characteristics 0-65 1.0 1.0
2 | visual slignt
Z | Visuas siig 0.65 1.0 2.5
= | failure
[~
GV|Testing Time [LTPD
1{Visual, dimens -
. 15%
ion,
solderability
Soldering Heat
5 Temperature
Cycle, Thermal | 15%
e~ Shock, High
a g
) Lot Acceptance Test Humidity High Humidity No Test
= Mechanical ShocH (PCT = 24 hr)
o] Vibration
= 3 | Variable Freg- | 15%
< uency, Constant
2 Acceleration
4
4 |Lead Imtensity 15%
5 |Pressure Cocker | =10
6 |Operational rat-
ing lif test A=10§
Regular Reliabjility | 1| Life Test
Test 2| Thermal stress Test The same as The same as
€s 3| Mechanical Stress TesH] he 1lef he left
4| General Circumstance the left the le
Test
7018, TO72, TO39, MPAK, FPAK, TO92, TO92M,TQ3, (TO66), HPAK, T0220, TO202, TO126, DPAK etc

Beside the standard process a high reliability telecommunicaiton inspection procedure is
available to special request.
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Reliability J

High quality and high reliability are achieved in power Source

MOS FETs by applying the process technology and quality
control established for MOS LSI and bipolar power
transistors.

In order that you may use Hitachi’s power MOS FETs
with high reliability, explanation will be given by referring
to reliability test data.

(1) Reliability design and process features

The chip structure of a power MOS FET is illustrated in (a) Electrode Pattern b
Fig. 5. In order to achieve high voltage durability and of Surface
high output characteristics, the following design and

- Gate

RN RN

Drain
[EE R RN ERRNER]

process considerations are given:
® Chip structure

To ease electric field concentration between source and
drain, a low-concentration dopant is implanted by ion
implantation, to form an offset gate structure. Further, by

Source

y P Drain (P)
Layer to achieve ®)
high breakdow

. R—si

providing a source field plate, high voltage durability is \;ohage ]
achieved. Bottom Electrode
® Chip fabrication process (b) Cross Section . .
Since micropatterns and integration degrees similar to (Example of the P-Channel Device)
those of LSI are used, basic process technologies established
for MQS LSI, suc.h as surface passivation and electrode Fig. 5 Pattern of Surface and Cross Section of
formation, are applied. Power MOS FET
Reliability data Items for reliability tests and failure criteria are present-
® Failure criteria ed in Table 1.

Table 2 Failure Criteria

Failure Criteria (Note)
Item Symbol Unit
Lower Upper
Breakdown Voltage V(BR)DSX Lx08 - v
+V(BR)GSS
Leak Current Ipsx - Ux2 RA
IGss
Cut-off Voltage VGS (off) 0 Ux1.2 v
Saturation Voltage VDS (sat) - Ux1.2 \4
Saturation Voltage Ratio aVpS (sat) -30 +30 %
Forward Transfer Admittance lyfsi Lx08 Ux1.2 S
Forward Transfer Admittance Ratio aly fs | - 30 +30 %

(Note) U: Upper Limit After the Test
L: Lower Limit After the Test

@ HITACHI® 1



RELIABILITY TEST RESULTS

The results of reliability tests on complementary pair Table 4 . shows the temporal changes of major para-
power MOS FETs 2SK135/25J50 are given in Table 3 meters in device life tests.

Table 3 Test Results

N-Channel (2SK135) P-Channel (2SJ50)
Item Test Conditions Sample Testing P Sample Testing .
Number | Time | FEOWI | Number | Time Faue
(pcs) (hr) (pcs) (h) P
. . Ta=25°C, Pch=27W, Vps=80V
Operating Life Test Heat Sink 07=3°C/W (T2150°C) 80 2,000 0 100 2,000 0
High Temperature Re- =150° = =
High Tempera Ta=150°C, Vpsx=160V, VGg=-10V 125 2,000 0 140 2,000 0
Humidity Test Ta=80°C, RH290% 71 2,000 0 717 2,000 0
Storage Thst T Ta=-55°C 45 2,000 0 45 2,000 0
; sT=90°C, Timax=150°C
C » Timax
Thermal Fatigue Test ON: 1 minute, OFF: 1.5 minutes 50 10k cycles 0 50 10k cycles 0
Temperature Cycle Test| —55~+150°C, 30 minutes each 730 10 cycles 0 580 10 cycles 0
R R 507 | 260°C, 10 seconds 2 - 0 2 - 0
Drop Shock Test 1500G, 0.5ms, XYZ(3 times each) 77- - 0 77 - 0
Vibration Fatigue Test | 60Hz, 20G, XYZ(32 hours each) 38 — 0 38 - 0
Vibration-Variable 100~2000Hz, 20G, cycle time 4 min. 38 0 38
Frequency Test XYZ (3 times each) - - 0
%:;5‘3“‘ Acceleration 20000G, XYZ(1 minute each) 38 - 0 38 - 0
Capability Against Elec- | C=200pF, V=300V forward and reverse
lraog?al‘ié Siscﬁla;'r‘gse Teesct polarits between G-S (one time each) 100 - (] 100 - 0
Table 4 Changes of Major Parameters
Type No. 28K135 Changes of breakdown voltage and saturation voltage
Test item High temperature reverse bias tes!
. Ta=150T o 250F
Testcondition | oy — 160V, Vgs =— 10V 2t s00k }“{“‘{——'*H——{
Vpsx = higher then 128V ﬁ 150}
Failure criteria | Vps (sat ) = lower then 144 V £ max
& Vps (sat ) = within + 80 % 100} n=50pcs {mcm
Failure mode | Surface degradation 501 min
" " n
068 500 10001500 2000
Description Time (hr)
1. There is almost no breakdown voltage
change after 2,000 hours.

e

| n=50pcs

2 Change of Vn</eat) increasesa little at
the initial period, but the changes is comp-

Vps (sat ) (V)
3

letely saturated after 2,000 hours. 4| max
3. There is almost no degradation of Vass o mean
I¥fsl and other parametes. | X ) min )
0 T68 500 1000 1500 2000

Time (hr)
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25J48/49/50

(COMPLEMENT TO 2SK133/134/135)

SILICON PCHANNEL MOS FET

LOW FREQUENCY POWER AMPLIFIER
Complementary Pair with 2SK133, 2SK134
2SK135

Features;

1. High Power Gain.

2. Excellent Frequency Response.

3. High Speed Switching.

4. Wide Area of sSafe Operation.

5. Enhancement-mode.

6. Good Complementary Characteristics.
7. Equipped with Gate Protection Diodes.

(JEDEC TO-3)

B ABSOLUTE MAXIMUM RATINGS (Ta=25°C)

Rating MAXIMUM CHANNEL DISSIPATION
Item Symbol Unit — CURVE
25348 25J49 28350 ) Z 150
Drain to Source =
Voltage Vpsx | -120 -140 -160| Vg
TGate to Source o
VGss +14 +14 +14] Vv
Voltage _§ 100
Drain Current Ip -7 -7 -7 5‘; L
- . [
Channel Dissipation Pch* 100 100 100 - \
p N
Channel Temperature | Tch 150 150 150 | ¢ a S0 J
- - ~ >
Storage Temperature | Tstg 35+150 53150 Nsilso °c g N
=}
*Value at Tc=25°C 2
o 0 50 100 150

Case Temperature Tc (°C)
. ELECTRICAL CHARACTERISTICS (Ta=25°C)

Item Symbol Test Condition - 25148 ,2SJ49 25350 Unit
min|tyqmaxmin typ/max|min|tyHmax
Drain to Source v _ Voo | |l _L _1_ L 1
Breakdown Voltage (BR) DSX | Ip=-10ma, 'GS=10V 120 140 160 v
Gate to Source v Ig= Voa=f | - N - _ -
Breakdown Voltage (BR) Gss | IG=#100pa, Vpg=0 +14 +14 +14 v
Gate to Source = - - -4 — 4
Catoff Voltage Ves(off) | Ip=-100mA, Vpg=-10V to.15 1.4 —Q19 1.45(0.15 1.45) y
Drain to Source Vi _ - —_
Saturation Voltage DS(sat) | Ip=-7a, Vep=0 ol Il Ml e b s -2 — | i) Y
fer
Porwarc orans lyes]  |vps=-10v, Ip=-3a  *|o.7|1.0f 1.4l 0.7] 10)1s ) 0.7)1e0] 1e] s
Input Capacitance Ciss Vas=5V, Vpg=-10v — | 900} —f — }900f— | — js00] — | PF
=5V, Vpg=-
Output Capacitance Coss | e immsz T [400) — | — j4004— | - j400) — | PF
Reverce Transfer _ _
Capacitance Crss - | 0] - 20— | — | 40 pF
Turn on Time ton v — |230] —] —f230) — |~ j23 — |0S
DD=-20V, Ip=-4a

Turn off Time toff - juof —] —fuoj— - [110] — ins

*Pulse Test

G HITACHI® 13



25J48/49/50

AREA OF SAFE OPERATION

ASO LEVELS DC OPERATION

_20 \l
Ta=25°C AND ONE-SHOT ABILITY
< -10
- Ip max (mntinmul"
o (=14.3v, -7ap, W
— -5 q‘n % Jx
A
£ SHNCN J’%
[ A &
o -2 ) 4°l'
3 >
-1 S
- T
-~
3 -0.5 DC operation levels
e i 28J48 -120V -0.83A
T 25J49 -140V -0.71A
-0.2 2SJ50 -160V -0.63A

-5 -10 -20 -50-100-200 -500
Drain to Source Voltage Vps (V)

TYPICAL OUTPUT CHARACTERISTICS

-10 ] Tc=25°
GENERAL CHARACTERISTICS 4 c=25°C
ALL DEVICES = _g 2 i
- L AY _.71
o -6
5 i
e rjk—‘%
=] S W N
-4 -4 N
g] [~
c ] | \Oaﬁl
B - L —> 4
5, WA 3L 1 J
I 1 |
=) -2 | ——+1
-1V
0 1 VGS:O
0 -10 -20 -30 -40 -50
Drain to Source Voltage Vps (v)
DRAIN CHRRENT VS.
TYPICAL TRANSFER CHARACTERISTICS "5 DRAIN TO SOURCE SATURATION VOLTAGF
-1.0 © -10 === 1A
Vpg=-10V / s EV a0 e e
2 A X £ -5 25H 222
— ) =t A
a ;\' "l\?,\c) (—4 S = ’=:_/ “ic‘/
= ¢/ 5z -2 EZ=al
» Af ; V%/
; ¥/ 2%
=3 - H
o V% g 70
5 /% 5 >
N % 3 -0.2
= - c )
o b ] -0.1
0 -1 -2 5 -0:1 -0.2 -0.5 -1 =2 -5  -10
4
o
Gate to Source Voltage VGs (v) o Drain Current ID (a)
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GATE TO SOURCE VOLTAGE VS.
DRAIN TO SOURCE VOLTAGE

Z-10 l
w
[a}
>
2 \
8 N .
— P
S s AN
Q
O
M
=3
[¢]
wn 2
\ b
2 N Tp=—1a]]
,5 0 1
o 0 -5 -10
[a}
Gate to Source Voltage VGS (V)
2
& FREQUENCY- VS.
s FORWARD TRANSFER ADMITTANCE
9 11T ‘
g 1 ¥!
Es)
= L ;
Y 0.3 H-
-
] 0.1 H
Tc=25°C
; 0.03 VDs=-10V
Ip=-2a
bl
0.01 =
&
o 0.003
9

10k 30k 100k 300k 1M 3M 10M

Frequency f (Hz)

SWITCHING TIME TESTING CIRCUIT

OUTPUT
2Q
INPUT
Pw=50ps c T m o= -20v
duty ratio 509
=0.5%
A

C: bypass capacitor

(pF)

Input Capacitance Ciss

Switching Time ton,toff (ns)

25J48/49/50

GATE TO SOURCE VOLTAGE VS.
INPUT CAPACITANCE

1000
/

500

200
Vps=-10V
f=1MHz

100

0 5 10

Gate to Source Voltage Vgs (v)

DRAIN CURRENT VS.

SWITCHING TIME

500
.
200 ton
L L ‘ﬂ’d
100 — =
y -
50 ]
— — tof
20
10
1
5 3
-0.1 -0.2 -0.5 -1 =2 -5 =10

Drain Current ID (A)

RESPONSE WAVE FORM

10%

INPUT

90%
t

toff

on

posm—

10%

OUTPUT

90s
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2SJ49H/50H
COMPLEMENT TO 25K134H/135H)

SILICON P CHANNEL MOS FET
AUDIO POWER AMPLIFIER
CONVERTER

Features;

1. Superior High Frequency Characterictics.
2. High Speed Switching Characteristics.

3. Superior Durability.

4. Good Complementary Characteristics.

5. Enhancement-mode.

(JEDEC TO-3)

ABSOLUTE MAXIMUM RATINGS (Ta=25°C)

Rating MAXIMUM CHANNEL DISSIPATION
Unit = CURVE
Item Symbol "ooio @ | 25750 @ |oRit =
n -150
Drain to Source v -140 - v £
Voltage Dsx 160 -
Gate to Source v +14 414 [¢]
Voltage GSS 14 ]
X 1 -7 g 100
Drain Current D -7 A B
" 3
Channel Dissipation Pch* 100 100 W g AN
N
Channel Temperature Tch 150 150 °C < So ‘\\\\
]
Storage Temperature Tstg -65 ~+150| -65~+150 | °C E 3
(3] \
* Value at Tc=25°C 0
S0 100 15i
Case Temperature Tc(°C)
El ELECTRICAL CHARACTERISTICS (Ta=25°C)
o 25349 ® 25350 ® |
Item Symbol Test Condition min | typ min | tyo | max -Uni
Drain to Source V(BR)DSX ID=_lQmA , Vgg=lov _140| - - l|-160} -, | - v
Breakdown Voltage
t v I~= Vng= + - -
208 Y ace | tBmicss| T6#100ua , Vos0 14 - | - |
vV _
CatorfoyaiuIce Ves(ofr) | Tp=-looma , "ps=-10v  F0.19 - bi.asto.rs] - bi.ag v
Drain to Source v I__ Vep= - - | -121 -} - |-
Saturation Voltage DS (sat) p==7A ’ GD=0 2] v
rorward Transfer J¥ed] Vps=-10v , Ip=-3a 0.1 10 1.4 0.7/ 1.0] 1.4 s
Input Capacitance Ciss - 20gq - - 4909 - PF
Output Capacitance [Coss Ves=5V,Vps=-10v, f=14Hz - aeq - - - | 400} ~ PF
Reverce Transfer - 41 - - 40 - PF
‘Capacitance Crss 3
. t - 154 - - {150y - ns
Turn on Time on VGS=—10V,ID=—2A,RL=2Q
Turn-off.Time Cotf - {29 -] -1219) - | ns

* Pulse Test

16 @ HITACHI®



Drain Current Ip (A)

Draip Current ID (A)

Forward Transfer Admittance lyfs| (s)

AREA OF SAFE OPERATION

i ] Lok

1L

—-a5 -
it

i

-3 =10 -n

125950 ®

L]

-2 - 500

Drain to Source Voltage VDS vy

TYPICAL TRANSFER CHARACTERISTICS

=10 T
- /
-03 ! ”’l - W‘JI // (
/’52/ ' / 1/

-06 l\! &

| 7/
e /AN

| W%
-a2 i - 4 %

l
9 =04 =93 =12 -5 =20

Gate to Source Voltage Vgg (V]

FORWARD TRANSFER ADMITTANCE VS.

FREQUENCY
3 T
1 ' e
0.3 s
0.1 MEE?‘_:#EE:
Tc=25°C
0.03 f v 2liov
I 2A
0.01 %5@5@
= T
0.003 T g

10k 30k 100k 300k 1M 3M 10M

Frequency £ (H2)

Drain Current Ip (a)

Switehing Time ton, Toff (ns)

2SJ49H/50H

TYPICAL QUTPUT CHARACTERISTICS

SR I

)\ch -9V Te=25T

-3 A en
/ r/\\

S+
AT

/. -

-4

f\—
3
=4
s
Peex
1
| ~<2w

-2 Pan

v s s S
! T =1
1 | 1o

0 ~i0 -2 -3 =40 -3

—

Drain to Source Voltage Vpg (V)

SWITCHING TIME VS. DRAIN CURRENT

1.000

_ ool ] /’{

Drain Current Ip (A)

SWITCHING TIME TEST CIRCUIT
29

P
3500

-1y

RESPONSE WAVE -‘FORM
o
Vix

o 10%
b \
90%
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2S5J55/56

(COMPLEMENT TO 2SK175/176)

SILICON P~-CHANNEL MOS FET
LOW FREQUENCY POWER AMPLIFIER

Features;

1. High Power Gain.

2. Excellent Frequency Response.
3. High Speed Switching.

4. Wide Area of Safe Opkration.
5

6

7

. Enhancement-mode. (JEDEC TO-3)
- Good Complementary Characteristics.
- Equipped with Gate Pratection Diodes.

B ABSOLUTE MAXIMUM RATINGS (Ta=25°C)

Rati MAXIMUM CHANNEL DISSIPATION
Item Symbol g Unit X CURVE
2SJ55 2SJ56 =
T 150
Drain to Source v - ~-200 v o
Voltage DSX 180 :
Gate to Source v 5
Voltage Gss *20 *20 bt 100
©
Drain Current I -8 -8 A & \
n
Channel Dissipation Pch* 125 125 w .g \
Channel Temperature Tch 150 150 °c o S0
S
Storage Temperature Tstg =55~ %150|=55 ~150 °C g
el
3]
* Value at Tc=25°C 0
50 100 150
Case Temperature Tc(°C)
& ELECTRICAL CHARACTERISTICS (Ta=25°C)
2SJ55 25356
Item Symbol Test Condition min | typ| max |min | tyo | max ‘Unit
BDﬁa:; to Source v(BR)sz xD=-lOmA , Vgg=lov -180 - - Lagol - - v
Breakdown Voltage
v V_ .- S - - ; -
B ko iE TS e (BRI Gss| ‘g=tlooua , 'ps=0 20 20| - v
Ga: v Voo _ <
cuﬁf,fﬁ"vi‘i‘éiﬁg Gs(off)| Ip=-100ma , 'ps=-10V  |o.15 - [-1.490.19 - Ly 45| V
Drain to Source v I V= - I -l - |-
Saturation Voltage DS(sat) -8a ’ Gp=0 13 12 v
Forward Transfer VS _ = -
roaxd Iz jyfs, bs=-lov , Tp=-3a 0.7] 1.0 1.40.7| 1.0{1.4| s
Input Capacitance Ciss - |1200f - - {1200 - PF
Output Capacitance |[Coss sz=5VIVDs="1°V1f=lmz - 700} - - | 700| - PF
Reverce [ransfer _ _
Capacitance Crss 60 - 60f - PF
Turn on Time on = | 320 = | - {320 - | ns
< Vpp=-30v , Ip=-4a
urn- off. Time of £ - 120 - - 1200 - ns

* Pulse Test

18 G HITACHI®



Drain Current Ip (A) Drain Current Ip (A)

prain Current Ip (A)

TYPICAL OUTPUT CHARACTERISTICS (1)

=10

I8 R I
Syl | Te=ssT| |
//j;' N :
TS & S\
/a
’ 7 /"‘r‘\\/a,&
k 5 L
R VAl e '
14 1 =]
s L
I ] -
: i
0 -0 -n -3 -9 ~30

Drain to Source Voltage Vpg (V)

‘TYPICAL TRANSFER CHARACTERISTICS (1)
=10

17

Vos = - 10V : / e
. ; !

H : A‘:‘:_ A

I | l/«/’ .“;:/ l
o : 7 !

| | /S VoA
LA

/v
L0 0

74NN
AT
0 - -4 -5 -3 -0

Gate to Source Voltage Vgg (V)

AREA OF SAFE OPERATION

- —
RN { {
RN |

~10 Fipmax: Continmous )

be—156V84) +
-3 AN "
[N |
N |
Y i
e T
1
. |
-0
-05
Lagad —_
T 25J5 —25356
el il i ] T
-5 -0 -2 -0 ~100 —200 -=500

Drain to Source Voltage Vpg (V)

Drain Current ID (A)

prain Current ID (A)

(s)

Forward Transfer Admittance |Yggl

¢

28J55/56

TYPICAL QUTPUT CHARACTERISTICS (2)
-0

irc-zs'c i [,b\’"‘
_ e
ﬂ | /,7\' s
i ‘
o ] ] al lR=S
LT L
-4 ///, // LS
Lo
T | !
- ;/y/ — ————‘-‘:3
—T | [ ) -1
0 -2 -4 -9 -8 =10

Dra.n to Source Voltage Vpg (V)

TYPICAL TRANSFER CHARACTERISTICS (2)

B
a8 Vos =~ 0V i { ///

I L
-6 i

£
BN
AN

=02

AT \

9 =4 at? ] -2 ~16 ~20

Gate to Source Voltage VGS (V)

FORWARD TRANSFER ADMITTANCE VS.
FREQUENCY

T
T
Pl

B
Vo 3 S 10%
fo=" 3

X 10k 100k IM oM 20M

Frequency £ (Hz)
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2S5J55/56

2 SWITCHING TIME VS. DRAIN CURRENT
. 500 18 T
hof f ton T
L .

. 200 -

g “off | L™
+° 100 ———
g i '

-

g 50

o

5

= 20

I

=+ 10

2 T 1 T

a T 1 1

5 I I I T

-0.1"-0.2 -0.5 -1 -2

-5 =10

Drain Current I (a)

SWITCHING TIME TESTING CIRCUIT

Pw=50ns
duty ratio
=0.5%

20

CUTPUT-

50Q

C: bypass

c === -3¥

-

7w nr

capacitor,

RESPONSE WAVE FORM

1087 ——
INPUT /
90 \,
ton «
108 —
ouTrPUT
20x
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SILICON P CHANNEL MOS FET

HIGH -SPEED PCWER SWITCHING
HIGH FREQUENCY POWER AMPLIFIER

Features;

1. High Speed Switching
High Cutoff Frequency (f_=1MHz)

2.
3.
4.

Enhancement-Mode

Suitable for Switching Regulator, DC-DC Converter,

RF Aamplifiers, and Ultransonic Power Oscillators.

B ABSOLUTE MAXIMUM RATINGS (Ta=25°C}

(JEDEC TO-3)

CHANNEL DISSIPATION CURVE

E

§ 150

(-9

Item Symbol Rating Unit g
Drain to Source Voltagel Vpss =200 v 'g
Gate to Source Voltage Vass +20 v -E‘ 100
Drain Current In -8 A g
Channel Dissipation Pch* 125 W § -50
Channel Temperature Tch 150 °c 4
Storage Temperature Tstg -65~+150| °C E‘:
- *Te=25°C e % 50 100 150
W ELECTRICAL CHARACTERISTICS (Ta=25°C) Case Temperature Tc (°C)
Item SymboIl Test Condition min typ max Unit

B2 i RaSen Vol tage Vr)pss | Ip=-10ma , Vgs=0 -200{ - - v
Breakdown Voltage V@rygss | Te#100un , Vps=0 *20] - - v
Gate to Source Vas(oggy | TD="100mA , Vpg=-lov  |-0.55| - |-3.0| v
Drain Current Inss Vps=-160v , Vgs=0 - - |-3.0| mA
Drain to Sogxce VDS(ON) 1D=—4A . Vgg=-15V * - - |-6.0 v
A france ror lstl Vps=-lov_, Ip=-3 ° 0.7] 1.0 1.4 s
Input Capacitance ciss Ves=5v,Vps=-10V, f=1MHz | - |1200| - | pp
Output Capacitance Coss Ves=5V,Vpg=-10v, f=LvHz - 700 = PF
i i Rt B Y
Turn on Time ton Ip=-2a,Ves=-15V,Ry=15Q - 60 - ns
Turn off Time tosf - 200 = ns

* Pulse Test

S 44 1BD x220mm

O HITACHI®

2SJ56H
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2SJ56H

AREA OF SAFE OPERATION

- 1 T 1
Ta=25°C
=10
3
Q _5
-
o
g -2 u
-
1]
5 11 =
) -
@ =0.5
¥
a
-0.2
-S =10 -20 -50 -100-200 =500
Drain to Source Voltage Vps (V)
DRAIN CURRENT VS.
-10 GATE TO SOUK VOI‘.TA E.
[TT T 1]/ ;
= e}
= - Vpg=10v o (_fc‘,
~ A /,y
oY <%
Q & —
C Vi<
8 6 4 iﬁ%—“
QC
é %
g A
; 7/
s
: -2 Z
a %
7
P
0 -2 -4 -6 -8 -0

Gate to Source Voltage Vgs (v)

)
~ FORWARD TRANSFER ADMITTANCE
- VS . FREQUENCY
a 2
2>

1
w ES
0
[=
3 o.s
ey
E
£ Tc=25°C
< 0.2 e

Vig=

o] psTLo¥ N
S 0.1 Ip=2a
2]
5
a 0.0S
be
5 0.02
E 10k 100k M 10M
<}

Frequency £ (Hz)

N
N

Ip (a)

Drain Current

Switching Time ton, toff (ns)

'{‘éPICAL OUTPUT CHARACTERISTICS

T T
_:L [9 Tc=25°C
o Pﬁ
Inl -8
-8r /\
S
=N
-6 /_6\-'1—‘-0(‘,5
A N,
,ks N \Ke
» V "/A/ ~ \5“?
y — ’/{’I/&” F~d
o
-2 // ;};/.——4"" =~y
A1 L L
17 ; -1
Q -10 20 -30 =40 -50

Drain to Source Voltage Vpg (v

SWITCHING TIME VS. DRAIN CURRENT

1000 =

=

- toff

-4
A
100 ===
‘ ton
10 =
1

-0.2 -Q.5 =1 =2 5 =10 =20
Drain Current ID (A)

SWITCHING TIME TEST CIRCUIT

\

in Vout,
I
8y,
Vin 500 =t
15V ~._.T Vop 30v

RESPONSE WAVE FORM

Vin

Vout

ton
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2SJ76/77/78/79

(COMPLEMENT TO 2SK213/214/215/216)

SILICON P-CHANNEL ENHANCEMENT MOS FET

LOW FREQUENCY AND HIGH FREQUENCY POWER
AMPLIFIER, HIGH SPEED POWER SWITCHING

Features;

1. Suitable for direct mounting

2. High forward transfer addmittance
3. Excellent frequency response

4. Enhancement-mode

(JEDEC TO-220AB)

| ] ABSOLUTE MAXIMUM RATINGS( Ta=25C)
Item Symbol | Unit MAXIMUM CHANNEL DISSIPATION
" CURVE
Drain to Source Voltage Vosx ~200  (28379) | V
60
Gate to Source Voltage Viss *15 \%
Drain Current I -500 mA _
Per 175 w 2
Channel Dissipation £ 00
P 30 w
Channel Temperature Ten | 150 C
_ |
Storage Temperature Tsea — 45~ +150 ‘C 2 \
* Value at T =251 \\
~
0 50 100 150
Te (°C
] ELECTRICAL CHARACTERISTICS( Ta=25C)
Item Symbol | Test Condition min typ max Unit
Visr)psx Ves =2V, In=—1mA - —140 - - v
—160 - -
Drain to Source 4 - -
Breakdown Voltage —180
—200
~ Gate to source | |, _ . - N o
Breakd Voltage Viaress ) Io==10uA, V=0 15 - -
Gate to Source Voltage Vision Vos=—10V. I,=—10mA * -0.2 - -1.5 7 v
~ T "Drain to Source _ P
77777 turation Volt: Vosisae Iy=—10mA, V=0 - - -2
orward ittance ¥ss Vos= =20V, I,=—10mA * - 35 - mS
Input Capacitance Ciss - 120 - pF
B Vos=—10V, I,=~10mA, f=1MHz
Feedback Capacitance Crss - 4.8 - pF
* Pulse Test

G HITACHI® 23



28J76/77/78/79

TYPICAL OUTPUT CHARACTERISTICS
500

400 -~

‘mA

300

In

200

100

TYPICAL TRANSFER CHARACTERISTICS
500

400

mA

300

100

FORWARD TRANSFER ADMITTANCE VS.
DRAIN CURRENT

00 =77 TTTTTT
B A
Pl | [
100 f— . . _
» = +1
E
50
K A
L
|
20 |-
1
10
5
T
IRRRREI
2
2 5 10

TYPICAL OUTPUT CHARACTERISTICS

TYPICAL TRANSFER CHARACTERISTICS
100

60

m

40

20

FORWARD TRANSFER ADMITTANCE VS.
FREQUENCY

05 —— -
Sk 10k 100k ™ 10M 50M
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2SJ77K/79K

(COMPLEMENT TO 2SK214K/216K)

SILICON P CHANNEL. MOS FET
HIGH SPEED POWER SWITGQHING,
HIGH FREQUENCY POWER AMPLIFIER

Features;
1. High Speed Switching

2. High Cutoff Frequency (fc=30MHz)

3. High Breakdown Voltage

4. Suitable for Switching Regulator, DC-DC
Converter, RF Amplifiers, and Ultransonic
Power Oscillators.

(JEDEC T0O-220AB)

g5 ABSOLUTE MAXIMUM :RATING (Ta=25°C)

MAXIMUM CHANNEL DISSIPATION

Rating : CURVE
t Symbo Unit = ’
Leen N 25377 ® 25379 ® £ 0
A ot
Drain to Socurce Vsz -160 -200 v S
voltage -
Gate to Source v
Vol tage GSS *15 +15 v _30
40
Drain Current I -500 -500 A A
-l
2]
) Pch 1.75 1.75 W @
Channel Dissipation a N
Pch* 30 30 W - 20
o \
° S N
Channel Temperature Tch 150 150 C s ~J
<=
Storage Temperature Tstg -45~ +150{-45 ~ +150| °C © 0 \

* Vatue at Tc=25°C 50 100 150

Case Temperature Tc(°C)
¥3 ELECTRICAL CHARACTERISTICS (Ta=25 °C)

) 25377 @ 25979 ® |, ..

S o Te iti X .

Item ymb st Condition min | typ [max |min |typ |max

Drain to Sour ’

Breakdown \olgl::::ce Vsrypsx| Ves=2v, Ip=-1lma ~-160 | — - |~200| - - v

Gate to Source v R v A . - _ .

e yeitage | (BRIGSS| Tos=:10uA, Vbs=0 EECH M B =1 v

\(I;gfia;: Source Vas(on) | Vps=-10V, Ip=-1oma * oz | = jors [z | — s v
t rce _ - | = - -

'Eggx}?atgogo\‘;oftage Vps(sat) | Ip=-10ma, Vgp=0 * —.0 2.0 v

§gm‘§‘:§§n§;“5f“ ‘yfsl Vpg=-20v, Ip=-loma  * | — | 5| — | — | 35| — s

Input Capacitance ) — {12 | — - | 120 - PF

Cass Vps=-10V, Ip=-10ma’
Output Capacitance |[Crss f=1MHz ~ | 4.8 - — | 4.8 — PF

* Pulse Test

@ HITACHI® 25



2SJ77K/79K

26

Drain Current Ip (mA)

Drain Current Ip (mA)

Forward Transfer Admittance |yfs| (ms)

TYPICAL OUTPUT CHARACTERISTICS (1)

- 500 ‘4%5’[7__
VAR ,:’T
ol LA

///l_'——‘—’#'——f"‘

Te=25C1 1

I |l -2s
—20 ,
' ausn BTN
I ———
7
!/—i —]_ﬂ
[] -4 -8 -12 -16 -20

Drain to Solrce Voltage Vps (V)

TYPICAL TRANSFER CHARACTERISTICS (1)
- 500

] -1 -2 -3 -4 -5

Gate to Source Voltage VYGs (V)

FORWARD TRANSFER ADMITTANCE VS.
DRAIN CURRENT
200

(I 1110

Drain Current Ip (ma)

@ HITACHI®

Drain Current ID {ma)

TYPICAL OUTPUT CHARACTERISTICS (2)
-5

Te=5T |
»,'/r; /

I
/T 1]

§

|
8
|

?ﬁ

9 -20 -40 -0 -8 -100

Drain to Source Voltage Vps (V)

TYPICAL TRANSFER CHARACTERISTICS (2)

T 7T
£ . IRy
[=] !
- |
¥ -
g ! !
N 1
NN/
£ } : V//
e EENYy/48
E ) . /: :
=z 1 {
0 o4 -08 -1z -1s§ -20
__ Gate to Source Voltage VGs (V)
0
£

lyfsl

Forward Transfer Admittance

FORWARD TRANSFER ADMITTANCE VS.
FREQUENCY

R vu

T T T

RN 11
R I

E

(" s Litus, L -
O L O T IR A AT A
c=25C
I Ve = —20V
-vr—-l.--w-Aﬁ—; LSS N W TR T

RE
L[ [ IRRHIC] IHHM T T

A A TR N V| S WA I ]
11 T IHIIEERRELL ]

0.1 e

8.05
Sk 10k 100k Ry oM 50M

Frequency f (Hz)



SILICON P CHANNEL MOS FET

LOW FREQUENCY POWER AMPLIFIER

Features;

1. High Power Gain

2. Excellent Frequency Response

3. High Speed Switching

4. Thermal Stability and no secondary

Breakdown

2S5J81

(COMPLEMENT TO 2SK225)

X

(HPAK)

SSHANNEL DISSIPATION CURVE

JR ABSOLUTE MAXIMUM RATINGS (Ta=25°C) g

Item Symbol Rating Unit §
Drain to Source Voltage Vpsx -120 v § 100
Gato to Source Voltage Vess +15 \'4 E .
Drain Current Ip -7 A 'a“ \\
Channel Dissipation Pch* 100 W 'E >0 \L\
Storage Temperature Tstg -45~+150 °C E Y

*Tc=25°C S5 o
3] 0 50 100 150
Case Temperature

M ELECTRICAL CHARACTERISTICS (Ta=25°C) Te 0

Item Symbol Test Condition min typ max Unit
e gaitase | Vismpgs| Yot Vostiov s I I
2t 4o Source Tossi | Vos=20V, Vps0 - - 1
Gla“t:g to Sourci Igss2 VGS='2°Vr Vps=0 - - -1 )m
83535?%3‘1’%23 Vas(ogg) | TD="100mA, Vps=0 05| - | reas) v
B e tuge | Vostsan)| Toh, Voo o I =N
Eoward Transfer | ves| Vpg=-10v, Ip=-3A 0.7 | 1.0 1.4 S
Input Capacitance Ciss Vs=5V,Vpg=-10V, f=1MHz - 780 - pF
Turn on Time ton Vpp=-20V, Ip=-da = 400 - ns
Turn off Time toff - 170 - ns
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2SJ81

TYPICAL OUTPUT CHARACTERISTICS (1) TYPICAL OUTPUT CHARACTERISTICS (2)
_1 - -
Te=25°C . Tc=25°C,
= -8 ?‘ = pa
=~ 729 = - 14
[=) a ~
] . > ] A
o - 24
2 LS 2 2]
- Y/
L A i AT
=] -4 yS) -5
(3] "( N r°b§l L] a “a ——
5 - % 5 7 -
w -2 =3 - °] Fo -3
i VAes R s = =
0 Gs=-1V 0 =ve
0] -10 -20 -30 -40 -50 0] -5 -10
Drain to Source Voltage Vpg (v) Drain to Source Voltage Vps (v)
TYPICAL TRANSFER CHARACTERISTIC (1) TYPICAL TRANSFER CHARACTERISTIC (2)
~10 v c="10v 4 " ¥os=10v
= /114 = i
- e r // ~ /
a N o a 32
IS ; [,»\ - YA
i Vv
) -0 5 Y] YA o
o & ) o 4
g -5 L 2 -0.5 S
5 AN 5 4
3 7T 3 VA
o A © 2
g
5 /f 5 ¥
g 7 5
a 74 a
(o] 0 -‘@
0 -5 -10 0 -1 -2
Gate to Source Voltage Vgs (v) Gate to Source Voltage Vgs (v)

FREQUENCY VS. FOWARD

AREA OF SAFE OPERATION TRANSFER ADMITTANCE

a
-20 T =i ﬁ FrAmey
L sz > HerEe e
S =10 £ ID MAX (Continuous) . ° i
(~14.3V,-78) T" 0 T T —— 3
& E q ' il
& » 100" Tc=25°C
: : fos T L0V e
N < Ip=-2a H
o -1 5 10"
g @
E g T - e o
a E‘: 1 Iy I
-0.2 v 0.5™
-5 -10 -100 -500 o 2k 10k 100k 1M 10M 20M
3
fxy

Drain to Source Voltage Vps (V) Frequency f (Hz)
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DRAIN CURRENT VS. SWITCHING TIME
5000

_ Tc=25°C 1]
3]
2 2000 t
£ on]
» 1000 L
g 500 -+
8 " s
g tofk ’
S 200 L
= //
3 L—
5 oo
3
(2] =T
S0 T TTT 1t

-0.1 -0.2 -0.5 -1 -2 -5 -10
Drain Current ID (a)

RESPONSE WAVE FORM

INPUT ;
903
to — le tor

OUTPUT

10%

G HITACHI®

2SJ81

SWITCHING TIME TEST CIRCUIT

T
m 2Q

TT

C : Bypas§ Capacitor
PW=50)15

duty ratio=0.5%
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25J82/83

(COMPLEMENT TO 2SK226/227)

SILICON P-CHANNEL MOS FET
LOW FREQUENCY POWER AMPLIFIER
FPeatures;

1. High Power Gain.

2. Excellent Frequency Response.

3. High Speed Switching.

4. Wide Area of Safe Operation.

5. Enhancement-mode. (HPAK)
6. Good Complementary Characteristics.

/. Eguipped with Gate Protection Diodes.
MAXIMUM CHANNEL DISSIPATION CURVE

E 150
B ABSOLUTE MAXIMUM RATINGS (Ta=25°C) <
8]
. _— [ 9
Item Symbol Rating _|Unit £ 100
. v . o
Iy =in to Source Voltage DsSX -160 . o
o N
Cate to Source Voltage Vess L5 \Y% 2‘ \
— o
Drain Current Ip -7 A 5 50 AN
L o AV
Charmel Dissipation Pch* 100 W — \‘
- )
=
Sioraue Temperature rI‘stg -45-~+150| °C g 0
*To=25 90 5 0 50 100 150
BB ¢ :CTRICAL CHARACTERISTICS (Ta=25°C) Case Temperature Tc (°C)
Item Symbol Test Condition min typ max Unit
I 1 to Source v I = Ve
bre ekdown Voltage 25)82, (BR) DSX p=-10mA, Ygs=10v 140 - - M
25J83 ' -160 - - v
¢~1« to Source = Ve= - -
bicekdown Voltage V(BR) Gss | 1=+100nA, Vpg=0 15 v
Gate to Source —_ Vpg=-10V -0.15 - -1.45 v
Cuiot Veltage VGs (off) | ID=-100mA, VDS 4
Drain to Source v In=-7a, Vep=0 * - - -12 \4
Seturaticn Voltage DS (sat) D r o
Forward Transfer Vioa=- Ip=- * 0.7 1.0 1.4 S
Admittance Ist[ ps=-10V, Tp=-3a
Input Capacitance Ciss Vgs=5V,Vpg=-10V, f=1Miz - 900 - pF
Output Capacitance Coss Ves=5V, Vps=-10V, f=1MHz - 400 - pF
Reverse . Ve Ve = — - -
Transfer Capacitance Crss Gs=5V, 'ps=-10V, f=1Miz 40 Ll
. t - 2 -
Turn on Time on Vpp=-20v, Ip=4a 30 ns
Turn off Time toff - 110 - ns

*Pulse Test
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25J82/83

A.S.0. CHARACTERISTICS — 25,83 A.S.0. CHARACTERISTICS — 2582

-20 Ta=25°C 20 Ta=25°C
= < =10
£ 10 Ip max {continuous) ~ Ip max lcontinmuli\f
{-14.3v, -7a),
,9 E _45 v TAVQY ‘\\ J%
A
o » NN, A
3 5 '6" <, ""’e
8 ] SR AR
M M AN \
5] ja} L)
8] (@] -1 .;
- o (-140V, -0.71A)
) Cleov, -0.63m
m -
X -0.5 H 0.5 !
-0.2 -0.2 [
-5 -10 -20 -50-100-200 -500 -5 -10 -20 =-50-100-200 -500
Drain to Source Voltage DS (V) Drain to Source Voltage DS (V)
TYPICAL OUTPUT CHARACTERISTICS
GENERAL -10 l T o
CHARACTERISTICS -9
—2SJ8 £ - g1
2/83 - 8 713-8
L
— -7
2 -6 - 16
5 BN
t 'JF" <
=} -4 _ S §~1
: T A1 90,
. - |.—1 L
5 -2 A = e i
a -2 Lt
=TV
0 | VGS=Q

0 -10 -20 -30 -40 =50
Drain to Source Voltage Vps (V)

DRAIN CURRENT VS.

TYPICAL TRANSFER CHA~ACTERISTICS ?Ji DRAIN TC SOURCE SATURATION VOLTAGE
-1.0 —t B e m -10 pore—e 1
Vps=-10V :‘ L VGp= 12344
I G 3 lass
= < [1/ S -5 2554 1’(’;,Cv..
Z ) c s
a ;\’/{?Iq {. © o
% S A~ 5ae
- 4 N s
o) = & y i =2t
< Y A/ 5
g-0.5 7 bo 7!
5 //,/ w
O //// o ~—~0.5
e 7 i<
F y, 74 3>
S r/ o  =0.2
0
np=d ¥ 0.1
0 -1 -2 = -0.1 -0.2 -0.5 -1 -2 -5 -10
]
9
Gate to Source Voltage VGs (v) A Drain Current ID (A)

A HITACHI® 31



25J82/83

GATE TO SOURCE VOLTAGE VS
DRAIN TO SOURCE VOLTAGE

2 -10

A
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ag:, \
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[}

(8]

N
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192} _2___
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8 FORWARD TRANSFER ADMI TTANCE
3
ot
et 1
£ 3 am—
- 173 1
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)
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E A(n‘ i d
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10k 30k 100k 300k 1M 3M 10M
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SWITCHING TIME TESTING CIRCUIT
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=0.5%
/e

C: bypass capacitor
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+
-
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= 100
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Gate to Source Voltage Vgs (y)

DRAIN CURRENT VS.
SWITCHING TIME
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OUTPUT
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Drain Current ID (A)

RESPONSE WAVE FORM
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SI1 ICON P-CHANNEL ENHANCEMENT-MODE MOS FET

LOW FREQUENCY-HIGH FREQUENCY POWER AMPLIFIER,

HIGH SPEED POWER SWITCHING

Features;

1. Low Saturation Voltage.(0.50 typ Rca)

2. Excellent Frequency Response.

High Speed Switching.

4. High Mutual Condactance.

Excellent Complementary Characteristics.

2SJ96

(COMPLEMENT TO 2SK286)

(HPAK)

CHANNEL DISSIPATION CURVE

M ABSOLUTE MAXIMUM RATINGS (Ta=25°C) o =z 150
Item Symbol Rating Unit el
— 3]
a
\V/ 5 \ -
Drain to Source Voltage DSX 60 v 8 100
Gate to Source Voltage Vsss +20 v o
a N
Drain Current ) -8 ; \\
50
Channel Dissipation Pch* 100 ‘g \\
Channel Temperature Tch 150 °C 3
<1
Storage Temprature Tstg [-45~+15Q,| °C g 0
*To=25°C § o 50 100 150
Case Temperature Tc (°C)
M ELECTRICAL CHARACTERISTICS (Ta=25°C)
Item Symbol Test Condition min typ max Unit
Drain to Source — Vo= _ _ _
Cutoff Current Ipsx Vps=-60v, VGs=10V 1 i
Gate to Source _
Cutoff Current Iggs VGs=420V, Vps=0 - - 1| ma
Gate to Source i S T=— - - -
Cutoff Voltage Vgs (off) | Vps=-10V, 1p=-10ma 0.2 1.5 v
Drain to Source I _ _ _
Saturation Voltage VDs (on) Vgs=-15v, Ip=-5a 2.5 4.0 v
Foward Transfer Admittancel |yfs| Vpg=-10v, Ip=-3A 1.0 1.6 2.5 s
Turn on Time ton Vgs=-10V, Ip=4a - 100 - ns
Turn off Time toff Vgs=-10V, Ip=-4a - 250 - ns
Input Capacitance Ciss VGS=5V,VDSi“1OV:f=1MHZ - 850 - pF
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25J96

AREA OF SAFE OPERATION TYPICAL OUTPUT CHARACTERISTICS
-20 T -10 r
2 ol L | ] ozeee 2 A
- - U = T
104 1, max(Contunuous) ==, ‘B¢ -8 A A
a (=12.5V,-8A) —— A a A
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& ~0.5 8 -2 -2
a a |
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-0.2 0 — Ves=0
-2 -5 -10 -20 =50 -100 -200 (o] =10, -20 -30 -40 -50
Drain to Source Voltage Vps (V) Drain to Source Voltage VDS (V)
DRAIN CURRENT VS. DRAIN TO
TYPICAL TRANSFER CHARACTERISTICS SOURCE SATURATION VOLTAGE
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= Vps==10V I /, 9 [ Vgs=-15V
< 10 2o~
= Y © > -5
Y N 5 5
g py *né %1%
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D 7 02 e ﬂ?’
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é 53) ZZ
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o
I FS ) 1
- - g\ A
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a I 83
0 o> 0.1
0 -1 =2 -0.2 -0.5 -1 -2 -5 -10 -20
Gate to Source Voltage VGs (V) Drain Current Ip (Aa)
GATE TO SOURCE VOLTAGE VS GATE TO SOURCE VOLTAGE
— DRAIN TO SOURCE VOLTAGE VS INPUT CAPACITANCE
> -10 1000
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> \ &
& \ w500
© \ o
3 10 ©
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25J96

FREQUENCY VS. DRAIN CURRENT VS.
FOWARD TRANSFER ADMITTANCE i SWITCHING TIME
= 500 1
@ ~ T
g w of f
i ! ‘s 200 Bus
FERNN ol ) )
- 0N ~ L
g 0.3 5 100 ton =
< )
o 7 0.1 g so
[ ) 1 =
0 > Ht [
8 o
5 0.03 c 20
A
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;3 0.01 §Vns=—10V— s 10
3 ; I =2 0118 i 3
2 0.003 ELPL30 i i & s
10k 30k 100k 300k 1M 3M 10M -0.1 -0.2 -0.5 -1 -2 -5 -10
Frequency f  (Hz) Drain Current ID (A)
SWITCHING TIME TESTING CIRCUIT RESPONSE WAVE FORM
OUTPUT ES——
10% I
[z \ ]
IVAVA INPUT
INPUT \
90%
ton toff
c= = Vpp 108 —\
509
Vgs=-10V OUTPUT
PW=50us
duty ratio o ﬂL 90%
=0.5%

C:bypass Capacitor
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2JS99/100

SILICON P-CHANNEL ENHANCEMENT MOS FET
LOW FREQUENCY POWER AMPLIFIER,
HIGH SPEED AND POWER SWITCHING
Complementary pair with 2SK343,2SK344

Features;

1. Low On-Resistance.

2. nigh Speed Switching. (HPAK)
3. No Secondary Breakdown.

4. Good Complementa;y Characteristics.

B ABSOLUTE MAXIMUM RATING (Ta=25°C) MAXIMUM CHANNEL DISSIPATION
Item Symbol Rating Unit E 150 CURVE
25399 2SJ100 o
‘I/gg?égggo Source Vpss 140 ~160 v 8
Gate to Source Voltage| Vgss +20 +20 v gloo
Drain Current Ip -8 -8 A é
Drain Peak Current Ip(peak) -12 -12 A § 50 AN
Channel Dissipation Pch* 100 100 W ; h
Channel Temperature Tch 150 150 °c 5 S
Storage Temperature Tstg -45~+150(-45~4+150 °c & o 50 100 150

*Value at Tc=25°C Case Temperature Tc (°C)

El ELECTRICAL CHARACTERISTICS (Ta=25°C)

25399 25J100
Item Symbol Test Condition R . Unit
min | typ | max | min| typ | max
Drain to Source v Ip=-10mA, V_..=0 -140( - - - 7
Breakdown Voltage (BR)DSS | °D ' 6s - 7180 - v
Gate to Source V_..=x20v, V__= - _ _ _ _
Leak Current Igss GS ps=0 -1 1) pa
T 399 | Vpg=-120v, Vgg=0| - | - N e - | ma
Drain Current ~DSs - -
J100| ype=-140v, VGS_O - - - | - -4 ma
Gate to Source v Vie=-10v, I =_1ma _2.0| - - L I
Cutoff Voltage Gs(off) | DS D . 5-0r2.0 5-0] v
Drain to Source v V =-15v, I =-aa - |-1.6|-2.0| - |- -
Saturation Voltage DS (on) GS D 0.6|-2.0] v
Forward Transfer . Vie==10v, I =—4n* 1.0 s
Admittance Istl DS p=42 1.8 - |1.0] 1.8] _ s
Input Capacitance Ciss - |1050f T | - 1050 - | pF
Output Capacitance Coss Vpg=-10v,Vgg=0, f=1MHz - | 450 T | - | 450| -] gF
Reverce Transfer
- 80 - - 80 - oF
Capacitance Crss pE
Turn on Time ton Veg=-15V, 1,=-2a - 120 -1 - ] 120 “ | ns
Turn off Time toff - 1200 ~ | - 120 - | ns

*bulse Test

Note) The specifications of this device are subject to change without notice.
Please contact your nearest Hitachi’s Sales Dept. regarding specifications.
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AREA OF SAFE OPERATION
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o
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?ﬁ;ICAL OUTPUT CHARACTERISTICS
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T
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SWITCHING TIME VS. DRAIN CURRENT
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SWITCHING TIME TEST CIRCUIT

%
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I

RESPONSE WAVE FORM
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2SJ101/102

SILICON P CHANNEL MOS FET
LOW FREQUENCY POWER AMPLIFIER
HIGH SPEED POWER SWITCHING

' Complementary pair with 2SK345,SK346:

Features;
l. Low On-Resistance.
2. High Speed Switching.

3. No Secondary Breakdown. (JEDEC TO-220AB)
4. Good Complementary Characteristics.
B ABSOLUTE MAXIMUM RATING (Ta=25°C) ~ MAXIMUM CHANNEL DISSIPATION
; = CURVE
Ratin .
Item Symbol | g Unit = 60
: 253101 | 2sJ102 o
- 3]
85?%2920 Source Vpss -40 -60 v a
I
Gate to Source Voltage| Vgss +20 £20 v 8 40
B
o
Drain Current Ip -5 -5 A & AN
s - B 0
Drain Peak Current Ip(peak) |. -10 -10 A 2 5
[=] \
Channel Dissipation Pch* 30 30 w g .
o <
Channel Téemperature Tch 150 150 °C § \q\\\
Storage Temperature Tstg -45~+150}45 ~~+150 oc & 0 50 100 150
*Value at Tc=25°C Case Temperature Tc (°C)
€31 ELECTRICAL CHARACTERISTICS (Ta=25°C)
258J101 253102
I ymbo Test Conditi Unit
tem S 1 s ondition min | typ | max | min| typ | max ni
Drain to Source v =10ma ,  Vgg=0 -40 - - |-60 - -
Breakdown Voltage (BR) DSS D GS \
Gate to Source V_ = V_.=0 - - -1 - - -1
Leak Current Igss cs=20V DS P il
. 101 | Vps=-30v, Yes=0 - - -1 - - - | ma
Drain Current DSS —
J102 | Vpg=-s0v, Yes=0 | - | - | = - - | -1 p,
Gate to Source Vps=10v , I =-1ma }2.0] - |-5.0t2.0] - |-5.0 ,
Cutoff Voltage Vs (off) | DS D A
Drain to Source v V e==15V I =-3a - |-0.9]-1.2] - |-0.9}-1.2
Saturation Voltage DS (on) GS ! D v
Forward Transfer V_ e=-10V I =-3A 0.5] 1.0 -10.5] 1.0 -
Admittance ‘stl DS ’ D S
Input Capacitance Ciss - 700 - - 700 - | pr
Vog=- V_..=0, E=1Miz
Output Capacitance Coss DS=-10V, ¥5s=0, - | 300 -} - | 200] -~} pF
Reverce Transfer - 60 - - 60 -
Capacitance Crss 123
. - O - - -
Turn on Time ton Veg=-15v 1D=—2A 6 60 ns
Turn off Time toff - - eof - - 80| - | ns

*Pulse Test )
Note) The specifications of this device are subject to change without notice.
Please contact your nearest Hitachi’s Sales Dept. regarding specifications.
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(n)

Forward Trarsfer Admittance |Yfs| (S)

Drain Current Ip
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Drain Current ID (A)
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2SK133/134/135

(COMPLEMENT TO 2SJ48/49/50)

SILICON N-CHANNEL MOS FET
LOW FREQUENCY POWER AMPLIFIER

Features;

1. High Power Gain.

2. Excellent Frequency Response.
3. High Speed Switching.

4. Wide Area of Safe Operation.
5. Enhancement-mode. (JEDEC TO-3)
6. Good Complementary Characteristics.

7. Equipped with Gate Protection Diodes.

MAXIMUM CHANNEL DISSIPATION

= CURVE
150
S
BB ABSOLUTE MAXIMUM RATINGS (Ta=25°C) -
o
Item JSyrnbol Rating Unit S .
T w100
Drain to Source Voltage(25K135) Vpsx 160 v g
-
Gate to Source Voltage Vsss +14 v 4 \
= -~
n N
Drain Current Ip 7 ~ 50 S\
o N
Charmel Dissipation Pch* 100 W g \
[
Storage Temperature Tstg -55—~+150 °cC (3] 0
*Tom259C 0 50 100 150
B ELECTRICAL CHARACTERISTICS (Ta=25°C) Case Temperature Tc (°C)
Item Symbol Test Condition min typ max |Unit
Drain to Source K133 |V Ip=10ma, Vgg=-10V 120 - - v
Breakdown Voltaae 2sK13 (BR) DsX D Gs ,
2SK134 140
25K135 160
Gate to Source
Breakdown Voltage V(BR) GS3 Ig=+100pa, Vps=0 114 - - v
Gate — =
S rfovoltace Ves (off) | Ip=100ma, Vps=10V 0.15] - |1.45 | v
Drain to Source V. _ Vo _ _
Saturation Voltage Ds (sat) | Ip=7a, "GD=0 * 12 v
Forward Transfer
Admi ttance lyes) Vps=10v, Tp=3a o 0.7 | 1.0 1.4 s
Input Capacitance Ciss Ves=-5V,Vpg=10V, f=1MHz - 600 - pF
Output Capacitance Coss Ves=-5V, Vpg=10V, f=1MHz - 350 - pF
Reverse Vo Vo= _
Transfer Capacitance Crss Gs=-5V, 'Ds=10V, f=1M1z - 10 - pPF
Turn on Time ton Vpp=20v, Ip=4a — 180 - ns
Turn off Time toff - 60 - ns

*Pulse Test
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2SK133/134/135

Drain Current ID (&)

Drain Current ID (A)

Drain Current ID (A)

2SK133
AREA OF SAFE OPERATION TYPICAL TRANSFER CHARACTERISTICS
20 T T7T 1.0 S P
H Ta=25°C Vps=10V A
10 Ip max(continuous) E 5 4
(14. 3V, A — /\ a d f\‘?%q/
> D AT 5 & v
A b A /]
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‘9 o, c Y
< s ¢ v .5 Va [
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0.2 0 L]
5 10 20 50 100 200 500 0 1 2

- v Gate to Source Voltage VGs (V)
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2S5K134
AREA OF SAFE OPERATION TYPICAL OUTPUT CHARACTERISTICS
20 T 1 [ 10 ™7
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2SK135 ° DRAIN CURRENT VS.
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10 1D max(continuous) g 5 25 oC:,.,.
4 o )
$) 2 N S =i
XN @ 2 L EH= <C
v
%% "ca J'% B /'éﬁ—w
¥ NI\ o D a
oL Y 1
2 P % n o
AW 0 2
1 SN nB8o.s
{160V, 0.63RA} g >
w0
0.5 o 0.2
o
0.1
0.2 5
5 10 20 50 100 200 500 o 0.10.2 051 2 5 10
a
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2SK133/134/135

GATE TO SOURCE VOLTAGE VS. GATE TO SOURCE VSLTAGE vS.
S DRAIN TO SOURCE VOLTAGE INPUT CAPACITANCE
Z 10 I 1000
A ™
[a]
J \ g
S A n
o 500
3 N a A
— (&} /
o 5 °
> 5 g
5
3 D 200
a N , 5
o < | o Vps=10V
+ \1\ — Ipg=12— 3 f=1MHz
S 0 Tt > 100 [
M 5 10 a o -5 -10
8 0 5
Gate to Source Voltage VGS (V) Gate to Source Voltage Ves (V)
@ FREQUENCY VS. DRAIN CURRENT VS.
- FORWARD TRANSFER ADMITTANCE SWITCHING TIME
~5
S - @ o0 !
8 1E i r w200 ton
i : ¢ S y—.‘—"/
£ 0.3 - 100 =
£ §
<
2 0.1 g 50 >
~
o — Tc=25°C o Hlltoft
4 0.03Hy & 5
| Vps=10V o »
% Ip=2A =t /
& o0 2 10
st e 3}
¥ i 2
% 0.003 7 s ]
2 10k 30k100k 300k 1M 3M 10M o 0.1 0.2 0.5 1 2 5 10
S .
f Frequency f (Hz) Drain Current Ip (a)
SWITCHING TIMF TESTING CIRCUIT RESPONSE WAVE FORM
OUTFUT
90%
2Q
INPUT

INPUT

10%
[= —
< tOn toff
4
Pw=50us C 20V 908
duty ratio 500
=0.5% OUTPUT
nr 10% £

C:bypass capacitor
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2SK134H/135H

SILICON N CHANNEL MOS FET (COMPLEMENT TO 2SJ49H/50H)
AUDIO POWER AMPLIFIER
CON¥ERTER

Features;

1. Superior High Frequency Characteristics.
2. High Speed Switching Characteristics.

3. Superior Durability.

4. Good Complementary Characteristics.

5. Enhancement-mode.

(JEDEC TO-3)

[ § ABSOLUTE MAXIMUM RATINGS (Ta=25°C) MAXIMUM CHANNEL DISSIPATICN
Rating = CURVE
Item Symbol 25K134 ()] 25x135 ® Unit ﬁ 150
Drain to Source v &
Voltage DSX 140 160 v g
Gate to Source \4 +14 14 o
Voltage GSs v ‘.; 100
0,
Drain Current ID 7 7 A q L
0
Channel Dissipation Pch* 100 100 w A \.\
~ 50
Channel Temperature Tch 150 150 °c 2 \
c
-
Storage Temperature Tstg -65 ~+150| -65~+150] °C g
* Value at Tc=25°C o 50 100 150
Case Temperature Tc(°C)
B ELECTRICAL CHARACTERISTICS (Ta=25°C)
2SK134 B 2SK135 )
Item S ol iti ) ~ Uni
ymb Test Condition min | tvp| max |min | tvo | max | COLt
Drain to Source v I =10ma v -
B D ’ =-10v - - v
Breakdown Voltage (BR) DSX GS 140 160 — -
Gate to Source v I =4 Vo oe= £1 - - - -
Breakdown Voltage (BR)Gss| "G=*100uA , "ps=0 4 *14 v
Gate. t v I__ Voam ,
Catoff voltage GS(off)| D7100mA , 'DSTIOV p.15| - |1.45[0.15] ~ {1.45| ¥
Drain to Source v I =7z Vep= _ - -
Saturatior Voltrage DS(sat) p=’a ' Gp=0 12 - - 12] V.
Forward Transfer V_ .= 1=
rorward Tr J¥eq| ps=lov  , Ip=3a 0.7 1.0| 1.4{ 0.7{1.0] 1.4/ s
Input Capacitance Ciss - | 600} - - | 600} - PF
Output Capacitance Coss sz=‘5V, VDs=lOV' f=1mHz| ~ | 350 - - 1350 - PF
Reverce Transfer - - _
Capacitance Crss 10 0] - PE
. t v - - - -
Turn on Time on Gs=10V , ID=2A s RI=2{1 90 90 ns
Turn- off£. Time toff B 110 = - 110 | - ns

* Pulse Test
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2SK134H/135H

AREA OF SAFE OPERATION TYPICAL OUTPUT CHARACTERISTICS
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SILICON N-CHANNEL, MOS FET

LOW FREQUENCY POWER AMPLIFIER

Features;

1. High Power Gain.

2. Excellent Freguency Response.

High Speed Switching.

Wide Area of Safe Operation.

Good Complementary Characteristics.
Equipped with Gate Protection.Diodes.

3.
4.
5. Enhancement-mode.
6.
7.

(JEDEC TO-3) .

2SK175/176

(COMPLEMENT TO 2SJ55/56)

MAXIMUM CHANNEL DISSIPATION

& ABSOLUTE MAXIMUM RATINGS (Ta=25°C) CURVE
Rating . Z 130
Item Symbol 5175 2sxk176 | URit
- I
Drain to Source v
Voitage bSX 180 200 v <
Gate to Source \Y +2 *20 - 100
Voltage Gss 20 vV & \
i I 8 8 =
Drain Current D A T
L]
wd
Channel Dissipation Pch* 125 125 W a so
~
Channel Temperature Tch 150 150 °c g
g AN
Storage Temperature Tstg =55~+150 | -55~+150 | o¢ 5 o
* 50 100 150
— L]
Value at Te=25°C Case Temperature Tc(°C)
B ELECTRICAL CHARACTERISTICS (Ta=25°C)
2SX175 2SK176
Item Symbol Test Condition min | typ| max |min | tyo | max [Pt
Drain to Source V (BR) DSX ID=lOmA , Ves=-lov 180 -} - |200t -1 - v
Breakdown Voitage i T v
- + - - + - -
gate S0 Souree . |Ymess| Terloopa, Vps=o 20 20 M
Gate to Source. Ves(ogsy| Ip=looma , Vps=1ov 0.1 - y1.,490.18 - }1.45 V
Drain to So I _ Veap= - - 12 - - 12
Sa+turatinn Sig:ce-ana DS(sat) D——BA ’ Gb a v
Forvard Transfer J7ed Vos=10v , Ip=3a 0.7]1.0]1.4 0.7 }1.0l1.4 | S
Input Capacitance Ciss - 800 - - 800} - PF
Output Capacitance [€oss Ves=-5V,Vpg=10v, f=1Miz | - | 600| - - _|6009| - PF
Reverce Transfer - 15| - - 15| - PF
Capacitance Cras
s t - 250} - - 250 ) - ns
Turn
on Time ton Vop=30v I -aa
Turn. off-Time of £ T ®) - |- j%of- | s
* Pulse Test
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2SK175/176

46

Drain Current I (A)

TYPICAL OUTPUT CHARACTERISTICS (1]
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2SK175/176

’g SWITCHING TIME VS. DRAIN CURRENT
-
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Drain Current ID (a]

SWITCHING TIME TESTING CIRCUIT RESPONSE WAVE FORM

CUTPUT
2Q

90% f

INPUT
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10% =
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Pw=50us C == o= 30V
duty ratio 5092
=0.5% CUTPUT
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T T

108 ——f—

C:bypass capacitor
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2SK176H

(COMPLEMENT TO 2SJ56H)

SILICON N-CHANNEL MOS FET
HIGH SPEED POWER SWITCHING,
HIGH FREQUENCY POWER AMPLIFIER

Features;
1. High Speed Switching.
2. High Cutoff Frequency (f.=7MHz)

3. Enhancement-Mode

4. Suitable for Switching Regulator, DC-DC Converter,
RF Amplifiers, and Ultransonic Power Oscillators.

(JEDEC TO-3)

CHANNEL DISSIPATION CURVE

z 150

B ABSOLUTE MAXIMUM RATINGS (Ta=25°C) ;

Item Symbol Rating Unit a
Drain to Source Voitage | Vpss 200 \ § 100
Gate to Source Voltage VGss +20 v 5
Drain Current Ip 8 A '2‘ 50
Channel Dissipation Pch* 125 W A
Channel Temperature Tch 150 °C °
Storage Temperature Tstg -65 ~+150 °c % 0

*Tc=25°C g 0 50 100 150
Case Temperature Tc (°C)

M ELZCTRICAL CHARACTERISTICS (Ta=25°C)

Item Syiwol Test Condition min typ max Unit
Broaldomn” Yelfoge V(BR)DSs | Ip=10mA, Vgs=0 200 - - v
?ggkagwgoegigace V(BR) Gss | Tc=#100pA, VDs=0 +20 e = A%
Gate fo Source Vs (off) | In=100ma, 'DS=10V 0.55 - 3 v
Drain Current Ipss Vps=160v, Vgs=0 - - 3.0 mA
Drain to Sourie Vps (o) Ip=4a, VGs=15V - - v
Foward Transfer Admittancd |Yfs]| Vps=10v, Ip=3A 0.7 - . s
Input Capacitance Ciss Vgs=-5V, Vps=10V, f=1MHz - 800 pF
Output Capacitance Coss Ves=-5v, Vps=10V, f=1Miz - 600 - pF
Turn on Time ton Ip=2A,VGs=15V, R =15Q - 60 - ns
Turn off Time toff Ip=2a,VYGs=15V,Rp=15Q - 200 - ns
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Ip (a)

Forward Transfer Admittance lstl (s)

Drain Current

Drain Current Ip (a)

AREA OF SAFE OPERATION
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G HITACHI®

Switching Time ton,toff (ns)

Ip (a)

Drain Current

2SK176H

TYPICAL OUTPUT CHARACTERISTICS
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2SK196 H

SILICON N-CHANNEL MOS FET

HIGH SPEED PGWER SWITCHING,
HIGH FREQUENCY POWER AMPLIFIER

High Speed Switching

Enhancement-Mode

High Cutoff Frequency (fc=30MHz)

(JEDEC TO-39)

4. Suitable for Switching Requlator, DC-DC Converter,
RF Amplifiers, and Ultransonic Power Oscillators.
CHANNEL DISSIPATION CURVE
1.2
z
S ABSOLUTE MAXIMUM RATINGS (Ta=25°C) =~
Item Symbol | Rating Unit ;_3
Drain to Source Voltage Vpes 160 \' = 0.8
N ]
Gate to Source Voltage Vgss 114 v hot \
b
Drain Current Ip 500 mA 2 0.4 \
m O.
Channel Dissipation Pch 0.8 o a \‘\
Channel Temperature ‘Tch 150 °c e
Storage Temperature Tstg | -65—+150 °C 2 o] l
g o} 50 100 150
S Case Temperature Tc (°C)
8 ELECTRICAL CHARACTERISTICS (Ta=25°C)
Item | Symbol | Test Condition min | typ [ max | Cnit
T T Viemiss] Tp=lOWA, G0 deo [ - - T
ggggkégw:o:;é$slrp l (QDJ’-CS' IG=t10)1A, vDS:O +14 - il 7
Sate to source Yy, Ip=10mA, Vne= _
Zutoff Yoltags | GS(off)| "D ps=1o0v 0.2 2. v
Drain Current |_Ioss | VYps=l20v, VGs=0 - - |20 | ma
Drain to Source Vo= - -
Saturation Voltage | Yos (o) | Ip=200ma, Vgs=10V 3.0 v
Foward Transfer Admittarct |Yfsl |Vpg=10v,Ip=200ma(pulse) 50 - - ms
- - - . =10y In=1l0ma, f=1MHz - Ys] - oF
Input Capacitance Ciss Vps=10V, 'D :
- . = In= = - - =
Output Capacitance Coss Vps=10V, Ip=10mA, £=1MHz 60 et
Veog= I Ry,= - -
Turn on-Time ton Gs=10v, Ip=200ma, RL,=150Q 20 ns
- In= Ry = - -
Turn off Time tofe  |Vgs=10V, 1p=200mA, ®r=1509 30 ns

Note) The specifications of this device are subject to change. without notics.
Please contact your nearest Hitachi’s Sales Dept. regarding speaifications.
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2SK196 H

AREA OF SAFE OPERATION'
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2SK213/214/215/216

(COMPLEMENT TO 25J76/77/78/79)

SILICON N CHANNEL MOS FET

HIGH FREQUENCY AND LOW FREQUENCY POWER
AMPLIFIER, HIGH SPEED POWER SWITCHING

Features;
1. Suitable for direct mounting

2. High forward transfer addmittance

3. Excellent frequency response

4. Enhancement-mode

(JEDEC TO-220AB)

[ ] ABSOLUTE MAXIMUM RATINGS( Ta=25°C)
Item Symbol Unit MAXIMUM CHANNEL DISSIPATION
p CURVE
Drain to Source Voltage Vbsx 200 {ZSK21§) v
60
Gate to Source Voltage Vess +5 v
Drain Current Ip 500 mA
Por 1.75 w z
Channel Dissipation . 40
P 30 w a
Channel Temperature Ten 150 C
Storage Temperature e —45~ +150 °C 2 \
N
*Value at Tc=25C \\
~N
0 50 100 150
Te (°C)
] ELECTRICAL CHARACTERISTICS(Ta=25C)
S
Item Symbol Test Condition min typ max Unit
213 | Vismosx Ves=—2V, Ip=1mA 140 - . - \%
Drain to Source 214 160 -
Breakdown Voltage 215 180 -
216 200 . -
Sateto Souree Vimes | lo= +10pA, Vos=0 +15 - -
Gate to Source Voltage Vesion) Vos=10V, Ip=10mA* 0.2 - 1.5 v
Drain to Source _ e
Saturation Voltage Vosaay | Ip=10mA, Veo=0 - - 2 e
orward = = . - -
Transfer Admittance lyssl Vos=20V, Ip=10mA 40 mS
Input Capacitance Ciss 90 - pF
" Vos=10V, Ip=10mA, f=1MHz
Feedback Capacitance Cras 2.2 - pF

* Pulce Test
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2SK213/214/215/216

TYPICAL OUTPUT CHARACTERISTICS TYPICAL OUTPUT CHARACTERISTICS
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2S5K214K/216K

(COMPLEMENT TO 2SJ77K/79K

SILICON N CHANNEL MOS FET

HIGH SPEED POWER SWITGHING,

HIGH FREOUENCY' POWER AMPLIFIER
Complementary pair with 25J77(K), 25J79(®)

Features;

1

High Speed Switching

2. High Cutoff Frequency (fc=30MHz)

3. High Breakdown Voltage (JEDEC TO0-220AB)

4. Suitable for Switching Regulator, DC-DC
Converter, RF Amplifiers, and Ultransonic
Power Oscillators.

g3 ABSOLUTE MAXIMUM RATING (Ta=25°C)

MAXIMUM CHANNEL DISSIPATIO

CURVE
Rating 3 —
Unit
Itenm Symbol |55 1 ®] 25x016 @ g
Drain to Source v G
o}
Voltage DSX 160 20 :
Gate to Source v g
Voltage GSs 15 15 Y] 40
Drain Current ID 500 500 A &
-
0
o Pch 1.75 1.75 i -
Channel Dissipation. =] N
Pch* 30 30 w - 20
2 ™~
Channel Temperature Tch 150 150 °C s \\
£
Storage Temperature Tstg [-45 ~ +150| -45 ~ +150| °C © o \
(
* VaXue at Tc=25°C 50 100 15
Case Temperature Tc(°C|
B ELECTRICAL ‘CHARACTERISTICS (Ta=25°C)
dies 25x214 ® 2sx216 (@ | .
Item Symbol Test Condition min |-typ [max |min |typ |max
Drain to Source \4 == In=1mA - - 200} - - v
Breakdown Voltage (BR)DSX| VGs=-2V, Tp 160
. — = *15 - - * - -
e aouree e |V(BRyGss| Ies=+10pa, Vps=0 15 v
Gate to Source \'4 = Ip= * - . - 1.5 v
Voltage GS(on) Vps 10v, D 10mA 0.2 1.510.2
ain to Source = \Y% - - -
gturatlon Voitage VDs(sat;) Ip=10mA, VGp=0 1 - 2.0 2.0 v
Foryard Transfer ly Vps=20V, Ip=10mA * - 40 - -] 40} - s
Admittance - l fs‘ DS + D
N - - - 9a -
Input Capacitance Ciss Vps=1lov, Ip=10ma 90 P
Output Capacitance |Crss f=1MHz -1 2.2 - - 12.2] - Pl

* Pulse Test.

54 @ HITACHI®



prain Current Ip (mA)

prain current Ip (mA)

Forward Trasfer Admittance lstl (ms)

28J214K/216K

TYPICAL OUTPUT CHARACTERISTICS (1) TYPICAL OUTPUT CHARACTERISTICS (2)
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2SK220H/221H

SILICON N-CHANNEL MOS FET

HIGH SPEED POWER SWITCHING,

HIGH FREOUENCY POWER AMPLIFIER

Features;

1. High Speed Switching

2. High Cutoff Frequency (fc=50MHz)

3. Enhancement-Mode

4.

Suitable for Switching Regulator, DC-DC Converter,

RF Amplifiers, and Ultransonic Power Oscillators.

M ABSOLUTE MAXIMUM RATINGS (Ta=25°C)

z

<

Item Symbol Rating Unit 4

Drain to Source Voltage Vpss 200(25K221) v g
Gate to Source Voltage VGss +20 v by
Py

Drain Current Ip 8 A &
0

Channel Dissipation Pch* 100 W o
Qa

Storage Temperature Tstqg -65~+150] °C -
©

e

<

*Pc=25°C =

(3]

M ELECTRICAL CHARACTERISTICS (Ta=25°C)

150

100

50

(JEDEC TO-3)

CHANNEL DISSIPATION CURVE

\
N
% 50 100 150

Case Temperature Tc (°C)

Item Symbol Test Condition min typ max Unit
25K220H 160 — _

Drain to Source [ ,q;o1H |V(prypss | Ip=10ma, Vgs=0 200 | - - v
TN R 7P 7 T N V
Cutoff voltage GS(off) | "D ¢+ Yps=10V 0.4 - .0 v
Drain Current Tpss Vps=160v, Vgs=0 - - ) mA
ggg\lirrlaggogoggigage Vps (oN) Ip=4a, VGs=15V - - 6.0 v
Foward Transfer Admittanag |Yfs| Vps=10v, Ip=3a 0.6 | 0.9 - s
Input Capacitance Ciss Vgs=-5V, Vps=10V, f=1MHz - 600 - pF
Output Capacitance Coss VGS=-—SV,VDS=10V,f=1MHz - 300 - pF
Turn on Time ton Ip=2a, Vgg=15V - 25 - ns
Turn off Time toff Ip=2A, Vgg=15V - 45 - ns
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AREA OF SAFE OPERATION
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TYPICAL OUTPUT CHARACTERISTICS
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2S5K225/226/227

COMPLEMENT TO 2SJ81/82/83)

SILICON N-CHANNEL MOS FET
LOW FREQUENCY POWER AMPLIFIER

Features;

1. High Power Gain.
2. Excellent Frequency Response.
3. High Speed Switching.

4. Wide Area of Safe Operation. (HPAK)
5. Enhancement-mode.
6. Good Complementary Characteristics.
7. Equipped with Gate Protection Diodes. MAXTMUM CHANNEL DISSIPATION CUR\
—~ 15
5 150
B ARSOLUTE MAXIMUM RATINGS (Ta=25°C) <
(¢
[at
Item Svmbol Rating Unit ¢ 100
Drain to Source Voltage Vpsx | 160(28K227) ) <
ie}
L 5 Vecs o a
Gate to Source Voltage GS3 115 v 2 \
ai 1 @ 50 AN
Drain Current D 7 A et N
[a)
Channel Dissipation Pch* 100 W - \‘
o
(=1
Storage Temperature Tstq [-45~+150 °c £ 0
*Pc=25°C 5 0 50 100 150
M ELECTRICAL CHARACTERISTICS(Ta=25°C) Case Temperature Tc (°C)
Item Symbol Test Condition min typ max Unit
25K225 120 - -
Drain to Source In=10 Veg=-10V 4 - - v
Brezkdown Voltaael| _25K226 V(BR) DSX D mh, 'GS 140 i
28K227 160
Gate to Source v - Vpg=0 + - - v
Breakdown Voltage (BR) GSS | Tg=+100uA, "DS *15
Gate to_Source v I= Vpg=10v 0.15 - 1.45 v
Cutoff Voltage GS (off) | ~D=100mA, Tps
Draxn to Source _ Vep=0 * - - 12 v
Saturation Voltage Vps(sat) | ID=7A. "GD™
Forw 'Y = In=
Adms tranas s fer Jves) Vps=10v, Ip=3a * 0.7 1.0 1.4] s
Input Capacitance Ciss Vgs=-5V,Vps=10V, f=1MHz - 600 - pF
Output Capacitance Coss Vgs=-5V, VDs=10V, £=1MHz - 350 - o]
Reverse Ves=-5V,Ve=10V, f=1MHz - 10 - pF
Transfer Capacitance Crss s s !
Turn on Time ton Vop=20v, Ip=da - 180 - ns
Turn off Time toff - 60 - ns

*Pulse Test
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A)

(

Drain Current ID (A) Drain Current ID

Drain Current ID (A)

2SK225 RENT V
M DRAIN CUREF S.
. - .
ARER OF SAFE OPERATION % DRAIN TO SOURCE SATURATION VOLTAGE
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9 EVGD=0 7|
- 25 H
. S 2 i
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'*50 Y 2 4/ g
@ 5 g,-‘
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[
0
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0.5 5
o 0.2
2 ]
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v
Drain to Source Voltage Vps (v) Q Drain Current ID (A)
28SK226
AREA OF SAFE OPERATION TYPICAL TRANSFER CHARACTERISTICS
20 17T 1.0 r— -
l" Ta=25°C . vps=10V
10 1D max(continuous). = u; 4 1/
< A%
T Sa N - L7
B ; " A4
AR &,
. > » a
N : C /.
v, >, /
2 HIYS 9 0.5
a N / 4
28N 5 y
<X 4
1 e T140V, 0. 71A) © /] 1/
: 2
0.5 " %
v
a
7
0.2 0 |t
5 10 20 50 100 200 500 0 1 2
Drain to Source Voltage Vps (V) Gate to Source Voltage VGS (V)
2SK227
AREA OF SAFE OPERATION TYPICAL OUTPUT CHARACTERISTICS
20 T 17 —r—t
]” Ta=25°C - ! \ | Tc=25°C
10k - g A9
D max{continuous) ol /. a
é]m N - 6‘\ "’T\|
I a (1L
AN BAEN
Y0
N\ Ay 96% o 6 7 Q-
2 SR b KN
o Y 1 O,
N \ CE ) D )
1 7 O = b
OoX A A
S {160V, 0.63A) o T
0.5 s A 3 —
a 2
v
0.2 o VGs=0
5 10 20 50 100 200 500 0 10 20 30 40 50
Drain to Source Voltage Vbs (V) Drain to Source Voltage VDS (V)
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2SK225/226/227

GATE TO SOURCE VOLTAGE VS. GATE TO SOURCE VOLTAGE VS.
~ DRAIN TO SOURCE VOLTAGE INPUT CAPACITANCE
Z 10 I 1000
a ™
> &
g \ o
g o s00
3 N A
o 5 ©
> 5 3
[ V] o
2 i
3 d 200
) N &
Q N Scang o Vps=10V
3 N —— 3 DS=
—t Ip=12—] f=1MHz
ol +
a0 2 10 111
VIR 5 10 3 0 -5 -10
o =
Gate to Source Voltage VGS (V) Gate to Source Voltage VGS (V)
0 FREQUENCY VS. DRAIN CURRENT VS.
- FORWARD TRANSFER ADMITTANCE SWITCHING TIME
“ T —~ 500 I
> 0
> @ ]
N £
4 Saes “ 200 ton
g : KH 5 U]
5 0.3 1 . 100 =
) =}
: §
N —==: b 50 —+
~ 1 £
g F Tc=25°C 1 z H
[t - e H toff
5 0-93 [ yrctiov 20 i
0.0 et nDo2h A o
g 2 32 < 10
. HRs S
% 0.003 2t Hii s
z 10k 30k100k 300k 1M 3M 10M @ 0.1 0.2 0.5 1 2 5 10
[
P Frequency f (Hz) Drain Current Ip (a)
SWITCHING TIME TESTING CIRCUIT RESPONSE WAVE FORM

OUTPUT

90%

INPUT

10% t
ton toff

Pw=50us
duty ratio
=0.5%

90%

OUTPUT

10% f

C:bypass capacitor
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2SK258H

SILICON N-CHANNEL MOS FET
HIGH SPEED POWER SWITCHING,
HIGH FREQUENCY POWER AMPLIFIER

Features;

1. High Speed Switching

2. High Cutoff Frequency (fc=7MHz)

3. Enhancement-Mode

4. Suitable for Switching Regulator, DC-DC Converter,

RP Amplifiers, and Ultransonic Power Oscillators.

(JEDEC TO-3)

1 SSHANN'EL DISSIPATION CURVE

@ ABSOLUTE MAXIMUM RATINGS (Ta=25°C) =

Item Symbol Rating Unit E
Drain to Source Voltage Vpss 250 v = 100
Gate to Source Voltage Vgss 120 v '3 \
Drain Current Ip 8 A §~
Channel Dissipation Pch* 125 W gmg 50
Channel Temperature Tch 150 °C 2 N
Storage Temperature Tstq -65~+150] °C § 0

*Tc=25°C é o] 50 100 150

Case Temperature Tc (°C)
B ELECTRICAL CHARACTERISTICS (Ta=25°C)

Item Symbol Test Condition min typ max | Unit
praRasonsoeiss e V(BR)Dss | I0=10mA, Vgs=0 250 | - - v
Sate, Sown Ui Eaqe V (BR)Gss | Ig=$100uA, Vpg=0 $20 | - v
gﬂ::fgouigfigi Vs (off) | Ip=10mA, Vpg=10V 0.4 - 3.0 v
Drain Current Ipss Vps=200V, Vgg=0 - - mA
Saturation Vbt tage Vos(om | To=A. Ves=15V 1= a5 | v
Foward Transfer Admittancqd |Yfs| Vps=10v, Ip=3A 0.9 |1.3 - s
Input Capacitance Ciss Vgs=-5V,Vpg=10V, f=1MHz - 800 - pF
Output Capacitance Coss Vgg=-5V,Vps=10V, £=1MHz - 350 - pF
Turn on Time ton Ip=2A, VYgg=15v - 25 - ns
Turn off Time tors Ip=2A, VGs=15V - |10 - ns
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2SK258H

62

Drain Current ID (A)

(s)

Forward Transfer Admittance |stl

AREA OF SAFE OPERATION

20 v A
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10 AL\ L]
> |
———————
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0.3 e +
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0.1F= >
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r17 T, Te=35°C
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/1 e\
-l
% ) r/ S""ﬁd
v ( 2 ‘\/‘J
M 4 ~ Ry
5] 4 [/ 4 N
5 L -
] }’ 3 ~F-.
M 2 ——
°
2 d
1 |
o] 10 20 30 190 SQ

1000 =====n
assl TR
] IIL u !tquéj
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—tr — 1
v : — ‘o[n H
logr; ‘Lég‘ | [T 1)

TYPICAL OUTPUT CHARACTERISTICS

Drain to Source Voltage Vbs (v)

SWITCHING TIME VS. DRAIN CURRENT

B
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o 1]

0.5 1 2 S 1) 20
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SWITCHING TIME TEST CIRCUIT
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’
V.
1 00 1y
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SILICON N CHANNEL MOS FET

HIGH SPEED POWER SWITCHING,

HIGH FREQUENCY POWER AMPLIFIER

Features;

1. High Speed Switching

2. High Cutoff Frequency
3. High Breakdown Voltage
4.

5. Enhancement-Mode

W ABSOLUTE MAXIMUM RATINGS (Ta=25°C)

Suitable for Switching Regulator, DC-DC Converter,
RF Amplifiers, and Ultransonic Power Oscillators.

(JEDEC TO-3)

2SK259H/260H

§ CHANNEL DISSIPATION CURVE
Item Symbol ] Rating ] Unit - 150
~ - o)
Drain to Source Voltage Vpss 400 (2SK260) v a
o
Gate to Source Voltage V(;ss +20 v o
X T 100
Drain Current Ip 5 A g
Drain Peak Current Ip(peak) 10 a -
0
Channel Dissipation Pch* 125 W pa .
=l
Chanrel Temperature Tch 150 °C a3
Storage Temperature Tstg |-65~+150 oc g
o
*Tc=25°C 5§ ©
0 50 100 150
B FLECTRICAL CHARACTERISTICS (Ta=25°C) Case Temperature Tc (°C)
Item Symbol Test Condition min typ max (Unit
350 -
L21Ra50n 08T ESqe | 25K250H V(BR)DSS| Ip=10mA, Vgs=0
2SK260H 400 — - \
Gate to Source = Vpg=! - - v
Breakdown Voltage V(BR) GSS | Lg=+100ua, VDs=0 $20
Gate to Source v, In=10mA, Vps=1l0V 0.4 - 3.0
Cutoff Current GS(off) | D r D
Drain Current Ipss Vps=280v: Ygg=0 - - 1.0 mA
Drain to Source _ Vo _
Saturation Voltage Vps (on) |Ip=3A, VGs=15V 7-5 9.0 v
Foward Transfer Admittance ||yfs] Vps=20v, Ip=3a 0.6 | 1.0 - S
Input Capacitance Ciss Vgs=-5V,Vpg=10V, f=1MHz - 800 - pF
Output Capacitance Coss Vgs=-5V,Vps=10V, f=1MHz - 350 - pF
Feedback Capacitance Crss Vop=-5V, f=1MHz - 15 - pPF
Turn on Time ton Ip=2a, Vgg=15v - 25 - ns
Turn off Time toff Ip=2A, Vgs=15V - 140 - ns
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2SK259H/260H

A.S.O. CHARACTERISTICS

Drain Current ID (A)

Drain Current ID ()

64

20

10

20

10

2SK259H
AREA OF SAFE OPERATION

Ta=25°C

5/
0&
Ofa

5 10 20 50 100 200 500
Drain to Source Voltage Vps (v)

2SK260H
AREA OF SAFE OPERATION

Ta=25°C

2/

2
~
A
1

5 10 20 50 100 200 500
Drain to Source Voltage Vps (V)

Switching Time ton,toff (ns)

GENERAL CHARACTERISTICS

Drain Current ID (A)

TYPICAL OUTPUT CHARACTERISTICS

A) XY A T B
L 1
8 QOG”/ <
b -7 Tc=25°C
/X~ 8
6 A
V@R
4 V// \“9\52._-6-_
/=
V k-
2 = 4
3
o]

[} 10 20 30 40 50
Drain to Source Voltage Vps (v)

DRAIN CURRENT VS.
GATE TO SOURCE VOLTAGE

10
JC°ELLL
= Vps=40V. /
a 8
o 4
z 6 -
2 &
~
S a4
5 /'/
3 5 ¥
| W%

0

0 2 4 6 8 10

Gate to Source Voltage VGs (V)

SWITCHING TIME VS. DRAIN CURRENT

1000
f_-"q_“" toff N
100 - -
ton
10 ==
1
0.2 0.5 1 2 5 10 20

Drain Current ID (A)
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FORWARD TRANSFER ADMITTANCE
VS. FREQUENCY

— 2

]

=

2 =
[}

(4] "
9 0.5

ks

P

"Ei Tc=25°C

g 0.2 M TVpg=20v

< Ip=1A

5 0.1 .

-

0]

30.05

M

2]

'80.02

E 10k 100k 1M 10M
° Frequency £ (Hz)

G HITACHI®
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SWITCHING TIME TEST CIRCUIT

v
Vin out
Ry,
Vin 509Q v
15v DD 30V

Vin 10% \
Vout'_ f b
0%

toff

RESPONSE WAVE FORM
90%
F10
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2SK286

SOMPLEMENT TO 25J96)

SINICON N-CHANNEL ENHANCEMENT-MODE MOS FET
LOW FREQUENCY-HIGH FREQUENCY POWER AMPLIFIER,
HIGH SPEED POWER SWITCHING

Features;

1. Low Saturation Voltage. (0.5Q typ)
2. Excellent Frequency Response.

3. High Speed Switching.

4. High Mutual Condactance.

5. Fxcellent Complementary Characteristics.

P ALRSOLUTE MAXIMUM RATINGS (Ta=25°C)
Item Symbol Rating |Unit :3:
Drain to Source Voltage Vpsx 60 v 5
— A
Gate to Source Voltage Vass +20 \Y o
. T P
Drain Current D 8 A g
o8
Ch.omel Dissipation Pch* 100 w -
I 0
Chennel Temperature Tch 150 °c a
Storage Temperature Tstg |-45~~+150| °cC 3
=
*Tc=25°C 5
)
@]

M KLECTRICAL CHARACTERISTICS (Ta=25°C)

—
(e}
o

w
o

(HPAK)

DISSIPATION CURVE

CHANNEL
50

AN

50

100

150

Case Temperature Tc (°C)

Item Symbol Test Condition min typ max Unit
Drain to Source Vo= Vem _ _
cutoff Current Ipsx ps=60V, Vgs=-10V 1 mA
Gate to Source . Vhe= _ _
Cutoff Current Less Vgs=+20v, VDs=0 +1 uh
Gate to Source : = pe -
Cotoff voltage Ves(dff) | Vps=10v, Ip~10ma 0.2 1.5 v
Drain to Source v T B
Saturation Voltage DS (on) Vgs=15V, “D=5A - 2.5 4.0 v
Foward Transfer Admittance| |Yfs]| Vps=10V, Ip=3a 1.0 1.4 2.5 S
Turn on Time ton Vgs=10v, Ip=4A - 80 - ns
Turn off Time toff Vgs=10v, Ip=4a - 110 - ns
Input Capacitance Ciss VGs=-5V, Vpg=10V, f=1MHz - 500 - pF
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2SK286

FREQUENCY VS. . DRAIN CURRENT VS.
FOWARD TRANSFER ADMITTANCE @ SWITCHING TIME
“ < 500
’ i 3 ‘
£ il | b
- L L 200
E o et L Yoff %
< wm g3 .2 100 —— NP
9]
85 0.1 £ so T
0o . o » orr
r‘o‘ B o
S T 0.03 | 2
& U7 b me=25°C s 4
T Vpg= €
5 0.01 = 'DSTIOV 510
3 = Ip=2A o
o —
= 0.003 | mBEIIH 0 5
10k 30k 100k 300k 1M 3M 10M 0.1 0,2 0.5 1 2 5 10
Frequency f  (Hz) Drain Current 1D (A)
SWITCHING TIME TESTING CIRCUIT RESPONSE WAVE FORM
OUTPUT
90%
2Q
L AAN INPUT
vy
INPUT \
10% {
ton toff
c== ”.E VoD
S0 .
0 OUTPUT
Ves =10V
PW=50us
10%
duty ratio 777 T —
=0.5%

C:bypass Capacitor
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2S5K286

AREA OF SAFE OPERATION TYPICAL OUTPUT CHARACTERISTICS
20 rer 10 +—T—t
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e i
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2SK287K /288K

SILICON N CHANNEL MOS FET
HIGH SPEED POWER SWITCHING,
HIGH FREQUENCY PCWER AMPLIFIER

Features;

1. High Speed Switching.

2. High Cutoff Frequency.

3. Enhancement-Mode.

4. Suitable for sSwitching Regulator,
DC-DC Converter, RF Amplifiers, (HPAK)
and Ultrasonic Power Oscillators.

B ABSOLUTE MAXIMUM RATING (Ta=25°C) MAXIMUM CHANNEL DISSIPATION
Rating 5 CURVE
Item Symbol Unit -~ 150
2s5k287(®)| 2sx288 (® 5
Drain to Source
Voltage Vpss 60 80 v :
Gate to Source v 2100
Voltage GSS +20 +20 v s
o
Drain Current Ip 8 8 L -
a N
Drain Peak Current Ip(peak) 12 12 A 2 sg
2}
Channel Dissipaiton Pch* 100 10Q ~ \
) <
Channel Temperature Tch 150 150 °c 5
=
Storage Temperature Tstg |-55~+150|-55~+150] °c & © 50 100 150
*Value at Tc=25°C Case Temperature Tc (°C)
B ELECTRICAL CHARACTERISTICS (Ta=25°C)
s s 2SK287 25K288 (&
Item Symbol Test Condition - ® - K 8® Unit
min} typ|max | min | typ [ max
Drain to Source _ - - - - -
Breakdown Voltage V(BR)DSS |Ip=10ma, Vgs=0 60 80 v
Gate to Source = VAe= - - . -
Breakdown Voltage V(BR) Gss |IG=¥100na, Yps=0 +20 +20 v
Vps=50v, VGs=0 - - 1.0 - - - | ma
Drain Current Ipss K287 | 's d
Kzsa(@ Vps=60V, Vgs=0 - - - - - 1.0 mA
Gate to Source - I~=10m Vps= 0.4 - 3.0 0.4} - 3.0
Cutoff Voltage VGs(off) |Tp=10mA, YDSTIOV v.
Drain to Source _ = * - -
Saturation Voltage VDs(on) |Ip=5a, VGS=15V 2.5 ] 3.0 2.5 (3.0 v
Forward Transfer = In= * - -
Forward Tr lves]  |Vps=tov, Ip=3a 1.0 1.4 1.0(1.4 s
Input Capacitance Ciss Vgs=-5V, Vpg=10V, f=1MHz - 500 - - |500 - pF
Output Capacitance Coss - |400) - - 1400 - PF
i ton - 25 - - 25 - ns
Turn on Time Ip=2a, VGS=15V
Turn off Time toff - [350) - - |350] - ns

*Pulse Test
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2SK287K/288K

A.S.0. CHARACTERISTICS

2SK287K
AREA OF SAFE OPERATION

2SK288K
AREA OF SAFE OPERATION
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2SK287K/288K

FORWARD TRANSFER ADMITTANCE

2 VS . FREQUENCY __ SWITCHING TIME VS. DRAIN CURRENT
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2SK294/295

SILICON N CHANNEL MOS FET'
HIGH SPEED POWER SWITCHING,
HIGH FREQUENCY POWER AMPLIFIER

Features;

l. Low On-Resistance.

2. High Speed Switching.

3. High Cutoff Frequency.

4. No Secondary Breakdown.

5. Suitable for Switchifnig Resulator,
DC-DC Converter, RF Amplifiers, and (JEDEC TO-220AB)
Ultrasonic Power Oscillatcrs.

M ABSOLUTE MAXIMUM RATING (Ta=25°C) MAXIMUM CHANNEL DISSIPATION
Ratin = CURVE
Item Symbol g Unit = 60
25K294 |  25K295 -
- 3}
VDgTEgggo Source Vpss 80 100 A
c
Gate to Source Voltage| Vgss +20 +20 g 40
- -
Iy
Drain Current Ip 5 5 &
A 0
Drain Peak Current ID(peak) 10 10 g 20 \\
Channel Dissipation Pch* 30 10 w - \\
L
N
Channel Temperature Tch 150 150 | °c & N
Storage Temperature Tstg |-55~ +150{-55_+150| °c & © 50 100 150

*Value at Tc=25°C Case Temperature Tc (°C)

B ELECTRICAL CHARACTERISTICS (Ta=25°C)

25X294 2SK295
Item Symbol Test Condition ) ] Unit

min | typ | max | min{ typ | max
Drain to Source v - Vo,e= - - - -
Breakdown Voltage (BR)Dss |Ip=10mA, Vgs=0 80 100 v
Gate to Source = =
Leak Current Igss |Vgs=+20V, Vps=0 - - - - L] aa

. k294 | Vps=65v, Vgs=0 - - 1] - - - | ma
Drain Current Ipss
K295 | Vps=80V, Vgs=0 - - - - - 1| ma

Gate to Source - VAaa= -
Cutoff Voltage Ves(off) |To=1mA, Vps=lov 1.0] - [5.0] 1.0 5.0
Drain to Source \7 I.= Vs -
Saturation Voltace DS (on) p=32, Vgs=15V - J1.241.7) -jr.2)1.7) v
Forward Transfer - = -
Admi ttance ]nyI Ip=3a, Vps=lov 0.5 0.8 - | 0.5(0.8 s
Input Capacitance Ciss - 450 - - | 450 - oF
Output Capacitance Coss  [Vpg=10v,VGs=0, f=1MHz - |270| - -|270] - | op
Reverce Transfer

- 40 - -] 140 -
Capacitance Crss 1 pF
Turn on Time ton Ip=2a, Vgs=15v, - 40| - -1 40} -| ne
Turn off Time toff |RL=L5Q ~ 0| - -1 70| -1 ns

*Pulse Test
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25K294/295
A.S.0. CHARACTERISTICS

25K294 2SK295
AREA OF SAFE OPERATION — 20 AREA OF SAFE OPERATION
T Forr RS
- A - T
% 10 =~ LT < 10 - L
N e
a Y, i\ - —— a ! ARA .
o 5 T RPN\ ! IR - 5 .
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Q 7 Ks) a
0.2 ‘ ' l ’ 0.2
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SWITCHING TIME VS. DRAIN CURRENT
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2SK296

SILICON N~CHANNEL MOS FET

HIGH SPEED POWER SWITCHING,

HIGH FREQUENCY POWER AMPLIFIER

Features;

1. Low On-Resistance.

2. High Speed Switching.

3. High Cutoff Freguency.

4. No Secondary Breakdown.

5. Suitable for Switching Regulator, DC-DC Converter,
RF Amplifiers, and Ultrasonic Power Oscillators.

(JEDEC TO-220AB)

CHANNEL DISSIPATION CURVE

EJ ABSOLUTE MAXIMUM RATINGS (Ta=25°C) = 0
Item Symbol Rating Unit o

(3]
Drain to Source Voltage Vpss 300 v :
Gate to Source Voltage Vess +20 v B 40

]
Drain Current Ip 1 A 2

2]
Drain Peak Current Ip(peak) 2 a E 20 N
Channel Dissipation Pch* 30 w 3 \\\\
Channel Temperature Tstg 150 °c g ~N

< 0
Storage Temperature Tstg }55~+150 °c o 0 50 100 150

*Tc=25°C Case Temperat T ©
E ELECTRICAL CHARACTERISTICS (Ta=25°C) e ure Te (°0)
Item Symbol Test Condition min. typ. max. Unit
Drain to Source Breakdown — = - -
Voltaoe V(BR) Dss | Tp=10mA, VGs=0 300 v
Gate to Source Leak = =
Current Iess Ves=420v, Vps=0 - - 1 Q1A
Drain Current Ipss Vpg=240V, Ves=0 - - 1 mA
Sg%iagg Source Cutoff Vs (off) Ip=1ma, Vpg=10V 0.4 - 4.5 v
Drain to Source Saturation _ Vo -
Verta e Vps(on) |Ip=12, Vgs=15V 2.5 4.0 v
=

Foward Transfer Admittance| Yfs Iy=0.5a, Vpg=l0V 0.2 0.4 - s
Input Capacitance Ciss %g:lov, Ves=0, f=1MHz - 140 - pF
Output Capacitance Coss " - 65 - pF
Reverse Transfer "
Capacitance Crss - 23 - PF
Turn on Time ton I5=0.5a, Vgs=15V R=60Q| - 20 - ns
Turn off Time toff " - 70 - ns
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AREA OF SAFE OPERATION
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SILICON N-CHANNEL MOS FET

HIGH SPEED POWER SWITCHING,

HIGH FREQUENCY POWER AMPLIFIER

Features;

1. Low On-Resistance.

2. High Speed Switching.

3. High Cutoff Frequency.

4. No Secondary Breakdown.

5. Suitable for Switching Regulator, DC-DC Converter,
- RF Amplifiers, and Ultrasonic Power Oscillators.

(JEDEC TO-3)

CHANNEL DISSIPATION CURVE

2SK298

Bl ABSOLUTE MAXIMUM RATINGS (Ta=25°C) = 120
Item Symbol Rating Unit o
3
4
Drain to Source Voltage Vpss 400 v a \
0
Gate to Source Voltage Vgss $20 v - 80
o
Drain Current Ip 8 A 45
Drain Peak Current Ip(peak) 12 A .g 40
Channel Dissipation Pch* 100 W I
<
Channel Temperature Tstg 150 °c ] 0
<
Storage Temperature Tstg |-55~+150] °c © ) 50 100 150
*Tc=25°C Case Temperature Tc (°C)
M ELECTRICAL CHARACTERISTICS (Ta=25°C)
Item Symbol Test "Condition min. typ. max. Unit
in t Breakd - = - -
Teiiage’ Source Breakdown |V pp) peg |Tp=10ma, Vgs=0 400 v
Gate to Source Leak Vee= Vie= - -
Current Igss GS=120V, Vpg=0 1 A
Drain Current Ipss Vpg=320v, Vgs=0 - - 1 mA
et
\(I;g;.%agg Source Cutoff VGs (off) | Ip=1ma, Vps=10V 1.0 - v
Drain to Source Saturation In= Veg=15V - 4.4 .
Voltage Vps(on) |TDT4A. 7GS v
Foward Transfer Admittance ]st‘ Ip=4a, Vps=10V 1.2 1.7 - S
Input Capacitance Ciss Vps=10V, Vgs=0, f=1MHz - 800 - PF
Output Capacitance Coss " - 180 - pF
Reverse Transfer " =
Capacitance Crss = 20 - DF
Turn on Time ton Ip=2a, VGs=15V,Rp=15Q - 50 - ns
Turn off Time toff " - 120 - ns

Note) The specifications of this device are subject to change without notice.
Please contact your nearest Hitachi's Sales Dept. regarding specifications.

@HITACHI®

77



2SK298

AREA OF SAFE OPERATION TYPICAL OUTPUT CHARACTERISTICS
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2SK299

SILICON N~CHANNEL MOS FET

HIGH SPEED POWER SWITCHING,
HIGH FREQUENCY POWER AMPLIFIER
Features;

1. low-On—-Resistance.

2. High Speed Switching.

3. High Cutoff Frequency.

4. No Secondary Breakdown.

S. Suitable for Switching Regulator, DC-DC Converter,
RF Amplifiers, and Ultrasonic Power Oscillators.

(JEDEC TO-3)

CHANNEL DISSIPATION CURVE

El ABSOLUTE MAXIMUM RATINGS (Ta=25°C) 2 120

Item Symbol | Rating tnit 5
Drain to Source Voltage Vpss 450 v :
Gate ta Source Voltage Vess 120 v 3 80
Drain Current Ip 8 A %
Drain Peak Current IDp(peak) 12 A *3 40
Channel Dissipation Pch* 100 W °
Channel Temperature Tstg 150 °c g o
Storage Temperature Tstg |-55~+1500 °c o o] so 100 150
E ELECTRICAL CJARACTERISTICS (Ta=25°C) TTem2ste Case Temperature Te ("9

Item Symbol Test "Condition min. typ. max. Cnit
Drain to Source Breakdown V(BR) pss Ip=10ma, Vgs=0 450 - - -
gaiut-iextag Source Leak Icss Vas=+20V, Vpg=0 - - 1 pA
Drain Current Ipss Vps=360v, Ves=0 - - 1 mA
Gate to Source Cutoff Vas (off) |Ip=1mA, Vps=10v 1.0 - 4.5 v
sé-ai.n to Source Saturation Vs (ON) Ip=4a, VGs=15V - 4.4 6.0 v
Foward Transfer Admittance| |Yfs| |[Ip=4a, Yps=10V 1.2 | 1.7 - s
Input Capacitance Ciss Vps=10v, Vgs=0, f=1Muz - 80Q - pPF
Output Capacitance Coss - - 180 - oF
Turn on Time ton Ip=2a, VGs=15V,Rp=15Q - 50 - ns
Turn off Time toff - - 120 - ns

Note) The specifications of this device are subject to change without notice.:
Please contact your nearest Hitachi’s Sales Dept. regarding specifications.
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AREA OF SAFE OPERATION TYPICAL OUTPUT CHARACTERISTICS
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SILICON N-CHANNEL MCS FET
HIGH SPEED POWER SWITCHING,
HIGH FREQUENCY POWER AMPLIFIER
Features;

1. Low On-Resistance.

2. High Speed Switching.

3. High Cutoff Frequency.

4. No Secondary Breakdown.

5. Suitable for Switching Regulator, DC-DC Converter,
RF Amplifiers, and Ultrasonic Power Oscillators.

(JEDEC TO-3)

CHANNEL DISSIPATICN CURVE

2SK308

B2 ABSOLUTE MAXIMUM RATINGS (Ta=25°C) z 120
Item Symbol Rating Unit =
[¢]
N [N
Drain to Source Voltage Vpss 120 v e
N )
Gate to Source Voltage Vess +20 v o 80
o
Drain Current Ip 10 a %'
Drain Peak Current Ip(peak) 15 A ,g 40
Channel Dissipation Pch* 100 o
=t
Channel Temperature Tstg 150 °C 5
-] 0
Storage Temperature Tstg —55~+15d °c © 0 50 100 150
*Tc=25°C Case Temperature Tc (°C)
B ELECTRICAL CHARACTERISTICS (Ta=25°C)
Item | Symbol Test Condition min. typ. max. Unit
Drain ak - = - -
Voatacm Source Breakdown V(BR) DSS Ip=10ma, Vgs=0 120 o
Gate t = -
Currenz Source Leak Igss Vas 20V, Vpg=0 - - 1 A
Drain Current Ipss Vps=100v, VGs=0 - - 1 A
%Eiagg Source Cutoff VGs (off) |Ip=1ma, Vps=10V 1.0 - 4.5 v
Drain to Source Saturation - Vee= -
voltage Vps(on) |'p7sa, TesTISV 10 l1.s v
Foward Transfer Admittance| Yfs Ip=5a, Vpg=10V 1.5 2.0 - s
Input Capacitance Ciss Vps=10v, VGs=0, f=1MHz - 1130 - oF
Output Capacitance Coss " - 650 - cfF
Reverse Transfer 330
Capacitance Crss - z - pF
Turn on Time ton Ip=2a, Vgs=15V,Rp=15Q - 60 - ne
Turn off Time toff - - 160 - ns
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AREA OF SAFE OPERATION TYPICAL OUTPUT CHARACTERISTICS
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SILICON N CHANNEL MOS FET

HIGH SPPEED POWER SWICHING,
HIGH FREQUENCY POWER AMPLIFIER

Features;

Low On-Resistance.

. High Speed Switching
High Cutoff Frequency.
. No Secondary Breakdown.
- Suitable for Switching Regulator,

DC-DC Converter, RF Amplifiers, and
Ultrasonic Power Oscillators.

¥ ABSOLUTE MAXIMUM RATING (Ta=25°C)

(JEDEC TO-220AB)

2SK310/311

MAXIMUM CHANNEL DISSIPATION

: s CURVE
Ratin .
Item Symbol ! vnit £ 60
2SK310 25K311 -
: G
Sithqe° Source Vpss 400 450 v oA
I
ate to Source Voltage| Vgss 20 #20 v ﬁ 40
<
rain Current Ip 3 3 A &
o
rain Peak Current Ip(peak) 6 6 A @ 20 \\
a \\\J
‘hannel Dissipation Pch* 30 30 -
Q
c ~
‘hannel Temperature Tch 150 150 °C £ \
itorage Temperature Tstg =55~ 150 |-55~ 150 °C 6 0 50 100 150
*Value at Tc=25°C Case Temperature Tc (°C)
B! ELECTRICAL CHARACTERISTICS (Ta=25°C)
2SK310 2SK311
iti Unit
Item Symbol Test Conditicn min | typ | max | min| typ | max
1 tao S In= V =
Jreakdown Voltage V(er)pss | P71omA Tos s00] - | -lasol- |- 1| v
E V =% V.=
“oik Curcenics IGss Gs=%20v, Ypg=0 - - Yy - |- 1| pa
. k310| Vps=320v, Vgg=0 - - i -} - - | ma
Jrain Current DSS 7
x311| Vps=360v, V5g=0 it Bl i Ll ma
5ate to Source Vna= I_
atoff vOl‘t“a’ge Ves(off) | 'DS=10V, “p=1mA 1.0 - | 5.001.0f - |5.
Jdrain to Source v, V= I —oa* 5.0 . - |5.0 .
saturation Voltage DS (on) Gs=15v, p
o —_ *

;-xgmrvjﬁf:gngansfer lyfsl VDS=10V' In=2a 0.6/ 1.0 -10.6{1.0 - S
Input Capacitance Ciss - 440 - - 440 - pF
Viog=0, Vpg=10V, f=1MHz
Output Capacitance Coss GS™s DS - 95y - - |95 - OF

Reverce Transfer -
- 1 - - -

Capacjitance Crss t 13 pF

in N B - 25} -1 - 125 -1 ns
Turn on Time on VGS=15VI p=2A, RL_lsﬂ
Turn off Time toff - 701 - - 17| - ns
*Pulse Test
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AREA OF SAFE OPERATION
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SILICON N-CHANNEL MOS FET

HIGH SPEED POWER SWITCHING,

HIGH FREQUENCY POWER AMPLIFIER

Features;

1. low On-Resistance.

2. High Speed Switching.

3. High Cutoff Frequency.

4. No Secondary Breakdown.

5. Suitable for Switching Regulator, DC-DC Converter,
RF Amplifiers, and Ultrasonic Power Oscillators.

P ABSOLUTE MAXIMUM RATINGS (Ta=25°C)

2SK312

(JEDEC TO-3)

CHANNEL DISSIPATION CURVE

)

Item Symbol Rating Unit % i
Drain to Source Voltage Vpss 400 v 2
Gate to Source Voltage Vgss +20 v ‘g
Drain Current Ip 12 N 2 \
Drain Peak Current Ip(peak) 18 A 2‘
Channel Dissipation Pch* 125 *] 2
Chanrel Temperature Tstg 150 °c g
Storage Temperature Tstg —55~+15d °c 8 o0 50 100 150
$ ELECTRICAL CHARACTERISTICS (Ta=25°C) fTemaste Case Temperature Te (°C)

Item Symbol Test "Condition min. typ- max. it
gﬁ‘i:xalc:o Source Breakdown V(BR) pss |To=10mA, Vgs=0 400 - - v
g;ie;g Source Leak Icss Ves=#20V, Vpg=0 - - 1 pA
Drain Current Ipss Vps=320v, Vgs=0 - - 1 na
‘%Eiag.: Source Cutoff v@(off) ID=1“‘A' Vps=10v 1.0 - 4.5 v
‘lzlairaxa:o Source Saturation Vos (on) Ip=6a, Vgs=15v - 4.0 5.4
Foward Transfer Admittance| |Yfs| |Ip=ea, Vps=10V 1.5 2.5 - s
Input Capacitance Ciss Vps=10V, Vgs=0, f=1Muz - 1500 - pF
Output Capacitance Coss " - 330 - pF
e e - : N
Turn on Time ton Ip=2A, Vgs=15V,R=150 - 70 - ns
Turn off Time toff - - 200 - ns
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28K312
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86

AREA OF SAFE ' OPERATION
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2SK313

SILICON N-CHANNEL MOS FET

HIGH SPEED POWER SWITCHING,
HIGH FREQUENCY POWER AMPLIFIER
Features;

1. Low On-Resistance.

2. High Speed Switching.

3. High Cutoff Frequency.

4. No Secondary Breakdown .

5. Suitable for Switching Regulator, DC-DC Converter,
RF Amplifiers, and Ultrasonic Power Oscillators.

(JEDEC TO-3)

CHANNEL DISSIPATION CURVE

B ABSOLUTE MAXIMUM RATINGS (Ta=25°C) = 150

Item Symbol Rating Unit £
Drain to Source Voltage Vpss 450 v :
Gate to Source Voltage Vgss +20 v § 100
Drain Current Iy 12 A .g'
Drain Peak Current IDp(peak) 18 A g 50
Channel Dissipation Pch* 125 W >
Channel Temperature Tstg 150 °C 5 o
Storage Temperature Tstg |-55~+15 °c & (o] 50 100 150

*Tc=25°C Case Temperature Tc (°C)

Il ELECTRICAL CHARACTERISTICS (Ta=25°C)

Item Symbol Test "Condition min. typ. max. Unit
3:5‘?2 to Source Breakdown V(BR) DSS I=10ma, Vgs=0 450 - - v
ga;;iesg Source Leak Igss Vgs=120V, Vpg=0 - - 1 _ pA
Drain Current Ipss Vps=360v, VGs=0 - - 1 mA
Caltato Source Cutoff Vas (off) |Ip=1ma, Vps=10V 1.0 - 4.5 v
Drai§ to Source Saturation Vps (on) Ip=6a, Vgs=15vV - 4.0 5.4 v
Foward Transfer Admittance ‘stl Ip=6a, Vps=10V 1.5 2.5 - s
Input Capacitance Ciss Vps=10v, Vgs=0, f=1mMz | - 1500 - PF
Output Capacitance Coss L - 330 - pF
o cres : — s - e
Turn on Time ton Ip=2n, Vgs=15V,Rp=150 - 70 - ns
Turn off Time tofs - - 200 - ns
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2SK313
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SILICON N-CHANNEL MOS FET

HF, VHF POWER AMPLIFIER

Features;
1. High Breakdown Voltage.

You Can Decrease Handling Current.

2. Gate is Protected by Zenner Diodes.
3. No Secondary-Breakdown.

Wide A.S.0.(Area of Safe Operation)
4. Infinite VSWR.
5. No Thermal Runaway.
6. Simple Bias Circuitry.

(RFPAK)

2SK317

B ABSOLUTE MAXIMUM RATINGS (Ta=25°C) = BOCHANNEL DISSIPATION CURVE
Item Symbol| Rating Unit ;
Drain to Source Voltage Vpss 180 v §
Gate to Source Voltage Vess +20 v -5 120
Drain Current Ip 8 A ,g* \\
Channel Dissipation Pch* 120 W ’2’: 60 \\
Channel Temperature Tch 150 °C < \\
Storage Temperature Tstg |-55~+150 °C % o
§ 0 50 100 150
Case Temperature Tc (°C)
M ELECTRICAL CHARACTERIST CS(Ta=25°(C)
Item Symbol Test Condition min typ.| max. | Unit
Power Output Po Vps=80V, Ipg=0.1A 80 100 - W
Drain Efficiency n Pin=8W, f=175MHz - (60) - %
‘l;giigqgo Source Breakdown V(BR) DSS Ip=10mA, Vgg=0 180 - -
\C}gf%agg Source Breakdown V(BR) Gss IG=i100}JA, Vps=0 +20 — _ v
33§§a§g Source Cutoff Ves (off) | Ip=lma, Vps=10v 0.5 - 3.0 | v
Drain Current Ipss Vps=140V, Vgs=0 - - 1.0 mA
g;:i?aggoﬁosgiiage VDs (on) Ip=4a, Vgs=10V - 3.8 5.0 v
Admittance " lyes| | To=32, Vps=20v 0.9 | 125 | - S
Input Capacitance Ciss Ves=5v, VDs=0 , f=1MHz - 600 - pF
Output Capacitance Coss Vgs=-5V, Vps=50V f=1MHiz] - 90 - pF
e cros | Voo -sov, s-us ~ o5 - L

Note) The specifications of this device are subject to change without notice.
Please contact your nearest Hitachi's Sales Dept. regarding specifications.

@ HITACHI®

89



28K317
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Hitachi has developed the 2SK317, a power MOS FET
(Metal-Oxide-Semiconductor, Field Effect Transistor) for
high power output amplification for VHF band trans-
mitters. The 2SK317 can be used for transmission in the
VHF band up to 250MHz, allowing the highest power
output, 180W at 100MHz, of all semiconductor devices.

Using the 2SK317 in parallel operation a compact
amplifier in the class of several kilowatts can be built
featuring high reliability, replacing the conventional
vacuum tube type. The 2SK317 is expected to be highly
useful in broadcasting systems of FM and TV stations and
other communication systems.

Vacuum tubes have been predominant in the large-
output transmitters in broadcast stations but have sig-
nificant shortcomings: high running cost owing to the
short service lives of vacuum tubes and the need for
replacement every few years, large power consumption,
and large size owing to the need for a cooling unit, large
power source and other additional bulky equipment.

In the next stage of development, some solid-state
transmitters using bipolar transistors were found to be
unsatisfactory because the bipolar transistors tended to
experience current concentration during operation, lacked
thermal stability and were not suitable for delivering high

2SK317

power output in high voltage design applications and
parallel operation.

On the other hand, the power MOS FET is not subject
to current concentration compared to the bipolar transistor,
and has a high destruction tolerance and good high-
frequency characteristics in high voltage ranges, allowing
parallel operation.

In addition to such basic features, Hitachi’s new MOS
FET 2SK317 is equipped with the following advantages:
(1) High drain-source breakdown voltage of 180V is three
times as high as those of conventional transistors and can
deliver an output three times greater.

(2) Because of high drain voltage, operating current is very
low, allowing the delivery of high power output by con-
necting three times as many devices in parallel compared to
bipolar transistors.

(3) Small reverse transfer capacitance allows simple circuit
design.

(4) Since its gate is protected by zener diodes, static charge
rupture strength is great.

In developing the 2SK317, the off-set gate structure
having a field plate and the metal gate were adopted for the
purposes of attaining a high breakdown voltage and
desirable frequency characteristics.
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2SK318

SILICON N-CHANNEL MOS FET

HF, VHF POWER AMPLIFIER

Features;

1. High Breakdown Voltage.
You Can Decrease HEandling Current.

2.
3.

Gate is Protected by Zenner Diodes.
No Secondary-Breakdown.

Wide A.S.O.(Area of Safe Operation) .

Infinite VSWR.
No Thermal Runaway.
Simple Bias Circuitry.

B ABSOLUTE MAXIMUM RATING

S (Ta=25°C)

(RFPAK)

CHANNEL DISSIPATION CURVE

= 180
Item Symbol| Rating Unit =
G
Drain to Source Voltage Vpss 180 v i
o
Gate to Source Voltage Vgss +20 v -§ 120
©
Drain Current Ip 4 A 2 \\
1)
Channel Dissipation Pch* 70 W é’ 60 \\
Channel Temperature Tch 150 °C " \\
c
Storage Temperature Tstg |-55~+150 | °cC § o
5 0 50 100 150
Case Temperature Tc (°C)
M ELECTRICAL CHARACTERIST CS(Ta=25°(C)
Item Symbol Test Condition min. typ.| max. | Unit
Power Output Po Vps=80v, Ipg=0.1Aa 50 90 = W
Drain Efficiency n Pin= 4W, f=100MHz - 8or | .
Drain to Source Breakdown |V Ip=10ma, Vgg=0 180 - - v
Voltage (BR) DS | D71 GS
G, = = -
vgf%aSg Source Breakdown V(pR)css | Ig=+100pa, Vps=0 +20 -
Gate to Source Cutoff v In=1mA, Vps=10V 0.5 - 3.0 v
Voltage GS(off) | °D ¢ BS
Drain Current Ipgs Vps=140V, Vgg=0 - - 1.0 mA
Drain to Source < Vee= - . 6.
Saturation Voltage Vps(on) |.ID2a, - Vgs=10V 3.8 0 v
Forward Transfer Vpne=20vV .6 - S
Admittance Istl Ip7.5a, DS 0.4 0
Input Capacitance Ciss Ves=5v, Vps=0, f=1MHz - 300 - pF
Output Capacitance Coss Vgs=-5V, Vps=S0V ,f=1Miz - 45 - PF
Reverse Transfer v - - - - F
Capacitance Crss GD=-50V, f=1Miz 0.3 P

Note) The specifications of this devics are subject to change without notica.
Please contact your nearest Hitachi's Sales Dept. regarding specifications.
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AREA OF SAFE OPERATION
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2SK319

SILICON N-CHANNEL MOS FET

HIGH SPEED POWER SWITCHING,

HIGH FREQUENCY POWER AMPLIFIER

Features;

1. Low On-Resistance.

2. High Speed Switching.
3. High Cutoff Frequency.
4.
5.

No Secondary Breakdown.
Suitable for Switching Regqulator, DC-DC Converter,
RF Amplifiers, and Ultrasonic Power Oscillators.

] ABSOLUTE MAXIMUM RATINGS (Ta=25°C) =

Item Symbol Rating Unit 5
Drain to Source Voltage Vpss 400 v ;
Gate to Source Voltage Vgss 420 v Bt
Drain Current Iy 5 A .g*
Drain Peak Current Ip(peak) 10 A -g
Channel Dissipation Pch* 50 \J o
Channel Temperature Tstg 150 °C g
Storage Temperature Tstg -55~~+150) °C g

*Tc=25°C

ELECTRICAL CHARACTERISTICS (Ta=25°C)

(JEDEC TO-220AB)

CHANNEL DISSIPATION CURVE

(o] 50 100 150
Case Temperature Tc (°C)

Item Symbol Test "Conditicn min. typ. max. Unit
3::?:;(:;0 Source Breakdown |V, pog|Tp=10ma, Ves=0 400 - - v
gualtne;e:tlc; Source Leak Icss Ves=#20v, Vpg=0 - - 1 A
Drain Current Ipss Vps=320v, Vgs=0 - - 1 mA
%E'e:agg Source Cutoff vGS(off) ID=1mA, Vps=10v 1.0 - 4.5 v
‘lgitgq:o Source Saturation VDS(ON) Ip=3a, Vgs=15V - 3.3 4.5 v
Foward Transfer Admittance| |Yfs| |Ip=3a, Vps=10V 1.2 | 1.7 - s
Input Capacitance Ciss Vps=10V, Vgs=0, f=1MHz - 80Q - PF
Cutput Capacitance Coss - - 180 - PF
R cres - N N I
Turn on Time ton Ip=2A, Vgs=15V,Rp=150 - 50 - ns
Turn off Time toff - - 120 - ns
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AREA OF SAFE OPERATION

I

50 T Ta=25 ]

g 0 TR ¥y

]

- 5 —_—

- :

s 2

5 1

(8] S:

£ 0. = T

1 P TSy i

£ o2 T SN\
o.1 S14LI NN/
0.05C T

1 3 10 30 100 300 1000

Drain to Source Voltage Vps (V)

TYPICAL TRANSFER CBARACTERISTICS

12 T 1 Py
V=20V WL
- : - 9,
= ~71717"
J //
[=]
- 8 &a
&
=
o
1
1 )
E /
4
: V
5
<
b
: J/
[} 4 8 12

Gate to Source Voltage VGS (V)

FORWARD TRANSFER ADMITTANCE VS.

a

“a

- FREQUENCY

I 3

§ T

) 1 =

-4

E — 3

2 PSS T )

u 0.3 Tc=25°C

‘E - vns-mv

s I = 312 n

s _D

g o1

° —

: Ty 1!

£ o0.03L! L

2 10k 100k 1M 10M
Frequency £ (Hz)

TYPICAL OUTPUT CHARACTERISTICS

28SK319

12 T
i 15, -t - ol
= 1 s B
3 [ RZ P PR A I
2 \ s B
| P e e T, R .
t Y
£ =
-
[ S Sy S SN
& 4 =
-
o \"?zs 3
- Ll Ll
a [ f=—d-s-L _|
T V=0
o 20 40 0 =

Drain to Source Voltage Vps (y)

SWITCHING TIME VS. DRAIN CURRENT

0.2 0.5’/]7- 2
Drain Current ID (A)

= 5001 17 11}
= IR 1
- 200 t 1
S off I
o 10( 1 —— .
8 ——
£ ST
rs] ton
> 20
-~
S
E 10
<
% 5 ! " - e <
5 10 20

SWITCHING TIME TEST CIRCUIT

Vin Vart
Vin v
pL soQ -—Tr- DD 30V
RESPONSE WAVE FORM
ﬁ - 90s
Vin __f10% \
Vout h os
0% i
tosf
fam Lo

O HITACHI®

95



2SK320

SILICON N—CHANNEL MOS FET
HIGH SPEED PCWER SWITCHING,
BIGH FREQUENCY POWER AMPLIFIER
Features;

1. Low-On-Resistance.

2. High Speed Switching.

3. High Cutoff Frequency.

4. No Secondary Breakdown.

5. Suitable for Switching Regulator, DC-DC Converter,
- RF Amplifiers, and Ultrasonic Power Oscillators.

(JEDEC TO-220AB)

CHANNEL DISSIPATION CURVE

P ABSOLUTE MAXIMUM RATINGS (Ta=25°C) =
Item Symhol Rating Unit o
3}
R a
Dr
ain to Source Voltage Vpss 450 v g
Gate to Source Voltage Vess 420 v °
[
Drain Currxent Iy 5 A &
0
prain Peak Current Ip(peak) 10 g
Channel Dissipation Pch* 50 o
{4
Channel Temperature Tstg 150 °C ]
o 0
Stcrage Temperature Tstg [-55~+150f °c o o 50 100 1s¢
*Tc=25°C Case Temperature Tc (°C)
B ELECTRICAL CHARACTERISTICS (Ta=25°C)
Item Symbol Test "Condition min. typ. max. Unit
Drain to Source Breakdown I= Veo= - -
Voltage V(R pss | 'p=10mA, VGs=0 450 v
Gate to Source Leak = =
Current IGSS sz +20vV, VDS—O - - 1 QA
Drain Current Ipss Vps=360v, Ves=0 - - 1 mA
t - -
Gate o Source Cutoff Vas (off) |Ip=1mA, Vps=10V 1.0 - 4.5 v
Drain to Source Saturation N Vag= -
Voltage Vps(on) |Tp=3a. YGs=15V 3.3 | 4.5 v
Foward Transfer Admittance| |Yfs| |Ip=3a, Vps=l0v 1.2 | 1.7 - s
Input Capacitance Ciss Vps=10v, Vgs=0, f=1muz | - 80Q - 33
Output Capacitance Coss - - 180 - pF
Reverse Transfer - 60
Caracitance Crss - - pPF
Turn on Time ton Ip=2A, Vgs=15V,Rp=150 - 50 - ns
Turn off Time toff - - 120 - ns
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AREA'OF SAFE OPERATION
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2SK343/344

SILICON N-CHANNEL ENHANCEMENT MOS FET
LOW FREQUENCY POWER AMPLIFIER,

HIGH SPEED AND POWER SWITCHING
Complementary pair with 25J99,25J100

Feautres;

l. Low On-Rescistance.
2. High Speed Switching.

z PAK
3. No Secondary Breakdown. H )
4. Good Complementary Characteristics.

B ABSOLUTE MAXIMUM RATING (Ta=25°C) MAXIMUM CHANNEL DISSIPATION
. —~ CURVE
Rating.
Item Symbol g Unit 2150
2SK343 2SK344 o
Drain to Source 2
Voltage © Vpss 140 160 A
I
Gate to Source Voltage| Vgss +20 +20 g 100
o
1
Drain Current Ip 8 8 &
1]
Drain Peak Current ID(peak) 12 12 2 50 A
[a)
Channel Dissipation Pch* 100 100 w - AN
- @
Channel Temperature Tch 150 150 °C % AN
Storage Temperature Tstg =45~+150| -45~~+15 °c '5 0 50 100 150
*Value at Tc=25°C Case Temperature Tc (°C)
Bl ELECTRICAL CHARACTERISTICS (Ta=25°C)
2SK343 25K344
Item Symbol Test Condition , R Unit
min | typ | max | min| typ | max
Drain to Source v I =10maA, V_..=0 140 - - - -
Breakdown Voltage (BR)DSS | "p ' Gs b 169 v
Gate to Source Veog=+ V= - - - -
Leak Current Tess G§=£20V, Vpg=0 : L pa
k343| Yps=120V, Ygg=0 - - 1 -1 - - lma
Drain Current Ipss
K344 | Vps=140V, V=0 - - - -l - 1 ma
Gate to Source v V_ =10V, I =ima 2.0 - 5.0 2.0 - 5.0
Cutoff Voltage GS(off) | DS D v
Drain to Source v V_ =15V I _—4p” - 1.6 2.0] -
Saturation Voltage DS (on) GS » D ° 1-612.0] v
Forward Transfer lyeal Vng=10v, I =ap* 1.0l 2.0 -1 1020 35
Admittance i1 LS -2 L il B i Mg t 2
Input Capacitance Ciss - 800 - - | 8co - | pF
Output Capacitance Coss VDS=10V: Ves=0, £=1MHz - 330 - - [330] -] pF
Reverce Transfer
- 60 - - -
Capacitance Crss €0 BE
Turn on Time ton Vgg=15V, I=2a - 100 - - | 100 - ns
Turn off Time toff - 90| - - 90 | - ns

*Pulse Test

Note) The specifications of this device are subject to change without notice.
Please contact your nearest Hitachi’s Sales Dept. regarding specifications.

08 O HITACHI®



Drain Current ID (A)

Drain Current Ip (A)

20

AREA OF SAFE OPERATION
17
Ta=25°C

1
H
25K343*T“2SK344
.2 PHEN 1]
5 10 20 50 100 200 500
Drain to Source Voltage Vps (V)
DRAIN CURRENT VS.
10 GATE TO SOURCE VOLTAGE
T T 1.1
—VDS=10V'-—‘TC=“25°Q‘/
"I ]
/ \25—"
6
=75
‘ /
, /
J—_,
0 2 4 6 8 10

Gate to Source Voltage Vg (V)

) FORWARD TRANSFER ADMITTANCE
= VS. FREQUENCY

& T
e Te=25°C

10k, 1 Fiu

g £y pg=10V

& Yt

8 sEIpeea

2

A

£

2 2 !

b ™~

w 1

19} 11
5

4 0.5

&=

g

o 0.2

E - 10K 100K M 10M
[N

Frequency f (ns)

Switching Time ton,toff (ns)

Drain Current Ip (A)

2S5K343/344

TYPIClAL OUTPUT CHARACTERISTICS
0

10
IIE _ 1l |81
R
8 - TCc=25°C A
- \\
3
6 y Al
{ \ )
[
) %
! o
4 a <% 18T
g‘ T~
24 5«‘:—J
i =
Ef V(;s=4\/"
0 10 20 30 40 50

Drain to Source Voltage VDS (V)

SWITCHING TIME VS. DRAIN CURRENT
0

100 =
t L]
100 =2E E UL i
1
T
10
N
0.2 0.5 1 2 s 10 20

Drain Current Ip (A)

SWITCHING TIME TEST CIRCUIT

toff

99



2SK345/346

SILICON N CHANNEL MOS FET

LOW FREQUENCY POWER AMPLIFIER.

HIGH SPEED POWER SWITCHING.
Complementary pair with 2SJ101,25J102.

Features;

1. Low On-Resistance.

2. High Speed Switching.
3. No Secondary Breakdown.

4. Good Complementary Characteristics. (JEDEC TO-220AB)
ABSOLUTE MAXIMUM RATING (Ta=25°C) MAXIMUM CHANNEL DISSIPATION
Item Symbol Rating Unit E 60 L
. 25K345 | 25K346 =
egitxaxggo Source Vpss 40 0 v A
Gate to Source Voltage| Vgss +20 +20 v § 40
Drain Current Ip 5 5 a .§‘
Drain Peak Current Ip(peak) 10 10 A E 20
Channel Dissipation Pch* 30 30 W ,‘_:. \1\\
Channel Temperature Tch 150 150 °c ‘;:; T Ny
Storage Temperature Tstg -45~+150 [-45~-+150] °C 5 0 50 100 150

* = °
Val.ue at Tc=25°C Case Temperature Tc (°C)

ELECTRICAL CHARACTERISTICS (Ta=25°C)

2SK345 2SK346
Item Symbol Test Condition ) Unit
min | typ | max | min| typ | max
Drain to Source v I_=10mA r Vee=0
Breakdown Voltage (BR)DSS | D GS 4 - - 60 - - v
Gate to Source Vae= Vi o= - -
Leak Current Igss Gs=*20v ps=0 1 B B 1] nn
k345 | Vpg=30v, Vgg=0 - - 1] -1 - .
Drain Current Ipss
k346 | Vps=50V, Vgg=0 -l -0-0 - 1 ma

Gate to Source Vhe=10V I =1ma - -
Cutoff Voltage Ves(ofr) | 'bs ' D 20 0120 0] v
Drain to Source v Vee=15V ,  Ig=3a* - - lo-
Saturation Voltage DS (on) GS D 0-2|t-2 0-9 |1-2 v
Forward Transfer Vpg= I =37% -
Admittance Istl Ds=10V ! o33 0.5 1.0 0.5 ]1.0 - S
Input Capacitance Ciss - 350 - - 350 - pF
Output Capacitance Coss Vps=10v, VGs=0, =111z - |300]| - - {300 = | por
Reverce Transfer - - -
Capacitance Crss 80 80 - pF
Turn on Time ton VGS=15V , ID=2A - 30| - - 30| - ns
Turn off Time . toff - 40| - - a0 | - ns

.*Pulse Test .
Note) The specifications of this device are subject to change without notice.

Please contact your nearest Hitachi’s Sales Dept. regarding specifications.
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Forward Transfer Admittance |Yfs| (S)

AREA OF SAFE OPERATION

20T TTTTIT
1D(peak) Ta=25°C
= 1o T Q«
- T (mar) oA
a x) TN
- 5 ! (% &
> S
= T XY 2o
[} N, \ S &y
I 2 AN
1% s{) q)(‘- O(‘j
8 Se ﬂ%
0 )=
el
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a
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0.2 > .
2 S 10 20 50 100 200

Drain to Source Voltage Vps (v)

TYPICAL TRANSFER CHARACTERISTICS

VT T 7 i
- Vps=10v At 25°c
= | 1 LK L]
= 8 Tc=-25°C _‘—’,Il" 75°C
HD /’/'
6 :
= i
@
5o, /i
>
O
S
a2
M~
o
0 10 20
Gate to Source Voltage Vgs (v)
FORWARD TRANSFER ADMITTANCE
VS. FREQUENCY
2
1
0.5 §
N\
N
0.2 i
0.1 t=mc=25°C o
—vps=10V
0.05 :ID=2A
1 11
0.0z L1 I
100k 1M 10M 100M
Frequency £ (Hz)
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Switching Time ton, toff

10 7151 N

12

. AT e e R S R

= z
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TYPICAL OUTPUT CHARACTERISTICS

N

VG§=0
20

0 1
0 10

Drain to Source Voltage Vps (v)

SWITCHING TIME VS.
DRAIN CURRENT

1000
100 toff
1
3,
ton
10
L
0.2 0.5 1 2 5 10 20

Drain Current ID (A)

SWITCHING TIME TESTING CIRCUIT

Vout,
® 1 °
WIRL
Vin 500 —L—v
15v '——j_ DD 30V
RESPONSE WAVE FORM
S0%
Vin 10% \
10%
Vout
0
ton ] toff

2SK345/346
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2SK347

SILICON N-CHANNEL MOS FET

HIGH SPEED POWER SWITCHING,
HIGH FREQUENCY POWER AMPLIFIER

Features;

1.
T2,
- 3.

4.

5.

_Small Package.

High Speed Switching.
High Cutoff Frequency.
No Secondary Breakdown.
Suitable for Switching Regulator,
DC-DC Converter, RF Amplifiers,

and Ultrasonic Power Oscillators.

(DPAK)

~ CHANNEL DISSIPATION CURVE

[1 ABSOLUTE MAXIMUM RATINGS (Ta=25°C) & 12

Item Symbol | Rating Unit G .10
Drain to Source Voltage| VDss 400 \ ‘: 8
Gate to Source Voltage VGss +20 v '§
Drain Current Ip 1 A .§4 6
Drain Peak Current Ip(peak) | 2 A 2 2
Channel Dissipation pch* 10 W e
Channel Temperature Tch 150 °c E:" 2
Storage Temperature Tstg '"45{.4150 °c ‘E 0

resse0 § o 50 100 150
Case Temperature Tc (°C)

D ELECTRICAL CHARACTERISTICS (Ta=25°C)
. Item symbol Tes.t Condition min. | typ. max. [ Unit
BDggéQdSSn *Y6it5ce V(BR) Dss| Ip=10mA + Vgg=0 400 - - v
gﬁ;%aﬁ% Source Leak Igss Vgs=%20V ' Vps=0 - - +1 ).\.A
Drain Current Ipss | Vpg=320V + . Vgs=0 - - 1 ma
gigiagz Source Cutoff VGS(off) Ip=lma . , ~ Vpg=loVv 1.0 - 5.0 v
Drain to Source Vps(on) | Ip=0-52 ¢+ Vgg=15V - 4.5 | 6.0 v
Sone e el | Toro5n ., Voeov | w00 |00 | - | m
Input Capacitance Ciss Vps=10V, Vge=0, f=1MHz - 125 - pF
Output Capacitance Coss " - 40 - PF
'Egggf{?iazr{gnSfer Crss " - - pF
Turn on Time ton ID:O'SA’, Vgs=15v, Rp=602 - 20 B ns
Turn off Time toff " - 40 - ns

Note) The specifications of this device are subject to change without notice.
Please contact your nearest Hitachi’s Sales Dept. regarding specifications.
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28K347

A AREA OF SAFE OPERATION
10=r=r

R i Ta=25"C
- PR = R R L T
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2SK351

SILICON N-CHANNEL MOS FET

HIGH SPEED POWER SWITCHING,

HIGH FREQUENCY POWER AMPLIFIER

Features;
1. High Breakdown Voltage.

2. High Speed Switching.

3. High Cutoff Frequency.

4. No Secondary Breakdown.

5. Suitable for Switching Regulator, DC-DC Converter,

RF Amplifiers, and Ultrasonic Power Oscillators.

M ABSOLUTE MAXIMUM RATINGS (Ta=25°C)

(JEDEC TO-3)

CHANNEL DISSIPATION CURVE

Item Symbol Rating Unit g 130
Drain to Souree Voltage Vbss 800 v é
Gate to Source Voltage Vass +20 v § 100
Drain Current Ip 5 A g \
Drain Peak Current ID(peak) 10 A a . \
Channel Dissipation Pch* 125 W 8, \
Channel Temperature Tch 150 °C g \\
Storage Temperature Tstg |-55~+150 oG g OO =0 100 150

*Tc=25°C Case Temperature Tc (°C)

] ELECTRICAL CHARACTERISTICS (Ta=25°C)

Item Symbol Test Condition min. typ. max. | Unit
Drain to Source Breakdown v I _
Voltade (BR) DSS | Ip=10mA, Vgg=0 800 - - v
Cargeng o rce Leak Tgss | Ves=+20v, Vpg=0 - - ! pA
Drain Current Ipss | Vps=640v, Vgs=0 - _ 1 ma
Sate oo Source Cutoff Vas (off) | Ip=1ma, Vpg=10V 1.0 - 5.0 v
egixtx;ﬂ;o Source Saturation Vs (ony | Tp=3a, Veg=15v . _ 5.0 9.0 v
Foward Transfer Admittance | |Yes| [Ip=3A, Vpg=10V x| 1.0 2.0 - s
Input Capacitance Ciss VDS=]_OV, Vgs=0, f=1MHz - 1900 - pF
Output Capacitance Coss " - 320 - pF
Reverse Transfer
Capacitance Crss " - 20 - oF
Turn on Time ton Ip=2a, Vgg=15V, Rp=15Q - 100 - ns
Turn off Time toff " - 300 - ns
Fall Time te " - 80 - ns

Note) The specifications of this device are subject to change without notice.
Please contact your nearest Hitachi’s Sales Dept. regarding specifications
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Area of Safe Operation
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2SK352

!/

SILICON N-CHANNEL MOS FET

HIGH SPEED POWER SWITCHING,
HIGH FREQUENCY POWER AMPLIFIER

(JEDEC TO-126 mod)

ABSOLUTE MAXIMUM RATINGS (Ta=25°C) = 12 CHANNEI, DISSIPATION CURVE
Item Symbol Rating Unit ;

Drain to Source Voltage VDSS 250 v &

Gate to Soure Voltage VGSS *+15 v .§ 8

Drain Current I 0.3 E

Drain peak Current ID(];x—'-.ak) 0.5 % 4

Channel Dissipation Pch* 10 W 2

Channel Temperature Tch 150 °cC g N

T 0
Storage Temperature Tstg —55~_415 °oc S ) 50 100 150

E3
Tc=25°C Case Temperature Tc (°C)

Il ELECTRICAL CHARACTERISTICS (Ta=25°C)

Item Symbol Test Condition min. | typ. max. | Unit
Drain to Source v I =10ma V. = 2 = -
Breakdown Voltage (BR) DSS D ! Gs=0 250 v
Gate to Source Leak I V = V_ = - -
Current GSS Gs=*lsv ps=0 L na
Drain Current Ipss Vpg=200V Vgs=0 - - 1 mA
Gate to Source Cutoff - =
Sare.to Vs (off) | Ip=1ma . Vpg=lov | 1.0 | - 5.0 v
Drain to Source V. I = Va= . - -
Saturation Voltage DS (ON) p=0-12 . Gs=1ov 3-0 v
Foward Transfer y I,.=0. Vg=10V - 8 -
Admittance ' fs‘ p=0-152 . bs ° "
Input Capacitance Ciss Vps=10V,Vg=0, £=1MHz - 20 - pF
Output Capacitance Coss " - 10 - pF
Reverse Transfer " _
Capacitance cxss 23 - pF

Note) The specifications of this device are subject to change without notice.
Please contact your nearest Hitachi’s Sales Dept. regarding specifications.
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3.1 Output Characteristics q

Figs. 3-1 and 3-2 show the output characteristics of the
N-channel MOS FET 2SK135. Whereas in a small signal
MOS FET the forward transconductance ygg is 10 ~ 20
mS (milli-siemens) at best, in a power MOS FET it is 1.0 S.
Also, as obvious from Figs. 3-1 and 3-2, 2SK135 has
pentode characteristics and an excellent linearity of Yg in
relation to Ip.

P channel MOS FETs also have similar characteristics. P
channel and N channel types have complementary charac-
teristics.

Vgs = 0~10V ( 1V Step)

=

N —

P e

£

g /]

3

5} —

c 4 =

‘s

a -
2r

0 10 20 30 40 50
Drain to Source Voltage Vps (V)

Fig.3-1 Typical Output Characteristics (1)

Ves = 0~1.4V (0.2V Step)
500 7

/!

N

(mA)

300

200

\

Drain Current Ip

LN

100

—
0 40 80 120 160 200
Drain to Source Voltage Vps (V)

Fig.3-2 Typical Output Characteristics (2)
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IE.Z Frequency Response Characteristics

Fig. 3-3 shows the frequency response characteristics of
a power MOS FET in the source common state. The cut-off
frequency of an N channel device is about 3 MHz. The
frequency response is dependent on the gate resistance and
input capacitance shown in Fig. 2-2.

In the output stage of an audio amplifier, a source
follower is used. The frequency response of the source
follower is 10 times greater than in the case of source
common because, as shown in Fig. 3 -4, input capacitance is
reduced by the mirror effect. The frequency response of a
power MOS FET is more than one order better than that of
a bipolar transistor.

4
" |
o HILTEE
/\Az h
%‘4 20V, Eﬂﬂ\ \\
S sQ 1 1kQ) N«mo(
y TR AN
<3
g ol é’”"{ | I
g ) I
-12 -+ Veg
L TTweeT | I
1k 10k 100k 1M 10M

Frequency (Hz )

Fig.3-3 Frequency Response Characteristics of lyfsl
(Source Common)

2 TTTI T 7100
1 Power MOS FET {
0 N -Channel
-1 ™ L
-2
m
Sop LD LV LT
§-4. — 1 Transistor 4
2-5 P Ayin LVI |
2 ol éfp % ;
~ o LT
10k 100k 1M 10M 100 M

Frequency ( Hz )

Fig.3-4 Frequency Response Characteristics of
Source Follower
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]?.3 Switching Characteristics l

{ 3.4 Area of Safe Operation (A.S.0.)
L

A power MOS FET has no minority carrier storage and
can switch a 2 A current at speed of 10 ~ 30 ns. This
switching speed is 50 ~ 100 times as high as that of a
bipolar transistor and represents a great advantage when a
power MOS FET is applied to various high-speed large-
power switching circuits, such as described later in this
application note.

Fig. 3-5 shows current waveforms where a power MOS
FET is applied to a class-B amplifier stage of an audio
amplifier. The waveform is ideal for a power MOS FET
which, unlike a bipolar transistor, has no storage time.

Bipolar Transistor

Ll Jal]

18{)_/,\ e X

OH
¥
o]
e

a) Emitter Current Waveform

Power MOS FET

BN 1
100 £+~ N
g -
S
o | i N

(b) Source Current Waveform

f=100kHz Vertical=05A/div
Horizontal = 24s,/div
RegionA:Delay by Carrier
Storage
Region B:Compensated by
Negative Feedback

Fig.3-5 Current Waveform of Class-B Amplifier
Stage

@ HITACHI®

Since a power amplifier device is operated at high
voltage and high current levels, it must be designed to
withstand electrical destruction. A power MOS FET basical-
ly takes full advantage of its excellent thermal stability, so
that a much wider area of safe operation can be guaranteed
for it than for a bipolar transistor.

Fig. 3-6 shows the areas of safe operation for DC
operation and pulse operation. Since a power MOS FET is
free of secondary breakdown in the high voltage region, the
guaranteed area of safe operation is equal to the range of
thermal limitation.

Drain Current Ip (A)

0.2 L
5 10 20 50 100 200 500

Drain to Source Voltage Vps (V)

Fig.3-6 Area of Safe Operation (2SK135/2SJ50)

3.5 Temperature Characteristics J

Fig. 3-7 shows the transfer characteristics of power MOS
FETs. In the high current area, the temperature coefficient
is negative and current concentration does not occur, so
that a wide area of safe operation is provided and
destruction by thermal runaway is largely prevented. Since
the transfer characteristics of power MOS FETs are of the
enhancement type, as in the case of bipolar transistors,
power MOS FETs do not require a complex biasing circuit
as depletion type FETs do.

In power MOS FETs, the temperature coefficient of
drain current becomes zero around Iy = 100 mA.

By taking advantage of these temperature characteristics,
the power MOS FET circuit can dispense with an idling
current compensation circuit and feedback resistance for
current stabilization, which are required in the bipolar
transistor circuit as shown in Fig. 3-8. Hence, a simple
circuitry as shown in Fig. 3-9 is obtained.
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Fig.3-7 Typical Transfer Characteristics
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Fig.3-8 Audio Output Circuit using of

Bipolar Transistor
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I N-Channel
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P-Channel
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Fig.3-9 Audio Output Circuit using of
Power MOS FET
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! 4.1 Design of High Power Application
[ (Parallel Operation)

coefficient of drain current and the high input impedance
of power MOS FETs enable parallel operation to be
performed with an extremely simple circuit.

In the parallel operation of bipolar power transistors,
scattering of VBEg and hpp characteristics causes an un-
balance in collector current and, as a result, large current
transistors generate high heat, which in turn further
increases current flow; this may lead to thermal runaway.
In a power MOS FET there is no possibility of thermal
runaway because the drain current has a negative thermal
coefficient.

Fig. 4-1 shows a triple connection circuit. Forward
transfer admittance is three times as large as when a single
device is used. In Figs. 4-2 and 4-3, this is expressed in
waveform on a curve tracer. A current of about 20 A can be
controlled by several volts of gate voltage.

=

Fig.4-1 Triple Connection Circuit
(Example of the N-Channel Device)

Ves=o0~25V(05V Step )

T

T
I S

Drain Current 1o (A}

0w R T 0 %
Drain to Source Voltage Vos (V)

Fig.4-2 Output Characteristics in Triple Connection
Circuit(1)

Ves = 0~10V(1V Step)

Drain Current 1o (a)

Niis -

o 0w 0 & %

Drain to Source Voltage Vus (V)

Fig.4-3 Output Characteristics in Triple Connection
Circuit(2) ’

‘ 4.2 Design of High Breakdown Voltage Application
) (Series Operation)

{1) Totem pole connection

Fig. 44 shows a basic “totem pole” circuit, in which
power MOS FETs are connected in series. This circuit has
been used extensively as a saturated logic circuit, the basic
circuitry for TTL IC. Operation of this circuit will be
explained.

When no bias is applied to Q;, Q; is cut off because
power MOS FETs have enhancement type transfer charac-
teristics; thus the following relationships hold;

Vg1 = 0, Ip=0

. R
Vg2 = YaVpp (7 Ve = VDD'EER‘E)

Vo = Vg2 -Vgs2
= 'AVpp — Vin2

Source

Fig.4-4 Basic Totem Pole Circuit

where V- is the threshold voltage of Qz' Generally,
Viha < Vpp. Therefore Vg =~ Y2 Vpp.
And the voltage applied to Q, and Q; will be about %V

Next, let us consider a transient state. When the gate bias
of Q, is increased gradually from zero, Q, will become
conductive and so will Q, at the same time. If load
resistance Zj is inserted between Vpp and drain of Q,,
drain voltage will be Vp = Vpp — Z « Ip and Vg
(="2Vp — Vggp) will gradually decrease.

If Vpp has a much larger value than Vgsp and Q; is
driven up to the saturation region, then the characteristics
of an equivalent MOS FET would be dependent on Q,.

Generally, when devices are operated in series, voltage
unbalance due to switching time difference presents a
problem. This problem is overcome in power MOS FETs
because switching time can be made as short as several tens
of nanoseconds.

Figs. 4-5 and 4-6 show breakdown and output charac-
teristics where a single device is used. When this device is
used in the circuit shown in Fig. 44, the breakdown and
output characteristics would be as shown is Figs. 4-7 and
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Table 3-3 Changes of Major Parameters

Type No. 2SK135 Changes of breakdown voltage and saturation voltage
Test item High temperature reverse bias tes
. Ta=150T 250F
Test condition Vosx = 160V, Vas = — 10V ol

Vpsx = higher then 128V 150}
Failure criteria | Vps (sat ) = lower then 144 V max
2 Vps (sat ) = within + 30 % 100f n= 50 pcs {mea“

Vpsx (V)

Failure mode Surface degradation 50 min
s L L L
0 68 500 1000 1500 2000
Description Time (hr)

1. There is almost no breakdown voltage <

change after 2,000 hours. = 101 H_%__%___H
2. Change of Vos(sat) increases a little at H 8

the initial period, but the changes is comp- = 3

letely saturated after 2,000 hours. 8] 4 n=o0wes max
3. There is almost no degradation of Vass o} % ’:i’:"

I¥fsl and other parametes.

0 T8F 500 1000 _T500 2000

Time (hr)
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Io (mA)

Drain Current

f
|

o 100 200 00 0 500

Drain to Source Voltage Voe V)

4-8. Breakdown voltage in Fig. 4-7 is twice as high as in Fig.
4-5. The disadvantage is that on-resistance is also doubled,
as is obvious from Figs. 4-8 and 4-6. A method of im-
proving on-resistance is described in the following section.

(2) How to reduce on-resistance in basic circuit

Fig.4-5 Breakdown Characteristics (Single Device)

Ves = 0~10V ( 1V step )

\\

Drain Current Ip W

[ 2 16 30

Drain to Source Voltage Vos V)

Fig.4-6 Output Characteristics (Single Device)

Drain Current Jp (mA)

o 100 200 300 400 500
Drain to Source Voltage Vos M

Fig.4-7 Breakdown Characteristics

Vos = 0~10V(1V Step )

[
!

-

i

Drain Current 1p (W)

1
-
° it X 3

Drain to Source Voltage Vos

Fig.4-8 Output Characteristics

On-resistance (or saturation voltage) can be reduced by
performing level shift of the Q, gate potential in the
positive direction. This can be accomplished, for instance,
by the methods shown in Fig. 4-9. Fig. 4-10 shows the
output characteristics for a case where the gate is level-
shifted to the positive side. (14 V is the maximum
allowable gate-to-source voltage.)

In the circuit shown in Fig. 4-9, as in the basic circuit,
the equivalent drain to source breakdown voltage is twice as
high as when a single device is used.

G
Rg Rg
5° Q Q P
1 2

(A) Level Shift by Using of Diode

Rg Rg

s [T TTD | o

(B) Level Shift by Using of Breakdown Voltage
in External Transistor

G
7 Re Rg
14 O
sod TTT TTL 1.,
Qi Q2
(C) Level Shift by Using of External Power

Supply

Fig.4-9 How to Reduce ON—Resistance
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Voa=0~10V( 1V Step )

T
2,
K] /4|
¢ 3 A
g1
&
0 12 1 20

Drain to Source Voltage Vpg (V)

Vo, Vo,

Re Cin, Rg

Fig.4-10 Output Characteristics ((C)Circuit)

(3) Impr of high f y ch
pole connection

istics in totem

When the circuit shown in Fig. 44 is modified for a
source follower, because of the different operation of Q,
and Q,, a phase differential occurs under the influence of
the power MOS FET input capacitance (about 500 pF
for 2SK134, 600 pF for 25J49, f=1 MHz). As a result,
characteristics worsen, as high frequency gain drops and
phase shift increases.

This is expressed in Fig. 4-11. The equivalent circuit
with passive devices alone is represented in Fig. 4-12.

It has been verified experimentally that the phase
differential of V(y; and V(y, can be eliminated and driving
in the same phase can be achieved by equalizing Cg with
Ciny and that phase shift as 100 kHz can be limited within
—90 degrees.

@

Signal Source

[ |

Ciny » Cin,
Rc : Signal-Source Resistance

Vo1

i Re
Load

Input Capacitance

Cg : Compensation Capacitance

R g : Gate Biasing Resistance

Fig.4-11 Improved Totem Pole Circuit

Fig.4-12 Passive Equivalent Circuit of Totem pole
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Fig.4-5 Breakdown Characteristics (Single Device)
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Fig.4-6 Output Characteristics {Singie Device)
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Fig.4-7 Breakdown Characteristics
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4-8. Breakdown voltage in Fig. 4-7 is twice as high as in Fig.
4.5. The disadvantage is that on-resistance is also doubled,
as is obvious from Figs. 4-8 and 4-6. A method of im-
proving on-resistance is described in the following section.
(2) How to reduce on-resistance in basic circuit

On-resistance (or saturation voltage) can be reduced by
performing level shift of the Q, gate potential in the
positive direction. This can be accomplished, for instance,
by the methods shown in Fig. 4-9. Fig. 4-10 shows the
output characteristics for a case where the gate is level-
shifted to the positive side. (14 V is the maximum
allowable gate-to-source voltage.)

In the circuit shown in Fig. 49, as in the basic circuit,
the equivalent drain to source breakdown voltage is twice as
high as when a single device is used.

So_i] m l___ LoD
Qi Q:

(B) Level Shift by Using of Breakdown Voltage
in External Transistor

G
? Rg Rg

Wy l WA
i
sod [T L TTT >

Q1 Qz
(C) Level Shift by Using of External Power
Supply

Fig.4-8 Output Characteristics

Fig.4-9 How to Reduce ON—Resistance
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5.3 Input/Output Capacitance j

T T T
Fig. 5-3 (a), (b), (c) show the voltage dependence of :_“_' - Pchannel Yas € 0
electrode-to-electrode capacitance of power MOS FETs. 0o ™
_ V]
‘3 600 [— |Vas<o0 \ l N-channel Ves)a
if el )
§ \J

I Ves | (v

(a) Gate to Source Capacitance + Gate to Drain Capacitance

80
Cdg — D
60 »'r -
~
3 N
E N
£ I
\ . \_ P-channel
A N-channei N
20 T \ Ve (0
\\Vlnc Y0) N
)
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| Vog!l (W)

(b) Drain to Gate Capacitance

800

I T
" fl %Cds
| |7

'r:
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(c) Drain to Substrate Capacitance

Fig. 5-3 Bias Voltage Dependencies of Capacitance
(25K135/28J50)
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Function

Application

® Audio power amplifiers*
. . N N e Deflection circuits for CRT displays
Wide band linear amplification e Medium wave — high frequency band modulators, transmitters*
e Citizen band transmitters
e DC-AC inverters
e AC-AC converters
Power switching e DC-DC converters*
e General-purpose switching regulators®
e Pulse motor drivers
Power e Humidifiers, cleaners and other ultrasonic applications*
application o High-frequency heaters*
Power
oscillation High voltage . L-xghtmg t?qmpmem.ant? other high frequency,
application high efficiency applications
PP e Dischargers, air cleaners*
e Laser pulsers
High-speed switching o Modulators and drivers in high power transmitter circuits for optical communication
© Bubble memory drivers
Other e Series regulators

* Explained in detail in the following section.
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8.1 Audio Power Amplifiers

(1) Basic design philosophy
® Frequency characteristics (frequency vs. gain, phase)
The output stage of an ordinary power amplifier uses a
push-pull emitter follower (source follower). This method is
popular because it provides a wider transfer bandwidth and
more stable operation than other grounding systems.
Meanwhile, the forward transconductance (forward
transfer admittance) ygg of power MOS FETs is as large
as 1.0 S (siemens). Yet it is only a fraction of that of
general bipolar transistors and this represents a disadvantage
in terms of open loop distortion. The reason is tnat when
bipolar transistors are used as an emitter follower, yg; is
given as:

I
s = e L
KT/q
where r, = Emitter equivalent resistance
K = Boltzmann constant
T = Absolute temperature
q = Electron charge

Ig = Emitter bias current
Ry = Load resistance

Even when Igis1 A, for instance, Ygs =40 S.

Now the relationship between input and output is
R
L
eyle; = —
RL + 1/yfs

and the nonlinier component of ygg causes distortion, so
that a larger yfs is of greater advantage. In other words,
since a power MOS FET has a distortion about 20 dB larger
than a bipolar transistor, it is necessary to use a larger open
loop gain and a larger negative feedback than a bipolar
transistor. As shown by the frequency characteristics in
Fig. 3-4, however, a Darlingoton connection must be used
for bipolar transistors in order to enlarge the bandwidth,
so that the two-stage emitter follower would worsen the
phase characteristics. In applying a negative feedback, a
large phase shift would force a sacrifice of gain frequency
characteristics in a phase compensation circuit and the like.
Thus, with a source follower with a single power MOS FET,
much feedback can be applied over a large bandwidth, and
distortion can be reduced.

The driver stage of a power MOS FET does not
require a conventional class B driver stage. Therefore,
the poles in the amplifier system can be reduced
and a stable negative feedback amplifier can be form-
ed.

In the frequency characteristics of open loop gain,
setting the peak value near 10 ~ 20 kHz is the key

to forming a good circuit.

Setting the peak value at the upper limit of the
audible range is impossible with conventional bipolar
transistors. This can be realized only by using power
MOS FETs with excellent high-frequency and switch-
ing characteristics.

Fig. 8-1 shows the difference in open loop gain
of audio amplifiers designed with power MOS FETs
and bipolar transistors.

Power MOS F’E’f

Open Loop Gain
(Arbitrary Scale)
2
S

&

H - i
i P % N
H H 9,

05 Yo

0 100 1k 10k 100k

Frequency (Hz)

Fig.8-1 Open Loop Gain of Audio Power Amplifier

©® Consideration for parastic oscillation

As power MOS FETs have excellent high-frequency
characteristics, they are liable to cause oscillation
when used in high-gain designs such as described in
the preceding section. To avoid this, a gate resistance
(200 ~ 500 ) may be used to prevent a real part
of the input impedance to be negative. Or the gate.
wiring pattern may be minimized (within 5 cm), as
stated in the section on precautions in fabrication

‘later in this manual. Or one-point grounding may be

used.

When a gate resistance is inserted, frequency char-
acteristics are worsened as shown in Fig. 8-2, so that
optimum values must be selected in designing. The
gate resistance will have no effect in case the former
stage has a high impedance as in a class A driver
stage.

i Ity

t

klf‘:“_%i@ A\

- mi Nl

_|Ciss: Input C \ \S‘.
g : Gate Equivalent Res\slance\x ¥ A4

gm : Forward T

(4B)

Ry ! Load Resistance | | ||
~1IRc": Gate Senes Resistance T[T
1

Voltage Gain eo/ei
|

<]

e _ -
e Retma ks 1\
e *Rud1 +gm / wCiss) \
"ok 100k IN 10M 1008

Frequency f (Hz)

ﬁgVB-Z ' Frequeney Characteristies of Source
Follower . (Calculated Value)
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(2) Typical design — 1 (100 W output at 100 kHz,
0.01%)

A circuit is shown in Fig. 8-3. Design of each
amplifier stage will be discussed below.

+65V  (Unloaded)

{ E
152076 W

25A872 25A872

g% -
82«
. a z
2587164 S 8
. Q. | 2
Qs 25K134[00 ook )34 'L E
Ry > [ b 4
100 100
~ aSN
° *3° Li=luH

Input

2SD756 A
8

o

180004 /65V/

® Design of output stage

Fig. 8-4 shows an equivalent circuit of the output
stage for N channel MOS FETs. Ron is a drain-to-
source equivalent resistance when the power MOS
FET is on. The resistance 1.71Q contains some
margin as it was calculated for the worst case from
the specifications for 2SK135 and 2SJSO.

_ VDsGat) 12

= =57 =1.71(R
NTT 7 ®)
Peak current [, flowing in load Ry = 8 Q at Py =

100 W is calculated from mean current I,
=12 = .
Po=I*-Ry ,I,=V2"L,

aslp=\/7\/§= \/fx/T-gE= 5A.

Therefore, if transformer regulation is estimated as
20% and AC line regulation as *15%, then power
supply voltage Vpp is given as

Vpp = 1.2 x 1.15 {Rp +0.5 (RgN *+ Rg)} x Ip= 61.8V.

In Fig. 83, the voltage is set at *65 V including
a margin.

MOS FET

Fig.8-4

G HiITACHI®

Equivalent Circuit of the Output Stage for
N-Channel Power MOS FETs




® Design of voltage amplifier stage

A power MOS FET can be used with a low driving
power. Fundamentally, only the power for charging and
discharging the gate-to-source capacitance is needed to
the output stage, so that no class B driver stage is
required.

The driving power varies with input frequency. At
100 W output and 10 kHz frequency, it would be
about 10 mW.

Therefore, an output stage power MOS FET can
be driven directly from a class A predriver (voltage
amplifier stage) used in a bipolar transistor amplifier.
By eliminating the class B driver, the number of
components can be reduced, and impairing the am-
plifier’s performance caused by the driver itself can
be avoided. Further, the number of poles for transfer
function (open loop gain vs. frequency - characteristics)
decrease, and the stagger can easily be increased.
Consequently, the stability against oscillation is im-
proved.

Transistors for the voltage amplifier stage are re-
quired to have a high voltage durability, low Cp,
and high fy. Here the 2SD756A/2SB716A developed
especially for power MOS FETs are used. With the
NPN differential amplifier and PNP constant current
load, high gain and low distortion characteristics were
obtained.

The class A stage bias current is set as 10 mA. When bias
current is lacking, sufficient power to drive a power MOS
FET at high frequency cannot be supplied, and distortion
would worsen.

The drain current temperature coefficient of a power
MOS FET undergoes a reversal of polarity at around I, =
100 mA and temperature compensation in the large current
region will be unnecessary. Hence, the bias circuit for a
power MOS FET is vastly simplified because only one
semifixed resistor (1 k) for setting idling current will
suffice.

® Design of input stage circuit
For the input stage, a stable differential amplifier circuit
was formed by using the high-voltage, low-noise transistor
2SA872, which is known for its high performance in
improving the S/N ratio. Bias current is set as 0.5 mA.
® Typical characteristics of experimental circuit (Fig. 8-3)
Output vs. distortion characteristics are shown in Fig.
85. At f = 1 kHz, total harmonic distortion (THD) is
approximately 0.002%, which is the limit value for any
measuring system available on the market today.
Through optimum design, the following can be obtained
at rated output:
f= DC ~ 100 kHz,
THD£0.01%
Thus, characteristics that cannot be obtained with
conventional bipolar transistors are realized with power
MOS FETs.

005

O T T T TTITHY
3T

T
ety Unlosded [T

- Wling Current:= 100mA (per each device,
~ o0z
E |
; 001 |——1| J__
- }
£ rs
g
B ous | —teonis
a SouHs -
- =~ Y ]
N~ T
Lk L1
0002 T
3
E |
0001 L >
2 5 10 20 50 100 200

Output power P o (W)

Fig.8-5 Total Harmonic Distortion VS. Output
Characteristics

® Precautions in fabrication

o Minimize the gate wiring, although its relationship with
gate resistance must be taken into consideration.

o Provide one-point grounding for the amplifier base plate,
power supply, chemical fapacitor to prevent + line
unbalance, and speaker terminals.

O The output coupling coil has the effect of reducing
distortion in the high frequency range, and preventing
abnormal oscillation in capacitance loaded operation.
But the values should be determined while experiment-
ing.
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(3) Typical design — 2 (50 W output at 50 kHz, 0.01%)

Introduced here is a power amplifier with a rated output
of 50 W and which attains a total harmonic distortion of
0.01% over the entire frequency bandwidth of from 5 Hz to
50 kHz. The basic design method has been introduced in
the previous section. The output stage, as shown in Fig. 8-6,
is of the single push-pull construction. Considering the
power supply voltage and transformer regulation, the
complementary pair 2SK133/2SJ48 would suffice as the
power MOS FETs to be used.

This circuit can produce an output of about 70 W by

improving transformer regulation or stabilizing the power
supply line.

In the frequency characteristics of open loop gain, the
peak point is set at 10 kHz, 100 dB. Even at 100 kHz, a
high gain of 85 dB is ensured.

Fig. 8-7 shows the distortion vs. output characteristics
with the experimental circuit.

In this high negative feedback amplifier, caution must be
taken to avoid the oscillation which depends on the printed
pattern.

+45V (Full Loaded)
+50V (Unloaded)

100 £R, 100 SR} SmA
Re ImA 1820786
28B715
S s ) 4 DeK138 AC100V
Roe t—
28A872 28A872 12/ 1W _T Cs
0.0068 4
Riz ) 3
Qs S
—45V (Full Loaded) ; .
;3100 28D758 =50V (Unloaded) Unit B :Q
| C:F
Cs 1‘%wo« C-‘;Esow
»

Fig.8-6 Full Circuit of 50 W Output Audio Amplifier

(3%

Oscillator

Measuring Equipments
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© YHP Model 4494 A
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RL=38Q
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T otal Harmonic Distortion T. H. D ( %)
°
2

f=100kHz o
/
50kHz N %
wm,.\\
\
'\
0005 /]
\\
0.002
05 1.0 s 10 20 50 100

Output Power Po (W)

Fig.8-7 Total Hormonic
Characteristics

Distortion vs. Output
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Fig. 8-8 shows the standard printed pattern. The Wiring between the voltage amplifier stage collector and
amplifier devices that drive the output stage power MOS the power MOS FET gate must be minimized. The arrange-
FETs consist only of five small-signal transistors, so that the ment and configuration of the printed board and the heat

printed board is extremely small.

sink must be selected carefully.

I~ Vop

O

o—— | GND

INPUT-T

SRis

L0
OUTPUT
[:
Cs
Os
+ -

Cq

©)

Fig.8-8 Standard Printed Pattern in Actual Size
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In Fig. 8-8 which shows the example of the printed board
pattern, the printed board is attached directly to the heat

sink to minimize the gate wiring.

{4) Recommended line-up by output power

Line-up of devices in audio amplifiers of different

outputs is shown Table 8-1.

Table 8-1 Line-up of Devices in Audio Power Amplifier
Input Stage Driver Stage Output Stage
Output
P&",‘(’" N-<Channel | P-Channel | N-Channel | P-Channel Con- T03 HPAK VpsSx
(NPN) (PNP) (NPN) (PNP) | nection | N opannel | PChannel | N-Channel | PChannel | (V)
25K151 | 28151 25K213 | 25176
(TO- (TO- (TO- (TO-
92MOD.) | 92MOD.) | 220AB) | 220AB)
25K133 | 25148 25K225 28181 120
2SD756 | 25B716
(TO- (TO-
50~ 92MOD.) | 92MOD.)
80 | sc177s | 2sag72 | 2SD756A | 28B716A
(T092) | (to92) | IO (ro-
92MOD) | 92MOD) | ginuie
g | 25K134 | 2sid9 25K226 25182 140
25K214 | 28377
(TO- (TO-
220AB) | 220AB)
2SD758 | 2SB718
(TO-202AA| (TO-202AA|
MOD.) MOD.)
25K175 | 28155 - - 180
25K216 | 28179
(TO- (TO-
220AB) | 220AB)
25D666A | 25B646A
§omon ) SowioD )
100 | 25CLTTS | 254872 - - 2SK134 | 25149 2SK226 | 25182 140
140 | (TO-92) | (TO-92) | ygK214 | 28377
(TO- (TO-
220AB) | 220AB)
2SD668A | 2SB64BA | p
(TO- (TO- Push-Pull
126MOD.) | 126MOD.)
25K135 | 28150 25K227 25183 160
25K215 | 28178
(TO- (TO-
220AB) | 220AB)
~ 2SD758  |2SB718
1380 (ZTSS.IJ;)SA (2%32723“ (TO-202AA|(TO-202AA 25K176 | 25156 - - 200
MOD.) MOD.)
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{8.2 Power Oscillators (1) ]

Power MOS FETs have excellent high frequency charac-
teristics and their operating frequency extends to the 10
MHz band and higher. Taking advantage of their high
switching speed and ease of biasing, one can use them for
economical high-frequency power sources as in such new
application as high-frequency heating and high voltage
generation.

Power MOS FETs require a far lower driving power than
bipolar transistors do, and can be parallel-operated easily,
providing the required large output. Basic design procedures
for an oscillation circuit and practical applications will be
described below.

(1) Basic design of power oscillation circuit

Operation in a high frequency circuit is affected by
slight capacitances of the devices and parts used. Also,
depending on the DC bias circuit arrangement and ground
points, feedback quantity varies and affects the characteris-
tics. Therefore, a circuit configuration determined through
calculations must be modified in the process on construc-
tion. Described below are the basic principles that provide
design guidelines for high frequency FET oscillation cir-
cuits,

In Fig. 89, (a) is a basic oscillation circuit, and (b) an
equivalent circuit. Z,, Z, and Z form a tank circuit. By
using the same type of reactance for Z, and Z,, positive
feedback can be applied. The signal applied to the gate is
amplified at the drain with a 180° phase differential and
current of the same phase flows in reactances Z, and Z,,
so that it will have a 180° phase differential against the
source current. As a result the amplified signal at the gate
is positively fed back.

When power MOS FETs are used in a Colpitts oscilla-
tion circuit with Z, and Z, as capacitances, operation at
high frequency becomes possible.

Limitation for high frequency operation is created by
losses expressed by electrode capacitance Cgs and series
gate resistance Ry in Fig. 8-9. The voltage applied to the
gate is divided between Ry and Cgy, and reduces g, at high
frequency. At the same time, phase delay is caused.

The frequency at which g, decreases by about 3 dBis,
in the case of 2SK135:

f S S
(3dB) 2"'RZ'CB

~ 3 MHz

G
s

Cgs

11
Z, Ll 2y
i I
C1 z Co

L

(b) Equivalent Circuit

e= jXg*Bm+ Ro +i,
Zg=Rg-iXg . Z=R+;X
Zy=Rg-iXg , Z)= -iX;

Fig.8-9 Basic Oscillation Circuit and Equivalent
Circuit by Usinga Power MOS FET

® Oscillating conditions

Since power MOS FETs have a large g, and power gain,
an oscillator can be formed even at frequencies higher than
f3as)-

Next, oscillating conditions will be sought for Fig. 8-9
(b).

When gate current is denoted by i, , drain current by i, ,
and tank circuit current including load by i;, the following
equation holds for the loop current:

—jXg *8m* Ro i1+
Ro+Zy)i, -Z,i3=0
Zioiy +Zy0iy = (Zy +Z 42y )ig =0 ceeveereeonne (1)
(Zy+2Zy)iy -Z,+13=0

Equation (1) has finite solutions other than i;=i;=i3=0.
In other words, in order that the circuit may oscillate, it is
necessary that the value of the determinant consisting of
constants be zero, as follows:

Z, (iXg* 8m* Ro + 25"
~Ro+Z){Zi+
(z,+z+z,)Z‘Z+ZS}=o ........................ @

1

In an area of operation where drain current i, is not de-
pendent on drain voltage but rather on gate voltage, R is
far larger than the other parameters and the following equ-
ation holds:

Zy+2Z,
Z,
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iZy* Xg* 8m +Zy
2+ I+1Z, )Zl *ZE =

S N 3)

The 1magmary part is:
Ry - * Xg* 8m - (R; +R) RE
+ (x2 - X) ()(1 + Xg) + X =0 ceerererereneenennn ()
If the terms with load resistances R; and R of the oscil-
lator are neglected, then frequengy would be determined by
the following equation:

_ X1 Xg
B S AR T —— ®)
Thus,
@2nf)? = w? ‘—'L( ! + —1') ()
L{(cvgg ) |
Next, from the real part, we get:
X, +
X, +Xg'gm — (R, +R) _1_x_x_§
1
_(x,—X+x,)_§_‘a= .................................... @
(R, +R) . X,
X2 Xy Xe/(Xy +Xg)
X, X 1
R KX i ®)

From Equation (8), since g, must be large enough to
compensate for circuit loss, the following oscillation start
conditions are obtained:

C, . Cg+Cy
Cg+C, + Gin + G
Where G;;, and Gy are loss conductances of input and
output circuits respectively.
R2 + R

gm>

Gin2> %; , G2

In the case of high-efﬁciency power oscillators, the
second term on the right side of Equation (9) represents an
important loss term, and 8 is expressed with gate voltage

Vg, output voltage V., and output power P ., as
follows:
Vout 2-Pout
gm> ——— Vg GL m .............................. (10)

® DC bias ditions and AC amplitud

Let us consider the relationship between DC bias con-
ditions and AC amplitude in the various operating modes of
the power oscillator in Fig. 8-10.

At conductor angle 6, the various current and voltage
parameters of the device are as shown in Fig. 8.11. Drain
current is:

iD=IA(coswt—cos¢) .

an

Basic wave amplitude:
1= % J? ip cos wtd (wt)
L9 sing* cosy
Mean current:
10=1?- fﬁ ipd (wt)

sing — ¢ cos ¢

=1y I (13)
The relationship with peak current: Ip =1 (1 —cosy)
_ — sing * cosy
I=1p: 1r(l ) a4
_y_ . sing — ¢ cosp
Ig=Ip T Soos gy (15)

Output

Fig.8-10 Colpitts Oscillation Circuit(Clap-Type)

el ..
° Lil
LofRaVad Conduction Angle
0
[
A

Fig.8-11 Operating Mode of Power Oscillator

The ratio of maximum power against supplied DC power,
viz., drain efficiency, is expressed as follows, where current
and voltage efficiencies are denoted by n; and ng respec-
tively:

_ v
D= M Me =y
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T can be calculated similarly.
The relationship between conduction angle 6 and 7, is
given as in Fig. 8-12.
Next, the bias conditions that determine conduction
angle 6 = 2¢ will be sought.
If peak gate voltage is denoted by Vp then:
Ver=VootVga—R3 Iy s (17)

R, P
where Vo=V ~R‘—+2~R—2 : Initial bias voltage to gate

VG A Gate amplitude
Ig  : Drain mean current

R3 : Source resistance
2 100
~ ~
o
s L 50 X
~ N
~ ~
0 0
. T 38, 2=x
2 0 (rad) 2

Fig.8-12 Current Efficiency VS. Conduction Angle

If the gate voltage satisfying the conditions for oscilla-
tion start is

AZeR i e s s Ry U — (18)
then, from Fig. 8-11, we get
VGA * 089 =R3 = 15— Vg i (19)

From Equations (17), (18), (19), we get:

Ccosy
VGST* I osg cosp Vep 20)
R, =
3 Io - It
NS R Ly T s O — 1)
_  Vgp
VGA 1= cosyp 22

® Determination of circuit parameters

Circuit parameters and maximum ratings of devices for
an FET oscillator will be considered. For high-efficiency
operation, drain bias voltage must be maximized. Let us
make it one-half the allowable voltage Vpgx max. of the
device.

1
Vo= _;)_‘VDSmax @3

From the relationship between allowable drain loss and
mean voltaie, we get the drain mean current as follows:
D

24

In=c—

(6] VO

Equation (24) represents a condition where allowable
loss is not exceeded even at oscillation stop.

The peak current for class B operation is obtained from
Equation (15) as follows:
Ip=m-lgy 25)
Gate peak voltage V;p can be determined as a value
corresponding to Ip in Equation (25) from the Ip - Vpg
characteristics of power MOS FETs (see Figs. 3-1 and 3-2 in
Chapter 3). As for oscillation starting current Iy, from the
conditions of Equation (10), denoting drain voltage ampli-
tude by V, the following is determined:
2:Pout ._ 2-Io-"p
VeV = _—Vg .................................... (26)
For safety’s sake, the value of oscillation start current is
determined from the gy, - Ip characteristics of power MOS
FETs (see Fig. 8-13) as the value of I corresponding to
twice the value of Equation (26). From these data and
Equations (20), (21) and (22), the bias parameters of VGo
and V; s can be determined.

S

. — - 25¢|
) /& N
& 7 25 ‘l"c
° 1

Vpg =20V
I

N-channel Devices
L1

° To

T
In(A)

Fig.8-13 Drain Current Dependency of
Transconductance
e E le of par lculation
By applying the above method to 2SK135, the following
calculated results are obtained:
Vg =170 )
Ig =143 (A)

[p =45 (A)
Vegp=6 V)
g8y = 2x0374 S)
Iy =06 (A
Voor 29 ™)

VoA Vep =6 (V)
® Calculation of r paci

In order to set the divided voltages of gate voltage Vg =
ViGa) and drain voltage Vpto meet the above operating
conditions, resonator capacitances C; and C, will be
determined.

With regard to drive voltage drop due to Ry, the
following equation holds:

30 000pF 350pF
Rg
Cd
Gate > ' Drain
s
[S] Cs Vo=Vo
Source

Fig.8-14 Equivalent Circuit of Resonator
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Vg _Cds+Cy
Vp Cgs+C;

where wg = m

And the values of capacitance pair C; and C, are
determined. Coil inductance for the desired frequency can
be derived from these capacitance values.

The value of load Q can be increased by using a Clappe
type oscillator in which a capacitance is provided in parallel
between the gate and drain or inserted in series with the
inductance.

The load is expressed as follows, using output voltage
Vout and circuit efficiency e

1,
Pout=Ppc D =3 Ry

The specified output can be obtained by giving a
resistance or output voltage satisfying Equation (28).

This oscillator gives the maximum output at optimum
load but no destruction of devices occurs even under over-
load. In other words, gate driving voltage is proportional
to drain voltage and, under light load, drain voltage does
not exceed bias voltage. Under heavy load, drain voltage
amplitude decreases and the power MOS FET is protected.
(2) Experimental circuit and typical characteristics (13.5

MHz, 40 W)

When the constants are determined in accordance with
the basic design procedure described in item (1) above, the
circuit shown in Fig. 8-15 is obtained. The circuit con-
figuration is extremely simplified and can be applied to
circuits that give the desired frequency and output power.

Fig. 8-16 shows the supply voltage dependency of major
characteristics. An outstanding feature is that high-
efficiency oscillation is obtained because circuit efficiency
does not change with supply voltage or output power.

500

Fig.8-15 Source - Common Type Oscillator
(Class - AB Operation)
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Fig.8—\1M6' “Oscillation Characteristics

8.3 Power Oscillators (11)
(DC-DC Inverter)

The inverter described here introduces the basic theory
of the Colpitts oscillator referred to above in order to
obtain high frequency and high power, so that it can be
applied to high-frequency, highefficiency lighting equip-
ment, dischargers, and air cleaners. Important performance
requirements for inverters and converters are as follows:

o High power efficiency (small circuit losses).

o Large area of safe operation for power devices and
minimal temperature rises for equipment.

e Low spike noise at switching of power devices and stable
output.

e Littie unnecessary radiation from equipment.

o Small weight and volume of equipment.

The above requirements vary in importance depending
on the system in which inverters and converters are used.
But indispensable performances of power devices are
exactly those which Hitachi’s power MOS FETs feature,
namely:

o High switching speed.

o Simple driving circuit; large power gain so that driving

power may be minimized.

e Large current handling capability in the area of safe
operation, particularly in the high voltage area (se-
condary breakdown region), because these devices are
used at high voltage.

® Typical design

With 400 ~ 500 V output voltage and 400 kHz
frequency as the target specifications for the inverter,
circuit constants will be determined.

For deriving output, a capacitor loaded in the middle of
the oscillator loop will be used. Output current will thus be
obtained by discharge of electrons accumulated in the
capacitor.

First the basic circuit is set as in Fig. 8-17, where C}
denotes a load capacitor, Ry and R, are bias resistances of
gate, and V; stands for unstabilized input voltage (which
gives VG and VD).
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Fig. 8-18 plots output voltage and frequency with C as
parameter under the conditions of Cy=ee,
C, = 0.05uF, L = 0.0384mH, Cg = 5 pF, Rg = 29,
Cg = 0.1uF, Cp = Open, Ry = 70 k2, V; = 45V.

The figure shows that output voltage is dependent on
the C, value and there is an optimum output voltage.
Oscillation frequency also varies with C, and shows a
tendency of monotone increase and decrease.

Next, characteristics measured with input voltage Vi as
parameter are shown in Fig. 8-19. The measurement
conditions are C;'=,C, = 0.05 uF, Cg =5 pF,

Rg =29, Cg =0.1uF, Cp =Open, R, =70 kQ.

Fig. 8-19 shows that the desired output voltage is
dependent on input Vj and can be selected at will and that
frequency variation can be reduced. Frequency drift during
operation is due to heat generation in the capacitor. For
practical purposes, a low-loss capacitor with a small
temperature coefficient (e.g., mica, polypropylene) must be
used.

The inverter introduced above involves a relatively small
power. But a similar principle applies to high-voltage power
supplies that require higher frequencies and higher voltages.

C
100V
28K185
Output C C;
Vo t i} ' ' ml}
I
| Re
!G_ Ce
i
T S
| ’ Cv: Load Capacitance, RyR2: Gate Biasing Resistance
| [t L v
i:Unstabilized Input Voltage
il i UL P &
Fig.8-17 Basic Inverter Circuit
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Output Voltage Vo (V)

Cy{=0
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Fig.8-19 Vo, fosc - Vi Characteristics

8.4 Medium-Wave Transmitters (Based on data of NHK
Technical Research Laboratories)

Solid state devices are being used increasingly nowadays
in medium-wave transmitters. However, no optimum power
devices are available for use in power amplifier circuits and
not a few problems involving circuit performance remain to
be resolved. A high-efficiency, high-power pulse amplifier
using power MOS FETs will be described.

Generally, in pulse amplification, power MOS FETs have
many advantages over bipolar transistors, as follows:

® Pulse width does not change because of the absence
of carrier storage effect.

Drain current has a negative temperature coefficient,
so that no thermal runaway or current hogging
occurs; as a result, stable operation is ensured.

They have a large input resistance; since they are
enhancement type devices, input and output termi-
nals are isolated and the bias circuit is simplified
compared with other field effect transistors.

® A small driving power suffices; driver and input

power amplifier circuits are simplified.

® The desired output is obtained easily by parallel

operation.

® Design, adjustment and operation are simple.

A class D SEPP pulse amplifier with 1 kW CW at 0.5 ~
1.5 MHz carrier frequency and 80 ~ 90% overall efficiency
will be described. A class D type is selected because a final
power amplifier efficiency of 90% or better can be
expected theoretically.

(1) Class D SEPP type pulse amplifier

Fig. 8-20 is a block diagram of the power amplifier.

In the carrier generator, radio frequency is pulse-width-
modulated by the audio frequency signal. Here, pulse-
width-modulated wave is generated according to the two-
valued logic, and is drawn out as two-phase pulse and
applied to the driver stage.

The input parts of the power amplifier are transformer
coupled. Amplitude modulation wave is mixed and filtered
in the output tank circuit and applied to the load
(antenna).

Vo >3V Vieamev

i i

Veamo~1eev

|

Carrier Generator Circuit

e B

Pulse

Circuit m |

Ar

PA Circuit

--vlin; “ H

Output Tank Circuit

I“""‘"‘"““

Fig.8-20 Block Diagram of SEPP Puise Power Amplifier
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® Power amplifier circuit

Fig. 8-21 shows a power amplifier circuit. A total of 16
power MOS FETs are used, four each in parallel.

In the SEPP system, since the source electrodes of power
supply side MOS FETs Q; and Q, are connected to the
output transformer, an AC coupling system with capacitors
and resistors cannot be used. A transformer coupling as
shown in Fig. 8-21 is required.

The primary and secondary winding ratio of the input
transformer is 1 : 1 (5 turns each) and bifiler winding is
used. An E type core is used, but output characteristics
vary considerably with the kind of core.

A clock pulse of 140 Vp_p, which is the maximum rated
voltage for this device, is applied to the gate of the PA stage
power MOS FET.

Fig. 8-22 shows theoretical waveforms at different
points in Fig. 8-21. Since only carrier signals are used in this
case, only the unmodulated carrier component is obtained
at the output terminal.

When a pulse-width-modulated wave is applied as a clock
pulse to the MOS FET gate, a two-valued PWM wave (1
level: Vp,, —1 level: —Vp,) that has undergone pulse-
width modulation with audio frequency is obtained at the
output transformer secondary. This PWM wave is filtered in
the series resonance circuit consisting of a choke coil and
capacitor, and the basic component is derived. Since the
crest value of waveform of this basic component varies with
pulse width, only the amplitude modulated wave is derived
at the output terminal.

| — | S— | —
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Fig.8-22 Theoretical Waveforms (Unmodulated)
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@ Output variation by transformer winding ratio

Figs. 8-23 through 8-25 show the dependence of output
power and power amplifier efficiency on PA supply voltage
at different winding ratios. Fig. 8-26 plots the relationship
between PA efficiency and output power with winding
ratio as the variable.

While no reference will be made here to transformer
types (e.g., core shape, bobbin shape), it has been verified
experimentally that use of an E type core and a flat bobbin
is effective in achieving high efficiency.
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Fig.8-23 Output Power and PA Efficiency vs.
PA Supply Voltage for Various winding
Ratio of Transformer
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Fig.8-25 PA Efficiency vs. PA Supply Voltage for

Various Winding Ratio of Transformer.

The characteristics shown in Fig. 8-23 through 8-25 are
the result of optimum selection based on these tendencies.

From these experiments, it is found that an efficiency of
80 ~ 90% can be expected at PA power supply voltages of
0 ~ 140V, if the output transformer primary vs. secondary
winding ratio is selected at below 1 : 4. Particularly at a
winding ratio of 1 : 2, stable operation was obtained at 1.3
kW output power (1 MHz continuous wave) and 87%
efficiency.

[ S—
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2 |
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Fig.8-24 Output Power vs. PA Supply Voltage for
Various winding Ratio of Transformer
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Fig.8-26 PA Effciency vs. Output Power for
Various Winding Ratio of Transformer
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[Reference Data]

Table 8-1 Various Transformer Types

No. Winding Ratio Bobbin Core
Primary : Secondary = 1:2

F1 Primary  : 8 Turns, Parallelin 5 ) Material: Teflon Insert HGER-type
Secondary : 16 Tumns, Parallel in 2 Refer to Fig. 8-27 Ferrite
Material : Enamel wire ¢ 2mm
Primary : Secondary = 1:4

F2 Primary  : 3 Turns, Parallelin 4 ) E-Core
Secondary : 12 Turns, Parallel in 2 - Refer to Fig. 8-28(a)
Material : Enamel wire ¢ 2 mm
Primary :: Secondary =1:6

F3 Primary  : 2 Turns, Parallel in 4 E-Core .
Secondary : 12 Turns, Parallel in 2 - Refer to Fig. 8-28(a)
Material : Enamel wire ¢ 2 mm
Primary :  Secondary = 1:2

Fa4 Primary : 2 Turns, Parallel in 4 ) _ E-Core
Secondary : 4 Turns, Parallel in 2 Refer to Fig. 8-28(b)
Material : Enamel wire ¢ 2 mm
Primary :  Secondary = 1:3

F5s Primary : 2 Turns, Parallel in 4 E-Core
Secondary : 6 Turns, Parallel in 1 - Refer to Fig. 8-28(b)
Material : Enamel wire ¢ 2 mm

102

Primary | Bobbin

( it : mm)
Secondary Bobbin

120

HeER

[ ¢ Umitmm)

Fig.8-27 Bobbin Shape
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8.5 High Power Switching Regulators Using Direct
Rectification System

Design of a 500 W class switching regulator using power
MOS FETs will be introduced. Described below are the
features of power MOS FETs as switching devices, followed
by calculation of ideal characteristics, design procedure,
and measured values.

(1) Advantage of power MOS FETs

Power MOS FETs are capable of high-speed switching, so
that the driving circuit is simplified even for frequencies as
high as several hundred kHz. Also, when a variable duty
ratio control system is used, carrier storage time of the
power MOS FET can be neglected, and a wide control range
is ensured.

Therefore, output well follows input ripples, and a small
filter capacity suffices. This contributes much to improving
regulator performance.

Next, switching frequency can be raised to the limit,
which is dependent on the performance of the high-speed
rectifier diode. Therefore, efficiency can be augmented,
equipment can be made compact, and safety improved
compared with transistor converters.

(2) Calculation of ideal ch istics

Fig. 8-29 shows a theoretical circuit for a switching
regulator. When it is assumed that capacity C is sufficiently
large, output E( is constant, and both switch S and coil L
have no loss, then, from the current waveform of Fig. 9-30,
the following equilibrium equation holds:

S L _.EO/R
/ Iu Ir
E= Vb >

Fig.8-29 Theoretical Circuit for a switching
Regulator
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Fig.8-30 Output(Load) Current Waveform

At switch on:

L%%‘E-Eo ................................................... )
[L=E'E0 (3 (RSO )
L

I -E-Eo PR P 3)

At switch off:
L ‘;ItL._._(EO,LVD) ........................................ (4)
ilp=- Bo VD L (5)

L
Io=l|—Eo+vD'T2 ..................................... (6)
Thus, (E - Eg)Ty =(Eo + Vp)T2

Therefore, Eg = -I,rl— VD~—1:,l%where T=T, +Ty- (7)

Mean load current Ig will be:

I +1
In = 2t 110
R 2
Next, if I, I, is denoted by Ig, then
E-E
I, =Ig + 2-LO B ORI )
E - E
I =Ig - 2.L° STy e (10)

Since minimum load current I, is larger than 0, from
Equation (10), the minimum value for coil L will be:

Lmin= ——2*Ty e (1)
If the variation value of load current is put as &I = I, —
Io, then, from Equations (9) and (10), we get
ar= E=Bo i e 12)
L
If variation ratio is put as & = Al/Ig , then the required L
value is determined as

L=EBoL T s (13)
alg
To seek conduction angle T,/T, from Equation (7),
we get

T T
Eo=E- = -Vp (- =)
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Therefore,

T, _ Eo+Vp
T E +Vp a4
Next, let us seek the values of power and efficiency.
_E o E-Eo.
Input power W; = Tfo (HT:A t+1p)dt
E,E-Ep 2
== “Ti+1, - T
T 2L 1 0 l)
Substituting Equations (9) and (10) into this, we get
T I, -1
W.=—Ll.E(2L=20 4]
i T ( 2 0)
T, Eo +Vo
= 2eEelg=E« =2 —Y «]p ceirnnens 15
T R E+Vvp 3)

Output power

WO =Egp * Ig
Output efficiency
_Wo_Eo, K E+Vp
"W, E Eo+Vp
Power loss Wp of the rectifier diode is given as:

1 Eo+V
Wp =Vp ‘?ff,’ (L -OL—Dt)dt

n

=VD-~_:_(11 °T;—M-T§)

2L
=%’(I|'T2—I’;IO'T2)=VD'IR' 2
=Vp* EE;E? CIR  eeeeeeeseeseesnsensensensenens (18)
Thus,W; = Wy + Wp = (Eg + Vp* E:5§ )Ir
=E- E;:V\;D ‘Ip 19)

® Typical values

If it is assumed that E=100 V,Eq =50V, W =200 W,
Vp = 1V, Ig = 4A, f = 80 kHz (T = 12.5 us), then T,
= 6.3us.

- - E-Eo -
When a = 0.5, then L= ———+T; =157 uH,
0.51g
n'=0.99 (99% efficiency)

Efficiency increases as input, output voltage ratio E,/E
approaches 1.0. in designing an actuai switching regulator,
losses and optimum values must be calculated individually
for the main power supply, switching circuit, control
circuit, and filter circuit.

(3) Typical design

@ Basic design philosophy

e Maximum output 500 W
e Variable voltage range 10~ 100V
¢ Input power 500 W
e Input voltage 140V

e Type of circuit Input part is a 100 V AC direct
bridge rectification system; pow-
er MOS FETs are driven by
capacitance-coupling and con-
trolled by variable duty type
control.

o Switching frequency 40 kHz (25 us)

Rectifier diodes currently availa-
ble have a reverse breakdown
voltage of 300 V, a maximum
current of 6 A, a reverse re-
covery time of 0.2 us, and a
forward voltage of 0.8 V or so.
If these performance figures are
improved, switching can be per-
formed at higher frequencies.

* The sensing output voltage feedback loop is isolated by a
photo coupler.

¢ Output transformer 20 : 18 in turns; EIH-90.
winding ratio and
core

® Cautions in fabrication

e Since the output transformer winding is subject to sharp
current spikes, it is required to have a large capacity.
Vinyl wire is recommended.

* Providing a center tap on the output transformer’s
secondary winding and using full-wave rectification are
effective in reducing rectifier diode loss. (In the example
described below, the bridge rectification system is used
for both primary and secondary windings.

e A large capacity choke coil should be used in order to
maintain a constant current over a wide range.

e Circuit operation
The basic circuit configuration of this regulator is shown

in Fig. 8-31.

In the sensing block, the voltage at the output terminal
is divided and compared with the reference voltage gener-
ated by a Zener diode, and the error voltage is output.

Here, a single operational amplifier IC, HA17741, is used
in the error amplification circuit and the overcurrent
limitation circuit. The circuit configuration is a stand-
ardized one.

In the control block, a variable duty circuit is used to
reduce noise.

The power MOS FET has a switching speed as fast as 20
~ 30 ns and is liable to generate noise. Also, its high input
impedance can induce external noise, which in turn can
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the characteristic ease of use of power MOS FETs. The
driver need only have an input power of 10 V and a
charge/discharge capacity of 1,000 pF. The drive circuit is
vastly simplified. If it is assumed that the power MOS FET
rise time t, is 30 ns, then, one only has to consider the 300
mA transient current and the approximately 0 mA steady
state current (there is a slight leak current).

cause misoperation.

In the variable duty circuit, therefore, rectangular waves
in which the direct current component is superposed on the
error signal are integrated and the voltage comparator is -
operated at the cross-zero point.

As a result, the loop has a low response speed but is not
affected by noise.

The drive block uses the CMOS inverter IC HA14011B The circuitry of the blocks described above is presented
which drives the power MOS FETs and 2 complementarily in Figs. 8-32 through 8-34.
connected 200 mW class transistor. This block illustrates Fig. 8-35 shows a timing chart for the control block.
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Fig.8-31 Block Diagram of High Power Switching Regulator
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Fig.8-32 Sensing Block
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+10V is applied to S1
Value from GND1,
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<HD14011B is used for all gates,

For the inverter, it is necessary that one gate is

(Note) 4 pulled-up to S1. (Do not use 2 gate in parallel)

o The supply voltage Si and S2 should be given to
HA17741 and HD14011B

O R must be adjusted to determine the dead time.

The value will be approximately 10kQ .
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Fig.8-33 Control Block
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from Control Block

7YY
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1
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> QO toG3
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F 001
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S2 1M
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r OForthe inverter, HD14011B is used with
one gate Pulled-up to S1.
OSlis +10V, and S2 is —6V.
S1and S2 should be given to Vi and
Vss of HD14011B respectively.
O The transistors are 4 pairs of 2SC2308 &
2SA1030.

(Note)

Fig.8-34 Drive Block
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o Nominal characteristics of experimental circuit about 70%. Other characteristics illustrated are the follow-

Figs. 8-36 and 8-37 show voltage waveforms, respective- ing:
ly, for the output transformer secondary and differential Fig. 8.38 Regulation characteristics
voltage between choke coil terminals. It will be seen that Fig. 8-39Efficiency vs. output current characteristics(Vg constan
the conduction angle follows the specified output. Under Fig. 8-40Efficiency vs.output voltage characteristics (Ig constan
the operating conditions of 80 V and 3 A, the duty factor is Fig. 8-41 Efficiency vs.output current characteristics (Pg constan
T T T
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Fig.8-36 Voltage Waveforms for the Transformer Fig.8-37 Voltage Waveforms for the Differential
Secondary Voltage between Choke Coil Terminals
100
Ta =25 ¢l
20
8 0 V setting
= (66%) C15%)
)
0 -+ .
2
& |
= | 8 0 V|setting
3w
3 C4|8%) (sle%)
2
3
%0 S S .
4 0 V|setting
(8)2%) | C3|1%) 1
) N SN AR SR S SR S
!
i‘ 2 0 Visetting } ]
C1l7%) “Crls%)
10 ! —
( ) indicate the duty factor.
| |
0 1 2 3 4 5 L)
Output Current I (A)

Fig.8-38 Regulation Characteristics
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LS.G Low-Noise DC-DC Converters

The converter introduced here is based on a design
philosophy different from that of the high-power, high-
efficiency switching regulator described in the preceding
chapter.

Spike noise has been reduced to the limit in this
converter, so that it can be used in the PCM decoder part of
electronic switching systems which are sensitive to noise at
the small signal level.

The circuitry and test results are described below.

(1) Circuit configuration and operation
A block diagram is presented in Fig. 842. It is a
single-transistor converter using a power MOS FET as the
main switch. Low noise is achieved by:
® effectively utilizing the electrode structure of power
MOS FETs (source electrode is connected to header),
and

® loosely coupling the output transformer.

For driving and controlling the power MOS FET, a
CMOS gate IC is employed.

A 12 V, 5 mA subsidiary power supply is provided by
dividing the voltage at the AC input.

The control loops are isolated by means of a photo
coupler of 4 MHz bandwidth.

Radiation can be coped with by a shield plate; there is
no need for a special noise filter. (When the converter was
mounted in a PCM decoder, crosstalk to the adjacent
channel was below —90 dBm/20 kHz.)

Since carrier storage effect can be neglected in driving a
power MOS FET, a mirror integration circuit is formed
with C; and the transformer primary, as shown in Fig.
8-42. As a result, the switching waveform draws a gentle
slope and the spike component is completely removed.

723 : HA17723

. T
+12V
g’ + 1.7A
2 Cy Output
. 2 0W
E
¥
1
]
______ J
Photo Coupler
20kHz
Reference
Osillator L
Current
Limiter
Stop Signal
P Flip—Flop
Power Alarm R4 .
Under-Voltage s
SCR Check -~
:
+
Over-Voltage R,

el

Photo Coupler

Check ~
+
L RS

-Il——c

Fig.8-42 Block Diagram of DC-DC Converter
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Fig.8-43 Drive Circuit for DC—DC Converter
(2) Results of experiment

Major performance figures are shown in Table 8-2. By
taking advantage of the performance, circuits that produce
the desired output voltage and current can be designed.
Table 8-2 Major Performance Figures

Item Condition Performance

Input Voltage - ~48:5V

Output Voltage, Current Full load +12V,1.7A

Spike Voltage Full load 4mVp-p

Regulation for Input —48V

Voltage Changes - =53V +2mV

Regulation for Load Non load

Changes - Full load -1Tmv

: Full Load
Efficiency Full Circuit | 1%
G HITACHI®
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Figs. 844 and 8-45 show operation waveforms of the
power MOS FET, and Fig. 8-46 the output terminal ripple
and spike noise waveforms.

Vos

50V/ div

10us /div

Fig.8-44 Operation Waveforms of Power MOS FET

lo

0.2Adiv ™~

Vos
20V /divf— \

oV
0A

0245 /div

Fig.8-45 Operation Waveforms of Power MOS FET

ov

20mV/div
104 /div

(+12V at Circluit, 1.7A Output )

Fig.8-46 Ripple and Spike Noise Waveforms
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Interface circuits

Suggested circuits for driving loads using MOS FETS from various logic sources.
) Table 1. Driving MOS FETs from TTL (Totem Pole Outputs)

+SV pULL-UP QWM
__ RESISTOR Logic (54L)/ (54LS)/
------ = | LOAD Conditions 54/74 | 54H/74H 74L 74LS 74S
m { Logic Zero
TOTEMPOLE) | | | Min. sink current | 16mA | 20mA  [(2)/3.6mA| (4)/8 20mA
b for Vo <0.4V | <(0.4V); | <(0.3V)/ |<(0.4V)/
K 1 [ 0.4V 0.5V 0.5V
' -
¥ . ‘ Logic One
| I_T Max. source -0.4mA | -0.5mA -0.2mA -0.4mA -1.0mA
S | current for Vo =24V | =24V | 224V | =(25) | =27V
i Tl - 2.7V
______ iy T 4+ A
: Typical Gate 10ns Tns S50ns 12ns 4ns
Figure1. Direct Drivefrom TTL Output Propagation Delay
Table 2. Driving MOS FETs from C-MOS (Buffered)
Standard Buffered 200v
Outputs 4049/4050 Drivers
Logic Supply wl
Logic Voltage | 5V v | 15V | sv v | 15V .5
Conditions
Logic Zero: " IRF320
Approximate sink current | 1.5SmA |3.5mA | 4mA | 20mA |40mA | 40mA 68012 N
for Vop < 1.5V
Logic One:
Minimum source 0.51mA |-1.3mA| -3.4mA |-1.25mA }1.25mA|-3.75mA 17674, 505
current for Voy 246V |=9.5V | =13.5V| 225V |=9.5V =135V
Typical switching times i
of logic drive signals: - R . N "
RISE 100ns | S0ms 40ns 100ns | 0ms o Figure 2. waveforms Associated with
FALL 100ns | 50ns 40ns 40ns 20ns 15ns aMOS FET Driven by a TTL Gate
3
- Vi \'M
‘5“ 1 v +12v
| i J LOAD
J
I3 680!
680 FJ E 2N3725 { \—J |
IRF320 e N
_ —e

—

Figure3. Waveforms Obtained with High

Voltage TTL Driver

INPUT »

L

Figure 4. Simple Interface to Drive

MOS FETs from TTL

“12v

L -
1 CURRENT
LIMITING
RESISTOR x
—
LOGIC INPUTS e
am +—o
COMPATIBLE)
‘._K‘ x
-
1
1

Figure 6. Buffer Stages Implemented with Special Purpose Drivers

%

]

| 0.1 4F
T CER

]
i

Figure 5. High Performance Driver

Vu
v @

LOGIC INPUT
(TTL COMPATIBLE)
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Suggested circuits for driving loads using MOS FETS from various logic sources.

\3

v LOAD

INPUT

Figure 7 Current Booster for Anaiog
Applications

LoAD

Ve

014F
CceR

Figure 8

Dual Si

upply Op-Amp Drive

Circuit

LOAD

Figure 12 Pulse Shaper

16-74C14

rmss——1
s
1 Z.
| —
| ESS S
T S S
56K

Figure 14 Simplified Opto Coupler Drive.
555 can be substituted for the 74C14

|
=i

1 [ weur puLsE
7~ \Urt:re

_/—L WITH DIODE
CONNECTED
AS SHOWN

Vie

]

i

Lo,k

5
|

Figure 9 Single Supply Op-Amp Drive
Circuit (Voltage Follower)

1

Figure 11 555 as Schmitt Trigger in a Pulse Shaping Application

Figure 13 Opto Coupler Drive Circuit

x

x

TR

K 15v

"
74C14
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LOAD

Pt B | ] S

v

\3
LOAD I I 2

—»t

—o <

74C14

7

Figure 16 Supply for the Gate Drive
Circuit Developed from the Drain Voltage

Figure 16 Gate Drive Supply Developed from the
Drain Voltage for Small Duty
Cycle or Low Frequency Operation



Power MOS FET cross-reference guide
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Mechanical iInformation — Packaging
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