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MEDICAL APPLICATIONS

Hitachi’s products are not authorized for use in medical applications, including, but not limited to,
use in life support devices without the written consent of the appropriate officer of Hitachi’s sales
company. Buyers of Hitachi’s products are requested to notify Hitachi’s sales offices when planning
to use the products in the applications which involves medical applications.

When using this manual, the reader should keep the following in mind:
1.
2.

This manual may, wholly or partially, be subject to change without notice.

All rights reserved: No one is permitted to reproduce or duplicate, in any form, the whole or part
of this manual without Hitachi’s permission.

Hitachi will not be responsible for any damage to the user that may result from accidents or any
other reasons during operation of his unit according to this manual.

This manual neither ensures the enforcement of any industrial properties or other rights, nor
sanctions the enforcement right thereof.

Circuitry and other examples described herein are meant merely to indicate characteristics and
performance of Hitachi semiconductor-applied products. Hitachi assumes no responsibility for
any patent infringements or other problems resulting from applications based on the examples
described herein.

August 1985 © Copyright 1985, Hitachi America Ltd. Printed in U.S.A.
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INTRODUCTION

In 1977, HITACHI was the first in the world to
develop and mass-produce 100 Watt Comple-
mentary Power MOS FETs. Since then, Power
MOS FETs have been used in a variety of fields
as an ideal power device with high switching
speed and high resistance to electrically in-
duced failure. HITACHI Power MOS FET tech-
nology has consistently advanced in the areas
of on-resistance, voltage and current handling
capability and packaging.

POWER MOS FET FEATURES:

A. Excellent frequency response and high switch-
ing speed. (No carrier storage effects.)

B. High resistance to electrical destruction. (No
current concentration effects.)

C. Easy parallel connection for higher power
applications.

D. Minimum drive power. (Voltage controlled
device.)

There are two basic Power MOS FET struc-
tures: Vertical Type and Lateral Type. The ad-
vantages of Vertical Types are: a) Drain Case
and b) low on-resistance and low loss. Advan-
tages of Lateral Types are: a) Source Case, b)
high resistance to electrical destruciton, and c)
high frequency response. HITACHI has both
types to meet various requirements. The Verti-
cal Types are called “D Series”, and the Lateral
Types are called 'S Series”.

Power MOS FETs show extreme advantages,
not only in new fields where conventional
power devices are inadequate, but also in
existing fields where conventional devices are
already in use.

STRUCTURE & FEATURES

Hitachi has two types of Power MOS FETs, D
Series (vertical structure) and S Series (lateral
structure), as shown in Fig. 2-1 and Fig. 2-2.
Although there are some differences in their
characteristics, both have the following advant-
ages.

o Good frequency response and high switch-
ing speed due to absence of carrier storage
effect.

e Free from current concentration, and hence
have high resistance to destruction.

e Require a very low driving power as they
are voltage controlled devices.

To understand the structure and features of
Power MOS FETs, we would like to show the

N-channel MOS FET.

Fig. 2-3 shows the N-channel MOS FET
structure. This is called an MOS structure,
because the current control gate region is made
of three layers, Metal, Oxide and Silicon. The
charged particles (electrons, here) are produced
from Source and flow to and out of Drain.

When a positive voltage is applied to the gate
electrode, in proportion to it, a depletion layer
will be produced on the silicon surface beneath
the gate. Then negative charges (electrons) will
appear on it, which cause the silicon surface to
be inverted from P type substrate to N type layer.
This inverted layer is channel.

When avoltage is applied between Drain and

Channel, Source Channel

p*

Substrate

Fig. 2-1 Structure of D series (Vertical type) (N channel)

® HITACHI

Fig. 2-2 Structure of S series (Lateral type) (N channel)




STRUCTURE & FEATURES

Source, electrons in the channel will move to
the Drain, which means that the drain current
flows.

There are two types of FETs, depletion type
(normally ON type) and enhancement type (nor-
mally OFF type). In the case of depletion type
FETs, drain current flows even if the gate
voltage is OV, in contrast to enhancement type
FETs. Hitachi Power MOS FETs are all enhance-
ment type (normally OFF type).

The gate voltage at which the drain current
begins to flow is gate cut-off voltage Vs (off).
(Fig. 2-4).

Source Gate Drain

Channel

P

Substrate

Fig. 2-3 Basic Structure of MOS FET (Lateral type)

the breakdown voltage larger. )

There are two fabrication methods used to
make the breakdown voltage higher, one is D
series (vertical structure) and the other is S
series (lateral structure). We would like to
further explain about their structures and fea-
tures, with Fig. 2-1 and Fig. 2-2.

@ D Series (vertical structure)

In D series the drain (N') is placed beneath
the silicon substrate. The gate electrode covers
over the N region between P channels, to ease
the electric field concentration beneath the
gate. The electrons flow out of the source and
reach to the N region through the P channels
horizontally. On the surface of the N region,
there is an accumulation layer of N" produced by
the positive voltage applied to the gate elect-
rode. Therefore, the electrons are attracted to
the accumulation layer, to flow to the drain
through the N region vertically.

Consequently, the D series isreferredtoas a
vertical structure. In this structure, the case is
connected to the drain.

Enhancement type

Depletion type | /

/ Alps

Vi
/ Aves ( = Albs )
EM="AVes

Ves
Negative 0 Vas (off) Positive

Ces=Cga1+Cgsz+Cysa
Cps=Cdn + Casz
Cep= Cad

Fig. 2-4 Transfer Characteristics

Normally, there is a quadratic correlation
between /ps and Vgg. The slope of its curve

gives the mutual conductance g, (=—2—{\7QG%9), that

shows amplification factor.

Breakdown voltage of the drain varies with
the structure between the N'region of the drain
and the gate electrode, as shown in Fig. 2-3.
There is only a thin oxide film between the N*
region and the gate electrode, so the field
gradient will be high. This makes it difficult to
achieve high drain to gate breakdown voltage,
limited to 20 ~ 30V in typical MOS FETs.

By widening the space between the N* region
of the drain and the gate electrode, and easing
the electric field concentration, we can make

Fig. 2-6 Structure of D series (Vertical type) (N channel)

p+
Substrate

Fig. 2-6 Structure of S series (Lateral type) (N channel)

In the D series the channel (N region) is
placedinthe silicon, and the size of one unit can

8 GO HITACHI



be smaller than that of S series. This enables
the switching ON resistance of D series to be
smaller than that of S series with the same
voltage and the same chip size.

Electrostatic capacitances are the junction
capacitances and the MOS capacitances as
shown in Fig. 2-5.

Here, the capacitance between the drain and
the gate, Cgp, isrelatively large, so in the source
earth circuit, Cgp's effects to the input capacit-
ance (C/ss), to the output capacitance (C,s¢) and
to the feedback capacitance (C,s5) should be
considered.

The gate electrode is made of polysilicon,
which has long been used effectively in CMOS
LSI. Polysilicon resistance is about 100 times
larger than that of metals. When using it for the
gate electrode, we lower the gate resistance by
using a mesh gate pattern, and by connecting
the polysilicon gate and the metal electrode
effectively. To find the switching time of the
vertical structure, more complicated operation
analysis is required, because the feed back
capacitance (Cyq) is large and the voltage
dependence of the drainresistance is large. The
input capacitance can’t be determined simply
by the time constant of the gate resistance. This
will be further explained in the switching
characteristics, paragraph 5.3.
® S Series (lateral structure)

In S series, the drain (N* region) is placed on
the surface of the silicon. The region between
the drain (N') and P channel is an N region

STRUCTURE & FEATURES

produced by ion implantation, and it makes the
strength of the electrostatic field even. More-
over, the source electrode is extended to cover a
part of the N region, working as a field plate to
prevent electrostatic field concentration around
the gate. The electrons flow out of the source
and reach to the drain through the P channel
and the N region laterally. This is why the S
series is called a lateral structure.

The substrate is connected to the source
electrode, and the case to the source.

The feed back capacitance (C,s) is indicated
as Cyy in Fig. 2-6. The source field plate is
extended above the N region, so the Cyq is
shielded by the field plate and the capacitance
of the N region (Cys). This results in a very small
value of feed back capacitance (C,g).

From the view points of chip and package,
the S series is very suitable for high frequency
use, because the input and the output leads are
separated electrically. Like in the D series, we
usually use polysilicon for the gate electrode.
Moreover, we can provide devices with metal
gates for very high speed. In the polysilicon gate
FET, the frequency limit is determined by the
time constant of the input capacitance and the
gate resistance. In the metal gate FET, it is
determined by the lead inductances of the gate
and the source, because the gate resistance is
very small.

Table 2-1 shows the small signal equivalent
circuit and the vertical characteristics of D
series and S series.

Table 2-1 Equivalent Circuits and Features, Parameters

Item Structure Off-set Gate Type Vertical Type
Equivalent
Circuit h
~
R, Large (220)*, However, it is able to be Small (2.50)*
decreased by 2 figures with Metal-gate
Ciss Small (800pF)** Large (1800pF)**, C;p is increased
enormously at low Drain Voltage

Closs Large (350pF)** Small (190pF)**

Fea- Chrss Small (15pF)**,;Slightly depend on Large (85pF)**, Csp heavily depends on
tures Drain Voltage Drain Voltage

Row Large (2.20)* Small (10)*

Im Small (1.0S)* Large (1.88)*

ASO Good Fair

(Note) *Typical value of V=400V, I,=5A rating. **Test Condition: Vps=10V, V4=—5V, f=1MHz

@ HITACHI 9



LINE UP & APPLICATIONS

3.1

Line Up & Typical Characteristics

Table 3.1 D Series Line Up
IAA)
Vol V 03 1(1.5) 2 3 5 6 7 8 10 12 15 30(25) 50
[02SK416(0.5) 428K 345(0.3)
40 10281120(1.2 4287102 (0.3)
425K 346(0.3) |a2S K 428(0.1)|
60 1428J 102 (0.3) |a28J122 A 28K600*
0.15) (0.04)
42SK549(0.1)|
80 428K 294(0.4;
|a2SK 383
(0.15)
25K 398(0.2)
100 (025K 429(0. 4] 028J112 02SK561*
(0.25) (0.05)
25K 300(0.2)
028113
0.25)
(028 K 308(0.2)|
120 |a2SK551
0.15)*
[428J127(0.2)
*25K413(0.4)|
140 251118 (0.4),
150 028K430(0.8)
®25K414(0.4;
160 ©25J119(0.4
® 25K400(0.5)
200 42SK440(0.4 ©28J114 (0.6))
[P25K401(0.3)}
250 aosks11(30) 25K 412(0.3)
425K296(2.5)
300 028K375(2.5)
028K298(1.1)|
400 028K5356 1428J117(5.0) [#2SK310(2.5)}42SK319(1.1 ©28J116 (1.8)@2SK349
4.0) *2SK402(1.1)f (0.67)
[42SK320(1.1 ©028K299(1.1)| [02SK313
450 02S8K579 |42SK311(2.5)|428K552(1.0) |a2SK 554 ©28K403(1.1)82SK350 (0.67) ®25K559 [oPM4550C
(3.5) (0.6) (0.67) |#2SK 556 (0.25) (0.13)
(0.4)
K382(2.5) |928K557 N
500 jo2SK 580 425K 553 [a2SK555 (0.45) #2SK560 © HS7920(0.2)0HS7910
(4.0) 1.2) 0.7 [28K512 (0.3) 0.12)*
(0.55)
2SK513(5.0002SK351(1.7:
800 028K 415(5.0)®2SK534(3.0)
Note 1. * Under Development Note2. ©DPAK Package ©TO-3P
( ) Roson) ®TO-126 *TO-3
typ ATO-39 VRFPAK
4 TO-220AB ©Module
Table 3-2 S Series Line Up
IolA) 0.5 2 4 5 7 8
Vol V)
025K133(1.0)
120 028J48(1.0)
140 42SK213(8.0) 025K 134(1.0)
428J76(10) o28J49(1.0)
i,
N , 028K 135(1.0) 028K220@(1.0)
160 428J77(10) 028J50(1.0)
A2SJ77(2(10)
52SK196@(8.0)
028K175(1.0)
180 425K215(8.0) 42SK408(7.0) v2SK318(1.9) 028J55(1.0)
428J78(10) 428K409(7.0) v2SK317(0.95)
v2SK410(1.2)
R,
N g 028K176(1.0)
200 428J79(10) 028J56(1.0)
428J79®(10) 028K221@(1.0)
250 02SK258@(0.8)
350 02SK259@(2.5)
400 02SK260@(2.5)

See notes for Table 3.1

10
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LINE UP & APPLICATIONS

Table 3-3 Typical Characteristics of Power MOS FET D-Series

Type Number Absolute Max. Ratings Electrical Characteristics
Package Nech P-ch Voss | Vass I Pch** Rps(on)(2) |yl * ton loy fe
V) V) (A) (W) typ max (S) (ns) (ns) (MHz)
25K416 | 28J120 40 2 10 0.5/1.2 | 0.8/1.5 | 0.4/0.25| 25/35 35/40 25
25K429 — 100 0.5 0.7
3 20 0.9 35 50 5
28K430 — 150 0.8 1.0
DPAK +20
2SK375 - 300 1 10 2.5 4.0 0.4 20 70 10
2SK535 — 400 1.5 20 4.0 6.0 0.4 20 45 10
2SK384 — 500 0.3 10 25 50 0.1 20 20 40
TO-126 | 2SK511 — 250 | £9 | 0.3 8 30 50 0.08 — — 250
2SK345 | 28J101 40
25K326 | 257102 5 30 0.3 0.4 0.9 40/60 70/100 7
60
25K428 | 28J122 10 50 0.1/0.15 | 0.15/0.2 2.2 60/80 | 120/200 3
25K294 — 80
5 30 0.4 0.56 0.8 40 70 5
25K295 — 100
2SK383 — 10 50 0.15 0.18 2.8 60 150 4
TO- 2S5K440 _ 200 20 6 40 0.4 0.5 1.8 40 110 3
+
220AB | 2SK296 - 300 1 30 2.5 4.0 0.4 20 70 10
2SK310 | 28J117 | 400 3/2 10 2.5/5.0 4/7 1.0/0.7 | 25/35 70/80 10
2SK311 — 450 3 2.5 4.0 1.0 25 70 10
2SK319 - 400
5 50 1.1 1.83 1.5 50 120 5
28K 320 — 450
2S5K382 — 500 2 30 2.5 4.0 0.7 25 70 10
(2SK513) - 800 3 60 5.0 6.0 0.7 50 120
2SK399 | 2SJ113 | 100 10 0.2/0.25 |0.25/0.35 2.0 50/70 | 110/160
2SK413 | 2SJ118 | 140
0.4 0. 2.0/1.8 50/70 110/160 3
2SK414 | 28J119 160 8 5 / / /
2SK400 | 2SJ114 | 200 0.5/0.6 | 0.7/0.8 1.8 40/50 | 110/160 3
25K412 — 250 10 100 0.3 0.4 2.5 65 180 3
2SK402 — 400
TO-3P +20 8 1.1 1.75 1.7 50 120 5
2SK403 — 450
28K349 — 400
10 0.67 0.9 2.5 70 200 3
2SK350 — 450
25K415 — 800 3 80 5.0 6.0 0.7 50 120 5
28K534 — 5 100 3.0 4.0 1.2 75 220 4
2SK398 | 2SJ112 | 100 0.2/0.25 |0.25/0.35 2.0 50/70 | 110/160 3
28K 308 — 120 10 100 0.2 0.3 2.8 60 160 4
28K401 — 250 0.3 0.4 2.5 65 180 3
2SK298 | 2SJ116 | 400 8 100/125| 1.1/1.75 |1.75/2.25 | 1.7/1.6 50/60 120/220 5/3
TO-3 | 25K299 — 450 | £20 100 1.1 1.75 1.7 50 120 5
2SK312 _ 400
0.67 0.9 2.5 70 200 3
2SK313 — 450 12 125
25K512 — 500 0.55 0.65 3.5 75 300 —
28K 351 — 800 5 125 1.7 3.0 2.0 100 300 2

Note: ( ): Under Development (The specifications subject to change without notice.)
* Test Condition Vps > Ip X Rpson), Ip*1/2 Ip max(DC)
**- Value at T=25°C

@ HITACHI n



LINE UP & APPLICATIONS

Table 3-4 Typical Characteristics of Power MOS FET S-series

Type Number Absolute Max. Ratings Electrical Characteristics (typ)
Package Voss | Vess | In Pch** Rps(on) () .
£13
N-ch P-ch lysl ton toy fe
V)| V) [ &) (W) typ max (S) (ns) (ns) (MHz)
2SK218 | 28J76 140*
2SK214 | 28377 160*
+15 | 0.5 30 8/10 - 0.15/0.1 20 30 40/30
T0.220A 2SK214® | 28J77® | 160*
) 2SK215 | 25J78 | 180*
2SK408, ;
2SK409 - 180 | +20 | 2.0 30 7 9 0.3 - -— 200
25K216 | 28J79 200*
+15 | 0.5 30 8/10 — 0.15/0.1 20 30 40/30
25K216®| 28J79® | 200*
TO-39 |2SK196® — 160 +15 | 0.5 0.8 8 15 0.15 20 30 30
2SK133 | 2SJ48 120*
2SK134 | 2SJ49 140* | £14 7 100 1.0 1.7 1.0 180/230 | 60/110 3/2
2SK135 | 2SJ50 160*
2SK175 | 28J55 180* ,
250/320 | 90/120
2SK176 | 28J56 200* | +£20 8 125 1.0 1.7 1.0 2/1
TO-3 }2SK176®| 2SJ56® | 200 60 200
2SK220® — 160
8 100 1.0 1.5 0.9 25 45 50
2SK221® — 200
2SK258@ — 250 | 20 8 125 0.8 1.1 1.3 25 140 7
2SK259® — 350
5 125 2.5 3.0 1.0 25 140 7
2SK260® —_ 400
RFPAK 2SK317 —_ 8 120 0.95 1.25 1.25 300
2SK318 - 180 | +20 4 70 1.9 2.5 0.6 - -
2SK410 — 8 120 1.2 1.5 1.25 - —_ 350
Note *  Vpsx

-

Value at Te=25°C

: Test Conditions Vs > Ip X Rps(on), In% Ipma DC)
)

Under Development (The specifications subject to change without notice.)

® Power MOS FET DIl Series

Characteristics of DIl New Series

Hitachi achieved development of high-per-
formance new Power MOS FET DIl series by
original technique. 15 types of DIl series in
the below table are going to be in production.
DIl series have the following features;

® highgain(g,,is 2~ 3 times higher than that

12

® low On Resistance (R, is 30 ~ 50% lower

The maximum rated current can be driven by
low input voltage: 7~8V do to high g,,. Driving
power needsonly 1/3~1/4 of that of current D
series (at Vgs=10 ~ 15V) so that this series

of current D series.)

than that of current D series.)

gives more energy saving in the circuit.

G HITACHI




LINE UP & APPLICATIONS

Table 3-5 Typical Characteristics of Power MOS FET DIl Series

Type Number Absolute Max. Rating Electrical Characteristics (typ)
Package
Rbps (on) ()
Nech Pech Voss | Viss Ip Pch** |ysl * ton tosy fe
vy | (V) | (A) (W) typ. max. (S) (ns) (ns) (MHz)
DPAK 2SK579 — 450 3.5 5.5
+15 1.5 2 K
2SK580 — 500 0 4.0 6.0 10 28 48 15
2SK549 — 60 10 50 0.1 0.15 5.0 55 100 3
2SK600 — 60 25 75 0.04 0.055 15 115 245 1.5
(2SK551) |(28J127) | 120 10 50 0.15/0.2 | 0.2/0.25 5/5 55/110 | 100/240 3
TO-220AB| 2SK552 — 450 | +£15 1.0 1.4
5 X
2SK553 — 500 50 1.2 1.5 40 4 15 z
2SK554 — 450 0.6 0.85
7 6 .
2SK555 — 500 0 0.7 1.0 65 65 155 15
2SK556 — 450 0.40 0.55
12 100 3
2SK557 -— 500 0.45 0.6 10 110 230 !
TO-3P +15
2SK559 — 450 0.25 0.36
15 100
2SK560 —_ 500 0.3 0.4 13 145 820 !
TO-3 [(2SK561) — 100 | +15 | 30 150 0.05 0.07 15 110 240 1.5

( ):Under Development (The specifications subject to change without notice)
*: Test Condition Vs = In X Rus(on), Ip=1/2 I» max (DC)
**: Value at Te=25°C

® Power MOS FET Module begun to be applied to robots and manufactur-

Nowadays, high power transistors tendto be ing machines to improve their performance. In
in module package especially in the field of order to meet these requirements Hitachi has
motor control. On the other hand, power MOS developed power MOS FET module. Table 3-6
FETs, because of their superior response, has shows their typical characteristics.

Table 3-6 Typical Characteristics of Power MOS FET Modules

Absolute Maximum Ratings Electric Characteristics Equivalent
Package | Number Voss Viss I, Peh** Rps(on) (€2) |yl ton Loy Cireuit

W) \% (A) (W) typ max S) (ns) (ns)
PM1210B 120 +20 10 50 0.2 0.3 2.0 60 160

B PM1220B 120 +20 20 80 0.1 0.15 4.0 120 320 !
PM4550C 450 +20 50 300 0.13 0.18 12 250 1000

¢ (HS7910) 500 +20 50 300 0.12 0.16 18 550 1500 z

F (HS7920) 500 +20 30 150 0.2 0.27 10 350 900 2

Note 1) ( ):Under Development (The specifications subject to change without notice.)

*. Per one transistor
**; Value at T¢=25°C
2) Internal equivalent circuit

o1
o]

i
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LINE UP & APPLICATIONS

® PACKAGE OF POWER MOS FETS
® Power MOS FET

Vbss I, Rps(on) Vbss Ip Rps(on)
Package Package
(V) (A) (Q) (V) (A) ()
TO-3 100~800 5~30 0.05~3.0 TO-126 250 0.3 30
TO-3P [ 100~800 |  3~15 0.2~5.0 RFPAK | 180 | 48 | 095~19
SN
S
A
EZ
TO220 | 40~800 |  1~25 0.03~5 TO-39 | 160 0.5 ] 8
\\
3
| l"
DPAK | 40~500 | 03~30 | 05~25
® Power MOS FET Module
v, T R
Package DS D ps(on) Package Vbss I Ros(on)
V) (A) (0] V) (A) Q)
B 120 10~20 0.1~0.2 C 450~500 50 0.12~0.13

14 @ HITACHI




3.2 Application of Power MOS FET

Table 3-7 shows the applications and re-

Table 3-7 Applications

LINE UP & APPLICATIONS

comended types of each power MOS FET

Applica- Features Function T}pe Number
tions Bipolar transistor Power MOS FET DPAK| TO-126] T0O-220] TO-3P] TO-3 [RFPAK] Module
Audio Linear power amplifie] 2SK214 | 2SK413 | 2SK134
output 2SJ77 28J118 | 2SJ49
DC Power DC Power SK216 | 25K400 | 2SK175
2579 28J114 | 28J55
Output Qutput e
. ‘HH:H:I:I‘ [[] PWM amplifier gg{l?}ozzs gé%:&z
o L 25K 428 1
(Large{_J- Heat e e 2SJi22 | 25)118
2SK551 | 28K400
28J127)| 28J114
High speed = 2SK535 2SK310 | 28K402 | 2SK298
power 2 AC100V 2SK579 2SK319 | 2SK349 | 2SK312
switching = 2SK580 2SK552 | 2SK556
. =100~ 500kHz 2 SK554 | 2SK559
f=20~50kH: Small Size Light g i
@Q i g | ac2oov '2SK513 ZeKa10
)
(=T | 2 [ tpunc [2sKaz SK383 (25K561)
@ = 12~24V | 2SK430 SK551 | 2SK399
& | Input4sv 2SK440 | 25K400 | 25K401
Arcing machine 2SK350 | 25K313 PM4550C]|
f=1~20kHz £=200~500kHz Laser beam machine 28K557 | 2SK512 (HS7910)
H ]1- 28K560 | 2SK351
[T —
Motor Servo-motor. SK383 | 28K414 | 2SK308
control 28J119 | 25K401
25K412
Stepping motor SK346 | 28K413 | 28K312
Q 25102 | 2SK118 | 28116
2SK428 | 25K400 | 2SK557
SJ122 | 28J114
H|gh Controll- SK319
it;
i Inverter SK320 | 25K350 | 2SK312 (HS7910)
2SK554 | 28K557 | 28J116
28K557
Ultrasonic Ultrasonic diagnostic | 25K375 SK296
application system 2SK535 SK310
Fish finder 2SK579 2SK311
Ultrasonic washer | 2SK580 2SK 382
28J117
Telecom- Medium and 2SK408 28K176 [2SK410
munication Power Small Size short waves 2SK409 ggﬁggég
equipment S l i
g s e By 25K2600
25K317
FM, VHF band 2SK318
LLLITRLL Power 28K410
Suesly MCA, Personal radio-
communication PF0002*
T()bthers g | Vi Band 10~20M | Vi B -0 i e | Tube Display | S 2SK511
‘ubes an — ——p . 416
display ‘\, —— Coil drive 537120
HITACHI
HITACHI i 2SK384 2SK549
=-____-’ Relay, analog switch 5SK580 53Ke00
Note 1) ( ):Under development
2) *  Outline
3) The types shown are used for the underlined applications in the table.
@ HITACHI 15



PRECAUTIONS IN HANDLING

Precautions in handling and quick check
methods of Power MOS FET are described here.

4.1 Lead Arrangement

As shown in Table 4-1, the pin arrangement
is different between D-series and S-series.

Table 4-1 Lead Arrangement
Lead Arrangement
Package D Series S Series
1 2 3 1 2 3
Drain
DPAK Gate (Flange) Source — — —
_ Drain
TO-126 Source (Flange) Gate — — —
g Drain Source ¢
TO-220AB Gate (Flange) Source Gate (Flange) Drain
123
@: o3 . Source
TO-39 ®! — - — Drain Gate (Case)
(°]
- Y Drain
TO-3P } I Gate (Flange) Source — — -
123
R 3 Drain ; Source
TO-3 Gate Source (Case) Gate Drain (Case)
AL
RFPAK @‘. - — — Source Drain Gate
[t ]

4.2 Avoiding Measurement of Break-
down Voltage Vgss

Avoid measuring Vgss (gate to source break-
down voltage). At breakdown, negative resist-
ance characteristics are generated, leading to
oscillation and destruction.

4.3 Observation of /p-Vpg Character-
istics
When the/p-Vpg characteristics (source com-
mon output characteristics) are observed, oscilla-
tion may be caused depending on the type of
curve tracer used (input capacity and resistance
differs). This can lead to destruction of the

device. Oscillation can be prevented effectively
by connecting an external series resistance of
about 10k(} to the gate.

When drawing an /p-Vpg curve on an X-Y
recorder, also, oscillation can be prevented by
connecting the external series resistance of
about 10k} to the gate or by inserting a
capacitor of about 0.5uF between the gate and
the source.

4.4 How to Prevent Usual Oscillation

In performing circuits experimentally, it is
recommended to connect a resistance of 1000~
2k() to the gate in series, to prevent unusual
oscillation, until you get used to handling.

16 GO HITACHI



In using the device as a source follower, it is
recommended to insert a 100uF capacitor
between the drain and the ground, to prevent
unusual oscillation.

4.5 Preventions When Handling Drain
Case Power MOS FETs

Hitachi Power MOS FET D-series is not Gate-
Protected. When Handling Power MOS FETs, to
escape from damage or destruction by static
charge, it is good practice to adopt the following
procedures whenever possible.

(1) When handling power MOS FETs, the man
should be grounded. And Power MOS FETs
should be handled by the package, not by
the leads. An example of grounding ring is
shown in Fig. 4-1.

Resistor (500k@ ~1MQ)

Ground
Wire

(Metal ring (Cu, Fe, etc.)

Fig. 4-1 To prevent from electric shock, insert resistor
close to ring

(2) When handling or installing Power MOS

FETs into circuits, should use metal plates

that it grounded on Work Stations.

When testing Power MOS FETs, Test Circuit

(Curve tracer, etc.) should be grounded.

(4) When using solderingirons, solderingirons

should be grounded. (it's better to use

battery operated soldering irons.)

When shipping in circuit boards, they

should be placed in antistatic bags, unless

the gate and the source are connected by

resistors or inductors.

(6) Power MOS FETs should be placed not in
plastic cases or bags, but in antistatic bags,
conductive foam, or aluminum foil.

(3

-~

(5

-~

4.6 Beware of (Drain-Source) Voltage
Spikes Induced by High Speed
Switching

When power MOS FET is used for switching,
negative switching device may change to be
inductive load.

In this case, transient voltage spike will be
produced by the inductance in the circuit when
the device is switched off, since Power MOS
FET is very fast.

Precaution of drain-source voltage spikes is
described here.

Fig. 4-2 (a) shows switching operation about
inductive load without clamp diode.

PRECAUTIONS IN HANDLING

In this case, there is the fear of permanent
device distortion if transient voltage determined
by Ldi/dt increase more than its dielectric
resistance.

Fig. 4-2 (b) shows the circuit with clamp
diode.

In practical circuit, inductance by circuit
layout is always present even though load is
clamped. This inductance exists in the circuit
layout between the anode of clamping diode
and the drain of Power MOS FET and the layout
up to power supply.

If the switching operation is applied at high
speed and high level of current, there is danger
of device distortion by applied voltage. spike
more than its dielectric resistance, even though
you intend to clamp the voltage spike tightly.

Since the more the current flows, the more
voltage spike increases, the confirmation of
voltage waveform by high-speeded oscilloscope
is required in the worst condition of supply
voltage and negative current practically.

The improving methods about voltage spike
is specified to the next item.

+Vee Ls

Ls Ls
+Vee il +Vee +Vee
R R R R
L
/s

L
v Ls
Ls  Inductance of the Circuit
Vohage Voltage
I Spike Spike
Vee Vee Vee Vee
..... 0 === k=

0 0 ol Y
(b) With Clamp ~ (c) (b)+ Avalanche Diode (d) (c)+CR Snubber
Diode for Surge Absorption

Ls

é—-’% &J CR Snubber

Avalanche Diode for
Surge Absorption

0 i)
(a) Without Clamp
Diode

Fig. 4-2 Inductive Load Switching Circuit

(1) Circuit layout is made as short as possible,
in order to control the rate of residual
inductance to a minimum.

(Current loop area is reduced toa minimum
using twisted pair wire as the lead of power
supply.)

(2) Voltage spike is absorbed by connection of
avalanche diode for surge absorption at the
bottom the drain-source terminal. (Fig. 4-2
(c)).

(3) CR snubber is connected between source
and drain as to limit the peak voltage. (Fig.
4-2 (d)).

(4) Voltage spike is also controlled by the gate-
drive condition. The relation between gate-
drive condition and voltage spike is shown
in Fig. 4-3 and Fig. 4-4.

@ HITACHI 17



PRECAUTIONS IN HANDLING

Current Probe

Voltage Probe
(Vbs)

Voltage Probe
(Ves)

vosJ

PG

Measurement Circuit Waveform

Voltage Spike Vp-p (V)

100

25]‘(402

60

Fig. 4-3 Gate Bias Condition vs. Voltage Spike

I!I Vp-p
h Vp-p
15A A }
V clamp / V clamp
" I
:DS%V Vop Le
=50V
100 100 l
\ Vop=50V Vop=50V
80 V clamp=400V —— 80 V clamp=400V —
~ \ Ves=15V = Ves=15V
> <
" N Toe0 N
3 60 \% i} % \
2 Fos< z \
5 N \\;Jil’ 2 0 ‘\ 1,
: ~ : G E
;; h\:\ > \.N
20 20 —
\[\\‘4 — ——
0
0 0 20 40 60 80 100 120 0 20 40 60 80 100 120
Gate Series Resistance Rg (Q) Gate Series Resistance Rg (R)
(a) 25K402 (b) 28K 349
Fig. 4-4 Gate Series Resistance vs. Voltage Spike
Another application which is also required
the caution in voltage spike is for motor control Vee
circuit. T4 ]
. . . . 1 -
Fig. 4-5 shows the basic motor control circuit Acioo G N Ge-IR®
and Fig. 4-6, its waveform at operation. and200V 3 b ' N
czo-JT;z c.o—l:jo.

18

Fig. 4-5 Typical Motor Control Circuit
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RECAUTIONS IN HANDLING

Vee

Vis
= W ,
llm (Drain-source Voltage

0 Waveform of Q1)

Vostom
T /\\ iny (Dram Current Waveform
0

trr
iF
0

ipz (Drain Current Waveform
U did/dt of Q)
dig/dt 7] ior
.
:’T “'usn...) Vs I".
“Ccr 75 Vosz (Drain-source Voltage
pabt T T / Waveform of Q2)

Ve

<Description>

Vs:

Forward Current of Q; Built-in Diode
Forward Voltage Drop of Q; Built-in Diode
m : Drain-Source Saturation Voltage of Q,
Reverse Recovery Time of Q, Built-in Diode
Voltage Drop with Current Inductance Ls
Reverse Recovery Current of Q; Built-in Diode
(Depends on the Drive Signal Source Impedance d./dt of Q,, Circuit
Inductance Ls, Supply Voltage Ve, and Electric Charge Q. (or t,) in the
Built-in Diode)

Spike voltage
(Depends on the Inductance Ls, /. and din/dt of the Circuit)

Fig. 4-6 Waveform for the Motor Control Operation

Fig. 4-6 shows the waveform that Qs is keep
on switch-ON during Q; chopping, controlling
Q, and Q; switch-OFF, Q, and Q4 switch-ON in
the circuit, Fig. 4-5.

Voltage spike producing process is explained
by this waveform, gate drive signal is put into
G,, then Q, is switched on and /p, flows. When
Q, current, /p; is switched off, forward current,
i¢ flows through the built-in diode of Q, by the
energy accumulated at the motor inductance. If
Q, is switched on in this condition, Q; is into
on-state under the influence of reverse recovery
time, t,, of built-in diode on Q;, and high level of
reverse current (recovery current), ip, flows.

Next, during /p, recoverying time (oblique
lined part in Fig.) Voltage spike, which is deter-
mined by Lg dip,/dt, will be produced by the
stray inductance presence in the circuit.

This voltage spike should be limited as low as
possible.

The countermove, mentioned before, is as

® HITACHI

follows.

(1) Residual inductance should be limited to
the lowest level, bewaring the circuit layout
fully. (Twisted pair wire will be used as lead
of power supply line in order to make
current loop area small. It is to be desired
that the layout of Q, source and Q. drain
should be connected directly not to exist the
inductance, and so is Q; source and Q
drain. The same kind of care is required at
parallel connection.)

If it is hard to protect lead inductance from
remaining at power supply line, one of the
countermove is that a capacitor (C=0.1~
1.0uF) is connected at the bottom of Q;
drain and Q. source terminals like Q, drain
and Q, source terminals.

Photo from A to E in Fig. 4-7 shows the
waveform in various layout condition for
reference.

Voltage peak is limited, connecting CR
snubber between drain and source.

(2)
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PRECAUTIONS IN HANDLING

Vee=100V, f=20kHz

VGS:jigx, Ip=5A, di/dt=80A/us

Test Conditions [

Vpsi1 : 50V/DIV
(Drain-source Voltage Waveform

of Q1)

Photo. @
(Layout Conditions)
Vec~Di+Sz : ip1 . 10A/DIV
@ Twisted ]Paizr Wire (Drain Current Waveform of Q1)
(Ls=170nH)
@ Lead of S1+D2
Terminals :
10cm Lead Wire
(Ls=100nH)
ip2 : 10A/DIV
(Drain Current Waveform of Q2)
Vpsz2 : 50V/DIV
(Drain-source Voltage Waveform
of Q2)
Photo ®
(Layout Conditions) i
@ Vee~D1Sz2:
Twisted Pair Wire
(Ls=170nH)

(@ Connection of S1-D:
Terminals . Copper
Plate (Ls* 25nH)

Vosz

Fig. 4-7 (a) FET Q,, Q: Voltage and Current Waveform, 2SK401 used
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PRECAUTIONS IN HANDLING

o 0
N BT
\NUER

in

++

444

Visz

———

* 200ns/DIV )
iz 2 10A/DIV
Upsz © 50V/DIV Photo © [

Vee~Di+Sz are Connected Without Twist (Ls=240nH) J
Connection of Si-Dz Terminals : Copper Plate (Ls=25nH)

-

4 E

+

H+

+H+

Vee~D1-82 T Twisted Pair Wire (Ls=
Connection of $1 Dz Terminals © Copper Plate (

O s =

P } -

Photo O = B [

P

1
|
I
i
|
Hﬂ}
{
|
i

Vosz

Photo ®

Connection of $1-Dz Terminals - Copper Plate (L:

Vee~Di1+Sz * Twisted Pair Wire (L.
=0.22uF is Connected Into D1-S2 Terminals

Test Conditions [ ,
Ve

Vee=100V, /=20kHz,
HAOV Io=5A, dildi=80A/us

|
|

— —=
VosalVr) 1 Vosa(Vr)

iveline)

Fig. 4-7 (b) FET Q: Voltage and Current Waveform, 2SK401 used
® HITACHI
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PRECAUTIONS IN HANDLING

4.7 Pay Attention to Circuit Layout

Stray inductance, in the circuit will cause
over-voltage on high speed switching, slowing
down of the switching speed (especially lead
inductance at the gate), unexpected current
unbalance among parallel connected devices,
and also cause abnormal oscillations.

In order to solve these problems, circuit
layout of power supply line and gate-source line
must be minimized. This is done, by minimizing
the area of current loops, by using twisted pairs
of lead, and local decoupling capacitors abbrivi-
ate the affects of any residual circuit inductance.

Circuit layout should be kept as symmetrical
as possible in order to maintain the current
balance in parallel connection.

When devices is in parallel connection, small
ferrite beads should be placed over the gate

connections, or resistors in series (60 ~ 1500)
should be placed into each gate, as to prevent
abnormal oscillations.

4.8 Current dispersion at parallel
connection in the high-speed
switching operation (Note for the
circuit arrangement and inter-

connection at paraliel connection)

When the power MOS FET is used as an
arcing machine, multiple FETs are connected in
parallel to obtain high current. In this case,
because of high-speed operation (f= 200 to 500
kHz), floating inductance in the circuit may
cause in transient voltage spike and current
dispersion.

The former can be counteracted by shorten-
ing and thickening the wires as much as pos-
sible and as to the latter, some devices should

Q1~Qs : 28K313

Duy<1% i g Lol

lim‘iw‘ius”
Wy

+15
VoR==
i)

| oo § ine
e

Velamp

Waveform in the Experimental Circuit (ip=30A)
Vos=50V/DIV, Ip=5A/DIV, = 100ns/DIV

Fig. 4-8 Experimental Circuit Waveform

1.3uH
= 70mm Lead fc
Copper {¢=0.5mm) Mea::xringl Cl?:rem
105mm ($lmm)
' [ A -+
LI ¥ ol ¢ lhom auF T 20V
b
Y \ \‘\ Vclamp
zZzs
o-’ Qs oJ Qi o—l Qs -I;J Q2 oJ Q
[° [ [ [ [ [
Lo \80mm Lead
Gate Terminal is Connected to the Copper Plate. (1mm)

Fig. 4-9 Interconnection (l)

1.3uH
‘l‘hehSai_ne Copper Plate 70mm Lead f
k e Coy ead for
as the Fig. 4-9 Measuring Current
(¢1mm)
[]

=200V
Tk T

N/

80mm Lead
(¢4mm)

Fig. 4-10 Interconnection (Il)
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Table 4-2 Characteristics of sample 2SK313 and Current dispersion data
in the circuit arrangement and interconnection

PRECAUTIONS IN HANDLING

Item Electrical Characteristics Current distribution (i,=30A)
Visripss Ipss Vi I R,
($%] (nA) (V) (S) (€$)] Interconnection {Interconnection
Ip=10mA Vps=360V Vps=10V Vps=10V Vis=15V I (In
No. Vis=0 Vis=0 Iny=1mA I1,=6A Ip=6A
Q 502 9.0 2.98 3.31 0.66 in=8.0A 6.0A
Q 499 133 3.10 3.18 0.65 im=6.5 6.0
Q 502 27 3.11 3.19 0.65 im=5.7 5.8
Qs 487 5.0 3.01 3.28 0.61 in=5.0 6.0
Qs 476 17 3.02 3.29 0.58 in=4.8 6.2

be inquired in the circuit arrangement and
interconnection. As to 2-type interconnections
in Fig. 4-9 and Fig. 4-10, the current dispersion
at parallel connection is measured in Fig. 4-8
Experimental circuit.

Table 4-2 shows main characteristics of
used 5 FETs and current dispersion data in each
interconnection.

As shown in Table 4-2, in Fig. 4-9 intercon-
nection (I), as to Q, and Q., interconnection
inductances of drain and source are small. As to
current, Q, is the largest, about 8.0A, and Qs
which has the largest interconnection induct-
ance has the smallest current, about 4.8A.

Current dispersion between devices is large.
(See Fig. 4-11 Waveform photograph) There-
fore, in Fig. 4-10 interconnection (ll), source
interconnection is equalized and interconnec-
tion inductance is balanced. In this method, as
shown in Table 4-2 and Fig. 4-12 Waveform
photograph, the current between devices is
almost balanced. If the characteristics such as
Vin, gm, and R,,, are met, the current between
devices varies with circuit arrangement and
interconnection. Therefore, to reduce the cur-
rent dispersion of the power MOS FETs in
parallel connection, circuit interconnection of
each device should be placed symmetrically.

@ HITACHI
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PRECAUTIONS IN HANDLING

Vps=50V/DIV, Ip=2A/DIV, t=100ns/DIV

Vbs

[RREE SR RN]

In

Q4 ips%=5.0A

Qs ips=4.8A

Q3 ip3=5.7A

Fig. 4-11 Current distribution in the 2SK313 L load switching parallel operation (Interconnection I)
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PRECAUTIONS IN HANDLING

Q3 ip3=5.8A

Vps=50V/DIV, Ip=2A/DIV, t =100ns/DIV

7

Qs iD556.2A

Fig. 4-12 Current distribution in the 28K313 L load switching parallel operation (Interconnection )

@ HITACHI
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CHARACTERISTICS OF POWER MOS FETS

5.1 Output Characteristics

Fig. 5-1 shows the output characteristics of
the D series 2SK413 and S series 2SK134,
which have the same specification. Whereas in
a small signal MOS FET the forward trans-
conductance | Y| is 10~ 20 mS (milli-Siemens)
at best, in a power MOS FET it is 1.0 ~ 158S.
Also, as is obvious from Fig. 5-1, they have what
is called pentode characteristics and excellent
linearity of |Yyg| in relation to /p.

" P channel MOS FETs also have similar
characteristics. P channel and N channel types
have complementary characteristics.

sl h HEEDE
\ 1
. \ Te=25C
\
~ \
< 7
[ e
E Moo
£ N
s, Y N
5 R N O
& R
™~
2 3 =
v
| = =
0 10 2 30 1 50 Ves=0
Drain-Source Voltage Vps (V)
(a) D Series 2SK413
|
! T T
\ Te=25C
A‘U
8 Ao
727\
— 4K
< gl
= 6 / AN
B A HIAKS
2
S M s [N
£ N
& 4 S
~|
2 3 =
2
v
0 10 20 040 50/¢=0

Drain-Source Voltage Vos (V)

(b) S Series 25K134

Fig. 5-1 Typical Output Characteristics

5.2 Frequency Response Characteris-
tics

One of the outstanding features of the power
MOS FET is that it has excellent high speed and
high frequency characteristics. Therefore, they
can be applied in high-speed switching regu-
lators, high-output broadcasting transmitters,
etc.

The cut-off frequency of an intrinsic MOS
FET is defined by the ratio of the mutual
conductance and the input capacitance, and in
atypical MOS FET, it will be in the order of GHz.
In fact, however, the cut-off frequency is limited
by the parasitic resistance and the input capa-
citance of the gate.

Fig. 5-2 shows the equivalent circuit of MOS
FET in the saturation region.

InFig. 5-2, the cut-off frequency (f,), at which
the voltage gain falls to —3dB of its low-
frequency value, is given by the following equa-
tion.

Rg * Gate Resistance

Cgs + Gate to Source Capacitance
Cds - Drain to Source Capacitance
Cqd - Gate to Drain Capacitance
RL * Load Resistance

Fig. 5-2 Equivalent circuit of MOS FET

1 1

———— . 1
fe=2n RglCys + (1 — AdCya} M

Here, A, is the low-frequency voltage gain,
and Ry is the series resistance of the gate.

Fig. 5-3 shows the cut-off frequencies of the
vertical and the lateral structure devices, found
by substituting into equation (1) the parameters
(calculated values) of a power MOS FET which
has a silicon gate. In the lateral structure, Cyq is
much smaller than Cgys, and can be neglected.

In the vertical structure, as explained in
paragraph 2, Cgs is a function of the voltage gain
(Ao) in the low frequency region, because Cyq is
large.

We would like to summarize the above, as
follows.

(1) In the case of low voltage gain,
the cut-off frequencies of the vertical and
the lateral structures show the same level.
The input impedance ratio at fc depends on
Ry ratio, so the impedance of the vertical
structureis 1.5 ~ 2 times lower than that of
the lateral structure.

(2) In the case of high gain amplifier circuits,
the frequency characteristics of the lateral
structure and better than that of the vertical
structure, because in the vertical structure
the feedback capacitance (Cyy) has a great
influence.

26 @ HITACHI



T TTTI

o/t
Condiion { = VRAE 1
7 i
vn.ﬁ.m.l PRAN
Aol =0, Le=2ym)
200 10 \¥ ’ | l(l I/“T
)\ B
T T
K (1A >100, L =8um)
100 DN\ Laeral
X \\
AV
\ \
sl TN NN
\\
N 100
L INANARN D
5 \\ AN
AN
4
= A
ol X AVERY
3
8 ANNANAWAY
s NN N \
\
N NN
2 \ \
1 \
\
05 \
02 5 70 : T o
Chip Size (mm)

CHARACTERISTICS OF POWER MOS FETS

To further improve the frequency charac-
teristics, the use of low resistance material
such as metal is required. This will improve the
cut-off frequency by 10 ~ 100 times. Fig. 5-4
shows the frequency characteristics and the
test circuits of typical kinds of MOS FETs. In
2SK317 and 2SK221@®), the gate material is
metal-gate.

5.3 Switching Characteristics

When using power MOS FETs for power
switching, such as in switching regulators, the

Vop

Tixmaxs [~ K

/
/ ~

- T
Vs (sat) Voo

—= s

(b)

Fig. 5-3 Cut-off Frequency of Silicon Gate Power MOS
FETs

Fig. 5-5 Switching Circuit and Typical Output Charac-
teristics & Load Curve

load of the switching
deviceis usuallyinduc-

tive. Here, however,

we would like to as-

sume a resistance

load, because it can

be treated easily.
Fig. 5-5 shows the

25K 134 25K221E

25K317 resistance load switch-

ing circuit (a), simpli-

Response (dB}
>

\ fied current-voltage

characteristics, and
the load line (b). In

this figure, we sup-
pose that the rising

curve of current vs.

N 11| AR

voltage is shown by a

500k 2 M 20M 50M
Frequency (Hz)

straight line, and
Im=0.
Therefore, in Fig.

M 200M 5001 1G

Fig. 5-4 Frequency Response Characteristics of y,, (Source Common)

5-5 (b), the point of
the drain voltage=Vpg
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CHARACTERISTICS OF POWER MOS FETS

(sat) is included in the non-saturation region,
and the region of Vps>Vpg (sat) is the satura-
tion region.

In the lateral structure, Cgq is much smaller
than Cys and Cys, so it can be neglected. The
time constants are given by the following equa-
tions.

Then, the switching waveform is shown in
Fig. 5-6.

The quantity of charge, Qqn, which is stored
in the gate and shows how easily the device can
be driven, is given by the following equation.

Qon=Cgys'VG max (4)

The transitional charge current (/,,54) is given

77=Rg* Cin=RgCgs «+vvvvreenen... (2) as follows.
To = RL'C?U,=Ry'Cds ................ (3) Cgs'V max
;1 input time constant Irush = et CRREREEERRERRE (5)
7, . output time constant on
Vomax Ti @ Turn-on Delay Time ; tdcon)
Tz . Rise Time ; tr
Ve T3 : On Time
0 Ts : Turn-off Delay Time ; tdcoff)
— ! Ts . Fall Time ; t-
Vemay [
Vast-Vra,
Ve 0 Vi
Voo 1 —
1 Vdstsat H—
< 2SK260>
limaxs [T 200ns/DIV Switching Time
Ves=15V, Ip=2A tdion) - Sns
L RL=15Q tr . 25ns
Ts tdoft) + 60ns
T2 Ts [ iy : 60ns
o @ T b
Fig. 5-6 Switching Waveform of Lateral Power MOS FETs
In the vertical structure, the feedback capaci- 100 T
tance (Cyq) is large and depends largely on the 550 Vas=0
drain voltage, so the operation analysis will be {=1MHz
more complicated. Fig. 5-7 shows the Cy4-drain
voltage dependency of the vertical and the o
lateral structures (2SK312, 2SK260) under the h
conditions of the same chip size and the same % o
400V breakdown voltage. With a depletion layer R =
spreading in the drain just under the gate ’ 1 i
electrode, the value of Cgy will decrease sharply. 10 Venier) K32
Considering the above, we would like to Toore 25K0
show the Cgq- and gp,-drain voltage depend- NS
encies in Flg. 5-_8 at VGS}VDS, di is equal to Gy e
Cgao. the oxide film capacitance just under the Vos (V)
drain electrode. When Vgs<Vps, the depletion
layer expands to the drain region’ and ng<< Fig. 5-7 Feedback Capacitance (ng)-Drain Voltage

Cys- The threshold voltage, at which the drain
surface is P-inverted, is supposed to be 0. Under
these conditions, we would like to look at the
switching operations. When the drain voltage is
in the region of Vps>Vpg (sat), the device is in
the saturation region, and in the region of Vpg
(sat) <Vps <Vgs, Cyq is equal to Cyqo. The
equivalentcircuitis as showninFig. 5-8(c). The
time constant of the input capacitance atcharg-

28

Dependency
ing or discharging is given by the following
equations.

=Ry Cys (Vps>Vis)
= Rg {Cgs +(1+ gm'RL)}ng
(Vs (sat) <Vps <Vgs)

When Vps=Vps (sat), the device is in the
non-saturation region. The equivalent circuit is

G HITACHI
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cof

(Ves-Vra)
Cado i

8d0 Ve

im

.I.\lm

Y

kmVe

Vps —e—

(Vbstsan< Vos< Ves)

Crao

— Vbstsan

0 (Ves=Va)

Vis —e—

(b)

(Vbs = Vbsisan)

(d)

Fig. 5-8 Drain Voltage Dependencies of Cyqand g, (a), (b), & Equivalent Circuit (c), (d)

as shownin Fig. 5-8 (d) and the time constant is
given as follows.
T = Rg (Cgs + ngo) (7)
Fig. 5-9 shows the switching waveform as a
model, based onthe above operations. T;, T, T,
and Ts show the turn-on delay time ty,,). the
rise timet,, the turn-off delay time t sy and the
fall time t/ (top = taron) + U, tosr = taorr) + tf)
respectively.
Ts ~ Ty show the charging and discharging

time of Cyq. Ts and Ty indicate the region in
which the mirror integration is operated, and it
is equal to the time to charge and discharge the
changes, whose quantity is equivalent to the
shaded part of Fig. 5-8 (a).

Fig. 5-9 (b) shows the gate driving waveform
Vg4 and the output voltage waveform V,, of the
vertical structure, as actually measured. The
gate voltage waveform is similar to the basic
waveform shown in (a), quantitatively. This

Vétmas

Vst

Vo — 11N

" Vpsean H

Inmavs [

Ts

(a)

Ti:

Turn-On Delay Time ;
. Rise Time ; tr

Ts:
Ta:
Ts @

tdton)

On Time
Turn-Off Delay Time ;

Fall Time ; ts

Litoff)

<2SK312>
200ns/DIV Switching Time
Ves =15V, Ip=2A titom * 20ns
RL=15Q lr o 42ns
tdtoin  150ns
ty o 60ns

Fig. 5-9 Switching Waveform of Vertical Power MOS FET

means that we can explain the switching opera-
tion using the approximate values of the feed
back capacitance and g,, shown in Fig. 5-8 (a),
and (b).

@ HITACHI

The quantity of stored charges, which shows
how easily the gate can be driven, is given by
the following equation.

Qon = (Cgs + ngo) VG max
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The transitional charge current (/,,4p,) is given
as follows.

(Cgs + ngO)VG max

ton
The following summarizes a comparison of
the switching operations of the vertical and the
lateral structures.

Irush =

(1) The gate driving power required is deter-
mined by the ratio of the quantity of stored
charges in gate capacitance. The driving
power for the vertical structure device is
larger than that for the lateral structure
device by (Cgs + Cgqo)D/(Cys)S.

(2) When the device is driven by a high speed
pulse, the rise time (t,) and the fall time (t;),
for both structures, are given by the follow-
ing equations.

V -V,
t,=Cys Ry In | max th_ ) ....(10)
’ gy VGsmax — VGsi

V
tr=CgosRy/n (2GSL, ... ........ (11)
f gs g ( Vlh)

Here Vs is the gate voltage for saturation.

We would like to show the gate resistance
(Rg) and the gate — source capacitance (Cgs) in
Table 5-1, for reference.

In the vertical structure, t, and t are faster
than those of the lateral one, because of the
small value of the gate resistance. The turn-off
delay time, however, is larger, so the value of
totf (= tarorr + t) will be larger.

In an actual circuit, the output resistance (R)
of the drive circuit will be added to this gate
resistance (Rg).

Therefore, in high speed operation, the verti-
cal structure device should be designed so that
the output resistance of the drive circuit will be
as small as possible, by adding one or two
emitter follower circuits to the driver.

Fig. 5-10 and Fig. 5-11 show the turn off time
of the device with the drive circuit added and
that of the standard measuring circuit. More-
over, as shown in circuit(c), the operation speed
will be further improved by making the gate
potential negative at cut off time.

In power MOS FETs, in contrast with bipolar
transistors, the switching time is not influenced
by temperature, and the circuit design will be
easier. Fig. 5-12 shows the relation of the
switching time vs. temperature characteristics,
compared to that of bipolar transistors.

Table 5-1 Gate Resistance (Rg) and Gate-Source Capacitance of Each Device
Type Number R, () Cys (pF)
Package f.(MHz)
N-ch P-ch Vps=10V, V=5V, /=1 MHz
DPAK 2SK535 — 35 700 10
TO-126 2SK511 — 2 40 250
2SK346 257102 3/3 650/1400 7
25K294 — 3 900 5
TO-220AB 2SK296 — 35 400 10
2SK310 — 3 1200 10
D Series 2SK319 — 8 2000 5
25K308 — 5 2300 4
2SK298 — 3 2100 5
108 28K312 - 3 4100 3
2SK351 — 3 6000 2
TO-220AB 25K213 25J76 20/30 90/120 40/30
TO-39 2SK196® — 20 90 30
25K 134 28J49 40/40 600/900 3/2
) 2SK175 25355 80/70 800/1200 2/1
§ Series T0-3 25K221@ _ 2 600 50
2SK258® — 20 800 7
2SK260® — 20 800 7
RFPAK 2SK317 — 2 600 300
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Fig. 5-10 Drive Circuit
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Fig. 5-11 Turn-Off Time vs. Reverse Gate Bias

5.4 Input Dynamic Characteristics

Generally, when calculating the peak-rush
current necessary for charging drive loss and
gate input capacity in designing the power MOS
FET drive circuit, evaluate from the following
equations.

Drive loss Pyg=F1CinVgs...... (12)
Peak rush current ijysp) =£%/Q . (13)

Where, input capacity C,, is generally the
value when the bias is fixed in the data sheet. If
using this value as it is, some problems occur.
This is because in the C;,, gate drain capacity
Cga. which is a mirror capacity, exists, and is a
function of the drain-source voltage Vpgs. Also,
since the gate-source capacity, Cys is a function
of Vs, it contains complicated elements. These
details are described in 5.3 Switching Charac-
teristics. It is very complicated to design the
drive circuit. As a function of Vgg and Vpg, gate

Fig. 5-12 Switching Time vs. Case Temperature

charge load Qg should be regulated.
(1) Gate charge factor

Fig. 5-13 shows the measurement circuit of
the gate charge load, Q4. This measuring
theory is that when driving the gate with
constant current, /,, the time axis, t is
multiplied by /; and the time axis reads as
the load, Qg.

Fig.5-14 shows Q; — Vs, Vps characteris-
tics at Turn-on and Turn-off measured in
2SK299. The vertical axis represents the
drain-source voltage Vps, and the gate-
source voltage Vgs. The horizontal axis
represents the gate charge load Qg In
waveforms (a) and (b), the stage rised from
zero shows the gate-source capacity Cys
charging time, and the next flat stage shows
the gate-drain capacity Cyq charging time.
To the contrary, waveforms (c) and (d)
shows the discharging time. The loads
necessary for charging Cys and Cgyq are
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different from each other.

Fig. 5-156 shows Q, — Vs characteristics
when Vpp+lp of 2SK299 is a parameter. In
Fig. 5-15-(b) waveform, the charge neces-
sary for flowing Vpp =100V and/p = 1A is
16 nC. At this time, necessary Vs is about
5.2V. (This value changes by V;4, gp,). How-
ever, in the actual switching operation, it is
generally used in the following conditions

thatdrain-source voltage is in “ON"’ (satura-
tion) state, and a margin is added to reduce
the ON resistance, and the overdrive when
Vs = 10 to 15V. Therefore, when design-
ing the drive voltage as/p=1A, Vgs= 10V,
the gate charge load is 28nC. Qg is different
between Vpp = 100V and Vpp = 200V
because Cyy varies with Vps.

SW1, SW2 : ON/OFF Charge Changeover SW
Q1, Q2 : 2SK186 (Ipss =2mA)
Qs : 2SK313

N-ch Measurement Circuit

500v/mi‘ Loss.
s

Q3 Ik

SWi

ol_\ ]

Ei'qz Ves

SW1, SW2 . ON/OFF Charge Changeover SW
Q1, Q2 : 25J68 (Ipss =2mA)
Qs . 2SK313

—15V~~20V 104 0 lu
152076 0. 2#
Ip Variable
W3
1
SW2

UnitR:Q
CF

P-ch Measurement Circuit

Fig. 5-13 Gate charge measurement circuit
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o
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Fig. 5-14 2SK299 Q, — VsVps Characteristics
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Ves (W)

e (nC) Qe (nC)

Fibtt A

Tes (\

Qe ) G 0
(b) Vop=100V, Ip=1A (e) Vop=100V, Ip=5A

Ves (V)
Ves (V)

Qg (nC) W 0
(c) Vpp=200V, Ip=1A (f) Vbp=200V, Ip=5A

Fig. 8-16 2SK299 Q, — Vg Characteristics
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(2) Designing of drive circuit
The drive loss and necessary peak rush
current of the drive circuit are evaluated by
the following equations with the gate
charge load Q,,.

Drive loss Pg=1FQ4Vgs.-. ... (14)
Q
Peak rush current ijyspy=—2 ....... (15)
t
<Example>

Using the 2SK299, when f= 100kHz, Vpp =
100V, Vgs = 15V, switching time t,, = 50 ns,
and /p = 5A, what is the drive loss and neces-
sary peak rush current?
<Solution>

Since Qg in the above conditions is 39 nC in
Fig. 5-15 (e),

CHARACTERISTICS OF POWER MOS FETS

Pg= f'Qg'V(;s
=100X 10° X 39X 10° X 15
=585 mW .

. Q, 39X10°

imsn = =5 = Foxq07 O78A

As shown above, the answer can be obtained
with ease.

Fig. 5-16 shows the comparison between the
drive loss measured by the Fig. 5-17 Circuitand
the drive loss calculated using the equation
(14). The horizontal axis represents frequency.
As shown in this figure, calculated value and
measured value match well, which indicates
that determining the gate charge Qg facilitates
designing the drive circuit accurately.

1,000
500
A
200
%
65 =15V /4/
/ 4
< 100 £
z — A
E \Z —~
- /A
PR
g Rl
P P A Ves=10v
& Iy
20 d
Pl
10 A
4
7
v
7 =+ 1[4 Calculated Value
~ Pao=[-Qs Vos
7 1 1
» 1 Measured Value
2 Pam=Vop-1n
Sk 10k 20k 50k 100k 200k 500k M

Frequency f (Hz)

Vop =100V
Ip=1A

Fig. 5-16 Drive loss of Power MOS FET (2SK320)

(3) Gate Charge Characteristics
Fig. 5-18 shows typical gate charge charac-
teristics and the waveforms of Vg, Vps and
Ip. The characteristic curve can be divided
intothree areas. Area 1 indicates a periodin
which the gate source capacity (Cgs) is
charged until the Vgs reaches the value
required to supply specific drain current /p.
The FET is “off” between the threshold
voltage Vgg(th) and t; during this period.
When the Vs value exceeds Vggs(th), the
drain current/p begins to flow and becomes
stable at t,. Area 2 is a transition area
between the Vpg active and inactive areas.
That is, the drain source pressure Vpg

Fig. 5-17 Test circuit

varies and the gate drain (mirror) capacity
Cga is charged. This mirror effect increases
C;,, activates the FET, the Vpg transition
lessens, and as a result, the effect is lost at
t;. Inarea 3, the Vpg is inactive and doesn’t
very much. That is, the Vpg/,p) of the FET is
maintained as /p X Rps/on)- Cin (3) in area 3
is larger than C;,(1), butsmaller than C;,(2).
Cin(1)and C;(3) correspond to Cjss and are
equivalent to the value of Cgs + Cyq.
However, C;ss and Cys + Cyq are not equal
because the value of Vpg differs between
areas 1 and 3 (the Cyqvalue differs). That is,
Cin(3)of area 3 is larger than C;,(1) because
of the large Cy4y caused by the thin depletion
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layer immediately under the gate.

Vgi and V, are;

(4) Calculating Method of Switching Time _ 1 t 17
Using the Gate Charge Characteristic Qg Vg1 = Vet exp (— CinRs Booen a7
Fig. 5-19 (c) shows a standard circuit which ¢

AR . X
measures swnc'hmg time, and Fig. 5—19 (g) Ve = Vg {1 —exp(— =——%N ..... (18)
shows the transient response characteristic Cin'Rs
of gate input pressure. In the figure (a), ti and t; — t; can be got from formulas (17)
when C;, is fixed, the Vs characteristic is; and (18). They are as follows because Cj,
t differs between area 1 and area 2 as seen
Vesny = Voo {1 —exp (— }...(16) from Fig. 5-20.
CinRs
| _ =
| s =
3 | 2 E
= | -
|
|
! I
| |
: | |
Vesum |- | ! |
[ : :
: Il | L
o t2 3 2
[ ! I
[ I X ~
o ' ! g :
Vos : : 2 2
N " I
1 y 2 n
| | |
Vop : : : I |
b |
2 | i
0 |
= DS(on) 2SK299
(loxtose) Waveform [vnozloov, ID:SA]
Fig. 5-18 Typical Gate Charge Waveform and Vg, /p Waveforms
Voo
Vee ]S Re
Ve Ve
= Vo
£ Rs
Va Vat
Vee Ve
ot 12 Is 13 b2 [ to Jr Rs : Signal Source Resistance
, o of Pluse Generator
(a) Turn-ON (b) Turn-OFF Switcing Time Test Circuit
Fig. 5-19 Switching Time Test Circuit and Vg5 Waveforms
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—(C(1) _Vee _

t = (Cin(1)}Rs) In( Voo — Vgl) ... (19)

t: — t, = (Cin(2}Rs) In (#;V’” )...(20)
GG — Vg

Cin(1) and C;(2) of area 1 and area 2 are
obtained with following formulas.

AQ, Qg
Cpy=—"E =29 .. ... ...
=35 =L 21)
AQ, Q, —
Cn2)=2% _ 9%~ Q9 (22)

AVy Vg — Vg,
Inthe Fig. 5-20 waveforms, t, is the turn-on
delay time tgon), andt, —t, is the rise time t,.
If substituting formulas (21) and (22) for
formulas (19) and (20), ty, and ¢, are;

CHARACTERISTICS OF POWER MOS FETS

can be also obtained using the above
method. With Fig.5-19(b);

t
VGS/I) = VGG'eXp (— CoR ) I (25)
m'ts
t,andt, — t; are;
v
t:=(Cin1}R) In =SS ... (26)
Vg
v
t — t, = (Cin(2)}Rs)In ng ......... (27)
gl

With Fig. 5-21, C;,(1) and C;,,(2) are;
AQ Qg — Qp

Cin(1)= 9 — 9 g
n AV, Vo= Vg
AQy _ ng - Ogl

Cm(Z):A—Vg —-——m ......... (29)

. _ Qg Vee Inthe Fig. 5-21 waveforms, t; is the turn-off
“ tdlon) = Vo Rsin( Voo — Vgl) -+ (23) delay time tgs, andt, — t; is the fall time 7.
Q.- Q - . Qg — Qg Vee
b= (_92_.1').Rs|n (M‘) = Ldfoff) = ( ) Rsln ( ) .. (30)
Vg — Vg Ve — Vg Vo6 — Vg Vg

.......................... (24) tf=( gZ_Ogl).R 'n( VgZ )..(31)
The turn-off delay time t 4, and fall time ¢, V= Vg ' ° Vgi
Ld(on) tr ldtott) 171
Voo Voo Vos
Vos 90% D 9%
b@*XYQ—'
\ e 2 ol 2
\ 10% 10?/7/
Qa Qe Qs Qs Qe Qs
b t2 t3 t3 t2 t
= Qnt = Qut

Fig. 5-20 Gate Charge Characteristic (Turn-on)

5.5 Area of Safe Operation (ASO)
5.5.1 Forward Bias ASO

The most basic and important characteristic
required for a power device is a high breakdown
strength.

Since the current flowing in power MOS
FETs does not concentrate locally, power MOS
FETs are free from secondary breakdown in the
high voltage region.

Fig. 5-22 shows thermal mapping of chip
surfaces, under power on, for a power MOS FET
and conventional bipolar transistor.

Fig. 5-21 Gate Charge Characteristic (Turn-off)

Whereas the thermal mapping in the power
MOS FET is uniform, a hot spot is generated in
the bipolar transistor, although the power ap-
plied is one-half that applied to the power MOS
FET. Fig. 5-23 shows breakdown points of
power MOS FETs in relation to those of bipolar
transistors.ASO of bipolar transistors is limited
by secondary breakdown in the high voltage
region. Onthe other hand, in apower MOS FET,
the guaranteed area of safe operation is equal
tothe range of thermal limitation. ASO design is
very simple.
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Vps =60V, Ip=2A
(A) Power MOS FET (25K135)

Vee=30V, lc=4A
(B) Bipolar Transistor (2SC1343)

Vee=60V, Jc=1A

(C) Generation of Hot Spot
Bipolar Transistor (25C1343)

Fig. 5-22 Chip Surface Temperature at Power ON

5
NN\,
2.
8
2 ‘%} N
&
—~ QX
E 355,
e - %)‘2)’-—5
. @) 1
<% b N
£ q 2
ES  ING e -
55 05 N 2
cgr B &
£8 N o
£ B
e @% W
%\
02 )
\j
DC Operation (Tc =25C
o1 R
0 20 50 100 200 500
Drain-Source Voltage Vps (V)
Collector-Emitter Voltage Vcr (V)

Fig. 5-23 Area of Safe Operation

We would like to show an example of ASO
design as follows.

ASO design concepts of a power MOS FET
are all thermal problems. (Surge may be con-
sidered as a thermal problem after all, but in this
case, we will consider P, in a general sense of
the term.

(1) Condition 7; = Tp,,x should be satisfied.
(2) Both DC ASO curve and Pulse ASO curve
are the lines on which P, is constant.

(3) Pulse ASO is given by calculation of
transient thermal resistance.

(4) Temperature derating is “one’ at 7o = 25
°C, and is “"zero” at T¢ = Tjmay,

<<example>>

In 2SK260® (Py=125W, Tjnax=150 °C), is
the following application example within the
ASO:

T¢ (the case temperature) =55 °C

Vps=200V

Ip=1A

PW (pulse width)=2ms
T(Period)=10ms

Answer

(1) Find the value of transient thermal resist-
ance at the point of PW=2ms, Duty=PW/
7=0.2 in Fig. 5-24. (1)=0.44

(2) 6).c of 25K260@® is found from the maxi-
mum rating; 6,.,~(150—25)/1256=1.0 (°C/
W), then the transient thermal resistance
is; aj-c/t} = 0/.0'7(1)20.44(° C/W).

(3) The junction temperature (7)) = 6;.¢qyPept
Tc=0.44X 200+ 55 = 143(°C). This meets
the condition of 7; = 7, and concludes
that the above application example is within
ASO.

Fig. 5-25 shows the ASO of 2SK260@®),
based on the graph in Fig. 5-24.

The actual breakdown points are shown by
(x, and they are outside the transient ASO. This
means that actually the device will be destroyed
at approximately 300 ° C, not at the point of ;=
T/’max~

5.56.2 Reverse Bias ASO

For power switching applications, such as
switching regulators, the load of the switching
device is usually inductive. Therefore, not only
the forward bias ASO, as described in the
preceding section, but also the reverse bias
ASO should be considered. Generally, in a
switching power supply, the emitter-base junc-
tionisreverse biased toreducets andty. In this
case, the larger the current becomes, the small-
er tgg and t; will be. And, according to it, the
reverse bias ASO will be narrower, which
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means the operation area is

3 T more limited, as shown in Fig.
2 watmtlidod 5-26. On the other hand, in a
§ ol power MOS FET, itis possible
i o to make t g smaller by reverse
= — = bias of the gate, without nar-
2 P == AR royvering the qp.e.rati.on area.
B o i This gives flexibility in circuit
£ T design.
~_§ 0.1 —P—T-‘
£
z

0.03/
1 3 10 3 100 300 1.000 3,000 10,000
Pulse Width PW (ms)

Fig. 5-24 Transient Thermal Resistance (TO-3 Package)
5.6 Temperature Characteristics

2 Fig. 5-27 shows the transfer characteristics
of power MOS FETs. In the high current area,
10 < the temperature coefficient is negative and
Q 3 current concentration does not occur. A wide
AN, \\% . . .
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Fig. 5-26 Reverse ASO Fig. 5-27 Typical Transfer Characteristics

@ HITACHI 39



CHARACTERISTICS OF POWER MOS FETS

tion 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
don’t require a complex biasing circuit like
depletion type FETs do.

The cross point at which the temperature
coefficient becomes zero, is quite different
between the D series device and the S series
device, owing to their structures and processes.
The cross pointis 2~ 6A in D series device, and
about 100mA, in S series device, although it
depends on device type.

Therefore, by setting the idling current about
100mA, the S series MOS FET, when applied to
a class-B push-pull audio power amplifier, can
dispense with a current temperature compensa-
tion circuit, which is required in bipolar tran-
sistor circuits.

5.7 Source-Drain Diode Characteristics

In both D series and S series Power MOS
FETs, as shown in Fig. 5-28 and Fig. 5-29, a

diode exists parasitically, between source and
drain.

The forward current and the breakdown
voltage ratings of this diode have the same
characteristics as those of the power MOS FET.

Fig. 5-30 shows the Vg-Ir characteristics of
this diode, and Fig. 5-31, the waveform of the
backward recovery time (t,,). Also we would like
to show the t,,'s on a line scale, comparing the
Fast Recovery Diode with some MOS FET's.

As is obvious from it, this diode has excellent
characteristics, much the same as a typical
diode. Moreover, when this diode is used in a
bridge circuit, PWM amplifier output stage, etc,
it can dispense with the external commutating
diode, resulting in a reduction of the number of
components.

If a channel is produced by making Vgs
positive, the current flows equally in both direc-
tions. When the current is low, Vg is given by /¢
X Ron- The Ve of this diode is smaller than that of
a typical diode. Therefore, in some cases, this
diode is better than a typical one.

Substrate (Source)

Fig. 5-28 Structure of D Series (Vertical type)
(N channel)

Fig. 5-29 Structure of S Series (Lateral type)
(N channel)
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CHARACTERISTICS OF POWER MOS FETS
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Fig. 5-30 V(-/r Characteristics
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CHARACTERISTICS OF POWER MOS FETS

_’1_‘-‘1‘_ 100115
2SK308X2 . 2SK308X2 ® —J_—LloTs— ---J—-l_
14l 1]
® | I
di/d 1uF 5
1 Aldiu‘stement (ad
| IN@® |
i i l e :-: V(100Vmax.)
4
[ D.UT.
H} " UISE

Measuring Circuit

Scale I :5A/DIV
t:0.2us/DIV

1

mEEE.

e

2SK313, 25K350 28K299, 2SK320
(ir=6A, di/dt=100A/us) (ir=4A, di/dt=100A/ps)

T T

]
|
-

28K401, 2SK412 2SK308, 2SK383
(ir=5A, di/dt=100A/us) (ir=5A, di/dt=100A/us)

Fig. 6-31 t,, Waveform of the Built-in Diode
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2,000 I
O - Power MOS FET
1,000 @  Usual FRD
X : Fast FRD 23K534
25K41
2 25K35
xS 25Ka00 | 2SK412T ¢ T
@ P o PO+t
E 25K399 25K313, 25K512
[ 1 25K428 O 25J114
g 25113
g 200 25012 O—
2 25K346 25K308
8 28J102
2
& 10
50
20 50 100 200 500 1000 2,0C
Drain-Source Voltage Vpss (V)

Fig. 5-32 Comparison to the built-in diode and the FRD
t

"

5.7.1 Precautions in Handling the Built-in
Diode

An built-in diode of the power MOS FET is
used as acommutating diode in a motor control
circuit. In this case, if the reverse voltage is
charged immediately after a high current is
supplied to the diode, it may be destroyed
depending on the circuit and the operating
conditions.

CHARACTERISTICS OF POWER MOS FETS

Fig. 5-33 and 5-34 show a basic motor
control circuit and the waveform of the motor
control operation. These waveforms are at Q,
and Q; off and Q, and Q4 on. Q4 is continuously
on when Q; is chopping.

Gate drive signal is put into Gy, then Q, is
switched on and /p, flows. When Q, current ip;
is switched off, forward current, ir flows
through the built-in diode of Q; by the energy
accumulated at the motor inductance. If Q, is
switched on in this condition, Q; is into on-state
under the influence of reverse recovery time, t,,
of built-in diode on Q;, and high level of reverse
current (recovery current), /p, flows.

This excess recovery current may destroy the
diode ata pointin the shaded area in the figure,
which indicates the period in which the built-in
diode voltage recovers. Therefore, restricting
the recovery current ip, is an effective method
to prevent diode destruction. Table 5-2 shows
the detailed circuit countermeasures.

Vee

4

Gw—‘JQl = GiolR®

Vio ™™

AC100V , in
and200V g \¢ & Vs ;—C)—z

cw-ﬁ E!;m c.o-J:1Q.

Fig. 5-33 Typical Motor Control Circuit

Vis Vee
——t:F A= Vpsi1 (Drain-source Voltage

0 Waveform of Q1)
I it

im (Drain Current Waveform

l of Q1)
0

tn:

0 —r
VF

<Description>

Ve:

Vos o : Drain-Source Saturation Voltage of Q,

iv2 (Drain Current Waveform Vis:
2. .
dir/dt | tor
" .
I ‘\"osxm Vs I.".
| . )
Ve T Vbs2 (Drain-source Voltage .
CLI T J Waveform of Qo) Vs:

Forward Current of Q. Built-in Diode
Forward Voltage Drop of Q; Built-in Diode

Reverse Recovery Time of Q; Built-in Diode
Voltage Drop with Current Inductance Lg

Reverse Recovery Current of Q, Built-in Diode

(Depends on the Drive Signal Source Impedance dir/dt of Q., Circuit
Inductance Ls, Supply Voltage Ve, and Electric Charge Q, (or t.) in the
Built-in Diode)

Spike voltage
(Depends on the Inductance Ls, io, and din/dt of the Circuit)

Fig. 5-34 Waveform of the Motor Control Operation
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CHARACTERISTICS OF POWER MOS FETS

Table 5-2 Circuit Countermeasures against Built-in diode Destruction

cation

Classifi-

Countermeasures

Circuit

Waveforms of the built-in diode

Circuit constants,
After ete.

improvement

Before
improvement

Delay the turn-on time,
by inserting a resistor
and diode which are
connected in parallel
into the gate of the
Power MOS FET. This
controls di/dt and
dv/dt of the built-in
diode to restrict the
recovery current (in
this case, the turn-off
time does not have to
be delayed).

Vee o

celip b
zZ
BT .Y

R=3300~8200
(di/dt=20~50A/pus)

Insert an L and diode
connected in parallel
into the drain of the
Power MOS FET. This
controls di/dt to
restrict the recovery
current ip,.

Vee o4

LoGs
=
LoGe
oe

L=2,H~20,H

K

Inserta Cor CR
snubber between the
drain and source of the
Power MOS FET to
restrict dv/dt and
voltage spike of

the built-in diode.

Vee o

Gio—!
Gzo—!
Gro—l
Zz
Gro—

R=10~470

o |C=0.01uF~0.1uF
Wiring of the
snubber be as short
as possible.

%<.J

Wires between +, —
terminals of the power
supply line and the
drain/source of each
arm (in the case of
N/N) should be
twisted. C are also
connected. By directly
attaching wires to the
upper and lower arms
and minimizing stray
inductance, the voltage
spike and dv/dt

are restricted.

Short

Should be done
together with
countermeasures @
to ®.

K

Connect the fast diode
to the external of the
Power MOS FET not
to flow the current in
the built-in diode.

Vee o9

Log

LoG

5.8

44

Design of High Breakdown Voltage
Application (Series Operation)

(1) Totem pole connection

Fig. 5-35 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 ex-
plained.

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

VG] =0, /D =0

@ HITACHI



CHARACTERISTICS OF POWER MOS FETS

Drain

Gate o
Vin=Va

Source

Fig. 5-35 Basic Totem Pole Circuit

Vg: =VaVpplVe: = )

"9

Voo Ry + Rq
Vo =Ve— Vgs
=YVpp — Vim

where V,, is the threshold voltage of Q.
Generally, Vi << Vpp. Therefore Vo ="V2 Vpp.
And the voltage applied to Q, and Q; will be
about V2 Vpp.

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 Z; is inserted
between Vpp and drain of Q,, drain voltage will
be Vp=Vpp—2Z;:Ip and Vo (=%Vp — Vgs2) will
gradually decrease.

If Vpp has a much larger value than Vgs2 and
Q; isdriven 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 switch-
ing time can be made as short as several tens of
nanoseconds.

Fig. 5-36 and 5-37 show breakdown and
output characteristics where a single device is
used. When this device is used in the circuit
shown in Fig. 5-35, the breakdown and output
characteristics would be as shown in Figs. 5-38
and 5-39. Breakdown voltage in Fig. 5-38 is
twice as high as in Fig. 5-36. The disadvantage
is that on-resistance is also doubled, as is
obvious from Figs. 5-39 and 5-37. A method of
improving on-resistance is described in the
following section.

40

Drain Current Ip (mA)

20]

——

0 100 20 300 4 El
Drain to Source Voltage Vps (V)

Fig. 5-36 Breakdown Characteristics (Single Device)

Ves =0~10V(1V Step)

V/ /%

4 A
2 -
23—
2 / o
g
£
5

2
G A
]
S

JA
0 12 16 20

Drain to Source Voltage Vps (V)

Fig. 5-37 Output Characteristics (Single Device)

®

40

Drain Current Ip (mA)

20

L] -
0 100 200 300 400 5
Drain to Source Voltage Vps (V)

Fig. 5-38 Breakdown Characteristics

Ves =0~10V(1V Step)

Drain Current o (A)

A

0 4 12 16 2
Drain to Source Voltage Vs (V)

Fig. 5-39 Output Characteristics
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CHARACTERISTICS OF POWER MOS FETS

(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. 5-40. Fig. 5-41 shows the output
characteristics for a case where the gate is
level-shifted to the positive side. (14V is the
maximum allowable gate-to-source voltage.)

In the circuit shown in Fig. 5-40, as in the
basic circuit, the equivalent drain to source
breakdown voltage is twice as high as when a
single device is used.

> =
43
00

>

~
x

- ]

(A) Level Shift by Using of Diode

Re

oo

Q

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

0o

ol TT1

(C) Level Shift by Using of External
Power Supply

5 Vs =0~10V(1V Step)

Drain Current Ip (A)

0 12 16 2
Drain to Source Voltage Vps (V)

Fig. 5-41 Output Characteristics ((C) Circuit)

(3) Improvement of high frequency charac-
teristics in totem pole connection

When the circuit shown in Fig. 5-35 is
modified for a source follower, becasue of the
different operation of Q, and Q,, a phase differ-
ential occurs under the influence of the power
MOS FET input capacitance (about 500 pF for
2SK134, 600 pF for 2SJ49, f=1MHz). As a

-
C

2

>
>

Q

]

il

Signal Source

Load
Cin1, Cin2 * Input Capacitance

R * Signal-Source Resistance

Cg - Compensation Capacitance

Rg * Gate Biasing Resistance

Fig. 5-42 Improved Totem Pole Circuit

Re Cim Re

Fig. 5-40 How to Reduce ON-Resistance

Fig. 5-43 Passive Equivalent Circuit of Totem Pole
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CHARACTERISTICS OF POWER MOS FETS

result, characteristics worsen, as high fre-
quency gain drops and phase shift increases.

This is expressed in Fig. 5-42. The equivalent
circuit with passive devices alone is represented
in Fig. 5-43.

It has been verified experimentally that the
phase differential of Vo, and Vg, can be
eliminated and driving in the same phase can be
achieved by equalizing Cy with Cjp; and that
phase shift as 100 kHz can be limited within
—90 degrees.

5.9 Analysis of Oscillation in Source
Follower Circuits

<Reference>

There have been many works on analysis of
oscillation in source follower circuits. The most
general analysis for source follower circuits is
about the case in which the real part of the input
impedance is negative and the imaginary partis
ZERO. An example is described as followers.
The sumplified equivalent circuit of source
follower is shown in Fig. 5-44.

Rs+rg i1 Ci

N

o 0

Sk
b3

R F

Ciss - Input Resistance

gm . Transconductance

CL : CF (Capacitance Between Case and Heatsink)
+CL (Leakage Capacitance)

rg . Gate Resistance

Rs : Signal-Source Resistance

Fig. 5-44 Equivalent Circuit of Source Follower Circuit

The input impedance Z;,, can be obtained as
follows;

Vi Im
Zip=—"=- + Ry (1+ - e (1)
S JCiss ¢ JoCiss)
In the case of load consisting of paralleled
resistor and capacitor Substitute — %
P 1+wCR,
instead of R, in equation (1).
1 JjoCLR,’
Zip="- - 2 2p 2
JjoCiss 1+ C 7Ry
_ jogm RL
(1 +w2CL2RL2)wZC,'ss

AL
+ [ S
14+w’C; R,
_ wZCLRngm
(1+w’C RN’ Crss ™
The condition for negative resistance is;
R
1+w'C. R,
CLR gm
- e <0, 3
(1+a'CL°RCiss )
moreover, approximately,
C/R/’
R+ rg+ Ry — —LCLIm
C/'ss
Therefore, to prevent oscillation, external

gate resistor Rg should be inserted. Then the
following equation can be obtained.

(2)

Rs+rg+

2
Ro+Ry+ry+ Ry ——LBLIm = g

C/'ss
However, the insertion of external Rg makes
Power MOS FETs frequency response worse.
Therefore, when selecting R, a compromise
between stability against oscillation and ampli-
fier's frequency response should be considered.
Voltage gain vs. frequency vs. Rg is shown in

Fig. 5-45.

™~
-1
N
. \W\\\\ N
_3 NG
g NN 2
3 4 \
j - X
S g \%%
g -7 ad \ \
. YN
\
5 100k IM 1M ~100M
Frequency f (Hz)
Re G rg
D,
I o(Cin 5P, Xz
RL e:a

Ciss - Input Capacitance (500pF)

g Gate Equivalent Resistance (65Q)

gn  Forward Transconductance (IS)

RL : Load Resistance (82)

Re * Gate Series Resistance

[

e . Rotretl/w Cis
Ril+gn/ @ Ciss)

Fig. 5-45 Frequency Characteristics of Source Follower
(Calculated Value)
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2SJ48,2SJ49,2SJ50

SILICON P-CHANNEL MOS FET

LOW FREQUENCY POWER AMPLIFIER

Complementary Pair with 2SK133, 2S5K134, 2SK135

FEATURES

High Power Gain.

Excellent Frequency Response.

High Speed Switching.

Wide Area of Safe Opération.
Enhancement-Mode.

Good Complementary Characteristics.
Equipped with Gate Protection Diodes.

11.35max. 11.6£0.5

| 33max.
== (3otyp.)

i

39.9max.
$21.0max.

$1.0
>

30.210.2

1.Gate

2.Drain

3.Source
(Case)

$4.0709%

(JEDEC TO-3

(Dimensions in mm)

B ABSOLUTE MAXIMUM RATINGS (T.=25 °C)

Item Symbol Rating Unit
28J48(28J49|2SJ50
Drain-Source Voltage Vosx | —120| —140 | =160 v
Gate-Source Voltage Viss +14 v %
Drain Current Ip -7 A £
Body-Drain Diode o . R ]
Reverse Drain Current z
Channel Dissipation P* 100 w %
Channel Temperature Ten 150 °C §
Storage Temperature T —55 ~ +150 °C

*Value at Te=25 °C

B ELECTRICAL CHARACTERISTICS (T.=25 °C)

POWER VS.
TEMPERATURE DERATING

AN

N

N

0 50

100 150

Case Temperature Tc (C)

Item Symbol Test Condition min. | typ. | max. |Unit
. 28J48 -120| — —| Vv
Drain-Source Breakdown 28749 Vimosx To=—10mA, Vos=10V o = — v
Voltage 2SJ50 —160| — — v
Gate-Source Breakdown Voltage Visrass I=%100uA, V=0 +14| — - Vv
Gate-Source Cutoff Voltage Vasiom I,=—100mA, Vjps=—10V -0.15( — | —-145 \%
Drain-Source Saturation Voltage V bstsan Ip==TA, Vsp=0* - - -12 v
Forward Transfer Admittance 1Yl Ip=—38A, Vp=—10V* 0.7 1.0 1.4 S
Input Capacitance Ciss — 1 900 —{ pF
Output Capacitance Coss Vs=5V, Vps=—10V, f=1MHz — 1| 400 — | pF
Reverse Transfer Admittance Crss —1{ 40 — | pF
Turn-on Time lon —| 230 — | ns
. Vop=—20V, I,=—4A
Turn-off Time tosr —| 110 —| ns
*Pulse Test
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2SJ48, 25J49, 2SJ50

MAXIMUM SAFE OPERATION AREA TYPICAL OUTPUT CHARACTERISTICS
=20 T =10
Ta=25C
" \‘ Te=25C
- =A
Iy max (Continuous ) -8 s
—14.3V,~ TA N o / ')
- NIV /11
3 NCN N z Vi
3 <
= ) 93 = .
< NN | N7 = -5y
5 - iy WD, g
£ - () (A £ BSIEN
? i\\?.s‘. \\~ _‘ S 4 // \%\\/
£ s~ K
& " mal s H RN
(- 120V,-0.83A ] — 140V, ~0.71A) 1/74 =
(— 160V, ~0.634) A~
05 4 ., [/ —1 -~
~H -2,§J4(i = — -2
425148
i —1V
b~ 2550
—0.2 1 Ves=0
=5 =1 =20 =50 =100 =200 =500 0 =10 —20 —30 —40 —50

i Voltage Vs (V)
Drain to Source Voliage 05 ( Drain to Source Voltage Vos (V)

DRAIN TO SOURCE SATURATION

TYPICAL TRANSFER CHARACTERISTICS VOLTAGE VS. DRAIN CURRENT

1 T -10 T
Vps= =10V / Vo 5
/ ¥V £ 5 A4
—ug < Y., 3 2 X4
TL Y At
o Y4
P 4 2
P //,/ 5 -1
5 —04 4 /// %
£ A e
£ A// " 05
%k
—0.2 s .Z 02
H
-0.1
0 —04 =08 =12 - L6 =20 =01 -02 =05 —L0 -2 -5 =10
Gate to Source Voltage Ves (V) Drain Current Ip (A)
DRAIN TO SOURCE VOLTAGE VS. INPUT CAPACITANCE VS. GATE TO
GATE TO SOURCE VOLTAGE SOURCE VOLTAGE
=1 \ 1000
/
s /
E 5
5 3
= S~ 2
: :
& 4 <
g 2
5 =20
S
-2
2 - Vos=—10V
NS T ey
In=—1A
l 100!
0 s py s ~3 10 0 2 4 [3 ¥ 10
Gate to Source Voltage Ves (V) Gate to Source Voltage Vs (V)
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PW=50us
duty ratio

=1%

Forward Transfer Admittance |y,

FORWARD TRANSFER ADMITTANCE
VS. FREQUENCY

Switching Time tox,toss (ns)

30
1
=
03
N
01
sl _Te=25C
0.03 —
SO =~ 10
Ib=-2A
001
0.003
Ok 30k l0ok B0k IM 3M oM

Frequency f (Hz)

SWITCHING TIME TEST CIRCUIT

QOutput

- 20V
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25J48, 25J49, 25J50

SWITCHING TIME
VS. DRAIN CURRENT
Pamn
° ton
_‘,—--—\P‘q—"‘/ "//
2z
P11 o
Lt
5
—0.1 =0.2 -05 =10 -2 =5 =10
Drain Current Ip (A)
WAVEFORMS
10% —
Input
——— 90%
ton toff
9%
Output
|w——
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2SJ55,2SJ56

SILICON P-CHANNEL MOS FET

30.240.2

$4.07

0.08
015

26.0max.

1. Gate

2. Drain

3. Source
(Case)

(Dimensions in mm)
POWER VS.
TEMPERATURE DERATING

LOW FREQUENCY POWER AMPLIFIER Nt
Complementary Pair with 2SK175, 2SK176 , ﬁ_-&%’;‘;;)
B FEATURES

@® High Power Gain. 4 % 2
® Excellent Frequency Response. ! 3 % h
® High Speed Switching. b

® Wide Area of Safe Operation.

® Enhancement-Mode. S

® Good Complementary Characteristics.

® Equipped with Gate Protection Diodes.

(JEDEC TO-3)
B ABSOLUTE MAXIMUM RATINGS (7.=25 °C)
Rating j .
Item Symbol 35055 25156 Unit 150

Drain-Source Voltage Vosx —180 —200 v

Gate-Source Voltage Vess +20 A% s

Drain Current I» -8 A s !

Body-Drain Diode 5

Reerse Drain Current Tor -8 A ’é

Channel Dissipation P.y* 125 w %

Channel Temperature Ten 150 °C é

Storage Temperature Tog —55 ~ +150 °C =

*Value at T=25 °C

0 50

B ELECTRICAL CHARACTERISTICS (T,=25 °C)

100

Case Temperature Tc (C)

Item Symbol Test Condition min. | typ. | max. | Unit
331;:;0“& Breakdown 22‘;:2 Viomosx To=—10mA, V=10V _;(8)2 : : X
Gate-Source Breakdown Voltage Visriass I;=%100pA, Vps=0 +20 —_ —_ \%
Gate-Source Cutoff Voltage Vesiom Ip=—100mA, Vps=—10V —0.15 —|—145 \4
Drain-Source Saturation Voltage Vosisan Ir=—8A, Vip=0* — —| -12 v
Forward Transfer Admittance |yrd Ip=—3A, Vps=—10V* 0.7 1.0 14 S
Input Capacitance Ciss —| 1200 — | pF
Output Capacitance Coss V=5V, Vps=—10V, f=1MHz —1i 700 — | pF
Reverse Transfer Capacitance Crss — 60 — | pF
Turn-on Tl.me ton Vowm—80V. Io=—4A —1| 320 — ns
Turn-off Time tor — 120 — ns

*Pulse Test
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Drain Current Ip ‘A1

Drain Current Ip (A)

2SJ55, 2556

MAXIMUM SAFE OPERATION AREA TYPICAL OUTPUT CHARACTERISTICS
=2 s o vA T T
LI N N re e
o | smax Continuous Fa=25°C 7, A\
O e
g & -
=156V, - BA N 8 *ﬁ Y
_5 AN N . y
= ,/) ] y = V/ -
= R s 3 2 -6
- X z , i
g ] N o<
5t 5 5
S E / Ny,
5 |
E =1 A -1 L____.—> -
1 ~,
200V, —] /// “3 ] [~
—0. 627 -3
1 —2
25055 28050 - \ -
—0.2 — 1 [0
[ I (TR EE TR TR ~h 0 -10 -20 -30 —40 -50
Drain to Source Voltage Vps (V) Drain to Source Voltage Vps (V)
TYPICAL OUTPUT CHARACTERISTICS TYPICAL TRANSFER CHARACTERISTICS
=10 T I T - J /’
Te =25%C Via = =10V /
~7 T 7l 7
L-7-9 Vos==10V / -
x = —g
// -y <~ //
A = /&.
] - = p DY
5 7 16/ ’ SR <
o LT / j
L— S
. y 4% : : /
// -q =
Y L
. | -3 —3
« /’—’—_—_F—‘——— -2 :
— 7
-1
0 B -1 -6 -x —10 0 -2 -1 -6 -8 -10
Drain to Source Voltage Vbs (V) Gate to Source Voltage Vs (V)

FORWARD TRANSFER ADMITTANCE

TYPICAL TRANSFER CHARACTERISTICS VS. FREQUENCY

=10 5
/ / 1
il
Vps=—10V 1.0 —
—0.8 / » =
: N
e = il
-0 / 5 ¢ b
P S 100m =
A = Tc=25¢C = N
A g AT
=2 Vos = — ‘m’
o By
os g In=—2A]
Y :
& 1om
-]
~0.2 J'/ : !
5
=
A
o bm == :
11T - 1T I—t H
— 05m HE T H—
=0, = 0. — L = L !
0 0.4 0.8 12 16 20 % 10k 100k M 10M 20M

Gate to Source Voltage Ves (V) Frequency f (Hz)
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2S8J55, 25456

SWITCHING TIME VS. DRAIN CURRENT SWITCHING TIME TEST CIRCUIT
500 Output
fon, 2Q
- P Input

|4
of]. -

) joet" -
_ e ) DUT
— T -30v

PW=50us T
duty ratio 500
20| =1%

toss (ns)
g
\
—O

Switching Time tes,2e

=01 -02 =05 -10 -2 -5 =10

Drain Current Ip (A)

WAVEFORMS
10% :_

Input
—— %%

ton tofy

9%0%

Output

Cl()%
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2SJ56H)

SILICON P-CHANNEL MOS FET

11

35max. 11.6 £0.5

26.0max.

HIGH SPEED POWER SWITCHING, i
HIGH FREQUENCY POWER AMPLIFIER N - -(%7?:)
B FEATURES .
® High Speed Switching. 14 = o
® High Cutoff Frequency. (f=1MHz) 1 ;é % Y z.
® Enhancement-Mode. B El
@ Suitable for Switching Regulator,
DC-DC Converter, RF Amplifiers, and Ultrasonic 3 sroisss
Power Oscillators. -
1. Gate
2. Drain
iy (JEDEC TO-3)
(Dimensions in mm)
B ABSOLUTE MAXIMUM RATINGS (7.=25 °C) POWER VS.
TEMPERATURE DERATING
Item Symbol Rating Unit 150
Drain-Source Voltage Viss —200 v
Gate-Source Voltage Viss +20 v
Drain Current Ip -8 A % ”
Body-Drain Diode <
Reerse Drain Current Tox -8 A E
Channel Dissipation P 125 w i
Channel Temperature Ten 150 °C 32 50
Storage Temperature T —65 ~ +150 °C E
*Value at T=25 °C ©

B ELECTRICAL CHARACTERISTICS (T.=25 °C)

50

100 150

Case Temperature Tc (C)

Item Symbol Test Condition min typ. | max. | Unit
Drain-Source Breakdown Voltage Visrypss In=—10mA, V=0 —200 — — \%
Gate-Source Breakdown Voltage Visracss I;=+100uA, Vps=0 +20 — — A%
Zero Gate Voltage Drain Current Ipss Vps=—160V, V=0 — — | —3.0 | mA
Gate-Source Cutoff Voltage Vesiom Ip=—100mA, Vps=—10V —0.55 — | =3.0 A%
Sta':lc Drain-Source on State Roson Tom—4A, Ve 15V* . 1.0 15 a
Resistance
Drain-Source Saturation Voltage Vbosion Ip=—4A, V;=—15V* — | —4.0 | —6.0 A%
Forward Transfer Admittance |y I,=—3A, Vps=—10V* 0.7 1.0 14 S
Input Capacitance Ciss — | 1200 — | pF
- Vis=5V, Vps=—10V, f=1MHz
Output Capacitance Coss — | 700 — | pF
Reverse Transfer Capacitance Crss Vip=5V, f=1MHz — 60 — | pF
Turn-on Time ton — 60 — ns
- Ip=—2A, Vi=—15V, R,=150
Turn-off Time Loy — | 200 — ns
*Pulse Test
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25456 ®

Forward Transfer Admittance |y | (S)

Drain Current Ip (A)

MAXIMUM SAFE OPERATION AREA

(

=200V, —

0.62A 1

Drain to Source Voltage Vps (V)

5 =10 =20 —50 =100 =200 =500

TYPICAL TRANSFER CHARACTERISTICS
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|| .
/
Vs =~ lov / <
. Ds = /
& )
f =6 7 <
: /
:
a
-~
e A
0 -2 -4 -6 -8 -10
Gate to Source Voltage Ves (V)
FORWARD TRANSFER ADMITTANCE
VS. FREQUENCY
S T
il
10 — =
il
il il
100m =i Sz= =
i
]
10m
i
il
il
Im H
05m Hi HH i
2k 10k 100k ™ 10M 20M

Frequency f (Hz)
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TYPICAL OUTPUT CHARACTERISTICS
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Drain to Source Voltage Vbs (V)

SWITCHING TIME VS. DRAIN CURRENT
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2SJ76,2SJ77,

2SJ78,2SJ79

SILICON P-CHANNEL MOS FET
HIGH FREQUENCY AND LOW FREQUENCY POWER AMPLIFIER,

HIGH SPEED SWITCHING

Complementary Pair with 2SK213, 2SK214, 2SK215, 25K216

B FEATURES Ei % .
3 2 | £ o
® Suitable for Direct Mounting. Elﬁtj___:%%Erl
® High Forward Transfer Admittance. T 15.3max. 12.7min.
@ Excellent Frequency Response. 9368021 o dmin, E €3
® Enhancement-Mode. ! A ~%§ -
EE RN ,
A5 Y —
7805
127
b 3.0max 18.5 £0.5
1. Gate
2.Source
(Flange) (JEDEC TO-220AB)
3. Drain
(Dimensions in mm)
B ABSOLUTE MAXIMUM RATINGS (7,=25 °C) POWER VS.
T TEMPERATURE DERATING
Ratings i
Item Symboll Unit 60
28J76(28J77|28J78(28J79
Drain-Source Voltage Vosx | —140—-160~180/-200| V
Gate-Source Voltage Viss +15 \% z
Drain Current I —500 mA D% 40
Body-Drain Diode 5
Reverse Drain Current Tor 500 mA ZZ-‘:
P 1.75 w a
Channel Dissipation . 3 20 \\
Po* 30 w £ \
Channel Temperature T 150 °C © \\
Storage Temperature Tig —45 ~ +150 °C
*Value at T,=25°C 0 50 100 150
Case Temperature Tc (C)
B ELECTRICAL CHARACTERISTICS (T.=25°C)
Item Symbol Test Condition min. | typ. | max.| Unit
28J76 —140 — — \4
Drain-Source Breakdown | 28J77 . _ —160 - - N
Voltage 25J78 Vismsx V=2V, Iy=—-1mA 180 _ _ v
2SJ79 —200 — — \4
Gate-Source Breakdown Voltage Visriass I;=+10uA, V=0 +15 — — \Y%
Gate-Source Voltage Vsiom Io=—10mA, V,;=—10V* —-0.2 — 1 —-15 A%
Drain-Source Saturation Voltage Vpstsan I,=—10mA, V,,=0% — —| —2.0 \%
Forward Transfer Admittance |y Iy=—10mA, V,=—20V* 20 35 —| m$S
Input Capacitance Ciss Vps==10V, [,=—10mA, — 1 120 —| pF
Reverse Transfer Capacitance Clas f=1MHz — 4.8 —i pF
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25J76, 25J77, 2S8J78, 25J79

TYPICAL OUTPUT CHARACTERISTICS
—500

TYPICAL OUTPUT CHARACTERISTICS

-50

4

Te=25C = 5’*,__-——- Tc=25C ;i/ i
; 9
P -40 | A */
~400 v 40 4 — !
/ =1 o / o~ —0.8
— L I % / |1
E _w /| 1| = -3 / — ~0.7
s L~ 1 -30 1 4 = 1
- A [ f -
g - 200 I//‘/K 25 “E -20 I/ ~°;6 —
£ ,/ P | £ Lt -0.5
& /4 -2.0 i/ - '
ot | _ et o
~100 -1,5 N /7> —0'3
_|‘.n // —0i£
Ves= — 0.5V — TEE NS
- — 1
0 -4 -8 -12 ~16 -20 0 -20 -40 -60 ~80 ~100
Drain to Source Voltage Vps (V) Drain to Source Voltage Vps (V)
TYPICAL TRANSFER CHARACTERISTICS TYPICAL TRANSFER CHARACTERISTICS
~500 - 100
Vos]=—¢0V /’[ Vos = 20V / /
/7 f
- 400 c //‘/ -80 ;b/&? //
& Vi o
/ "
_ .8 ~7
E -300 ‘\‘///; E ~60 / /
= /// = /4,
§ -200 | / § - 40 ///
5 y//4 S //
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-100 /// = _2 /
y - /
0 -1 -2 -3 -4 -5 0 -0.4 -0.8 -1.2 -1.6 -2.0

Gate to Source Voltage Vos (V)

FORWARD TRANSFER ADMITTANCE
VS. DRAIN CURRENT

200
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VS. FREQUENCY

200

300y

o
i
I
il
ni
Ht
I
1
e
I
I
1
I
i
1t

0.1

S
y.
1A

T

0.05
Sk 10k 100k M 10M S0M

Frequency f (Hz)



2SJ77K),2SJ79K)

SILICON P-CHANNEL MOS FET

HIGH SPEED POWER SWITCHING, HIGH FREQUENCY POWER AMPLIFIER
Complementary Pair with 2SK214®), 2SK216®

B FEATURES

High Speed Switching.

High Breakdown Voltage.

High Cutoff Frequency. (f=30MHz)

Suitable for Switching Regulator, DC-DC Con-

verter, RF Amplifiers, and Ultrasonic Power

Oscillators.

B ABSOLUTE MAXIMUM RATINGS (7,=25 °C)

.\ ] i E
3 £ % B
= £ S
o«
15.3max. . 7min.
$3.610.2§6.3min. = i
14
EEEINS
: 3.0max. | 18.5+0.5
1. Gate
2. Source (JEDEC TO-220AB)
(Flange)
3. Drain

(Dimensions in mm)

Item Symbol Ratings Unit
28J77® | 28J79®
Drain-Source Voltage Vosx —160 —200 A%
Gate-Source Voltage Vass +15 A
Drain Current I, —500 mA
-Drai

gzgzrge ;:ai[:%d:rrent Lo —500 mA
O Py 1.75 w

Channel Dissipation
Poy* 30 w
Channel Temperature Ten 150 °C
Storage Temperature Toig —45 ~ +150 °C

*Value at 7'=25 °C

B ELECTRICAL CHARACTERISTICS (T.=25°C)

Channel Dissipation Pes (W)

POWER VS.
TEMPERATURE DERATING

30

T

20

N
N

o

N

0 50 100

Case Temperature Tc (C)

61

Item Symbol Test Condition min. | typ. | max.| Unit
B T [ | e
Gate-Source Breakdown Voltage Visriass Ie=%10uA, Vis=0 +15 - - Vv
Gate-Source Voltage Vesion Ip=—10mA, Vps=—10V* —-0.2 —| -15 \%
Drain-Source Saturation Voltage Vbsisan Ip=—10mA, Vp=0* — —| —2.0 A%
Forward Transfer Capacitance lynl I,=—10mA, Vs=—20V* 20 35 —| mS
Input Capacitance Ciss Vps=—10V, I,=—10mA., —| 120 —| pF
Reverse Transfer Capacitance Ciss f=1MHz — 4.8 —| pF
*Pulse Test
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28J77 ®, 28J79 ®

mA)

Drain Current Ip (

Drain Current Ip (mA)

Forward Transfer Admittance [y | (mS)

62

TYPICAL OUTPUT CHARACTERISTICS

~500 —
Tc=25C —45,.}_—--—-
——
T
400 P 0
4 — 1 ..
~ 35—
- e |
300 // =30 | |
[
b,/// -2,5
200 i ——— |
/‘ _2.A
|
~100 -15
-1.0
&,&:—oisv
0 4 “8 "1z 16 -2

Drain to Source Voltage Vs (V)

TYPICAL TRANSFER CHARACTERISTICS

~500
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o /884
& /
4 o
~300 o /"
/ /
£/
V.
—200
/4
.
/4
0 -1 -2 -3 -4 -5
Gate to Source Voltage Vs (V)
FORWARD TRANSFER ADMITTANCE
VS. DRAIN CURRENT
200
100 :
P
50
'
A
20
10
Tc=25C
5 Vos =—20V'
2
-2 -5  -10 -20 -50 —100 —200

Drain Current Ip (mA)

Drain Current Ip (mA)

(mA)

Drain Current Ip

Forward Transfer Admittance |ys: | (mS)
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TYPICAL OUTPUT CHARACTERISTICS
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2SJ101,2SJ102

SILICON P-CHANNEL MOS FET

HIGH SPEED POWER SWITCHING, HIGH FREQUENCY POWER AMPLIFIER
Complementary pair with 2SK345, 2SK346

1.5max.

B Features = z S
2 : = .
® Low On-Resistance. ‘ﬁlﬁl___‘)ge'@-l
@ High Speed Switching.  passoe [T
@® No Secondary Breakdown. 1 T =
® Good Complementary Characteristics. ;é :g: £ N\ . 8
® Suitable for PWM Amplifier, Switching Regulator, ERE
P gres 3 7.840.5
and DC-DC Converter. 1. Gate 27
2. Drain 3.0max 18.520.5
(Flange)
3. Source
(Dimensions in mm)
® ABSOLUTE MAXIMUM RATINGS (7.=25 °C) POWER VS.
- TEMPERATURE DERATING
Rating 3
Item Symbol Unit 3
28J101 | 2SJ102
Drain-Source Voltage Voss —40 —60 \% N
Gate-Source Voltage Viss +20 A% = \
Drain Current Ip -5 A Vs 20 \
a
Drain Peak Current Tpipeary -10 A 5 \
Body-Drain Diode 5
Reverse Drain Current Lon -5 A E o \\
Channel Dissipation P.* 30 w E \
Channel Temperature Ten 150 °C ° N
Storage Temperature T —55 ~ +150 °C
*Value at T=25°C 0 50 100 150
° Case Temperature Tc (C)
B ELECTRICAL CHARACTERISTICS (7.=25°C)
Item Symbol Test Condition min. | typ. | max.| Unit
Drain-Source Breakdown 28J101 _ _ —40 - - v
Voltage 257102 Visrypss Ip=—10mA, V=0 60 — — v
Gate-Source Leak Current Igss Ves=120V, V=0 — — +1| upA
Zero Gate Voltage Drain 28J101 J Vps=—30V, V=0
C t S Dss — — - — —1| mA
urren 28J102 Vos=—50V, V=0
Gate-Source Cutoff Voltage Vsiom Ip=—1mA, Vps=—10V -2.0 —| —5.0 \%
tic Drain-S
StaAlc rain-Source on State Roson Iy=—3A. Vem—15V* _ 03 04 a
Resistance
Drain-Source Saturation Voltage Vbston Ip=—38A, Vi=—15V* —| —0.9| —1.2 \%
Forward Transfer Admittance |y Ip,=—38A, Vps=—10V* 0.5 1.0 — S
Input Capacitance Ciss —| 660 —| pF
Output Capacitance Coss Vos=—10V, V=0, f=1MHz —| 550 —| pF
Reverse Transfer Capacitance Coss —| 140 —| pF
Turn-on Time taom — 15 — ns
Rise Time t, I,=—2A, V=—15V — 45 — ns
Turn-off Time taom R;=15Q — 45 — ns
Fall Time t — 55 —| ns
Body-Drain Diode _ _
Forward Voltage Vor [r==3A. Vas=0 —| —09 -1V
Body-Drain Diode . I=—3A, V=0 _ 140
Reverse Recovery Time " dip/dt=50A/pus ns

*Pulse Test
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28J101, 28J102

Drain Current Ip (A)

Drain Current Ip (A)

Forward Transfer Admittance |y | (S)

64

MAXIMUM SAFE OPERATION AREA

-0 TIT
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Y
] S==8
L= 1D (mr) 5 0%:
-5 2N
NG
Q% %
’a,,.l \/0‘40 9
-2 ?
‘ e N
N
N N
“LO 2
-0.5
28J101——1
257102
-0.2
-2 —15 -0 -20 —50  —100 —200
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TYPICAL TRANSFER CHARACTERISTICS
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TYPICAL OUTPUT CHARACTERISTICS
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Drain to Source Saturation Voltage Vosen (V)
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Drain to Source Voltage Vbs (V)

Capacitance C (pF)

Switching Time ¢ (ns)

TYPICAL CAPACITANCE VS.
DRAIN-SOURCE VOLTAGE

10000 —T
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1000 NG
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0 -10 —20 -30 —40

Drain to Source Voltage Vbs (V

SWITCHING CHARACTERISTICS
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Gate Charge Q (nc)
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Forward Transfer Admittance |ys | (S)

Reverse Drain Current Ipr (A)

FORWARD TRANSFER ADMITTANCE
VS. FREQUENCY

2
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2SJ112

SILICON P-CHANNEL MOS FET

HIGH SPEED POWER SWITCHING,
HIGH FREQUENCY POWER AMPLIFIER
Complementary pair with 25K398

FEATURES

Low On-Resistance.

High Speed Switching.
High Cutoff Frequency.
No Secondary Breakdown.

Oscillators.

Suitable for Switching Regulator, DC-DC Con-
verter, Motor Control, and Ultrasonic Power

11.35max. 11.6+0.3
| S3max.
3 (3.0typ)
4% S
x o —_
s g =
! &= i
B f
2
1.Gate
2. Source
3.Drain
(Case)

(JEDEC TO-3)

(Dimensions in mm)

d ABSOLUTE MAXIMUM RATINGS (T.=25 °C)

Item Symbol Rating Unit
Drain-Source Voltage Vpss —100 \%
Gate-Source Voltage Vess +20 A%
Drain Current Ip -10 A
Drain Peak Current Ipipeany -15 A
EZinirg:ag‘?:rrent Ton -10 A
Channel Dissipation Py* 100 w
Channel Temperature Ten 150 °C
Storage Temperature Tog —55~ +150 °C

*Value at Tc=25°C

Channel Dissipation Per (W)

POWER VS.
TEMPERATURE DERATING
150
100
o N
N

0 50 100 150
B} Case Temperature Tc (C)
W ELECTRICAL CHARACTERISTICS (7.=25 °C)
Item Symbol Test Condition min. | typ. |max. | Unit

Drain-Source Breakdown Voltage Visripss I,=—10mA, Vgs=0 -100 — — \Y
Gate-Source Leak Current Igss Ves=%20V, Vps=0 — — +1 | uA
Zero Gate Voltage Drain Current Ipss Vos=—80V, V=0 — — -1 | mA
Gate-Source Cutoff Voltage Vsiom Ip=—1mA, Vps=—10V —2.0 — | =5.0 \Y
i:‘i':ti';:m’swwe on State Roson Io=—5A, Vis=—15V* —|o25]035| o
Drain-Source Saturation Voltage Vbsion Ip=—5A, Vss=—15V* — [-1.25 175 v
Forward Transfer Admittance lyrd In=—5A, Vps=—10V* 15| 20 — S
Input Capacitance Ciss — | 1100 — | pF
Output Capacitance Coss Vis=—10V, V=0, f[=1MHz — | 650 — | pF
Reverse Transfer Capacitance Crss — 90 — | pF
Turn-on Delay Time taiom — 20 —_ ns
Rise Time t, Ip=—2A, Vss=—15V - 50 — ns
Turn-off Delay Time tatomn R,=150 — 90 — | ns
Fall Time t — 70 — | ns
Body-Drain Diode Forward Voltage Vor I=—5A, Vgs=0 — | —0.9 — v
Body-Drain Diode 4 Ir=—5A, V5s=0 — | 250 N
Reverse Recovery Time dig/dt=50A/us

*Pulse Test
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Drain Current Ip (A)

Drain Current Ip (A)

Forward Transfer Admittance | g7 | (S)

MAXIMUM SAFE OPERATION AREA
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TYPICAL TRANSFER CHARACTERISTICS

[
Vps = =10V /

=10

\\‘

/.

0 -2 —4 =6 -8 =10

Gate to Source Voltage Vos (V)

FORWARD TRANSFER ADMITTANCE
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Drain Current Ip (A)

® HITACHI

Drain Current Ip (A)

Drain to Source Saturation Voltage Vpswm (V)

Static Drain-Source on State Resistance Rosiom (Q)

TYPICAL OUTPUT CHARACTERISTICS
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2SJ112
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2SJ112

68

Drain to Source Voltage Vpbs (V)

Capacitance C (pF)

Switching Time ¢ (ns)

TYPICAL CAPACITANCE VS.
DRAIN-SOURCE VOLTAGE
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SWITCHING CHARACTERISTICS
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—40 =25 -8
Ves
—60 &5 -12
Vbp =—80V 7\ ~N
—50 ~
% ~N
—80 —16
Vb, lo=l~10.ﬁ
-100 —[ =20
0 8 16 24 32 40

Gate Charge Qs (nc)

Gate to Source Voltage Vos (V)

(8)

Forward Transfer Admittance |y |

Reverse Drain Current Ipr (A)
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FORWARD TRANSFER ADMITTANCE
VS. FREQUENCY

10

B S -
T
Te=25C 1]
Vps = — 10V
In=-2A HH
3
FL\
1.0
0.3 \
0.1
100k M 10M 100M

Frequency f (Hz)

MAXIMUM BODY-DRAIN DIODE
FORWARD VOLTAGE

—20
-16
-12
-8
- Vas =0
— GS =
-4 ov |\ Lyes = 10v
~15v
Y
//
0 -04 0.8 -1.2 —1.6 -2

Source to Drain Voltage Vsp (V)

SWITCHING TIME TEST CIRCUIT

Vis Monitor

Vour Monitor

Ru

Vin

—15V — Vw

=30V

WAVEFORMS

Via
—10% ——
\ +90%
90% 90%
Vout 10% X10%
taton b tawos Yy




2SJ113

SILICON P-CHANNEL MOS FET titmasy 5
g A +
HIGH SPEED POWER SWITCHING, ¢ T 3
HIGH FREQUENCY POWER AMPLIFIER 16ty % :
Complementary pair with 25K399 bimax —“{—‘
B FEATURES 1 e
® Low On-Resistance. MLt 0 e
® High Speed Switching. 3 ;“mz.....“:.lslm
® High Cutoff Frequency. —
® No Secondary Breakdown. ;1 g‘:;ein
® Suitable for Switching Regulator, DC-DC Con- 3.15?::59
verter, Motor Control, and Ultrasonic Power Oscil- (Dimensions in mm)
lators. (TO-3P)
B ABSOLUTE MAXIMUM RATINGS (7.=25 °C) TEMPER”:’T":’;': ‘éi’RATmG
Item Symbol Rating Unit 150
Drain-Source Voltage Vbss —100 v
Gate-Source Voltage Viss +20 \% _
Drain Current Ip -10 A % 1%
Drain Peak Current I pipear -15 A 2
?{Zgi,r]s)erg:aﬁlgilfr rent ]DR -10 A .% \\
I 2 N
Channel Dissipation Py* 100 w g 0 AN
Channel Temperature Ten 150 °C o \
Storage Temperature T —-55 ~ +150 °C N
*Value at T=25 °C

0 50 100 150
Case Temperature Tc (C)
B ELECTRICAL CHARACTERISTICS (T.=25 °C)
Item Symbol Test Condition min. typ. | max. | Unit

Drain-Source Breakdown Voltage Visripss Ip=—10mA, V=0 —100 — -l Vv
Gate-Source Leak Current Igss V=120V, Vp=0 — — +1 | pA
Zero Gate Voltage Drain Current Ipss Vps=—80V, Vis=0 — — -1 | mA
Gate-Source Cutoff Voltage Visiom Ip=—1mA, V)=—10V -2.0 — | —5.0 \%
e Drain-Source On State Roson I=—5A, Ves=—15V* — 025|035 o
Drain-Source Saturation Voltage Voston Ip=—5A, V4=—15V* — |~-1.25 |~1.75 \%
Forward Transfer Admittance lyd Ip=—b5A, Vps==—10V* 15| 2.0 - S
Input Capacitance Ciss — 1 1100 — | pF
Output Capacitance Coss Vps=—10V, V;5=0, f=1MHz — | 650 — | pF
Reverse Transfer Capacitance Css — 90 — | pF
Turn-on Time taton) — 20 _ ns
Rise Time t, Ip==2A, V4s=—15V — 50 — 1| ns
Turn-off Delay Time tatofn R,=150 — 90 — ns
Fall Time tr — 70 — | ns
s I vy s [
Body-Drain Diode ‘ Ir=—5A, V=0 _| o250 N
Reverse Recovery Time dig/dt=50A/us

*Pulse Test
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Drain Current Ip (A)

Drain Current Ip (A)

Forward Transfer Admittance |y | (S)

70

MAXIMUM SAFE OPERATION AREA
—50 T
Ta=25C

—20

=10

[~ Ipman] “j‘_/z__«»
%,

-10

-05
=5 -10 -20 =50  —100 —200 —500

Drain to Source Voltage Vps (V)

TYPICAL TRANSFER CHARACTERISTICS
vlps :110v ///

Te=—25C

-10

Y

Gate to Source Voltage Ves (V)

FORWARD TRANSFER ADMITTANCE
VS. DRAIN CURRENT
ERN

Vps = =10V
Pulse Test >

B

S
—
™

i
¢

\\
\
AR
DA

AN
\\

0.5

0.2 ve

0.1

0.05
~0.2 —=0.5 -10 -2 -5 —10 —20

Drain Current Ip (A)

(A)

Drain to Source Saturation Voltage Vpstem (V) Drain Current Ip

Static Drain-Source on State Resistance Rpsem (Q)

TYPICAL OUTPUT CHARACTERISTICS

~10 T
T SFAFF-F -
ST \
! \ Te=25C
-8 N
%
// Vgs = -8 \w%éz
\\‘ T
—6 Va -
/ AN
-7V
-4
—6V
9 i
=5V
0 —4 -8 -12 -16 -20

Drain to Source Voltage Vbs (V)

DRAIN-SOURCE SATURATION VOLTAGE
VS. GATE—-SOURCE VOLTAGE

=5
—4 \
N\
3 \
‘ N 84
g
N
-2 N\ e~
\\ ~5A
[t
1 f—Pulse ‘I\
Test N Ip=-2A
0 —4 -8 -12 —16 -20

Gate to Source Voltage Vs (V)

STATIC DRAIN—SOURCE ON STATE
RESISTANCE VS. TEMPERATURE

" ]
| Ves =—15V,
In=-5A
0.4
P
L~ d
03 S
~
//
L

0.2
0.1

0

—40 0 40 80 120 160

Case Temperature Tc (C)
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tance C (pF)

Capaci

Switching Time ¢t (ns)

Drain to Source Voltage Vos (V)

TYPICAL CAPACITANCE VS. FORWARD TRANSFER ADMITTANCE
DRAIN-SOURCE VOLTAGE VS. FREQUENCY
10000 T 10 '
Vos =0 3 T| —IZSI'CI 1 I“
= 1MH2] _ Vos = 10V 1]
3000 &) =—2A
3 03
Cis =
1000 P
Conr] E m
300 :*i 1o
X
100 _E
g N
30
10 0.1
0 —10 -20 —30 —40 ~50 100k i 10M 100M
Drain to Source Voltage Vps (V) Frequency f (Hz)
SWITCHING CHARACTERISTICS MAXIMUM BODY-DRAIN DIODE
FORWARD VOLTAGE
1000 -20
300 16
=
tdtofp 3
100 5
—7 % -12
30 5
o
T =
tdtom - a8 -8
10 H
3 -
= _ Vs =0
s —4 -15\/\ 10¥ X vz:=1ov
=17
1 g
—0.3 ~10 -3 ~10 0 —04 —0.8 12 -16 -20

Drain Current Ip (A)

DYNAMIC INPUT CHARACTERISTICS

0

0
ot
X
—20 —4
Voo =~80 —
=
/ —50) §
- —25. ~
40 K 8 E?'
Ves ;‘;
—60 e )\ 2 2
—50 N °
I s 2
- 5
S
80 —-16
Vs Ip=—10A
i
—100 I ’ —20
0 8 16 24 32 40

Gate Charge @ (nc)
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Source to Drain Voltage Vsp (V)

SWITCHING TIME TEST CIRCUIT

Vin Monitor

Vour Monitor

Vb,
=-30V
WAVEFORMS
Vin
X-10%
J 90%
£ 0% 90%
Vout /1 % X 10%
tdton) 3 tatofs) i

2SJ113
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2SJ114

SILICON P-CHANNEL MOS FET

HIGH SPEED POWER SWITCHING,
HIGH FREQUENCY POWER AMPLIFIER

FEATURES

Low On-Resistance.

High Speed Switching.
High Cutoff Frequency.
No Secondary Breakdown.

Suitable for Switching Regulator, DC-DC Con-

verter, Motor Control, and Ultrasonic Power

Oscillators.

B ABSOLUTE MAXIMUM RATINGS (7.=25 °C)

LAmax-=fi=

.
16.0max.. 432202 5
S A i =
e y. z
o al z
2 1 v)u P ]
| 95§
JepENp
1.6typ | -
=

545%0.

1840.5

3 [
1. Gate -
2. Drain (70-3P)
(Flange)
3. Source
(Dimensions in mm)
POWER VS.

0.6+0.2

TEMPERATURE DERATING

Ttem Symbol Rating Unit 150

Drain-Source Voltage Voss —~200 A%
Gate-Source Voltage Vass +20 v
Drain Current I -8 A o~
Drain Peak Current Tipeats —12 A E 10

dy-Drain Diode 5
EZerse Drain Current Tor -8 A ;i \\
Channel Dissipation Put 100 w & o N
Channel Temperature Ten 150 °C E \\
Storage Temperature Tog —55 ~ +150 °C °
*Value at T=25°C

0 50 100 150
Case Temperature Tc (C)
B ELECTRICAL CHARACTERISTICS (7.=25°C)
Item Symbol Test Condition min. | typ. | max. | Unit

Drain-Source Breakdown Voltage Visrypss Ip=—10mA, V=10V —200 — — \'%
Gate-Source Leak Current Igss Ves=120V, Vps=0 — — +1| pA
Zero Gate Voltage Drain Current Ipss Vps=—160V, V5s=0 — — -1| mA
Gate-Source Cutoff Voltage Vesiom Ip)=—1mA, Vps=—10V —2.0 — | 5.0 v
i‘;ﬁ‘:m?;‘:“‘s"“”e On State Roson Io=—4A, Vs=—15V* —| 06| 08| o
Drain-Source Saturation Voltage Vosion Ip=—4A, Vg=—15V* — | —2.4| -3.2 A%
Forward Transfer Admittance lydd Ip=—4A, Vps=—10V* 1.0] 18 — S
Input Capacitance Ciss — | 1000 — | pF
Output Capacitance Coss Vos=—10V, V=0, [=1MHz — | 400 — | pF
Reverse Transfer Capacitance Crss — 70 — | pF
Turn-on Delay Time taiony — 15 — ns
Rise Time t, Ip=—2A, Vs=—15V — 35 — ns
Turn-off Delay Time taom R,=15Q — 1 100 — ns
Fall Time t — 60 — | ns
Body-Drain Diode Forward Voltage Vor Ir=—4A, V=0 — 1 =09 — \%
Body-Drain Diode , I=—4A, V=0 —1| 300 _ ns
Reverse Recovery Time dig/dt=50A/us

*Pulse Test
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Drain Current Ip (A)

WA

Drain Current Ip

Forward Transfer Admittance |ys. | (S)

MAXIMUM SAFE OPERATION AREA
-0

T
| Ta =251
[T
1Ctprak) 10us
- ~— o — = |- —
-10 T;m < ‘\ r 7
11 N N &
- b mas =N “\‘
<,
TN,
L2 %
PG Y
-3 % o 1
NNy 1N
Y Dp N
A
\\\a;;‘ \\
=10 )
N
AN
AN
03

5 10 20 50 o0 200 500

Deain to Source Voltage Vos (V)

TYPICAL TRANSFER CHARACTERISTICS

~10

1
Vig = 10V Ly

h /

0 -2 -4 -6 -8 - 10

Gate to Source Voltage Vs (V)

FORWARD TRANSFER ADMITTANCE
VS. DRAIN CURRENT

IHERN T
Vos == 10V MR
[TPulse Test 1 .‘
|4
9 '/ T 5" —
1 "N
75C
L0
0.5
4
,/
024
"4
0.1
0.05
—0.2 —0.5 -1.0 -2 -5 -10 -20

Drain Current Ip (A)

Drain Current Ip (A)

Drain to Source Saturation Voltage Vbstem (V)

Static Drain-Source on State Resistance Roswom (Q)
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TYPICAL OUTPUT CHARACTERISTICS
=10

7
a7 /°$/ \\
T N

-8 / —gv —
7 -

% S P

Ad

NI

<
. N.
=6 i S—
/// -7V \\.
4 V.
-6V
Te =25%
-2
—hV
Vs =~ 4V
0 4 -8 -~ 12 16 20

Drain to Source Voltage Vis (V)

DRAIN-SOURCE SATURATION VOLTAGE
VS. GATE-SOURCE VOLTAGE

=10
-8
~6
S ~8A ||
4
. -5
_p L Dulse
Test R
- l»—l 2A
0 —4 -8 =12 -16 —20

Gate to Source Voltage Ves (V)

STATIC DRAIN-SOURCE ON STATE
RESISTANCE VS. TEMPERATURE
1.0

| Ves =—15V
In=—4A
08 v
pd

0.6 v
0.4 Z
0.2

0

—40 0 40 80 120 160

Case Temperature Tc (C)

28J114
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2SJ114
TYPICAL CAPACITANCE VS. FORWARD TRANSFER ADMITTANCE
DRAIN-SOURCE VOLTAGE VS. FREQUENCY
1000 T 10 T 7T
Ves =0 T LH}_
f=1MHz Te=25C 111
. 5 Vos =-10V1l
300 - Ip=-2A
3
A Co <
B WEG § 2
% 30 . E; 1.0
= — Coss 3
g g
5 £
R — £ 05
= £
I
3 02
1 0.1
0 -20 =40 —60 -80 —100 100k M 10M 100M
Drain to Source Voltage Vbs (V) Frequency f (Hz)
MAXI -
SWITCHING CHARACTERISTICS MUM BODY-DRAIN DIODE
FORWARD VOLTAGE
500 10
200 _8
tdtofp g
2w — il 3
- = g -6
R m— 5
& 50 - ©
£ — H
Kl — 1" a -4
E g
¢ 2 tdtom) %
o &
-2 ‘10—5\1 Ves =0
10 Ves =10V
—15v
5
—=0.1 -02 =05 - 10 -2 -5 -10 0 —=04 -0.8 -12 -16 =20
Drain Current Ip (A) Source to Drain Voltage Vsp (V)
SWITCHING TIME TEST CIRCUIT
Vin Monitor
DYNAMIC INPUT CHARACTERISTICS Ve Moni
aut Monitor

74

Drain to Source Voltage Vps (V)

0

0
Yavsdl
G :
w0 Vop == 150V 4
- / 7\ 106 s
-0 8 2
=
—80 -8 %
Ve -
/ AR s
[ 1 |-y 3 WAVEFORMS
-120 1 _]-12 3 v
] ~100 ? '
A —50 N = 10%
s 1
V N 3
~160 -16 \ J
Vs Ip=—8A - 0%
ﬁ%% \ 9%
-200 -20
o 8 16 24 32 40 Vou 107 \t 10%

Gate Charge Q (nc)

Ldton) tr

tawoip

i
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2SJ116

SILICON P-CHANNEL MOS FET

HIGH SPEED POWER SWITCHING,

HIGH FREQUENCY POWER AMPLIFIER
Complementary Pair with 25K298, 25K312

FEATURES

Low On-Resistance.

High Speed Switching.
High Cutoff Frequency.
No Secondary Breakdown.

Suitable for Switching Regulator, DC-DC Con-

verter, RF Amplifiers, and Ultrasonic Power

Oscillators.

B ABSOLUTE MAXIMUM RATINGS (T.=25 °C)

Item Symbol Rating Unit

Drain-Source Voltage Voss -400 \Y%
Gate-Source Voltage Vass +20 v
Drain Current Ip = A
Drain Peak Current_ Topean ~15 A
Body-Drain Diode Ion 5 A
Reverse Drain Current

Channel Dissipation Pa* 125 w
Channel Temperature Ten 150 °C
Storage Temperature Ty ~b5 ~ +150 °C

*Value at 7'=25°C

B ELECTRICAL CHARACTERISTICS (T.=25 °C)

11.35max. 11.6+0.3
oy 33max.
(30typ)
a5 e
5 3
&4 i
ER T
) R +0.0
gt
1. Gate
2. Source
3. Drain (JEDEC TO-3)
(Case)
(Dimensions in mm)
POWER VS.

TEMPERATURE DERATING

150

100

Channel Dissipation Pet (W)

0 50

100

Case Temperature Tc (C)

150

Item Symbol Test Condition min. typ. | max. | Unit
Drain-Source Breakdown Voltage Visrss Ip=—10mA, V¢s=0 —400 — — \%
Gate-Source Leak Current Igss Ves=120V, Vps=0 — — +1| uA
Zero Gate Voltage Drain Current Ipss Vos=—320V, Vis=0 — — -1| mA
Gate-Source Cutoff Voltage Vasiom Ip=—1mA, Vps=—10V -0.2 —| —5.0 \Y
Suatic Drain-Source On State Rosen Io=—4A, Vas=—15V* —| 175] 225 o
Drain-Source Saturation Voltage Vosionm Ip=—4A, Vi=—15V* —! =7.0| -9.0 A%
Forward Transfer Admittance |y Ip=—4A, Vps=—20V* 1.0 1.6 — S
Input Capacitance Ciss —| 1400 — | pF
Output Capacitance Coss ps=—10V, V=0, f=1MHz —| 330 — | pF
Reverse Transfer Capacitance Clss — 25 — | pF
Turn-on Delay Time taton — 15 — ns
Rise Time t, Ip=—2A, V4s=—15V — 45 — ns
Turn-off Delay Time taiom R,;=150 —| 160 — ns
Fall Time 4 — 60| —| ns
Body-Drain Diode Forward Voltage Vor I=—4A, V=0 —| —0.9 — A%
Body-Drain Diode ., I=—4A, V=0 —| 00 _ ns
Reverse Recovery Time dif/dt=100A/us
*Pulse Test
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Drain Current Ip (A)

Drain Current In (A)

Forward Transfer Admittance |y | (S)

76

16

MAXIMUM SAFE OPERATION AREA

TTTIT
a

111 I o~ —]
-3 11 T Ta=25C
T |
iDtpeak) 10us
~ = ,.I.T mt= N1 TR X
10 - N7y~
1 [Dmar) N _;.3./,;""'
3 %s.
7 Nz
-3 00 25 l\
NN
%, \ “‘40,
-10 A
N\
\%\e\‘
X
N
=03
=01
-3 -10 —30 —100 =300 —1,000

Drain to Source Voltage Vps (V)

TYPICAL TRANSFER CHARACTERISTICS

-10

T
Vos =—20V /’ 25

0 -4 -8 -12 -16 -20

Gate to Source Voltage Ves (V)

FORWARD TRANSFER ADMITTANCE
VS. DRAIN CURRENT

5
T T TTITH
Vos = =20V LTI
Pulse Test Tas—25C
. 4/1"\1'
~
/’ \,‘:
75°C
10
05
V.
02 /|
01
0.5
20z 05 -10 -2 o5 -1 -2

Drain Current Ip (A)

TYPICAL OUTPUT CHARACTERISTICS
-10

1 R A T
\ /434/ __ﬁy_....-
7
\ 4 -1
_8 o -
Tc=25¢C )'/ 4
= //\ —7v
P B G i e T
- \A
5 QY
£ &
3 N2
£ —4 p—t =% —
i I- =
~
~]
_y -5V
Vos =—4V
1
0 -10 ~20 -30 —40 -50

Drain to Source Saturation Voltage Vpsem (V)

Static Drain-Source on State Resistance Roscom (Q)
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Drain to Source Voltage Vbs (V)

DRAIN - SOURCE SATURATION VOLTAGE
VS. GATE-SOURCE VOLTAGE
—25

N
—20 —8A
——
-15
N s
~10
_s | __Pulse
Test N Ip=—2A
0 -4 -8 -12 -16 -20

Gate to Source Voltage Ves (V)

STATIC DRAIN-SOURCE ON STATE
RESISTANCE VS. TEMPERATURE
5

| Vs I= —15V
Ip=—4A
4
4
//
3
/
/]
2
/
4
1
0
—40 0 40 80 120 160

Case Temperature Tc (C)



Capacitance C (pF)

Switching Time ¢ (ns)

Drain to Source Voltage Vps (V)

2SJ116

TYPICAL CAPACITANCE VS. FORWARD TRANSFER ADMITTANCE
DRAIN-SOURCE VOLTAGE VS. FREQUENCY
10000 = i', = 10 i
i e
3000 =
+ 5 =
- ] @ d In A
1000 g
S T
300 {2 5
N =
— Con £ T~
100 2w
\
AN E s NG
] . ?
e el N
Y
3
1 0.1
0 10 80 ~120 —160 200 10K M 10M 100M
Drain to Source Voltage Vos (V) Frequency f (Hz)
SWITCHING CHARACTERISTICS MAXIMUM BODY-DRAIN DIODE
FORWARD VOLTAGE
1000 =10
300 fp i g
z
- =
100 e 5
:l{ - -6
= —— £
30 [ . S
—tdiom QE 1
10 :
s, -5V Vis =0
2 Vis =10V
3 ~ 10V
——15v ‘
S Y Y R Z5 -10  -20 0 0.4 —08 -12 16 -20

Drain Current Ip (A) Source to Drain Voltage Vsp (V)

SWITCHING TIME TEST CIRCUIT

Vin Monitor

DYNAMIC INPUT CHARACTERISTICS
0 0

ﬂ\ Vs = =300V |

| Ip=—5A
~100 —20 -4
/ —100

Wi
—200 N Vop = —300V -8
\ |
N

O

Vour Monitor

D.U.T

1

- Vbl

D
=-30V

N A
N

—12 Vi
Vos N

0% —
] N\ ) \ /.
400 \\\\\ 16 90%

0% 0%
N \
—500 A5

0 20 10 60 ) 100 Vou  |F-10% 0%
Gate Charge Qs (nc)

WAVEFORMS

<\

—300

Gate to Source Voltage Vos (V)

tdton) tr tdwsn 1y
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2SJ117

SILICON P-CHANNEL MOS FET

HIGH SPEED POWER SWITCHING,
HIGH FREQUENCY POWER AMPLIFIER
Complementary pair with 2SK310

o

B FEATURES
® High Breakdown Voltage. 3
® High Speed Switching.
® High Cutoff Frequency.
® No Secondary Breakdown.
® Suitable for Switching Regulator, DC-DC Con-
verter, RF Amplifiers, and Ultrasonic Power
Oscillators.
B ABSOLUTE MAXIMUM RATINGS (7.=25 °C)
. Item Symbol Rating Unit
Drain-Source Voltage Voss —400 A%
Gate-Source Voltage Viss +20 A%
Drain Current Ip -2 A
Drain Peak Current Ipipeans —4 A
Body-Drain Diode
Reerse Drain Current Ton -2 A
Channel Dissipation Po* 40 w
Channel Temperature Ten 150 °C
Storage Temperature Tsg —b5 ~ +150 °C

*Value at Te=25°C

B ELECTRICAL CHARACTERISTICS (T.=25 °C)

ma;
12.7max.

4.8max.

15.3max.
6.3'min,

$3.6£0.2

7.6min.

(Y

11.5max.
9.8max.

7.8+0.5

18.50.5

3.0max.|

1. Gate
2.Drain
(Flange)
3. Source
(Dimensions in mm)

(JEDEC TO-220AB)

POWER VS.
TEMPERATURE DERATING

60

Channel Dissipation Pes (W)

AN

N

0 50 100 150

Case Temperature Tc (C)

Item Symbol Test Condition min. typ. | max. | Unit
Drain-Source Breakdown Voltage Visrypss Ip=—10mA, V=0 —400 — — A%
Gate-Source Leak Current Igss Vis=120V, Vps=0 — — +1 | pA
Zero Gate Voltage Drain Current Ipss Vps=—3820V, V=0 — — -1 | mA
Gate-Source Cutoff Voltage Vsiom Ip=—1mA, Vps=—10V -2.0 — | —5.0 \%
;:ti;alil;im‘s‘)urce On State Roson I=—1A, Vas=—15V* _ 5 7 a
Drain-Source Saturation Voltage Vosion Ip=—1A, V4i=—15V* —{—5.0 | —-7.0 \%
Forward Transfer Admittance 1yl Ip=—1A, Vps=—20V* 0.4 0.7 — S
Input Capacitance Ciss — | 520 — | pF
Output Capacitance Coss Vos==10V, Vs=0. — | 110 — | pF
Reverse Transfer Capacitance Chrss J=1MHz — 15 — | pF
Turn-on Time taton — 10 — ns
Rise Time t, Ip=—2A, V;s=—15V —_ 25 — ns
Turn-off Delay Time Laiom R,=150
- 45 — ns
Fall Time t — 35 — | ns
Body-Drain Diode Forward Voltage Vor Ii=—1A, V=0 — | —0.8 — v
Body-Drain Diode :, Ii=—1A, V=0 _ 300 _ ns
Reverse Recovery Time dig/dt=100A/us

*Pulse Test
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Drain Current Ip (A)

Drain Current Ip (A)

(s)

|

Forward Transfer Admittance |yj»

MAXIMUM SAFE OPERATION AREA

TTTIIT
Ta=25C
-10 -
i
T
7 101
-3
\; N i'é}
Ipnan 2 .
10 ) }k\\ N
-1 /e N
N
ey
< ﬁ’
~03 @ N
)
c/\
—0.1
—-0.03
-1 -3 -0 -30  —100 =300 —1000

~5

Drain to Source Voltage Vos (V)

TYPICAL TRANSFER CHARACTERISTICS

Vos = —20V
Te=—25C
4 C-F
y2
5°C
-
’ y 75C
/, —t =
7T 4=
) 1 4
1
0 -9 —4 -6 -8 =10

Gate to Source Voltage Vos (V)

FORWARD TRANSFER ADMITTANCE
VS. DRAIN CURRENT

5
T
Vs = =20V
Pulse Test
2 Ta=~25C|
0 s
A
3z
—— e 25C
05 75°C
/
//
0.2 A
Q.1
0.05
=0.2 —=0.5 =10 -2 -5 =10 =20

Drain Current Ip (A)

Drain Current Ip (A)

Drain to Source Saturation Voltage Vpseom (V)

Static Drain-Source on State Resistance Rpswm (Q)

TYPICAL OUTPUT CHARACTERISTICS

=20
T 4
15 /&
\Q
yh
~16 /
Te=25¢C / =V
/
-12 I
—45v
—-0.8
-4V
04
Ves = -3V
—_ 1 1
0 —4 ~8 -12 -16 --20

Drain to Source Voltage Vps (V)

2SJ117

DRAIN - SOURCE SATURATION VOLTAGE

VS. GATE-SOURCE VOLTAGE

-20
—16
N,
-12
~ -
\\ A
-8
N —1A
—4
Pulse Ip=—0.5A
[ Test I
0 -4 -8 -12 -16 =20

Gate to Source Voltage Ves (V)

STATIC DRAIN-SOURCE ON STATE
RESISTANCE VS. TEMPERATURE
10

| Ves = - 15V
In=—~1A
8
Pl
6
P
1/

i1

2

0

~40 0 10 30 120 160

Case Temperature Tc (C)
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2SJ117
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Drain to Source Voltage Vos (V)

Capacitance C (pF)

Switching Time ¢ (ns)

TYPICAL CAPACITANCE VS.
DRAIN-SOURCE VOLTAGE
10000
Ves =0 3
000 /=1MHz] a
£
1000 3
300 ]
—T z
100 EQE 3
e g
30 Peo— |§
E
10 é P m— §
= - = i
3
'S =40 =80 =120 —160 -200
Drain to Source Voltage Vps (V)
SWITCHING CHARACTERISTICS
1000
300
=
100 |— K
] taosn: H
— 8
30 £
: == &
3
10 4
&
3
1
-02  -05 -10 -2 -5 -0 -20
Drain Current Ip (A)
DYNAMIC INPUT CHARACTERISTICS
0 . 0
/7 |
(\ Ip=—3A
—100 / Vop =300V, 4
\ ~20 S
-100 z
0 Voo =—300V <
- -8 g
—200) ¥
N | :
100 <
N § .
-3 NN g
Vos \ \ °
Ves \\‘\ . :-_;
400 AN\E
) 1 8 12 16 20 %

Gate Charge Q¢ (nc)
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FORWARD TRANSFER ADMITTANCE
* VS. FREQUENCY

L.

0.

0.

0.

0.0!

0.02

0.0

0

5

2

1

5

1

100k

M

10M 100M

Frequency f (Hz)

MAXIMUM BODY-DRAIN DIODE

FORWARD VOLTAGE
=5
-4
-3
-2
-1 -5V cs =0
Ves =10V
| |-10 |
—15v}* I
0 —04 =08 -12 —-16 —=20

Source to Drain Voltage Vsp (V)

SWITCHING TIME TEST CIRCUIT

Vin Monitor

Vou Monitor

WAVEFORMS

Vou 10%

td(om)

:-10%
\‘1 0%

90%

b

tatesp

-90%

_L 10%

b




2SJ118,2SJ119

SILICON P-CHANNEL MOS FET

HIGH SPEED POWER SWITCHING,
HIGH FREQUENCY POWER AMPLIFIER
Complementary pair with 2SK413, 25K414

FEATURES

Low On-Resistance.

High Speed Switching.
High Cutoff Frequency.
No Secondary Breakdown.

Suitable for Switching Regulator, DC-DC Con-

verter, PWM Amplifiers, and Ultrasonic Power

Oscillators.

B ABSOLUTE MAXIMUM RATINGS (7.=25°C)

2+0.2
16.0may, ,#2:2E02
o T
Sl +
& &
ny " N
- <5 .5
CoeZ
L6typ | -
—"

LdmaxJI-

|

18+0.5

5.4540.2)

1. Gate
2. Drain
(Flange)
3. Source
(Dimensions in mm)

POWE

RVS.

(TO-3P)

TEMPERATURE DERATING

Item Symbol | 28J118 | 2SJ119 | Unit
Drain-Source Voltage Vpss —-140 —-160 A% %
Gate-Source Voltage Vass +20 v
Drain Current -8 A z
Drain Peak Current I pipeaks -12 A ;‘; 100
Body-Drain Diode 5
Reverse Drain Current Lon -8 A % \
Channel Dissipation Pu* 100 w i © N
Channel Temperature Ten 150 °C f‘E; \\
Storage Temperature T —55~ +150 °C N
*Value at T=25°C
0 50 100 150
Case Temperature Tc (C)
B ELECTRICAL CHARACTERISTICS (T,=25 °C)

Item Symbol Test Condition min. | typ. | max. | Unit
egia.tx:éeSource Breakdown ;:j Eg Viesose o= 10mA, Ves=0 _1:3 : : X
Gate-Source Leak Current Igss Ves=120V, Vps=0 — — +1| pA
Zero Gate Voltage Drain 28J118 Vos=—120V, V¢s=0
Current Toss — — - - —1| ma

28J119 Vos=—140V, V45=0
Gate-Source Cutoff Voltage Vsiom Ip=—1mA, Vp=—10V -2.0 — 1| =5.0 v
SRZE':M?::'"'S"“"” On State Roson Io=—4A, Ve=—15V* —| 04| 05| o
Drain-Source Saturation Voltage Vbsion Ip=—4A, Vi=—15V* — | -1.6| —2.0 \%
Forward Transfer Admittance lysd Ip=—4A, Vps=—10V* 1.0 1.8 — S
Input Capacitance Ciss Voem—10V. V=0 — | 1050 — | pF
Output Capacitance Coss ’ — | 450 — | pF
Reverse Transfer Capacitance Coys J=1MHz — 80 — | pF
Turn-on Time tagom — 20 — | ns
Rise Time t, I;=—2A, Vis=—15V — 50 — | ns
Turn-off Delay Time taom R/=20
— 90 — ns
Fall Time t — 70 — | ns
Body-Drain Diode Forward Voltage Vor I=—4A, V=0 —1 =09 o v
Body-Drain Diode ¢ I;=—4A, V=0 _1| s00 _ s
Reverse Recovery Time dig/dt=50A/us
*Pulse Test
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25J118, 254119
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Drain Current Ip (A) Drain Current In (A)

Forward Transfer Admittance |ys| (S)

MAXIMUM SAFE OPERATION AREA
—-30

T T
1] | Ta=25C
Il |
D (peak)] 10us
B i s k. o mind s
- <
I < -7, ‘!l
=10 (max)| \\ § r/,',)! ® N
0@0 .}Q\’:—T:] L]
N, W TIN T
-3 N, MaTNy
4/2(:\|o,/‘ ='
\i€c]:|\
\/
1
\I!
254118
2341191
o 1
=5 -1 -2 50 —100 -—200  —500

Drain to Source Voltage Vbs (V)

TYPICAL TRANSFER CHARACTERISTICS

-10 -
Vs = =10V 11

T

0 2 —4 -6 -8 -10
Gate to Source Voltage Ves (V)

FORWARD TRANSFER ADMITTANCE
VS. DRAIN CURRENT

5
] mil
Vos = —10V LR
|~ Pulse Test Te _5C
.
1 N75C
1.0
0.5
f‘,
Vi
/,
02
0.1
0.05
=0.2 =05 =10 -2 -5 —10 -20

Drain Current Ip (A)

Drain Current In (A)

Drain to Source Saturation Voltage Vbsom (V)

Static Drain-Source on State Resistance Rpsom (Q)

@ HITACHI

TYPICAL OUTPUT CHARACTERISTICS

-10

T 7=
15 10V
/ 1 \ -9V
7 =
/ /|~ I \ <
-8 / Vo
/ \,.
/ -8V Sy
_ . N
6 7 <
LV //) ™ o
—7v
-4
c=25C
—6V
o -
5V
Vos =—4V
0 —4 -8 -12 -16 —20

Drain to Source Voltage Vps (V)

DRAIN - SOURCE SATURATION VOLTAGE
VS. GATE-SOURCE VOLTAGE

\ N
N -8A
—4
= \ <
—5A
\\
-2
N
—1 }—Pulse Ip=—2A
Test T
0 -4 -8 ~12 -16 —20

Gate to Source Voltage Vas (V)

STATIC DRAIN-SOURCE ON STATE
RESISTANCE VS. TEMPERATURE
1.0

Ves =—15V
In=—4A
0.8
y
/]
YV
0.6
Pl
A
]
04 -
a/
0.2
0
—40 0 40 80 120 160

Case Temperature Tc (C)



Capacitance C (pF)

Switching Time ¢ (ns)

Drain to Source Voltage Vps (V)

TYPICAL CAPACITANCE VS.
DRAIN-SOURCE VOLTAGE

VS. FREQUENCY

2SJ118, 28J119

FORWARD TRANSFER ADMITTANCE

10000 T 10 T
7 T 5 1T l(I:T'I
6s=9 Te =25 4
=1MH: ] Vos =10V
3000 i & 5 Ip=—2A
1 =
Cuss E
1000 g 3 2
N s H
00 Cous — § 10 ™
3 « .
\\ 5
100 P & oS
E
Cres— g \L
30 =02
10 0.1
0 —10 -20 ~30 -0 —50 100k ™M 10M 100M
Drain to Source Voltage Vos (V) Frequency / (Hz)
MAXIMUM BODY-DRAIN DIODE
SWITCHING CHARACTERISTICS
FORWARD VOLTAGE
1000 =10
-8
tdtoff) E
100 5
— = -6
1t 5
E
td(om) s -4
10 %
g
&
-2 l1()V-
~15V
1 ==
-02  -05 -10 -2 -5 -1 -20 0 04 —-0.8 -12 -16 -2.0
Drain Current Ip (A) Source to Drain Voltage Vsp (V)
SWITCHING TIME TEST CIRCUIT
Vin Monitor
DYNAMIC INPUT CHARACTERISTICS
Vouwr Monitor

0

r 0
/‘/\ /A _/ |
Vop =—100V
w0 y. -4
— —5( =
/AR
=
—80 -8 o
* Ny Ves E
2
- N - WAVEFORMS
-120 ” - /‘\\‘\ -2 3 v
— 2 '
T \\ ° —x10%
. ~N H
Ip=—8A ~25 8
—160 -16 90%
57
—200 7
0 8 16 24 32 02 Vou 10%
Gate Charge Q¢ (nc) Latom t tacofp
T
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2SJ1200L),2SJ12008)

SILICON P-CHANNEL MOS FET

® Tyve © Type

HIGH SPEED POWER SWITCHING, 24 o = Y
HIGH FREQUENCY POWER AMPLI i ~§ Fﬁ-u,s
Complementary pair with 2SK416 + =

B FEATURES . . o @

@® Low On-Resistance. ‘ 2

® High Speed Switching. 1] o ] SR _‘:“I_

® High Cutoff Frequency. 3 sl Thhiebde ) ih
® No Secondary Breakdown. 7 229 229 l e

® Suitable for Switching Regulator, DC-DC Con- L Gate

verter, and Bubble Memory Driver. 2., 4. Drain (DPAK)
3. Source
(Dimensions in mm)
B ABSOLUTE MAXIMUM RATINGS (7.=25 °C) POWER VS.
Ttemn Symbol Rating Unit TEMPERATURE DERATING

Drain-Source Voltage Voss —40 v 12

Gate-Source Voltage Vess +20 \%

Drain Current Ip -2 A I~

Drain Peak Current Ipipeary —4 A s 8

Body-Drain ]?iode Ioe - A g

Reverse Drain Current %

Channel Dissipation Po* 10 w é .

Channel Temperature Ten 150 °C K

Storage Temperature Tog —55~ +150 °C °

*Value at T=25 °C

B ELECTRICAL CHARACTERISTICS (T.=25°C)

50

100

Case Temperature Tc (C)

Item Symbol Test Condition min. | typ. | max. | Unit
Drain-Source Breakdown Voltage Visrpss Ip=—10mA, V=0 —40 — — v
Gate-Source Leak Current Igss V=120V, Vps=0 — - +1| uwA
Zero Gate Voltage Drain Current Ipss Vps=—385V, V=0 — — -1 | mA
Gate-Source Cutoff Voltage Visiom Ip=—1mA, Vps=—10V -1.0 — | —4.0 A%
Suatie Drain-Source On State Rosun L=—1A, Ve=—15V* —| 12| 5] o
Drain-Source Saturation Voltage Vbsion In=—1A, VGs=—15V* —| -12| —-15 v
Forward Transfer Admittance lyrd In=—1A, Vps=—10V* 01| 0.25 — S
Input Capacitance Ciss — | 150 — | pF
Output Capacitance Coss Vos==10V, Vos=0. — | 150 — | pF
Reverse Transfer Capacitance Css J=1MHz - 25 — | pF
Turn-on Delay Time Lo - 9 — | ns
Rise Time t, In=—1A, Vss=—15V — 25 — ns
Turn-off Delay Time taom R,=300

— 17 — ns

Fall Time t — 23 — | ns
Body-Drain Diode Forward Voltage Vor Ir=~1A, V=0 — | —0.8 — \%
Body-Drain Diode ¢ I=—1A, V=0 _ 70 _ ns
Reverse Recovery Time dif/dt=50A/us

*Pulse Test
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Drain Current Ip (A) Drain Current Ip (A)

Forward Transfer Admittance |yf | (S)

MAXIMUM SAFE OPERATION AREA

=10 + { T
1 Ta=25C
—
=5 in(peab s
DN
3, <
, N7 \/,% A
_ —
Ipimany \\ \%m r’\
N \/,d\ \4
-10 . by
F’e,}\ N
N i~
—05 é.\
S
KN
N
=02
=0.1
-2 -5 -1 =20 =50 —100 =200

Drain to Source Voltage Vps (V)

TYPICAL TRANSFER CHARACTERISTICS

—4
T
Vos 3 wy //

y
‘r[-:— 50— //
_ /
/A
-2
// 75C
-1
/
0 4 N =) [EEPR—

Gate to Source Voltage Vs (V)

FORWARD TRANSFER ADMITTANCE
VS. DRAIN CURRENT

2
TTTT]
Vs = =10V
Pulse Test
L0
05 Ta = — 25
5°C
0.2 75
7 7
0.1
005
0.02
—02 -05  -10 -2 -5 -0 =20

Drain Current Ip (A)

Drain Current Ip (A)

TYPICAL OUTPUT CHARACTERISTICS
-4

5Nt S0 K S

////__-_._._ ____13.‘[/.—

Y N N QS et A
P

y ~ 11V
CH—F =+ —=4—

=10V

Ja AN,

1 N
/1l

s = =5\
) E———
0 -4 -8 -12 =16 =0

Drain to Source Voltage Vps (V)

DRAIN TO SOURCE SATURATION VOLTAGE

Drain to Source Saturation Voltage Vbsiem (V)

Static Drain-Source on State Resistance Rpscom (Q)

@ HITACHI

VS. GATE-SOURCE VOLTAGE

=5 \
» \
\—2,-\
-3
~J
\ -1 I~
~ .
| Pulse
Test
N Iy=—0:5A
0 -4 -8 ~12 -16 —20

Gate to Source Voltage Vos (V)

STATIC DRAIN-SOURCE ON STATE
RESISTANCE VS. TEMPERATURE

2.0

R A
16 /,/
o
L~
12 1
L1

0.8
0.4

0 .

—40 0 10 80 120 160

Case Temperature Tc (TC)

25J120 ©, 258J120®
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258J120 ©, 28J120®

Drain to Source Voltage Vos (V)

Capacitance C (pF)

Switching Time t (ns)

1000

500

200

100

20

TYPICAL CAPACITANCE VS.
DRAIN-SOURCE VOLTAGE

Ves=0 1

f=1MHz]

oss

Drain to Source Voltage Vps (V)

SWITCHING CHARACTERISTICS

500

200

100

50

20

/b

-

t

tm]‘n
AL -

T
INEN
1111

| l’
T I
1 L

5
-01 —02

=05 -10 -2 =5
Drain Current Ip (A)

DYNAMIC INPUT CHARACTERISTICS

0

0
T
v Y Io=—2A
10 —4
Vop =—10V —
Z
\ —2 3
£
INEAV I
g
- . z
N =
S \ -—2|5 3
g
-30 -2 s
2
\ s/Vo =-10V @
3
40 -1 ©
s X
o 2 4 6 6%

Gate Charge Q¢ (nc)

@ HITACHI

Forward Transfer Admittance [y | (S)

Reverse Drain Current Ipr (A)

FORWARD TRANSFER ADMITTANCE
VS. FREQUENCY

1.0 -———
T
Tc=25C .
Vps =—10
0.8 Ip=-1A
0.2
N
0l NG
0.05
0.02
001
100k M 10M 100M

Frequency f (Hz)

MAXIMUM BODY-DRAIN DIODE
FORWARD VOLTAGE

—<

0 =04 -0.8 -12 ~16 =20
Source to Drain Voltage Vsp (V)

SWITCHING TIME TEST CIRCUIT

Vin Monitor

Veut Monitor

RL

WAVEFORMS
Vin
T X 10%
f-90%
/ 90% \90%
Vou 10% Yo%
tdtom [3 tdwofp ty




2SJ122

SILICON P-CHANNEL MOS FET

HIGH SPEED POWER SWITCHING,
HIGH FREQUENCY POWER AMPLIFIER
Complementary pair with 25K428

FEATURES

Low On-Resistance.

High Speed Switching.
High Cutoff Frequency.
No Secondary Breakdown.

verter, PWM Amplifiers, and Ultrasonic Power

Oscillators.

Suitable for Switching Regulator, DC-DC Con-

1.5max.

4.8max.
0.
13

15.3max.
$3.620.2[6.3min.
, 31 &
EiEI
: 23l Iy ?
ERNEN 1
- 78205
1.27
4 3.0max 185+0.5
1. Gate
2. Drain (JEDEC TO-220AB)
(Flange)
3. Source

B ABSOLUTE MAXIMUM RATINGS (7,=25 °C)

Item Symbol Rating Unit
Drain-Source Voltage Voss —60 \%
Gate-Source Voltage Viss +20 A%
Drain Current Ip -10 A
Drain Peak Current Ipipeary -15 A
gzszrirg:agll?:rrent Ton 10 A
Channel Dissipation Po* 50 w
Channel Temperature Ten 150 °C
Storage Temperaturé Tse —55~ +150 °C

*Value at T=25°C

B ELECTRICAL CHARACTERISTICS (T.=25°C)

Channel Dissipation Pex (W)

60

(Dimensions in mm)

POWER VS.
TEMPERATURE DERATING

40

20

50

100

Case Temperature Tc (C)

150

Item Symbol Test Condition min.| typ. | max. | Unit
Drain-Source Breakdown Voltage Visrypss 1,=—10mA, V¢s=0 —60 — — \Y%
Gate-Source Leak Current Iss Ves=120V, Vps=0 — — +1| pA
Zero Gate Voltage Drain Current Ipss Vps=—50V, V=0 —_ — —1| mA
Gate-Source Cutoff Voltage Visiom Ip=—1mA, Vps=—10V —-2.0 —1| =50 \%
Stat.w Drain-Source On State Roson To=—BA. Vo 15V _| o1 02 a
Resistance
Drain-Source Saturation Voltage V pston) Ip=—bA, V;=—15V* —1=-0.75| —1.0 A%
Forward Transfer Admittance |y Ip=—5A, Vps=—10V* 1.5 2.2 - S
Input Capacitance Ciss —| 1200 — | pF

- Vps=—10V, V=0
Output Capacitance Coss —| 1050 — | pF
: f=1MHz
Reverse Transfer Capacitance Crss —| 170 — | pF
Turn-on Time tatom — 20 — | mns
Rise Time t, Ip=—2A, Vis=—15V — 60 — | ns
Turn-off Delay Time taiomn R,=150
—| 100 — ns
Fall Time t —! 100 — ns
Body-Drain Diode Forward Voltage Vor I=—5A, V=0 —| =09 e \%
Body-Drain Diode . I=—5A, V=0 _| 200 _ ns
Reverse Recovery Time " dip/dt=50A/us
*Pulse Test
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2SJ122

Drain Current Ip (A)

Drain Current fz (A}

(S)

Forward Transfer Admittance | ys

88

MAXIMUM SAFE OPERATION AREA

~50 T
Ta=25C
I T 10ucs
i <+ =
T 1 (ma) N \ N
N \xlé‘__)./% !
A, N
\-
-5 (4 b 2 1
?)
G, ,/-13 N
%, N,
“, AN
2
-2 N
XN
-0

=05

Drain to Source Voltage Vus (V)

TYPICAL TRANSFER CHARACTERISTICS

/
/

=1

0 -2 -4 -6 -8 -10

Gate to Source Voltage Vos (V)

FORWARD TRANSFER ADMITTANCE
VS. DRAIN CURRENT

T
oz iy rymt—
Pulse, Test L

=

T
~dl !
% 25°C 75°C

10

AN

0.2

0.1

0.05
-0.2 -05  -10 -2 -5 —10 =20

Drain Current Ip (A)

=10 =30 —100 =300

Drain to Source Saturation Voltage Vpseam (V) Drain Current Ip (A)

Static Drain-Source on State Resistance Rpsem (Q)

@ HITACHI

0.25 I l
b
Ves =—15V /
Ip=—5A Y
0.2
~
0.15
P
0.1
0,05
0
—40 0 40 80 120 160

TYPICAL OUTPUT CHARACTERISTICS
~10

¥ - — i e f— — —
sl /1A -9
NV/a
s \
/74N A
\
-
_.6 '\\\
\%4/ -
==t =
N
" -
~\
—gV
-2 ©=25C
~5V
0 -4 -8 ~12 =16 =20

Drain to Source Voltage Vos (V)

DRAIN-SOURCE SATURATION VOLTAGE

VS. GATE-SOURCE VOLTAGE

-5
-4
-3
-2 .
\ 8A
__%fulsv A\ \\
st a—
1 \\ ~5A
In=-2A
0 —4 —8 -12 ~16 —20

Gate to Source Voltage Vos (V)

STATIC DRAIN-SOURCE ON STATE
RESISTANCE VS. TEMPERATURE

Case Temperature Tc (C)



Drain to Source Voltage Vps {V)

TYPICAL CAPACITANCE VS.
DRAIN-SOURCE VOLTAGE

10000 ¥
t
Vs =0 1
/= 1Mz
3000
— Cise
z 1000 —
©
AN
g 300
& ~—
100
30
10
0 -10 =20 -30 —40 —50
Drain to Source Voltage Vbs (V)
SWITCHING CHARACTERISTICS
1000
 — o 1
E 100 17—
N tdtof))
g
P 1
w I
ES d(om)
2 10
1
-0.2 -0.5 =10 -2 -5 -10 —20
Drain Current Ip (A)
DYNAMIC INPUT CHARACTERISTICS
0 0
- |
\)&& To= 108
A 7\ Vor =507 -
—25
VAR R
—40 -8
J
<
PN
—60 Vnn‘:-so -12
\\\\ o
N ) 1
N
—80 -16
Ves \
—100g 20 m 50 %0 Tog 20

Gate Charge @ (nc)

Gate to Source Voltage Vs (V)

Forward Transfer Admittance |y | (S)

Reverse Drain Current Ipr (A)
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FORWARD TRANSFER ADMITTANCE
VS. FREQUENCY
10

11T
TTTTIg
Tc=25"C
Vps =—10V
5 p=—2A
2
10 \‘
N
0.5
N
0.2
0.1
100k M 10M 100M
Frequency f (Hz)
MAXIMUM BODY-DRAIN DIODE
FORWARD VOLTAGE
=20
—16
—12
-8
—5V
- )V\ Ves =0
-4 Ves =10V
Zisv /X
LA A
//
0 —0.4 —0.8 —12 —16 —20
Source to Drain Voltage Vsp (V)
SWITCHING TIME TEST CIRCUIT
Vin Monitor
Vou Monitor
RL
= Vo
]‘ =-30V
WAVEFORMS
Vie
——T 10%
;J 90%
e 0%
Vou 10% \t 10%
taton) b tatof) Ju

2SJ122
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254127

SILICON P CHANNEL MOS FET
HIGH SPEED POWER SWITCHING

B Features: 1

Low On-Resistance

High Speed Switching

Low Drive Current

No Secondary Breakdown

Suitable for Switching Regulator,
DC-DC Converter, Motor Controls, and
Ultrasonic Power Oscillators

15.0

14.0

2
#3.6 6.4 78 | o
S @
S &
glnls N 3 ;I
gl @|= 2
>( 1
——r - 1. Gate
ER ~ - 3
sgbed— 185 = | = ] 2. Drain
:'[:r—__\ (Flange)
3 =1 = 1 3. Source

B ABSOLUTE MAXIMUM RATINGS (Ta = 25°C)

1.26

(JEDEC TO-220AB)

POWER VS.

(Dimensions in mm)

Item Symbol Rating Unit TEMPERATURE DERATING
Drain-Source Voltage Vpss -120 v 801
Gate-Source Voltage Vass +15 v
Drain Current Ip -10 A o
Drain Peak Current Ip (pulse) -40 A 2
Szeg-rgéalg:a?r;ogﬁrrent lor -10 A ¢ 20
Channel Dissipation Pch* 50 W
Channel Temperature Tch 150 °C
Storage Temperature Tstg -55 ~ +150 °C 0 — - >

*Value at Tc = 25°C Te °C)

B ELECTRICAL CHARACTERISTICS (Ta = 25°C)

Item Symbol Testing Condition Min. | Typ. | Max. | Unit

Drain-Source Breakdown Voltage Vier) pss Ip = -10mA, Vgg = 0 -120 | — — \]
Gate-Source Breakdown Voltage Vier) ass lg = +100pA, Vgg = 0 +15 | — — \
Gate-Source Leak Current lass Vgs = 12V, Vpg = 0 — — | +10 | pA
Zero Gate Voltage Drain Current lbss Vps = -100V, Vgg = 0 — — | -250 | pA
Gate-Source Cutoff Voltage Vas (off) Ip=-1mA, Vpg =-10V | 20| — | -40| V
Static Drain-Source on State Resistance Rbs (on). Ip = -56A, Vgs = 10V * — 02 | 0.25 Q
Forward Transfer Admittance lyfs| Ip = -5A, Vpg = -10V * 30 | 5.0 — S
Input Capacitance Ciss — | 1500 | — pF
Output Capacitance Coss Vos =f ;1(:\(Ax(255 =0 — | 1000 | — pF
Reverse Transfer Capacitance Crss — 150 — pF
Turn-On Delay Time t4 (on) — 25 — ns
Rise Time t Ip = -5A, Vgg = —10V — 85 — ns
Turn-Off Delay Time td off) R_ = 6Q — 155 — ns
Fall Time t — 85 —_ ns
Body-Drain Diode Forward Voltage Voe le = ~10A, Vg5 = 0 — | -1.0 | — \
Body-Drain Diode . i Ig = ~10A, Vgs = 0 _ 200 _ ns
Reverse Recovery Time " dlg/q = 50A/us

*Pulse Test

NOTE: The specifications of this device are subject to change without notice.
Please contact your nearest Hitachi Sales Department regarding specifications.
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2SK133,2SK134,2SK135

SILICON N-CHANNEL MOS FET

LOW FREQUENCY POWER AMPLIFIER
Complementary pair with 25448, 25149,

25450
FEATURES

High Power Gain.

Excellent Frequency Response.
High Speed Switching.

Wide Area of Safe Operation.
Enhancement-Mode.

Good Complementary Characteristics.
Equipped with Gate Protection Diodes.

11.35max. 11.6=0.5 26.0max.
|
3.3max. 10.9+0.2
2 T30t e
~1 w
i 3
Sl o# o & !
EiE A= L :
a2 ~
73 2 2 1
3 PARNS
1. Gate
2. Drain
3.Source (JEDEC TO-3)
(Case)

(Dimensions in mm)

POWER VS.

B ABSOLUTE MAXIMUM RATINGS (7.=25°C)
TEMPERATURE DERATING
Rating .
Item Symbol Unit 150
2SK133|2SK134/2SK135
Drain-Source Voltage Vsx 120 | 140 | 160 v
Gate-Source Voltage Viss +14 \% El
Drain Current I, 7 A i? 1o0
Body-Drain Diode 2
Reerse Drain Current Ton T A % i
a
”Channel Dissipation Pa* 100 w g 56 \\
Channel Temperature Ten 150 °C 5 \
Storage Temperature Tse —55 ~ +150 °C N
*Value at T'=25°C
0 30 100 150
Case Temperature Tc (C)
B ELECTRICAL CHARACTERISTICS (7.=25 °C)
Item Symbol Test Condition min. | typ. | max. | Unit
2SK133 120 — — A%
Drain-Source Breakdown 2SK134 Voo »=10mA, Ves=—10V 140 — - |V
Voltage 2SK135 160 — — \Y%
Gate-Source Breakdown Voltage Visriass I=+100pA, V=0 +14 — — A%
Gate-Source Cutoff Voltage Visiom I=100mA. V=10V 0.15 — | 145 \
Drain-Source Saturation Voltage Vbstsan I,=TA, Vp=0*% — — 12 A4
Forward Transfer Admittance 1Yl 1,=8A, Vps=10V* 0.7 1.0 14 S
Input Capacitance Ciss — | 600 — | pF
Output Capacitance Coss Vis=—bV,Vps=10V, f=1MHz — 350 — | pF
Reverse Transfer Capacitance Css — 10 — | pF
Turn-on Time ton — | 180 — ns
" Vup=20V, Ip=4A
Turn-off Time tor — 60 — ns
*Pulse Test
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2SK133, 25K134, 2SK135

MAXIMUM SAFE OPERATION AREA

TYPICAL OUTPUT CHARACTERISTICS

TYPICAL TRANSFER CHARACTERISTICS

I T . o v
o + At o=
Tomss | Continuous A )‘ Vos= 10V 4
[(143V.74 R /‘ \ 08 /
E = / N 2 /, ,
= = 2 2%
o p TN b
g £ H
3 S T | 5
H H o A
2 1L S | ~ g 04
s 0V, 0.71A ° i, m | 4
o 0V, 0.63A Jaum R ] e
] /. 0.
SK133| [ 25K1se 2
K13 |
i1 A1) " 7
T ] EIN T T o i > g v o ) - o L e 30
Drain to Source Voltage Vs (V) Drain to Source Voltage Vos (V) Gate to Source Voltage Ves (V)
DRAIN - SOURCE SATURATION DRAIN - SOURCE VOLTAGE VS. INPUT CAPACITANCE VS GATE
VOLTAGE VS. DRAIN CURRENT GATE - SOURCE VOLTAGE SOURCE VOLTAGE
T I 1
A
E 52 1
H A7 1 1] Te=25C
3 Z [ s _
H £ % 4
H H A H
-,-g, e 2 iy :
H ¢ i
] 3 3
¢ 2 i
H = £
H H N
. — 2 Vos =10V
& N — 12 1MHz
=14
ol 100!
o 02 510 5 10 o i -2 - - - -
Drain Current o (A) Gte to Source Voltage Vas (V) Gate to Source Voltage Vos (V)
FORWARD TRANSFER ADMITTANCE SWITCHING TIME
VS. FREQUENCY VS. DRAIN CURRENT
1T T T T IT0 I
2 £ £ 3
3 T L
< ) Zanll
i i \ £
£
2 = = = g —
M H = = 4 T
H £ 7
e i A
i . T
H A
2 % o
H
il T
1T 5
ok 3k ok 30k 1M M 1M 01 0z 05 2 0
Frequency J (Hz) Drain Current 1o (A)
SWITCHING TIME TEST CIRCUIT WAVEFORMS
Output .
e,
T
w7,
T 4 tats
20V
PW=50us W
duty ratio
=17
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2SK175,2SK176

SILICON N-CHANNEL MOS FET

LOW FREQUENCY POWER AMPLIFIER

26.0max.

11.35max, 1.6 £0.5
Complementary pair with 2SJ55, 25J56 3.3"‘3,(_
) I~ (3.0typ.
B FEATURES : e
® High Power Gain. 3
® Excellent Frequency Response. 4 % 2 o
® High Speed Switching. &= 3
® Wide Area of Safe Operation. s °
® Enhancement-Mode. -
® Good Complementary Characteristics. P gr07ges
® Equipped with Gate Protection Diodes. 1. Gate
2 Drain. (JEDEC TO-3)
(Case)
(Dimensions in mm)
Hm ABSOLUTE MAXIMUM RATINGS (7.=25 °C) POWER VS.
- TEMPERATURE DERATING
Rating
Item Symbol Unit 1t
2SK175 | 2SK176

Drain-Source Voltage Vosx 180 200 v

Gate-Source Voltage Vss +20 \Y% s

Drain Current Ip 8 A :‘: 100

Body-Drain Diode £

Reerse Drain Current Tox 8 A %

Channel Dissipation P.* 125 w S; "

Channel Temperature Ten 150 °C é'é

Storage Temperature T —55~ +150 °C

*Value at T=25°C

B ELECTRICAL CHARACTERISTICS (T.=25 °C)

50 00
Case Temperature Tc ('C)

Item Symbol Test Condition min. | typ. | max.| Unit
ggiltl:’:ource Breakdown zZﬁi’;Z — I5=10mA, Ves=—10V ;ig : : z
Gate-Source Breakdown Voltage Visricss I=+100pA, Vps=0 +20 — — A%
Gate-Source Cutoff Voltage Vesiom »p=100mA, V=10V 0.15 —| 145 \%
Drain-Source Saturation Voltage Vosisan I1,=8A, Vip=0* — — 12 A%
Forward Transfer Admittance |yl I,=38A, Vps=10V* 0.7 1.0 1.4 S
Input Capacitance Ciss Ves=—5V. Vos=10V, —| 800 — | pF
Output Capacitance Coss —| 600 — | pF
Reverse Transfer Capacitance Css J=1MHz — 15 — | pF
Turn-on Time ton —| 250 — ns

Voo=30V, I,=4A
Turn-off Time toy — 90 — ns
*Pulse Test
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2SK175, 2SK176

MAXIMUM SAFE OPERATION AREA TYPICAL OUTPUT CHARACTERISTICS
20 10 T 2%l
Vas= lOV/ /A8 Te =,25'C
Ta=25C 1// SR
W e TContinuousT . 17/ 7 )
- <
) }_( 15.6V, 8A /// \
z 7 A < 2=
g 2 = ,/,/ \ Pey=125
F H s o
5! 3 ~
F £ 4 / <
E w & ’ / ~o
1200V, 0.62A) / 3 ——
0.5 [ 2 UILA
H :
25K175 | | 25K176
0 1
0.2 I | |
5 10 20 50 100 200 500 0 10 20 30 40 50
Drain to Source Voltage Vps (V) Drain to Source Voltage Vbs (V)
TYPICAL OUTPUT CHARACTERISTICS TYPICAL TRANSFER CHARACTERISTICS
10 10
T — 7
Te=25¢C Vs =1 V,L/, // -
A Vos =10V % g
8 /)‘/ - 8 L(( /! //
Yy e ’N/ 1
7z e T
—~ = &
E 6 ’// ] S 6 B
z 1 s H ] / /
£ | |_— 3
3 N e (; 4
£ 4 g /
g — gy a
[=} / o
2 / // 3 9 /
| 2 /
/
1 1 . %
0 2 4 6 8 10 0 2 4 6 8 10
Drain to Source Voltage Vbs (V) Gate to Source Voltage Ves (V)
TYPICAL TRANSFER CHARACTERISTICS FORWARD TRANSFER ADMITTANCE
VS. FREQUENCY
1.0 / / 5 m
Vos =10V !
ns = 10
0.8 2
L =
¢ 3
E)
= e < \
< o8 7 / £ 0 = :
= = Tc=25C
g / A 3 Vos =10V
] 5 Tl =24
S o4 / Lg i Lo
g / & 0.01
T diis
H]
=
02 /, ; m
g e = ik
0.0005 EEEHHE i e
0 0.4 0.8 1.2 1.6 2.0 2k 10k 100k M 10M 2
Gate to Source Voltage Vs (V) Frequency f (Hz)
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SWITCHING TIME VS. DRAIN CURRENT

Switching Time fon,tofs (ns)

2SK175, 2S5K176

SWITCHING TIME TEST CIRCUIT

Output

50

ton
4
100 -
yrd
50 YV o
Pl PW=50us
dut% ratio
=1
20 %
——
5
0.1 0.2 5 1.0 2 10
Drain Current Ip (A) RESPONSE WAVEFORM
WAVEFORMS
—— %%
Input
10%,
tan ————t tory
i a—
Output
907,
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2SK1760H)

SILICON N-CHANNEL MOS FET

11.35max. 11.6 20.5 26.0max. n
HIGH SPEED POWER SWITCHING, . -l 33,,\1)(, 10.9:+0.2
HIGH FREQUENCY POWER AMPLIFIER (B0
B FEATURES o
High Speed Switching. | 3§ § HEEE i
High Cutoff Frequency. 3 é 2 )
Enhancement-Mode.
Suitable for Switching Regulator, DC-DC Con- C
verter, RF Amplifiers, and Ultrasonic Power ’ #4079
. 1. Gate
Oscillators. 2 Dot
3. Source
(Case)

B ABSOLUTE MAXIMUM RATINGS (7.=25°C)

(JEDEC TO-3)

(Dimensions in mm)

POWER VS.

Ttem Symbol Rating Omit . TEMPERATURE DERATING
Drain-Source Voltage Voss 200 v
Gate-Source Voltage Vass +20 A%
Drain Current Ip 8 A =
Body-Drain Diode Ioe 3 A ;1: 100
Reverse Drain Current §
Channel Dissipation P,* 125 w %
Channel Temperature Ten 150 °C 2 0
Storage Temperature Tog —65 ~ +150 °C 55
*Value at Tc=25°C
0 50 100 150
B ELECTRICAL CHARACTERISTICS (T.=25 °C) Case Temperature Tc (T)
Item Symbol Test Condition min. | typ. | max. | Unit
Drain-Source Breakdown Voltage Visripss Ip=10mA, V=0 200 — — v
Gate-Source Breakdown Voltage Visrcss I=1100pA, Vps=0 +20 — — \%
Zero Gate Voltage Drain Current Ipss Vps=160V, Vis=0 — — 3.0 | mA
Gate-Source Cutoff Voltage Vsiom Ip=100mA, V=10V 0.55 — 3.0 \
Suatie Drain-Source On State Rosen Lo=4A, Var=15V* —| 10| 15| @
Drain-Source Saturation Voltage Vosion I,=4A, Vs=15V* — — 6.0 \%
Forward Transfer Admittance |y Iy=3A, Vps=10V* 0.7 — 14| S
Input Capacitance Cs — | 800 — | pF
- Ves=—5V, Vps=10V, f=IMHz
Output Capacitance Coss — | 600 — | pF
Turn-on Time ton — 60 — ns
Turn-off Time taom To=2A, V=15V, =150 —] 200] —] ns

*Pulse Test
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Drain Current [p A

Drain Current Ip 'A}

(S)

|

Forward Transfer Admittance | s

MAXIMUM SAFE OPERATION AREA

20
N I

Ta=25"C

10

0.5

5 10 20 50 1o 200 500

Drain to Source Voltage Vs (V)

TYPICAL TRANSFER CHARACTERISTICS

tns— 1oV

. L —

: Ay
1A/
. /
/4
) /,///
/4

0 2 1 i 8 10

Gate to Source Voltage Vos (V)

FORWARD TRANSFER ADMITTANCE
VS. FREQUENCY
20

0.5

0.2

0.1

0.05

0.02

10k 100k M 10M
Frequency f (Hz)

TYPICAL OUTPUT CHARACTERISTICS

10 1 T T
\ Te=25C
| \
Ves=10V
918
T
[BELY
\
A}
= .
= 6
s 6
g
5
Sy, (/
=
£ ~e
I 1 ~
V <
N
) 3,
2
1V
Ves=0
0 10 20 30 40 50
Drain to Source Voltage Vs (V)
SWITCHING TIME VS. DRAIN CURRENT
1,000
— e 5/
2
~ A
310 -
N =
E 1
[
H
E
e
s 10
2
1
0.2 0.5 10 2 5 10 20

=15V

Vout

Drain Current Ip (A)

SWITCHING TIME TEST CIRCUIT

Vour Monitor

Vin Monitor

Von =30V

%

WAVEFORMS

10%

R 90%
10%
o 90%
ton tofs
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2SK196H)

SILICON N-CHANNEL MOS FET

6.6max. 19.0min,
HIGH SPEED POWER SWITCHING,
HIGH FREQUENCY POWER AMPLIFIER EilE
gl Ell =%
B FEATURES g .
@ High Speed Switching. o 2
@® High Cutoff Frequency. !
® Enhancement-Mode. ! )
® Suitable for Switching Regulator, DC-DC Con- ;: 8552"
verter, RF Amplifiers, and Ultrasonic Power 35‘0":;3
Oscillators. . (Dimensions in mm)
(JEDEC TO-39)
3
B ABSOLUTE MAXIMUM RATINGS (T.=25°C) POWER VS.
EM T ERATING
Item Symbol Rating Unit . TEMPERATURE D
Drain-Source Voltage Voss 160 v -
Gate-Source Voltage Vess +14 \Y%
Drain Current Ip 500 mA 5
Body-Drain Diode IS
Reverse Drain Current Ton 500 mA g L
g
Channel Dissipation P 0.8 w \
Channel Temperature Ten 150 °C Sg 04 AN
Storage Temperature Toe —65~ +150 °C g \\
*Value at =25 °C N
0 50 100 150
W ELECTRICAL CHARACTERISTICS (7.=25°C) Case Temperature Tt (C)
Item Symbol Test Condition min. | typ. | max. | Unit
Drain-Source Breakdown Voltage Visrypss p=10mA, V=0 160 - — A%
Gate-Source Breakdown Voltage Visrcss I=+10pA, V=0 +14 — — \Y
Zero Gate Voltage Drain Current Ipss Vps=120V, V45=0 - — 2.0 mA
Gate-Source Cutoff Voltage Visiom 15=10mA, Vps=10V 0.2 - 2.0 \%
Static Drain-Source on State _ _ .
Resistance Rpsion 1,=200mA, V=10V — 8 15 QO
Drain-Source Saturation Voltage Vbsiom »=200mA, V=10V* — — 3.0 v
Forward Transfer Admittance lysl »=200mA, Vps=10V* 50 - — | mS
Input Capacitance Ciss Vas=10V. Io=10mA. /= IMH — 90 — | pF
Output Capacitance Coss os 0N fomTmaALJ= z —1 60 — | pF
Turn-on Time ton Ves=10V, Ip=20mA — 20 — | ns
Turn-off Time tor R,=150Q — 30 — | ns
*Pulse Test
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Drain Current Ip (A)

Drain Current Ip (mA)

Forward Transfer Admittance |ys: | (mS)

MAXIMUM SAFE OPERATION AREA

TT
Ta=25C
1o
0.3 N
0.1
0.03
0.01
N,
0.003
1 3 10 30 100 300

Drain to Source Voltage Vps (V)

TYPICAL TRANSFER CHARACTERISTICS

200 T T
Vps =10V /

1
! ,
Te=-u5Cl [

/

J AR
JAVARE
/V
11/

160

120

80

0 1 2 3 4 5

Gate to Source Voltage Ves (V)

FORWARD TRANSFER ADMITTANCE
VS. FREQUENCY

200
100
50
20
10
5
| Ta=25C
Vps =10V
[ Ip=0.2A
L1 1]
100k M 10M 100M

Frequency f (Hz)

2SK196 ®

TYPICAL OUTPUT CHARACTERISTICS

200 = T
& Ta=25C
4
160 T
~ \
E
= 2\
< g
g \\
i
I &5
N\ %,
£ w0 s
g
S l sy N
\Q
~
~
N~
10 S~
v
A
!
Vs -0.5V
i 1
0 4 8 12 16 20
Drain to Source Voltage Vns (V)
SWITCHING CHARACTERISTICS
1000
300
x
310
@ t
é 30 J
@
£ Ton
e
5 10
w
3
1
0.02 0.05 0.1 0.2 0.5 L0 2.0

Drain Current Ip

(A)

SWITCHING TIME TEST CIRCUIT

Vin Monitor

Vin
15V

Vour Monitor

Vour
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WAVEFORMS
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9%
ton T loss

99



2SK213,2SK214,

2SK215,2SK216

SILICON N-CHANNEL MOS

FET

HIGH FREQUENCY AND LOWFREQUENCY

POWER AMPLIFIER,

2.7max.

15.3max.
HIGH SPEED SWITCHING $3.6+0.2 [5.3min. *
Complementary Pair with 25476, J77, J78, ! g
J79 ;E :E :E: G
B FEATURES T L2203
2 3.0max 18.5+0.5
® Suitable for Direct Mounting.
i i 1.G
@® High Forward Transfer Admittance. 2.8::«:% (JEDEC TO-220AB)
® Excellent Frequency Response. (Flange)
® Enhancement-Mode. 3. Drain
(Dimensions in mm)
B ABSOLUTE MAXIMUM RATINGS (7.=25 °C) POWER VS.
TEMPERATURE DERATING
Ratings
Item Symbol Unit 60
28K213[25K214[28K215(2SK216
Drain-Source Voltage Vosx 140 | 160 | 180 | 200 \%
Gate-Source Voltage Viss *15 \" =
Drain Current I 500 mA g v
Body-Drain Diode k:
Reverse Drain Current To 500 mA ;':
o Pay 175 w 5 N
Channel Dissipation ] ~
P 30 w H N
© N
Channel Temperature Ten 150 °C
Storage Temperature Tog —45 ~ +150 °C

*Value at Te=25 °C

B ELECTRICAL CHARACTERISTICS (T',.=25 °C)

50

100

Case Temperature Tc (C)

150

Item Symbol Test Condition min. | typ. | max. | Unit

2SK213 140 — — v

e;ﬁl;éfource Breakdown z:izi: Visrosx Iy=1mA, Ves=—2V 122 = : Z
2SK216 200 — — \%

Gate-Source Breakdown Voltage Visricss Is=+10uA, Vps=0 +15 — — v
Gate-Source Voltage Vsiom I,=10mA, Vp=10V* 0.2 — 1.5 \%
Drain-Source Saturation Voltage Vosisan I,=10mA, Vsp=0* — — 2.0 A%
Forward Transfer Admittance \yrd Ip=10mA, Vp=20V* 20 40 — | mS
Input Capacitance Ciss Io=10mA, Vos=10V. f=1MHz - 90 — | pF
Reverse Transfer Capacitance Clss - 2.2 — | pF

*Pulse Test
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Drain Current Ip (mA) Drain Current Ip (mA)

Forward Transfer Admittance |ys | (mS)

TYPICAL OUTPUT CHARACTERISTICS

500 3.5 T, =251
- |
3.0
400 /
fo"1
/ 1
/ 25
| et
300
2.0
1]
200 ]
k 1.5
1 1T
100 H4
1.0
1
Ve, =05V
T
0 4 8 12 16 20

Drain to Source Voltage Vps (V)

TYPICAL TRANSFER CHARACTERISTICS

00— 717
/

400 N
A
4 ()
ry

300 /l /

N
™N

200
, 4
///
100 /A
0 1 2 3 4 5

Gate to Source Voltage Vas (V)

FORWARD TRANSFER ADMITTANCE
VS. DRAIN CURRENT

200

100

20

«=25C
5 Vos =20V

2 5 10 20 50 100 200
Drain Current Ip (mA)

TYPICAL OUTPUT CHARACTERISTICS

2SK213, 25K214, 25K215,

2SK216

SO T T
0.8
40
0.7
z 30 ‘/
= 0.6
= t
g
g e |
5 /] 0.5
S 2 i
E /,/ }
a / 0.4
10 0!3
P 0.2
Ve 0.1V
1
0 20 40 60 80 100

Drain to Source Voltage Vps (V)

TYPICAL TRANSFER CHARACTERISTICS
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1
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S //
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/
20 /
0 0.4 0.8 1.2 1.6 2.0
Gate to Source Voltage Vgs (V)
FORWARD TRANSFER ADMITTANCE
VS. FREQUENCY
500
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Frequency f (Hz)
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2SK214K,2SK216K)

SILICON N-CHANNEL MOS FET

i ;
HIGH SPEED POWER SWITCHING, 3 s B o
HIGH FREQUENCY POWER AMPLIFIER A et
Complementary Pair with 2SJ77 ®, J79® 15.3max. 12.7min,
$3.610.2 [6.3min. ,a ez ‘é’l
B FEATURES ) T 15 7 ] 3
e + ¥ 2
® High Speed Switching. El e K1 : :;I
@ High Cutoff Frequency. 7.840.5
@ High Breakdown Voltage. 5 3.0max e 18.5+0.5
@ Suitable for Switching Regulator, DC-DC Con-
verter, RF Amplifiers, and Ultrasonic Power ég;:ice (JEDEC TO-220AB)
Oscillators. " (Flange)
3.Drain
(Dimensions in mm)
H ABSOLUTE MAXIMUM RATINGS (7,=25°C) POWER VS.
n TEMPERATURE DERATING
Rating
Item Symbol Unit 30
2SK214®|2SK216®
Drain-Source Voltage Vbsx 160 200 A
N
Gate-Source Voltage ) Vss +15 \ s \
Drain Current In 500 mA E 20 N
Body-Drain Diode 5
Reverse Drain Current Lon 500 mA g \\
P, 175 W a
Channel Dissipation t T 0 N
Pa* 30 w £ \
Channel Temperature Ton 150 °C ° N
Storage Temperature Tog —45~ +150 °C
*Value at Te=25°C 0 50 100 150

Case Temperature Tc ('C)

B ELECTRICAL CHARACTERISTICS (T.=25 °C)

Item Symbeol Test Condition min. | typ. | max. |Unit

Drain-Source Breakdown 28K214® 160 - - v
Vi Ip=1mA, Vs=—2V
Voltage 2SK216® (BR\DSX p=1m Gs— 200 _ — v
Gate-Source Breakdown Voltage Visrss I=10uA, Vps=0 +15 — — \4
Gate-Source Voltage Vsion Ip=10mA, Vps=10V* 0.2 — 1.5 \Y
Drain-Source Saturation Voltage V bsisan I,=10mA, Vgp=0* — — | 20 \%
Forward Transfer Admittance |yl Ip=10mA, Vps=20V* 20 40 — | m8
Input Capacit: Ciss — 90 — F
nput Lapaciance k Vos=10V, [,=10mA, f=1MHz P

Output Capacitance Crss — 2.2 — | pF

*Pulse Test
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Drain Current Ip (mA)

Drain Current Ip (mA)

Forward Transfer Admittance |ys | (mS)

TYPICAL OUTPUT CHARACTERISTICS
500

3.5 T, =25
Yl |
i 3,0
400 A
//
2.5 3
300 ' =
s
2.0 H
T P 5
200 ©
! =
1.5 s
[ S R — a
100 H4
1.0
T
V=05V
—
0 4 8 12 16 20

Drain to Source Voltage Vps (V)

TYPICAL TRANSFER CHARACTERISTICS

500 /
[/

Vi = 20V

400

300

200

Drain Current Ip (mA)

100

0 1 2 3 4 5
Gate to Source Voltage Ves (V)

FORWARD TRANSFER ADMITTANCE
VS. DRAIN CURRENT

TYPICAL OUTPUT CHARACTERISTICS

50—
T =25 o's
0 [/ "
30 o'
f
e I
20 / %2
/ " l
4 0.4
|
10 0.3
0.2
g Ve 0.1V
—
0 20 ) 60 80 100

Drain to Source Voltage Vos (V)

TYPICAL TRANSFER CHARACTERISTICS

Viy =20V !/ //
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i
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C
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40 4
20 /‘
0 0.4 0.8 1.2 1.6 2.0

Gate to Source Voltage Ves (V)

FORWARD TRANSFER ADMITTANCE
VS. FREQUENCY

200 500 ﬂ
i :
100
% 100 ==zs: ==z=: = ===
£ T
50 Z 3 jm
21 3
g 10 Ea
20 £ Te=25CH
2 :ﬁt-Vps =20Vt
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T H Zit
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0.1
2 0.05
2 5 10 20 50 100 200 5k 10k 100k M 10M 50M

Drain Current Ip (mA)
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2SK220H),2SK221H)

SILICON N-CHANNEL MOS FET

HIGH SPEED POWER SWITCHING, 11 35max, 116 20.5 26.0max.
HIGH FREQUENCY POWER AMPLIFIER 2 el Bdmax, L0.920.2
(3.01yp.?
B FEATURES
® High Speed Switching.
® High Cutoff Frequency. 1 il & o
Bl = +1]
® Enhancement-Mode. El 2
® Suitable for Switching Regulator, DC-DC Con-
verter, RF Amplifiers, and Ultrasonic Power p N
Oscillators. ' oty
1. Gate
2. Drain
3 Source (JEDEC TO-3)
(Case)
° (Dimensions in mm)
M ABSOLUTE MAXIMUM RATINGS (7.=25 °C) POWER VS.
; TEMPERATURE DERATING
Rating .
Item Symbol Unit 150
2SK220®|2SK221®
Drain-Source Voltage Voss 160 200 A%
Gate-Source Voltage Vass +20 v g
Drain Current Ip 8 A g
Body-Drain plofie Ion 3 A g L
Reverse Drain Current = \
Channel Dissipation p.* 100 w 2 w N
Channel Temperature Ten 150 °C § \\
Storage Temperature T —65~ +150 °C
*Value at Tc=25°C

B ELECTRICAL CHARACTERISTICS (7.=25 °C)

50 100

Case Temperature Tc (C)

Item Symbol Test Condition min. | typ. | max. | Unit
Drain-Source Breakdown 2SK2200) v L=10mA. Vacz0 160 — — \Y%
Voltage 2SK221®| 0% r e 200 —| —| v
Gate-Source Breakdown Voltage Visrygss I=%100uA, Vps=0 +20 — — v
Zero Gate Voltage Drain 25K220@ Vs=120V, V=0
Current 2SK221@ Toss Vos=160V V=0 - T oma
Gate-Source Cutoff Voltage Visiom 1,=100mA, V=10V 0.4 — 3.0 \%
e Drain-Source On State Rogen Io=4A, V=15V — 10| 15| o
Drain-Source Saturation Voltage V bsion Ip=4A, Ve=15V* — — 6.0 v
Forward Transfer Admittance |yl Ip=3A, Vps=10V* 06| 09 — S
Input Capacitance Ciss Ves=—5V, Vos=10V, /=1MHz — | 600 — | pF
Output Capacitance Coss — | 300 — | pF
Turn-on Time ton — 25 — ns
Turn-off Time tor To=2A, Ves=15V —| 4] — | ns

*Pulse Test
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Drain Current Ip (1)

Drain Current Ip (A)

(8)

Forward Transfer Admittance |y, |

MAXIMUM SAFE OPERATION AREA

20
T,=25C
10 I
N\
\
5
2
1.0
0.5
28K2204) 25K221 @)
o [l
5 100 2 5 100 200 500

Drain to Source Voltage Vos (V)

TYPICAL TRANSFER CHARACTERISTICS

10
Vos = 10V
8
-

6 A

A

Yy
) 1/
Vs
) BN/
/

0 2 4 6 8 10

Gate to Source Voltage Vis (V)

FORWARD TRANSFER ADMITTANCE
VS. FREQUENCY

°

/

o
~

——1Vos =10V

=

o
o
&

0.02
100k M 10M 100M

Frequency f (Hz)
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Drain Current Ip (A)

Switching Time ton,tofs (ns)

TYPICAL OUTPUT CHARACTERISTICS
10

2SK220 ®, 2SK221 ®

I I
A To=25C
A
8 vt J
gky
6 SA
1l \
2
NS,
6 7
4 N2
T
r— T~
/ I
2
4 ;
2
()
0 10 20 30 40 50
Drain to Source Voltage Vos (V)
SWITCHING TIME VS. DRAIN CURRENT
1000
500
200
100 ™
50 —
ton
20
10
5
2
1
0.2 0.5 1.0 2 5 10 20
Drain Current Ip (A)
SWITCHING TIME TEST CIRCUIT
Vi
15V
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2SK258H)

SILICON N-CHANNEL MOS FET

11.35max. 11.6 £0.5
HIGH SPEED POWER SWITCHING, 43
HIGH FREQUENCY POWER AMPLIFIER A 1 (3typ)
B FEATURES
® High Speed Switching. . |
® High Cutoff Frequency. £ %
® Enhancement-Mode. =
@ Suitable for Switching Regulator, DC-DC Con-
verter, RF Ampiifiers, and Uitrasonic Power 3
Oscillators.
| 1. Gate
2. Drain
3. Source
(Case)

B ABSOLUTE MAXIMUM RATINGS (7.=25 °C)

(Dimensions in mm)

POWER VS.

9402881

(JEDEC TO-3)

TEMPERATURE DERATING

Item Symbol Rating Unit 150
Drain-Source Voltage Vbss 250 \%
Gate-Source Voltage Viss +20 v
Drain Current Ip 8 A E
Body-Drain piode Ioe 8 A n:: 100
Reverse Drain Current £
Channel Dissipation P., 125 w %
Channel Temperature Ten 150 °C g 50
Storage Temperature T —65~ +150 °C fg;

*Value at T=25 °C

B ELECTRICAL CHARACTERISTICS (T.=25 °C)

50

Case Temperature Tc (C)

100

150

Item Symbol Test Condition min. | typ. |max. [Unit
Drain-Source Breakdown Voltage Visripss 1,=10mA, V5s=0 250 — — v
Gate-Source Breakdown Voltage Vismess I=%100xA, Vps=0 +20 — — \%
Zero Gate Voltage Drain Current Ipss Vps=200V, Vgs=0 — — 1.0 \mA
Gate-Source Cutoff Voltage Vesiom Ip=10mA, V=10V 0.4 — | 3.0 \Y
puatic Drain-Source On State Rogen Ip=4A, Ves=15V* —| osl1z | 0
Drain-Source Saturation Voltage Vosiom Ip,=4A, V=15V* — — 4.5 \%
Forward Transfer Admittance lysd Io=3A, Vps=10V* 09| 13| — | S
Input Capacitance Ciss Ves=—5V. Vas=10V. /=1MHz — | 800 — | pF
Output Capacitance Coss — | 850 — | pF
Turn-on Time ton — 25 — ns
Turn-off Time Loy =24, Vos=16V — | 140 — | ns

*Pulse Test
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MAXIMUM SAFE OPERATION AREA

2” T
Ta=25'C
N h N
<, 4\
= %
2 ° N INAN
P
2 (“0 %% /%
2 N, AN
] %, %,
5’ N N
= N3,
S \f’
AN
AN
N
0.5
0.2
5 10 20 50 00 200 500

Drain to Source Voltage Vps (V)

TYPICAL TRANSFER CHARACTERISTICS
10

TYPICAL OUTPUT CHARACTERISTICS

T
Te=25C
\
\
Vos=48
8 7
= 6 \1
pr—
< \
CIN '/
B 518
1 \"4\\
38 V <&
=
‘a4 4
K L
’/ il Y
V 3 N ~d
2
|4 2
1

[ 10 20 30 40 50
Drain to Source Voltage Vbs (V)

SWITCHING TIME VS. DRAIN CURRENT

I 1,000
Vps =10V
s < 300
) S
//;/"/ / 5 tofy
= <& 100
:, .4
H / /// : A
g / 2 30
3 ) /44 £
£ 4 7 H
S // T w
V/ 3
: V/
/i :
0 2 4 6 10 l(1‘2 0.5 Lo 2 E 10 20
Gate to Source Voltage Vos (V) Drain Current Ip (A)
SWITCHING TIME TEST CIRCUIT
FORWARD TRANSFER ADMITTANCE Vin Monitor Ve Monitor
VS. FREQUENCY
20
R HY
:U.E 9 1V5i;/ Voo %30V
3 05
E
§ 02 WAVEFORMS
& 90%
8 01
=
'; Vin 10%
& 005
=
10%
[X
it 100k 1 10M Vou 0%
Frequency f (Hz) -
ton T T 1297
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2SK259H),2SK260H)

SILICON N-CHANNEL MOS

FET

HIGH SPEED POWER SWITCHING,
HIGH FREQUENCY POWER AMPLIFIER

11.35max. 11.620.5 26.0max.
3.3max. 10.910.2
T (3.0typ.)

(Dimensions in mm)

POWER VS.

B FEATURES
@ High Speed Switching.
® High Cutoff Frequency. ! 3 i
® High Breakdown Voltage. E
® Suitable for Switching Regulator, DC-DC Con-
verter, RF Amplifiers, and Ultrasonic Power P
Ostillators. .
1. Gate
2. Drain
3. Source
(Case)
B ABSOLUTE MAXIMUM RATINGS (7.=25 °C)

30.2+0.2

[AXMAH

(JEDEC TO-3)

TEMPERATURE DERATING

Item Symbol Rating Unit 150
2SK259® |2SK260®

Drain-Source Voltage Vbss 350 400 \'%
Gate-Source Voltage Vss +20 A B
Drain Current I 5 A & 100
Drain Peak Current Ipipeary 10 A §
Body-Drain Piode Ion 5 A %
Reverse Drain Current ;
Channel Dissipation Pa* 125 w é v
Channel Temperature Ten 150 °C
Storage Temperature Teg —65 ~ +150 °C

*Value at Te=25°C

B ELECTRICAL CHARACTERISTICS (T.=25 °C)

0

100

Case Temperature Tc (C)

Item Symbol Test Condition min. | typ. | max. | Unit
Drain-Source Breakdown 28K259® 350 - -l v
Vi Ip=10mA, V=0
Voltage 25K260@ | pmima, Vs w0 | —| —| v
Gate-Source Breakdown Voltage Vismess Io=+100pA, Vps=0 +20 - - Vv
Zero Gate Voltage Drain 28K259@ Vps=280V, V5=0
Ipss — — 1.0 | mA
Current 2SK260® Vs=320V, Vs=0
Gate-Source Cutoff Voltage Vsiom Ip=10mA, V=10V 0.4 — 3.0 \%
Stalflc Drain-Source On State Roson 15=3A, Vos=15V* _ 25 3.0 a
Resistance
Drain-Source Saturation Voltage Vbsiom Ip=3A, V=15V* — 7.5 9.5 v
Forward Transfer Admittance lyrd I,=3A, Vps=20V* 06| 1.0 — S
Input Capacitance Ciss — | 800 — F
A Vos=—5V, V=10V, f=IMHz P
Output Capacitance Coss — | 350 — | pF
Reverse Transfer Capacitance Ciss Vep=—5V, f=1MHz — 15 — | pF
Turn-on Time ton I v v — 25 — | ns
Turn-off Time tosr o=2A, Vos=15 — | 140 — | ns
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Switching Time ton ,tofs (ns)

Drain Current Ip 1A)

Drain Current Ip (A)

MAXIMUM SAFE OPERATION AREA

T
Ta=25C

10 'LLL." I
117
17
[ T
s [domax R
=
)
S
10 E
— a
05 \\
N
SK259
0.2 25K260E 4
5 10 20 50 100 200 500
Drain to Source Voltage Vs (V)
TYPICAL TRANSFER CHARACTERISTICS
10 , [
\/I —401\/
s DS = / A 5
by =
A =
. f\// by // g
4 N
\ A/ /// K
//ﬁ/ E
E
2 A
Y .
0 2 4 1
Gate to Source Voltage Vs (V)
FORWARD TRANSFER ADMITTANCE
VS. FREQUENCY
1,000
Vin
15V
Lof)
Pt
100
—

0.2 0.5

10

Drain Current Ip (A)
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TYPICAL OUTPUT CHARACTERISTICS
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% p
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0 10 20 30 40 50

Drain to Source Voltage Vos (V)

SWITCHING TIME VS. DRAIN CURRENT

20
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0.5

0.2
Tc=25"
Vos =20V

Ol p—tIp=1A

0.05

0.02

10k 1

00k

M

Frequency f (Hz)
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SWITCHING TIME TEST CIRCUIT

Vin Monitor

Vour Monitor

i

WAVEFORMS

—

90%
Vin
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%

3

tofs

Voo
=30V

25K259 @B, 2SK260®)
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2SK294,2SK295

SILICON N-CHANNEL MOS FET

»

HIGH SPEED POWER SWITCHING, E" % E
HIGH FREQUENCY POWER AMPLIFIER gw
15.3max.
® FEATURES $3.6+0.2 |3 3min. =
® Low On-Resistance. B
c')w n-Resi Ance' 1 'R N\
® High Speed Switching. HE »
® High Cutoff Frequency. =7
® No Secondary Breakdown. 3 » 127 85205
® Suitable for Switching Regulator, DC-DC Con- ;gatg ’
. Dra
verter, RF Amplifiers, and Ultrasonic Power (Flal,'.]ge, (JEDEC TO-220AB)
. 3.8
Oscillators. (Di&‘:‘:seions in mm)
B ABSOLUTE MAXIMUM RATINGS (7.=25 °C) POWER VS.
- TEMPERATURE DERATING
Rating .
Item Symbol Unit 30
2SK294 | 2SK295

Drain-Source Voltage Vss 80 100 A\

Gate-Source Voltage Vess +20 A% z \

Drain Current Ip 5 A T N

Qg

Drain Peak Current I pipeaky 10 A g \

Body-Drain Diode g

Reverse Drain Current Lo 5 A a " \\

Channel Dissipation P.,* 30 w g \

Channel Temperature Ten 150 °C © N

Storage Temperature Teg —55 ~ +150 °C

*Value at T=25 °C

B ELECTRICAL CHARACTERISTICS (7.=25 °C)

50 100
Case Temperature Tc (C)

150

Item Symbol Test Condition min. | typ. | max. | Unit
Drain-Source Breakdown 25K294 80 - - v
Vi Ip=10mA, V=0
Voltage 2SK295 (oS ? “ 1w —| -] v
Gate-Source Leak Current Iss Ves=120V, Vps=0 — — +1) pA
Zero Gate Voltage Drain 25K294 I Vbs=65V, Vgs=0 1 A
Current s - — - - m
2SK295 Vps=80V, V=0
Gate-Source Cutoff Voltage Vestom Ip=1mA, V=10V 1.0 o 5.0 \%
Stat.lc Drain-Source on State Rosion Ip=3A, Vs=15V* —| 0.4| 056 o)
Resistance
Drain-Source Saturation Voltage Vbsiom Ip=3A, Vgs=15V* — 1.2 1.7 \%
Forward Transfer Admittance |yl Ip=3A, Vps=10V* 05 0.8 — S
Input Capacitance Ciss —| 450 — | pF
n Vos=10V, V=0
Output Capacitance Coss F=IMH —1 270 — | pF
= z
Reverse Transfer Capacitance Coss —| 140 — | pF
Turn-On Delay Time taton — 12 — ns
Rise Time t, Ip=2A, V=15V — 28 — | ns
Turn-off Delay Time taom R,=150 — 35 — | ns
Fall Time ty — 35 — | ns
Body-Drain Diode Forward Voltage Vor I:=3A, V=0 — 1.0 — v
Body-Drain : Ir=3A, V=0 200
Reverse Recovery Time " dir/dt=50A/us - - ™
*Pulse Test
110 @ HiITACHI



Drain Current Ip (A)

Drain Current Ip (A)

Forward Transfer Admittance |ys | (S)

MAXIMUM SAFE OPERATION AREA

100 T TTT
H+H
Ta=25CH
30
1045
10 < N
3
i
S
. —\\\‘ o
3 2 R
AN
V! « 7,
0 /%)\I ™
L0 BN, <2
RN =55
7 NH
]
0.3 I
25K 294+
25K 295
0.1 !
1 3 10 30 100 300 1000

Drain to Source Voltage Vps (V)

TYPICAL TRANSFER CHARACTERISTICS

10 I T777
Vos =20V y4
7
1Y
8
IS S {1 4
¢ =-25C I,",‘[ 5
14
7/
6 .
1~ 75°C
4 /{
, /
0 8 10 12 16 20

Gate to Source Voltage Ves (V)

FORWARD TRANSFER ADMITTANCE
VS. DRAIN CURRENT

11T
Vps =10V
[—Pulse Test
2 o
Ta=~25C
s
o N
1.0 NS
75°C—
0.5
V.
0.2
0.1
0.05
0.2 0.5 10 2 5 10 20

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

Drain to Source Saturation Voltage Vpsiom (V)

Static Drain-Source on State Resistance Rpsen (2)

TYPICAL OUTPUT CHARACTERISTICS

10 v
/ 15V L
\‘ / Tc—iZSC
\ 12v
8 o
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y,
K
! 7]\
6 71\ 10V
‘/ i = e e o
AR v
4 \,0
N
~ v
Nl /= <t-T-1—
V[~
P il 1
Vgs =6V
1 |
0 4 8 12 16 20

Drain to Source Voltage Vps (V)

DRAIN-SOURCE SATURATION VOLTAGE
VS. GATE-SOURCE VOLTAGE

5 L
T
Pulse Test
4
3 \
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N
N
L 2A
~3]
-
ln=IlA
0 4 8 12 16 20

Gate to Source Voltage Vas (V)

STATIC DRAIN-SOURCE ON STATE
RESISTANCE VS. TEMPERATURE
1.0

| {Ves=15V
In=3A
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A
/
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P
0.2
0
—40 0 40 80 120 160

Case Temperature Tc (C)
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25K294, 25K295

112

Capacitance C (pF)

Switching Time ¢ (ns)

Drain to Source Voltage Vps i\'}

TYPICAL CAPACITANCE VS.
DRAIN-SOURCE VOLTAGE

1000
v T
/is =0
AN f=1MHz
500
RN I
A Co
TN |
200 s ™
\ —
100 ™~
Cros —]
50
20
10
0 10 20 30 10 50

Drain to Source Voltage Vos (V)

SWITCHING CHARACTERISTICS

500

200

100

Litaf
50
1
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Drain Current Ip (A)

DYNAMIC INPUT CHARACTERISTICS
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A
Wl Ve /// o

\ Voo 28K295
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Von =80V 28K295

\ 50
20 7 4
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1

20

1
g

6 24 32 40

Gate Charge Q' (nc)

Gate to Source Voltage Ves (V)

Forward Transfer Admittance |y | (S)

Reverse Drain Current Ipg (A)

@ HITACHI

FORWARD TRANSFER ADMITTANCE
VS. FREQUENCY

1.0 T T T

1

i Te =25C 1

Vps =10V.

0.5 Ip=1A
N
0.2
0.1
0.05
0.02
001
100k ™M 10M 100M

Frequency f (Hz)

MAXIMUM BODY-DRAIN DIODE
FORWARD VOLTAGE
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T T
Pulse Test
8
6
4
v
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s =— 10V
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é///
0 0.4 0.8 1.2 16 2.0

Source to Drain Voltage Vsp (V)

SWITCHING TIME TEST CIRCUIT

Via Monitor
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Voo
=30V
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2SK296

SILICON N-CHANNEL MOS FET

HIGH SPEED POWER SWITCHING,
HIGH FREQUENCY POWER AMPLIFIER

FEATURES

Low On-Resistance.

High Speed Switching.
High Cutoff Frequency.

No Secondary Breakdown.

Oscillators.

Suitable for Switching Regulator, DC-DC Con-
verter, RF Amplifiers, and Ultrasonic Power

$3.61£0.2

15.3max.

6.3min.

11.5max.
9.8max.

7.6min.

1. Gate

2. Drain
(Flange)

3. Source

(Dimensions in mm)

B ABSOLUTE MAXIMUM RATINGS (7.=25 °C)

3.0max.

18.5£0.5

7.810.5

(JEDEC TO-220AB)

POWER VS.

TEMPERATURE DERATING

Item Symbol Rating Unit »
Drain-Source Voltage Vbss 300 v
Gate-Source Voltage Viss +20 \% N
Drain Current In 1 A = \
Drain Peak Current Topeans 2 A g N
Body-Drain Diode g \
Reverse Drain Current Lox 1 A % \
Channel Dissipation P> 30 w 2 10 N,
Channel Temperature Ten 150 °C 5?' \
Storage Temperature Tee —55 ~ +150 °C N
*Value at T=25 °C
0 50 100 150
Case Temperature Tc (C)

B ELECTRICAL CHARACTERISTICS (T.=25°C)

Item Symbol Test Condition min. | typ. | max. | Unit
Drain-Source Breakdown Voltage Visrpss I,=10mA, V4s=0 300 — — \%
Gate-Source Leak Current Igss Ves=120V, Vps=0 — — +1 | uA
Zero Gate Voltage Drain Current Ipss Vps=240V, V=0 — — 1| mA
Gate-Source Cutoff Voltage Vsiom Ip=1mA, V=10V 1.0 — 4.5 \%
lS?La;ti;ct:?lzzm-Source On State Roson 1A, Ves=15V* _ 25 40 a
Drain-Source Saturation Voltage Vosion Ip=1A, V;=15V* — 2.5 4.0 A%
Forward Transfer Admittance 72 1p=0.5A, Vp=10V* 02| 04 — S
Input Capacitance Ciss Vae=10V, V=0 — | 140 — | pF
Output Capacitance Coss — 65 — | pF
Reverse Transfer Capacitance Ciss f=1MHz — 23 — | pF
Turn-on Time tatom - 6 —_ ns
Rise Time t, Ip=0.5A, V=15V — 14 — | ns
Turn-off Delay Time taomn =600 — 40 — | ns
Fall Time t — 30 — | ns
Body-Drain Diode Forward Voltage Vor Ir=1A, Vis=0 — 0.9 — v
Body-Drain Diode . Ir=1A, Vis=0 J P 1 ons
Reverse Recovery Time dip/dt=100A/us
TPu]se Test
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2SK296

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

Forward Transfer Admittance |ys. | (S)

114

MAXIMUM SAFE OPERATION AREA

5 T
TlL'a=z5'C
) 1045
A N
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0.05
5 10 20 50 100 200 500

Drain to Source Voltage Vos (V)

TYPICAL TRANSFER CHARACTERISTICS
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0.4
0 4 8 12 16 20

Gate to Source Voltage Ves (V)

FORWARD TRANSFER ADMITTANCE
VS. DRAIN CURRENT

I TTT
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Pulse Test
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Drain Current Ip (A)

TYPICAL OUTPUT CHARACTERISTICS
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&
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Drain to Source Voltage Vos (V)
DRAIN-SOURCE SATURATION VOLTAGE
VS. GATE-SOURCE VOLTAGE
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E Pulse Test
£
]
£
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2
w
% 2 \\ 054
a
\\ Ip=02A——
l
0 4 8 12 16 20
Gate to Source Voltage Vos (V)
STATIC DRAIN-SOURCE ON STATE
RESISTANCE VS. TEMPERATURE
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g s A
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E
0
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Case Temperature Tc (C)
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pk:

Capacitance ('

Switching Time ¢ ins)

Drain to Source Voltage Vps (V')

1000

300

100

1000

300

100

30

i

0.02 005 ol 0.2 0.5 Lo

TYPICAL CAPACITANCE VS.
DRAIN-SOURCE VOLTAGE

T
[N
7 1M
N Co
Yy
\
\ L]
o~ Coss
\\\
I~~~ B
0 K 10 60 B 100

Drain to Source Voltage Vps (V)

SWITCHING CHARACTERISTICS

~

Drain Current Ip (A)

DYNAMIC INPUT CHARACTERISTICS

250 ] | | 20
T 1
Vos Vop =200V
200 ] 16
100-
U
50 >/ 7
150 \ % g/ 12
h / V
/ Ves
100 T 8
Vop =200V
50 100 4
e
‘ L
0 2 4 6 8 10

Gate Charge Q (nc)

Gate to Source Voltage Vs (V)

Forward Transfer Admittance |y | (S)

Reverse Drain Current Ipr (A)
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2SK296

FORWARD TRANSFER ADMITTANCE
VS. FREQUENCY

10 1117
UBLRBAY
Te=25C i
Vns =10VH
0.5 Ip=05A H
=
0.2
0.1
0.05
0.02
0.01
100k M 10M 100M
Frequency f (Hz)
MAXIMUM BODY-DRAIN DIODE
FORWARD VOLTAGE
20
Pulse Test
1.6
1.2
0.8
SVE_|
04 -——-1—11)\[_<
15V -
o
0 0.4 0.8 12 L6 2.0

Source to Drain Voltage Vsp (V)

SWITCHING TIME TEST CIRCUIT

Vin Monitor

Vour Monitor

WAVEFORMS

+10%

Vou 10% q‘ 10%
90%

tdtom t tacofp Y
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2SK298,2SK299

SILICON N-CHANNEL MOS FET

HIGH SPEED POWER SWITCHING,
HIGH FREQUENCY POWER AMPLIFIER

FEATURES

Low On-Resistance.

High Speed Switching.
High Cutoff Frequency.
No Secondary Breakdown.

Suitable for Switching Regulator, DC-DC Con-

verter, RF Amplifiers, and Ultrasonic Power

Oscillators.

B ABSOLUTE MAXIMUM RATINGS (T.=25 °C)

ru.ﬁ_m& 1605
| 3.3max.

1 (30typ)

S——

% <
A 3 =
£ i
1 B ¥
2
1. Gate
2. Source (JEDEC TO-3)
3. Drain
(Case)
(Dimensions in mm)
POWER VS.

TEMPERATURE DERATING

Item Symbol Rating Unit 150
2SK298 | 2SK299
Drain-Source Voltage Voss 400 450 A%
Gate-Source Voltage Vass +20 A% E
Drain Current I 8 A & 100
Drain Peak Current Ipipeak) 12 A g N
Body-Drain Piode Ion 8 A g \\
Reverse Drain Current 5 50
- H N
Channel Dissipation P.* 100 w S \
Channel Temperature Ten 150 °C N
Storage Temperature Toe —55~ +150 °C
*Value at T'¢=25°C 0 50 100 150
Case Temperature Tc (C)
B ELECTRICAL CHARACTERISTICS (T.=25°C)
Item Symbol Test Condition min. |typ. | max. | Unit
egﬁ:éeSource Breakdown zzizzz Visesoss 1=10mA, Ves=0 igg : : z
Gate-Source Leak Current Iss Ves=120V, Vps=0 — — +1| uA
%ero Gate Voltage Drain 25K298 Toss Vbs=320V, V=0 _ _ 11 ma
urrent 2SK299 Vps=360V, Vis=0
Gate-Source Cutoff Voltage Vsiom Ip=1mA, V=10V 1.0 — 5.0 v
Drain-Source Saturation Voltage Vbston Ip=4A, Vg=15V* e 4.4 7.0 A%
Forward Transfer Admittance lyrd Ip=4A, Vps=10V* 1.2 1.7 — S
Input Capacnt::mce Ciss Vos=10V, Ves=0 — | 800 — | pF
Output Capacitance Coss — | 180 — | pF
Reverse Transfer Capacitance Ciss J=1MHz — 20 — | pF
Turn-on Time taiom — 15 — | ns
Rise Time t, Ip=2A, V=15V — 35 — | ns
Turn-off Delay Time Lo R/=150
— 85 — ns
Fall Time t — 35 — | ns
Body-Drain Diode Forward Voltage Vor I=4A, V=0 — | 0.85 — \Y%
Body-Drain Diode ) . I=4A, V=0 — | 00 _ ns
Reverse Recovery Time dig/dt=100A/ps

*Pulse Test
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2SK298, 25K299

Drain Current Ip (A)

MAXIMUM SAFE OPERATION AREA TYPICAL OUTPUT CHARACTERISTICS
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2SK298, 25K299
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Drain to Source Voltage Vps 117

Capacitance C (pF)

Switching Time ¢ (ns)

TYPICAL CAPACITANCE VS.
DRAIN-SOURCE VOLTAGE
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Reverse Drain Current Ipg (A)

@ HITACHI

FORWARD TRANSFER ADMITTANCE
VS. FREQUENCY
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2SK3038

SILICON N-CHANNEL MOS FET

1L35max, 116405,
- __J_Jmu..]
HIGH SPEED POWER SWITCHING, i
HIGH FREQUENCY POWER AMPLIFIER S 7
B FEATURES 4 2|
g E ©
® Low On-Resistance. P i
® High Speed Switching. ! m! N ='='
@® High Cutoff Frequency. LA ]
® No Secondary Breakdown. 5
® Suitable for Switching Regulator, DC-DC Con-
verter, RF Amplifiers, and Ultrasonic Power 1.Gate
Oscillators. 2. Source (JEDEC TO-3)
(Case)
(Dimensions in mm)
B ABSOLUTE MAXIMUM RATINGS (7.=25 °C) POWER VS.
Ttem Symbol Rating Unit . TEMPERATURE DERATING
Drain-Source Voltage Vbss 120 \%
Gate-Source Voltage Viss +20 v
Drain Current Ip 10 A E
Drain Peak Current Ipipeay 15 A & 100
ﬁZj:rirg:agll(gl:rrent Ton 10 A :% \\
Channel Dissipation Pu* 100 w Z % N
Channel Temperature Ten 150 °C E \\
Storage Temperature Tog —55 ~ +150 °C N
*Value at T:=25 °C
0 50 100 150
Case Temperature Tc (C)
B ELECTRICAL CHARACTERISTICS (7.=25°C)
Item Symbol Test Condition min. | typ. | max.| Unit
Drain-Source Breakdown Voltage Visripss I1,=10mA, V=0 120 — — A%
Gate-Source Leak Current Igss Vies=120V, Vps=0 — - +1| uA
Zero Gate Voltage Drain Current Ipss Vps=100V, V4s=0 — — 1/ mA
Gate-Source Cutoff Voltage Vsiom Ip=1mA, V=10V 1.0 — 4.5 v
i:tixsctﬁr‘;zm-Source On State Roson 1,=5A. Ves=15V* _ 0.2 0.3 a
Drain-Source Saturation Voltage Vpsiom Ip=5A, Vs=15V* — 1.0 1.5 A%
Forward Transfer Admittance |y I1p,=5A, Vp=10V* 1.5 2.8 — S
Input Capacitance Ciss —| 1130 —| pF
" Vps=10V, V=0
Output Capacitance Coss —| 650 —| pF
Reverse Transfer Capacitance Css J=1MHz — 80 — | pF
Turn-on Delay Time tatony — 10 — ns
Rise Time t, I,=2A, V=15V - 50 — ns
Turn-off Delay Time taom R,=150 — 920 — | ns
Fall Time tr — 70 —| ns
Body-Drain Diode Forward Voltage Vor I=5A, V=0 — 0.9 — \%
Body-Drain Diode . I=5A, Vs=0 —| 200 _ ns
Reverse Recovery Time dir/dt=100A/pus
*Pulse Test
@ HITACHI 19



2S5K308

MAXIMUM SAFE OPERATION AREA
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pF

Capacitance (°

Switching Time t :ns;:

Drain to Source Voltage V\os V'

TYPICAL CAPACITANCE VS.
DRAIN-SOURCE VOLTAGE
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Forward Transfer Admittance |ys | (S;

Reverse Drain Current Ipr (A)

2SK308

FORWARD TRANSFER ADMITTANCE
VS. FREQUENCY
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2SK310,2SK311

SILICON N-CHANNEL MOS FET

HIGH SPEED POWER SWITCHING,
HIGH FREQUENCY POWER AMPLIFIER

P.émax.

Smax.

.Tmax.

2

)

15.3max.

12.7min,

B FEATURES fs.ezo.z 6.3min. E £ %
® Low On-Resistance. EE £ . Bt ng
® High Speed Switching. ! EEN &
@ High Cutoff Frequency. . e 78205
@ No Secondary Breakdown. ) 3.0max 18:520.5
@ Suitable for Switching Regulator, DC-DC Con- | Gate
. Lal
verter, RF Amplifiers, and Ultrasonic Power 2. Drain
Oscillators. 3 S (JEDEC TO-220AB)
(Dimensions in mm)
B ABSOLUTE MAXIMUM RATINGS (7.=25 °C) POWER VS.
Rati TEMPERATURE DERATING
ati
Item Symbol ne Unit 60
2SK310 | 2SK311
Drain-Source Voltage Voss 400 450 A%
Gate-Source Voltage Viss +20 v %
Drain Current Ip 3 A £
Drain Peak Current Toipeats 6 A 2
i \\
Body-Drain Diode 8
Reverse Drain Current Ton 8 A :; 0 N
£
Channel Dissipation P.* 40 w & \\
Channel Temperature Ten 150 °C N
Storage Temperature T —55 ~ +150 °C
*Value at Tc=25°C 0 50 100 150
Case Temperature Tc (C)
B ELECTRICAL CHARACTERISTICS (T.=25°C)
Item Symbol Test Condition min. | typ. |max. |Unit
Drain-Source Breakdown 2SK310 _ _ 400 — - Vv
Voltage 2SK311 Visripss 1,=10mA, V=0 150 — — v
Gate-Source Leak Current Igss Ves=£20V, Vps=0 — — +1 | pA
Zero Gate Voltage Drain 2SK310 I Vps=320V, V=0 L 1 | ma
Current 28K311 o V=360V, Vis=0
Gate-Source Cutoff Voltage Vsiom Ip=1mA, Vps=10V 1.0 — | 5.0 v
Statilc Drain-Source On State Roson 15224, V=15V _ 25 40 a
Resistance
Drain-Source Saturation Voltage Vosiom Ip=2A, V;s=15V* — 5.0 8.0 \%
Forward Transfer Admittance 1Y Ip=2A, Vps=10V* 0.6 1.0 — S
Input Capacitance (o — | 440 — | pF
: Vos=10V, Vis=0
Output Capacitance Coss MH — 95 — | pF
Reverse Transfer Capacitance Chs f=IMHz - 13 — | pF
Turn-on Delay Time taton - 9 — | ms
3 - Ip=2A, V=15V
Rise Time t, — 16 — | ns
" R,=150
Turn-off Delay Time tutomn — 40 - ns
Fall Time tr — 30 — | ns
Body-Drain Diode Forward Voltage Vor Ii=2A, V=0 — | 085 — \%
Body-Drain Diode ¢ 1=2A, V=0 _ 300 _ ns
Reverse Recovery Time i dir/dt=100A/pus

*Pulse Test
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Drain Current Ip (A)

MAXIMUM SAFE OPERATION AREA
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2SK310, 25K311
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Drain to Source Voltage Vps (V)

Capacitance C (pF)

Switching Time t (ns)

TYPICAL CAPACITANCE VS.
DRAIN-SOURCE VOLTAGE
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FORWARD TRANSFER ADMITTANCE
VS. FREQUENCY
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2SK312,2SK313

SILICON N-CHANNEL MOS FET

11.35may, 11603
HIGH SPEED POWER SWITCHING, T
HIGH FREQUENCY POWER AMPLIFIER 3
B FEATURES t
5 3 2
[ J L?w On-Resis@ncg 1 ; § s |
® High Speed Switching. g < —_"F’
® High Cutoff Frequency.
® No Secondary Breakdown. >
® Suitable for Switching Regulator, DC-DC Con- 1.0 £098
vert‘er, Motor Control, and Ultrasonic Power é(s;::ice (JEDEC TO-3)
Oscillators. 3 Drain
(Case)
(Dimensions in mm)
B ABSOLUTE MAXIMUM RATINGS (7.=25 °C) POWER VS.
- TEMPERATURE DERATING
Rating X
Item Symbol Unit 150
2SK312 | 2SK313
Drain-Source Voltage Voss 400 450 A"
Gate-Source Voltage Vess +20 A% z
Drain Current I 12 A E 100
Drain Peak Current Tipeay 18 A £
Body-Drain Diode 2
Reverse Drain Current Lo 12 A a "
Channel Dissipation P.* 125 w _g
o
Channel Temperature Ten 150 °C
Storage Temperature .Txlg —55 ~ +150 °C
*Value at 7'=25°C 0 50 100 150
Case Temperature Tc (C)
B ELECTRICAL CHARACTERISTICS (7.=25 °C)
Item Symbol Test Condition min. | typ. | max. | Unit
Drain-Source Breakdown 25K312 400 - - v
v, =10mA, Vgs=0
Voltage 2SK313 (BR)DSS D m GS’ 450 — — v
Gate-Source Leak Current Iss Ves=220V, Vps=0 — — 1| pA
Zero Gate Voltage Drain 25K312 Vbs=320V, V5s=0
IDss - _— 1| mA
Current 25K313 Vs=360V, Vgs=0
Gate-Source Cutoff Voltage Vsiom p=1mA, V=10V 1.0 - 5.0 A%
Stat'lc Drain-Source On State Rosen Io=6A, Ves=15V* —1| 067 0.9 a
Resistance
Drain-Source Saturation Voltage Vosiom Ip=6A, Vs=15V* — 4.0 5.4 v
Forward Transfer Admittance lyd I,=6A, Vps=10V* 1.5 2.5 — S
Input Capacitance Ciss — | 1500 — | pF
" Vps=10V, Vs=0
Output Capacitance Coss — | 830 — | pF
- f=1MHz
Reverse Transfer Capacitance Crss — 35 — | pF
Turn-on Delay Time tatony — 20 — ns
Rise Time t, Ip=2A, V=15V — 50 — | ns
Turn-off Delay Time [ 2 R.=15Q — | 140 — | ns
Fall Time tr — 60 — | ns
Body-Drain Diode Forward Voltage Vor I=6A, V=0 — 0.9 - v
Body-Drain Diode . 1:=6A, V=0 —| 400 _ ns
Reverse Recovery Time " dir/dt=100A/pus
*Pulse Test
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2SK312, 25K313

MAXIMUM SAFE OPERATION AREA
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Drain Current Ip (A)

TYPICAL OUTPUT CHARACTERISTICS
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Capacitance C (pF}

Switching Time ¢ (ns)

Drain to Source Voltage Vps (V)

TYPICAL CAPACITANCE VS.
DRAIN-SOURCE VOLTAGE
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2SK312, 2SK313

FORWARD TRANSFER ADMITTANCE

VS. FREQUENCY
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2SK317

SILICON N-CHANNEL MOS FET

HF/VHF POWER AMPLIFIER

$3.3ma;

B FEATURES 6
® High Breakdown Voltage.
@® You Can Decrease Handling Current.
@ Gate is Protected by Zenner Diodes. L2.3.4
® No Secondary-Breakdown. E_\H::‘_—‘?I’_H=
® Wide Area of Safe Operation. 1. Source
2. Source
® Infinite VSWR. 3. Source
4. Source
® No Thermal Runaway. 5. Drain (RF-PAK)
® Simple Bias Circuitry. 6.Gate
(Dimensions in mm)
B ABSOLUTE MAXIMUM RATINGS (T.=25 °C) POWER VS.
TEMPERATURE DERATING
Item Symbol Rating Unit 18
Drain-Source Voltage Voss 180 \%
Gate-Source Voltage Vess +20 v
Drain Current In 8 A B
Body-Drain Diode P g A £ ™
Reverse Drain Current R 3
El N,
Channel Dissipation P.,* 120 w K \
[=}
Channel Temperature Ten 150 °C 5 60 AN
Storage Temperature Tog —55 ~ +150 °C é \
*Value at T=25°C N
%}1

B ELECTRICAL CHARACTERISTICS (T.=25 °C)

100
Case Temperature Tc (C)

Item Symbol Test Condition min. | typ. | max. | Unit
Power Output Po Vps=80V, Ipp=0.1A 120 — —| W
Drain Efficiency n Pin=8W, f=100MHz — | (80) — %
Drain-Source Breakdown Voltage Visrpss Ip=10mA, V=0 180 — — A%
Gate-Source Breakdown Voltage Vismoss I=+100uA, Vps=0 +20 — — \4
Zero Gate Voltage Drain Current Ipss Vps=140V, V=0 — — 1.0 [ mA
Gate-Source Cutoff Voltage Vsiomn Ip=1mA, Vps=10V* 0.5 — 3.0 A%
ouatie Drain-Source On State Roson Ib=4A, Ve=10V* —| 09| 15| 0
Drain-Source Saturation Voltage V psion Ip=4A, V;=10V* — 3.8 6.0 v
Forward Transfer Admittance Jusd I1p=3A, Vps=20V* 09| 1.25 — S
Input Capacitance Ciss Ves=5V, Vps=0, f=1MHz — | 600 — | pF
Output Capacitance Coss Vis=—bV, Vps=50V, f=1MHz — 90 — | pF
Reverse Transfer Capacitance Crs Vep=-50V, f=1MHz - 0.5 — | pF

*Pulse Test

CAUTION: OPERATING HAZARDS

general industrial or domestic waste.

Beryllium Oxide Ceramics have been employed in these products.
Since dust or fume of the material is highly poison to the human body, please do not treat them mechanically
or chemically in the manner which might expose them to the air. And it should never be thrown out with
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Drain Current Ip (A)

Drain Current Ip (A)

Output Power Pour (W)
Efficiency 7 (%)

2SK317

MAXIMUM SAFE OPERATION AREA TYPICAL OUTPUT CHARACTERISTICS
20 10 LI
—b!; =IIIV N TCI= 25
/ v
o - . A
. r AT R
@ =< VS
0»/,. =6 %/ ] """\
N, z 5
92 ”/-,, £ s 6V
\P 3 T
¢ £ 4 =
10 N z W
N
EAY
0.5 2
3V
2\
0.2
5 1 20 50 100 200 500 a 4 8 12 16 20
Drain to Source Voltage Vps (V) Drain to Source Voltage Vos (V)
TYPICAL TRANSFER CHARACTERISTICS INPUT POWER VS. OUTPUT POWER (1)
10 200
—
8 160 > ]
)%
E
6 / Q::' Q 120
= I
s o |
4 s
1 / pyan l
/ 2 [
2 / 40 I ’
Vop =80V
/ e
f=100MHz—]
||
0 2 4 6 8 10 0 2 4 [ ¥ 10
Gate to Source Voltage Vs (V) Gate to Source Voltage Vgs (V)
INPUT POWER VS. OUTPUT POWER (2) OUTPUT POWER TEST CIRCUIT
200
Vop =80V Vi
I/f =0 1A
160 Ty REC
1’],..,. Input Output
120 J// = -
7
80
A
P Ci1=22pF, C2=33pF, C3=10pF, Cs=22pF
40 Ly, L2; Ip=6mm, d=1mm
J=100MHz; L1=3T, L2=6T
J=175MHz; L1=1T, L2=3T
0 2 4 b 8 10

Drain Current Ip (A)
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2SK318

SILICON N-CHANNEL MOS FET

HF/VHF POWER AMPLIFIER

FEATURES
High Breakdown Voltage.

No Secondary-Breakdown.
Wide Area of Safe Operation.
Infinite VSWR.

No Thermal Runaway.
Simple Bias Circuitry.

You Can Decrease Handling Current.
Gate is Protected by Zenner Diodes.

1,234

1. Source
2. Source
3. Source
4. Source
5. Drain
6.Gate

(Dimensions in mm)

B ABSOLUTE MAXIMUM RATINGS (7.=25 °C)

$3.3max.|

18.6max

e

Ima;

©)

5.7max.

24.8max.

. 1max;

12.8max.

J

(RF-PAK)

POWER VS.

TEMPERATURE DERATING

Item Symbol Rating Unit -
Drain-Source Voltage Voss 180 \%
Gate-Source Voltage Vess +20 v
Drain Current I 1 A £
Body-Drain Diode £ o
Reverse Drain Current Ton 4 A g
Channel Dissipation P.* 70 w g
Channel Temperature Ten 150 °C T w0
Storage Temperature Tog —55 ~ +150 °C a \\
*Value at T=25°C N

0 50 100 150
® ELECTRICAL CHARACTERISTICS (T:=25 °C) Case Temperature Tc (C)
Item Symbol Test Condition min. | typ. | max.| Unit

Power Output Po Vps=80V, Ipg=0.1A 60 90 - W
Drain Efficiency 7 Pin=4W, f=100MHz — | (80) — %
Drain-Source Breakdown Voltage Visrpss Iy=10mA, V=0 180 — — A\
Gate-Source Breakdown Voltage Visness I6=1100pA, Vps=0 +20 — — \'4
Zero Gate Voltage Drain Current Ipss Vps=140V, V=0 - — 1.0| mA
Gate-Source Cutoff Voltage Vesiom Ip=1mA, Vps=10V 0.5 —] 30 \4
i:f’:t alz r::"'s"“”ce On State Roson 1=2A, Ves=10V* —| 19| 30| o
Drain-Source Saturation Voltage Vosion Ip=2A, Vg=10V* — 3.8 6.0 A%
Forward Transfer Admittance Jusd Ip=1.5A, Vps=20V* 04| 06 — S
Input Capacitance Ciss Ves=5V, Vps=0, f=1MHz — | 3800 —| pF
Output Capacitance Coss Ves=—5V, Vps=50V, f=1MHz — 45 —| pF
Reverse Transfer Capacitance Chss Vepr=—50V, f=1MHz — 0.3 — | pF

*Pulse Test

CAUTION: OPERATING HAZARDS
Beryllium Oxide Ceramics have been employed in these products.
Since dust or fume of the material is highly poison to the human body, please do not treat them mechanically
or chemically in the manner which might expose them to the air. And it should never be thrown out with
general industrial or domestic waste.
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Drain Current Ip (A)

Drain Current Ip (A)

Output Power Poxt (W)

Efficiency 7 (%)

2SK318

MAXIMUM SAFE OPERATION AREA TYPICAL OUTPUT CHARACTERISTICS
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TYPICAL TRANSFER CHARACTERISTICS INPUT POWER VS. OUTPUT POWER (1)
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! 2 Ing=0.1A ]
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Gate to Source Voltage Ves (V) Gate to Source Voltage Vs (V)

INPUT POWER VS. OUTPUT POWER (2)

OUTPUT POWER TEST CIRCUIT

100

T T

Vo =80V
[pe=0.1A
F=175Milz

Input QOutput

=]

P ~

Pou

<N
N

) C1=22pF, C2=33pF, C3=25pF, C4=50pF
% Li, Lo lp=6mm, d=lmm

f=100MHz; Li=3T, Le=5T

J=1T5MHz; Li=1T, Le=3T

Drain Current In (A)
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2SK319,2SK320

SILICON N-CHANNEL MOS FET

HIGH SPEED POWER SWITCHING,
HIGH FREQUENCY POWER AMPLIFIER

ai

o2
Smax.
7

4.8max.
0.
fet2.7ma;

15.3max. 12.7min.

B FEATURES $3.6£0.2 [8.3min. 3 3 %
! i J S N
® Low On-Resistance. g 3| £ B R == S A 33‘1
® High Speed Switching. EEEIN E
@ High Cutoff Frequency. 3 : 2 28205 ]
©® No Secondary Breakdown. L Gate 5.0max 185208
® Suitable for Switching Regulator, DC-DC Con- 2. Drain
verter, RF Amplifiers, and Ultrasonic Power 3. (sp;lfrneie) (JEDEC TO-220A8)
Oscillators. (Dimensions in mm)
B ABSOLUTE MAXIMUM RATINGS (7.=25 °C) POWER VS.
TEMPERATURE DERATING
Rating X 60
Item Symbol 75Ka19 | 2SK320 Unit
Drain-Source Voltage Voss 400 450 v
Gate-Source Voltage Vss +20 \% §
Drain Current I 5 A & 0
Drain Peak Current Ipipear 10 A g
Body-Drain Diode a
Reerse Drain Current Toe 5 A S: 20
Channel Dissipation P 50 w 5;
Channel Temperature Ten 150 °C
Storage Temperature T —55 ~ +150 °C
*Value at T=25°C 0 % 100 190
Case Temperature Tc (C)
B ELECTRICAL CHARACTERISTICS (7.=25 °C)

Item Symbol Test Condition min. | typ. | max. | Unit
8;;11:g-eSwrce Breakdown z:iz; Viambss [o=10mA., Ves=0 | ‘:gg : : :’7
“Gate-Source Leak Current Toss Vemt20V, Vor0 ‘ [ = 1| A
Zero Gate Voltage Drain 2SK319 Vps=320V, V=0
Current asKsz0 | *° Vos=360V, V=0 T e
Gate-Source Cutoff Voltage Vesiom In=1mA, V=10V 1.0 — 5.0 \%
i:‘i;:irc:'“'s"“m On State Roson Ir=3A, Ves=—15V* —| 11 18| o
Drain-Source Saturation Voltage V bsiony Ip,=3A, Vg=15V* — 3.3 55
Forward Transfer Admittance |y I,=3A, Vps=10V* 1.0 1.5 — S
Input Capacitance Ciss Vae=10V, Vas=0 — | 800 — | pF
Output Capacitance Coss — | 180 — | pF
Reverse Transfer Capacitance Crss J=1MHz — 20 — | pF
Turn-on Delay Time tatom =24, Vos=15V — 15 — ns
Rise Time t, — 35 — ns
Turn-off Delay Time taiom R=150 — 85 — | ns
Fall Time t - 35 — | ns
Body-Drain Diode Forward Voltage Vor Ir=3A, V=0 — | 0.85 — \%
Body-Drain Diode ) . I,?=3A. V=0 _1 350 _ ns
Reverse Recovery Time dig/dt=100A/us

*Pulse Test
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Drain Current Ip (A)

Drain Current Ip {A)

Forward Transfer Admittance |y | (S)
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MAXIMUM SAFE OPERATION AREA
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TYPICAL TRANSFER CHARACTERISTICS
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TYPICAL OUTPUT CHARACTERISTICS

0
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Drain to Source Voltage Vbs (V)

DRAIN-SOURCE SATURATION VOLTAGE
VS. GATE-SOURCE VOLTAGE

S
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2SK319, 25K320
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Drain to Source Voltage Vos (V)

Switching Time ¢ (ns)
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i
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100
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A ¥
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TYPICAL CAPACITANCE VS.
DRAIN-SOURCE VOLTAGE
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Drain to Source Voltage Vbs (V)

SWITCHING CHARACTERISTICS
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Drain Current Ip (A)
DYNAMIC INPUT CHARACTERISTICS
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Gate Charge Qg (nc)

Gate to Source Voltage Ves (V)

Forward Transfer Admittance |y | (S)

Reverse Drain Current Ipr (A)
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FORWARD TRANSFER ADMITTANCE
VS. FREQUENCY
10

T

3

Lo .

N\
0.5
0.2
0.1
100k M 10M 100M
Frequency f (Hz)
MAXIMUM BODY-DRAIN DIODE
FORWARD VOLTAGE
10 \| -‘
T T
Pulse Test
8
6
4 /
5V,
Ves =0
Ves == 10V
0 0.4 08 1.2 16 2.0

Source to Drain Voltage Vsp (V)

SWITCHING TIME TEST CIRCUIT

Vin Monitor

Vour Monitor

= Von
] =30V
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2SK345,2SK346

SILICON N-CHANNEL MOS FET

HIGH SPEED POWER SWITCHING,
LOW FREQUENCY POWER AMPLIFIER

15.3max, 12.7min.
Complementary pair with 2SJ101, 28J102 $3.6£0.2 [B.3min. : 4_‘}56 2
=5 ¥i
! I 2 Il 3
® FEATURES EEERY Iz
ERNEN =
® Low On-Resistance. C 1 -
® High Speed Switching. ! o I '
® No Secondary Breakdown.
1.G
® Good Complementary Characteristics. 2. D?:ﬁn (JEDEC TO-220AB)
® Suitable for Switching Regulator, DC-DC Con- 5 lange)
verter, and PWM Amplifier. (Dimensions in mm)
B ABSOLUTE MAXIMUM RATINGS (7,=25°C) POWER VS.
. TEMPERATURE DERATING
Rating .
Item Symbol Unit 30
2SK345 | 2SK346
Drain-Source Voltage Vss 40 60 A% N
Gate-Source Voltage Vess +20 \% s \
Drain Current Ip 5 A P N
ay
Drain Peak Current Ipipeat) 10 A 5 \
_Drain Di g
Body-Drain Plode Ion 5 A z \
Reverse Drain Current 2 N |
S o
Channel Dissipation P> 30 w 5 \
Channel Temperature Ton 150 °C N
Storage Temperature T —55 ~ +150 °C
*Value at T¢=25°C 0 50 100 150
Case Temperature Tc (C)
B ELECTRICAL CHARACTERISTICS (T,=25°C)
Item Symbol Test Condition min. | typ. | max. | Unit
Drain-Source Breakdown 28K345 40 - - v
Vi Ip=10mA, V=0
Voltage 2SK346 (s ° o 6] —| —] v
Gate-Source Leak Current Igss Vis=120V, Vps=0 — — +1| pA
Zero Gate Voltage Drain 25K345 Vbs=30V, V=0
I, Dss - - 1| mA
Current 2SK346 Vps=50V, V=0
Gate-Source Cutoff Voltage Vasiom Ip=1mA, Vps=10V 2.0 — 5.0 \%
Stat.lc Drain-Source On State Roson I5=3A. Ves=15V* _ 03 04 a
Resistance
Drain-Source Saturation Voltage Vbsion Ip=3A, Vis=15V* — 0.9 1.2 A%
Forward Transfer Admittance |Yrd Ip=3A, Vp=10V* 05 0.9 - S
Input Capacitance Ciss —| 350 — | pF
Vps=10V, V=0
Output Capacitance Closs o o= —| 290 — | pF
- f=1MHz
Reverse Transfer Capacitance Crss — 80 — | pF
Turn-on Delay Time taton — 12 — ns
Rise Time t, Ip=2A, V=15V — 28 — ns
Turn-off Delay Time taiom R.=150 — 30 — | ns
Fall Time t — 40 — | ns
Body-Drain Diode Forward Voltage Vor I=38A, V=0 —| 0.85 — \%
Body-Drain Diode ; Ir=3A, V=0 —| 160 | s
Reverse Recovery Time " dis/dt=500A/ps
*Pulse Test
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2SK345, 2SK346

Drain Current Ip (A)

Forward Transfer Admittance [ysi | (S)

136

Drain Current Ip (A)

MAXIMUM SAFE OPERATION AREA
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TYPICAL TRANSFER CHARACTERISTICS
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TYPICAL OUTPUT CHARACTERISTICS
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Capacitance C (pF’

Switching Time t (ns)

Drain to Source Voltage Vps (\'}

TYPICAL CAPACITANCE VS.
DRAIN-SOURCE VOLTAGE
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DYNAMIC INPUT CHARACTERISTICS
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Gate Charge Qs (nc)
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FORWARD TRANSFER ADMITTANCE
VS. FREQUENCY

2SK345, 2SK346

2
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SWITCHING TIME TEST CIRCUIT
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2SK349,2SK350

SILICON N-CHANNEL MOS FET

HIGH SPEED POWER SWITCHING,
HIGH FREQUENCY POWER AMPLIFIER

FEATURES

Low On-Resistance.

High Speed Switching.
High Cutoff Frequency.
No Secondary Breakdown.

Suitable for Switching Regulator, DC-DC Con-

verter, Motor Control, and Ultrasonic Power

Oscillators.

B ABSOLUTE MAXIMUM RATINGS (7.=25 °C)

16.0max.

4
5
*

| 405
5.0

¥
A
?
-ityp
14.940.2

16typ
L4max 3

|

18£0.

0.6£0.2

5451 0.2

1. Gate
2. Drain

(Flange)
3.Source
(Dimensions in mm)

(TO-3P)

POWER VS.
TEMPERATURE DERATING

It Symbol Rating Unit 150
em ni
VIR0 "9SK349 | 25K350
Drain-Source Voltage Voss 400 450 A\
Gate-Source Voltage Viss +20 A El
Drain Current I, 10 A < 100
Drain Peak Current Toipeaty 15 A g N
Body-Drain Diode ! 10 A i N
Reverse Drain Current oR < 50 \\
Channel Dissipation Pu* 100 w i N\
Channel Temperature Ten 150 °C h
Storage Temperature T —55 ~ +150 °C
*Value at Tc=25°C 0 50 100 150
Case Temperature Tc (TC)
B ELECTRICAL CHARACTERISTICS (T.=25 oC)
Item Symbol Test Condition min. | typ. | max. | Unit
Drain-Source Breakdown 25K349 400 - i
|7 Ip=10mA, Vgs=0
Voltage 25K350 | O =M Vo= 50| —| —| v
Gate-Source Leak Current Igss Ves=120V, V=0 — — +1| wA
Zero Gate Voltage Drain 28K349 Vos=320V, Vgs=0
1, DSS - _— 1| mA
Current 2SK350 Vos=360V, Vos=0
Gate-Source Cutoff Voltage Vesiom Ip=1mA, V=10V 1.0 — 5.0 \%
Stat.lc Drain-Source On State Roson Io=5A, Vas=15V* —1| o067 0.9 Q
Resistance
Drain-Source Saturation Voltage Vosion Ip=5A, Vg=15V* — 3.3 4.5 \%
Forward Transfer Admittance lysl Ip=5A, Vps=10V* 1.3 2.5 — S
Input Capacitance Ciss — | 1500 — F
P Lapac Vos=10V, Va0 P
Output Capacitance Coss ME — | 330 — | pF
Reverse Transfer Capacitance Css f=1MHz — 35 —| pF
Turn-on Delay Time taon) — 20 —| ns
Rise Time t, Ip=2A, Vgs=15V — 50 —| ns
Turn-off Delay Time taiom R,=150
— | 140 — ns
Fall Time ty — 60 —| ns
Body-Drain Diode Forward Voltage Vor I:=5A, V=0 — | 0.85 — v
Body-Drain Diode ) ‘, I,.=5A, V=0 1| 400 _ ns
Reverse Recovery Time dir/dt=100A/us

*Pulse Test
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Drain Current Ip (A

Drain Current Ip (A)

Forward Transfer Admittance |y | {S)

100

30

10

0.3

0.1

MAXIMUM SAFE OPERATION AREA TYPICAL OUTPUT CHARACTERISTICS
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DRAIN-SOURCE SATURATION VOLTAGE
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2SK349, 2SK350

Drain to Source Voltage Vos (V)

140

Capacitance C (pF)

Switching Time ¢ (ns)

TYPICAL CAPACITANCE VS.
DRAIN-SOURCE VOLTAGE
10000

Ves =0 3
7= 1MHZ]

3000

Ciss™ |

1000

P— Coss
100

30N

T— Cras

10

0 40 80 120 160 200

Drain to Source Voltage Vps (V)

SWITCHING CHARACTERISTICS

1000

300

tawsp
100 -

30

Ldian)
10

0.2 0.5 1.0 2 5 10 20
Drain Current Ip (A}

DYNAMIC INPUT CHARACTERISTICS
500 20

%
400 VE-‘L= 300’ %/

W N
/
// / Ves *

/4
200 \ A ,/ 8
\ Vos =300V
Ip=10A
100 ] - = 4
1

0

0 2 10 50 30 100

Gate Charge @ (nc)

Gate to Source Voltage Vos (V)

Forward Transfer Admittance |y | (S)

Reverse Drain Current Ipr (A)
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FORWARD TRANSFER ADMITTANCE
VS. FREQUENCY

20 T T TIT
Tc=25C
Vps =10V
10 p=2A ||
5
2 N
\\~
N
1.0
0.5
0.2
10k 100k M 10M

Frequency f (Hz)

MAXIMUM BODY-DRAIN DIODE
FORWARD VOLTAGE

20 I
16
12
. )/

6s =15V l /

[ Ves =10V ] y /

4 ! [ l;cs =0V

Ves =5V. \r(;sl=—l|0V

L L

0 0.4 0.8 1.2 1.6 2.0

Source to Drain Voltage Vsp (V)

SWITCHING TIME TEST CIRCUIT

Vin Monitor

Vour Monitor
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2SK351

SILICON N-CHANNEL MOS FET

HIGH SPEED POWER SWITCHING,
HIGH FREQUENCY POWER AMPLIFIER

B FEATURES

High Breakdown Voltage.
High Speed Switching.
High Cutoff Frequency.
No Secondary Breakdown.

Suitable for Switching Regulator, DC-DC Con-

verter, RF Amplifiers, and Ultrasonic Power

Oscillators.

M ABSOLUTE MAXIMUM RATINGS (7.=25 °C)

11.35max. |1640.5
oy 33max.
(3.0typ)
: 2
& |
&

$4.0 2015

1. Gate
2.Source
3.Drain
(Case)
(Dimensions in mm)

POWER VS.

(JEDEC TO-3)

TEMPERATURE DERATING

Item Symbol Rating Unit 150

Drain-Source Voltage Voss 800 \Y

Gate-Source Voltage Viss +20 v

Drain Current Ip 5 A =z

Drain Peak Current I pipeat) 10 A :‘: !

-Drain Diode £

g:s:rse Drain Current Lon b A %

Channel Dissipation P* 125 W S

Channel Temperature Ten 150 °C é

Storage Temperature Ty —55 ~ +150 °C

*Value at T'=25°C

0 50 100 150
Case Temperature Tc (C)
B ELECTRICAL CHARACTERISTICS (T.=25 °C)
Item Symbol Test Condition min. | typ. | max. | Unit

Drain-Source Breakdown Voltage Visripss 1p=10mA, V=0 800 — — \%
Gate-Source Leak Current Toss Ves=+20V, V=0 — —| £1| uA
Zero Gate Voltage Drain Current Ipss Vps=640V, V=0 — — 1| mA
Gate-Source Cutoff Voltage Vesiom Ip=1mA, V=10V 1.0 - 5.0 Vv
}szzzti'sct;?:;'"'s""”e On State Roson I=3A, Ves=15V* —| 17 80| @
Drain-Source Saturation Voltage Vosion 1,=8A, Vis=15V* — 5.0 9.0 A%
Forward Transfer Admittance 7] Ip=38A, Vp=10V* 1.0 2.0 — S
Input Capacitance Ciss Vom0V, Ves=0 — 1 1900 — | pF
Output Capacitance Coss — 1| 320 — | pF
Reverse Transfer Capacitance Crss f=1MHz — 40 — | pF
Turn-on Time tatom _ 30 — ns
e Time . Ip=2A, V;s=15V — 70 — | mns
Turn-off Delay Time taiorn R:=150 — 1 220 — ns
Fall Time t — 80 — | ns
Body-Drain Diode Forward Voltage Vor I=3A, V=0 — 0.8 — \%
Body-Drain Diode . I:=3A, V=0 —1 600 | us
Reverse Recovery Time dig/dt=100A/ps

*Pulse Test

@ HITACHI 141



2SK351

MAXIMUM SAFE OPERATION AREA TYPICAL OUTPUT CHARACTERISTICS
50 T 5 T T
] HHH 0V, .
Ta=25C{—] |Z 6.5V \ Te=25C
20 | i 10V N
iD(peak) 10, 4 7
ol : S
1o S -
s = 6V 1]
= R, % Y s 3 7~ A
2 A%, '\ 2 \\~
- 2 C Q 5 ~
5 AN £
& w e NN S
P N —
= N 5 55V
g 05 N S
[=} 1
ch .‘_4___ '
0.2 1
L m
0.1
Ves =4.5V
0.05 -
3 10 30 100 300 1000 0 10 20 30 40 50
Drain to Source Voltage Vps (V) Drain to Source Voltage Vps (V)
DRAIN-SOURCE SATURATION VOLTAGE
TYPICAL TRANSFER CHARACTERISTICS o G
VS. GATE-SOURCE VOLTAGE
5 T 20
Vs =20V
S Pulse Test
4 Z 6
£
75°CH Te=~25C @
HE " [ \
= 2
H g 5A
3 25°C— H
2 2 2 8
~ w
E ]
1 / l 7 2A
/
y/ S To=1A
A
0 2 4 1 0 12 16 20

Gate to Source Voltage Vs (V) Gate to Source Voltage Ves (V)

FORWARD TRANSFER ADMITTANCE STATIC DRAIN-SOURCE ON STATE
VS. DRAIN CURRENT RESISTANCE VS. TEMPERATURE
mman T _ 0
s =LY L] 2 Vas =15V
ulse Test T \\Ta=-25C 3 vy 4
= 2 / \ I In=3A /l
2 & /
2w ™ e 5
g N I
g 75 5
Eoos i
2 &
K 5 ///
& 02 B
E £ e
£ Z o
S o1 3
: &
005 0
0z 05 10 0 20 -4 0 20 ] 120 T60

Drain Current Ip (A) Case Temperature Tc (C)
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)

Drain to Source Voltage Vps (V

TYPICAL CAPACITANCE VS.
DRAIN-SOURCE VOLTAGE

10000 :
Ves =0 3
/=1MHz]
3000 -
- Cuss
55; 1000
o
g
8 300
3 N
8 .
100 C
\
30
Cras
10
o 40 R0 120 160 200
Drain to Source Voltage Vps (V)
SWITCHING CHARACTERISTICS
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5
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Drain Current In (A)
DYNAMIC INPUT CHARACTERISTICS
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Gate Charge @ (nc)
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Forward Transfer Admitiance |y | (S)

Reverse Drain Current Ipr (A)
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2SK351

FORWARD TRANSFER ADMITTANCE

VS. FREQUENCY

10 TTTFIT
I m
Tc=25C
Vos = 10V}
5 Ip=2A =
2
™ .\
1.0
0.5
0.2
0.1
100k ™ 10M 100M

Frequency f (Hz)

MAXIMUM BODY-DRAIN DIODE

10

FORWARD VOLTAGE

se Test

1v1\

15V ] .

0.4 0.8 1.2

16 20

Source to Drain Voltage Vsp (V)

SWITCHING TIME TEST CIRCUIT

Vin Monitor

Vour Monitor
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WAVEFORMS
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9% f-90%
td(on) & ttafp | 17
T
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2SK3750L),2SK37508)

SILICON N-CHANNEL MOS FET

® Type © Type
HIGH SPEED POWER SWITCHING, 24 245 2.3 4
HIGH FREQUENCY POWER AMPLIFIER p__, i =05
B FEATURES
® Small Package. L i b
@ High Speed Switching. j 2
@ High Cutoff Frequency. I i _L ! k i
@ No Secondary Breakdown. 3 0.75 i v R 1
® Suitable for Switching Regulator, DC-DC Con- 229 | 2.9 7
verter, RF Amplifiers, and Ultrasonic Power
. 1. Gate
Oscillators. 2., 4. Drain (DPAK)
3. Source
(Dimensions in mm)
® ABSOLUTE MAXIMUM RATINGS (T.=25°C) POWER VS.
TEMPERATURE DERATING
Item Symbol Rating Unit 15
Drain-Source Voltage Vbss 300 \Y%
Gate-Source Voltage Vess +20 \%
Drain Current Ip 1 A E .
<1
Drain Peak Current Ippeay 2 A o~ \
Body-Drain Diode , ) R H L
Reverse Drain Current R K \
a
Channel Dissipation Py 10 w ‘g 5 \\
Channel Temperature Ten 150 °C S \
Storage Temperature Tag —55 ~ +150 °C N
*Value at Tc=25°C
0 50 100 150

® ELECTRICAL CHARACTERISTICS (7.=25 °C)

Case Temperature Tc (C)

Item Symbol Test Condition min. | typ. | max. | Unit
Drain-Source Breakdown Voltage Visrpss I,=10mA, V=0 300 — — v
Gate-Source Leak Current Igss Ves=120V, Vps=0 — — +1| uA
Zero Gate Voltage Drain Current Ipss Vs=240V, V=0 - - 1| mA
Gate-Source Cutoff Voltage Vesiom Io=1mA, V=10V 1.0 — 5.0 v
Stalilc Drain-Source On State Rosen Io=1A, Vas=15V* _ 25 40 a
Resistance
Drain-Source Saturation Voltage Voson Ip=1A, Vi =15V* — 2.5 4.0 \%
Forward Transfer Admittance 7] Ip=0.5A, Vps=10V* 0.2 04 — S
Input Capacitance Ciss — | 140 — | pF

N VDFIOV, V(;FO
Output Capacitance Coss MH - 65 —| pF
Reverse Transfer Capacitance Ciss =1 z — 23 — | pF
Turn-on Delay Time taton — 6 — ns
) Ip=0.5A, V=15V
Rise Time t - 14 —| ns
- R.=600Q

Turn-off Delay Time taiom — 40 — ns
Fall Time t — 30 —1| mns
Body-Drain Diode Forward Voltage Vor I=1A, V=0 — 0.9 — v
Body-Drain Diode ¢ I=1A, V=0 _ | 950 ns
Reverse Recovery Time " di/dt=100A/us

*Pulse Test
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A

Drain Current Ip

Drain Current Ip tA¢

Forward Transfer Admittance |ys. | (S)

2SK375 ©, 2SK375 ®

MAXIMUM SAFE OPERATION AREA TYPICAL OUTPUT CHARACTERISTICS
e o 1 = B I - T 2.0 v " 1
: t R ATy
17 9y
1.6 - dundn S s lsoss b
/INA”
< 77\
= 1.2 /II'// a\ -r—- &\—'—_—
. ’ \7%
1)/ v,
S [ K
s ux ——3- T3
a - ~ M
6\ SN~
0.4 T
003 Te - 25¢
L Vi 25\
o 1
1 3 1o 30 Toe 300 Looo 0 1 X 12 16 20

Drain to Source Voltage Vos (V) Drain to Source Voltage Vps (V)

DRAIN-SOURCE SATURATION VOLTAGE
VS. GATE-SOURCE VOLTAGE

TYPICAL TRANSFER CHARACTERISTICS

10
T T T T
Vs = 10V | ,' l'! 1/ )
! Ty i =
L6 L1 - HER
11 | g
' IS 1T { £
Pt 25 | 1 %
12 L I [ i I z B
’ o I f ] = Pulse
ot . K Test
T 1 3
| I E
0.8 - T I & ! \\ 1A
L -
! 2 \
0.4 + = 2 S
£ 054
I
Z —— In =0.24
|
0 4 8 12 16 20 0 4 8 12 16 20
Gate to Source Voltage Ves (V) Gate to Source Voltage Ves (V)
FORWARD TRANSFER ADMITTANCE STATIC DRAIN-SOURCE ON STATE
VS. DRAIN CURRENT RESISTANCE VS. TEMPERATURE
20 5
N I I _
Vis =10V I 3 Vs * 15V
) Pulse Test | : In=1a Y
Lo z Pulse Test /]
= 4
Ta=—25C g /|
05 S 5 v
-4 £ 7/
25°C -4
» N
75 3
A g 2 > 7
0.1 5
<
0.05 & 1
3
0.02 0
0.02 0.05 0.1 0.2 0.5 1.0 2.0 —40 0 40 80 120 160

Drain Current Ip (A) Case Temperature Tc ('C)
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25K375 ©, 2SK375 ®

TYPICAL CAPACITANCE VS. FORWARD TRANSFER ADMITTANCE
DRAIN-SOURCE VOLTAGE VS. FREQUENCY
1000 — 10 T
Vos =0 Zosc I
it A et
300 » 05 Ip=05A H
AN . E T
& w0 = ¢
S = s 02 N
3 = E N
2 EN Con 2 0 N
£ N £
[$] ~ ]
0 —— Cras ; 0.05
H
=
3 0.02
1 001
0 20 40 60 80 100 100k ™ 10M 100M
Drain to Source Voltage Vps (V) Frequency f (Hz)
- D
SWITCHING CHARACTERISTICS MAXIMUM BODY-DRAIN DIODE
FORWARD VOLTAGE
1000 2.0
300 Pulse Test
16
=
T 5
é ——TTO7) ? 12
<] g
* 30 = 2 h I
g , £ o
=1 r prmge=t=]
& 2
F— tdtom é 5\\/; I Ve 0
Lo 65 =
>z
1
002 005 01 02 05 0 20 0 0.4 0.8 1.2 16 2.0
Drain Current Ip (A) Source to Drain Voltag. Vsp (V)

SWITCHING TIME TEST CIRCUIT

Vi Monitor

DYNAMIC INPUT CHARACTERISTICS

Vour Monitor

250 20
| | | R
! I T
Vbs Vo =200V
00 t 16 Vop
= 100 =
et = =
A 50" A = 30V
3 \ g
% 150 e 7 2%
2 A / 2 WAVEFORMS
8 v s
= GS 2
E 10 83 | 0%
2 ‘ 3
= / T
H T @
E \ Vap =200V 3 Vin 10%
50 100 4 —
| =
\()\/50 fo=2a Vou 10% 10%
T : 0 \
0 2 4 6 8 10 X 90% S 909

Gate Charge Qs (nc) tdtom) i tdcfj)
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2SK382

SILICON P-CHANNEL MOS FET

HIGH SPEED POWER SWITCHING,
HIGH FREQUENCY POWER AMPLIFIER

FEATURES

Low On-Resistance.

High Speed Switching.
High Cutoff Frequency.
No Secondary Breakdown.

Oscillators.

Suitable for Switching Regulator, DC-DC Con-
verter, RF Amplifiers, and Ultrasonic Power

% %
H : g
£ %
e £ S
=
<
15.3max. 12.7min. -
$3.6£0.2 {5 3min, % P S
5 s «
_;L*_ i o
P = =l
| ot

1.27

18.540.5

7.840.5

3

1. Gate
2. Drain
(Flange)
3. Source
(Dimensions in mm)

B ABSOLUTE MAXIMUM RATINGS (7.=25 °C)

(JEDEC TO-220AB)

POWER VS.
TEMPERATURE DERATING

Item Symbol Rating Unit
Drain-Source Voltage Voss 500 v »
Gate-Source Voltage Vass +20 A%
Drain Current Ip 2 A s \\
Drain Peak Current Ipipeary 5 A :? 20 N\
Body-Drain Diode . 9 A § N\
Reverse Drain Current § \
Channel Dissipation P.* 30 w é © \
Channel Temperature Ten 150 °C _§ \
Storage Temperature Tog —55~ +150 °C © N
*Value at Te=25°C
0 50 100 150
Case Temperature Tc ('C)
B ELECTRICAL CHARACTERISTICS (T.=25°C)
Item Symbol Test Condition min. | typ. | max. | Unit
Drain-Source Breakdown Voltage V. sr)pss Ip=10mA, V=0 500 — — A%
Gate-Source Leak Current Iss V=120V, Vps=0 e — *+1 | pA
Zero Gate Voltage Drain Current Ipss Vps=400V, V=0 — o 1| mA
Gate-Source Cutoff Voltage Vsiom Ip=1mA, V=10V 2.0 — 5.0 A%
puatic Drain-Source On State Roson =1, Ve=15V* —| 25| 20| o
Drain-Source Saturation Voltage V bston Ip,=1A, V,=15V* — 2.5 4.0 \Y%
Forward Transfer Admittance lyrd Ip=1A, Vps=10V* 0.4 0.7 — S
Input Capacitance Ciss — | 440 — | pF
B Vos=10V, V=0
Output Capacitance Coss — 95 — | pF
Reverse Transfer Capacitance Ciss J=1MHz —_ 13 — | pF
Turn-on Delay Time taton) -— 7 — ns
Rise Time t [o=2A, Ves=15V T 18] = us
Turn-off Delay Time tan k=150 T 45| = us
Fall Time t — 25 — | ns
Body-Drain Diode Forward Voltage Vor I=1A, V=0 — 0.8 — A%
Body-Drain Diode :, I=1A, V=0 —| 300 _ ns
Reverse Recovery Time dig/dt=100A/us
*Pulse Test
@ HITACHI 147



2SK382

MAXIMUM SAFE OPERATION AREA TYPICAL OUTPUT CHARACTERISTICS
10 : = s 5 T T
i poeen, Oues. Ta=25C3 \ Te =25C &
X N P
3 M 1[ \ Pt
N o) 4 \Y [ Y
N \ V2T L
Mo N >
2 Wt A ~ \ 2717 |
= —0) 3 < X .
: NS : e 7 =
s, = -_—1 T
g 0.3 I%, 4:’/ 2 2 A B 27 T
5 . 2, e /303 NS
g N g, P el |
£ 50 = ]
£ n N £ "#:-
" a
L 1
1 N
003
Vs =4V
0.01 |
10 30 100 300 1k 3k 10k [ 4 8 12 16 20
Drain to Source Voltage Vos (V) Drain to Source Voltage Vos (V)
DRAIN-SOURCE SATURATION VOLTAGE
TYPICAL TRANSFER CHARACTERISTICS
. VS. GATE-SOURCE VOLTAGE
5 10
T
Vs =20V / 1
25°C B
) . /N L~ T, Pulse Test
= —_— ’, ] P
F,’I 75C | = \\
~ 7 & .
© // 1 3 \\\ 2
2 3 757 = 6
H /y £
- 7, :
(&) =
£ 2 Y a4
:
2 3 1A
1 FE =054
% )
=
0 2 4 6 [ 10 i 1 8 12 16 20
Gate to Source Voltage Ves (V) Gate to Source Voltage Vos (V)
FORWARD TRANSFER ADMITTANCE STATIC DRAIN-SOURCE ON STATE
VS. DRAIN CURRENT RESISTANCE VS. TEMPERATURE
ST R
Vs =10V 3
= T Pulse Test - 1
% £ Dulse Test
= 2 8 4
— ~
PR e Ta = ~35¢ 5 /
g I % 3 /
2 0 g
k: i Vs ‘2 //
& & 2 S
& 8
02 /‘ 2 r/
] £
kd E o
0.1 2
&
0.05 0 )
0.2 05 10 2 5 10 20 ~40 0 10 &0 120 160
Drain Current Ip (A) Case Temperature Tc (C)
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Capacitance C (pF)

Switching Time ¢ (ns)

Drain to Source Voltage Vps (V)

1000

300

100

TYPICAL CAPACITANCE VS.
DRAIN-SOURCE VOLTAGE

)

H

Cuss

==

l
Il

/‘

1 Cos T
1
30
l\
10 ~——
Craf——]
3
Ves=0 |
[=1MHz
1 |
0 20 40 60 80 100
Drain to Source Voltage Vbs (V)
SWITCHING CHARACTERISTICS
500
200
100
tatof s
.
50 T —
| N
t
P
20 >
1| | —1
10
tdiom
11
5 11
0.1 0.2 0.5 1.0 2 5 10
Drain Current Ip (A)
DYNAMIC INPUT CHARACTERISTICS
500 ] | 20
T T
Ip=3A
400 16
Voo =300V
i /
200;
Vb.
200 s | y// ;
2
// Ves
200 L7 8
Vbp =300
/ |
100 00 4
100
. 0
0 4 8 12 16 20

Gate Charge Qs (nc)

Gate to Source Voltage Ves (V)

25K382

FORWARD TRANSFER ADMITTANCE
VS. FREQUENCY

1o TTTIT
Te = 25°C
Vos =10V ]]]

5 o0s In=05A 1]
:. TN
3 A
= N
§ 0.2
2 0
£
&= 005
B
£
£

0.02

0.01

100k M 10M 100M
Frequency f (Hz)
MAXIMUM BODY-DRAIN DIODE
FORWARD VOLTAGE
5

Pulse Test

Reverse Drain Current Ipg (A)

5
1 Ves =0
10 ‘} Vs =—10V
15V

L=

0 04 0.8 12 1.6 2.0

Source to Drain Voltage Vsp (V)

SWITCHING TIME TEST CIRCUIT

Vin Monitor

Vou Monitor

Voo
=30V
WAVEFORMS
:-90%
Vin 10%
Vou \10% - 10%
1 90% 90%
tdton) b tatospy t
™
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2SK383

SILICON N-CHANNEL MOS FET

HIGH SPEED POWER SWITCHING,
HIGH FREQUENCY POWER AMPLIFIER

FEATURES

Low On-Resistance.

High Speed Switching.

High Cutoff Frequency.

No Secondary Breakdown.

Suitable for Switching Regulator, DC-DC Con-
verter, RF Amplifiers, and Ultrasonic Power
Oscillators.

B ABSOLUTE MAXIMUM RATINGS (7.=25 °C)

1. Gate

2. Drain
(Flange)

3. Source

%

B -

2. 7Tmax.

Smax.

4.8ma.
i(}

15.3max. 12.7min. -
$3.6£0.2 | 6.3min. 5 ©3 =
2 CS3 +
= 2 0
~
< x| = =
EE B i
" = —
EE LR =
7.8+0.5
1.27
3.0max 18.540.5
t

(JEDEC TO-220AB)

(Dimensions in mm)

Item Symbol Rating Unit
Drain-Source Voltage Voss 100 \%
Gate-Source Voltage Vss +20 v
Drain Current In 10 A
Drain Peak Current Ipipear 15 A
g:ﬂZrl:)eraDl:aE\“?:rrent To 10 A
Channel Dissipation P* 50 w
Channel Temperature Ten 150 °C
Storage Temperature T —55 ~ +150 °C

*Value at Tc=25°C

W ELECTRICAL CHARACTERISTICS (T.=25 °C)

Channel Dissipation Pes (W)

POWER VS.
TEMPERATURE DERATING

60

40

20

0 50 100
Case Temperature Tc (C)

150

Item Symbol Test Condition min. | typ. | max. | Unit
Drain-Source Breakdown Voltage Vieross I;=10mA, V=0 100 — - Vv
Gate-Source Leak Current Igss Ves=120V, Vps=0 — — +1| uA
Zero Gate Voltage Drain Current Ipss Vos=80V, V=0 — — 1| mA
Gate-Source Cutoff Voltage Vesom Ip=1mA, Vps=10V 2.0 — 5.0 v
puasc Drain-Source On State Rosen [,=5A, V=15V — | 015] 018| 0
Drain-Source Saturation Voltage Vosion Ip=5A, Vgs=15V* — | 075 0.9 \4
Forward Transfer Admittance lyrd Ip=5A, Vps=10V* 15| 2.8 — S
Input Capacitance Ciss — | 1100 — | pF
Output Capacitance Coss Vos=10V, Ves=0 — | 600 —| pF
Reverse Transfer Capacitance Chss f=1MHz — 80 — | pF
Turn-on Delay Time taton) - 10 —| ns
Rise Time ) t, Ip=2A, V=15V - 50 —| ns
Turn-off Delay Time taom R,=150 — 90 — | ns
Fall Time t - 70 —| ns
Body-Drain Diode Forward Voltage Vor I=5A, V=0 — 0.9 — A%
Body-Drain Diode ¢, Ir=5A, V=0 — | 200 —| ns
Reverse Recovery Time dig/dt=100A/us

*Pulse Test
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Drain Current [p (A

A

Drain Current Ip

Forward Transfer Admittance |ys | (S)

MAXIMUM SAFE OPERATION AREA

100 TTIIT
0 =25CH

30

[T intpeans
SpEA §

FElman

Lo

0.3

0.1

1 3 10 30 100 300 Loou

Drain to Source Voltage Vs (V)

TYPICAL TRANSFER CHARACTERISTICS

1o

Vs =20V
b
6
|
0 2 1 0 a 10
Gate 1o Source Voltage Ves (V)
FORWARD TRANSFER ADMITTANCE
VS. DRAIN CURRENT
TIT T
[T Ta==25C"13 s
TPulse Test T 70
) p 774
1.0
0.5
///
0.2 ,/
0.1
0.05
0.2 0.5 1.0 2 5 10 20

Drain Current Ip (A)

Drain to Source Saturation Voltage Vbscem (V) Drain Current Ip (A)

Static Drain-Source on State Resistance Rpsiom (Q)

TYPICAL OUTPUT CHARACTERISTICS
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\
\
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N
5\ It
= [
N _
N Te = 5%
5V
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Drain to Source Voltage Vos (V)

DRAIN-SOURCE SATURATION VOLTAGE
VS. GATE-SOURCE VOLTAGE

5
4
3
Y \\ 10A
Pulse ™~
Tes
1 est \\ ]
\ II:TZ:\
0 4 8 12 16 20
Gate to Source Voltage Ves (V)
STATIC DRAIN-SOURCE ON STATE
RESISTANCE VS. TEMPERATURE
0.25
/f
V
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0.15 o
//
0.1
0.05
0
—40 0 40 80 120 160

Case Temperature Tc (C)
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25K383

TYPICAL CAPACITANCE VS. FORWARD TRANSFER ADMITTANCE
DRAIN-SOURCE VOLTAGE VS. FREQUENCY
10000 T 10 T
Ves =0 o PRELRARE
F=1MH2] ) Vs =10V ]]
3000 s 0 Io=2A 7
—~ ) R
E \ o P
o . 2 4
g = T
g Cowf— E ™
I i w »
) AN 3 =
100 = E s AN
%
P £
£l — £
10 0.1
0 10 20 30 40 50 100k M 10M 100M
Drain to Source Voltage Vbs (V) Frequency f (Hz)
SWITCHING CHARACTERISTICS MAXIMUM BODY-DRAIN DIODE
FORWARD VOLTAGE
1000 2
300 " Pulse Test
tatosn) <
in 100 T =
= =] SRy
T g
g ; £
é 30 G E
] | £
=3 a
3 10 ==n %
£ 10V
: A
3 v AV
% - 10V
1
0.2 0.5 10 2 5 10 20 5 0.4 0.8 1.2 16 20
Drain Carrent o (A) Source to Drain Voltage Vsp (V)
SWITCHING TIME TEST CIRCUIT
Vin Monitor
DYNAMIC INPUT CHARACTERISTICS 72 Monitor
100 2
! Ri
Vos
R \ R .
= = B
- Vop =80V, . P =30V
2 ;| Z T
S 3 2
: DS z
\ // N s g WAVEFORMS
E w T\ A 8 &
2 2 \-90%
K l— Vo =80V 8
S w N \ 50 4 LI STCA
\\X 25 Ip=10A
N N Vour 10%
= : \
0 ¥ 16 24 32 40
Gate Charge @ (nc) 0%
tdtom) tr tioff) | t
T
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2SK384(1),2SK38465)

SILICON N-CHANNEL MOS FET

HIGH SPEED POWER SWITCHING,
HIGH FREQUENCY POWER AMPLIFIER

FEATURES

Small Package.
High Speed Switching. 1
High Cutoff Frequency.

No Secondary Breakdown.

16.3

O Type

Suitable for Switching Regulator, DC-DC Con-
verter, RF Amplifiers, and Ultrasonic Power 1.
Oscillators.

Gate

2..4. Drain

3. Source
(Dimensions in mm)

(D

B ABSOLUTE MAXIMUM RATINGS (7.=25 °C)

1.2

PAK)

POWER VS.

TEMPERATURE DERATING

Item Symbol Rating Unit 5
Drain-3ource Voltage Voss 500 \%
Gate-Source Voltage Viss +20 A%
Drain Current 1 0.3 A =
Drain Peak Current Ipipeat 0.6 A g
Body-Drain Diod £

° y ram . lode ]DR 03 A ES N
Reverse Drain Current G \
T a N

Channel Dissipation Pu* 10 w 3 5 \
Channel Temperature Ten 150 °C § \
Storage Temperature Ty —55 ~ +150 °C N
*Value at T'=25°C

B ELECTRICAL CHARACTERISTICS (7.=25 °C)

50

u

i}

Case Temperature Tc {C)

Item Symbol Test Condition min. typ. | max. | Unit
Drain-Source Breakdown Voltage Vi8rypss Ip=10mA, V=0 500 — — \%
Gate-Source Leak Current Igss V=220V, Vps=0 — — +1| pA
Zero Gate Voltage Drain Current Ipss Vps=400V, V=0 — — 1| mA
Gate-Source Cutoff Voltage Vesiom Ip=1mA, V=10V 1.0 — 5.0 \%
:’;ﬁ;ﬁiﬁi’""swme On State Roson [=0.2A, Ves=15V* —| 25| s0| o
Drain-Source Saturation Voltage Vosion 1p=0.2A, Vis=15V* — 5.0 10 A%
Forward Transfer Admittance 7] 1,5=0.2A, V,=10V* 60| 100 — | m$
Input Capacitance Css — 70 — | pF
Output Capacitance Coss Vos=10V. V=0 — 15 — | pF
Reverse Transfer Capacitance Crys J=1MHz — 5 — | pF
Turn-on Delay Time Ldion) — 7 — ns
Rise Time t, 1,=0.2A, V=15V — 13 — ns
Turn-off Delay Time tan R,=1500 — 11 — ns
Fall Time t — 9 — ns
Body-Drain Diode Forward Voltage Vor 1:=0.2A, V=0 — 0.8 - \%
Body-Drain Diode , I;)=0.2A, V=0 —| 280 | ns
Reverse Recovery Time dig/dt=100A/us
*Pulse Test
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25K384 (L, 25K384 (® :

MAXIMUM SAFE OPERATION AREA TYPICAL OUTPUT CHARACTERISTICS
10 FTa=270C ' 5 R Vis 27V
bibipeat lO;Iz =) Ny e - e e o e e
: TN Te=25C
0'5 N 0%1, 0.4 i '/", e i
1D (mas) . AN Ny ’ / // \\\\,,
—~ N K . ~ 6.5V +—ro]
:Z 0.2 SR, X < I’/,‘/"__ S it Y e
= Nz [Nz [N S 03—t A
H N:&'Ti & \\ 2 TN oV
£ & S, £
= AN O T~
H \#fb < s 02 v
2 005 & 5.
N
a 0.1 kAl
0.2 r 15V
Vis =4V
0.0t L
10 20 50 100 200 500 1000 0 10 20 3 40 S
Drain to Source Voltage Vps (V) Drain to Source Voltage Vs (V)
TYPICAL TRANSFER CHARACTERISTICS DRAIN-SOURCE SATURATION VOLTAGE
' VS. GATE-SOURCE VOLTAGE
0.5 I 7T 10
Vps =20V 44 25"1,— _
vy s
i, 10 e Bulse Test
0.4 ——1 E
Te=-25 l’/ N
= 17 ¥
2 03 r 2 6
g £ 024
.g 0.2 n 4
a I 8
3 0TA
ol § Y
g 1p=0.05A
8
0 2 4 6 8 10 0 4 8 12 16 20
Gate to Source Voltage Vos (V) Gate to Source Voltage Ves (V)
FORWARD TRANSFER ADMITTANCE STATIC DRAIN-SOURCE ON STATE
VS. DRAIN CURRENT RESISTANCE VS. TEMPERATURE
200 T
T = -3¢ ‘H ~
et =)
! .l 25 3 o ¢
2 N\ 2 4o f——Pulse Tes
= W0 i /'
) § g
g ]
§ g w
i P
i -
..;.2 § 20
E 10 g
2 4 <
H £
E 5 E
w
) 0 )
0.02 0.05 0.1 0.2 0.5 1.0 2.0 —40 0 40 80 120 160
Drain Current Ip (A) Case Temperature Tc (C)
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Capacitance C {pF)

Switching Time t (ns)

Drain to Source Voltage Vos (V)

2SK384 (L, 25K384 ®

TYPICAL CAPACITANCE VS. FORWARD TRANSFER ADMITTANCE
DRAIN-SOURCE VOLTAGE VS. FREQUENCY
1000 T T Lo
Ves =0 ¢ [
75, = In%0zn T
300 5 0.5
100 Coa = E 0.2
30 5 0l
\\ 5
10 K \" E 0.05
“\ 1"'": .§ N
4 e £
1 0.01
[ 20 40 60 80 100 100k M 10M 100M
Drain to Source Voltage Vos (V) Frequency f (Hz)

MAXIMUM BODY-DRAIN DIODE
FORWARD VOLTAGE

SWITCHING CHARACTERISTICS

1.0 i I
|
Pulse Tes
20 0.8
Ldtoffy t
- g
0 g
} —~ N
} . - 08
1 Liiow ] 1
5 4 3
£
204
a
@
2 5
2 5Y .
0.2 Ves =0
10 10V y /{ Vs = — 10V
15\/J y |
0.5 I
0.01 0,02 0.05 0.1 0.2 0.5 Lo 0 0.4 0.8 1.2 L6 2.0
Drain Current Ip (A) Source to Drain Voltage Vsp (V)

SWITCHING TIME TEST CIRCUIT

Vin Monitor

DYNAMIC INPUT CHARACTERISTICS

Vou Monitor

500 : 2
Io=05A
R
DS
400 16
o0 =400V B .
2 / = =30V
T, I
300 2o,
\ / > ¥
AL e
\ _/ GS §
* b WAVEFORMS
Vo =400V -
X 20 s - 90%
2
100 <] \< 1!)0 4 S
> Vo 19
10, 5
0 0.8 16 2.4 32 2 Vour 10% 10%
Gate Charge Qs (nc)
90% f90%
tdion) i tawaff l i
T
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2SK398

SILICON N-CHANNEL MOS FET

11.35may. 11605 26:0max.
s ‘“H%".}E)
HIGH SPEED POWER SWITCHING,
HIGH FREQUENCY POWER AMPLIFIER 1
Complementary pair with 25J112 ; d o
| -
m FEATURES l EE :
® Low On-Resistance.
® High Speed Switching. ‘ 2
® High Cutoff Frequency. ‘ st.0 (08
[ ] No.Secondary Brfeakflown. ;(S;:\txice (JEDEC TO-3)
® Suitable for Switching Regulator, DC-DC Con- 3 Drain
verter, RF Amplifiers, and Ultrasonic Power (Case)
Oscillators. (Dimensions in mm)
B ABSOLUTE MAXIMUM RATINGS (T.=25 °C) POWER VS.
TEMPERATURE DERATING
Item Symbol Rating Unit 12
Drain-Source Voltage Vpss 100 v
Gate-Source Voltage Viss +20
Drain Current Ip 10 A
Drain Peak Current Ipipeaty 15 A &
-Drain Diod.
gzgzrir;:ain Cuerrent Lor 10 A
Channel Dissipation P* 100 w %0
Channel Temperature Ten 150 - °C
Storage Temperature Tog —55 ~ +150 °C
*Value at T.=25°C
0 50 100 150
B ELECTRICAL CHARACTERISTICS (7.=25 °C)
Item Symbol Test Condition min. | typ. | max. | Unit
Drain-Source Breakdown Voltage Visripss Ip=10mA, V=0 100 — — A%
Gate-Source Leak Current Igss Ves=120V, Vps=0 - — +1 | uA
Zero Gate Voltage Drain Current Ipss Vs=80V, Vis=0 — — 1|{mA
Gate-Source Cutoff Voltage Vestom Ip=1mA, Vps=10V 2.0 —| 50| V
i:‘:’;g’:’""s°urce On State Rogon I;=5A, Ves=15V* —| 02| 02| 0
Drain-Source Saturation Voltage Vosiom Ip=bA, Vgs=15V* — 1.0 1.25 \%
Forward Transfer Admittance |y Ip=5A, Vps=10V* 15| 20 — S
Input Capacitance Ciss — | 800 — | pF
Output Capacitance Coss Vos=10V, Vas=0 — | 500 — | pF
Reverse Transfer Capacitance Crss f=1MHz - 70 — | pF
Turn-on Delay Time Laton) - 15 — | ns
Rise Time t, Ip=2A, V=15V - 35 — | ns
Turn-off Delay Time Laosn R.,=150 — 60 — | ns
Fall Time t — 50 —| ns
Body-Drain Diode Forward Voltage Vor I=5A, V=0 — 0.9 — A%
Body-Drain Diode ) t, 1;.=5A. Ves=0 — 1 200 | s
Reverse Recovery Time dif/dt=50A/us

*Pulse Test
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2SK398

Drain Current Ip {A)

MAXIMUM SAFE OPERATION AREA TYPICAL OUTPUT CHARACTERISTICS
50 T 10— -
Ta=025C S S/ A \ T _:F--
\| . Te =257
@ Dipeak iy # \"\\0
D praks s \%
B mh _ z
R = 8\ L T
f = 6 4 ~3 N
P N
g 5
< ER W
£ & r
\ 2 6V
¥l
Vis =5V
ik t
o i 20 G 0 200 S00 i} 1 & 12 16 20
Drain to Source Voltage Vas (V) Drain to Source Voltage Vos (V)
- TURATI VOLT.
TYPICAL TRANSFER CHARACTERISTICS DRAIN-SOURCE SATU ON VOLTAGE
VS. GATE-SOURCE VOLTAGE
1o 5
T
l'usl' o\ ,>: |L
= Pulse Test
8 s 4
Te = =257 y £
. H
25°C =
“ R
~
I \ 54 P~
2 I I
// & \\ =l | ]
0 2 4 6 8 10 0 4 3 12 16 2
Gate to Source Voltage Ves (V) Gate to Source Voltage Vos (V)
FORWARD TRANSFER ADMITTANCE STATIC DRAIN-SOURCE ON STATE
VS. DRAIN CURRENT RESISTANCE VS. TEMPERATURE
5 0.5
TTT] PRI — .
T T LPH El
T Pulse Test . %
A T— 2
) z/dr’d £ 4
- % o5 P s
3 o 2
g ( & 03 /J'
£ P
2 0.5 p %
3 d o —
£ / £ al
o @
& s ol
0.1 2
3
0.05 0
0.2 0.5 Lo 2 5 10 2 —40 0 40 80 120 160
Drain Current Ip (A) Case Temperature Tc ()
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2SK398

TYPICAL CAPACITANCE VS. FORWARD TRANSFER ADMITTANCE
DRAIN-SOURCE VOLTAGE VS. FREQUENCY
10000 == 10 T
Ves =0 — RO
f=1MHz—] \I/lcya f?(i’ H
3000 g 5 freiyaanil
3 ww\‘ T T
(S g .\
g 30 B Cos] 3w
- k)
8 \ Z
100 N & 05
=== T ™
CouT— H
3 o
10 0.1
0 10 20 30 40 50 100k M 10M 100M
Drain to Source Voltage Vps (V) Frequency f (Hz)
SWITCHING CHARACTERISTICS MAXIMUM BODY-DRAIN DIODE
FORWARD VOLTAGE
1000 20
300 16 Puise Test
= =
E 100 =i «
3 T
N £
w A 3
£ — =
2 8
3 o Latom éﬁ 8
3 w |\
3 ! )
15\ |
7
0.2 0.5 10 2 5 10 20 0 0.4 0.8 12 L6 20

Drain Current Ip (A) Source to Drain Voltage Vsp (V)

SWITCHING TIME TEST CIRCUIT

Vin Monitor

DYNAMIC INPUT CHARACTERISTICS

Vour Monitor

100 20
| .
T
s Voo =80V

80 16
- 50 ¢ —~ Voo
= /1 = =30V
2 0 &/ 2
PR A 2 3
g \ P g
s A G
E v =
] \ Ves 8 WAVEFORMS
) g8 3
g / \ \/ Voo =80V "’8 C50%
PN

® N % ¢ Vo S0

N In=10
NN
I~ | Vour 10% 10%
T
0 8 16 2 32 20 \
Gate Charge Q (nc) 90% [ 90%
tdtom) tr ttof | i
B T
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2SK399

SILICON N-CHANNEL MOS FET

HIGH SPEED POWER SWITCHING,
HIGH FREQUENCY POWER AMPLIFIER
Complementary pair with 254113

FEATURES

Low On-Resistance.

High Speed Switching.
High Cutoff Frequency.
No Secondary Breakdown.

Suitable for Switching Regulator, DC-DC Con-

verter, Motor Control, and Ultrasonic Power

Oscillators.

B ABSOLUTE MAXIMUM RATINGS (T,=25°C)

16typ

| =05

I.4max,

1. Gate
2. Drain

LO+0.2

545+0.2]

FEe

(3,454 0.2

(Flange)
3.Source

(Dimensions in mm)

(TO-3P)

POWER VS.

TEMPERATURE DERATING

Item Symbol Rating Unit
Drain-Source Voltage Voss 100 \% 1%
Gate-Source Voltage Viss +20 \%

Drain Current 1 10 A B
Drain Peak Current I pipeary 15 A & 80
“Drain Di £

gzszrir;:aﬁl?: rrent Lon 10 A %
Channel Dissipation Po* 100 W 2w
Channel Temperature m 150 °C §
Storage Temperature Tog —55~ +150 °C

*Value at T=25°C

0 5 T 150
Case Temperature Tc (C)

B ELECTRICAL CHARACTERISTICS (T,=25°C)

Item Symbol Test Condition min. | typ. | max. | Unit
Drain-Source Breakdown Voltage Visrioss Ip=10mA, V=0 100 — — \%
Gate-Source Leak Current Igss Vgs=x20V, V=0 — — +1| uA
Zero Gate Voltage Drain Current Ipss Vps=80V, V=0 — — 1| mA
Gate-Source Cutoff Voltage Visiom p=1mA, V=10V 2.0 — 5.0 v
i:ti‘s‘;i’zm's"“me On State Roson Io=5A, Ves=15V* —lo020]| 02| a
Drain-Source Saturation Voltage Vosion Ip=5A, Vis=15V* — 1.0 | 1.25 A%
Forward Transfer Admittance |yl Ip=5A, Vps=10V* 1.5 2.0 — S
Input Capacitance Ciss — | 800 — | pF
Output Capacitance Coss Vos=10V, Ves=0 — | 500 — | pF
Reverse Transfer Capacitance Crss f=1MHz — 70 — | pF
Turn-on Delay Time tagon) — 15 - ns
Rise Time t, I,=2A, V=15V — 35 — | ns
Turn-off Delay Time taiomn R,=150 — 60 — ns
Fall Time t — 50 — | ns
Body-Drain Diode Forward Voltage Vor I=5A, V4=0 — 0.9 — \'%
Body-Drain Diode ‘ I=5A, V=0 — 1| 300 | s
Reverse Recovery Time i dif/dt=50A/us
*Pulse Test
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2SK399

Forward Transfer Admittance |ys.| (S)

160

1.0

0.05

MAXIMUM SAFE OPERATION AREA

50 I
Ta=25C
0
2 ID(peak) Wus
AN A
T 10 e - 2
: NN ,,{b_,_"'
: Okg\« N
g 5 G, %,
E® e, Zs T Y
3 2 %,
%, %l N
= v, 1
5 2 <
A, SN
2 o N
\\ y
N
10
0.5
5 10 20 50 100 200 500
Drain to Source Voltage Vps (V)
TYPICAL TRANSFER CHARACTERISTICS
b T 1
Ups =10V
3
=
S 6
g
£
3
= 4
]
a
2

! 2 4 6 8 10

Gate to Source Voltage Ves (V)

FORWARD TRANSFER ADMITTANCE
VS. DRAIN CURRENT

TT11 RLEBRAS
1T i —
Vis =10V :“
. —
Pulse Test ’,‘:‘:_
75°C

0.2 0.5 LU 2 10 20

Drain Current Ip (A)

Static Drain-Source on State Resistance Rpsiom (Q)

Drain Current Ip (A)

Drain to Source Saturation Voltage Vbstom (V)

TYPICAL OUTPUT CHARACTERISTICS
10

=JJ w0
sl 1w AT
A)
\ <
N~
N
3 \\/%
\N%
8V N
p L b= 1=~
( ~
J >
1 7V.
Tc =25°C
2 6V
Vs =5V
| - T T
0 4 12 16 20

Drain to Source Voltage Vps (V)

DRAIN-SOURCE SATURATION VOLTAGE
VS. GATE-SOURCE VOLTAGE

o

Pulse
Test Ip=2A

0 4 8 12 16 20

Gate to Source Voltage Vgs (V)

STATIC DRAIN-SOURCE ON STATE
RESISTANCE VS. TEMPERATURE

0.5

Ves =15V

Ip=5A
04 Dulse

Test

y
0.3 %
7
).2 wl
0.2
—T
0.1
—40 0 40 80 120 160

Case Temperature Tc (C)
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Capacitance C (pF)

Switching Time ¢ (ns)

Drain to Source Voltage Vps (V)

1000

3000

TYPICAL CAPACITANCE VS.
DRAIN-SOURCE VOLTAGE

0

1004

300

100

El

10

1000

300

100 == td<ofy

30

10

I

0

0

— [

0

)

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

SWITCHING CHARACTERISTICS

0.2 0.5 1.0 2 5 10 20

Drain Current Ip (A)

DYNAMIC INPUT CHARACTERISTICS

100 20

bs Vop =80V

80 = ,/ 16
RN
60 A 12
V.
pes

40

20

8
\ \/ Vo =80V
50
-
% 4
Ip=10A
N I
L 0
8 16 2 32 40

Gate Charge Q (nc)
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Gate to Source Voltage Vs (V)

Forward Transfer Admittance |y | (S)

Reverse Drain Current Ipr (A)

2SK399

FORWARD TRANSFER ADMITTANCE
VS. FREQUENCY
10

———
I
Te=25C H
Vbs = 10V-11
5 In=2A
2
..\
1.0
N
0.5
N,
0.2
0.1
100k M 10M 100M

Frequency f (Hz)

MAXIMUM BODY-DRAIN DIODE
FORWARD VOLTAGE

20
Pulse Test
16
12
8
5V
4 10V 65 =0
15V Ves = _I 10V

==l

0 0.4 0.8 1.2 1.6 2.0

Source to Drain Voltage Vsp (V)

SWITCHING TIME TEST CIRCUIT

Vin Monitor

Vou Monitor

Voo
=30V
WAVEFORMS
90%
Vin 10%
Vou \10% ﬁw%
90% f 90%
tdtom) 13 Utof) L ty
T
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2SK400

SILICON N-CHANNEL MOS FET

16.0max, | 12E02
HIGH SPEED POWER SWITCHING, . - ?
HIGH FREQUENCY POWER AMPLIFIER T IO i .
Complementary pair with 25J114 ?_ 45,9
16typ i 1 1=
B FEATURES 1 i 3
+
® Low On-Resistance. =
® High Speed Switching. |.L0+0.2
® High Cutoff Frequency. ¥ 5430/ 45802
@ No Secondary Breakdown. 1. Gate et
® Suitable for Switching Regulator, DC-DC Con- B O ) (TO-3P)
verter, RF Amplifiers, and Ultrasonic Power 3. Source
Oscillators. (Dimensions in mm)
Bm ABSOLUTE MAXIMUM RATINGS (7.=25°C) POWER VS.
- - TEMPERATURE DERATING
Item Symbol Rating Unit 12
Drain-Source Voltage Voss 200 v
Gate-Source Voltage Vass +20 v
Drain Current I 8 A E
Drain Peak Current Tiipeary 12 A <
Body-Drain Diode 5
Revi,rse Drain Current Ton ) 8 A §
Channel Dissipation Pt 100 w c v
Channel Temperature Ten 150 °C E
Storage Temperature Tog —55 ~ +150 °C
*Value at T=25°C
0 50 100 150
Case Temperature Tc (C)
B ELECTRICAL CHARACTERISTICS (T.=25 °C)
Item Symbol Test Condition min. | typ. | max. | Unit
Drain-Source Breakdown Voltage Visrpss Ip=10mA, V=0 200 — — A\
Gate-Source Leak Current Iss Vies=120V, Vps=0 — — +1 | pA
Zero Gate Voltage Drain Current Ipss Vos=160V, Vgs=0 — — 1 |mA
Gate-Source Cutoff Voltage Visiom Ip=1mA, Vps=10V 2.0 — 5.0 \%
uatie Drain Source On State Roson L=4A, Var=15V* —| 05| 07| 0
Drain-Source Saturation Voltage Vbston Ip=4A, Vs=15V* — | 20 2.8 \%
Forward Transfer Admittance 7] Ip=4A, Vp=10V* 1.0 1.8 — S
Input Capacitance Ciss — | 750 — | pF
Output Capacitance Coss Vos=10V. Vos=0 — | 300 — | pF
Reverse Transfer Capacitance Css f=1MHz — 60 — | pF
Turn-on Delay Time tatony — 15 — ns
Rise Time t Ip=2A, V=15V — 25 — | ns
Turn-off Delay Time taom R,=150 — 70 — | ns
Fall Time t — 40 — | ns
Body-Drain Diode Forward Voltage Vor I=4A, V=0 — 0.9 — \%
Body-Drain Diode :, Ii=4A, V=0 — 1 300 —| s
Reverse Recovery Time dif/dt=50A/us

*Pulse Test
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Drain Current [p 1A)

Drain Current Ip (A)

1 (

Forward Transfer Admittance |y

MAXIMUM SAFE OPERATION AREA
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Drain to Source Voltage Vps (V)

TYPICAL TRANSFER CHARACTERISTICS
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7
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F— 250
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/
4
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Gate to Source Voltage Ves (V)

FORWARD TRANSFER ADMITTANCE
VS. DRAIN CURRENT

5
RN T

Vps =10V Ta=—25C]

1 Pulse Test =
1

1
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i

N

0.05

0.2 0.5 Lo 2 5 10 20

Drain Current Ip (A)

Drain to Source Saturation Voltage Vpsiom (V) Drain Current Ip (A)

Static Drain-Source on State Resistance Roston (Q)

TYPICAL OUTPUT CHARACTERISTICS

10
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/| ] RV \\ Te=25C4—
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’ I‘ 3
& A)
/
N7
6 v <
/
4
6V
—
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Drain to Source Voltage Vos (V)

DRAIN-SOURCE SATURATION VOLTAGE
VS. GATE-SOURCE VOLTAGE
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Pulse Test
8
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4
0.6
0.4
0.2
0
—40 0 40 &0 120 160

Case Temperature Tc (C)
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2SK400
TYPICAL CAPACITANCE VS. FORWARD TRANSFER ADMITTANCE
DRAIN-SOURCE VOLTAGE VS. FREQUENCY
10000 T 10
Ves =0 1
/= M2 _
3000 f 5
S € el :
© a 'y k= N
a 2 N
8 300 - P
i Co 3
S 2 ~
100 e 05 N
i g
I
30 0.2
10 0.1
0 10 20 30 40 50 100k M 10M 100M
Drain to Source Voltage Vps (V) Frequency f (Hz)
SWITCHING CHARACTERISTICS MAXIMUM BODY-DRAIN DIODE
FORWARD VOLTAGE
500 10
200 s Pulse Tes
=
T —tiy 3
- %:: 6
g 5
=t 50 5 3
w0 t e =
E - s 4
3 4
20 '_!kal . % 5\
= ) NS j Vs =0
0 tr N v l Vos =— 10V
5 L
(18} 0.2 0.5 1.0 2 5 10 0 0.4 0.8 1.2 1.6 2.0
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Drain to Source Voltage Vos (V)

Drain Current Ip (A)

DYNAMIC INPUT CHARACTERISTICS

200 20

y.
160 ol Vpp =150 //é 16

120
V.

“ / D 50 fo=sa !
\

0 16 24 32 400
Gate Charge @ (nc)

Gate to Source Voltage Vos (V)
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Source to Drain Voltage Vs (V)

SWITCHING TIME TEST CIRCUIT

Via Monitor

Vout Monitor

=_ Voo
'|’ =30V
WAVEFORMS
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—_ 0%
Vou |} 10% 10%
\ 90% 909%
tdtom tr ttoff) i
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2SK401

SILICON N-CHANNEL MOS FET

HIGH SPEED POWER SWITCHING,
HIGH FREQUENCY POWER AMPLIFIER

FEATURES

Low On-Resistance.

High Speed Switching.
High Cutoff Frequency.
No Secondary Breakdown.

Oscillators.

Suitable for Switching Regulator, DC-DC Con-
verter, Motor Control, and Ultrasonic Power

2
1. Gate
2. Source
3.Drain
(Case)

11.35may. 11.640.5

*__L3_‘3IMI,
(3.0typ)

39.9max.

$21.0max.

—~ft—¢1.0

(Dimensions in mm)

B ABSOLUTE MAXIMUM RATINGS (7.=25 °C)

Item Symbol Rating Unit
Drain-Source Voltage Vpss 250 \%
Gate-Source Voltage Vass +20 A%
Drain Current Ip 10 A
Drain Peak Current I pipeary 15 A
gzs:,r::r;]:aﬁll?:rrent Ton 10 A
Channel Dissipation P,* 100 w
Channel Temperature Ten 150 °C
Storage Temperature T -55~ +150 °C

*Value at T=25°C

B ELECTRICAL CHARACTERISTICS (T.=25 °C)

Channel Dissipation Pes (W)

3

FS
3

(JEDEC TO-3)

POWER VS.
TEMPERATURE DERATING

50 100 150
Case Temperature Tc (C)

Item Symbol Test Condition min. | typ. | max. | Unit
Drain-Source Breakdown Voltage Vismpss Ip=10mA, V=0 250 — — \"
Gate-Source Leak Current Igss Vies=%20V, Vps=0 — — +1}| pA
Zero Gate Voltage Drain Current Ipss Vps=200V, V=0 — — 1| mA
Gate-Source Cutoff Voltage Vesiom Ip=1mA, V=10V 2.0 — 5.0 \%
iiti‘sia?‘r;’"’s°“”e On State Roson I=5A, Ves=15V* —| 03| 04| o
Drain-Source Saturation Voltage Voston Ip=5A, Vs=15V* — 1.5 2.0 \Y%
Forward Transfer Admittance |y Ip=5A, Vps=10V* 16| 25 — S
Input Capacitance Cis Voem10V, Vos=0 — | 1400 — | pF
Output Capacitance Coss — | 500 — | pF
Reverse Transfer Capacitance Crss J=1MHz — 35 — | pF
Turn-on Delay Time taton — 13 — ns
Rise Time t Ip5=2A, Vgs=15V — 52 — | ns
Turn-off Delay Time tatom R,=150 — | 120 — | ns
Fall Time t — 60 — 1| ns
Body-Drain Diode Forward Voltage Vor 1=5A, Vgs=0 — 0.9 — A\
Body-Drain Diode i . 1I~‘=5A, Ves=0 — 1 400 N
Reverse Recovery Time dip/dt=100A/us
*Pulse Test
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2S5K401
MAXIMUM SAFE OPERATION AREA TYPICAL OUTPUT CHARACTERISTICS
100, 10
i sV JJ 10V — e — e nd
Ta =25CH ! | I/ 8V N\
\ Tc =25C
0 8 S
| iD(peak) \\\/
M e TUTLTS X%
E 10 - g T\.
s X s 6 Vos =7.5V— e
: 5 s N
g 3 z
2 Y /i v
E W K
6.5V
|
0.3 2 [
5.5V
V.
0.1
1 3 10 30 100 300 000 0 4 8 12 16 20

Drain Current Ip (A)

i (

Forward Transfer Admittance | yss

166

Drain to Source Voltage Vbs (V)

TYPICAL TRANSFER CHARACTERISTICS

10

T
Vis =20\
T PO
T = —25°C —| ¢
8
F—75C |
° /
4
2
0 2 4 6 8 10

Gate to Source Voltage Ves (V)

FORWARD TRANSFER ADMITTANCE
VS. DRAIN CURRENT

5
X [ T1T 1“.—.‘-2"‘ o'
Vos =10V | 5T
I Pulse Test 27 |
2 7 o 75°C —
2!
10
0.5
V.
4
0.2 //
0.1
0.05

0.2 0.5 L0 2 5 10 20

Drain Current Ip (A)

Drain to Source Saturation Voltage Vosm (V)

Static Drain-Source on State Resistance Rpstom (Q)

@ HITACHI

Drain to Source Voltage Vps (V)

DRAIN-SOURCE SATURATION VOLTAGE
VS. GATE-SOURCE VOLTAGE

5 |
4 \\ Pulse Test
N
3 0A
o~
~——
2
5A
1 \
\\ In=2A
0 4 8 12 16 20

Gate to Source Voltage Ves (V)

STATIC DRAIN-SOURCE ON STATE
RESISTANCE VS. TEMPERATURE

0.5 |
| Vs =15V, A/
In =pA /
0.4 |— Pulse Tes 4
7
/]
0.3 v
e

0.2
0.1

0

—40 0 40 80 120 160

Case Temperature Tc (C)



2SK401
TYPICAL CAPACITANCE VS. FORWARD TRANSFER ADMITTANCE
DRAIN-SOURCE VOLTAGE VS. FREQUENCY
10000 ¥ 10
Ves =0 —f i
f=1Mi2— u
3000 s I
1000 B s
z 3 5
\ \ = L
H = 3
0
.g 300 ] - p
3 T g
100 e 05
B
g
30 AN = 0.2
-
10 0.1
0 40 80 120 160 200 100k M 10M 100M
Drain to Source Voltage Vps (V) Frequency f (Hz)
SWITCHING CHARACTERISTICS MAXIMUM BODY-DRAIN DIODE
FORWARD VOLTAGE
1000 20
300 16 Pulse Test
— =
Y= [I/ ———— 2
- T -] 12
2 —, §
= 30 ©
2 [ E
k] tdtam) s &
3 2
@ 10 4
Ves =0
& Y Ves = - 10y
4 10V
3
5V
=t
1
0.2 0.5 10 2 5 10 20 0 0.4 0.8 12 16 20
Drain Current Ip (A) Source to Drain Voltage Vsp (V)
SWITCHING TIME TEST CIRCUIT
Via Monitor
DYNAMIC INPUT CHARACTERISTICS
200 » Vout Monitor
N Y
\ // Ri
160 ‘ /A 16
> \ Vs Ves // g Voo
=
g" 12 \ / Vop =200V 12 &
2 / 100 =
g IZZ 5 3 WAVEFORMS
2 | /4 8 3
2 2 - 90%
s Vbs =200V = 2
£ ° L Ip=10A ) 3
1 Vin 10%
[N
\é —— Vou 10% 4(10%
0 \
0 20 40 60 80 100
Gate Charge @ (no) 0% F90%
taom b taein | Yy
T
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2SK402,2SK403

SILICON N-CHANNEL MOS FET 16.0ma, | £32£02
9 T
HIGH SPEED POWER SWITCHING, fred-e 3
HIGH FREQUENCY POWER AMPLIFIER T TEsY
1.6typ | |
" i
FEATURES T e
+|
Low On-Resistance. ! =
High Speed Switching. 0402
High Cutoff Frequency. 7 54540 45402
No Secondary Breakdown. fr-%-1
Suitable for Switching Regulator, DC-DC Con- L Gate (TO-3P)
verter, RF Amplifiers, and Ultrasonic Power 2.(1;;:;m )
ange
Oscillators. 3. Source
{Dimensions in mm)
® ABSOLUTE MAXIMUM RATINGS (T.=25 °C) POWER VS.
TEMPERATURE DERATING
Ite Symbol Rating Unit 1
ni
" Ymbol 28K402 | 25K403
Drain-Source Voltage Vpss 400 450 v
Gate-Source Voltage Vess +20 \Y B
Drain Current Ip 8 A ‘i &
Drain Peak Current Iotpeats 12 A E
Body-Drain Diode g
A
Reverse Drain Current Ton 8 :g 10
Channel Dissipation P.* 100 w 2
Channel Temperature Ten 150 °C
Storage Temperature T —55~ +150 °C .
5 100 150
Valve at Te=25°C Case Temperature Tc (C)
B ELECTRICAL CHARACTERISTICS (T.=25°C)
Item Symbol Test Condition min. | typ. | max. | Unit
Drain-Source Breakdown 28K402 400 - - v
; Vi I=10mA, V=0
Voltage 2SK403 (BR)DSS p=1Um GS 150 — — v
Gate-Source Leak Current Igss V=120V, V=0 ’ - - +1| pA
Zero Gate Voltage Drain 28K402 I Vbs=320V, Vis=0 1 A
Current Dss — — - — m
urr 2SK403 Vps=360V, V=0
Gate-Source Cutoff Voltage Vstom p=1mA, Vps=10V 2.0 — 5.0 A%
Staf:c Drain-Source On State Roson Io=4A, Ves=15V* _ 1l s a
Resistance
Drain-Source Saturation Voltage V bston Ip=4A, Vi=15V* — 44 7.0 \%
Forward Transfer Admittance |y Ip=4A, Vps=10V* 1.2 1.7 — S
Input Capacitance Ciss — | 800 — F
“pU apacret - Vos=10V, V=0 4
Output Capacitance Coss — 180 — | pF
Reverse Transfer Capacitance Crs f=1MHz — 20 — | pF
Turn-on Delay Time taion) — 15 — ns
Rise Time t, Ip=2A, V=15V —_ 35 - ns
Turn-off Delay Time tatom R,=150
— 85 —_ ns
Fall Time t — 35 — | ns
Body-Drain Diode Forward Voltage Vor Ir=4A, V=0 — | 0.85 e A\
Body-Drain Diode : 1=4A, Vis=0 — | 400 — | ns
Reverse Recovery Time i di/dt=100A/us
*Pulse Test
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Drain Current Ip (A}

)

Drain Current Ip (

(S)

Forward Transfer Admittance |yys |

MAXIMUM SAFE OPERATION AREA

TTIIT
Tu ?Z'V('4
0 |
Wipean
] L]
10 = 1biman
5
2
10
05
0.2
0.l ERLNIE
REAR
25K 403
0005 TTTITL
3 10 30 100 300 1000

Drain to Source Voltage Vps (V)

TYPICAL TRANSFER CHARACTERISTICS

10

b Lo Y
I
/
,», /// /e
/A

4

0 2 4 6 8 10

Gate to Source Voltage Ves (V)

FORWARD TRANSFER ADMITTANCE
VS. DRAIN CURRENT

may T
Vos =20V Ta =~ 5%
-t Pulse 4 - =
2 FPN-25°0—
10 5C
0.5
/
A
0.2
0.1
0.05
0.2 05 10 2 5 0 2

Drain Current Ip (A)

Drain to Source Saturation Voltage Vpswm (V) Drain Current Ip (A)

Static Drain-Source on State Resistance Rosom (Q)
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TYPICAL OUTPUT CHARACTERISTICS

10 T4
Ny [ p — ] — | =
" 9V Te=2TC
5 "4
/ \ 8V
v
/ <
6 %
\
\ %,
%. v
~+ =+ ——+—
4
N
N
6V~
2 =
Vs =5V
0 10 20 30 40 50

Drain to Source Voltage Vps (V)

DRAIN-SOURCE SATURATION VOLTAGE
VS. GATE-SOURCE VOLTAGE

20 I
Pulse Test
8
16 .
e
12
“ \
\ 57
4
In=2A
f
0 4 8 12 16 20

Gate to Source Voltage Vos (V)

STATIC DRAIN-SOURCE ON STATE
RESISTANCE VS. TEMPERATURE

20 i
Vas = 15V »
In=4A
16 Pulse Test /
| y, 7
e
12 v
/ d
y
08
v
0.4
0
o o 10 80 120 160

Case Temperature Tc (C)

2SK402, 25K403

169



25K402, 2SK403

170

Capacitance C (pF)

Switching Time ¢ (ns)

Drain to Source Voltage Vs (V)

TYPICAL CAPACITANCE VS.
DRAIN-SOURCE VOLTAGE
10000 T
Ves =0
f=1MHz7]
3000
1000 NG T—
300 ‘\
100 e —
30
P— Cras
10
0 20 40 60 80

Drain to Source Voltage Vps (V)

SWITCHING CHARACTERISTICS

500
200
tdtosn
100
50
iy ]
st
Lt
S oy
20 tr
tdtom
10
5

0.1 0.2 0.5 Lo 2 5 10

Drain Current Ip (A)

DYNAMIC INPUT CHARACTERISTICS

500 20
T
Ip=5A
400 16
Vo =300 /
/
Vi 200 >/
300 00 ?, / 12
7
\ 7
200 7/' Ves 8
\ LA
\'/Van=300V
100 4
200
\ 100
0
0 8 16 24 32 40

Gate Charge Qs (nc)

Gate to Source Voltage Ves (V)

FORWARD TRANSFER ADMITTANCE
VS. FREQUENCY

10
@ 5
E
g
= ~{
5; 10 ~
&
H AN
=0
E
5
[
0.2
0.1
100k ™ 10M 100M
Frequency f (Hz)
MAXIMUM BODY-DRAIN DIODE
FORWARD VOLTAGE
10
M Pulse Test
=
5
fé 6
5 ll
B |
5
5) 5V
2 fves =0
/S
15V Py }
=7/ | |
0 0.4 0.8 12 16 2.0
Source to Drain Voltage Vsp (V)
SWITCHING TIME TEST CIRCUIT
Vin Monitor
Vou Monitor

R
= Vop
.I, =30V
WAVEFORMS
90%
Vin 10%
[ \10% /f 10%
90% [ 90%
bd(om) b s Y

@ HITACHI



2SK408,2SK409

SILICON N-CHANNEL MOS FET

HF/VHF POWER AMPLIFIER 2SK408 2SK409 . fE~t N :gj ‘E
® FEATURES c l T _153max. 12.7min. .
@ High Breakdown Voltage. N ExL 575_‘] §'
® You Can Decrease Handling Current. 3 ’é g )d\ B= T Iz
® Included Gate Protection Diode. | 3 2l [\ =
® No Secondary-Breakdown. oz 7820.5
® Wide A.S.O. (Area of Safe Operation) 3.0max 185£0.5
® Simple Bias Circuitry O > (Dimensions in mm)
® No Thermal Runaway.
2SK408 25K409

| Gate 1. Drain (JEDEC TO-220AB)

2. Source 2. Source

3. Drain 3. Gate
B ABSOLUTE MAXIMUM RATINGS (7,=25 °C) POWER VS.

Ttem Symbol Rating Unit - TEMPERATURE DERATING
Drain-Source Voltage Voss 180 A%
Gate-Source Voltage Viss +20 A% N
Drain Current I, 2 A S \
Channel Dissipation P* 30 w E 20 N
Channel Temperature Ten 150 °C kS \
Storage Temperature T —55~ +150 °C % \
*Value at T=25 °C 2 1 \
N
N

0 50 100 150
Case Temperature Tc ('C)
B ELECTRICAL CHARACTERISTICS (T,=25°C)
Item Symbol Test Condition min. | typ. | max.| Unit
f_’ower Output P, Vps=80V, f=28MHz 5 10 — w
Drain Efficiency n Ipp=50mA, P,=150mW — 80 — %
Drain-Source Breakdown Voltage Visr\pss Ip=10mA, Vss=0 180 — — \%
Gate-Source Cutoff Voltage Vsiom In=1mA, Vps=10V 0.5 — 3.0 \%
Drain Current Ipss Vps=140V, V55=0 — — 1.0/ mA
Drain-Source Saturation Voltage V bsiom Ip=1.0A, Vs=10V* - 6.5 8.0 \'A
Forward Transfer Admittance 7] Ip=1.0A, Vps=20V* 0.2 0.3 — S
Input Capacitance Ciss Ves=5V, Vps=0, f=1MHz — | 100 —| pF
Output Capacitance Coss Ves=—bV, Vps=50V, f=1MHz — 20 —| pF
Reverse Transfer Capacitance Crss Vep=—560V, f=1MHz — 0.2 —| pF
Power Output Po Vps=80V, f=28MHz - 10 — | Weep
Power Gain P.G Af=20kHz, IMD=-30dB — 20 —| dB
*Pulse Test
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25K408, 2S5K409

172

Drain Current Ip (A)

Input Capacitance Ciss (pF)

Drain Current Ip (A)

MAXIMUM SAFE OPERATION AREA

5
2
| {Ipen
10 o
N
”e,’ ;
05 2
N o
&
02
\
0.1
0.05
5 10 20 50 100 200 500

Drain to Source Voltage Vos (V)

TYPICAL TRANSFER CHARACTERISTICS

2.0
_\’;:Irs = %9(\/ —
c=25C {ot
16 e
1.2 //
08 /
/
0 //
4
0 2 4 6 8 10
Gate to Source Voltage Ves (V)
INPUT CAPACITANCE VS.
GATE-SOURCE VOLTAGE
140
| Vus=0v
J=1Miiz
120
100 /Ir
N
80
60
40
-12 -6 0 6 12 18

Gate to Source Voltage Vs (V)

Forward Transfer Admittance |y | (S)

Output Capacitance Cow (pF)
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Drain Current Ip (A)

TYPICAL OUTPUT CHARACTERISTICS

20

I 10 7 7 =
Te=25°C P ak [—
P n X
3 7,
% / Ka
% )
B
1.2 /,’
7
0.8 =]
/)
3
0.4
/ Ves =2V
l
1
0 1 8 12 16 2

Drain to Source Voltage Vps (V)

FORWARD TRANSFER ADMITTANCE

VS. DRAIN CURRENT

20 TT
Vs =20V
J=1kHz
1.0 = Tc =257
0.5
0.2 =
LM
1
A
0.1
0.05
0.02
(.02 0.05 0.1 0.2 0.5 1.0 20
Drain Current In (A)
OUTPUT CAPACITANCE VS.
GATE-SOURCE VOLTAGE
1,000 TTTTIT
Tt
1 Ves = —5V.
1t /=1MH.
500
200
N
100
50 \\
N
0 N
2 \\\
10

1 3 10 30 100 300 1000

Drain to Source Voltage Vas (V)



Inter-modulation Distortion I.M.D (dB)

2SK408, 2SK409

Output Power P, (W)

OUTPUT POWER, DRAIN EFFICIENCY OUTPUT POWER VS.
VS. INPUT POWER INPUT POWER (2 TONES)
" — 20
J=28MHz /= 28MH: A
[ Vos =80V £f=20kHz v
a1 Ing =30mA 16— Vos =80V /]
Ing =70mA //
e z 4
18 1 E /
" 0 <
100 5
g /
12 / p 80 o = 8 /
V4 Pt w8 g /
s /
6 L 0oe 4
I

20

o
0 b 80 120 160 200 0 80 160 240 320 400

Input Power Pin (mW) Input Power Pin (mWpep)

INTER-MODULATION DISTORTION
VS. OUTPUT POWER

™ Ing = TomA

-~ 20

~30 - ‘/

~ 40 e

e

0 i 8 12 16 20

Output Power Po (Wpep)

28MHz Pout TEST CIRCUIT

Viw

Ci, Ci, Cy=c50pF
Ci =68pF
Cs =~20pF
Ce =1.5pF
C1, Co=0.14F
Cs =4.74F
Cro = 22uF
L, :ID=12mm, d=1.5mm, T=6T
L: :ID=12mm, d=1.5mm, T=9T
L, :ID=12mm, d=1.5mm, T=5T

Zo=500
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2SK410

SILICON N-CHANNEL MOS FET

HF/VHF POWER AMPLIFIER

FEATURES

High Breakdown Voltage.

You Can Decrease Handling Current.
Included Gate Protection Diode.

No Secondary-Breakdown.

Wide Area of Safe Operation.
Simple Bias Circuitry.

No Thermal Runaway.

B ABSOLUTE MAXIMUM RATINGS (7.=25 °C)

1,234

1. Source
2. Source
3. Source
4. Source
5. Drain
6. Gate

(Dimensions in mm)

18.6max
4.1
$3.3max.| N
\ E
£
O)s
Zh
~——T1
L2
9.1max,| |[5.7max. | |5.Imax,
24.8max.

(RF-PAK)

POWER VS.
TEMPERATURE DERATING

Item Symbol Rating Unit 1%
Drain to Source Voltage Voss 180 v
Gate to Source Voltage Viss +20 A\
Drain Current I 8 A B
Channel Dissipation P* 120 w i 1
Channel Temperature Ten 150 °C g A
Storage Temperature Tog —55 ~ +150 °C g \\
*Value at T=25°C 3 60
H N
© AN
N
0 50 100 T

W ELECTRICAL CHARACTERISTICS (7.=25 °C) Case Temperature To (C)

Item Symbol Test Condition min. | typ. | max. | Unit
Power Output P, Vps=80V, f=28MHz 140 180 — w
Drain Efficiency n Ipp=0.1A, P,=5W — 80 — %
Drain-Source Breakdown Voltage Visripss Ip=10mA, V=0 180 — — A%
Gate-Source Breakdown Voltage Visress I6=£100uA, Vps=0 +20 — — A%
Gate-Source Cutoff Voltage Viesiom Ip=1mA, V=10V 0.5 — 3.0 \%
Drain Current Ipss Vps=140V, V=0 — — 1.0 mA
Drain-Source Saturation Voltage Vbston Ip=4A, V;=10V* - 3.8 6.0 \%
Forward Transfer Admittance lyrd Ip5=3A, Vps=20V* 09| 125 - S
Input Capacitance C. Vss=5V, Vps=0, f=1MHz — | 440 — pF
Output Capacitance Coss Ves=—5V, Vps=50V, f=IMHz — 75 — pF
Reverse Transfer Capacitance Crss Ver=—50V, f=1IMHz — 0.5 — pF
Power Output Py Vos=80V, f=28MHz —| 100 — | W
Power Gain P.G Af=20kHz, IMD=-30dB — 17 — dB
*Pulse Test

B CAUTION: OPERATING HAZARDS

Beryllium Oxide Ceramics have been employed in these products.
Since dust or fume of the material is highly poison to the human body, please do not treat them mechanically
or chemically in the manner which might expose them to the air. And it should never be thrown out with

general industrial or domestic waste.

174
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Drain Current Ip (A)

Drain Current Ip (A)

Input Capacitance Cis (pF)

MAXIMUM SAFE OPERATION AREA

20

10

5 10 20 50 Tou 200 500

Drain to Source Voltage Vbs (V)

TYPICAL TRANSFER CHARACTERISTICS

10

2 /
L /
0 2 4 6 8 10
Gate to Source Voltage Vos (V)

INPUT CAPACITANCE VS.
GATE-SOURCE VOLTAGE

S

| Vis =0V
J= 1Mz,

400 e

350 \

300

250

12 -6 0 6 12 18
Gate to Source Voltage Ves (V)

Forward Transfer Admittance |ys| (S)

Output Capacitance Coss (pF)

Drain Current In (A)

TYPICAL OUTPUT CHARACTERISTICS

10 >
T
Te=25¢ [\\ s/ -
nael -
8 7 8 & 7
r NG,
SN
748S
/4
1 -
'/ 5
7 L
4 - fa
/] .
2 e -
Vos =20
ik
i f
0 4 8 12 16 2

Drain to Source Voltage Vbs (V)

FORWARD TRANSFER ADMITTANCE
VS. DRAIN CURRENT
10 T T
T
— Vis = 20V
J 1kl

Te=at

Lu

Drain Current Ip (A)

OUTPUT CAPACITANCE VS.
GATE-SOURCE VOLTAGE
10000

1000

300

100

30

10

1 3 10 30 100 300 1,000
Drain to Source Voltage Vps (V)
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25K410

OUTPUT POWER, DRAIN EFFICIENCY
VS. INPUT POWER

OUTPUT POWER VS.
INPUT POWER (2 TONES)

200 T 200
e [ L,
Ine= 0.1A Po Af=20kHz
160 i ,J/ 160 p— Vps =80V e
/ Ing=0.3A
S= —
Sg 3
T / E 120 Va
i 4 : 4
i / < /
- H
e [ H
£3 8 ./ £ g /
£ 5 / —1 % 1
838 P g
v S
40 40
0 1 2 3 4 5 0 0.2 0.4 0.6 0.8 10
Input Power P (W) Input Power Pin (WpEp)
INTER-MODULATION DISTORTION
VS. OUTPUT POWER
[
|| s=2sMHz
Af=20kHz
B~ 10—t Vos =80V
<] Ing =03A
Q
=
§ —20
H
& L~
g -
2 1
B /
E
8 40
E
=50
20 40 60 80 100 120
Output Power P (Wpep)
28MHz Pout TEST CIRCUIT

Ci, Cs=~50pF L, :ID=12mm, d=1.5mm, T=7T

C:, Cs=~20pF L. :ID=12mm, d=1.5mm, T=5T

Cs;, Ci=10pF L; :ID=12mm, d=1.5mm, T=5T
Cy=32pF Ri=1kQ

Cs =15pF Rz, R;=100Q

Cs, Ci, Ce=0.14F RFCi=FC 154, d=1mm, T =3T
Ciw=4.74F RFC:=FC 64, d=Imm, T =4T
Ci3 = 224F
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2SK412

SILICON N-CHANNEL MOS FET

HIGH SPEED POWER SWITCHING,
HIGH FREQUENCY POWER AMPLIFIER

B FEATURES .

® Low On-Resistance.

® High Speed Switching.

® High Cutoff Frequency. 3

® No Secondary Breakdown. é; g?:n

@ Suitable for Switching Regulator, DC-DC Con- 3&{3159)
verter, Motor Control, and Ultrasonic Power (Dimensions in mm)

Oscillators.

B ABSOLUTE MAXIMUM RATINGS (7.=25 °C)

16.0max.

$3.240.2
=

iy

16typ

1
¥
4
Atyp
14.940.2

5.0+0.3

Ldmax Y

-i-—l 1t

0.5

18+

0102

54540.2 4510.2

e

(TO-3P)

POWER VS.
TEMPERATURE DERATING

Item Symbol Rating Unit
Drain-Source Voltage Voss 250 v 120
Gate-Source Voltage Viss +20 v
Drain Current Ip 10 A B
Drain Peak Current Tpipeary 15 A £
i:gz:r?emDI:ali::oCd:rrent Lon 10 A %
Channel Dissipation P> 100 w 2; o
Channel Temperature Ten 150 °C é
Storage Temperature Ty —55 ~ +150 °C
*Value at 7=25°C
0 50 100 150
Case Temperature Tc (C)
B ELECTRICAL CHARACTERISTICS (T.=25°C)
Item Symbol Test Condition min. | typ. | max. | Unit
Drain-Source Breakdown Voltage Visrss I,=10mA, V=0 250 — — A%
Gate-Source Leak Current Igss Ves=120V, Vps=0 — — +1| uA
Zero Gate Voltage Drain Current Ipss Vos=200V, V55=0 — — 1| mA
Gate-Source Cutoff Voltage Viasiom Io=1mA, Vps=10V 2.0 — 5.0 A%
uatic Drain-Source On State Rosen I,=5A, Ves=15V* —| 03] 04| a
Drain-Source Saturation Voltage Voston Ip,=5A, V=15V* — 1.5 2.0 \%
Forward Transfer Admittance Jys Ip=5A, Vps=10V* 1.6 2.5 — S
Input Capacitance Ciss — | 1400 — | pF
. Vs=10V, Vis=0
Output Capacitance Coss — | 500 — | pF
Reverse Transfer Capacitance Coss f=1MHz - 35 — | pF
Turn-on Delay Time tdtom — 13 — ns
Rise Time t, Ip=2A, V=15V — 52 —| ns
Turn-off Delay Time tatom R,=150 — | 120 — ns
Fall Time t — 60 — ns
Body-Drain Diode Forward Voltage Vor 1=5A, V=0 — 0.9 — A\
Body-Drain Diode . Ir=5A, Vis=0 —| 400 —| ns
Reverse Recovery Time dig/dt=100A/us
*Pulse Test
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25K412

MAXIMUM SAFE OPERATION AREA

TYPICAL OUTPUT CHARACTERISTICS

100 10 T
e 0V I S po—
Ta=25C 15|V / 8V N
\ Te=25C
30 N <
8 o
‘iﬂmn g S [ \\\/%
< 10 i = A
) = 1D (man) N 3 N
2 < S 6 7.5V
R ) - g p—
5 t T
500 T 3 >
4 > = 7V
£ ] ] s
T 1 =
=
6.5V
)
0.3 2 6V
5.5V
s =5V
0.1 | me 1
1 3 10 30 100 300 1000 0 4 8 12 16 20

Drain to Source Voltage Vos (V)

TYPICAL TRANSFER CHARACTERISTICS
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Capacitance C (pF)

Switching Time t (ns)

Drain to Seurce Voltage Vbs (V)

TYPICAL CAPACITANCE VS.
DRAIN-SOURCE VOLTAGE
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A |
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SWITCHING CHARACTERISTICS
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DYNAMIC INPUT CHARACTERISTICS
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Gate Charge Q (nc)

Gate to Source Voltage Ves (V)

Forward Transfer Admittance |ys | (S)

Reverse Drain Current Ipr (A)
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2SK412

FORWARD TRANSFER ADMITTANCE
VS. FREQUENCY
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SWITCHING TIME TEST CIRCUIT
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2SK413,2SK414

SILICON N-CHANNEL MOS FET

HIGH SPEED POWER SWITCHING,
HIGH FREQUENCY POWER AMPLIFIER

Complementary pair with 25J118, 119

FEATURES

Low On-Resistance.

High Speed Switching.
High Cutoff Frequency.
No Secondary Breakdown.

Suitable for Switching Regulator, DC-DC Con-
verter, PWM Amplifiers, and Ultrasonic Power

©

1. Gate

2. Drain
(Flange)

3. Source

Oscillators.
B ABSOLUTE MAXIMUM RATINGS (7,=25°C)
Rati .
Item Symbol 2 E Unit
2SK413 | 2SK414

Drain-Source Voltage Vss 140 160 \Y%
Gate-Source Voltage Vess +20 \%
Drain Current I, 8 A
Drain Peak Current Ipipeay 12 A
Body-Drain Diode
Reverse Drain Current Lo 8 A
Channel Dissipation Py* 100 w
Channel Temperature Ten 150 °C
Storage Temperature T —55 ~ +150 °C

*Value at Te=25°C

B ELECTRICAL CHARACTERISTICS (T.=25°C)

Channel Dissipation Pex (W)

(Dimensions in mm)

120

40

+
16.0max. $3.2£0.2

| =05

14.940.2

L6typ
L4max-i

18+0.5

10602

54580

F=H

(TO-3P)

POWER VS.
TEMPERATURE DERATING

5 100 150
Case Temperature Tc (C)

Item Symbol Test Condition min. | typ. | max. | Unit
egﬁxﬁoume Breakdown z:iﬁj Vismoss 15=10mA, V=0 1:((; - : X
Gate-Source Leak Current Igss Vos=£20V, Vps=0 — —_ +1| uA
%ero Gate Voltage Drain 28K413 Lo Vps=120V, V=0 R s

urrent 2SK414 Vios=140V, V=0

Gate-Source Cutoff Voltage Vosiom Ip=1mA, Vps=10V 2.0 — 5.0 A%
Stati DrainSaurce On Sise Rose [ —[ od] 05| a
Drain-Source Saturation Voltage Vosion Ip=4A, Vgs=15V* — 1.6 2.0 A%
Forward Transfer Admittance 1Y Ip=4A, Vps=10V* 1.0 2.0 — S
Input Capacitance Ciss Vo= 10V, Ves=0 — | 800 — | pF
Output Capacitance Coss ’ — | 330 — | pF
Reverse Transfer Capacitance Crss f=1MHz —_ 60 — | pF
Turn-on Delay Time taony — 15 — ns
Rise Time t, Ip=2A, V=15V — 35 — ns
Turn-off Delay Time tatom R,=20 — 60 — ns
Fall Time t — 50 — 1| ns
Body-Drain Diode Forward Voltage Vor I=4A, V=0 — 0.9 —_ \'%
Body-Drain Diode ¢ I=4A, V=0 —| o0 _ ns
Reverse Recovery Time dif/dt=50A/us

*Pulse Test
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Drain Current Ip (A)

Drain Current Ip (A)

Forward Transfer Admittance |y, | (S)

MAXIMUM SAFE OPERATION AREA
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Drain to Source Voltage Vns (V)

TYPICAL TRANSFER CHARACTERISTICS
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Drain Current Ip (A)

Static Drain-Source on State Resistance Roswom (Q)

TYPICAL OUTPUT CHARACTERISTICS
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2SK413, 2SK414
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Capacitance C (pF)

Switching Time ¢ (ns)

Drain to Source Voltage Vos (V)

TYPICAL CAPACITANCE VS.
DRAIN-SOURCE VOLTAGE
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SWITCHING CHARACTERISTICS
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Forward Transfer Admittance |y | (S)

Reverse Drain Current Ior (A)

FORWARD TRANSFER ADMITTANCE
VS. FREQUENCY
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100k IM 10M 100M

Frequency f (Hz)

MAXIMUM BODY-DRAIN DIODE
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Pulse Test
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SWITCHING TIME TEST CIRCUIT
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2SK415

SILICON N-CHANNEL MOS FET

HIGH SPEED POWER SWITCHING, 2
HIGH FREQUENCY POWER AMPLIFIER

B FEATURES

® High Breakdown Voltage. 1

® High Speed Switching.

® High Cutoff Frequency.

® No Secondary Breakdown. ¢

® Suitable for Switching Regulator, DC-DC Con- 5 pate
verter, and Ultrasonic Power Oscillators. N (sil‘j"r“c?)

{Dimensions in mm)

B ABSOLUTE MAXIMUM RATINGS (T.=25 °C)

16.0mag, | 232E02
o
© in
g i
& B
¢ .~
g TE - 3
—~
1.6typ | ”
Lémax Yl —
4 v
3
+l
=
o0
10£0.2 802
5454 0. 4502
EER
(TO-3P)
POWER VS.

TEMPERATURE DERATING

Item Symbol Rating Unit
Drain-Source Voltage Voss 800 v 120
Gate-Source Voltage Viss +20 A%
Drain Current I 3 A s
Drain Peak Current Ipipear) 6 A E 80
Body-Drain I?iode Ion 3 A g L
Reverse Drain Current £ \
Channel Dissipation P.,* 80 w f: w0 N
Channel Temperature Ten 150 °C SE \\
Storage Temperature T —55 ~ +150 °C
*Value at 7=25 °C
0 50 100 150
Case Temperature Tc (C)

B ELECTRICAL CHARACTERISTICS (7.=25 °C)

Item Symbol Test Condition min. | typ. | max. | Unit
Drain-Source Breakdown Voltage Visripss Ip=10mA, V=0 800 — — A%
Gate-Source Leak Current Igss V=120V, Vps=0 - — +1 ] wA
Zero Gate Voltage Drain Current Ipss Vps=640V, V=0 — — 1| mA
Gate-Source Cutoff Voltage Visiom Ip=1mA, V=10V 2.0 —| 5.0 \%
Suatie Drain-Source On State Roson Ib=2A, Ves=15V* —| 50| 60| 0
Drain-Source Saturation Voltage Vosion 1p=2A, Vs=15V* — | 10.0 12.6 \%
Forward Transfer Admittance 1yl Ip=2A, Vs=20V* 04| 07 — S
Input Capacitance Clss Vo= 10V, Vem0 — | 470 — | pF
Output Capacitance Coss — | 120 — | pF
Reverse Transfer Capacitance Chss f=1MHz — 22 — | pF
Turn-on Delay Time taom — 15 — ns
Rise Time t, 1,=2A, V=15V — 35 — | ns
Turn-off Delay Time tuomn R,=150 e 85 — ns
Fall Time t — 35 — | ns
Body-Drain Diode Forward Voltage Vor I=2A, V=0 — 0.9 — v
Body-Drain Diode ‘. I:=2A, V=0 —1| 700 _ ns
Reverse Recovery Time dir/dt=100A/us
*Pulse Test
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2SK415

MAXIMUM SAFE OPERATION AREA TYPICAL OUTPUT CHARACTERISTICS
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VS. DRAIN CURRENT RESISTANCE VS. TEMPERATURE
5 7T R 10
Vs =20V = |__Ves =15V
— 3 Ip=2A \
© 9 ;é l—Pulse Test i
3 8 /
—é w0 Iui‘SCI g P’
1 o
S Z 155 =
£ 2
:‘!; 0.5 T5C a ° //
< §
E Pulse Test g A
v U2 A
: i
£ &
0.1 2
&
0,08 0
0.2 0.5 1.0 2 5 10 20 —40 0 40 80 120 160
Drain Current Ip (A) Case Temperature Tc (C)

184 @ HITACHI



Capacitance C (pF)

Switching Time ¢ (ns)

Vi

Drain to Source Voltage Vps (

TYPICAL CAPACITANCE VS.
DRAIN-SOURCE VOLTAGE
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SWITCHING CHARACTERISTICS
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2SK416Q0L),2SK416S)

SILICON N-CHANNEL MOS FET

4 1
HIGH SPEED POWER SWITCHING, e O
HIGH FREQUENCY POWER AMPLIFIER ‘J’f 23
Complementary pair with 25J120 . ——~§ -0
N FEATURES : i
@ Low On-Resistance. i a3 o
@ High Speed Switching. 3 <
® High Cutoff Frequency. L. Gate i _L o E
® No Secondary Breakdown. §I's‘tur'3§“i" 075w 1.715'1 ° % o e
® Suitable for Switching Regulator, DC-DC Con- (Dimensions in mm) 2.29 1 2.29 ! sz-.
verter, and Bubble Memory Driver.

(DPAK)

B ABSOLUTE MAXIMUM RATINGS (7.=25 °C) POWER VS.
- TEMPERATURE DERATING
Item Symbol Rating Unit
Drain-Source Voltage Vbss 40 A% 1
Gate-Source Voltage Viss +20 A%
Drain Current Ip 2 A z
Drain Peak Current Iipeats 4 A E 10
-Drain Diode 8

fB{:s:ri Drain Current Tor 2 A % \\
Channel Dissipation P,* 10 w i s N
Channel Temperature T 150 °C § \\
Storage Temperature Toe —55 ~ +150 °C N
*Value at T=25 °C

® ELECTRICAL CHARACTERISTICS (T.=25 °C)

50 100

Case Temperature Tc (C)

150

Item Symbol Test Condition min. | typ. | max.| Unit

Drain-Source Breakdown Voltage Visripss Ip=10mA, V=0 40 — — \%
Gate-Source Leak Current Igss V=120V, Vps=0 — — 1| uwA
Zero Gate Voltage Drain Current Ipss Vs=35V, V=0 — — 1| mA
Gate-Source Cutoff Voltage Vsiom Ip=1mA, Vpe=10V 1.0 — 4.0 \%
Suatie Drain-Source On State Roson =1, Ve=15V* —| 05| o8] o
Drain-Source Saturation Voltage V psiom I=1A, Vgs=15V* — 0.5{ 0.8 \'
Forward Transfer Admittance lysdl Ip=1A, Vps=10V* 02| 04 — S
Input Capacitance Ciss Vos=10V, Ves=0 — | 170 —| pF
Output Capacitance Coss — | 160 — | pF
Reverse Transfer Capacitance Ciss J=1MHz - 30 —| pF
Turn-on Delay Time tatom — 7 — ns
Rise Time t, I=1A, V=15V — 18 —| mns
Turn-off Delay Time taom R,=30Q — 14 —| ns
Fall Time tr — 21 —| ns
Body-Drain Diode Forward Voltage Vor I=1A, V=0 — 0.9 —_ \%
Body-Drain Diode ‘ 1=1A, V=0 _ 9 _ ns
Reverse Recovery Time dig/dt=50A/us

*Pulse Test

186

@ HITACHI



2SK416 ©, 2SK416 ®

MAXIMUM SAFE OPERATION AREA TYPICAL OUTPUT CHARACTERISTICS
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2SK416 ©, 25K416 ®

188

Capacitance C (pF)

Switching Time ¢ (ns)

Drain to Source Voltage Vps (V)

TYPICAL CAPACITANCE VS.
DRAIN-SOURCE VOLTAGE
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SWITCHING CHARACTERISTICS
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50 20

/

T
Ip=2A (3

L/ )

20 / Vop =10V
Vos

40

Vop =25V

0
0 2 4 6 8 10

Gate Charge Qs (nc)

Gate to Source Voltage Vos (V)

Forward Transfer Admittance || (S)

Reverse Drain Current Inr (A)
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FORWARD TRANSFER ADMITTANCE
VS. FREQUENCY
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2SKA428

SILICON N-CHANNEL MOS FET

HIGH SPEED POWER SWITCHING,
HIGH FREQUENCY POWER AMPLIFIER
Complementary pair with 25J122

FEATURES

Low On-Resistance.

High Speed Switching.
High Cutoff Frequency.
No Secondary Breakdown.

~

= %
2 ©
£ x g
5 % &
;‘ 4 E o
T 5
g ﬁ I dt {
]
-
15.3max.
1 $3.6£0.26.3min.
B
EEERR
2| |
3 Z| e
~ 7.8%0.5
1. Gate fed1.27
2. Drain 3.0ma 18.5+0.5
(Flange)
3. Source

(Dimensions in mm)

Suitable for Switching Regulator, DC-DC Con-

verter, PWM Amplifiers, and Ultrasonic Power

Oscillators.

B ABSOLUTE MAXIMUM RATINGS (7.=25°C)

Item Symbol Rating Unit
Drain-Source Voltage Voss 60 \%
Gate-Source Voltage Viss +20 \%
Drain Current Iy 10 A %
Drain Peak Current Tppeat 15 A &
Body-Drain Diode . 0 £
Reverse Drain Current H
Channel Dissipation Py* 50 w i:
Channel Temperature Ten 150 °C §
Storage Temperature T —55~ +150 °C

*Value at T=25°C

® ELECTRICAL CHARACTERISTICS (T.=25 °C)

(JEDEC TO-220AB)

POWER VS.
TEMPERATURE DERATING
60

0 50
Case Temperature Tc (C)

-100 150

Item Symbol Test Condition min. | typ. [ max.| Unit
Drain-Source Breakdown Voltage Visripss Iy=10mA, V=0 60 — — \Y
Gate-Source Leak Current Isss Vies=£20V, V=0 — — +1| uwA
Zero Gate Voltage Drain Current Ipss Vps=50V, V=0 — — 1| mA
Gate-Source Cutoff Voltage Visiom Ip=1mA, V=10V 2.0 — 5.0 A%
IS{ZZE:;;?IZ’"'SO“W On State Rosen I5=5A, Ves=15V* —| o1] 015 o
Drain-Source Saturation Voltage Vosion I,=5A, V=15V* — 0.5] 0.75
Forward Transfer Admittance |yl 1p=5A, Vps=10V* 1.5 2.2 — S
Input Capacitance Ciss — | 900 —| pF

N an=10V, V(.’FO
Output Capacitance Coss — | 700 —1{ pF
Reverse Transfer Capacitance Css f=1MHz — 120 —| pF
Turn-on Delay Time taion — 15 — ns
Rise Time t, Ip=2A, V=15V — 45 — ns
Turn-off Delay Time taomn R,=150 — 55 — ns
Fall Time t — 65 - ns
Body-Drain Diode Forward Voltage Vor I=5A, V=0 — 0.9 — A%
Body-Drain Diode ‘, I=5A, V=0 — 1 300 _ ns
Reverse Recovery Time dig/dt=50A/us
*Pulse Test
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Drain Current Ip (A) Drain Current Ip (A)

Forward Transfer Admittance |y | (S)

190

MAXIMUM SAFE OPERATION AREA

50
Ta=25C
20
iD(peak) Ous
( ~N YT
1D (max) A \| oM.
10 S A~
-~
A NN,
e R
5 g 7% |
@"o,’ . sy
\%, %)
SO I
el ™
2 oA
AN
1.0
05
3 10 30 100 300

Drain to Source Voltage Vps (V)

TYPICAL TRANSFER CHARACTERISTICS

10

T T
Vos =10V

/ 75°C

o

Z
0 2 4 6 R 10

Gate to Source Voltage Vos (V)

FORWARD TRANSFER ADMITTANCE
VS. DRAIN CURRENT

T PR
Vps =10V Ta= i
Pulse Test
uls ; AT —
2 Zamsan v
Lo
0.5 4
/V
4
02 /
0.1
0.05
0.2 0.5 1.0 2 5 10 20

Drain Current Ip (A)

Static Drain-Source on State Resistance Rpsem (Q)

15V O\ Te=25¢C
10V \ VT
- ot e e et e e e
8 V- \
\
/ \
= \
< 6 \\ 8V
2 o A o e el
é {1‘\5,
= \//ﬁ
g 4 <
a N v
=3
2
6V
Ves =5V
0 4 8 12 16 20

Drain to Source Saturation Voltage Vpseom (V)

TYPICAL OUTPUT CHARACTERISTICS
10

\

Drain to Source Voltage Vos (V)

DRAIN-SOURCE SATURATION VOLTAGE
VS. GATE-SOURCE VOLTAGE

5
Pulse Test
4
3
2
'
N
. 51 N
\\ ™
lnI:2.’\ Pe—
0 4 8 12 16 20

Gate to Source Voltage Ves (V)

STATIC DRAIN-SOURCE ON STATE
RESISTANCE VS. TEMPERATURE

0.25 |
| Ves=15V
Ip=5A
0.2
! Pulse Test
0.15 <
//
//
0.1
0.05
0
—40 0 40 80 120 160

Case Temperature Tc (C)
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Capacitance C (pF)

Switching Time ¢ (ns)

Drain to Source Voltage Vbs (V)

TYPICAL CAPACITANCE VS.
DRAIN-SOURCE VOLTAGE

10000 i
T
Ves =0 -
f=1Mliz]
3000
1000
300
\\
100 —
Cras I/
30
10
0 10 20 30 40 50
Drain to Source Voltage Vbs (V)
SWITCHING CHARACTERISTICS
1000
300
100 et
-
tdtofn = 2
30 T
H
10 Ldtom
3
1
0.1 02 05 L0 2 5 10 20

Drain Current Ip (A)

DYNAMIC INPUT CHARACTERISTICS
100 20

¥

80 16
Ves ///
A / 12
is 1/ Vop =50
25
o—N\ /L 0 .
\ _ veo=50v
2 S X 4
\, 5 Ip=10A
10 |
N NS
0 8 16 24 32 20

Gate Charge @ (nc)

@ HITACHI

Gate to Source Voltage Vos (V)

Forward Transfer Admittance |y | (S)

Reverse Drain Current Ipr (A)

FORWARD TRANSFER ADMITTANCE
VS. FREQUENCY
10

T
L TTTIT
Te=25°C 4
R Vps =10V
9 Ip=2A T
2
~\
1.0
0.5
0.3
N
0.2
0.1
100k M 10M 100M

Frequency f (Hz)

MAXIMUM BODY-DRAIN DIODE

FORWARD VOLTAGE
20
16 Pulse Test
12
8 4
10V //'
4 “ / /( Ves =0
A 5,‘/ 1 iVGS =I[— mvi

Source to Drain Voltage Vsp (V)

SWITCHING TIME TEST CIRCUIT

Vin Monitor

Vou Monitor

RL

Voo
=30V
WAVEFORMS
- 90%
Vin 0,
+ 10%
Vow \10% /- 10%
1 90% L 90%
2d(on) b tacosn Y

25K428
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2SK429Q0),2SK4291)

'SILICON N-CHANNEL MOS FET

HIGH SPEED POWER SWITCHING

HIGH FREQUENCY POWER AMPLIFIER

FEATURES

Low On-Resistance.

High Speed Switching.
High Cutoff Frequency.
No Secondary Breakdown.

DC-DC Converter.

Suitable for Switching Regulator and

B ABSOLUTE MAXIMUM RATINGS (7.=25 °C)

3

1. Gate
2.,4. Drain
3. Source

st

(Dimensions in mm)

6.5 23
5.4 =1 ' 'E’M
2
; wl
2 &
‘ o
2
Elaf] & E[
0,754 0.75 =3
2.29 | 2.29 7™
(DPAK)
POWER VS.

TEMPERATURE DERATING

Item Symbol Rating Unit
Drain-Source Voltage Voss 100 v 30
Gate-Source Voltage Vess +20 v
Drain Current Ip 3 A E
Drain Peak Current Ipipeans 6 A <20
Body-Drain Piode Ion 3 A .g L
Reverse Drain Current g \
Channel Dissipation P,* 20 \' = o N
Channel Temperature T 150 °C E \
Storage Temperature Tee —55 ~ +150 °C \\
*Value at Tc=25 °C’
0 50 100 150
Case Temperature Tc (C)

B ELECTRICAL CHARACTERISTICS (T.=25°C)

Item Symbol Test Condition min. | typ. | max. | Unit
Drain-Source Breakdown Voltage Visrpss Ip=10mA, V=0 100 — — v
Gate-Source Leak Current Igss Vs=120V, Vps=0 — — +1| pA
Zero Gate Voltage Drain Current Ipss Vps=80V, Vis=0 — — 1] mA
Gate-Source Cutoff Voltage Vsiom Ip=1mA, V=10V 1.0 — 4.0 v
Static Drain-Source On State Resistance | Rpson Ip=2A, Vg=15V* — 0.5 0.7 1)
Drain-Source Saturation Voltage Vbsion) Ip=2A, Vis=15V* — 1.0 14 v
Forward Transfer Admittance lurd I,=2A, Vps=10V* 0.5 0.9 — S
Input Capacitance Ciss —| 280 — | pF
Output Capacitance Coss Vos=10V, V45=0, f=IMHz —| 150 — | pF
Reverse Transfer Capacitance Ciss — 24 — | pF
Turn-on Delay Time taiom — 10 — ns
Rise Time t, — 25 — | ns
Turn-off Delay Time titom To=2A. Var=15V, R:=160 — 30 — | ns
Fall Time t — 20 —| ns
Body-Drain Diode Forward Voltage Vor I=2A, V=0 — 0.8 — v
Body-Drain Diode t, Ir=2A, V=0 —| 200 2 s
Reverse Recovery Time dif/dt=50A/us

*Pulse Test
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Drain Current Ip (A)

Drain Current In (A)

Forward Transfer Admittance |y | (S)

MAXIMUM SAFE OPERATION AREA

20 - r T TTTTT
1 “I Tu =257
10 i "
t ;
ST = M 10xs
- | X
5 t N
[ 10max) L[
7 N B
2 N, 2,
- ,
<
L0 e <
—+— 2 Q)
— AERN
05 G
3
0.2
0.1
0.05
0.02
1 3 10 30 100 300 1000

Drain to Source Voltage Vos (V)

TYPICAL TRANSFER CHARACTERISTICS

i T T
Vs = 10V 17/
1 . 177
Te==25¢
| i 17
]( V7
25 7
/11
. 111
3 g
1 /
o . 1 6 ¥ 10

Gate to Source Voltage Vs (V)

FORWARD TRANSFER ADMITTANCE
VS. DRAIN CURRENT

- T T TIT
Vps =10V Ta=-25C
Pulse Test -
o P
257C
75C
0.5
y
02 /
0.1
0.05
0.02
0.2 0.5 1.0 2 5 10 20

Drain Current Ip (A)

Drain Current Ip (A)

Drain to Source Saturation Voltage Vbsten (V)

Static Drain-Source on State Resistance Rosion (Q)

2SK429 ©, 25K429 ®

TYPICAL OUTPUT CHARACTERISTICS

;
v e |
Te=25¢
'lly \ % :
¢ ]I/I“" \ 7V
A-¢-t——t-F14-T—
/ \
L \
\ » A v
N
,, 4
: <
N 6V
T
-
1
5V
Vos =4V
| - :

0 1 8 12 16 20
Drain to Source Voltage Vos (V)

DRAIN-SOURCE SATURATION VOLTAGE
VS. GATE-SOURCE VOLTAGE

10
I
Pulse Test
8
6
|3
4 |
1
|23
I
Ip=1A
2 ‘)<
\
=
0 4 8 12 16 20

Gate to Source Voltage Vgs (V)

STATIC DRAIN-SOURCE ON STATE
RESISTANCE VS. TEMPERATURE

| Ves=15V
Ip=2A
Bulse 'I"e:l
08 Pulse Tes
|
/
0.6
0.4
0.2
0
—-40 0 40 80 120 160

Case Temperature Tc (C)
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Capacitance C (pF)

Switching Time ¢ (ns)

Drain to Source Voltage Vs (V)

194

TYPICAL CAPACITANCE VS.
DRAIN-SOURCE VOLTAGE

3000

Ves =0
J=1MHz

]

S

500

200

100

o)

10

|
201, et
I

=S -
) Nﬂ o

0 10 20 30 40 50

Drain to Source Voltage Vs (V)

SWITCHING CHARACTERISTICS

01 Lot

tr

\l/

Ladom

0.1 0.2 0.5 Lo 2 5 10

Drain Current Ip (A)

DYNAMIC INPUT CHARACTERISTICS

100 7 7 0
Vos Vc]s //
16
= 00 =80V L/
\ .
60 \ 12
~\ 7
20 \\ AL 8
\ Von =80V
20 50 4
/ )C 25 In=3A
N l
0 1 8 12 16 2

Gate Charge @ (nc)

Gate to Source Voltage Ves (V)

Forward Transfer Admittance | ys | (S)

Reverse Drain Current Ipr (A)

B HITACHI

FORWARD TRANSFER ADMITTANCE
VS. FREQUENCY
10

i
Tc=25C
Vos =10V ]
5 Ip=2A
2
L0
05 AN
N
N
0.2
0.1
100k M 10M 100M
Frequency f (Hz)
MAXIMUM BODY-DRAIN DIODE
5
4 Pulse Test
3
¢ 1BV
10V
Ves =0
5 "j{v s =—10V
1 7 )a> T
7
;//
0 0.4 0.8 12 16 2.0
Source to Drain Voltage Vsp (V)
SWITCHING TIME TEST CIRCUIT
Vis Monitor
Vou Monitor
RL
Voo
=30V
WAVEFORMS
90%
Vin \
—_10%
Vou 10% 10%
\ 90% 90%
td(om) b Hiosp l Y
T




2SK4300L),2SK4308)

SILICON N-CHANNEL MOS FET

HIGH SPEED POWER SWITCHING
HIGH FREQUENCY POWER AMPLIFIER

FEATURES

Low On-Resistance.

High Speed Switching.
High Cutoff Frequency.
No Secondary Breakdown.

DC-DC Converter.

Suitable for Switching Regulator and

-
24

® Type

2.3

t=—10.5

OTyre

16.3

L. Gate 0.75
2..4. Drain
3. Source

(Dimensions in mm)

N ABSOLUTE MAXIMUM RATINGS (T.,=25 °C)

u;z

(DPAK)

POWER VS.
TEMPERATURE DERATING

Item Symbol Rating Unit
Drain-Source Voltage Vpss 150 v
Gate-Source Voltage Viss +20 \"
Drain Current Ip 3 A =
Drain Peak Current I ipeaisy 6 A “;:
Body-Drain Piode Ioe 3 A :3; \
Reverse Drain Current g \
Channel Dissipation Po* 20 w 3 N
Channel Temperature Ten 150 °C § \\
Storage Temperature Toe —55 ~ +150 °C N
*Value at 7=25 °C
50 100 150
Case Temperature Tc (C)

B ELECTRICAL CHARACTERISTICS (T,=25 °C)

Item Symbol Test Condition min. | typ. | max. [ Unit
Drain-Source Breakdown Voltage Visrss Ip=10mA, V=0 150 - — \%
Cate-Source Leak Current Igss Vs=£20V, Vps=0 — — +1 | pA
Zero Gate Voltage Drain Current Ipss Vps=120V, V=0 — o 1{mA
Gate-Source Cutoff Voltage Vésiom Ip=1mA, V=10V 1.0 - 4.0 \%
Static Drain-Source On State Resistance | Rpsom Ip=2A, V5=15V* — 0.8 1.0 o)
Drain-Source Saturation Voltage Voston Ip=2A, Vss=15V* — 1.6 2.0 A%
Forward Transfer Admittance Jyssl Ip=2A, Vp=10V* 0.5 0.9 — S
Input Capacitance Ciss —1 260 — | pF
Output Capacitance Coss Vps=10V, V=0, f=1MHz —1 100 — | pF
Reverse Transfer Capacitance Ciss — 14 — | pF
Turn-on Delay Time Latom — 10 — ns
Rise Time t, — 25 — ns
Turn-off Delay Time Yo Io=2A. Ves=15V. Ri=150 T 30 = s
Fall Time t — 20 - ns
Body-Drain Diode Forward Voltage Vor I=2A, V=0 — 0.8 — \'%
Body-Drain Diode . I=2A, V=0 —| 200 _ ns
Reverse Recovery Time diy/dt=50A/us
*Pulse Test
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25K430 O, 25K412 ®

MAXIMUM SAFE OPERATION AREA TYPICAL OUTPUT CHARACTERISTICS
20 T 5 7 =
| T =25C v\ /] Q/V"'__ _ L]
10— — ¥/
= - WA/ Te=25¢C
ST g 4 A
' AR A4 :
z b tmen N \: ,,,l 5 \' = /% N
s & Y, T" a / e
= C‘O N N ~ 3 AN
= 10 2\ o = NS
£ %%, QRpin> £ 6V 1
5 0s %) 3 ~+ —+-+-F-
: %\\\l N\ ,5 2 N
i IS : NN
< 5V
0.1 A <=
1
005 ’ 4V
Vos =3V
002 5 0 m W 3m 1000 0 4 8 12 16 20
Drain to Source Voltage Vos (V) Drain to Source Voltage Vos (V)
AN
TYPICAL TRANSFER CHARACTERISTICS DRAIN-SOURCE SATURATION VOLTAGE
VS. GATE-SOURCE VOLTAGE
5 T 10
VI”S =10v r ‘ 1/ 1/
T I s
. TC=‘IZ5C ,/ / % . Pulse Test
1 / M
A £
=< // 75°C 3
T, Vi L:f ] || —1=3A
- -
g 5 |24
3 g
S E | —1A
£ 2 - & 4
2 / ~
4 5 /
1 l lg 2 j
:S “_ﬁ
0 1 10 0 1 8 12 16 20
Gate to Source Voltage Ves (V) Gate to Source Voltage Vos (V)
FORWARD TRANSFER ADMITTANCE STATIC DRAIN-SOURCE ON STATE
VS. DRAIN CURRENT RESISTANCE VS. TEMPERATURE
BT TTTT 2‘“
Vbs =10V Ta=—25C a Ves =15V
Pulse Test N e [ Ip=2A
25C s | ]
10 T = . Pulse Test
o o 2 18 o
= 8 A
ER 5 v
g -z /
5 g 12 P
g 0.2 § v
k3 S 0s e
g ol g
& 3
2 £
E 0.05 Qi 04
K
2
20 05 10 2 5 10 20 % 0 40 80 120 1
Drain Current Ip (A) Case Temperature Tc (C)
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Capacitance C (pF)

Switching Time ¢ (ns)

Drain to Source Voltage Vbs (V)

INPUT, OUTPUT CAPACITANCE VS.

DRAIN-SOURCE VOLTAGE

FORWARD TRANSFER ADMITTANCE
VS. FREQUENCY

1o = ! RN
Ves =0 ] re= i
7= 1MH] Yos =10V

5 In=2A t
3000 —
&2
3
1000 3 2
8
300 Q C] 5 10
N £ S
100 x — & 0.5 AN
L | ECon B \\
1§ H N
1 4
30\ € 02
—— e 0.1
Eh 10 20 30 40 50 100k M 10M 100M
Drain to Source Voltage Vs (V) Frequency f (Hz)
REVERSE TRANSFER CAPACITANCE MAXIMUM BODY-DRAIN DIODE
VS. DRAIN-SOURCE VOLTAGE FORWARD VOLTAGE
5
" . Pulse Test
=
<
100 =
%‘ 3
5
50 tdcoss ‘;
= <
B M 8 2
1 $ 5V
20 L —] E ilo
" 10V Vas =0
ten 1 4 Vs == 10V
10 5V /
>/
0l 02 05 10 2 5 10 0 0.4 0.8 12 16 20
Drain Current Ip (A) Source to Drain Voltage Vsp (V)
SWITCHING TIME TEST CIRCUIT
Via Moni
DYNAMIC INPUT CHARACTERISTICS e
200 20 Vour Monitor
/4
y./4 DU.T
T
Ves / V Re
160 /j // 16
X/ / z Vn 500
2 15V ="V
// 2 = = v
120 4G 12 %
s J%% 'bp =100V ’>§
vV
o o
w /4 % . WAVEFORMS
Y/ 74 7
2 -90%
B
L Voo =100 . 8
%0 l = P Van 10%
9 1
N Vo 10% 10%
0
o 4 8 12 16 20
Gate Charge Qs (nc) 0% [ 90%
Laton) b tatas) I t
T

@ HITACHI

2SK430 ©, 2SK412 ®

197



2SK440

SILICON N-CHANNEL MOS FET

HIGH SPEED POWER SWITCHING

HIGH FREQUENCY POWER AMPLIFIER

FEATURES

Low On-Resistance.

High Speed Switching.
High Cutoff Frequency.
No Secondary Breakdown.

DC-DC Converter.

Suitable for Switching Regulator and

@ ABSOLUTE MAXIMUM RATINGS (T.=25 °C)

o
u..Smn.
Smax.

g : S )
3
S =

15.3max.
$3.61£0.26.3min.
1 HIEIR
e —
3 3.0max.) 18520.5

1. Gate
2. Drain
5 Plange) (JEDEC TO-220AB)

(Dimensions in mm)

POWER VS.
TEMPERATURE DERATING

Item Symbol Rating Unit 60
Drain-Source Voltage Voss 200 \4
Gate-Source Voltage Vass +20 A% .
Drain Current I, 6 A %
Drain Peak Current Ipipears 12 A ng: o
Body-Drain Diode g
Rev:rse Drain Current Lo 6 A ;:% \
Channel Dissipation P> 40 w E 20 \\
Channel Temperature Ten 150 °C o \
Storage Temperature Tog —55 ~ +150 °C
*Value at T.=25°C

0 50 100
Case Temperature Tc ('C)
W ELECTRICAL CHARACTERISTICS (7.=25°C)
Item Symbol Test Condition min. | typ. | max. | Unit

Drain-Source Breakdown Voltage Vismpss Ip=10mA, V=0 200 — — v
Gate-Source Leak Current Igss Veos=120V, Vps=0 — — +1| wA
Zero Gate Voltage Drain Current Ipss Vos=160V, V=0 — — 1| mA
Gate-Source Cutoff Voltage Vesiom Ip=1mA, Vps=10V 2.0 — 5.0 v
Static Drain-Source On State Resistance | Ropsion Ip;=3A, Vs=15V* — 0.4 0.5 [
Drain-Source Saturation Voltage Vosiom Ip=38A, Vss=15V* — 12 1.5 A%
Forward Transfer Admittance lypd Ip=38A, Vps=10V* 1.0 1.8 — S
Input Capacitance Ciss —| 750 — | pF
Output Capacitance Coss Vos=10V, V=0, f=IMHz — 1| 300 — | pF
Reverse Transfer Capacitance Crss — 60 — | pF
Turn-on Delay Time taton — 15 — ns
Rise Time t, — 25 — | ns

- Ip=2A, V=15V, R,=150
Turn-off Delay Time tatorn — 70 — | ns
Fall Time t — 40 — | ns
Body-Drain Diode Forward Voltage Vor I=3A, Vgs=0 — 0.9 — \%
Body-Drain Diode . I:=38A, V=0 —1| 300 | ns
Reverse Recovery Time dir/dt=50A/us

*Pulse Test
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Drain Current Ip (A)

A)

Drain Current Ip (2

Forward Transfer Admittance |ys| (S)

MAXIMUM SAFE OPERATION AREA
100

=
Ta=25CIH
30
iDipeat)
wEEEF R
F—=I0mas)
3
1.0
0.3 N
0.1
1 3 10 30 100 300 1000

Drain to Source Voltage Vos (V)

TYPICAL TRANSFER CHARACTERISTICS

10
T 77
,_ /
Vos = 10V v A
N7
Te=—25C 0
8 TH—25C
14/ |
,IL--’]f;Cl

0 2 4 6 8 10
Gate to Source Voltage Vs (V)

FORWARD TRANSFER ADMITTANCE
VS. DRAIN CURRENT

117 s e — ]
_VDS:U)'V Ta= f’i(,
Pulse Test 5w R E P
2 s o
2z 75C
1.0
0.5
/
/’
0.2 74
0.1
0.05 -~
0.2 0.5 1.0 2 5 10 20

Drain Current Ip (A)

TYPICAL OUTPUT CHARACTERISTICS

25K440

10
w ik Fov
1y &
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= 6 AY _7V_ P —
2 AY
2 A 24
3 Uy,
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e ~
S N
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2
vV
\
0 4 8 12 16 20

Drain to Source Voltage Vps (V)

DRAIN-SOURCE SATURATION VOLTAGE

VS. GATE-SOURCE VOLTAGE

10

E
T
£
$
s 6
3
& 4 ~] 8A
=
U; \\ 5A
P
& \ Ip=2A
I
0 4 8 12 16 20
Gate to Source Voltage Vos (V)

STATIC DRAIN-SOURCE ON STATE

RESISTANCE VS. TEMPERATURE

L0
3 | Ves=15V
S Ip=4A
é’ 0.8 /f
5
Z 06
4 /
E v
5 o4
E 02
&

0

—40 0 40 80 120 160

Case Temperature Tc (C)
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25K440

TYPICAL CAPACITANCE VS. FORWARD TRANSFER ADMITTANCE
DRAIN-SOURCE VOLTAGE VS. FREQUENCY
10000 ; o s
ros Te=25C
f=1MHz Vps =10V {4
3000 @ 5 Ip=2A +H
= 1000 A e e 8
8 3 N
g 0 SR
= Tr— . <
3 100 o= _:’: 0.5 >
Cor— z
I
30 0.2
10 0.1
0 10 20 30 40 50 100k M 10M 100M
Drain to Source Voltage Vs (V) Frequency f (Hz)
MAXIMUM BODY-DRAIN DIODE
SWITCHING CHARACTERISTICS
FORWARD VOLTAGE
500 10
200 8
=
@ 100 =ty E
= === B 6
5 [t - £
E 50 > g .
I »= e & 5
2 v, 7 ( Vos=0 o
tr Ves=—10
10 15V L
=
-
o1 oz 05 10 2 5 10 0 04 08 12 L6 20
Drain Current In (A) Source to Drain Voltage Vso (V)

SWITCHING TIME TEST CIRCUIT

Vin Monitor

DYNAMIC INPUT CHARACTERISTICS

Vou Monitor
200 20
4
R

160 bs Vnu=150| am
= TN 100 N/ / s
] A - Voo
. ® \> e S =30V
¥ 7 %
= Ve 2
2 7 1/ §
s : . :
: | Z - WAVEFORMS
& &
2 /\ \ Vop =150 2 - 90%
=
E g
a o

3 100
40 4 Vi
/ Q 50 In=8A T A410%
\ . 10% 7(00
0 8 16 2% 32 0 Vou \ Y 10%
X 90%
Yy

- 90%

td(on) tr tdtof)
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2SK511

SILICON N-CHANNEL MOS FET

HIGH SPEED POWER SWITCHING
HIGH FREQUENCY POWER AMPLIFIER

FEATURES

Low Input and Output Capacitance.
Suitable for Video Output Stages of Very High
Resolution Display.

B ABSOLUTE MAXIMUM RATINGS (7.=25 °C)

Superior High Frequency Characteristics. 3

3.1max.

m

11.0+0.5 15.6£0.5

$3.0£0.25

3.710.7

8.5 max.

1

1. Source

2. Drain

3. Gate

(Dimensions in mm)

S
2.3+03

(JEDEC TO-126 MOD.)

POWER VS.
TEMPERATURE DERATING

Item Symbol Rating Unit
Drain-Source Voltage Voss 250 \ 12
Gate-Source Voltage Vess +9 \
Drain Current Ip 0.3 A 5
Drain Peak Current Ipipeans 0.5 A ::;: 8
gstrl)eral;:af:lugjrrent Toa 03 A % \\
Channel Dissipation P.* 8 w 2 . \
Channel Temperature Ten 150 °C § \\
Storage Temperature Tog —55 ~ +150 °C N
*Value at T7c=25 °C
0 50 100 150
Case Temperature Tc (C)

B ELECTRICAL CHARACTERISTICS (7.=25 °C)

Item Symbol Test Condition min. | typ. | max. | Unit
Drain-Source Breakdown Voltage Vsrypss Ip=1mA, V=0 250 — — v
Gate-Source Leak Current Igss Vos=19V, Vps=0 — — +1 | mA
Zero Gate Voltage Drain Current Ipss Vps=200V, V=0 — — 1| mA
Gate-Source Cutoff Voltage Vasiom p=1mA, V=10V 1.0 — 5.0 v
Static Drain-Source On State Resistance | Rbpson 1,=0.1A, V5s=9V* — 30 50 (4]
Drain-Source Saturation Voltage V bsion Ip=0.1A, V5=9V* — 3.0 5.0 A%
Forward Transfer Admittance 1Yl 1p=0.15A, V,s=20V* 50 80 — | mS
Input Capacitance Ciss — 20 — | pF
Output Capacitance Coss Vos=10V, V=0, f=IMHz — 10 — | pF
Reverse Transfer Capacitance Css — 2.5 — | pF
*Pulse Test
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2SK511

MAXIMUM SAFE OPERATION AREA TYPICAL OUTPUT CHARACTERISTICS
5 T T 100
9V /' ]
1T 4.8V o
Ta=25CH— Te =25°C 1
2 Vos =4.6V
80
1.0 lﬁ,
=1 iDpeab 10, L 4.4V__]
= 0.5 m=p et M 1t -
Dmax
= ) AV a'%" 1 z 80— e
2 2 ) g 2
8 02 "’o‘} ~ Pou
5 NN | ! =
S 01 2 N et 5 A0
] N Lo ONEY g
13 <%, 3 .
2005 <% NEY £ 3.8V
g >~
= f 36V
0.02 20
34V
0.01 ¥ 3.0v—]
gX0
0.005
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SILICON N-CHANNEL MOS FET

3 1L35may, |16£05
HIGH SPEED POWER SWITCHING - (1335;“)
19

B FEATURES r

® Low On-Resistance. (R,,=0.55Q) 1 i

® High Speed Switching. i 3
S

® High Voltage (Voss=500V) EE i

® No Secondary Breakdown. :

@ Suitable for Switching Regulator, éjg.‘,‘.?m

DC-DC Converter, and Motor Control. 8 (%:‘sg a0 H008

(Dimensions in mm)

(JEDEC TO-3)

B ABSOLUTE MAXIMUM RATINGS (7.=25 OC) POWER VS.
TEMPERATURE DERATING
Item Symbol Rating Unit 150

Drain-Source Voltage Vbss 500 v
Gate-Source Voltage Vss +20 v
Drain Current 1 12 A 2
Drain Peak Current Tiipeats 20 A ;‘; 100

. i i 8
g::j:rirg:agn]%?rrent Lon 12 A g
Channel Dissipation P.* 125 w 2
Channel Temperature Ten 150 °C §
Storage Temperature T —55 ~ +150 °C
*Value at =25 °C

0 50 - 100 150
Case Temperature Tc ('C)
W ELECTRICAL CHARACTERISTICS (T.=25°C)
Item Symbol Test Condition min. | typ. | max. | Unit

Drain-Source Breakdown Voltage Vieripss Ip=10mA, Vgs=0 500 — — \%
Gate-Source Leak Current Igss Ves=120V, Vps=0 — — +1| wA
Zero Gate Voltage Drain Current Ipss Vos=400V, V=0 — — 1| mA
Gate-Source Cutoff Voltage Visiom Ip=1mA, Vps=10V 2.0 — 4.0 v
Static Drain-Source On State Resistance | Rpsion Ip=6A, Vis=15V* — | 0.55| 0.65 Q
Drain-Source Saturation Voltage Vosiom Ip=6A, Vis=15V* — 3.3 3.9 A\
Forward Transfer Admittance lysd Ip=6A, Vps=10V* 2.5 3.5 — S
Input Capacitance Ciss — | 1800 — | pF
Output Capacitance Coss Vos=10V, V=0, f=1IMHz — | 400 —| pF
Reverse Transfer Capacitance Crss — 50 — | pF
Turn-on Delay Time taon) — 20 —1| ns
Rise Time t, _ 45 — ns
Turn-off Delay Time taam Ib=2A, Ves=15V. Ri=150 —| 230 —1| ns
Fall Time tr - 70 —_ ns
Body-Drain Diode Forward Voltage Vor I=6A, V=0 — 1.0 — v
Body-Drain Diode 6, I=6A, V=0 _| 400 _ ns
Reverse Recovery Time dig/dt=100A/us

*Pulse Test
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Drain Current Ip (A)
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Drain to Source Voltage Vos (V)

Capacitance C (pF)

Switching Time ¢ (ns)

TYPICAL CAPACITANCE VS.
DRAIN-SOURCE VOLTAGE
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2SK513

SILICON N-CHANNEL MOS FET

HIGH SPEED POWER SWITCHING EL , E ;g
m FEATURES ) 15.3max. 127min__
$3.6£0.2 [6.3min. " e 3
® High Breakdown Voltage. ! 2 R
® High Speed Switching. E il ] > =
® High Cutoff Frequency. : N b
® No Secondary Breakdown. | Gate e 78205
® Suitable for Switching Regulator, 2. Drain 3.0max| 185205
DC-DC Converter, and Ultrasonic Power Oscil- 3. (sim-ie)
lators. (Dimensions in mm) (JEDEC TO-220AB)
W ABSOLUTE MAXIMUM RATINGS (7.=25 °C) POWER VS.
Ttem Symbol Rating Unit TEMPERATURE DERATING
Drain-Source Voltage Voss 800 \% 8
Gate-Source Voltage Viss +20
Drain Current Iy 3 A 5 \\
Drain Peak Current I pipears 6 A E 0
e e B N\
Channel Dissipation P.* 60 w % \
Channel Temperature Ten 150 °C g 20 \
Storage Temperature Tog —55 ~ +150 °C © \
*Value at Tc=25 °C N
0 50 100 150
Case Temperature Tc (C)
B ELECTRICAL CHARACTERISTICS (T.=25 °C)
Item Symbol Test Condition min. | typ. | max. | Unit
Drain-Source Breakdown Voltage Visrypss 1,=10mA, V5s=0 800 — — v
Gate-Source Leak Current Igss Ves=120V, V=0 — — +1| wA
Zero Gate Voltage Drain Current Ipss Vps=640V, Vis=0 — — 1| mA
Gate-Source Cutoff Voltage Vasion Ip=1mA, Vps=10V 2.0 — 4.0 \Y%
Static Drain-Source On State Resistance | Rpsion I,=2A, Vi=15V* — 5.0 6.0 [0}
Drain-Source Saturation Voltage Vbsion Ip=2A, Vs=15V* —| 10.0f 12.0 v
Forward Transfer Admittance Jysl Ip=2A, Vp=20V* 0.4 0.7 — S
Input Capacitance Ciss —| 470 — | pF
Output Capacitance Coss Vos=10V, V=0, f=1IMHz —| 120 — | pF
Reverse Transfer Capacitance Cres — 22 — | pF
Turn-on Delay Time taion) — 15 — | ns
Rise Time t, - 35 —_ ns
Turn-off Delay Time titom Lo=2A Ves=15V. Ri=150 — 85 — 1 ns
Fall Time t —_ 35 —_ ns
Body-Drain Diode Forward Voltage Vor 1=2A, V=0 — 0.9 — v
Body-Drain Diode . I:=2A, Vss=0 —| 700 | ns
Reverse Recovery Time diF/dt=100A/us

*Pulse Test
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MAXIMUM SAFE OPERATION AREA

10
= (D (peab)] 10454
+ .. ~,
3 [~ [D(max) \‘ /67‘~_ (]
g N N
(AR S/ A
R
N R
T w SO l
s 2, Opmnis
= %o, 9
] 0, C
E o3 -
3 SN
£ N
s N
a ol il
Ta=
0.03 =
0.01
1 3 10 30 00 300 1000
Drain to Source Voltage Vbs (V)
TYPICAL TRANSFER CHARACTERISTICS
5
I
Vos =20V
}
Tc=—25C_|]
4 Z
4
’
= / -
= / L
s 3 ¢ | el
H //
5 4 _—
T, I/ A 75°C
2
(=}
‘ 4
0 2 4 6 8 10

Gate to Source Voltage Vs (V)

FORWARD TRANSFER ADMITTANCE
VS. DRAIN CURRENT

5
1
Vps =20V

2
3
- Ta=~25"
% 10 =
= 25C
3
2 05 e
8
5
8 <
&=
£ 02
H
S
=

0.1

0.05

02 05 10 2 5 10 20

208

Drain Current Ip (A)
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Drain Current Ip (A)
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Drain to Source Voltage Vps (V)
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2SK534

SILICON N-CHANNEL MOS FET

HIGH SPEED POWER SWITCHING

B FEATURES .
@ High Speed Switching. (t,=65ns)
® High Voltage (Vpss=800V)
® No Secondary Breakdown. 8
@ Suitable for Switching Regulator and DC-DC 1. Gate
Converter. 2. Drain
{Flange)
3. Source

(Dimensions in mm)

B ABSOLUTE MAXIMUM RATINGS (T.=25 °C)

Item Symbol Rating Unit

Drain-Source Voltage Vobss 800 v

Gate-Source Voltage Viss +20

Drain Current Ip 5 A z
Drain Peak Current Ipipeaky 10 A E
Body-Drain Piode Ioe 5 A §
Reverse Drain Current %
Channel Dissipation P* 100 w &
Channel Temperature Ten 150 °C E
Storage Temperature Tig —55 ~ +150 °C ©

*Value at T=25 °C

B ELECTRICAL CHARACTERISTICS (T.=25 °C)

40

16.0ma. | #32£02
St n
3
T
g d—
+| 98 . §
16typ T I
L4maxeifr s
¥ [ E:
+
=
Jdlro+o.2
5.4510.2] 451 0.2
FEF
(TO-3P)
POWER VS.

TEMPERATURE DERATING

50 100
Case Temperature Tc (C)

Item Symbol Test Condition min. | typ. | max. | Unit
Drain-Source Breakdown Voltage Visrss Ip=10mA, V=0 800 — — \'%
Gate-Source Leak Current Iss V=120V, Vps=0 — — +1| pA
Zero Gate Voltage Drain Current Ipss Vps=640V, V5s=0 — — 1| mA
Gate-Source Cutoff Voltage Vesiom Ip=1mA, V=10V 2.0 — 4.0 \Y%
Static Drain-Source On State Resistance | Rpsion Ip=3A, Vs=10V* — 3 4 [0
Drain-Source Saturation Voltage Vosion 1,=3A, Vg=10V* o 9 12 A%
Forward Transfer Admittance Jysl Ip=3A, Vps=20V* 0.8 1.2 — S
Input Capacitance Ciss — | 850 — | pF
Output Capacitance Coss Vs=10V, V5=0, f=<1MHz — | 250 — | pF
Reverse Transfer Capacitance Cios —_ 40 — | pF
Turn-on Delay Time taton) — 15 — ns
Rise Time t, —_ 60 —_ ns
Turn-off Delay Time titom =24, Ves=15V Ri=150 — 1 155 — 1| ns
Fall Time t — 65 — 1| ns
Body-Drain Diode Forward Voltage Vor Ir=3A, V=0 — 0.9 — A%
Body-Drain Diode " I,fSA, Vis=0 —| 850 | ns
Reverse Recovery Time dig/dt=100A/us

*Pulse Test

210
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Drain Current Ip (A)

Drain Current Ip (A)
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Drain to Source Voltage Vbs (V)

Capacitance C (pF)

Switching Time ¢ (ns)

TYPICAL CAPACITANCE VS.
DRAIN-SOURCE VOLTAGE
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2SK5350),2SK535©%)

SILICON N-CHANNEL MOS FET

HIGH SPEED POWER SWITCHING

B FEATURES

High Speed Switching.
High Cutoff Frequency.
No Secondary Breakdown.

Power Oscillators.

24

Suitable for Switching Regulator and Ultrasonic

1 Gate
2..4. Drain
3. Source

(Dimensions in mm)

B ABSOLUTE MAXIMUM RATINGS (T.=25 °C)

Item Symbol Rating Unit
Drain-Source Voltage Vss 400 v
Gate-Source Voltage Vass +20 v
Drain Current I 15 A
Drain Peak Current Ipipeany 3.0 A
-Drain Di
xgzr]s)eraDl:ain (él:rrent Lon 15 A
Channel Dissipation Py* 20 w
Channel Temperature Ton 150 °C
Storage Temperature Tog —55 ~ +150 °C

*Value at T¢=25 °C

B ELECTRICAL CHARACTERISTICS (T.=25°C)

O Tyre
‘

. 23
54
|5 -t-u,s
gf
st

9.5

55
16.3

0.75:

Channel Dissipation Per (W)

E

S 3
0.75 L
229 | 229 Iz
(DPAK)
POWER VS.

TEMPERATURE DERATING

30

AN

N

50 100 150

Case Temperature Tc (C)

Item Symbol Test Condition min. | typ. | max. | Unit
Drain-Source Breakdown Voltage Visrpss »=10mA, Vs=0 400 — — v
Gate-Source Leak Current Igss Ves=220V, Vps=0 - —| 1| kA
Zero Gate Voltage Drain Current Ipss Vs=320V, Vgs=0 — —| 100| wA
Gate-Source Cutoff Voltage Vesiom =1mA, Vp=10V* 2.0 — 4.0 \%
SRL‘:?;;?;‘;'"'S°“”€ On State Roson =14, Vos=15V* —| 40| 60| 0
Drain-Source Saturation Voltage Vosion Ip=1A, Vg=15V* - 4.0 6.0 \%
Forward Transfer Admittance lysd Ip=1A, Vps=20V* 0.2 0.4 — S
Input Capacitance Ciss — | 250 —| pF

T Vos=10V, V5=0
Output Capacitance Coss F=1MHz — 55 —| pF
Reverse Transfer Capacitance Crss — 10 — | pF
Turn-on Delay Time taiony — 8 — ns
Rise Time t, Ip=1A, V=15V — 12 —1| ns
Turn-off Delay Time taom R;=300 — 30 — ns
Fall Time ty — 15 — | ns
Body-Drain Diode Forward Voltage Vor I=1A, V=0 — 1.0 — \%
Body-Drain Diode . I=1A, V=0 _ 400 _ ns
Reverse Recovery Time dif/dt=100A/pus
*Pulse Test
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Drain to Source Voltage Vps (V)

Capacitance C (pF)

Switching Time ¢t (ns)

2SK535 ,2SK535 €

TYPICAL CAPACITANCE VS. FORWARD TRANSFER ADMITTANCE
DRAIN-SOURCE VOLTAGE VS. FREQUENCY
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2SK549

SILICON N-CHANNEL MOS FET

HIGH SPEED POWER SWITCHING

FEATURES

Low On-Resistance.

High Speed Switching.
Low Drive Current.

No Secondary Breakdown.

Power Oscillators.

Suitable for Switching Regulator,
DC-DC Converter, Motor Controls, and Ultrasonic

11.5max.

1. Gate

7.810.5

18.540.5

2. Drain
(Flange)
3.Source

(Dimensions in mm)

B ABSOLUTE MAXIMUM RATINGS (T.=25 °C)

(JEDEC TO-220AB)

POWER VS.
TEMPERATURE DERATING

Item Symbol Rating Unit 6
Drain-Source Voltage Voss 60 \Y%
Gate-Source Voltage Vss +15 \%
Drain Current Ip 10 A g
Drain Peak Current Tpipuise™ 40 A 3 & 40
ﬁzez,rirg:ai[:?:rrent Lo 10 A E;
Channel Dissipation P** 50 w % 2
Channel Temperature Ten 150 °C 5
Storage Temperature Toig —55 ~ +150 °C

*PW<10ps, duty cycle<1%

**Value at T=25°C

B ELECTRICAL CHARACTERISTICS (7.=25 °C)

50 1 1
Case Temperature Tc (C)

Item Symbol Test Condition min, | typ. | max. | Unit
Drain-Source Breakdown Voltage Viarpss Ip=10mA, V=0 60 — — \%
Gate-Source Breakdown Voltage Visrass I=%100uA, Vps=0 +15 — — v
Gate-Source Leak Current Igss Ves=£12V, Vps=0 — — | 10| wA
Zero Gate Voltage Drain Current Ipss Vos=50V, Vs=0 — — | 250 | pwA
Gate-Source Cutoff Voltage Visiom Ip=1mA, V=10V 2.0 — 4.0 \%
:Z?S‘iﬁrcz'"'s°“"e On State Roson Ir=5A, Ves=10V* —| o1fo015| @
Forward Transfer Admittance [ysl. »=5A, Vps=10V* 30| 5.0 - S
Input Capacitance Ciss — | 700 — | pF
Output Capacitance Coss Vos=10V, V=0, f=IMHz — | 400 — | pF
Reverse Transfer Capacitance Ciss — 28 — | pF
Turn-on Delay Time taiom — 15 — ns
Rise Time t, — 40 — ns
Turn-off Delay Time tatosn Io=5A. Va=10V B.=60 — 55 — | ns
Fall Time tr - 45 — 1 ns
Body-Drain Diode Forward Voltage Vor 1=10A, V=0 — 1.2 — A%
Body-Drain Diode ¢, I=10A, V=0 _| 200 _ ns
Reverse Recovery Time dir/dt=50A/us

*Pulse Test
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25K549

MAXIMUM SAFE OPERATION AREA TYPICAL OUTPUT CHARACTERISTICS
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25K549

220

FORWARD TRANSFER ADMITTANCE
VS. DRAIN CURRENT
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FORWARD TRANSFER ADMITTANCE
VS. FREQUENCY
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DYNAMIC INPUT CHARACTERISTICS
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|‘25K549
NORMALIZED TRANSIENT THERMAL
IMPEDANCE VS. PULSE WIDTH
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g
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2SK551

15.0 14.0

SILICON N CHANNEL MOS FET

HIGH SPEED POWER SWITCHING 936 64 78 gw

W Features: glals| D 35-:3{

¢ Low On-Resistance 1 = I 2 1. Gate

* High Speed Switching wrH L. s 2 :’F’;“:ge)

® Low Drive Current 28} 85 = ] < 5 s Source

* No Secondary Breakdown {[::—}

® Suitable for Switching Regulator, T (Dimensions in mm)

DC-DC Converter, Motor Controls, and Y
Ultrasonic Power Oscillators = (JEDEC TO-220AB)
B ABSOLUTE MAXIMUM RATINGS (Ta = 25°C) POWER VS.
Item Symbol Rating Unit TEMPERATURE DERATING
Drain-Source Voltage Vbss 120 \ 60
Gate-Source Voltage Vass +15 \
Drain Current Ip 10 A _ 4
Drain Peak Current I (pulse) 40 A %
| i i 3]

gg%r?éall)':a?;:ogﬁrrent lor 10 A * 20
Channel Dissipation Pch* 50 w
Channel Temperature Tch 150 °C
Storage Temperature Tstg -55 ~ +150 °C o

*Value at Tc = 25°C %0 Te (og)oo 150

B ELECTRICAL CHARACTERISTICS (Ta = 25°C)

Item Symbol Testing Condition Min. | Typ. | Max. | Unit

Drain-Source Breakdown Voltage Vier) bss Ip = 10mA, Vgs =0 120 — — \
Gate-Source Breakdown Voltage Vier) ass lg = +100uA, Vgs = 0 +15 | — — \Y
Gate-Source Leak Current lgss Vgs = 12V, Vps = 0 — — | £10 | pA
Zero Gate Voltage Drain Current Ipss Vps = 100V, Vgg = 0 — — | 250 | pA
Gate-Source Cutoff Voltage Vs (of) Ip = 1MA, Vpg = 10V 2.0 — 4.0 \
Static Drain-Source on State Resistance Rps (on) Ip = 5A, Vgg = 10V * — | 0.15 | 0.20 Q
Forward Transfer Admittance lyfs| Ip = 5A, Vpg = 10V * 30 | 50 | — S
Input Capacitance Ciss — 730 — pF
Output Capacitance Coss Vos ? lOYM\,I_iGZS =0 — | 330 | — pF
Reverse Transfer Capacitance Crss — 40 — pF
Turn-On Delay Time td (on) — 15 — ns
Rise Time t Ip = 5A, Vgg = 10V - 40 — ns
Turn-Off Delay Time td (otf) R, =60 — 70 — ns
Fall Time t — 45 — ns
Body-Drain Diode Forward Voltage Vpr I =10A,Vgs = 0 — 1.2 — \]
Body-Drain Diode . t I =10A,Vgs =0 _ 200 _ ns
Reverse Recovery Time " dlg/g = 50A/us

*Pulse Test

NOTE: The specifications of this device are subject to change without notice.
Please contact your nearest Hitachi Sales Department regarding specifications.
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2SK552,2SK553

SILICON N-CHANNEL MOS FET

HIGH SPEED POWER SWITCHING

FEATURES

]
® Low On-Resistance.

® High Speed Switching.

® Low Drive Current.

@® No Secondary Breakdown.

@ Suitable for Switching Regulator,

DC-DC Converter, Motor Controls, and Ultrasonic
Power Oscillators.

B ABSOLUTE MAXIMUM RATINGS (7.=25 °C)

o

i $3.6 £0.2| 6.3min,

11.5max.

1. Gate

2. Drain
(Flange)

3. Source

(Dimensions in mm)

Item Symbol | 2SK552 | 2SK553 Unit
Drain-Source Voltage Voss 450 500 v
Gate-Source Voltage Vass +15 v
Drain Current Ip 5 A s
Drain Peak Current Togutse* 20 A E
gzs;i)erg:aﬂlzi:rrent To 5 A %
Channel Dissipation Pa** 50 W 2
Channel Temperature Ten 150 °C E
Storage Temperature T —55~ +150 °C

*PW<10us, duty cycle<1%
**Value at Tc=25°C

% %
—'J V- E ]
T E
.
15.3max. 12.7min. -
% el 5
R
= ~
HE | = —— S
Feal [\ ] a
7.810.5
1.27
3.0max | 18.5+0.5

(JEDEC TO-220AB)

POWER VS.
TEMPERATURE DERATING

60

40

20

0 50 100 150
Case Temperature Tc (C)

B ELECTRICAL CHARACTERISTICS (7,=25°C)

Item Symbol Test Condition min. | typ. | max. | Unit
3;;1‘;;820“1‘“ Breakdovn z:i:zz Visrpss Ip=10mA, V=0 :’22 : : v
Gate-Source Breakdown Voltage Visricss Ie=%100pA, Vps=0 +15 — — v
Gate-Source Leak Current Iss Ves=+£12V, Vps=0 — —| £10 | pA
Zero Gate Voltage Drain 28K552 Vps=360V, V=0
Current aSKeaz | Vos=400V, Vs=0 o B e
Gate-Source Cutoff Voltage Vasom Ip=1mA, V=10V 2.0 — 4.0 v

- — - — 1.2 1.4
f)?g:a[)mn;:siz‘t)::z: Roson I-=25A, Vas=10V* 12| 15] °
Forward Transfer Admittance 7 Ip=2.5A, Vps=10V* 2.5 4.0 — S
Input Capacitance Ciss —| 820 — | pF
Output Capacitance Coss Vps=10V, V=0, f=1MHz —1| 300 — | pF
Reverse Transfer Capacitance Crss — 45 — | pF
Turn-on Delay Time taton — 10 — ns
Rise'Time t, — 35 — | ns
Turn-off Delay Time tatom [o=25A, Vas=10V, Ri=120 — 70 — | ns
Fall Time tr — 45 —_ ns
Body-Drain Diode
Forward Voltage Vor Ir=5A, V=0 —| 1.0 -1V
Body-Drain Diode .
Reverse Recovery Time t 1,=5A, V=0, di/dt=100A ps —1 300 — ns
*Pulse Test
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25K552, 25K553

MAXIMUM SAFE OPERATION AREA TYPICAL OUTPUT CHARACTERISTICS
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RESISTANCE VS. DRAIN CURRENT RESISTANCE VS. TEMPERATURE
10 I 5
H
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2SK552, 2SK553
FORWARD TRANSFER ADMITTANCE FORWARD TRANSFER ADMITTANCE
VS. DRAIN CURRENT VS. FREQUENCY
50, T
. 1
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s 20 .
= a5 &
Lo !25 oo
E E
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% ) y Ta=75C .1:2 )
[*8 <
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7
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Drain Current Ip (A) Frequeney [ (Ha
TYPICAL CAPACITANCE VS. DYNAMIC INPUT CHARACTERISTICS
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2 - " Vo= 100V
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— B N /4 =
o 50 A 2 400, y s
= N g 300 2 &
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Drain to Source \'oltage Vos (V') | Gate Charge Qg (nc)
Vi DRAI RRENT VS.
SWITCHING CHARACTERISTICS REVERSE DRAIN CURRE S
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LTI |
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) <
~ 5
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25K552, 2SK553
NORMALIZED TRANSIENT THERMAL
IMPEDANCE VS. PULSE WIDTH
3
!
R Te=25C
z D=1
8
S .5
=
-é 03 —
. 2| 11
£ g_u___---/: - Bea-cl)= 1) + Ber-c
) Oeh-c=2.5C/W, Tc=25C
g L
; .0, ;‘ Poy
3 P L I
g 003
£ = 4‘;\ T
001 104 1004 Im 10m 100m I
Pulse Width PW (S)
SWITCHING TIME TEST CIRCUIT WAVEFORMS
Vi Monitor - 90%
Vour Monitor
Vin 10%
Vour 10% 10%
Via
o o 0% 90%
td(om ir taofp | i
T
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2SK554,2SK555

SILICON N-CHANNEL MOS FET

HIGH SPEED POWER SWITCHING

B FEATURES . :é s i
® Low On-Resistance. 3 ~*r‘ 1 33
® High Speed Switching. 3 3
® Low Drive Current. C 78205
® No Secondary Breakdown. | Gate ! 3.0max.| 18.5£0.5
® Suitable for Switching Regulator, 2. Drain
DC-DC Converter, Motor Controls, and 3. (S‘ZLar';ie) (JEDEC TO-220AB)
Ultrasonic Power Oscillators. . S
(Dimensions in mm)
B ABSOLUTE MAXIMUM RATINGS (7,=25°C) POWER VS.
TEMPERATURE DERATING
Item Symbol | 28K554 | 28K555 | Unit 60
Drain-Source Voltage Vbss 450 500 A%
Gate-Source Voltage Vss +15 A = N
Drain Current Ip 7 A E‘ \
Drain Peak Current o 28 A S N

-Drai i ’;’ \

l:B{:szrg! ;:agll‘z;i: rrent Toe T A g \
Channel Dissipation P.* 60 w :g 2
Channel Temperature Ten 150 °C 3] \
Storage Temperature Teg —55 ~ +150 °C N
*PW<10ps. duty cycle<1%
**Value at T.=25°C
B ELECTRICAL CHARACTERISTICS (T,=25 °C) ’ " " !
a Case Temperature Tc (C)

Item Symbol Test Condition min. | typ. | max. [ Unit
3;::g§ource Breakdown 2:§22: Viomoss L=10mA. Ves=0 zzg : : v
Gate-Source Breakdown Voltage Visricss I=%100pA, Vps=0 +15 - — \Y%
Gate-Source Leak Current Igss Vis=+12V, Vp=0 — —| *10| wA
Zero Gate Voltage Drain 28K 554 Vs=360V, V=0

Ipss — — 250 | uwA

Current 2SK555 Vps=400V, V=0
Gate-Source Cutoff Voltage Visiom I,=1mA, V=10V 2.0 — 4.0 A%

i in- 25K 554 — 06| 085
(S);agfa!;rg;:?::;e 2SK555 Roson [o=4A, Ves=10V2 T o7 10| “
Forward Transfer Admittance 1yl Ip=4A, Vps=10V* 4.0 6.5 — S
Input Capacitance Ciss — | 1300 — | pF
Output Capacitance Coss Vps=10V, V=0, f=IMHz —| 470 — | pF
Reverse Transfer Capacitance Ciss — 65 — | pF
Turn-on Delay Time taiom — 15 — ns
Rise Time t — 50 — ns

- Ip=4A, V=10V, R,=7.50
Turn-off Delay Time tatom — 100 — | ns
Fall Time t — 55 — | ns
Body-Drain Diode
Forward Voltage Vor 1=TA. Vos=0 - 10 -V
Body-Drain Diode I=TA, V4s=0, dig/dt=100A/pus —| 400 — ns
Reverse Recovery Time tr
*Pulse Test
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2SK554, 2S5K555

MAXIMUM SAFE OPERATION AREA TYPICAL OUTPUT CHARACTERISTICS
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2SK554, 2SK555
FORWARD TRANSFER ADMITTANCE FORWARD TRANSFER ADMITTANCE
VS. DRAIN CURRENT VS. FREQUENCY
T T T
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_ Pulse Test — Vs =10V
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Drain Current Ip (A) Source to Drain V'oltage Vsp V')
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25K554, 2SK555

NORMALIZED TRANSIENT THERMAL
IMPEDANCE VS. PULSE WIDTH

m=
=
I —
11
1 -1

. __—--/j/ Beh-clt)= 1)+ Benee

E—— fer-c =2.08C /W, Tc=25C

EeE
- 1 Poy

E AV
4‘
Y

o

I
-3

PW
.
100 Im 10m 100m .1 10
Pulse Width PW (S}
SWITCHING TIME TEST CIRCUIT WAVEFORMS
Vin Monitor - 90%
Vouw Monitor
Via
10%
ke Vow 10% 0%
o 0% %0%

tdtom tr ttof)) iy

T
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2SK556,2SK557

SILICON N-CHANNEL MOS FET )

HIGH SPEED POWER SWITCHING

B FEATURES !

® Low On-Resistance.

® High Speed Switching.

@® Low Drive Current. 3

® No Secondary Breakdown. 1. Gate

@ Suitable for Switching Regulator, 2. g}”l:i:ge)
DC-DC Converter, Motor Controls, and Ultrasonic 3. Source

Power Oscillators.
B ABSOLUTE MAXIMUM RATINGS (7.=25°C)

(Dimensions in mm)

16.0max.

R3

L6typ

LdmaxJ

545402

45402

FE

(TO-3P)

10302

POWER VS.
TEMPERATURE DERATING

Item Symbol | 2SK556 | 2SK557 Unit 20
Drain-Source Voltage Voss 450 500 A%
Gate-Source Voltage Viss +15 v
Drain Current Ip 12 A E}
Drain Peak Current Tipuise® 48 A < ®
Body-Drain Diode Ton 12 A g
Reverse Drain Current 3
Channel Dissipation P* 100 W 2, ©
Channel Temperature Ten 150 °C §
Storage Temperature Tog —55~ +150 °C
*PW<10ps, duty cycles1%
**Value at T.=25 °C 0 5 100 150
Case Temperature Tc (C)
B ELECTRICAL CHARACTERISTICS (7.=25°C)
Item Symbol Test Condition min. | typ. | max. | Unit
Bzﬁ:g-jource Breakdown z:ﬁzzg Viemoss L=10mA., V=0 :(5)2 : : v
Gate-Source Breakdown Voltage Visryess 1,=+100pA, V=0 +15 - —_ \Y
Gate-Source Leak Current Iss Vas=£12V, V=0 — —| £10| uA
Zero Gate Voltage Drain 28K556 Vs=360V, V=0
Ipss — —| 250 | uA
Current 2SK557 Vps=400V, V=0
Gate-Source Cutoff Voltage Visiom Ip=1mA, V=10V 2.0 — 4.0 A%
Stati in-S 2SK556 — 04! 0.55
Z;ag:air::sif:x: 2SKsa7 | [esen Ir=6A. Vus=10V " oa5] 0e0] ©
Forward Transfer Admittance lysd I,=6A, V=10V* 6 10 — S
Input Capacitance Ciss — | 2050 — | pF
Qutput Capacitance Coss Vps=10V, V=0, f=1MHz —| 1720 — | pF
Reverse Transfer Capacitance Cys — 80 — | pF
Turn-on Delay Time taom — 25 — ns
Rise Time t, - 85 — ns
Turn-off Delay Time taiorn 15=6A. V=10V, K1=501 — 145 — ns
Fall Time tr — 85 — | ns
Body-Drain Diode
Forward Voltage Vor 1=12A, V=0 —-| 10 -V
Body-Drain Diode .
Reverse Recovery Time t, 1:=12A, V=0, di/dt=100A/us —| 450 — ns
*Pulse Test
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2SK556, 2S5K557
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Drain Carrem Ty 'A,

9y

Source On State Resistanee Ris oo

MAXIMUM SAFE OPERATION AREA
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N
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Ny N <, T
%) N |
Ay
2
SN
SN
1 N
T N
— i1
2SKOHT
o T U )
o
wl LI | !
Lo 3 10 30 o0 J00 1,000

Drain to Source Voltage Vos (V1

TYPICAL TRANSFER CHARACTERISTICS

Z T T
T
16 -
Vos 20\
***** Pulse Test ,
12 ,
a
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4 /]
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RESISTANCE VS. DRAIN CURRENT
’ 1
; 1]
T
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Lo ,/
] N
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7
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=
&
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£
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TYPICAL OUTPUT CHARACTERISTICS

20 ( |

JL

l.;
. Pulse Test
N 6.0
16
12
8 Xt
4 , LA
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I

0 1o 20 30 10 50

Drain 10 Source Volage Vos 1\

DRAIN-SOURCE SATURATION VOLTAGE
VS. GATE-SOURCE VOLTAGE

It
T
Pulse Test

8
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6
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9 Ip 5\
0 1 8 2 16 20

Gate Source Voliage Vs 1\

STATIC DRAIN-SOURCE ON STATE
RESISTANCE VS. TEMPERATURE

Vs =10V ) \/
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=40 0 40 80 120 160
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2SK556, 25K557

FORWARD TRANSFER ADMITTANCE FORWARD TRANSFER ADMITTANCE

F

Capacitance

Switching Time ¢ ins®

Forward Transfer Admitance |y | (S:

VS. DRAIN CURRENT

VS. FREQUENCY

50
% T | [
Vi | 1|o»i' | Vs = 10V
Vs = - =2
Pulse Test Tazm —25C Te =25
» PR -
25 - =z
M 5
W | e S
Z E
5 ¢ [ “E 5
: ~
2 z 2 h,
N
£ N
1 L0
7
05 05
02 05 1.0 2 5 10 2 0 02M 0sM M eM SM 1M
Drain Current Ip (A) Frequency f (Hz)
TYPICAL CAPACITANCE VS.
DRAIN-SOURCE VOLTAGE DYNAMIC INPUT CHARACTERISTICS
5,000 i 500 20
|
+
2000 T~ Ci
g ) Voo = 100 )
1,000/ D Vos=0 | ~ 4 - ‘7;0 1
N 7= 1MH,S] < P V4 c
s AN 8 100 yy 2
8 300 2 7
‘ ki AN g
NG f; / > :f
1 AN H \ /// g
a 200 v/ 8 2
N < / %)
50 AN § \ / i
N & ‘1 “ v =127 3
2 < 100 250 !
“ s e
+
1 1
5 I 1 ,
0 10 20 30 0 50 0 20 10 60 80 100
Drain-Source Voltage Vps (V) Gate Charge (g (nc)
SWITCHING CHARACTERISTICS REVERSE DRAIN CURRENT VS.
SOURCE - DRAIN VOLTAGE
50 I T 20 -r
Ve =wov
T =200, duy <12, Pulse Test
200 Latofty 16
1 ‘1~4~1.>.</ = I
100 4 5 I
= Iy . 5 1
50 <
; 5
[=]
: 8
/
) &
4
" 5, 10 d
Vos=0, ~10V
] |
0510 2 5 10 20 50 0 0.4 0.8 12 16 20
Drain Current I (A) Source-Drain Voliage Vo (V)
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2SK556, 25K557

NORMALIZED TRANSIENT THERMAL
IMPEDANCE VS. PULSE WIDTH

? |
B
= D=1 Te=25¢C
- Lo
=
=
2 IS
£ o3 —
F .2 =TT —
E e
£ 1 1
E 1 _L_L/*‘"’J’,y—)‘ Ber-c()= 14(t) * Beh—c
i ] Bch-c=1.25C/W, Tc=25C
g Ol—ps
5 =
=
K F—o.02= = - Pou
E 38 W
£ 00 (:‘ e ]: l_J l_ b=7
2 A —t—p PW
001 10 1001 Im Om 100m 1
Pulse Width PW (s)
SWITCHING TIME TEST CIRCUIT WAVEFORMS
Vin Monitor t-90%
o
Vout Monitor
Vin 10%
Vou 10% 10%
Vin . \
10V Voo 90% 9,
=30V < 0%
tatom) tr taGofp) l tr
T
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2SK559,2SK560

SILICON N-CHANNEL MOS FET 16.0max. | 2320
- b % 2
HIGH SPEED POWER SWITCHING HI . :2
& 3
B FEATURES ] 1o E
® Low On-Resistance. ' ks E
@ High Speed Switching. e
® Low Drive Current. L0£0.2
® No Secondary Breakdown. 3 545403 4502
® Suitable for Switching Regulator, 1. Gate A
DC-DC Converter, Motor Controls, and Ultrasonic & R.ﬁz:lge, (TO-3P)
Power Oscillators. 3 Source
(Dimensions in mm)
B ABSOLUTE MAXIMUM RATINGS (7.=25°C) POWER VS.
TEMPERATURE DERATING
Item Symbol | 28K559 | 2SK560 Unit 12
Drain-Source Voltage Voss 450 500 \%
Gate-Source Voltage Viss +15 v
Drain Current I 15 A B
Drain Peak Current Tpiputser® 60 A “E ®
gz(:::]rzrg:aglmcd;rrent Tor 16 A _%
Channel Dissipation P 100 w Sv 10
Channel Temperature Ten 150 °C -§
Storage Temperature Toe —55 ~ +150 °C
*PW<10us, duty cycle<1%
**Value at Te=25°C 0 50 100 150
Case Temperature Tc ('C)
B ELECTRICAL CHARACTERISTICS (T,=25°C)
Item Symbol Test Condition min. | typ. | max. | Unit
prain Souree Breskdown [ 86|, fomt0m. Vom0 ] I
Gate-Source Breakdown Voltage Visriass 1,=%+100uA, V=0 +15 e — \Y
Gate-Source Leak Current Iiss Ves=112V, V=0 — — | £10 | pA
Zero Gate Voltage Drain 28K559 Vps=360V, Vis=0
Ipss — — 1 250 | pA
Current 2SK560 Vps=400V, V=0
Gate-Source Cutoff Voltage Viésiom Ip=1mA, V=10V 2.0 - 4.0 A%
Static Drain-S 2SK559 — | 0.25| 0.36
?)tna:talt)e: z;;i:?:;z: 28K560 Rosom Ip=8A. Ves=10V* —T 03] oa] "
Forward Transfer Admittance |Ynl 1,=8A, Vps=10V* 8 13 — S
Input Capacitance Civs — | 2950 — | pF
Qutput Capacitance Cou Vps=10V, V=0, f=1MHz — | 1100 — | pF
Reverse Transfer Capacitance C. — | 140 — | pF
Turn-on Delay Time taiom — 30 — | ns
Rise Tim t, —1 115 — | ns
Turn-off Delay Time Lo [p=8A. Ves=10V. Ri=8.750 — | 200 — | ns
Fall Time t — | 120 — | ns
Body-Drain Diode
Forward Voltage Vor [i=15A. Vas=0 - 12 -1V
Body-Drain Diode .
Reverse Recovery Time to I;=15A. V5=0, dif/dt=100A/pus — | 500 — | ns
*Pulse Test
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Drain Current In (A)

Drain Current Ip (A}

Static Drain-Source On State Resistance Rpscm Q1

236

MAXIMUM SAFE OPERATION AREA
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Drain o Source Voltage Vos (V')

TYPICAL TRANSFER CHARACTERISTICS

20 1
B Vps =20V
Pulse Test
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25
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Gate to Source Voltage Ves (V)

STATIC DRAIN-SOURCE ON STATE
RESISTANCE VS. DRAIN CURRENT

|
b
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o
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1 2 E 10 20 A0 100

Drain Current Ip (A)

@ HITACHI

Drain to Source Saturation Voltage 1bsem (V') Drain Current Ip (A)

Static Drain-Source On State Resistance Rpscom (Q )

TYPICAL OUTPUT CHARACTERISTICS

° 10] [
Pulse Test
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55
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8
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4
/ :
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0 4 8 12 16 20

Drain o Source Voltage Vps (V)

DRAIN-SOURCE SATURATION VOLTAGE
VS. GATE-SOURCE VOLTAGE
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Pulse Test
8
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4
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2
5
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Gate to Source Voltage Vas (V)

STATIC DRAIN-SOURCE ON STATE
RESISTANCE VS. TEMPERATURE

L0, |
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Pulse Test
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2SK559, 2SK560

TYPICAL CAPACITANCE VS.
DRAIN-SOURCE VOLTAGE

FORWARD TRANSFER ADMITTANCE
VS. DRAIN CURRENT

FORWARD TRANSFER ADMITTANCE
VS. FREQUENCY

Forward Transfer Admitance {45! (5!

Deain to Source Voltage Vos (V1

@ HITACHI

17 ..l Vi E|
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REVERSE DRAIN CURRENT VS. SWITCHING CHARACTERISTICS
DYNAMIC INPUT CHARACTERISTICS SOURCE - DRAIN VOLTAGE
1 T
0 —rI\L:‘ 1oV
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2SK561

SILICON N CHANNEL MOS FET
HIGH SPEED POWER SWITCHING

B Features: !

® Low On-Resistance

* High Speed Switching

Low Drive Current

No Secondary Breakdown

Suitable for Switching Regulator,
DC-DC Converter, Motor Controls, and
Ultrasonic Power Oscillators

3

B ABSOLUTE MAXIMUM RATINGS (Ta = 25°C)

1

35max. 11.6:0.5 26.0max.

10.9:0.2

i}max.
(3.0typ))

39.9max,
©21.0max.

b s10

30.2:0.2

(Dimensions in mm)

(JEDECTO-3)

. Gate
. Source
. Drain

(Case)

POWER VS.
Item Symbol Rating Unit TEMPERATURE DERATING
Drain-Source Voltage Vbss 100 \ 1%0
Gate-Source Voltage Vass +15 \ A
Drain Current Ip 30 A ~ 100 \
Drain Peak Current Ip (pulse) 120 A % \\
ggsg;geralg:a?rllogﬁrrent lor 30 A : 50 \\
Channel Dissipation Pch* 150 w \
Channel Temperature Tch 150 °C
Storage Temperature Tstg -55 ~ +150 °C 0 = = =0
*Value at Tc = 25°C Te (°C)
B ELECTRICAL CHARACTERISTICS (Ta = 25°C)

Item Symbol Testing Condition Min. | Typ. | Max. | Unit
Drain-Source Breakdown Voltage Vier) pss lp = 10mA, Vgg = 0 100 | — — \%
Gate-Source Breakdown Voltage VieR) ass lg = +100pA, Vgg = 0 +15 | — — \
Gate-Source Leak Current lass Vgs = £12V,Vpg = 0 — — | £10 | pA
Zero Gate Voltage Drain Current Ipss Vps = 80V, Vgs = 0 — — | 250 | pA
Gate-Source Cutoff Voltage Vas (of Ip = 1MA, Vpg = 10V 2.0 — 4.0 \
Static Drain-Source on State Resistance Ros (on) Ip = 15A, Vgg = 10V * — | 0.05 | 0.07 Q
Forward Transfer Admittance lyfs| Ip = 15A, Vpg = 10V * 9 15 — S
Input Capacitance Ciss — [ 1900 | — pF
Output Capacitance Coss Vos T —:-OYMY'(IBZS =0 — | 950 | — | pF
Reverse Transfer Capacitance Crss — 60 — pF
Turn-On Delay Time td (on) — 28 — ns
Rise Time t Ip = 15A, Vgg = 10V — 95 — ns
Turn-Off Delay Time taom | R, =20 — | 160 | — ns
Fall Time t — 115 — ns
Body-Drain Diode Forward Voltage Vpe Il = 30A,Vgs = 0 — 1.2 —_ \
Body-Drain Diode t le = 30A,Vgs = 0 _ as0 | — ns
Reverse Recovery Time i dlg/qt = 50A/us

*Pulse Test

NOTE: The specifications of this device are subject to change without notice.
Please contact your nearest Hitachi Sales Department regarding specifications.
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2SK5790L),2SK5800L),

2SK5795),2SK5808)

SILICON N-CHANNEL MOS FET

2,4

HIGH SPEED POWER SWITCHING o2 L2 \
=
B FEATURES . S
® Small Package. o
@ High Speed Switching. o o
® Low Drive Current. { h
@ Suitable for Switching Regulator, s :l = 0“ 3—5 S
DC-DC Converter, Motor Controls, and Ultrasonic 1. Gate MS-ﬁ -~ U'zsw = s 1
Power Oscillators. 2 Drain ot : O Tre
. Drain
?Dimensions inmm) (DPAK)
M ABSOLUTE MAXIMUM RATINGS (T.=25 °C) TEMPERP:TV:;F; ";szNG
Item Symbol | 2SK579 | 28K580 | Unit 20
Drain-Source Voltage Voss 450 500 \Y
Gate-Source Voltage Viss +15 \Y =
Drain Current 1 1.5 A % "
Drain Peak Current Lppuner™ 6 A E B
Body-Drain Diode £ N
Rev.erse Drain Current Tos 15 A g \
Channel Dissipation P** 20 w % 10 \\
Channel Temperature Ten 150 °C = \
Storage Temperature Tg —65 ~ +150 °C N

*PW<10us, duty cycle<1%

**Value at 7.=25°C 0 50 100 150
Case Temperature Tc (C)

B ELECTRICAL CHARACTERISTICS (T.=25 °C)

Item Symbol Test Condition min. | typ. | max. | Unit
Drain-Source Breakdown 2SK579 450 - —
Voltage 2SK580 | e o=10mA, Ves=0 50| =] =] "
Gate-Source Breakdown Voltage Visriass 1,=%100pA, Vps=0 +15 — — v
(ate-Source Leak Current Iiss Vius=x12V, Vps=0 — — 1 10| wA
Zero Gate Voltage Drain 2SK579 Vps=360V, Vis=0

. TR Ipss — — 100 | wA
Current 28 KH80 Vis=400V, V=0
Gate-Source Cutoff Voltage Visiom Ip=1mA, V=10V 2.0 — 4.0 A%
Static Drain-Source 2SK579 — 3.5 5.5
= =10V*
On State Resistance 2SK580 Roson =14, Ves=10V —| 40| 6.0 @
Forward Transfer Admittance 1yl Ip=1A, Vps=20V* 0.6 1.0 — S
Input Capacitance Csy —| 260 — | pF
N Vps=10V, V5=0
Output Capacitance Cous - 95 — | pF
- f=1MHz
Reverse Transfer Capacitance Crs — 12 — | pF
Turn-on Delay Time Ldion) — 8 — ns
Rise Time t, Ip=1A, V=10V —_ 20 — ns
Turn-off Delay Time taon R,=30Q — 28 — ns
Fall Time tr - 20 — ns
Body-Drain Diode _ _
Forward Voltage Vor =154, Vis=0 L0 - v
Body-Drain Diode' A ‘¢, I,4=1.5A, Vis=0 _1 50 _ ns
Reverse Recovery Time dir/dt=100A/us
*Pulse Test
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25K579 ©, 2SK579 (®, 2SK580 ©, 25K580 ®

MAXIMUM SAFE OPERATION AREA TYPICAL OUTPUT CHARACTERISTICS
1 20
= 1 \A Pulse Tes
= = = | [ = A N H /5 6.0
8 & JES N \‘/@( ~\ 16 > 5.0
= o X jq&se “ « R y \ :? .::\r | E‘ /
e Sy = <
= PP o 3 12
g A, e T H
S 03— ’é, N Y <
= 2 NN ] B 1
g N \ S 08 5
S w EONCA :
HERsE
0 ZSKe80-H] [111] 04
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i
10 3 10 30 1 300 1, 0 ) 12 16 2
Drain t Source Voltage Vos (V) Drain to Source Voliage Vos (V)
TYPICAL TRANSFER CHARACTERISTICS DRAIN-SOURCE SATURATION VOLTAGE
VS. GATE-SOURCE VOLTAGE
20 20 T
L Lvos2aov I Pulse Test
Pulse Test =
16 T s
£
E ¥
2 12 s o
5’3 0 & s Ip=2A
= Te=75C—l=t 25 g
&
04 i 4 1
[=]
0.5
0 1 5 8 10 0 1 16 20
Gate to Source Voltage V6s (V) Gate to Source Voltage Vos (V)
STATIC DRAIN-SOURCE ON STATE STATIC DRAIN-SOURCE ON STATE
RESISTANCE VS. DRAIN CURRENT RESISTANCE VS. TEMPERATURE
et 17 10
5 [ _ Vos =10V
~ Pu]s' T‘s[ G Pulse Test 4
'S g /
= Ves =10V I~ In= A\’/
% 10 g / v
2 T Rl Af
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= ‘g / 5
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Capacitance C (pF) Forward Transfer Admittance | yse| (S)

Switching Time ¢ (ns)

FORWARD TRANSFER ADMITTANCE
VS. DRAIN CURRENT

25K579 ©, 2SK579 (®, 2SK580 ©, 2SK580 ®

FORWARD TRANSFER ADMITTANCE
VS. FREQUENCY

Drain Current I (A)

e mmas, Y T
[ Vbs =20V [T Tc=25C
Ise Test I Vbs =20V
5 @ ST In=0.5A
Ta=-25 =
2 g 2
2z, £
2 E
10 < Pt
75 ':
0.5 2 O
£
g \\
0.2 0.2 N
0.1 01
005 01 02 05 10 2 5 05M M oM 5M 1M 20M 50M
Drain Current Ip (A) Frequency f (Hz)
TYPICAL CAPACITANCE VS.
DYNAMIC INPUT CHARACTERISTICS
DRAIN-SOURCE VOLTAGE
000 500 20
‘lL Ves=0 —
J=1MHz
300 ¢ o Voo =100V 5
\\ z Vos 250, \y// =
100 £ 300 \ | 2 ;
— = 1
X AN 2 E
\ / Gs =2
RN Con g V/ 8
AN I — 4 / H
N Z 7 82
10 N z \ // 2
A o
Ve 1‘ Ip=15A
AN 100 Voo =400V 4
3 AN 20 |
N
N : C100
' 10 20 30 10 50 0 4 8 12 16 20
Drain-Source Voltage Vos (V) Gate Charge Qs (nC)
REVERSE DRAIN CURRENT VS.
SWITCHING CHARACTERISTICS
SOURCE - DRAIN VOLTAGE
5 2.0
lv[cls[=1ov — tos=o
T PW=2us, duy<12 [ Pulse Test
200 16
=
E 12
E 5 [
‘g 0.8 //
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Source- Drain Voltage Vsp (V)
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25K579 ©, 25K579 (®, 2SK580 ©, 2SK580 ®

NORMALIZD TRANSIEMENT THERMAL
IMPEDANCE VS. PULSE WIDTH

re=zgt
= D=1 €5
=L
=
0 ui
-1
£ o0 —
= 0.2 ] —— —
5 + i
= o1 | H—T T Oer=c(0)=7%0) + Beh—c
E oo . B ] Beh-e=6.25C /W, Tc=25C
= 02— A A Pou
E 0 P: f potW
£ 0.03 et = T
E ] 7P
0.01 .
102 10012 Im " 10m 100m 1 10
Pulse Width PW (s)
SWITCHING TIME TEST CIRCUIT WAVEFORMS
Vin Monitor - 90%
Vour Monitor
Vi "
10%
RL 10% %
Vour 0 10%
Vop 90% 2
=30V ‘ g
td(on) tr tatofp) i
T
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- POWER MOS

FET MODULE
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PM1210B

2-¢5.4%0.2 50105 ®)
SILICON N-CHANNEL MOS FET | — -
MODULE N = N NG EL
= T | sub2 o ‘@% £
HIGH SPEED POWER SWITCHING DI 2 ‘{ ﬁ T—ﬁ— =
B FEATURES
61 12, 12)
® Power MOS FET Module SL D2
® Low On Resistance. ﬁh‘ .
® High Speed Switching. %: g g
G2 H El 8
® High Efficiency, Less Driving Loss and Simple =
Driving Circuit. 62max.
® No Seconday Breakdown. 52 N
) ) - (Dimensions in mm)
® A Diode Exists Parasitically, Between Source- No Tiecirode ron erminals
Drain. Gl | Gatel #110
® Electrically Isolated Terminals to Base. Di_| Drain 1 = #250
. . . S1, D2 | Source 1, Drain 2 #250
® Suitable for Motor Control, Switching Regulator, G 1 Gate2 10
DC-DC Converter and Ultra Power Oscillators. S2 | Source 2 #250
(Dimensions in mm)
B ABSOLUTE MAXIMUM RATINGS (7.=25 °C) POWER VS.
(Per FET chip] TEMPERATURE DERATING
Item Symbol Rating Unit o0
Drain-Source Voltage Vbss 120 v
Gate-Source Voltage Viss +20 v ~
Drain Current Ip 10 A E 40
Drain Peak Current Ipipean) 15 A 5
Body-Drain Diode £
Reverse Drain Current Lon 10 A A »
Body-Drain Diode £
Reverse Drain Peak Current Torgeas 15 A =
Channel Dissipation Pa* 50 w
Channel Temperature Ton 150 °C
o 50 100 150
Storage Temperature Tog —45~+125 °C Case Temperature Tc (C)
Insulation Dielectric Viso™* 1500 A%
*Value at 7=25°C
**Base to Terminals AC 1 minute
B Precaution in Handling:
Be care not to dash water, acid, alkali and organic solution, such as
trichloro-ethylene etc. over module.
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B ELECTRICAL CHARACTERISTICS (T.=25°C)

[per FET chip]
Item Symbol Test Condition min. | typ. [ max. | Unit

Drain-Source Breakdown -Voltage Visrpss Ip=10mA, V=0 120 — — A%
Gate-Source Leak Current Igss Vis=120V, V=0 — - +1 | pA
Zero Gate Voltage Drain Current Ipss Vps=100V, V=0 — — 1 | mA
Gate-Source Threshold Voltage Visum Ip=1mA, Vps=10V 1.0 — 4.5 A%
Statllc Drain-Source On State Roson 1,=5A, Ves=15V* _ 0.2 0.3 a
Resistance

Drain-Source Saturation Voltage Vosiom Ip=5A, V;s=15V* — 1.0 1.5 \'/
Forward Transfer Admittance Lzl In=5A, Vps=10V* 1.5 2.0 - S
Input Capacitance Ciss — |'1130 - F

e Vis=10V, Ves=0 L
Output Capacitance Coss F=IMH — | 650 — | pF
= YA
Reverse Transfer Capacitance Cres — 80 — | pF
Turn-on Delay Time taton) — 10 — ns
Rise Time t, 1=2A. Vom15V. Bim150 — 50 — | ns
= \ e N = (

Turn-off Delay Time taom i “ ! — | 9] —|ns
Fall Time t — 70 — ns
Body-Drain Diode Forward Voltage Vor Ir=5A, Vis=0 — 0.9 — v
Body-Drain Diode p I=5A, V=0, 200 _ n
Reverse Recovery Time " diF/dt=100A/us S
*Pulse Test

B MECHANICAL CHARACTERISTICS

Item Symbol Condition _Rating Unit
Fixing Strength — Mounted into heat sink with M5 screw 15~25 kg-em
Weight — Typical Value 70 g
SWITCHING TIME TEST CIRCUIT WAVEFORMS
Vin Monitor
- 90%

246

Vour Monitor
Vin

10%

Vour

td(om)

[ 10%
\ 90%

tr ol

4—s
N

WIO%
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Drain Current Ip (A)

MAXIMUM SAFE OPERATION AREA

100 Siis

Ous

10§

N W Py iy

0.3

0.1

1 3 10 30 100 300 1,000

Drain-Source Voltage Vos (V)

TYPICAL TRANSFER CHARACTERISTICS

o= —
Vs =20V Te=-25C
25—t
s
— 75
-
= )
/
5
o 4
£
: /
° f
2
A
4
0 4 6 8 10

Forward Transfer Admittance |ys] ($)

Gate to Source Voluage Vos (V)

FORWARD TRANSFER ADMITTANCE
VS. DRAIN CURRENT

ST
H Vos =10V bt Tu=—25¢C
L1 L Pulse Test et 25
ZwseeilkE
2 /
1.0 /
y 4
05
0.2
0.1
005
05 10 2 5 10 20 5

Drain Current Ip (A)

Static Drain-Source On State Resistance Rpsiom (2)

Drain Current Ip (A)

TYPICAL OUTPUT CHARACTERISTICS
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T
I T
I /\---- -t =
8 /
l / \ Te=25T
A)
\!
6 =g — 1
A L
\\\
. N2
\\
6 N~
/ B
l't;s|=5\/
0 4 8 12 16 20

Drain- Source Voltage Vs (V)

DRAIN-SOURCE SATURATION VOLTAGE
VS. GATE-SOURCE VOLTAGE

5 T 1
Te=25C
=
- 4
&
§ 3
2
5
g \
2
3 2
N
3 P
72 \ —
§ 1 N
s \\ 1]
] Ip=2A
I
0 4 8 12 16 20

Gate-Source Voltage Ves (V)

STATIC DRAIN-SOURCE ON STATE
RESISTANCE VS. TEMPERATURE

0.25

T 1
Ves =15V A
[~ Ip=54 /
0.20] v
//

0.15] /,/

P
0.10]
0.05|

~40 0 10 80 120 160

Case Temperature Tc (C)
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PM1210B
TYPICAL CAPACITANCE VS. SWITCHING CHARACTERISTICS
DRAIN-SOURCE VOLTAGE
10,000, I,OUOE
Ves=0 —
f=IMHz —
3000 30
tatofn)!
ool Ciss v 1
5 Mok E
— S ; —l]
< E ;
8 Coss T & e
I £
C)% 100 \ E, " taton)
i 3
10 1
10 20 30 40 50 0.1 0.3 0 10 30 100

Drain- Source Voltage Vos (V)

BODY-DRAIN DIODE
REVERSE RECOVERY TIME

Drain Current In (A)

MAXIMUM BODY-DRAIN DIODE
FORWARD VOLTAGE

1 -t 20 T
-t Pulse Test
[ Pulse Test
s T dir/dt=100A/us
R z
< 5
£
£ § 12
g 3
5 pd
i oW » £ Ves=15V |
= =)
- 8
z L1 4 10 /
S o1 g h
= & y
. 5 /| // [ Vs =0
Ves =—10V
0.03 Ta=|25'(|‘ 211 //“)S/
- //
0.01 l l =1
01 03 0 0 30 0 0.4 0.8 12 L6 2.0
Reverse Drain Current Ipr (A) Source-Drain Voltage Vsp (V)
NORMALIZED THERMAL IMPEDANCE
VS. PULSE WIDTH
10
= 3
I
_% 0 L :IJ.O
E 2
E
E 03
£ 0.2 L Ber—c()= Bch—c * (1)
E o) [TH— beh-c=2.5C/W, Tc=25C
S ot it
E z“ : < 1 Shnot e
= [1-0.0: g1 |y ”
A 0] -
003 1 _[:%ﬂ'..] b=
001 Ll
100x 1m 10m 100m 10 100 1000

Pulse Width PW (s)
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PM1220B

- e

2 ¢5.4£0.2 50£0.5 )
SILICON N-CHANNEL MOS FET H &
= NhE G2 p
MODULE IR AR
D1 1 i
HIGH SPEED POWER SWITCHING & i DL T
B FEATURES Gl (2 02)
S1, b2
® Power MOS FET Module. W
® Low On Resistance. = T %
® High Speed Switching. G2 2 HE
® High Efficiency, Less Driving Loss and Simple
G2max.
Driving Circuit. 2 =
® No Secondary Breakdown. (Dimensions in mm)
® A Diode Exists Parasitically, Between Source- No. Electrode  [Fast-on terminals
! Gl [Gatel #110
Drain. D1 | Drain1 #250
@ Electrically Isolated Terminals to Base. S1. D2 | Source 1, Drain 2 #250
® Suitable for Motor Control, Switching G2 |Gate2 #110
S2 Source 2 #250
Regulator, DC-DC Converter and Ultrasonic Power
Oscillators. (Dimensions in mm)
POWER VS.
B ABSOLUTE MAXIMUM RATINGS (7.=25 °C) TEMPERATURE DERATING
Item Symbol Rating Unit 120
Drain-Source Voltage Viss 120 A%
Gate-Source Voltage Viss +20 \Y z
Drain Current Ip 20 A £ 80
Drain Peak Current Ipipeary 30 A g
Body-Drain Diode %
Reverse Drain Current Ton 20 A E’ \\
Body-Drain Diode g BN
. 2
Reverse Drain Peak Current Tompeat 30 A o \
Channel Dissipation Pa* 80 w N
Channel Temperature Ton 150 °C
Storage Temperature Ty —45~ +125 °C 0 50 100 150
Insulation Dielectric Vit 1500 v Case Temperature Te ()

*Value at T¢=25°C
**Base to Terminals AC 1 minute

B Precaution in Handling

Be care not to dash water, acid, alkali and organic solution,
such as trichloro-ethylene etc. over module.
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® ELECTRICAL CHARACTERISTICS (T.=25 °C)

Item Symbol Test Condition min. | typ. [max. | Unit

Drain-Source Breakdown Voltage Visrpss Ip=10mA, V=0 120 — — v
Gate-Source Leak Current Igss Ves=120V, Vps=0 — — | £1 | A
Zero Gate Voltage Drain Current Ipss Vps=100V, Vis=0 — — 1 |mA
Gate-Source Threshold Voltage Vesum Ip=1mA, Vps=10V 1.0 — | 45 \'
SRteastl':t 3} 2:‘“'8“’“ On State Rosen =104, Ve=15V* —| 01015
Drain-Source Saturation Voltage Vosion 1p=104A, V=15V* — 1.0 1.5 A\
Forward Transfer Admittance 7] Ip,=10A, Vps=10V* 2.5 4.0 — S
Input Capacitance Ciss — | 2200 — | pF
Output Capacitance Coss Vos=10V, V=0, f=1MHz — | 1300 — | pF
Reverse Transfer Capacitance Ciss — | 200 — | pF
Turn-on Delay Time Ldon — 20 — | ns
Rise Time t, — | 100 — | ns
Turn-off Delay Time T [=5A, Vos=15V, Ri=60 “Tz20| =1 ns
Fall Time t — | 100 — | ns
Body-Drain Diode Forward Voltage Vor Ir=104A, V=0 — 0.9 — A%
gzgz;?er;':cz:f;“me tr 1:=10A, Vis=0, dis/dt=100A/ps — 30| —| ns
*Pulse Test
8 MECHANICAL CHARACTERISTICS

Item Symbol Condition Rating Unit
Fixing Strength — Mounted into heat sink with M5 screw 15~25 kgeem
Weight — Typical Value 70 g

SWITCHING TIME TEST CIRCUIT WAVEFORMS

Via Monitor

- Vm

T =30V

250

R

Vou Monitor

10%

90%

t-90%
Ve { oo \___

td(om) i tdtoff)
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MAXIMUM SAFE OPERATION AREA

100
=i TR =R
— = To=25C
— IDipean) 10us
30 1 JLJL
[ ~IN7
Ipimar.s N N, N
W b DNE
T 25 ST
= O s 2
s 2N %,
= 2 K
- iy
g 3 %
5 %
< )
z %
s /\\
=10
0.3
0.1
1 3 10 30 100 300 1,000

Drain to Source Volage Vos (V)

TYPICAL TRANSFER CHARACTERISTICS

T \
Vps =10V

Drain Current Ip 1Al
~—~——

10, I

7

0 2 4 6 8 10

Gate 1o Source Voltage Vas (V]

FORWARD TRANSFER ADMITTANCE
VS. DRAIN CURRENT

50 T
s =10V
Pulse Test

o
z Ta=-25¢C
= |
= L1 2
¢ ! [ ——
H
£
£
5 z
&
2
2
& ,4‘,
T 2
H
:
{9

L0

05

05 L0 2 5 0 % 50

Drain Current Ip (A)

TYPICAL OUTPUT CHARACTERISTICS

20 S =F=F=F= —— ==
T 7
\ Te=25C
16 A
\
\
~ 6
< \Y
BV X
K \
- \ 55
B
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© 8 N
5 N
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I J
\\
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4 15
\'r:s=|4\'
]
0 1 8 12 16 2

Drain to Source Voltage Vs (V)

DRAIN-SOURCE SATURATION VOLTAGE
VS. GATE-SOURCE VOLTAGE

5
R
2
§ 3
s
2
K
g =204
2 2 =
3
g
£
H
< 10
& \
5
0 4 8 12 16 20

Gate-Source Voltage Ves (V)

STATIC DRAIN-SOURCE ON STATE
RESISTANCE VS. TEMPERATURE

0.25
E
= Ves =15V
2 %7 -0
&
:
Z 015
g
[:5
&
5
w
S 010 ]
g L1
£ —T
S 005
2
=
2]

0

—40 0 40 80 120 160

Case Temperawre Tc (T)
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PM1220B

TYPICAL CAPACITANCE VS.
DRAIN-SOURCE VOLTAGE

SWITCHING CHARACTERISTICS

10,000 1,000 =g
Ves =0 T— 1
f=1MHI— !
[ tdcoin
3,000 3 =
AN 1 — 7
N G FSZ ]
1,000 \ o) L] L
Eﬂ — b =t
£
- ~! £
g = N
g ] el
5 &
© 100 10
30 3
10 1
10 20 30 40 50 0.1 0.3 1.0 3 10 30
Drain-Source Voliage Vos. (V) Drain Current Ip (A)
BODY-DRAIN DIODE MAXIMUM BODY-DRAIN DIODE
REVERSE RECOVERY TIME FORWARD VOLTAGE
o T oL
Pulse Test Pulse Test
dir/dt=100A/ps l
3
32
E { 2
& 10 =
5
E o
= g
I 5
g 03 &)
] AT Ta=25C £ 15—
n;; S 16
s ool 2 10|
& 1
: N
8
0.03! - Ves =0V
Padat
- |
0.01
0.1 0.3 .0 0 30 100 0 0.4 0.8 1.2 16
Reverse Drain Current Ipr (A) Source- Drain Voltage Vsp (V)
NORMALIZED THERMAL IMPEDANCE
VS. PULSE WIDTH
10
= 3
=
L) -
3
2
£
= 7 Geh—c(t)=Benc + 7slt)
E 03 A i Ber-c =1.56C/W
& =1 | Te=25C
L1 1 Shot
I o L L
] i 211
K] T 0.02 Pc
501 T hw
0.03 I —PW
Pw (AN
! il
0.01 [
1002 Im 10m 100m 1 10 100 1,000

Pulse Width PW (s)
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PM4550C

SILICON N-CHANNEL MOS FET

3-¢66+0.2 (D) 54+0.5 54£0.5 @
MODULE
HIGH SPEED POWER SWITCHING . AR T s o
B FEATURES . - (5311
® Power MOS FET Module
® Low On Resistance. @4) @0 34 @0 __| 18 _|®)
® High Speed Switching.
® High Efficiency, Less Driving Loss and Simple Wl =
Driving Circuit. ,
@® No Secondary Breakdown. &
@ A Diode Exists Parasitically, Between Source-
. 123max.
Drain.
@ Electrically Isolated Terminals to Base.
@ Suitable for Switching Regulator, DC-DC Con- b2
verter and Ultrasonic Power Oscillators. G2 Re
s2 s2
D1
B ABSOLUTE MAXIMUM RATINGS (7.=25 °C)
R
[Per FET chip] Gl A
Item Symbol Rating Unit S1o— s1
Drain-Source Voltage Vbss 450 A% = -
0. | Electrode | Terminals Remarks
Gate-Source Voltage Vass +20 v S1 | Source 1 M5 Screw [ Power terminals
Drain Current Ip 50 A D1 | Drain1 M5 Screw | Power terminals
Drain Peak Current Iopeaty 75 A S2 | Source2 | M5 Screw [Power terminals
Body-Drain Diod D2 | Drain2 Mb Screw | Power terminals
ody-Drain i lode Ipr 50 A Gl | Gatel #110 _ [Signal terminals’
Reverse Drain Current S1 | Sourcel #110  |Signal terminals
Body-Drain Diode I 75 A G2 | Gate?2 #110  [Signal terminals
Reverse Drain Peak Current DRipeak) S2 | Source2 #110 Signal terminals
Channel Dissipation P* 300 w . N
(Dimensions in mm)
Channel Temperature Ten 150 °C
Storage Temperature T —45~ +125 °C POWER VS.
Insulation Dielectric Viso™* 2000 \Y TEMPERATURE DERATING

*Value at 7=25°C
**Base to Terminals AC 1 minute

Precaution in Handling

Be care not to dash water, acid, alkali and organic

solutions, such as trichloro-ethylene etc. over module.

O HITACHI
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Channel Dissipation Pex (W)
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PM4550C

B ELECTRICAL CHARACTERISTICS (T.=25 °C)

[Per FET chip)

Item Symbol Test Condition min. | typ. |max. [Unit
Drain-Source Breakdown Voltage Visripss I5=10mA, Vgs=0 450 — — \'A
Gate-Source Leak Current Igss Ves=£20V, Vps=0 — — +1 | pA
Zero Gate Voltage Drain Current Ipss Vbs=360V, Vgs=0 — — 1 |mA
Gate-Source Threshold Voltage Vasum Ip=1mA, Vps=10V 2.0 — | 40| V
pae ﬁ rain-Source On State Roson Io=25A, Vs=15V* — |03 o018 | o
Drain-Source Saturation Voltage Vosiom 1,=25A, V4s=15V* — | 8.25 4.5 A\
Forward Transfer Admittance lyss 1,=25A, Vps=10V* 8 12 — S
Input Capacitance Ciss — | 7500 — | pF
Output Capacitance Coss Vbs=10V, V5=0, f~1MHz — 1650 — i pF
Reverse Transfer Capacitance Coss — 1 175 — | pF
Turn-on Delay Time taom — 50 — ns
Rise Time t, — | 400 — ns
Turn-off Delay Time tatom =204, Ves=15V. Ri=1.50 — | 800 — | ns
Fall Time t — | 320 — ns
Body-Drain Diode Forward Voltage Vor I:=25A, V=0 — 0.9 - A%
Body-Drain Diode tr I=25A, Ves=0. dir/di=100A/ps — 2| —| s
Reverse Recovery Time
*Pulse Test
B MECHANICAL CHARACTERISTICS
Item Symbol Condition Rating Unit
. —_ Mounted into main-terminal with M5 screw 15~20 kg-em
Fixing Strength
— Mounted into heat sink with M5 screw 20~30 kg-em
Weight — Typical value 300 g
WAVEFORMS

SWITCHING TIME TEST CIRCUIT

Via Monitor

254

Vour Monitor

RL

Vin { 10%

Vout

10%
\ 90%

- 90%

td(om) b

s

7f 10%
f-90%
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Drain Current Ip (A)

Forward Transfer Admittance | | (S)

MAXIMUM SAFE OPERATION AREA

100 : :
= 734
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= H =3
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0.1 11
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Drain to Source Voltage Uns (V)

TYPICAL TRANSFER CHARACTERISTICS

50 T T
J Tes=25C /
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Drain to Source Saturation Voltage Vpseon (V)
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Gate to Source Voltage 165 (V)

FORWARD TRANSFER ADMITTANCE
VS. DRAIN CURRENT
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Drain Current Ip (A)
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TYPICAL OUTPUT CHARACTERISTICS
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Drain to Source Voltage Vps (V)
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Gate to Source Voltage Vs (V)
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PM4550C

TYPICAL CAPACITANCE VS.

DRAIN-SOURCE VOLTAGE

SWITCHING CHARACTERISTICS

100,000 + 10,000
Ves=0 T
2000 f=1MH:—] 3000
. — (off)
o 10000 Cliss 2 1000
& £
& Y =
- : :
g £
§ 3,000 N ¥ 300 )=
g \\ ’§ v |
Lo B— Cos 3 100 ettt
N\ L
300 — - 30
1]
100 10
0 10 20 40 50 0.1 0.3 Lo 3 10 30 100
Drain to Source Voltage Vos (V) Drain Current Ip (A)
BODY-DRAIN DIODE MAXIMUM BODY-DRAIN DIODE
REVERSE RECOVERY TIME FORWARD VOLTAGE
10 50
AN EERALE ///
T
—— Pulse Test 1
| dir/di=100A/us Pulse Test /
40 y
B g /
T ! =
£ H g /
2 S
g 03 Ta=25C =
: f /i
= S
2 2
g 0l H VY / /
E 8 //
10 5 /
0.03 At —oV
/y Ves ()I
0.01 |
0.1 0.3 1.0 3 10 30 1 0 0.2 0.4 0.6 0.8 1.0
Reverse Drain Current Ipr (A) Source to Drain Voltage Vsn (V)
NORMALIZED THERMAL IMPEDANCE
VS. PULSE WIDTH
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=
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2 T T
= - T Ty
'::‘ } T
E 03 0. Beh—c()=7s{t) * Och-c
2 ! T Beh-c =0.416C/W, Tc=25C
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Pulse Width PW (S)
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PFOOO2

POWER MOS FET AMPLIFIER

UHF POWER AMPLIFIER
B FEATURES

® 500 Input/Qutput impedance.
® Simple Automatic power control.
® Superior stability.

@® Withstand infinite VSWR.

® ABSOLUTE MAXIMUM RATINGS (7.=25 °C)

F _“] RL6+0.
1 1.6£0.5

8min.

8+0.5
+

6.0

5.5

1.PIN
2.VAPC1
3.Vpp
4.Pour
5.VAPC2
6.GND
(Dimensions in mm)

POWER VS.

TEMPERATURE DERATING

\

Item Symbol Rating Unit

DC Supply Voltage Vob 17 v

Circuit Current Inp 3.0 A -

Power Control Voltage Varc +8 v =

Total Power Voltage P* 30 w ;

Operating Case Temperature Tciop —30 ~ +80 °C ?;

Storage Temperature Top —40 ~ +100 °C E 15

Maximum Input Power Py 250 mwW %"

*Value at T=25°C %; -
S

B ELECTRICAL CHARACTERISTICS (T.=25 °C)

25

50

7

1 125 1

Case Temperature Tc ()

Item Symbeol Test Condition min typ. | max. | Unit
Vop=15V, V4pc=0
Drain Cutoff C t 1 — —| 500 A
rain Lutell Lurren o Ziv=Zour=500 i
Leakage Current Lipc Varc=18V, Vpp=0 +100 —| 300 | wA
Output Power Pout Voo=12.5V, I,p,s=225mA, 7.0 8.0 — w
Total Efficiency nr f=903~905MHz, 35 40 — %
2nd Harmonic Distortion 2nd H.D. Pn=100mW, - —| —30| dB
3rd Harmonic Distortion 3rd H.D. Zin=Zouvr=500 — —| —30| dB
Input VSWR VSWRn Voo=12.5V, I,p.r=225mA., — 1.5 2.5 —
Zin=Zovr=5040, f=903~905MHz, _
Output VSWR VSWRoun P=100mV — 2 —
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Input Vswr Vswrawm

Output Power Pow (W)

Output Power Pow (W)

OUTPUT POWER & TOTAL EFFICIENCY

VS. INPUT POWER

OUTPUT POWER & TOTAL EFFICIENCY

VS. APC VOLTAGE

10 50 1 i
nr r /
" — ’——-74
. 1 P P
/ 40 8 10
8 B
e s 1 )/
oA ES K 30
= .
1 £
g 3
£ a
i / 0 5 g 4 2
g =/
2 Von=12.5 10 ¢ Voo =125 10
IipLE=225mA IipLe =225mA
[=904MH7 J=904MHz
0 50 100 150 0 0 2 4 6 0
Input Power Por (mW) APC Voltage Varc (V)
2nd, 3rd HARMONIC DISTORTION
INPUT VSWR VS. INPUT POWER
VS. INPUT POWER
30 7 -3 T
Vop=12.5V Von=12.5V
IipLE=225mA - IipLE =225mA
f=904MHz ) [=904MH7.
P =100mW = 40— Pu=100mW
(=}
25 =
i
g
€ _5
E 50
K " shD.
20 5
z
2 —60
g
g N
15 ] = 2nd HD.
/ s -0
z
\/
L0 _go
0 50 100 150 0 50 100 150
Input Power Pin (mW) Input Power Pin (mW)
OUTPUT POWER & TOTAL EFFICIENCY 2nd, 3rd HARMONIC DISTORTION AND
VS. SUPPLY VOLTAGE INPUT VSWR VS. SUPPLY POWER
| _30 40
1z T 60 I1pLE=225mA
Pa a =904MHz
8 - _——;1;.:1001\17\]‘/ 35
10 50 5
r / i
~= B -5 3.0
. 7 T~~~ et 3rd H.D.
4 & &
z g
6 / w & & 60 25
7 ———
= £ 2nd H.D.
4 0 & E -0 20
v K \
L/ I
LiLe=225mA el \
2 £=904MH 10 g -8 - 15
Pin=100mW L
0 0 o Vslwmm 10
8 10 12 14 16 18 B 10 12 1 16 18

Supply Voltage Vop (V)
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Supply Voltage Voo (V)

Total Efficiency #r (%)

Input Vswr  Vswraw



2nd, 3rd Harmonic Distortion 2nd, 3rd H.1. 1dB}

OUTPUT POWER AND INPUT VSWR VS. FREQUENCY

12 4.0
Pin=100mW
10 Vop=12.5V 35
lipLE=225mA
8 LT Pu 0 S
5 ) z
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1.APPLICATION HINTS

1.1 Audio Power Amplifier

1.1.1 Linear Power Amplifier

¢))

Ron

Design of output stage (Design of power supply voltage VDD)
Fig. 1-1 shows an equivalent circuit of the output stage. RON is
a drain-to-source equivalent resistance when the power MOS FET is

on, and according to the 2SK134/25J49 spec, it is;

Vps(sat) 12
_ Yps(sat) L =710
Ip 7 +Vpp

The peak current Ip flowing . 25K134
through load RL=80Q at __rJ ’}RON

Po=100W is calculated from inOZQ Re=02 Q)

mean current I,

-7
Po=IZRL :.Rs=ozj Rs=02() RL=80Q)
S Ry \
Ip \l? 1 T : '

' ) Ron
2SJ49
2t -sa —J———A_Vw

Fig. 1-1 Equivalent Circuit of the
Output Stage

Therefore, if the transformer regulation is estimated at 20% and
the AC line regulation at *15%, then the power supply voltage VDD
is given asj

(RON;'RS) }1p

Vpp=12x115{R, +
=618V
In Fig. 1-3, the power supply of power stage is common with that
of voltage amplifier stage, so the voltage is set at *65V including

the gate-to-source ON voltage at Po=100W.

In the case of D series 25K343/25J99, the RON value is very small
(0.52), the supply voltage required for the same output (100W) is
only 57.6V, This enables us to make the transformer capacity and

the cooling fin smaller, resulting in cost reduction.

GHITACHI
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(2) Design of voltage amplifier stage

A power MOS FET can be driven by a low driving power. Fundamentally,
only power for charging and discharging the gate-to-source capacitance
is needed by the output stage, so that a class B driver stage is not
required. The driving power varies with input frequency. At 100W
output and 100kHz frequency, it would be very small as follows.

Pin=f-Ciss-Vgg? =100 10°x 900

X10-12 X 62=2324mW

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
quantity of components can be reduced, and impairment of the
amplifier's performance by the driver itself can be avoided.
Moreover, the number of poles in the transfer function (open loop
gain vs. frequency characteristics) decreases, and the stagger can
easily be increased. Consequently, the stability against oscil-
lation is improved. Transistors for the voltage amplifier stage
are required to have a high breakdown voltage, low Cob (collector

output capacitance) and high fT (gain-bandwidth product).

(3) Open loop.voltage gain
The transconductance |ygs| of power MOS FETs is as large as 1.0 v
2.58 typ. Yet it is only a fraction of that of bipolar transistors.
For example, |ygs | of bipolar transistors at IC (collector current)=
1.0A, is very large, as follows;
I, 1A

1
- —— = =388
IYtal I, KT/q 26 mV

where re: Emitter equivalent resistance
K: Boltzmann constant
T: Absolute temperature
q: Electron charge

IE: Emitter bias current

When the power device is used in the source follower (In bipolar
transistor circuit; it's called emitter follower), the relationship

between input and output is;
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(4)

output, Ry

input ~ RL+1/ |ygs]

Output
Voltage

RN

(See Fig. 1-2)

Fig. 1-2 Source Follower Input & Output

Only the nonlinear component of this equation, 1/|ygs|, causes
distortion, so that a larger |ygs| is of lower distortion. 1In
other words, since a power MOS FET amplifier has a distortion
about 20dB larger than a bipolar transistor amplifier, it is
necessary to design for larger open loop gain and larger negative

feedback than in a bipolar transistor circuit.

Considerations for parasitic oscillation
Because power MOS FETs have excellent high-frequency charac-
teristics, they are liable to cause oscillation, even in a simple

circuit.

For an analysis of stability in a source follower circuit, see
paragraph 5.9 (page 47). Here, we would like to show some precautions

in fabrication.

Minimize the wiring between the printed circuit board and the

power MOS FETs. Direct connection is recommended.

Provide one-point grounding for the amplifier printed circuit,
power supply, and speaker terminals. Make the wiring of power

supply line and ground line as big as possible.

The output coupling coil L has the effect of reducing distortion
in the high frequency range. It also prevents oscillation which
might occur when the output is loaded by capacitance.

Its value should be determined experimentally.

Printed circuit layout should flow topographically from input to

output.
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(5) Line up

Table 1-1 Line~-up of Devices in Audio Amplifier

Output .
- Driver Sta o]
Power Input Stage ge utput Stage
. FET Bipolar FET
Bipolar
Single Parallel FET P ( VDS“ ) ¢ Vezo ) ( vsz )
Pushpull Pushpull N P N P
NPN PNP |ChannelChannell NPN | PNP |ChannellChannel
2SK213 | 28J76 |2SD756 [2SB716 | 2SK133| 28J48
50~60 —
(140V) | (~140V)| (120V) [(-120v)| (120V) | (~120V)
28K190
25K186
28K134 | 28749
2SK214 | 28J77 |2SD756A|2SB716A
60~80 |100~120 (140v) | (-140v)
(160v) | (-160V)| (140V) [(-140V)
2SK413 | 2SJ118
(140V) | (—140V)
28C1775 | 2SA872
25C2855 | 25A1190
28K135| 25750
. 120~140 28K215 | 28J78 |2SD668A|2SB648A (180v) | (~160V)
(180v) | (-180V)| (160V) |{(~160V) '
2SK414 | 2SJ119
(160V) | (—160V)
2SK216 | 25379 28K175| 28755
80~100 —
(200V) [ (-200V) (180v) | (—180V)
28D758 |28B718
(200V) | (-200V) 2S5K400 | 28 J114
— 0~200 — — —
28C2856 | 2541191 (200v) | (-200V)

Underline is D Series (Drain Case Type)

®
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(6) Application Circuit

Total Harmonic

@ 100W Output THD=001%, f=100kHz

4

1
15076 !t

H 12k

000324
1
o

fi 0224

T
1004

31k 19p

OV o =465V

Q1 Q2 : 2SA872
Q3 : 2SB716A
Q4 Qs : 2SD756A
Qo> Q7 * 2SK134
Qs Qo * 28J49

©=Voc=-65V Unit R : Q)

Fig. 1-4 Total Harmonic Distortion
vs. Output Characteristics Fig. 1-5

G HITACHI

lﬁ)ﬂi+1022ﬂ C :F
L 'H
Fig. 1-3 P,=100W Power Amp. Circuit Diagram
005 200
S Ry, =80 100
o Vee =365V
002 cc
g ’ Tidle=100 Ry =80
E Lol (Per each Device 50 yﬂ)zg%}ﬁ
a i —— 7 = cc . M
g s : Z Tidie=100 mA(per each Device)
. =3 7 (=] 111
aE 0005 f 1f0:o;51 - AW 9
5 ST T 8 w0
© 0002 T =20kl 12| 1A I
av f=1kHz S 10
o001 [ []
2 5 10 20 50 100 200 5
Output Po (W) 500 1k 2k 5k 10k 20k 50k 100k

Frequency f (Hz)

Power Band Width
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® 100W Output THD=001% f=50kHz
(A1l FET DC Amplifier)

o] 12

02 02 fm']
02 0 'Lomw
22 =80

4 0229,
220 ﬁ) O 02
220 2

N
10042 X

Input
51
4301 47k

16k
(= yq
Qg Qs X = °=Vec1=-60V
100 i 2 100
=—0-Vpc2=—70V
02 i*mu
Q:,» Q; : 2SK190 Qr, Qs : 2SK214 it R:Q)
Qs> Qg : 2SK186 Qo» Quo: 2SK134 C:F
Qs, Qe : 28377 Q1 Quz : 28T49 L:H
Fig. 1-6 Po=100W All FET Power Amp. Circuit Diagram
00 S—1—TTTrT
LR, =8Q 200
- | Voo 1= 60V
3 o=
:\’ 002 Igrd(l:e—‘:lOOmA (per each Device) 100 N
% ! /é—— —~ RL =8Q)
% oo - g Vrermstod
S8 T=50Tz 7 o 50 Ve y=E 70V C
g0 A Tidle=100mA (per each Device)
g8 o005 >
£ 8 L] §=20KL Il "
o o N , g'
T ow Suy | 20
P - =11t / 5
= A 0002 H=1kH é
] L
& 0001 10
0017 5 10 20 50 100 200 k2 5k 10k 20k 50k 100k
Output Po (W) Frequency f (Hz)
Fig. 1-7 Total Harmonic Distortion Fig. 1-8 Power Band Width

vs. Output Characteristics
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1.1.2 PWM Amplifier

The PWM (Pulse Width Modulation) Amplifier is a signal reproducing system
in which a input signal is converted to a pulse signal whose width or duty
cycle is proportional to the input signals amplitude. This variable duty
cycle but constant amplitude signal is amplified, low pass filtered, and
then applied to the load, losses are primarilly switching losses in the
output devices. This allows a very high output power with very small

physical size.

The most important characteristic required for a output device in a
PWM amplifier is high switching speed. The toff speed of a bipolar
transistor is slower than that of a power MOS FET of similar power
rating. The toff (toff=td(off)+tf) value of a power MOS FET is only
100 v 200ns, giving it an advantage in PWM switching operation of several

hundred kHz.

(1) Theory & Block Diagram of PWM Amplifier
Fig. 1-9 and Fig. 1-10 show the block diagram and the waveform of

a PWM amplifier.

0 AAAAAL

Carrier

(b)

Input

.;[_o i s /
2SJ102 287 -
: (a)-+(b)
: 1) fe) el
pep— :tiwe,zans (c)
<« PWM 1 8

DISCRETE

f Vee
- ot
0 Vee

HAL3 003

. (e)
Fig. 1-9 PWA Amp. Block Diagram Output

Fig. 1-10 Waveform

In this PWM amplifier, the input signal (b) is added to the carrier
signal (a) (a triangular wave) through a comparator, and then that
signal ((a) + (b)) is converted to a pulse signal whose pulse width
is proportional to the input signal level. This means that the

pulse duty cycle is proportional to the input signal level.
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(2)

270

The pulse signal (c) drives the output power devices. The power
devices switch the power supply, and the resulting output power is
passed to a low pass filter (hereinafter referred to as LPF).

The original signal input (b) is reproduced amplified (e) at the
output of the LPF,

When the frequency of carrier signal (a) is higher, the quantity
of information is more accurate and the distortion is lower.
According to information theory, if the frequency is more than
twice as high as the maximum transmission frequency, the original
frequency can be reproduced. In the PWM amplifier, however, the
distortion will be worse, because the lower side band is mixed
into the audio signal. Therefore, if the maximum transmission
frequency is 20 ~ 50kHz, the carrier frequency should be normally
200 ~ 500kHz (5 ~ 10 times).

Power Efficiency of PWM Amplifier

In a class-B amplifier, the amplification device operates as a
resistance, so the device loss is large. On the other hand, in a
PWM amplifier, since the switch is connected directly to the power
supply, and the voltage-current product in a ideal switch is
always 0, there is no loss. In fact, however, there is loss
proportional to the output, because of the ON resistance (RON) of

the switch and the switching delay time.

Fig. 1-11 shows the efficiency vs. output power characteristics.
Compared with a class-B amplifier, the efficiency of a PWM

amplifier is better, under stated conditions.

00
00

T T
f=1kH,
1250k H;
R?.%4Q i

80 I i / 4
PAM AMP | L L1 /
~ 1
e 60 A
< 1
~ / /
% 40 / Pd
g pid 4111 ||cLass B Avp
.8 // L1
:‘:‘ 4/
- ,_aﬂ
L)
o5 10 2 5 10 20 50 100

Output Po (W)

Fig. 1-11 Efficiency vs. Output Characteristics
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3)

Fig.

Relation between output power device and distortion

Distortion in a PWM amplifier occurs, under the influences of; 1)
frequency of carrier signal, 2) linearity of triangular wave and 3)
attenuation of LPF, 1In this section, we would like to explain the
distortion that occurs at the output stage of the power switching

circuit.

Fig. 1-12 shows a PWM output circuit in which power MOS FET's are

used, and Fig. 1-13, the operating waveforms.

(a) shows driving voltage waveform (Vi) and (b) ~ (e), voltage and
current waveform at each point. The current can't be changed
instantaneously because of the LPF's inductance, resulting in the
waveform shown in (e). Examining the current more minutely, from
t1 to t2, Q1 is in ON state and forward current (i1) flows.

As soon as the Q1 turns OFF, a inverse voltage is generated by the
LPF's inductance and to absorb it, current (i2) flows through the
Q2 diode (t2 ~ t3).
flows (t3 ~n t4),
(t4 ~ t5),

Here, the important point is that the current can flow backward.

Then Q2 turns ON and forward current (i3)
Then current (14) flows through the Q1 diode

The current flows repeating the above operations.

This means that a power MOS FET does not require an external
commutating diode because it has an equivalent backward diode.
On the other hand, if a bipolar transistor is used in the output

stage, an external diode is needed.

<

(a)

- ket

9
w

t4‘!5 \

-

J
L
]
i

(v)

1-12 Equivalent Circuit of PWM Output fe)

Stage

(d)

(e)

\
-
L

N

A -

/

)

-

s

)

)

4

w

=

doa] F

<§

Fig. 1-13 Wavéform (Unmodulated)
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As for the voltage waveform (Vo), the remaining voltage VDS(on)
and the backward diode VF of power MOS FET cause amplitude
fluctuation of the output voltage. Therefore the waveform as

shown in (b) is generated, instead of a correct square wave.

When a input signal is supplied, the pulse width is modulated and
power is provided to the speaker, the current flown to LPF is as
shown in Fig. 1-14. The output waveform is determined like this;

if the triangular current is positive, it is determined by the
forward current of P channel and the backward current of N channel,
and if the triangular current is negative, it is determinend by

the forward current of N channel and the backward current of P

channel.

As for the MOS FET output characteristics (ps vs. ID charac-
teristics), in the standard MOS FET, as shown by the dotted line in
Fig. 1-15, the diode characteristics are seen in the reverse area.
Because of this non-linear characteristics, the voltage drop of the
output pulse is non-linear and a distortion is caused. Therefore a
device is required to have the same forward and backward

characteristics.

P channel Forward Current

N channel Reverse Forward Vps (sat) 2 F
/ Current

r‘U UU U I _L%__VCC -4 -2 Mo 2 4

Vps (V)

Current Voltage feverse U

waveform waveform .
7{,Normal MOS FET

Reverse

AN

Fig. 1-14 Output Waveform (Modulated)

Fig. 1-15 Ip-Vpg Characteristics
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(4) Application and Line-up

1.APPLICATION HINTS

15k

Ry
Laoghk
LS

—-|»

Crpde 2Rios

10
L (l".!k E“

*Veee

= 13 R Channel
2.21]
T 24n  1Tu

Q14

“Vec:

| L Channel

Same as R Channel

Cm3+
104 -
f3001=110V Q1,Qu,Qs5,Q6
* =+25V
cez QZ’Q33Q7’QB :
fosc = 300kHz .
p 1 , Q9,Qu :
4-C105 -Ry0s Qu,Qw :
RL=40Q Qu :
Qu :
Note
1)

Unit R:Q
C:F

25C2308
2SA1030
28D667

2SB647
2SK346,2SK428
28J102,28J122

As the interference of linking between the switching power

MOS FET toward the modulator IC affects the Total Harmonic
Distortion and output noise, the electromagnetic shielding
over the power MOS FET, its driver circuit and demodulation

filter are required.

Fig. 1-16
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100
& 28K428/28J122
= Y
D
a_; 80 /-"__ —— @ — /O/
= Prd — = C
2 / 25K846,257102 “%
A —é
= 60 =
[l /] //"
({ / ,//f;'/
I /] e
= / Pt
® -
2 40 r'-ll 2SI
= ® in
§ //// Vee=t25V
E I 2 /// KL =40
B o 7 f =1kHz
W’/ fosc=300kHz
o’/.L
0 10 20 30 40 50 60 70
Output Power Po (W)
Fig. 1-17 n,Pin - Po Characteristics
Table 1-2 Line-up of Devices for PWM Power Amp
i Electrical
Audio Output Type Number Absolute. Characteristics
Po (W) Max. Ratings (typ)
Package
Single |Parallel
N-ch P-ch VDSS[ID (Pp*|RDS(on) |ton |toff
Pushpull| Pushpull vl | 1a] | w) [9] [ns] |[ns]
30~40 - 2SK346 | 253102 60 5| 30 0.3 40/60| 70/100
T0-220
40~60 - 28K428 | 28J122 60 | 10| 50{0.1/0.15 | 60/80(120/200
(2SK551) | (28J127)| T0-220 75/0.15/0.20
60~80 - 100 | 10 50/701110/160
2SK399 | 28J113 100{0.2/0.25 / /
2SK413 | 283118 | TO-3P 140
80~100 - 8(100 0.4 50/70|110/160
2SK414 | 283119 160
Note

( ) ; Under Development
* ;3 Tc=25°C
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1.2 High Speed Power Switching
1.2.1 Switching Regulator

@ Two-transistor Push-pull system 250kHz , 150W (5V, 30A) switching
Regulator

Fig. 1-18 shows the block diagram of a two-transistor push-pull
system switching regulator in which the 2SK298 is used.

15
36 2074@® N,

30() 500p
|-] PQ2625 B
0.0047 2 N2 >t VTl AN
Input pGé——I 61 I
AC100V 000472 L + 0004744 0012
— 10W/1000ux715E. 2200 F.G.‘"I
0.0047
Output
F.g. T, 5V
0010
G;)l 0.00472 PQ32/80 202 500p GD2 304
N;=26T, Np=25T,Ng=3T
A Power MOS FET B
o5V . Voltage
Sub Drive Control " &
Power Circuit Circuit [ [Current
Supply [—o15V DetectoT

I

Oscillator

Fig. 1-18 Block Diagram

I, (2A/DIV)

Vps (50V/DIV)

Fig. 1-19 Waveform for Circuit
of Figure 1-18
——— t =108 4s5/DIV (Vout=5V, ID=15A)
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20mV. DIV

Fig. 1-20 Ripple Waveform of Output

T t=1lyxs/DIV Voltage
(Vout=5V, Ip=15A)

100 100
° 7
// hd O
~ 15[ 75 hd
2 .
~ ~
- ®
=
° ~ Vout
= & (o] fe) o o o\
) 5.0 > 50
o0 3]
3] =
Pl )
— o
o 9]
= -
Y

o Yy
=] 4.5 [ Mmoo 25
I
s}
ol
o

T 0

Lo 20 30

Output Current Iout(A)

Fig. 1-21 Output and Efficiency vs. Output Current Characteristics
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< Circuit Description >

(1) In rush current protection circuit

This circuit is to limit the charging current flowing to the
input capacitor when the power supply turns ON. When the sub-
power supply circuit turns ON and the main switching transistor
(power MOS FET) begins to operate, a voltage is generated at
the coil (N3). By charging capacitor C by the time constant of

R and C, the SCR gate is driven. This delay time prevents over

current.
e
| 152074 ® |
| |
| 1S AcLoinR [
ISCR Joored CT 14 Nsg| |
| >t ® i
|
AR |
T T ——— j
|_J2SK298 N N
S zoov%; 0_] ool N 2
470u|”
x3 2SK29
c’_I T, : PQ 32 /30
A “’05[ N; = 26T,N; = 2.5T,N; = 8T
[ F.G. Ty
000474

Fig. 1-22 Rush Current Protection Circuit
(in dotted 1line)

(2) Sub Power Supply Circuit

The sub power supply circuit is a blocking oscillator whose
secondary output is stabilized by three-terminal regulators;
5V output for IC driving, and 15V output for power MOS FET

driving.
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To anode of smoothing capacitor

100k

WO6A

- 15V(V, )
f%zzou
2
) 4
’
GD2
25C2612

T, ; PQ20,/20
Ny =105T, Ny =8T
Npi = 9T,  Np = 16T

Fig. 1-23 Sub Power Supply Circuit

(3) Control Circuit

Since the switching frequency is very high (250kHz), the control

circuit is made by IC's as shown in Fig. 1-23.

The functions of the IC's are as follows.

* 1IC1: reference oscillation (500kHz)

. IC2: pulse width control

. IC3: 2-phase division

+ ICy4i: drive output . shut down

+ IC5: voltage detection, detection of over current, detection

of over voltage
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16 15 WI3B1110 9 » BB 109 8
100 HD74LS123 HD74 1C,
o 1 23 45678 470k | 220k | L 5617 4
Remote kb*
control
Vref 5V

VSQetection); 10k

VoTtage

(Over i(C T nl:
voltage urrent
Y & )detectlon?lok

10k

—w—
100p 100

Fig. 1-24 Control Circuit

(4) Drive circuit

@ Voltage control
output

® Shut down

© Remote control
detection

@ Over current
output

@® Over voltage
output

wasz @ ® Drive output

The drive circuit is coupled by a pulse transformer for isolation.

When T,y is in the ON state, the input capacitance of the power

MOS FET is charged through the 330Q resistance.

When Ty turns OFF,

Ty2 is turned ON by the flyback voltage and the input capacitance

is discharged by the 510 resistance.

330

oto Gate

51

Trz
2SC1385@)

to Source

182074® 2
100 200
4
200

1k
o, @—W—ﬁiscm@ 2k

Fig. 1-25 Drive
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< Noise >

(€V)

Countermeasure to noise

In this circuit noise is produced by the high switching speed of

the power MOS FETs.

Normal mode noise will be reduced by adding capacitors to both

sides of the output, as shown in Fig. 1-26.

Common mode noise will be reduced by returning the noise to the

generation point, as shown in Fig. 1-26 (a).

As shown in

Fig. 1-26 (b), if a choke coil is inserted for common mode

suppression,

the noise will be further reduced.

i/’ Output

36 152074
1520k % "Em ' g
SRy g It )
SR
5Q0 |aSKe9s I T
Input FG X OJ o
200V1 2k A 000 oo
AC100V 4704x3 o—l 4 v x 220{) FG.
. i b 00047
s —* ot
1t FG.
0.0047 2 2002 50p 00102
(@) Normal Mode
A Common Mode
HA
AWo9 + 17&5 =
100k $1k 220# 22900 I—=|F.G.
° .

L+ 17815P
22047 220/4 F‘ G.

Fig. 1-26 Countermeasure to Noise
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(2) Drive Circuit and Noise

As described in the preceding section (1), noise is generated
because of the high speed operation of the power MOS FETs.
Especially, the ON time has large influence on noise generation.
This means that noise can be reduced by improving the drive

circuit.

Table 1-3 Drive Circuit and Noise

Gate R N 5 C ® D,
. . 1 d
Cireuic| V0 | @ St | O n )@l ) T
3 :* ]q | lq 1 ,’:’
Item Ri=rg R R, >rg R R. 3p,
Ced =50pF “ C,=800pF
Parameter R, =510 R. =510 R,=5510 R,=551Q R, =551Q
1 R,=300Q
Turn-On Time
30 130 90 90 120
(ns)
Turn—-0ff Time
280 1550 670 280 280
(ns)
Output Noise
5170 140 1385 110 100
(mV)p—p
Switching Losg|
2.7 305 6.6 3.0 4.1 4
(w)
Switching Loss;SmalllSwitching Loss;Maximum|Switching Loss;Large|Switching Loss;Small| switching Loss;Small
Switching Time;Small|Switching Time;Large |Turn Off Time ;Large|Turn Off Time ;SmalljTurn Off Time ;Small
Remarks Noise ;Large|Noise ;Small |Noise ;Small(Noise ;Smal1f Noise sSmall
Serection of % pitficult

Test Conditions : Input AC 100V, Output 5V . 10A,
Switching Frequency 100 kHz
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® ONE TRANSISTOR FORWARD SYSTEM, 500kHz, 50W (5V, 10A) SWITCHING

POWER SUPPLY
Fig. 1-27 and Fig. 1-28 respectively show the switching power supply

circuit block diagram and its waveforms.

10 470p
o N e
W n TV
CMS5B ny 3[|Bne |
4700p  0lz  4700p y\ D L Esmsaj”w 0.274| 4700p A output
E —004 z 5032 = DCs5V
I c r.rl"‘"‘! LRI %z 0.1a
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Fig. 1-27 Block Diagram of One-Transistor Forward System,

500 kHz, 50W (5V, 10A),

Vpg waveform of Q) ———

100V/p1y

Waveform of capacitor C———— &

————— 0.5uS/p1V

Fig. 1-28 Waveforms (at 5V, 9.1A)
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[High speed drive circuit]

To allow a higher frequency switching power, the most important thing
is to turn off the main switching device in high speed. A control current
with a high peak value is necessary to turn a power MOS FET off. Here, we
adopt a simple circuit by utilizing the main circuit to supply a high peak

current at turn-off, This circuit operates as follows.

When the MOS FET Q3 turns on, a current flows via transformer Ty to Qp
gate, and Qp is turned on. In consequence, a voltage is induced in the
coils ny and ng. The black dot in the figure indicates the positive

polarity. Qp is off with inverse bias by voltage drop in the diode Dj,.

Next, when Q3 is turned off, the current in Ty flows through the gate
to source of Q) and the source to gate of Qp and turns Qp on. Qj is still

on, right after Qo turns on.

Therefore, the above mentioned voltage in the coils nj and ng still
remains. By Qo turning on, current from np flows to the source - gate of
Q2 and Q;, the resistor R, and the diode Dy and turns Q; off. When Q;
turns off, a reverse voltage to the dotted polarity is generated in nj and

ng. This voltage is blocked by Dq.

With the above operation, an inverted high peak gate current can be

generated from the main circuit to Qj.
[Noise reduction]

The output noise is reduced by L and C in the circuit. This controls
the voltage change rate by time of which voltage is supplied to the primary
coil at on or off of the main switching device. The reactor L restrains
the current increase in the primary coil nj;, when Qg (main switching device)
turns on., The capacitor C restrains the change rate of the voltage induced

in the primary coil nj, when Q; turns off.

The part encircled by a dotted line in the figure is discharge cir-
cuit for the capacitor C which is charged with the polarity indicated in

the figure after Q; was turned off.

This discharge circuit feeds the charged energy in C back to the
rectified DC supply in the primary part, while Q is on. The circuit also
discharges C to OV until Q; is turned off., The constants of L and C are

determined by analyzing the harmonics in the voltage supplied to the

G HITACHI
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primary coil nj, so that the resonant frequency of the equivalent high-

pass filter between primary and secondary coils is removed.

The output noise waveform from the above described circuit, and
without countermeasures, are shown in Fig. 1-29 and Fig. 1-30 respectively.

You can see in the figures that the output noise is significantly reduced.

50mV/p1y

—0.5us/p1V
Fig. 1-29 Output Noise Waveform with the Circuit Introduced
(Synchroscope 150 MHz, 5V, 10A)

T 50mV/p1v

—0.5us/p1Vv

Fig. 1-30 Output Noise Waveform without Countermeasures

(Synchroscope 150 MHz, 5V, 10A)

A comparison of the volume with main transformer, choke coil and
output smoothing capacitor in 50 kHz, 50W (5V, 10A) output switching
power supply made on an experimental basis in our company is shown in
Table 1-4. In 500 kHz switching power supply, 267% of the main transformer
volume, 257% of the choke coil volume and 50% of the output smoothing
capacitor volume; i.e. 65% of the total volume were reduced, in comparison

with 50 kHz switching power supply.

Fig. 1-4 A Comparison of the Volume of Main Transformer, Choke Coil and
Output Smoothing Capacitor in 5V, 10A Output Switching Power Supplys

50kHz switching | 500kHz switching

power supply power supply
Main transformer volume 16000mm® 4200mm® (26%)
Choke coil volume 8500mm° 2100mm? (24%)
Output smoothing capacitor volume 16000mm ® 8000mm*® (50%)
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® Four-transistor full-bridge type 100kHz, 400W switching regulator

Fig. 1-31 shows the circuit of four-transistor full-bridge type

switching regulator. This circuit has the following characteristics.

. output; 400W (48V, 8A)
. input; AC 100V
. operation frequency; 100kHz
. control IC; HA17524
. isolation; photo coupler
+ efficienty; at full load 807
;  at 200W output 857

P3 L P4
80uH T 110uH
251508 - 77 +
zs:so@,eo'_iflx kl:l"&’; or s00uF L 0.15u = oC
Input FIG [0.0014F[0.014F 8 (100uFx6) F- s +FIG v
+ . >
0.001 uF 2 20004F -3 “
AC100V L2

CEE FS
25K 1350 E"Z%»Klssﬂ

GND1
»

Vee( +17V)

ISk|0. | uF

GNDI
.2kg [0.1uF

*
1k
- Voe(—10V)

u
fSCSBQH
GNDI

5 12 1315} Sk
vosJ HA|7524 i
7 I'———-\
] 000

I
1
I
[am! W

I »
dazk 1ok |
E FILACI W [ 0 AW I Ot ]
cr. 3 = 1 oivszs bl M| M ' )
3 = B Jod T oz o : j_/ F
T Fsk 1.0000) M 04k 3
)
GNDI GND2
Ly,Ls:T type core ¢l.5mm wire 13T T:EI60 core C.T.:EI30 core
LgH:EI50 core Cap 0.3mm 1st side yl.Smm Wire 7T 1st side 5{1.5mm wire 1T
#lmm wire 6 wires wound separately 2nd side ¢lmm wire 4T; 2nd side ¢0.5mm wire 25T

5 wires wound separately

Fig. 1-31 TFour-transistor Full Bridge System Switching Regulator
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286

This circuit operates as a switching regulator (AC 100V, direct
rectification type), using N-channel & P-channel MOS FET's for four-
To make good use of the high speed capability of
As a result, we

transistor full bridge.
power MOS FETs, the switching cycle is set at 100kHz.
had 807 efficiency at full load and maximum 857 efficienty (at 200W output).

11T

°—' E !"n—“ Vin B 1 —

Vin

—{l—*
3 I A T 4A/dw

Iin

)

L
TFTT

~J J

t=2us/div

Fig. 1-32 Waveform (Full loaded)

00

VAl

7 (%)
\
\

8

Output Voltage V, (V)
<

Efficiency

200
Output Power Po (W)

Fig. 1-33 Output Voltage and Efficiency vs. Output Power Characteristics
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® One-transistor system 250kHz , 60W, Tow noise switching regulator

Fig. 1-34 shows the circuit of one-transistor system switching
regulator. It has the following characteristics.
* output; 5V, 12A
. input; 4835V
. operation frequency; 250kHz
. efficiency; at full load 837
; at 20W output 877
- spike noise voltage; 10mVp-p

The noise reduction method used in this circuit is as follows:

(1) Good use is made of the source connected case of the power MOS

FET.
(2) Loose coupling of the output transformer.

(3) Switching curve softened by mirror integration with the primary
circuit of transformer, connecting the capacitor between drain

and source.

With the above method, the spike components will be removed almost

completely. Radiation to the outside can be prevented by shielding.

#l' 0
E 2 %‘ Output
= 0C sV
. O —0
Input J*
A z
A=<
.
Error J—
Amp . J;

Fig. 1-34 One-transistor type Switching Regulator (Block Diagram)
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Input Voltage—

a2v
- 0.
8)

\% / s3v
7 §

7(Z)
N\,

A

Efficiency
23

0 2 4 8 10
Output Current I, (A)

Fig. 1-35 Efficiency vs. Output Current Characteristics

N A\ N
\ Ysouore

fu/ow

t=1us/DIV

Fig. 1-36 Waveform
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1.2.2 High-speed Drive Circuit

A switching regulator has two types of drive circuits; one is direct

type drive and the other is isolated type drive.

@ Direct type
(1) Additional Buffer Circuit

Fig. 1-37 shows additional buffer Circuit. In this circuit, the
output impedance of the drive circuit is lowered through NPN and
PNP complementary symmetry emittaer follower, resulting in high

speed.
(2) Positive Feedback type Circuit

Fig. 1-38 shows positive feedback type circuit, in which positive
feedback is applied by sub-coil (nj3), resulting in high speed

switching. The operation theory is as follows.
i) FET; is driven by inverter and drain current flows.

ii) Voltage is generated by n3 and the input capacitance (Ciss) is

charged through R},

e
e
He
~

According to turn ON process of FET;, a positive feedback is

applied to the gate.

iv) When the FET2 turns ON and the gate of FET; is grounded,
resulting in discharge of Ciss, the FET] turns OFF.

Fig. 1-39 shows the waveform between drain and source.

Voo .
I
" _.a
I 1'>~ é FET’
J n,=50T
| 4 n;=5T

F‘l"l‘2
! :l L R0

Y

—Vee

Fig. 1-37 Additional Buffer Circuit Fig. 1-38 Positive Feedback Circuit
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20V/DIV \ t

\ \
\
v
() Without ng t=014/DIV ®) with nj3

Fig. 1-39 Drain-Source Waveform( Ip=2A) (2SK298)
n=%T,n;=5T,R=51Q

® Isolation Type

The following circuits operate by making use of the flyback

voltage which is generated during the OFF period.

(1) Diode Switch Type

This circuit is the simplest. In this circuit, the input
capacitance of FET] is forced to be discharged by the flyback
voltage which is generated when FET2 turns OFF, and high speed
switching is achieved. This circuit has a problem in that the
turn off time of FET; is not constant because the flyback
energy depends on the ON time (pulse width).

Fig. 1-40 and Fig. 1-41 show the circuit and the waveform

respectively.
(2) FET Switch Type (1)

The circuit in Fig. 1-42 is an improved one of the circuit in Fig.
1-40. In this circuit, the charge stored in Ciss is discharged

when FET9 {5 turned ON by the flyback voltage, and the gate of
FET, is grounded. 1In this case, the turn off time is constant in
spite of the pulse width fluctuations, because the effect of FET,
is larger than that of the flyback.
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Fig. 1-43 shows the waveform between drain and source.

(3) FET Switch Type (2)

The circuit shown in Fig. 1-44 yields even higher performance

than that of Fig. 1-42. In this eircuit, when FET2 is turned

ON by the flyback voltage, the voltage generated at ng will

discharge the FET's Ciss positively with the time constant

R-Ciss. As obvious from the operation waveform of Fig. 1-45,

the turn on time and the turn off time are both less than 30ns.
Voo

Re,

Voo

ol o D R _JHFETl
o AN

D2 R

|

[
/ 20V/DIV
/

—0143/DIV

Fig. 1-41 Drain-Source Waveform (lp=2A,2SK 298)
ni:ne.=1:1
Ri=R.=50Q

Fig. 1-40 Diode Switch Type

VDD
Vee Ry

FET,
m| n R | "

FETs LF EFETz M- ,\, -
= / |

ox

> ——= 0.1u3/DIV

Fig. 1-42 FET Switch Type Fig. 1-43 Drain-Source Waveform
(lp=2A, 2SK 298)

ni:n.=1:1 R=500Q
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Vps 100V/D1v

0

a) Turn-On
Waveform
I, 5A/DIV

d
3
1

<

0

Yoo
i 0 e -
. 0
Yoo R " § b) Turn-Off
Dz ns Waveform
. J = FET, / Ip 5A/DIV
Lo "
A
A 0
tFETz
FET,
’ a t ——= 01ss/ DIV
;]' | Fig. 1-45 Waveform (2SK298)
D niin,=1:1,n;=n,=60T,ns=6T

R=10Q, D,,D.:152074®
Fig. 1-44 FET Switch Type

1.3 High Frequency Power Amplifier

As for transmitter applications, transistorization of 5 v 10kW
medium wave broadcasting transmitters has been achieved. The bipolar
transistors used however, have some problems regarding thermal runaway,
frequency characteristic, modulation linearity, etc. Transistorization
in short wave broadcasting has not yet been realized, because there is

not a suitable device.

We would like to show a fully-transistorized medium wave broadcasting
transmitter and a fully-transistorized short wave broadcasting trans-—
mitter, in which a high output is provided by parallel operation of power

MOS FETs.
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1.3.1 1kW Medium Wave Broadcasting Transmitter *1)

Fig. 1-46 shows a block diagram of a 1kW medium wave broadcasting

transmitter, This system has the following characteristics.

. Frequency; 1197kHz

+ Qutput; 1100W

. Power supply; AC 200V, Single phase 50Hz

+ Efficiency (without modulation)
Total efficiency; 61.9%2
Efficiency at modulation part; 93.67
Efficiency at non-modulation part; 84.47

+ Modulation System; pulse width modulation

Power MOS FETs used in the transmitter provide the following

features.

(1) Low Power Consumption
Power MOS FET requires no pre-modulation because of its high
efficiency and high gain.

(2) High Performance
The distortion introduced by the pulse width modulation stage is
very small because of its switching speed. A high carrier
frequency can be used in the PWM modulator for extended overall
frequency response.

(3) High Reliability

The power MOS FET is inherently rugged and may be connected in
parallel without any special considerations. It is possible to
use many devices in parallel, and through their redundancy, high

reliability is realized.
(4) Easy Thermal Design

The use on many parallel devices aids thermal dispersion, and

results in easy thermal design,
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+ 150V

TCx0

[P PR

L

| E
AC200V 14 - e ! i ! i

RF/STB 12V

h_

NFB { LPF
Audio : ‘l-—‘
u e tl— |
Input % PWM ' Tj'% f% f | { _
2SK1T6 X 12 " MOD - 150V

Fig. 1-46 Block Diagram of 1kW Medium Wave Broadcasting Transmitter

(1) Frequency Characteristics .\l (2) Distortion

95%MOD o~
-~ 80%MoD

- - x
e O
e

T

Deviation
(dB)
| . :
)
Distortion (%)

- —_— — —
50 100 300 [ 3k 5k 10k 20k 50 100 300 Tk 3k S5k 10k 20k
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Fig. 1-47 Main Characteristics
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1.3.2 600W Short Wave Broadcasting Transmitter *2)

Fig. 1-48 shows the circuit of the power amplifier circuit. The

characteristics of this circuit are as follows:

o 0:  ,RNOs .
: [ I
. N
NE 17
L —
X H T Ty
aF 04 03 0« { arQutput
S T Em
T
Q: -I\—/é:o. Qs
5 I
n + .—F—"—% T I
Qe on 012
2SK 1768
| T T Qi~01z
< sov0e T_@J 25K221 K
o7
Processing
Network
AF Input
Fig. 1-48 Power Amplifier (200W Unit)
— = ~
g (a3 ol
[ ) ———
0 [ 'S ,_._‘\°“°‘c 3.970MHz
g o ’g 2 g 70 00—y, T nosMnz
) _—o o— t: o o (7] oo g s3MHz
] £ s & f T o e
& . N 8 (907 Mod.) -~
100 1,000 X I 1,000 10,000 i 0 20 40 60 80 100
A = Modulation (Z)

Frequency (kHz)

(1) Frequency Characteristics
(2) Distortion Characteristics

Frequency (kHz)

(3) Power Efficiency

Fig. 1-49 Main Characteristics
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o Frequency; 3.970MHz, 6.005MHz,. 9.53MHz
° Qutput; 600W (four 200W units using 2SK221(@)s)
° Efficiency (without modulation); 81% at 3.970MHz
77% at 6.005MHz
707% at 9.535MHz
o Modulation System; PWM Modulation System (using a 28K176C))

This is the circuit of a short wave broadcasting transmitter with
600W output, in which the ZSK221() is used. By using four 200W output
units, the redundancy is increased and high reliability is achieved.
Also, a PWM modulation system is used, resulting in smaller size, lighter
weight and higher efficiency. Modulation is performed at 100kHz
repetitive frequency, using the 23K176().

1.3.3 VHF High Power Amplifier Circuit

Power MOS FET is applicable to higher voltage circuits, and necessary
output power can be obtained with a small current. Fig. 1-50 shows the VHF
high power amplifier circuit using 2SK317., The input capacitance is about
600pF, so the input impedance at 100MHz is small, (Zjn=1-1jQ) and the output
impedance is small too (it's about 1.5-25jQ at 100MHz). Owing to the above
factors, the rotation to inductive area of the in-output circuit occurs
by using series inductance, then, these circuits are matched with 500 by
series and parallel capacitance., 180W output power, 80% drain efficiency
can be obtained with 80V supply voltage, 8W input power, 100MHz frequency.
120W output power, 60% drain efficiency can also be obtained at the
frequency of 175MHz. The current is as small as 2.8A, 2.5A respectively.
In the case of push-pull circuit which adopts a couple of 2SK317s, 270W
output power, 80% drain efficiency can be obtained with 90V supply voltage,
20W input power. As for input circuits, 50 co-axial cable balun is
determined as 38.2cm so that the input signals can be applied with dif-
ferent phases. The output circuit consists of balun and filter, and
the length of the output balun is determined as llcm, aiming at maximum

efficiency.
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Fig. 1-50 VHF High Power Amplifier Circuit
(1) 900MHz 1W power amplifier circuit (PF0001)

The PFO001 is a high frequency power MOS FET amplifier and

the output power; 1W (typ.) can be obtained. It is single stage
amplifier using the HS8709 chip. Fig. 1-51 shows the internal
equivalent circuit and dimensional outline of the PF000l. The
matching circuit is formed on the ceramic substrate by using
micro-strip line and chip condenser. 1,1W output power, 507%
total efficiency, power gain 10dB (typ.) can be obtained at 100mW
input power. As for gain reduction value controlled variable

by the APC terminal, 5dB or more can be obtained by changing

the APC voltage from 8V to OV,
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Fig. 1-51

900MHz 8W power amplifier circuit (PF0002)

The PF0002 is a high frequency power MOS FET amplifier.
is a two stage amplifier using HS8709 and HS8711 chips.

900MHz 1W Power Amplifier Circuit (PF0001)

It
Fig. 1-52

shows the internal equivalent circuit and dimensional outline.

The applicable range of supply voltage is 7 to 16V, the frequency

range is 860 to 910MHz.

As for gain reduction value controlled

variable by the APC terminal, 5dB or more can be obtained by

changing the APC voltage 8V to OV,
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Fig. 1-52 900MHz 8W Power Amplifier Circuit (PF0002)

(3) 900MHz power amplifier circuit (HS8708)
The HS8708 is power MOS FET and its applicable input power is 10
to 50mW. It is sealed into the chip carrier. Fig. 1-53 shows the
900MHz pre-drive circuit using this FET. 400mW output power, 407
efficiency can be obtained at 20mW input power, when Vpp=12,5V.
The output power can be controlled from 300mW up to almost OmW by
changing the gate voltage from 2.0V to O.
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Fig. 1-53 900MHz Power Amplifier Circuit (HS8708)

900MHz power amplifier circuit (HS8709)

The HS8709 is power MOS FET of 100mW input power. The chip used
for the PFO001 and the drive stage of PF0002, is sealed into the
chip carrier. Fig. 1-54 shows the drive circuit by using this

FET. The output power 1,5W, 50% efficiency can be obtained when
Vpp=12.5V, 100mW input power,

\
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Fig. 1-54 900MHz Power Amplifier Circuit (HS8709)

(5) 900MHz two stage power amplifier circuit
Fig. 1-55 shows a two stage power amplifier circuit using HS8708,
HS8709. 2.5W output power, 507 total efficiency can be obtained
when Vpp=12.5V, 20mW input power. The power control by using lst
and 2nd gate voltages in the case of 10mW input power, the output
power can be controlled from 2.5W to almost 0, by changing the

gate voltage from 2V to 0. The gain reduction value is about

7dB with 30mW input power.
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Fig. 1-55 900MHz Two Stage Power Amplifier Circuit
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(6) 900MHz power amplifier circuit (HS8711)
The HS8711 is power MOS FET used for final stage of PF0002.
Fig. 1-56 shows the power amplifier circuit using this FET.
8W output power, 557 efficiency can be obtained when Vpp=12.5V,
1.6W input power. In the case of 7V supply voltage, 3.5W output

power, 497 efficiency can also be obtained.
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Fig. 1-56 900MHz Power Amplifier Circuit (HS8711)
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1.4 Motor Control

Formerly, bipolar transistors or thyristors have been used for speed

control of DC and AC motors. Recently, however, power MOS FETs are used

for motor control, owing to their low RON. Power MOS FETs used for motor

control have the following features.

D)

(2)

3)

O]

Since the switching speed of the power MOS FET is very fast, the
chopping frequency of the motor control can be increased to

10kHz ~ 20kHz. This is 10 times as high as conventionally used,
resulting in quick response, high efficiency, reduced noise, and

small size.

As for the electrical characteristics, the power MOS FET has a
negative temperature coefficient, so it has wide ASO (Area of

Safety Operation).

Since the power MOS FET is driven by voltage, it requires little

driving current, resulting in a simple drive circuit.

The power MOS FET has a parasitic diode between source and drain.
This diode has comparatively high switching speed and the current
rating is equal to that of the power MOS FET. It can be used as

a fly-wheel diode. Therefore, the external commutation diode can

be eliminated and the number of components can be reduced.
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Table 1-4 The Characteristics of Power MOS FET
and Advantages in Motor Control

Features

Advantages in motor control

Switching speed is fast.

High efficiency, reduced noise and small-
sized by high operating frequency

Voltage control

Little driving power, resulting in a
simple drive circuit

Negative temperature
coefficient of current

Easy to have higher current capability
with parallel connection due to no local
current concentration

Built-in diode between
drain and source

It can be used as a fly-wheel diode, and
the number of components can be reduced

P/N channel
complimentary

The number of components can be reduced
by the simple drive circuit

Fig. 1-57 shows inverter circuit in which 25K313 is used at Q1~ Qg.

The built-in diode between drain and source is relatively high speed and

can be used as a fly-wheel diode.

Therefore, external high-speed fly-

wheel diode is not required, the number of components can be reduced.

As for electrically short accident
FETs take longer time than bipolar

in the inverter circuit, Power MOS

transistor to breakdown, and over-

current protection circuits can be easily designed. Fig. 1-58 shows

the results of load short test.

Converter

Inverter

Fig. 1-57 Power MOS FET Inverter
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2SK313
-====— 2SD1204

-[. Vee . ©
Vos i L ~ N

a
= Sample |Test condition
= 25D1204 | Ig=0.2A-

100 - 2SK313 | Vgs =15V

L e

Destruction voltage Voo ( V)
|

L i L L

o
10 20 50 100 200
t, (us)

Fig. 1-58 Destruction voltage at load short test

® Gate Drive Circuit

Fig. 1-59 shows basic gate drive circuit in which Power MOS FET is
used. There are several kinds of circuit. The circuit needs less drive
power due to voltage control than the current control of bipolar tran-
sistor, and can compose by small signal transistors.

The comparison of driving power with bipolar transistor is shown
in Fig. 1-60.

This figure shows the characteristics of 1.2kW DC brushless motor
drive using the inverter circuit in which power MOS FET, 2SK313 (Vpgg
450V, Ip 12A) or darlington transistor 2SD1204 (Vego 400V, Ic 154) is
used. As for driving power, the total of the transformer loss at
driving circuit and the control circuit loss and the drive circuit loss
is measured as sub power supply input. The drive power loss of Power
MOS FET, 2SK313, is less than that of darlington transistor. Concerning
with inverter efficiency, Power MOS FET shows almost same level as
darlington transistor because of rather low driving frequency of 2.2kHz.

If Power MOS FET is used, power supply components for driving can
be simplified due to low drive power loss (Fig. 1-61). Fig. 1-61 (a)
shows the method that obtains positive and negative power supply from
inverter input DC voltage using zener diode. Fig. 1-61 (b) shows the
method that obtains positive and negative power supply using power
supply transformer, The method using power supply transformer does
not need power stability due to voltage control gate drive.

The gate drive circuit can save energy and be minimize by using

Power MOS FET.
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1
F

o

Q1; Photo Coupler
Q2~Qs5; Drive Transistor
Qe; Power MOS FET

Fig. 1-59 Gate Drive Circuit of Power MOS FET
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Fig. 1-60 Comparison of Drive Power of 1.2 kW DC Brushless Motor Operation

1
1]
'
]

T

circuit

L

| Drive

(a) (b)
Q1, Q2; Power MOS FET
D1, Dy; Diode
ZD1,ZDy; Zener Diode
Tr ; Power Supply Transformer

Fig. 1-61 Structure of Drive Power Supply for
Power MOS FET on Upside Arm
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@® Gate Drive Circuit with P,N Channel Complimentary Power MOS FET

As for bipolar transistor, the complimentary characteristics of
current gain and high breakdown voltage for PNP type is difficult to
design. As for Power MOS FET, high breakdown voltage and high current

of P channel is rather easy.

The circuit with P and N channel complimentary Power MOS FET is
shown in Fig. 1-62. If P channel devices are used in upside arm of
inverter and N channel devices are in the under arm, drive power supply
are needed only for each arm., Table 1-5 shows comparison between P/N
channel and all N channel complimentaly components about the number of
components. The number of drive power supply for P/N channel is as
half as that of all N channel one and the number of components for P/N

channel is 247 less than that of all N channel.

The drive circuit can be thus significantly simplified.

Table 1-5 Comparison of the number of components between
P/N channel complementary circuit, all N channel

circuit
P/N Channel Comple-~ All N Channel
mentary Circuit Circuit
Upside Arm | Under Arm | Upside Arm | Under Arm
Transistor 9 12 12 12
Resistor 9 15 15 15
Photo Coupler 3 3 3 3
Drive Power Supply 5 5 15 5
26 35 45 35
Total
61 80

Note; Unit (piece)
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Q1 , Q2 ; Photo Coupler

Q3 ~ Q9 ; Drive Transistor

Q1 ~ Q2 ;5 P Channel Power MOS FET (2SJ116)
Q1 ~ Qis 3 N Channel Power MOS FET (2SK313)

Fig. 1-62 Drive Circuit with P and N Channel
Complementary Power MOS FET

1.4.1 Precautions in Handling the Built-in Diode

An built-in diode of the power MOS FET is used as a commutating diode
in a motor control circuit. In this case, if the reverse voltage is
charged immediately after a high current is supplied to the diode, it may

be destroyed depending on the circuit and the operating conditions,

Fig. 1-63 and Fig. 1-64 shows a basic motor control circuit and the wave-
form of the motor control operation. These waveforms are at Q, and Q3 off

and Q1 and Qy on. Qy is continuously on when Q; is chopping.

At gate drive signal entering G;, Qi turns on and ipj flows. When
the current ip; of Qi stops, the regenerative current iy flows through
the built-in diode of Q2, by energy stored in the inductance of the motor.
In this state, if Q; turns on, Q, is shortened because of the reverse
recovery time t,, of the built-in diode of Q2, and excess recovery current

ipy flows.

This excess recovery current may destroy the diode at a point in the
shaded area in the figure, which indicates the period in which the built-in
diode voltage recovers. Therefore, restricting the recovery current ipr is
an effective method to prevent diode destruction., Table 1-6 shows the

detailed circuit countermeasures.
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Ac 100V g
or 200V 7

Fig. 1-63 Basic Motor Control Circuit

Ve Vee

N Vpgy (Dra voltage of Q)

T voae
~——1 /L ip1 (Drain current waveform of Q1)
o

e
Bl
° 1py (Drain current waveform of Q2) .

digy/dt

aple 7 I~

Ve ot " A

Vps2 ( ce voltage v of Q2)
i I

<Description>

ip : Forward current of Qp built-in diode

VF : Forward voltage drop of Q2 built-in diode

Vps(on): Drain-source saturation voltage of Q2

trr: Reverse recovery time of Q2 built-in diode

Vps: Voltage drop with circuit inductance Ls

ipy: Reverse recovery current of Q2 built-in diode
(depends on the drive signal source impedence dip/dt of Qi,
circuit inductance Ls, supply voltage Vgg, and electric charge
Qrr (or tyy) in the built-in diode)

Vg : Spike voltage
(depends on the inductance Ls, ipg, and diDR/dt of the circuit)

Fig. 1-64 Waveform of the Motor Control Operation
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Table 1-6 Circuit Countermeasures against Built-in Diode Destruction

Classifi-
cation

Countermeasures

Circuit

Waveforms of the built-in diode

Before improvement

After improvement

Circuit constants,
etc.

Delay the turn-on time, by inserting a
resistor and diode which are connected
in parallel into the gate of the Power
MOS FET. This controls di/dt and

dv/dt of the built-in diode to restrict
the recovery current (in this case, the

turn-off time does not have to be de-
layed).

[=]

h T

C

R=3300~8200
(di/dt=20~50A/ps)

Insert an L and diode connected in
parallel into the drain of the Power
MOS FET. This controls di/dt to
restrict the recovery current ipr.

X

(@

L=2pH~20rH

Insert a C or CR snubber between the
drain and source of the Power MOS FET
to restrict dv/dt and voltage spike

of the built-in diode.

Voo o

LoG,

Ls G,

4

o O

R=10~47Q
C=0.01p2F~0.1pF
Wiring of the snubber
should be as short

as possible.

Wires between + , - terminals of the
power supply line and the drain/source
of each arm (in the case of N/N) should
be twisted C are also connected,

By directly attaching wires to the
upper and lower arms and minimizing
stray the inductance, the voltage

spike and dv/dt are restricted.

short 02~1# ghort

G:' Tyisted
wires

o

Should be done to-
gether with counter-
measures @ to ®

Connect the fast diode to the external
of the Power MOS FET not to flow the
current in the built-in diode.

[}

RN

o

SINIH NOILYOIlddV'L
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1.5 Analog Switch

When two power MOS FET's are connected in series, they operate as a

two-way analog switch (Fig. 1-65).

Remember that the power MOS FET is made to have a diode between
drain and source. When applying a positive bias between gate and

source, the VDS vs. ID characteristics are as shown in Fig. 1-66.

When the current is small, the current flows through the channel in
both FET's, therefore the VDS-ID characteristics is shown by a straight
line of 2xR (R is ON resistance of one FET). When the current is further
increased, it will flow through the diode of one FET and the VDS-ID

characteristics approaches the diode characteristics.

Important characteristics of Power MOS FET for analog switch are

on-resistance (Ron) and off-resistance (Roff) mentioned below.

(1) Ron

This is the remaining resistance at switch on. The lower, the better.

o Tr  ®
]

Fig. 1-65 Analog Switch

+ Ip

—Vps + Vps

Ip

Fig. 1-66 Vpg-Ip Characteristics
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(2) Roff

Roff is the resistance between the ends of the switch when
the switch is open and is equivalent to insulation resistance of
mechanical switch., The higher this resistance is, the better the
switch is. It means that leak current (IDSS’ IDSX) is small.
(Several nA to several ten nA in general)

In low current area, Ry, of the built-in diode of Power MOS
FET can be small, applying positive gate-source bias (Fig. 1-67).
It is superior to diode switch. When the gate-source bias is 0
or negative, the characteristics are the same as that of general
diode. As Power MOS FET has enhancement characteristics, leak
current remains unchanged when Vgg is applied 0.5~ 1.0V positive
bias induced by, such as, external circuit noise.

Power MOS FET can show its ability to a bi-directional (it
can switch alternative current) analog switch which has good
linearity.

The characteristics of 2SK294 is shown in Fig. 1-68.

5V

Reverse Drain Current Ipp (A)

10V.
N BV b DQ$S=Omv
5 Gs T
.
= —
0 04 03 12 1.6 2.0

Source to Drain Voltage Vgp (V)

Fig. 1-67 Characteristics of Built-in Diode (2SK294)
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—= 05A/DIV

o 0 ®
—=05V,/DIV

Fig. 1-68 Characteristics of 2SK294

The switching circuits, in which 25J120 and 2SJ121 are used, are shown
in Fig. 1-69 and Fig. 1-70.

Vee =5V Q
O——o— I
Q:
©
o
Q
22Xk0. 10K
CMOS Output i
0V Q: Switch ONO— Qs 22x0

5V Q1 Switch OFF 10

-5V

Q1: 25J120  Q2: 25A1052
Qs: 25C2462

Fig. 1-69 Switching Circuit with 2SJ120

Vee =5V

Lcad

CMOS Output

lkn
5V Q1 Switch ON
0V Q1 Switch OFF

Qi: 2sJ121
Q2: 2SK416

Fig. 1-70 Switching Circuit with 2SJ121
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1.6 Character Display

The recent increase in office automation has lead to the need for
higher resolution color and monochrome displays requiring bandwidths of
40 to 80 MHz. To meet these requirements, the transistor used for video
output should have high breakdown voltage, small 1/0 capacitances and

excellent high frequency characteristics.

In a transistor, the breakdown voltage and the high frequency
characteristics are contrary to each other, so it is difficult to realize
40 to 80MHz bandwidth current bipclar transistors for video output,
because of their high frequency characteristics. By using the 2SK352 in

high-resolution cathode-ray tube displays this bandwidth can be realized.

1.6.1 Features

Since the 2SK511 is designed to have small I/0 capacitance and high
8m, it can be used not only for video output but also for high-output,
wide-band, high-impedance amplifiers in measuring instruments, etc.
Table 1-7 and Table 1-8 show the absolute maximum ratings and the

electrical characteristics respectively.

Table 1-7 ABSOLUTE MAXIMUM RATINGS (Ta=25°C)

Item Symbol |Rating Unit
Drain to Source Voltage | Vpgg 250 \
Gate to Source Voltage VGss 9 v
Drain Current Ip 0.3 A
Drain peak Current Ip(peak)| 0.5 A
Channel Dissipation Pch* 8 W
Channel Temperature Tch 150 °C
Storage Temperature Tstg -55v+150 °C

*Tp=25°C

@ HITACHI
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Table 1-8 ELECTRICAL CHARACTERISTICS (Ta=25°C)

Item Symbol Test Condition min. | typ.| max.| Unit
Drain to Source
I = V =| - -
Breakdown Voltage V(BR)DSS | "D=1mA ’ 65=0 250 v
Gate to Source Leak 1css VGS=+9V VDS=0 - _ 1 mA
Current - ’
Drain Current Ipss Vpg=200V , VGsS=0 - - 1 mA
Gate to Source Cut-off _ _
Voltage Ves(off) |ID=lmA  ,  VDS=lov [ 1.0 5.0 v
Drain to Source TIne Ves— _
Saturation Voltage VDs (oN) D=0.14 ’ cs=9V 3.015.0 v
Forward Transfer iyesl  |IDp=0.15A , VDS=20v| 50 | 80 | - | mS
Admittance }
Input Capacitance Ciss - 20 - pF
Output Capacitance Coss Vps=10V, Vgg=0, f=1MHz - 10 - pF
Rever§e Transfer Crss - 2.5 _ pF
Capacitance
1000
FVps=10V, Ip=10mA
©
E
.
o
g \
&
o 100
H 7/
3 o
= 7
o v
o
pe .
g
[
=
=
o
5
g
o 10
= 10 100 1000
Frequency f (MHz)
Fig. 1-71 |Yfs| -f Characteristics
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@® Excellent high frequency characteristics
The 2SK511 has high cut-off frequency (fg), 250MHz (typ). Compared
with that of bipolar transistors (fr=80MHz(typ); i.e. fg=5MHz), it is 50
times higher. Fig. 1-71 shows |yfs| vs. frequency characteristics.

@® Small I/0 capacitances

In video amplifiers, the band width depends on the output
capacitance (Coss). 1In the 2SK511, the output capacitance (Coss) is

reduced to 10pF, and the input capacitance (Ciss), 20pF.

With small I/0 capacitances, a high amplification factor is

obtained, without reducing the mutual conductance(lyfsl =80mS(typ))_

@® ASO(Area of Safe Operation)

The 2SK511 has no secondary breakdown area. The rating of Pch=8W
is guaranteed to the extent of VDS=250V.

1.6.2 Application Notes

We would like to describe the use of the 2SK511 in a video output

stage.

® Wide Band Width

The I/0 capacitances of the 2SK511 are small, and to further reduce
their effect,the common gate connection is recommended. In this case,

the source will be driven by high speed TTL or a high speed switching
transistor (2SC3652 etc.)
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Series-parallel Peaking

- I
{

”r

2SK511

W

Coss

O MV

i
2]

L

25C3652

T Emitter Peaking

gy

Fig. 1-72 Video Output Circuit

Generally, the high cut-off frequency of a RC coupled amplifier is
determined by load resistance (RL), the output capacitance (Coss) of the
transistor and the cathode-ray tube's capacitance (C'). Therefore, to
take advantage of the high frequency characteristics of the 2SK511, we
recommend use of parallel, series, and emitter peaking. When using the

28K352 in the digital (switching) mode, use a speed—up capacitor.

The 2SC3025 and the 25C3026 (VCBO=1500V, 1700V, IC=5A, fall time
tf=0.5u4s max.) are horizontal deflection output transistors for

television receivers.
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1.7 Ultrasonic Equipment

We would like to describe the power MOS FETs use in ultrasonic wave
diagnostic equipment. Formerly, bipolar transistors have been used for
high-voltage and high-speed switching devices used to generate pulse
voltage for ultrasonic wave diagnostic equipment. Recently, as ultrasonic
wave diagnostic equipment is required to have higher performance and
higher operating frequency, the power MOS FETs small package, high break-

down voltage, and low ON resistance has LED to its use.

Fig. 1-73 shows the block diagram and Fig. 1-74 shows the high
voltage pulse generator circuit and the voltage waveform. This circuit
has the following functions. 1) The pulse voltage (Vp-p) is as large as
possible 2) The frequency component of the pulse voltage oscillation
waveform is high. The power MOS FET provides high switching speed and
excellent frequency characteristics. By using power MOS FETs, ultrasonic
wave diagnostic equipment can operate with high frequency and meets the

conditions (1) and (2), resulting in clear pictures.

High Voltage
—]Pulse Gene- CRT Monitor
rator
T ©@ @
' 0=
Vibrator C?ntr?l @
Circuit oo O
oo
I 5 oo °°O
High f
— Frequency
Amplifier

Built in

Fig. 1-73 Block Diagram
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1.APPLICATION HINTS

Q1 : 2SK375(L), (300V/1A,DPAK)
28K535(L), (400V/1,5A,DPAK)

Vg Voc 25K382 (500V/2A,TO-220AB)
28K311 (450V/3A,TO-220AB)
3900 RJC 25k580(D),(®) (500V/1.5A,DPAK)
39 k() § 1000 pF ¢ Vo
b ———
" 001 4 e
510) o Output Voltage
w -
2.2uH
PG 2.2kQ) ]
: Vibrator
100
= o < \/" ————Power MOS FET
~ tfmd e — /' High Frequency
2 ook ; N—1 High Power
———— SCR or Bip. TRS
—200L

; - =
~ w0 A
>$ /’/

_.| I__ 50ns/DIV t —

Fig. 1-74 High Voltage Pulse Generator & Waveform

1.8 Others

Power MOS FETs can be used for many applications, such as magnetic
bubble memory driver, electrical discharge machine, laser pulser,

actuator, relay driver, lamp driver, etc.

Reference Books

*1)  Kurisu, Yoshida, Kiyama, Full-——transistorized

Medium Wave Broadcasting Transmitter Using Power MOS FET

*2)  Aoyagi, Inoue, "Short Wave Broadcasting Transmitter using FET",
Television Academy Technology Report, RE79-24
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Notes for use

1. Inthis booklet Hitachi devices are indicated as replacement of other manufacturers' prod-
ucts in maximum ratings, major electrical characteristics and applications.
2. Some subtle differences in characteristics and specifications may exist.
3. Definition of symbols.
Term Symbol Definition

Drain to Source Vpss The maximum dc voltage between the drain and

Voltage the source when the gate is dc shorted to the
source.

Gate to Source Vass The maximum dc voltage between the gate and

Voltage the source when the drain is dc shorted to
the source.

Drain Current Ip The maximum value of the dc current into the
drain within the maximum ratings of the power
dissipation.

Allowable Drain Py Allowable drain dc power dissipation under

Power Dissipation the defined thermal radiation condition.

Drain to Source Rps(on)| On resistance between the drain and the source

On resistance in source common circuit.

Turn-on Time ton = td(on) + tr (Turn-on delayed time + rise
time)

Turn-off Time tofs = td (off) + tf (Turn-off delayed time +
fall time)

Cut-off Frequency fe The frequency which |yﬁ| becomes -6 dB decrease.
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POWER MOSFET Cross Reference L ist

MANUFACTURE: INTERNATIONAL RECTIFIER(IR) —1

typ typ
I ndustry P ackage Voss Ipo |RpsCon)] HITACHI | Vpss Ip Rps (on)
Part No. (V) | (A) | (@) |Eauivalent| (V) | (A) Q)
IRF120 TO-3 100 8.0 0.25 25K398 100 10 0.2
IRF121 TO-3 60 8.0 0.25 25K398 - - -
IRF122 TO-3 100 7.0 0.30 25K398 100 10 0.2
IRF123 TO-3 60 7.0 0.30 25K398 = - -
IRF130 TO-3 100 | 14.0 0.14 25K308 120 10 0.2
IRF131 TO-3 60 | 14.0 0.14 - - - -
IRF132 TO-3 100 | 12.0 0.20 25K308 120 10 0.2
IRF133 TO-3 60 | 12.0 0.20 - - - -
IRF140 TO-3 100 | 27.0 0.07 - - - -
IRF141 TO-3 60 | 27.0 0.07 - - - -
IRF142 TO-3 100 24.0 0.09 - - - -
IRF143 TO-3 60 | 24.0 0.09 - - - -
IRF150 TO-3 100 | 40.0 0.045 | 2SK561 - - 0.05
IRF151 TO-3 60 | 40.0 0.045 | 2SK561 - - 0.05
IRF152 TO-3 100 | 33.0 0.06 25K561 - - 0.05
IRF153 TO-3 60 | 33.0 0.06 25K561 - - 0.05
[RF220 TO-3 200 5.0 0.5 - - - -
IRF221 TO-3 150 5.0 0.5 - - - -
IRF222 TO-3 200 4.0 0.8 2SK176 200 8 1.0
[RF223 TO-3 150 4.0 0.8 25K135 160 7 1.0
[RF230 TO-3 200 9.0 0.25 25K401 250 10 0.30
IRF231 TO-3 150 9.0 0.25 - — - -
IRF232 TO-3 200 8.0 0.40 25K401 - 250 10 0.30
IRF233 TO-3 150 8.0 0.40 - - - -
IRF240 T0-3 200 | 18.0 0.14 - - - -
IRF241 TO-3 150 | 18.0 0.14 - - - -
IRF242 TO-3 200 | 16.0 0.20 - - - -
IRF243 TO-3 150 | 16.0 0.20 - - - -
IRF250 TO-3 200 | 30.0 0.07 - - - -
IRF251 TO-3 150 | 30.0 0.07 - - - -
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POWER MOSFET Cross Reference L ist

MANUFACTURE: INTERNATIONAL RECTIFIER(IR)—2

typ typ
I ndustry P ackage Voss Ip |RpsCon)] HITACHI | Vpss Ip Rps (on)
Part No. (V) a) (Q) | Equivalent | (V) (A) Q)
IRF252 T0- 3 200 | 25.0 | 0.09 - - - -
IRF253 TO-3 150 25.0 0.09 - - - -
IRF320 T0-3 400 3.0 1.5 - - - -
IRF321 TO-3 350 3.0 1.5 - - - -
IRF322 TO-3 400 2.5 1.8 25K260® 400 5 2.5
IRF323 TO-3 350 2.5 1.8 25K259® 350 5 2.5
IRF330 T0-3 400 5.5 0.8 25K298 400 8 1.1
IRF331 TO-3 350 5.5 0.8 25K298 400 8 1.1
IRF332 TO-3 400 4.5 1.0 25K298 400 8 1.1
IRF333 TO-3 350 4.5 1.0 25K298 400 8 1.1
[RF340 TO-3 400 10.0 0.47 | 2SK556 400 12 0.4
IRF341 | T0-3 350 10.0 0.47 | 2SK556 400 12 0.4
IRF342 TO-3 400 8.0 0.68 | 25K312 400 12 0.6
IRF343 TO-3 350 8.0 0.68 | 2SK312 400 12 0.6
IRF350 T0-3 400 15.0 0.25 | 2SK559 - - -
IRF351 T0-3 350 15.0 0.25 | 2SK559 - - -
IRF352 TO-3 400 13.0 0.30 | 2SK559 - - -
[RF353 TO-3 350 13.0 0.30 | 2SK559 - - -
IRF420 TO-3 500 2.5 2.5 - - - -
IRF421 TO-3 450 2.5 2.5 - - - -
IRF422 TO-3 500 2.0 3.0 - - - -
IRF423 T0-3 450 2.0 3.0 - - - -
IRF430 TO-3 500 4.5 1.3 - - - -
1RF431 TO-3 450 4.5 1.3 25K299 450 8 1.1
IRF432 TO-3 500 4.0 1.5 - - - -
IRF433 TO- 3 450 4.0 1.5 2SK299 450 8 1.1
IRF440 TO-3 500 8.0 0.8 2SK557 - - 0.45
IRF441 TO-3 450 8.0 0.8 25K313 450 12 0.6
IRF442 TO-3 500 7.0 1.0 25K557 - - 0.45
IRF443 TO-3 450 7.0 1.0 25K299 450 8 1.1
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POWER MOSFET Cross Reference L ist

MANUFACTURER: INTERNATIONAL RECTIFIERCIR) —3

typ typ
I ndustry P ackage Voss Io |RosCon)] HITACHI | Vypss Iop Ryps (on)
Part No. ) A) (Q) | Bauivalent | (V) (A) Q)
IRF450 TO-3 500 | 13.0 0.3 25K560 500 15 0.3
IRF451 TO-3 450 | 13.0 0.3 25K559 450 15 0.25
IRF452 TO-3 500 | 12.0 0.4 25K560 500 15 0.3
[RF453 TO-3 450 | 12.0 0.4 25K559 450 15 0.25
2N6755 TO-3 60 | 12.0 0.2 - - - -
2N6756 TO-3 100 | 14.0 0.14 25K308 120 10 0.2
2N6757 TO-3 150 8.0 0.40 - - - -
2N6758 TO-3 200 9.0 0.25 25K401 250 10 0.3
2N6759 TO-3 350 4.5 1.0 25K298 400 8 1.1
2N6760 TO-3 400 5.9 0.8 25K298 400 8 1.1
2N6781 T0-3 450 4.0 1.5 25K298 400 8 1.1
2N6762 TO-3 500 4.5 1.3 25K298 400 8 1.1
2N6763 TO-3 60 | 31.0 0.06 25K561 100 30 0.05
2N6764 TO-3 100 | 38.0 0.045 | 2SK561 100 30 0.05
2N6765 T0-3 150 | 25.0 0.09 - - - —
2N6766 TO-3 200 | 30.0 0.07 - - - -
2N6767 TO-3 350 | 12.0 0.3 25K559 450 15 0.25
2N6768 TO-3 400 | 14.0 0.25 25K559 450 15 0.25
2N6769 TO-3 450 | 11.0 0.4 25K559 450 15 0.25
2N6770 TO-3 500 | 12.0 0.3 25K560 500 15 0.30
IRF510 TO-220AB 100 4.0 0.5 25K295 100 5 0.4
IRF511 TO-220AB 60 4.0 0.5 25K294 80 5 0.4
IRF512 TO-220AB 100 3.9 0.6 - - - -
[RF513 TO-220AB 60 3.5 0.6 - - - -
IRF520 TO-220AB 100 8.0 0.25 HS76021 120 10 0.15
IRF521 TO-220AB 60 8.0 0.25 25K346 60 5 0.3
IRF522 TO-220AB 100 7.0 0.30 28K551 120 10 0.15
[RF523 TO-220AB 60 7.0 0.30 25K346 60 5 0.3
[RF530 TO-220AB 100 | 14.0 0.14 25K383 100 10 0.15
IRF531 TO-220AB 60 | 14.0 0.14 25K428 60 10 0.1
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POWER MOSFET Cross Reference L ist

MANUFACTURER: INTERNATIONAL RECTIFIERC(IR) —4

typ typ
1 ndustry P ackage Voss Io |RosCon)] HITACHI | Vpss Ip Rps (on)
Part No. ) (A) (Q) | Bquivalent | (V) (A) €9D)]
IRF532 TO-220AB 100 12.0 0.20 | 2SK383 100 10 0.15
IRF533 TO-220AB 60 12.0 0.20 | 2Sk428 60 10 0.10
IRF540 TO-220AB 100 27.0 0.07 - - - -
IRF541 TO-220AB 60 27.0 0.07 | 2SK600 60 25 0.04
IRF542 TO-220AB 100 24,0 0.09 - - - -
IRF543 TO-220AB 60 24.0 0.09 - — - -
IRF610 TO-220AB 200 2.5 1.0 - - - -
IRF611 TO-220AB 150 2.5 1.0 - - - -
IRF612 TO-220AB 200 2.0 1.5 - - - -
IRF613 TO-220AB 150 2.0 |-1.5 - - - -
IRF620 TO-220AB 200 5.0 0.5 25K440 200 6 0.4
[RF621 TO-220AB 150 5.0 0.5 25K440 200 6 0.4
IRF622 TO-220AB 200 4.0 0.8 - - - -
IRF623 TO-220AB 150 4.0 0.8 - - - -
IRF630 TO-220AB 200 9.0 0.25 - - - -
IRF631 TO-220AB 150 9.0 0.25 - - - -
IRF632 TO-220AB 200 8.0 0.40 | 25K440 200 6 0.4
IRF633 TO-220AB 150 8.0 0.40 | 2SK440 200 6 0.4
IRF640 TO-220AB 200 18.0 0.14 - - - -
IRF641 TO-220AB 150 18.0 0.14 - - - -
[RF642 TO-220AB 200 16.0 0.20 - - - -
IRF643 TO-220AB 150 16.0 0.20 - - - -
IRF710 TO-220AB 400 1.5 3.3 [2SK579(DPAK)| 500 1.5 4.0
IRF711 TO-220AB 350 1.5 3.3 [2SK579(DPAK)| 500 1.5 4.0
IRF712 TO-220AB 400 1.3 3.6 25K310 400 3 2.5
IRF713 TO-220AB 350 1.3 3.6 2SK310 400 3 2.5
IRF720 TO-220AB 400 3.0 1.5 25K319 400 5 1.1
[RF721 TO-220AB 350 3.0 1.5 25K319 400 5 1.1
IRF722 TO-220AB 400 2.5 1.8 25K310 400 5 2.5
[RF723 TO-220AB 350 2.5 1.8 2SK310 400 5 2.5
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POWER MOSFET Cross Reference L ist

MANUFACTURER: INTERNATIONAL RECTIFIERCIR) —5

typ typ
I ndustry P ackage Voss Io |RpsCon) HITACHI | Voss Ip Rps (on)
Part No. (V) A) (Q) | Equivalent | (V) (A) Q)
[RFT730 TO-220AB 400 5.9 0.8 25K319 400 5 1.1
IRF731 TO-220AB 350 5.9 0.8 25K319 400 5 1.1
IRF732 TO-220AB 400 4.5 1.0 25K319 400 5 1.1
IRF733 TO-220AB 350 4.5 1.0 25K319 400 5 1.1
IRF740 TO-220AB 400 | 10.0 0.47 - - - -
IRF741 TO-220AB 350 | 10.0 0.47 - - - -
IRFT742 TO-220AB 400 8.0 0.68 25K554 450 7 0.6
IRF743 TO-220AB 350 8.0 0.68 25K554 450 7 0.6
IRF820 TO-220AB 500 2.5 2.5 25K382 500 2 2.5
IRF821 TO-220AB 450 2.5 2.5 25K311 450 3 2.5
IRF822 TO- 220AB 500 2.0 3.0 25K382 500 2 2.5
IRF823 TO-220AB 450 2.0 3.0 25K311 450 3 2.5
IRF830 TO-220AB 500 4.5 1.3 25K553 500 5 1.2
IRF831 TO-220AB 450 4.5 1.3 25K320 450 5 1.1
[RF832 TO-220AB 500 4.0 1.5 25K553 500 5 1.2
[RF833 TO-220AB 450 4.0 1.5 25K320 450 5 1.1
IRF840 TO-220AB 500 8.0 0.8 28K555 500 7 0.7
IRF841 TO-220AB 450 8.0 0.8 25K554 450 7 0.6
[RF842 TO-220AB 500 7.0 1.0 25K555 500 7 0.7
IRF843 TO-220AB 450 7.0 1.0 25K554 450 7 0.6
IRFD1Z0 DIP 100 0.5 2.2 - - - -
IRFD1Z1 DIP 60 0.5 2.2 - - - -
IRFD172 DIP 100 0.4 2.8 - - - -
IRFD1Z3 DIP 60 0.4 2.8 - - - -
IRFD110 DIP 100 1.0 0.5 - - - -
[RFD111 DIP 60 1.0 0.5 - - - -
IRFD112 DIP 100 0.8 0.6 - - - -
IRFD113 DIP 60 0.8 0.6 - - - -
IRFF110 TO- 39 100 3.9 0.5 - - - -
IRFF111 TO- 39 60 3.5 0.5 - - - -

327



POWER MOSFET Cross Reference L ist

MANUFACTURER: INTERNATIONAL RECTIFIERCIR) —6

typ typ
1 ndustry P ackage Voss Io |RpsCon)] HITACHI | Vpss Ip Rops (on)
Part No. (v) A) (Q) | Equivalent | (V) (A) )
IRFF112 TO- 39 100 3.0 0.6 - - - -
IRFF113 TO- 39 60 3.0 0.6 - - - -
[RFF120 TO- 39 100 6.0 0.25 - - - -
IRFF121 TO- 39 60 6.0 0.25 - - - -
IRFF122 TO-39 100 5.0 0.30 - - - -
IRFF123 TO- 39 60 5.0 0.30 - - - -
[RFF130 TO- 39 100 8.0 0.14 - - - -
IRFF131 TO- 39 60 8.0 0.14 - - - -
IRFF132 TO- 39 100 7.0 0.20 - - - - -
IRFF133 TO- 39 60 7.0 0.20 - - - -
IRF9130 TO-3 -100 | -12.0 0.25 | 2SJ112 -100 -10 0.30
[RF9131 TO-3 -60 | -12.0 0.25 | 2SJ112 -100 -10 0.30
IRF9132 TO-3 -100 | -10.0 0.30 | 2SJ112 -100 -10 0.30
IRF9133 TO-3 -60 | -10.0 0.30 | 28J112 -100 -10 0.30
IRF9230 TO-3 -200 -6.5 0.50 | 2SJ114TO-3P -200 -8 0.60
IRF9231 TO-3 -150 -6.5 0.50 | 2SJ119TO- 3P - 160 -8 0.50
IRF9232 TO-3 -200 -5.5 0.80 | 2S)56 -200 -8 1.0
IRF9233 TO-3 -150 -5.5 0.80 |} 2S8J50 -160 -7 1.0
IRF9520 TO-220AB -100 -6.0 0.50 - - - -
IRF9521 TO-220AB -60 -6.0 0.50 | 2SJ102 -60 5 0.30
IRF9522 TO-220AB -100 -5.0 0.60 - - - -
IRF9523 TO-220AB -60 -5.0 0.60 - - - -
IRF9530 TO-220AB -100 | -12.0 0.25 | 28J127 -120 -10 0.2
1RF9531 TO-220AB -60 | -12.0 0.25 | 28J102 -60 -5 0.30
IRF9532 TO-220AB -100 | -10.0 0.30 | 2S8J127 -120 -10 0.2
[RF9533 TO-220AB -60 | -10.0 0.30 | 2SJ102 -60 -5 0.30
IRF9610 TO-220AB -200 -1.75| 2.3 - - - -
IRF9611 TO-220AB -150 -1.751 2.3 - - - -
IRF9612 TO-220AB -200 -1.5 3.5 - - - -
IRF9613 TO-220AB -150 -1.5 3.5 - - - -
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POWER MOSFET Cross

Reference L ist

MANUFACTURER: INTERNATIONAL RECTIFIER(IR)—17

typ typ
I ndustry P ackage Vobss Io |RpsCon) HITACHI | Vpss Ip Rps (on)
Part No. V) A) (Q) | Equivalent | (V) A) «@
IRF9620 TO-220AB -200 | -3.5 1.0 - - - -
IRF9621 TO-220AB -150 | -3.5 1.0 - - - -
[RF9622 TO- 220AB -200 | -3.0 1.5 - - - -
IRF9623 TO- 220AB -150 | -3.0 1.5 - - - -
IRF9630 TO-220AB -200 | -6.5 0.5 - - - -
[RF9631 TO-220AB -150 | -6.5 0.5 - - - -
IRF9632 TO-220AB -200 | -5.5 0.8 - - - -
IRF9633 TO-220AB -150 | -5.5 0.8 - - - —
IRFD9120 DIP -100 | -1.0 0.5 - - - -
IRFD9121 DIP -60 | -1.0 0.5 - - - -
IRFD9122 DIP -100 | -0.8 0.6 - - - -
IRFD9123 DIP -60 | -0.8 0.6 - - - -
IRF5522(N) | TO-220AB 100 4.0 0.3 - - - -
IRF5522(P) | TO-220AB -100 | -3.5 0.6 - - - -
IRF5523(N) | TO- 220AB 60 4.0 0.3 25K346 60 5 0.3
IRF5523(P) | TO-220AB -60 | -3.5 0.6 - - - -
IRF5532(N) | TO-220AB 100 8.0 0.2 25K551 120 10 0.15
IRF5532(P) | TO-220AB -100 | -6.5 0.3 28J127 -120 -10 0.2
IRF5533(N) | TO-220AB 60 8.0 0.2 25K428 60 12 0.1
IRF5533(P) | TO-220AB -60 | -6.5 0.3 25J102 -60 -5 0.3
IRFD120 DIP 100 1.3 0.3 - - - -
IRFD123 DIP 60 1.1 0.4 - - - =
IRFD210 DIP 200 0.6 2.4 - - - -
[RFD213 DIP 150 0.45 | 1.5 - - - -
IRFD9110 DIP -100 | -0.7 1.2 - - - -
IRFD9113 DIP -60 | -0.6 1.6 - - - -
IRFD9210 DIP -200 | -0.4 3.0 - - - -
IRFD9213 DIP -150 | -0.3 4.5 - - - -
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POWER MOSFET Cross Reference L ist

MANUFACTURER: Siliconix—1

typ typ
I ndustry P ackage Voss Io |RpsCon) HITACHI | Vypss Io Rops(on)
Part No. V) (A) (Q) | Equivalent | (V) A) Q)
VN35AA TO-3 35 2.0 2.0 - - - -
2N6656 T0-3 35 2.0 1.5 - - - -
VNO401A T0-3 40 16.0 0.12 - - - -
VN0400A TO-3 40 | 18.0 0.10 - — - -
VN6TAA TO-3 60 2.0 3.0 - - - -
2N6657 TO-3 60 2.0 2.5 - - - -
IRF123 T0-3 60 7.0 0.3 - - - -
VN64GA T0O-3 60 10.0 0.3 - - - =
IRF121 TO-3 60 8.0 0.25 - = - -
IRF133 TO-3 60 | 12.0 0.20 2SK398 100 10 0.2
IRF131 TO-3 60 14.0 0.14 - - - -
YNOBO1A T0-3 60 | 16.0 0.12 - - - -
VNO6OOA TO-3 60 | 18.0 0.10 - - - -
IRF143 TO-3 60 | 24.0 0.09 - - - -
IRF141 TO- 3 60 | 27.0 0.07 - - - -
IRF153 TO-3 60 | 33.0 0.06 2SK561 100 30 0.05
IRF151 T0-3 60 | 40.0 0.045 | 2SK561 100 30 0.05
VN08O1A T0-3 80 | 12.0 0.20 25K398 100 10 0.2
VN0800A TO-3 80 | 14.0 0.14 25K308 120 10 0.2
VYNIOAA T0O-3 90 1.7 4.5 - - - -
VN99AA TO-3 90 1.8 4.0 - - - -
2N6658 TO-3 90 1.9 3.5 - - - -
IRF122 TO-3 100 7.0 0.3 25K398 100 10 0.2
IRF120 TO-3 100 8.0 0.25 25K398 100 10 0.2
IRF132 T0-3 100 12.0 0.20 25K398 100 10 0.2
VN1001A TO-3 100 | 12.0 0.20 25K398 100 10 0.2
IRF130 TO-3 100 14.0 0.14 25K308 120 10 0.2
VN1000A TO-3 100 | 14.0 0.14 25K308 120 10 0.2
IRF142 TO-3 100 | 24.0 0.09 - - - -
IRF140 TO-3 100 | 27.0 ﬁ0.07 - - - -
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POWER MOSFET Cross Reference List

MANUFACTURER: Siliconix—2

typ typ
I ndustry P ackage Voss Io |RosCon) HITACHI | Vopss Io Rps (on)
Part No. V) A) (Q) | Bquivalent | (V) (A) Q)
IRF152 TO-3 100 33.0 0.06 | 2SK561 100 30 0.05
[RF150 TO-3 100 40.0 0.045 | 2SK561 100 30 0.05
VN1201A TO-3 120 12.0 0.20 | 2SK308 120 10 0.2
VN1200A TO-3 120 14.0 0.14 | 2SK308 120 10 0.2
IRF223 T0-3 150 4.0 0.8 25K135 160 7 1.0
IRF221 TO-3 150 5.0 0.5 25K414T0-3H 160 8 0.4
IRF233 TO-3 150 8.0 0.4 2SK414T0- 3R 160 8 0.4
IRF231 TO-3 150 9.0 0.25 - - - -
IRF243 TO-3 150 16.0 0.20 - - - -
IRF241 TO-3 150 18.0 0.14 - - - -
IRF253 TO-3 150 25.0 0.09 - - - -
[RF251 TO-3 150 30.0 0.07 - - - -
IRF222 TO-3 200 4.0 0.8 25K176 200 1.0
IRF220 TO-3 200 5.0 0.5 2SK400TO- 3R 200 0.5
IRF232 TO-3 200 8.0 0.4 25K401 250 10 0.3
IRF230 TO-3 200 9.0 0.25 | 2SK401 250 10 0.3
[RF242 TO-3 200 16.0 0.20 - - - -
[RF240 TO-3 200 18.0 0.14 - - - -
IRF252 TO-3 200 25.0 0.09 - - - -
IRF250 TO-3 200 30.0 0.07 - - - -
IRF323 TO-3 350 2.5 1.8 25K259@ 350 8 2.5
IRF321 TO-3 350 3.0 1.5 25K298 400 8 1.1
IRF333 TO-3 350 4.5 1.0 25K298 400 8 1.1
VN3501A TO-3 350 5.0 1.0 25K298 400 8 1.1
[RF331 TO-3 350 5.5 0.8 25K298 400 8 1.1
VN3500A TO-3 350 6.0 0.8 28K298 400 8 1.1
VNLOO1A TO-3 350 8.0 0.8 25K298 400 8 1.1
[RF343 TO- 3 350 8.0 0.68 | 2SKk312 400 12 0.6
IRF341 TO-3 350 10.0 0.47 | 2SK556 450 12 0.4
IRF353 TO-3 350 13.0 0.30 | 2SK559 450 15 0.25
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POWER MOSFET Cross Reference L ist

MANUFACTURER: Siliconix—3

typ typ
I ndustry P ackage Voss Io |RopsCon)] HITACHI | Vopss Ip Rps (on)
Part No. ) (A) (Q) | Bquivalent | (V) (A) Q)
[RF351 TO-3 350 | 15.0 0.25 28K559 450 15 0.25
IRF322 TO-3 400 2.5 1.8 25K260® 400 5 2.5
IRF320 TO-3 400 3.0 1.5 25K298 400 8 1.1
IRF332 TO-3 400 4.5 1.0 25K298 400 8 1.1
VN4001A TO-3 400 5.0 1.0 25K298 400 8 1.1
IRF330 TO-3 400 5.5 0.8 25K298 400 8 1.1
VN4000A TO- 3 400 6.0 0.8 25K298 400 8 1.1
VNMOO LA TO-3 400 8.0 0.8 25K298 400 8 1.1
IRF342 TO-3 400 8.0 0.68 2SK312 400 12 0.6
IRF340 TO-3 400 | 10.0 0.47 2SK312 400 12 0.6
IRF352 TO-3 400 | 13.0 0.30 25K559 450 15 0.25
IRF350 TO-3 400 | 15.0 0.25 25K559 450 15 0.25
IRF423 TO-3 450 2.0 3.0 - - - -
IRF421 TO-3 450 2.5 2.5 - - - -
IRF433 TO-3 450 4.0 1.5 25K299 450 8 1.1
VN45024 TO-3 450 4.0 1.5 25K299 450 8 1.1
[RF431 T0-3 450 4.5 1.3 25K299 450 8 1.1
VN4501A TO-3 450 4.5 1.3 25K299 450 8 1.1
VNNOO2A T0-3 450 6.5 1.3 25K299 450 8 1.1
[RF443 TO-3 450 7.0 1.0 25K299 450 8 1.1
IRF441 TO-3 450 8.0 0.8 25K313 450 12 0.6
IRF453 TO-3 450 | 12.0 0.4 25K5586 450 12 0.4
IRF451 TO-3 450 | 13.0 0.3 25K559 450 15 0.25
IRF422 TO- 3 500 | 2.0 3.0 - - - -
IRF420 TO-3 500 2.5 2.5 - - - -
IRF432 TO-3 500 4.0 1.5 - - - -
VN5002A TO-3 500 4.0 2.0 - - - -
IRF430 TO-3 500 4.5 1.3 - - - -
VN5001A TO-3 500 4.5 1.3 - - - -
VNP0OO2A TO-3 500 6.0 1.3 - - - -
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POWER MOSFET Cross Reference List

MANUFACTURER: Siliconix—4

typ typ
I ndustry P ackage Voss Io |RpsCon) HITACHI | Vypss Ip Rops (on)
Part No. V) (A) (Q) | Bquivalent | (V) A) )
IRF442 TO-3 500 7.0 1.0 25K557 500 12 0.45
[RF440 T0-3 500 8.0 0.8 25K557 500 12 0.45
[RF452 TO-3 500 12.0 0.4 25K560 500 15 0.3
[RF450 TO-3 500 13.0 0.3 28K560 500 15 0.3
VYNC003A TO-3 60 60.0 0.025 - - - -
VNE0O3A TO-3 100 60.0 0.025 - - - -
VYNGO04A TO-3 150 45.0 0.045 - - - -
VNJ0O04A TO-3 200 45.0 0.045 - - - -
VNLOO5A TO-3 350 25.0 0.18 - - - -
VNMOO05A TO-3 400 25.0 0.18 - - - -
VNNOOGA TO-3 450 20.0 0.28 | 2SK559 450 15 0.25
VNPOO6A TO-3 500 20.0 0.28 | 2SK560 500 15 0.3
VNS009A TO-3 600 5.0 1.7 600 5.0 1.8
VNS008A TO-3 600 5.0 1.2 600 5.0 1.8
VNT009A TO-3 650 5.1 1.7 - - - -
VNT008A TO-3 650 5.7 1.2 - - - -
VN0300D TO- 220AB 30 2.5 1.0 - - - -
VN40AD TO-220AB 40 1.5 4.0 - - - -
VN46AD TO-220AB 40 1.9 2.5 - - - -
VN0401D TO- 220AB 40 | 16.0 0.12 | 2SK428 60 10 0.10
VYN0400D TO-220AB 40 18.0 0.09 | 2SK428 60 10 0.10
VN6TAD TO-220AB 60 1.8 3.0 - - - -
VN66AD TO-220AB 60 1.9 2.5 - - - -
IRF523 TO-220AB 60 7.0 0.3 25K346 60 5 0.3
IRF521 TO-220AB 60 8.0 0.25 | 2SK346 60 5 0.3
IRF533 TO-220AB 60 12.0 0.20 | 2SK428 60 10 0.10
IRF531 TO-220AB 60 14.0 0.14 | 2Sk428 '60 10 0.10
YN0601D TO-220AB 60 16.0 0.12 | 2SK428 60 10 0.10
VYN0600D TO-220AB 60 18.0 0.09 | 2Sk428 60 10 0.10
IRF543 TO-220AB 60 24.0 0.09 - - - -
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POWER MOSFET Cross Reference List

MANUFACTURER: Siliconix—3

typ typ
I ndustry P ackage Voss Ip |RpsCon)] HITACHI | Vpss Ip Rps (on)
Part No. ) (A) (Q) | Bquivalent | (V) (A) (Q)
IRF541 TO-220AB 60 | 27.0 0.07 - - - -
VN8YAD TO-220AB 80 1.6 3.5 - - - -
VYN8BAD TO-220AB 80 1.7 3.0 - - - -
YNO801D TO-220AB 80 | 12.0 0.2 25K551 120 10 0.15
YNO080OD TO-220AB 80 | 14.0 0.14 28K551 120 10 0.15
[RF522 TO-220AB 100 7.0 0.30 2SK295 100 5.0 0.40
IRF520 TO-220AB 100 8.0 0.25 2SK551 120 10 0.15
IRF532 TO-220AB 100 | 12.0 0.20 2SK383 100 10 0.15
VN1001D TO-220AB 100 | 12.0 0.20 25K383 100 10 0.15
IRF530 TO-220AB 100 | 14.0 0.14 25K383 100 10 0.15
VN100OD T0-220AB 100 | 14.0 0.14 25K383 100 10 0.15
[RF542 TO-220AB 100 | 24.0 0.09 - - - -
IRF540 TO-220AB 100 | 27.0 0.07 - - - -
YN1206D TO-220AB 120 1.4 5.0 - - - -
VN1201D TO-220AB 120 | 12.0 0.2 25K383 100 10 0.15
VN1200D TO-220AB 120 | 14.0 0.14 25K383 100 10 0.15
1RF623 TO-220AB 150 4.0 0.8 - - - -
IRF621 TO-220AB 150 5.0 0.5 25K440 200 6.0 0.4
1RF633 TO-220AB 150 8.0 0.4 25K440 200 6.0 0.4
IRF631 TO-220AB 150 9.0 0.25 - - - -
IRF643 TO-220AB 150 116.0 0.20 - - - -
IRF641 TO-220AB 150 | 18.0 0.14 - - - -
VN1706D TO-220AB 170 1.4 5.0 - - - -
[RF622 TO- 220AB 200 4.0 0.8 - - - -
[RF620 TO-220AB 200 5.0 0.5 25K440 200 6.0 0.4
IRF632 TO-220AB 200 8.0 0.4 25K440 200 6.0 0.4
IRF630 TO-220AB 200 9.0 0.25 - - - —
IRF642 TO-220AB 200 | 16.0 0.20 - - - -
[RF640 TO-220AB 200 | 18.0 0.18 - - - -
VN2406D TO-220AB 240 1.4 5.0 25K296 300 1 2.5
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POWER MOSFET Cross Reference L ist

MANUFACTURER: Siliconix—#6

typ typ
I ndustry P ackage Voss I, |RpsCon) HITACHI | Vpss Iop Rops (on)
Part No. V) (A) () | Equivalent | (V) (A) Q)
[RF723 TO-220AB 350 2.5 1.8 25K310 400 3.0 2.5
IRF721 TO-220AB 350 3.0 1.5 25K319 400 5.0 1.1
[RF733 TO-220AB 350 4.5 1.0 25K319 400 5.0 1.1
YN3501D TO-220AB 350 5.0 1.0 25K319 400 5.0 1.1
IRFT731 TO-220AB 350 5.5 0.8 25K319 400 5.0 1.1
VN3500D TO- 220AB 350 6.0 0.8 28K319 400 5.0 1.1
IRF743 TO-220AB 350 8.0 0.68 | 2SK554 450 8.0 0.65
[RF741 TO-220AB 350 10.0 0.47 | 2SK554 - - -
IRF722 TO-220AB 400 2.5 1.8 25K310 400 3.0 2.5
IRF720 TO-220AB 400 3.0 1.5 28K319 400 5.0 1.1
[RF732 TO-220AB 400 4.5 1.0 25K319 400 5.0 1.1
VN4001D TO-220AB 400 5.0 1.0 25K319 400 5.0 1.1
IRF730 TO-220AB 400 5.5 0.8 28K319 400 5.0 1.1
VN4000D TO-220AB 400 6.0 0.8 25K319 400 5.0 1.1
[RF742 TO-220AB 400 8.0 0.68 | 2SK554 450 7.0 0.6
[RF740 TO-220AB 400 10.0 0.47 | 2SK554 450 7.0 0.6
[RF823 TO-220AB 450 2.0 3.0 28K311 450 3.0 2.5
[RF821 TO-220AB 450 2.5 2.5 28K311 450 3.0 2.5
[RF833 TO-220AB 450 4.0 1.5 28K320 450 5.0 1.1
VYN4502D TO-220AB 450 4.0 1.5 2SK320 450 5.0 1.1
IRF831 TO-220AB 450 4.5 1.3 25K320 450 5.0 1.1
YN4501D TO-220AB 450 4.5 1.3 25K320 450 5.0 1.1
[RF843 TO-220AB 450 7.0 1.0 25K320 450 5.0 1.1
IRF841 TO-220AB 450 8.0 0.8 25K320 450 5.0 1.1
IRF822 TO-220AB 500 2.0 3.0 25K382 500 2.0 2.5
IRF820 TO-220AB 500 2.5 2.5 25K382 500 2.0 2.5
IRF832 TO-220AB 500 4.0 1.5 25K553 500 5.0 1.5
yN5002D TO-220AB 500 4.0 1.5 28K553 500 5.0 1.2
IRF830 TO-220AB 500 4.5 1.3 25K553 500 5.0 1.2
VN5001D TO-220AB 500 4.5 1.3 28K553 500 5.0 1.2
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POWER MOSFET Cross Reference List

MANUFACTURER: Siliconix—17

typ typ
I ndustry P ackage Voss Io |RpsCon) HITACHI | Vopss Ip Rps (on)
Part No. (V) A) (Q) | Equivalent | (V) (A) Q)
IRF842 TO-220AB 500 7.0 1.0 2SK555 500 7.0 0.7
[RF840 TO-220AB 500 8.0 0.8 25K555 500 7.0 0.7
VNS009D TO-220AB 600 5.0 1.7 - - - -
VNS008D TO-220AB 600 5.7 1.2 - - - -
VNT009D TO-220AB 650 5.0 1.7 - - - -
VNT008D TO-220AB 650 5.1 1.2 - - - -
VN40AF TO-220AA 40 1.3 4.0 - - - -
VN46AF TO-220AA 40 1.6 2.5 - - - -
VN6TAF TO-220AA 60 1.6 3.0 - - - -
VN66AF TO-220AA 60 1.7 2.5 - - - -
VN8OAF TO-220AA 80 1.3 4.0 - - - -
VN8IAF TO-220AA 80 1.4 3.5 - - - -
VN8BAF TO- 220AA 80 1.5 3.0 - - - -
VN35AB TO- 39 35 1.2 2.0 - - - -
2N6659 TO- 39 35 1.4 1.4 - - - -
VN67AB TO- 39 60 1.0 3.0 - - - -
2N6660 TO- 39 60 1.1 2.5 - - - -
IRFF123 TO- 39 60 5.0 0.3 - - - -
IRFF121 TO-39 60 6.0 0.25 - - - -
VNIOAB TO- 39 90 0.8 4.0 - - — —
VN99AB TO- 39 90 0.9 3.5 - - - -
2N6661 TO- 39 90 0.9 3.0 - - - -
IRFF122 TO- 39 100 5.0 0.3 - - - -
IRFF120 TO- 39 100 6.0 0.25 — - - -
VN1206B TO- 39 120 0.8 5.0 - - - -
VN1706B TO- 39 170 0.8 5.0 25K196@ 160 0.5 8.0
VN2406B T0-39 240 0.8 5.0 - - - -
VNIOLE TO-52 60 0.2 4.0 - - - -
VN10KE TO-52 60 0.2 4.0 - - - -
VNO300M TO- 2317 30 0.7 1.0 - - - -
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POWER MOSFET Cross Reference L ist

MANUFACTURER: Siliconix—38
typ typ

I ndustry P ackage Voss Iy [RosCon)] HITACHI | Vpss Ip Rps (on)
Part No. ' (V) | (A) | (@) |EBauivalent| (V) | (A) | (@)
VN2222LM TO- 2317 60 0.25 6.0 - - — -
VN2222KM TO-237 60 0.25 6.0 - - - -
VNI1OLM TO- 2317 60 0.3 4.0 - - - -
VN1OKM TO-237 60 0.3 4.0 - = - -
VNOGO6M TO- 237 60 0.4 2.5 - - - -
VNOBOBM TO-237 80 0.35] 3.0 - - - -
VN1210M TO- 2317 120 0.26| 8.0 - = - -
VN1206M TO- 2317 120 0.3 5.0 - - - -
VNLT10M TO- 237 170 0.25]| 8.0 - - - -
VN1706M TO- 237 170 0.3 5.0 - - - -
VN2410M TO- 2317 240 0.25| 8.0 - - - -
VN2406M TO- 237 240 0.3 5.0 - - - -
VN2222L TO-92 60 0.15] 6.0 - - - -
VNO610L TO-92 60 0.2 4.0 - - - -
VN1210L TO-92 120 0.16 ] 8.0 - - - -
VN1206L TO-92 120 0.21| 5.0 - - - -
VN1T10L TO-92 170 0.16| 8.0 - - - -
VN1T706L TO-92 170 0.21] 5.0 - - - -
VN2410L TO-92 240 0.16 8.0 - - - -
VN2406L TO-92 240 0.21| 5.0 - - - -
VQL001pP DIL 14-Pin 30 0.85] 0.8 - - - -

(Side Braze)
vQ1o00p ” 60 0.225% 4.5 - - - -
vQ1004Pp ” 60 0.46 | 3.0 - - - -
VQ1006P ” 90 0.40 | 3.5 - - - -
va1o01) DIL 14-Pin 30 0.85| 0.8 - - - -

(Plastic)
vQ1000) ” 60 0.225 4.5 - - - -
¥Q1004] ” 60 0.46 | 3.0 - - - -
VQ1006) ” 90 0.40 | 3.5 - - - -
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POWER MOSFET Cross Reference L ist

MANUFACTURER: MOTOROLA—1
typ typ

I ndustry P ackage Voss Io |RosCon) HITACHI | Vpss Io Rps(on)
Part No. (V) (A) () | Bauivalent | (V) (A) Q)
MTMIN100 TO-3 1000 1.0 8.0 - - - - .
MTMINSS TO-3 950 1.0 8.0 - - - -
MTM2N90 TO-3 900 2.0 6.0 - - - -
MTM2N85 TO-3 850 2.0 6.0 - - - -
MTM2N50 TO-3 500 2.0 3.0 - - - -
MTM2P50 T0-3 -500 | -2.0 4.5 - - - -
MTM2N45 TO-3 450 2.0 3.0 - - - -
MTM2P45 TO-3 -450 [ -2.0 4.5 - - - -
MTM3NGO TO-3 600 3.0 2.0 600 5.0 1.8
MTM3N55 T0-3 550 3.0 2.0 600 5.0 1.8
[RF432 T0-3 500 3.0 1.5 - - - -
IRF433 TO-3 450 3.0 1.5 25K299 450 8.0 1.1
MTM3N40 TO-3 400 3.0 2.5 - - - -
MTM3N35 TO-3 350 3.0 2.5 - - - -
IRF332 T0-3 400 3.5 1.0 25K298 400 8.0 1.1
[RF333 TO-3 350 3.5 1.0 25K298 400 8.0 1.1
MTM4N50 TO-3 500 4.0 1.5 - - - -
MTMAN45 TO-3 450 4.0 1.5 25K299 450 8.0 1.1
MTM5N40 TO-3 400 5.0 1.0 25K298 400 8.0 1.1
MTM5N35 TO-3 350 5.0 1.0 25K298 400 8.0 1.1
MTM5N20 TO-3 200 5.0 0.8 25K176 200 8.0 1.0
MTM5N18 TO-3 180 5.0 0.8 28K175 180 8.0 1.0
MTM6NG0 T0-3 600 6.0 1.0 - - - -
MTMBNSS TO-3 550 6.0 1.0 - - - -
MTM7N50 TO-3 500 7.0 0.8 28K512 500 12.0 0.55
MTM7N45 TO-3 450 7.0 0.8 25K313 450 12.8 0.6
MTM7N20 TO-3 200 7.0 0.55 25K400TO- 3P 200 8.0 0.5
MTM7N18 TO-3 180 7.0 0.55 25K400TO-3H 200 8.0 0.5
MTM7N15 TO-3 150 7.0 0.5 25K414T0-3P 160 8.0 0.4
MTM7N12 TO-3 120 7.0 0.5 2SK413T0- 3P 140 8.0 0.4
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POWER MOSFET Cross Reference List

MANUFACTURER: MOTOROLA— 2

typ typ
I ndustry P ackage Voss Io |RpsCon)] HITACHI | Vpss Ip Rops (on)
Part No. v) (A) (Q) | Bquivalent | (V) (A) Q)
MTM8N40 TO-3 400 8.0 0.65 | 2SK312 400 12.0 0.6
MTM8N35 TO-3 350 8.0 0.65 2S5K312 400 12.0 0.6
MTM8N20 TO-3 200 8.0 0.3 25K401 250 10.0 0.3
MTM8N18 TO-3 180 8.0 0.3 - - - -
MTM8N15 TO-3 150 8.0 0.4 - - - -
MTM8N12 TO-3 120 8.0 0.4 - - - -
MTM8N10 TO-3 100 8.0 0.4 - - - -
MTMBNO8 TO-3 80 8.0 0.4 - - - -
MTM8NO8 TO-3 80 8.0 0.3 25K398 100 10.0 0.20
MTM8P08 TO-3 -80 -8.0 0.3 28J112 -100 -10.0 0.25
MTM10N15 TO-3 150 10.0 0.25 - - - -
MTM10N12 TO-3 120 10.0 0.25 | 2SK308 120 10.0 0.2
MTM10N10 TO-3 100 10.0 0.28 | 2SK308 120 10.0 0.2
[RF132 TO-3 100 10.0 0.20 | 2SK308 120 10.0 0.2
MTM10NO8 TO-3 80 10.0 0.28 2SK398 100 10.0 0.2
IRF133 TO-3 60 10.0 0.20 25K398 100 10.0 0.2
MTM12N20 TO-3 200 12.0 0.30 - - - -
MTM12N18 TO-3 180 12.0 0.30 - - - -
MTM12N15 TO-3 150 12.0 0.20 - - - -
MTM12N12 TO-3 120 12.0 0.20 25K308 120 10.0 0.2
MTM12N10 TO-3 100 12.0 0.14 | 25K308 120 10.0 0.2
MTM12NO8 TO-3 80 12.0 0.14 | 2SK308 120 10.0 0.2
MTM12NOB TO-3 60 12.0 0.15 - - - -
MTM12N05 TO-3 50 12.0 0.15 - - - -
MTML15N50 TO-3 500 15.0 0.40 | 2SK560 500 15.0 0.3
MTM15N45 TO-3 450 15.0 0.40 | 2SK559 450 15.0 0.25
MTM15N40 TO-3 400 15.0 0.30 25K559 450 15.0 0.25
MTML15N35 TO-3 350 15.0 0.30 | 2SK559 450 15.0 0.25
MTM15N15 TO-3 150 15.0 0.20 - - - -
MTML5N12 TO-3 120 15.0 0.20 | 2SK308 120 10.0 0.2
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POWER MOSFET Cross

Reference L ist

MANUFACTURER: MOTOROLA-—3

typ typ
I ndustry P ackage Voss Io |RpsCon)l HITACHI | Vopss Ip Rops (on)
Part No. (v) A) (Q) | Equivalent | (V) (A) (Q)
MTM15N06 TO-3 60 | 15.0 0.12 - - - —
MTM15N05 TO-3 50 | 15.0 0.12 - - - -
MTPIN100 TO-220AB 1000 1.0 8.0 - - -~ -
MTPIN95 TO-220AB 950 1.0 8.0 - - - -
MTP2N90 TO-220AB 900 2.0 6.0 - - - -
MTP2N85 TO-220AB 850 2.0 6.0 25K513 800 3.0 5.0
MTP2N50 TO-220AB 500 2.0 3.0 25K382 500 2.0 2.5
MTP2P50 TO-220AB -500 | -2.0 5.0 - - - -
MTP2N45 TO-220AB 450 2.0 3.0 25K311 450 3.0 2.5
MTP2P45 TO-220AB -450 | -2.0 5.0 28J117 -400 -2.0 5.0
MTP2N40 TO-220AB 400 2.0 2.5 25K310 400 3.0 2.5
MTP2N35 TO-220AB 350 2.0 2.5 25K310 400 3.0 2.5
MTP2N20 TO-220AB 200 2.0 1.5 - - - -
MTP2N18 TO-220AB 180 2.0 1.5 - - - -
MTP3N60 TO-220AB 600 3.0 2.0 - - - -
MTP3N55 TO-220AB 550 3.0 2.0 - - - -
IRF832 TO-220AB 500 3.0 1.5 25K553 500 5.0 1.2
IRF833 TO-220AB 450 3.0 1.5 25K320 450 5.0 1.1
MTP3N40 TO-220AB 400 3.0 2.5 28K310 400 3.0 2.5
[RF732 TO-220AB 400 3.0 1.0 25K319 400 5.0 1.1
MTP3N35 TO-220AB 350 3.0 2.5 28K310 400 3.0 2.5
IRF733 TO-220AB 350 3.0 1.0 25K319 350 5.0 1.1
MTP3N15 TO-220AB 150 3.0 1.0 - - - -
MTP3N12 TO-220AB 120 3.0 1.0 - - - -
MTP4NS0 TO- 220AB 500 4.0 1.5 25K553 500 5.0 1.2
MTP4N45 TO-220AB 450 4.0 1.5 2SK320 450 5.0 1.1
MTP5N40 TO-220AB 400 5.0 1.0 28K319 400 5.0 1.1
MTP5N35 TO-220AB 350 5.0 1.0 25K319 400 5.0 1.1
MTP5N20 TO-220AB 200 5.0 0.8 - - - -
MTP5N18 TO-220AB 180 5.0 0.8 - - - -
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POWER MOSFET Cross Reference L ist

MANUFACTURER: MOTOROLA-—4

typ typ
I ndustry P ackage Voss Io |[RosCon)] HITACHI | Vopss Ip Rps (on)
Part No. (V) A) (Q) | Equivalent | (V) (A) €2))
MTP5N06 TO- 220AB 60 5.0 0.4 25K346 60 5.0 0.3
MTP5NO5 TO- 220AB 50 5.0 0.4 25K346 60 5.0 0.3
MTP7N20 TO- 220AB 200 7.0 0.55 | 2SK440 200 6.0 0.4
MTP7N18 TO- 220AB 180 7.0 0.55 | 2SK440 200 6.0 0.4
MTP7N15 TO-220AB 150 7.0 0.60 - - - -
MTPTN12 TO-220AB 120 7.0 0.60 | 2SK295 100 5.0 0.4
MTP8N20 TO-220AB 200 8.0 0.40 | 2SK440 200 6.0 0.4
MTP8N18 TO-220AB 180 8.0 0.40 | 2SK440 180 6.0 0.4
MTP8N1S TO-220AB 150 8.0 0.30 - - - -
MTP8N12 TO-220AB 120 8.0 0.30 | 2SK551 120 10.0 0.15
MTP8N10 TO-220AB 100 8.0 0.30 | 25K295 100 5.0 0.4
MTP8P10 TO-220AB -100 -8.0 0.30 | 2sj127 -120 -10.0 0.2
IRF532 TO-220AB 100 8.0 0.20 | 2SK383 100 10.0 0.15
MTP8N08 TO-220AB 80 8.0 0.40 | 25K294 80 5.0 0.4
MTP8P08 TO-220AB - 80 -8.0 0.30 | 2s)127 -120 -10.0 0.2
[RF533 TO-220AB 80 8.0 0.20 | 2SK551 120 10.0 0.15
MTP1ON1S TO-220AB 150 10.0 0.25 - - - -
MTP1ON12 TO-220AB 120 10.0 0.25 | 2SK551 120 10.0 0.15
MTP10N10 TO- 220AB 100 10.0 0.28 | 2SK383 100 10.0 0.2
MTP10NOS TO- 220AB 80 10.0 0.28 | 2SK383 100 10.0 0.2
MTP1ONOB TO-220AB 60 10.0 0.22 | 2SK549 60 10.0 0.1
MTP1ONOS TO-220AB 50 10.0 0.22 | 2SK549 60 10.0 0.1
MTP12N10 TO-220AB 100 12.0 0.14 | 2SK383 100 10.0 0.15
MTP12N08 TO-220AB 80 12.0 0.14 | 2SK551 120 10.0 0.15
MTP12NOG TO-220AB 60 12.0 0.15 | 2SK428 60 10.0 0.10
MTP12N0S TO-220AB 50 12.0 0.15 | 2SK428 60 10.0 0.10
MTP15N06 TO-220AB 60 15.0 0.12 | 2SK428 60 10.0 0.10
MTP15N05 TO-220AB 50 15.0 0.12 | 2SK428 60 10.0 0.10

341




POWER MOSFET Cross Reference L ist

MANUFACTURER: INTERSIL-1

typ typ
I ndustry P ackage Voss Io |RosCon) HITACHI | Vopss Io Rps(on)
Part No. V) (A) (Q) | Equivalent | (V) (A) Q)
IVN5000AND | TO-237 40 0.7 2.0 - - - -
[VN5001AND | TO-237 40 0.7 2.0 - - - -
IVN5201CND | TO-220AB 40 5.0 0.4 25K345 40 5.0 0.3
1VN5200HND | TO- 66 40 5.0 0.4 - - - -
IVN520LHND | TO-66 40 5.0 0.4 - - - -
IVN5000SND | TO-52 40 0.9 2.0 - - - -
IVN5001SND | TO- 52 40 0.9 2.0 - - - -
IVN5200TND | TO- 39 40 4.0 0.4 - - - -
IVN5201TND | TO-39 40 4.0 0.4 - - - -
IVN5000TND | TO- 39 40 1.2 2.0 - - - -
IVN5001TND | TO- 39 40 | 1.2 | 2.0 - - - -
IYN5200KND | TO-3 40 5.0 0.4 - - - -
IVN5201KND | TO-3 40 5.0 0.4 - - - -
IVN5000ANE | TO-237 60 0.7 2.0 - - - -
IVN5001ANE | TO-237 60 0.7 2.0 - - - -
IYN5201CNE | TO-220AB 60 5.0 0.4 25K346 60 5.0 0.3
IVN5200HNE | TO- 66 60 5.0 0.4 - - - -
IVN5201HNE | TO- 66 60 5.0 0.4 - - - -
IVN5000SNE | TO-52 60 0.9 2.0 - - - —
IVN5001SNE | TO-52 60 0.9 2.0 - - - -
IVN5200TNE | TO-39 60 4.0 0.4 - - - -
IVN5201TNE | TO-39 60 4.0 0.4 - - - -
IVN5000TNE | TO- 39 60 1.2 2.0 - - - -
IYN5001TNE | TO-39 60 1.2 2.0 - - - -
TVN5200KNE | TO-3 60 5.0 0.4 - - - -
IVN5201KNE | TO-3 60 5.0 0.4 - - - -
IVN5000ANF | TO-237 80 0.7 2.0 - - - -
IVN5001ANF | TO- 237 80 0.7 2.0 - - - -
IVN5201CNF | TO-220AB 80 5.0 0.4 25K294 80 5.0 0.4
TVN5200HNF | TO- 66 80 5.0 0.4 - - - -

342




POWER MOSFET Cross Reference L ist

MANUFACTURER: INTERSIL-—2

typ typ
I ndustry P ackage Voss Io |RosCon)] HITACHI | Vopss Io Rps (on)
Part No. (v) (A) (Q) | Equivalent | (V) A) Q)
IVN520LHNF | TO-66 80 5.0 0.4 - - - -
[VN5000SNF | TO-52 80 0.9 2.0 - - - -
IVN5001SNF | TO-52 80 0.9 2.0 - - - -
[VN5200TNF | TO-39 80 4.0 0.4 - - - -
IVN520LTNF | TO-39 80 4.0 0.4 - - - -
IVN5000TNF | TO-39 80 1.2 2.0 - - - -
[VN5001TNF | TO-39 80 1.2 2.0 - - -
TVYN5200KNF | TO-3 80 5.0 0.4 - - - -
IVN5201KNF | TO-3 80 5.0 0.4 - - - -
TVNS000TNG | TO-39 90 1.2 2.0 - - - -
IVN500LTNG | TO-39 90 1.2 2.0 - - - -
IVNSOO00ANH | TO- 237 100 0.7 2.0 - - - -
IYN5000SNH | TO-52 100 0.9 2.0 - - - -
[VN5000TNH | TO-39 100 1.2 2.0 - -
TVN5001ANH | TO-237 100 0.7 2.0 - - - -
[VN5001SNH | TO-52 100 0.9 2.0 - - - -
IVN5001TNH | TO-39 100 1.2 2.0 - - - -
[VN5200HNH | TO-66 100 5.0 0.4 - - - -
IVN5200TNH | TO- 39 100 4.0 0.4 - - - -
[VN5201CNH | TO- 220AB 100 5.0 0.4 25K295 100 5.0 0.4
JVN5201HNH | TO-66 100 5.0 0.4 - - - -
IVN5201KNH | TO-3 100 5.0 0.4 - - - -
IVN5201TNH | TO-39 100 4.0 0.4 - - - -
IVN5201TNH | TO-39 100 4.0 0.4 - - - -
IVN60OOKNR | TO-3 350 2.25| 2.5 - - - -
[VN6OOOKNS | TO-3 400 2.25| 2.5 - - - -
[VYN60OOCNS | TO-220AB 400 2.0 2.5 25K310 400 3.0 2.5
IVN6OOOTNS | TO-39 400 1.0 2.5 - - - -
IVNB100TNS | TO-39 400 0.5 8.0 - = - -
IVNG6OOOKNT | TO-3 450 2.25] 2.5 - - - -
[VN60OOCNT | TO-220AB 450 2.0 2.5 28K311 450 3.0 2.5
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POWER MOSFET Cross Reference List

MANUFACTURER: INTERSIL-—3

typ typ
I ndustry P ackage Voss Ip |RosCon)] HITACHI | Vpss Ip Rps (on)
Part No. v) (A) (Q) | Equivalent | (V) (A) (Q)
IVN6OOOTNT | TO- 39 450 1.0 2.5 - - - -
IVN6LOOTNT | TO-39 450 0.5 8.0 2SK579 500 1.5 3.5
IVN60OOKNU | TO-3 500 2,25 2.5 - - - -
IVN600OCNU | TO-220 500 1.75 3.0 25K382 500 2.0 2.5
IVN60OOTNU | TO-39 500 0.87 2.5 - - - -
IVN6100TNU | TO-39 500 0.5 10.0 - - - -
IVYN6200CND | TO-220AB 40 0.3 25K345 40 5.0 0.3
IVN6200CNE | TO-220AB 60 0.2 25K346 60 5.0 0.3
1VN6200CNF | TO-220AB 80 0.2 25K551 120 10.0 0.15
1VN6200CNH | TO- 220AB 100 0.2 2SK551 120 10.0 0.15
[VN6200CNM | TO-220AB 200 0.4 2SK440 200 6.0 0.4
IVN6200CNP | TO-220AB 250 0.4 - - - -
1VN6200CNR | TO-220AB 395 2.0 2SK310 400 3.0 2.5
1VN6200CNS | TO-220AB 400 1.2 25K319 400 5.0 1.1
IVN6200CNT | TO- 220AB 450 1.2 25K320 450 5.0 1.1
IVN6200CNU | TO-220AB 500 1.5 2SK553 500 5.0 1.2
IVN6200KND | TO-3 40 0.2 - - - -
IVN6200KNE | TO-3 60 0.2 - - - -
IVN6200KNF | TO-3 80 0.2 25K398 100 10.0 0.2
[VN6200KNH | TO-3 100 0.2 25K398 100 10.0 0.2
IVN6200KNM | TO-3 200 0.4 25K401 250 10.0 0.3
IVN6200KNP | TO-3 250 0.4 2SK401 250 10.0 0.3
IVN6200KNS | TO-3 400 1.2 25K298 400 8.0 1.1
IVN6200KNT | TO-3 450 1.2 25K299 450 8.0 1.1
IVN6200KNU | TO-3 500 1.5 - - - -
IVN6300ANE | TO- 237 60 5.0 - - - -
IVN6300ANF | TO- 237 80 5.0 - - - -
[VNB300ANH | TO-237 100 5.0 - - - -
IVN6300ANM | TO- 237 200 15.0 - - - -
IVN6300ANP | TO- 237 250 15.0 - - - -
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POWER MOSFET Cross

Reference L ist

MANUFACTURER: INTERSIL—4

typ typ
I ndustry P ackage Voss Io |RpsCon)] HITACHI | Vpss Io Rps (on)
Part No. Q'D) (A) (Q) | Equivalent | (V) (A) Q)
[VYN6300ANS | TO-237 400 50.0 - - - -
IVN6300ANT | TO-237 450 50.0 - - - -
[VN6300ANU | TO- 237 500 50.0 - - - -
[VN6300SNE | TO-52 60 5.0 - - - -
[VN6300SNF | TO-52 80 5.0 - - - -
[VN6300SNH | TO-52 100 5.0 - - - -
[YN630OSNM | TO-52 200 15.0 - - - -
[VN6300SNP | TO-52 250 15.0 - - - -
IVN6300SNS | TO-52 400 50.0 - - - -
[YNB300SNT | TO-52 450 50.0 - - - -
[VN6300SNU | TO-52 500 50.0 - - - -
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POWER MOSFET Cross Reference List

MANUFACTURER: SUPERTEX—1

typ typ
I ndustry Package | Voss Io |Rps(on)] HITACHI | Vopss Ip Rps (om)
Part No. ; (V) | (A) | (Q) |Equivalent| (V) | (A) Q)
VNOLO4NL T0-3 40 3 2.0 - - - -
YNOLO6N1 T0-3 60 3 2.5 - - - -
VNO108NL TO-3 80 3 3.0 - - - -
VNOLOONL TO-3 90 3 3.5 - - - ~
VNOL1O4N2 TO- 39 40 3 2.0 - - - -
YNOLO6N2 TO- 39 60 3 2.5 - - - -
VNO108N2 TO- 39 80 3 3.0 - -~ - -
VNOL1O9N2 T0- 39 90 3 3.5 - - - -
YNOLO4N3 T0-92 40 1 2.0 - - - -
YNOLO6N3 TO-92 60 1 2.5 - - - -
VYNO108N3 TO-92 80 1 3.0 - - - -
VYNOLOON3 T0-92 90 1 3.5 - - - -
VNO104N4 T0-202 40 2 2.0 - - - -
VYNO106N4 TO-202 60 2 2.5 - - - -
VNOL1O8N4 TO-202 80 2 3.0 - - - -
VYNOL109N4 TO-202 80 2 3.5 - - - -
VYNOLO4NS TO-220AB 40 3 2.0 - - - -
VNOLOBNS TO-220AB 60 3 2.5 - - - -
VNOLOBNS T0-220AB 80 3 3.0 - - - -
VYNOLO9NS TO-220AB 90 3 3.5 - - - -
VYNOLO4NG DIP-14Pin 40 1 2.0 - - - -
VNO1O6NG DIP-14Pin 60 1 2.5 - - - -
YNOL108NG DIP-14Pin 80 1 3.0 - - - -
-VYNOLOYNG DIP-14Pin 90 1 3.5 - - - -
VPO104N1 TO-3 -40 -3 4.0 - - - -
VYPO106N1 TO-3 - 60 -3 4.5 - - - -
VP0108NL TO-3 - 80 -3 5.0 - - - -
VPO109N1 TO-3 -90 -3 5.5 - - - -
VP0104N2 TO- 39 -40 -3 4.0 - - - -
VYPO106N2 TO- 39 -60 -3 4.5 - - - -
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POWER MOSFET Cross

Reference L ist

MANUFACTURER: SUPERTEX-—2

typ typ

I ndustry P ackage Voss Io |RpsCon)] HITACHI | Vopss | Rps (on)
Part No. ) A) (Q) | Equivalent | (V) (A) Q)
VPO108N2 TO- 39 -80 -3 5.0 - - - -
VPO109N2 TO- 39 -90 -3 5.5 - - - -
VP0104N3 TO-92 -40 -1 4.0 - - - -
VPO106N3 T0-92 -60 -1 4.5 - - - -
VPO108N3 TO-92 -80 -1 5.0 - - - -
VPO109N3 TO-92 -90 -1 5.5 - - - -
VPO104N5 TO-220AB -40 -3 4.0 - - - -
VPO106N5 TO-220AB -60 -3 4.5 - - - -
VPO108NS TO-220AB -80 -3 5.0 - - - -
VPO109NS TO-220AB -90 -3 5.5 - - - -
VP0O104N6 DIP-14Pin -40 -2 4.0 - - - -
VP0O106N6 DIP-14Pin -60 -2 4.5 - - - -
VP0108N6 DIP-14Pin -80 -2 5.0 - - - -
VPO109NG DIP-14Pin -90 -2 5.5 - - - -
VNO204N1 TO-3 40 6 1.2 - - - -
VNO206N1 TO-3 60 6 1.4 - - - -
VNO208N1 TO-3 80 6 1.6 - - - -
VNO209N1 TO-3 90 6 1.8 - - - -
VNO204N2 TO- 39 40 4 1.2 - - - -
VNO206N2 TO- 39 60 4 1.4 - - - -
VNO208N2 TO- 39 80 4 1.6 - - - -
VYN0209N2 TO- 39 90 4 1.8 - - - -
VNO0204N5 TO-220AB 40 4 1.2 - - - -
VNO206N5 TO-220AB 60 4 1.4 - - - -
VN0208NS TO-220AB 80 4 1.6 - - - -
VNO209N5 TO-220AB 90 4 1.8 - - - -
VN0204N6 DIP-14Pin 40 3 1.2 - - - -
VNO206N6 DIP-14Pin 60 3 1.4 - - - -
VNO208N6 DIP-14Pin 80 3 1.6 - - - -
VNO209N6 DIP-14Pin 90 3 1.8 - - - -
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POWER MOSFET Cross Reference L ist

MANUFACTURER: SUPERTEX—3

typ typ
I ndustry P ackage Voss I, |RpsCon)] HITACHI | Vopss Io Ros (on)
Part No. ) (A) (Q) | Equivalent | (V) A) Q)
VP0204N1 TO- 3 -40 -6 2.0 - - - -
VP0206N1 TO-3 - 60 -8 2.5 - - - -
VP0208N1 T0-3 -80 -8 3.0 - - - -
YP0209N1 T0-3 -90 -6 3.5 - - - -
VP0204N2 TO- 38 -40 -4 2.0 - - - -
VP0206N2 TO- 39 -60 -4 2.5 - - - -
YP0208N2 TO- 39 -80 -4 3.0 - - - -
VP0209N2 TO- 39 -90 -4 3.5 - - - -
YP0204N5 TO- 220AB -40 -4 2.0 - - - -
YP0206N5 TO-220AB -60 -4 2.5 - - - -
YP0208N5 TO- 220AB -80 -4 3.0 - - - -
YP0209N5 TO- 220AB -90 -4 3.5 - - - -
YP0204N6 DIP-14Pin - 40 -3 2.0 - - - -
VP0206N6 DIP-14Pin -60 -3 2.5 - - - -
VP0208NS DIP-14Pin -80 -3 3.0 - - - -
YP0209N6 DIP-14Pin -90 -3 3.5 - - - -
YNO0330N1 T0- 3 300 8 2.0 - - - -
YN0335N1 TO- 3 350 6 2.2 - - - -
YNO340N1 TO- 3 400 6 2.4 - - - -
YN0345N1 TO- 3 450 6 2.8 - - - -
YNO330N2 TO- 39 300 6 2.0 - - - -
YN0335N2 TO- 39 350 6 2.2 - - - -
VNO340N2 T0- 39 400 6 2.4 - - - -
YNO345N2 TO- 39 450 6 2.6 - - - -
YNO330NS TO-220AB 300 6 2.0 - - - -
VN0335N5 TO-220AB 350 6 2.2 25K310 400 3 2.5
VYN0340N5 TO-220AB 400 6 2.4 25K310 400 3 2.5
VNO345N5 TO- 220AB 450 6 2.4 25K311 450 3 2.5
VYN1204N1 TO-3 40 16 0.25 - - - -
YN1206N1 TO-3 60 16 0.25 | 2SK398 100 10 0.20
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POWER MOSFET Cross Reference L ist

MANUFACTURER: SUPERTEX-—4

typ typ
I ndustry P ackage Voss Io |RosCon)] HITACHI | Vopss Iop Rops(on)
Part No. V) (A) (Q) | Equivalent | (V) (A) Q)
VN1208N1 TO-3 80 16 0.25 | 25K398 100 10 0.20
VN1209N1 TO-3 90 16 0.25 | 2SK398 100 10 0.20
VN1204N2 TO- 39 40 8 0.25 - - - -
VN1206N2 TO- 39 60 8 0.25 - - - -
VN1208N2 TO- 39 80 8 0.25 - - - -
VN1209N2 TO- 39 90 8 0.25 - - - -
VN1204N5 TO-220AB 40 16 0.25 | 2SK345 40 5 0.30
VN1206N5 TO-220AB 60 16 0.25 | 2SK346 60 5 0.30
VN1208N5 TO- 220AB 80 16 0.25 - - - -
VP1209N5 TO-220AB 90 16 0.25 - - - -
VP1204N1 TO-3 -40 -12 0.5 - - - -
VP1206N1 TO-3 -60 -12 0.5 - - - -
VP1208N1 TO-3 -80 -12 0.6 28J112 -100 -10 0.30
VP1209N1 TO-3 -90 -12 0.6 25J112 -100 -10 0.30
VP1204N2 TO- 39 -40 -6 0.5 - - - -
VP1206N2 | TO-39 -60 -6 0.5 - - - -
VP1208N2 TO-39 -80 -6 0.6 - - - -
VP1209N2 TO-39 -90 -6 0.6 - - - -
VP1204N5 TO-220AB -40 -12 0.5 25J101 -40 -5 0.30
VP1206N5 TO-220AB -60 -12 0.5 28J102 -60 -9 0.30
VP1208N5 TO- 220AB -80 -12 0.6 - - - -
VN1209N5 TO- 220AB -90 -12 0.6 - - - -
VN1304N2 TO- 39 40 1.5 4.0 - - = -
VN1306N2 TO-39 60 1.5 5.0 - - - -
VN1308N2 TO- 39 80 1.5 6.0 - - - -
VN1309N2 TO-39 90 1.5 7.0 - - - -
VYN1304N3 T0-92 40 1.0 4.0 - - - -
VN1306N3 TO-92 60 1.0 5.0 - - - -
VN1308N3 TO-92 80 1.0 6.0 - - - -
VN1309N3 TO-92 90 1.0 7.0 - - - -
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POWER MOSFET Cross Reference List

MANUFACTURER: SUPERTEX—5

typ typ
I ndustry P ackage Voss Io |Ros(on)] HITACHI | Vopss Ip Rps (on)
Part No. V) A) () | Equivalent | (V) (A) Q)
VN1304N6 DIP-14Pin 40 1.0 4.0 - - - -
VN1306N6 DIP-14Pin 60 1.0 5.0 - - - -
VN1308N6 DIP-14Pin 80 1.0 6.0 - - - -
VN1309N6 DIP-14Pin 90 1.0 7.0 - - - -
VP1304N2 TO- 39 40 1.0 20.0 - - - -
VP1306N2 TO- 39 60 1.0 20.0 - - - -
VP1308N2 TO- 39 80 1.0 20.0 - - - -
VP1309N2 TO- 39 90 1.0 20.0 - - - -
VP1304N3 TO-92 40 1.0 20.0 - - - -
VP1306N3 TO-92 60 1.0 20.0 - - - -
VP1308N3 TO-92 80 1.0 20.0 - - - -
VP1309N3 TO-92 90 1.0 20.0 - - - -
VP1304N6 DIP-14Pin 40 1.0 20.0 - - - -
VYP1306N6 DIP-14Pin 60 1.0 20.0 - - - -
VYP1308N6 DIP-14Pin 80 1.0 20.0 - - - -
VP1309N6 DIP-14Pin 90 1.0 20.0 - - - -
VN0430N1 TO-3 300 0.5 ~ - - -
VN0435N1 TO-3 350 0.5 28K312 400 12 0.6
VNO440N1 TO-3 400 0.6 28K312 400 12 0.6
VYN0445N1 TO-3 450 0.6 25K313 450 12 0.6
VN0450N1 TO-3 500 1.0 25K557T0-3R 500 12 0.45
VN0455N1 TO-3 550 1.2 - - - -
YN2306N1 TO-3 60 0.05 - - - -
VYN2310N1 TO-3 100 0.07 - - - -
VN2315N1 TO-3 150 0.14 - - - -
VN2320N1 TO-3 200 0.25 | 2SK401 250 10 0.3
VN2330N1 TO-3 300 0.40 - - - -
VYN2330N1 TO-3 300 0.40 - - - -
VN2340N1 TO-3 400 0.50 | 2SK312 400 12 0.6
YN2345N1 TO-3 450 0.50 | 2SK313 450 12 0.6
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POWER MOSFET Cross Reference L ist

MANUFACTURER: SUPERTEX—6

typ typ
I ndustry P ackage Voss Io |RpsCon)] HITACHI | Vopss Ip Rps (on)
Part No. v) (A) (Q) | Equivalent | (V) (A) (Q)
YN2350N1 TO-3 500 0.8 25K512 500 12 0.55
VN2355N1 TO-3 550 1.0 - - - -
VP0430N1 TO-3 -300 1.0 - - - -
VP0435N1 TO-3 -350 1.0 - - - -
VP0440N1 TO-3 -400 1.2 25J116 400 8 1.75
VP0445N1 TO-3 -450 1.2 28J116 400 8 1.75
VP0450N1 TO-3 -500 2.0 - - - -
YP0455N1 TO-3 - 550 2.5 - - - -
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POWER

MOSFET Cross

Reference L ist

MANUFACTURER: RC A

typ typ
I ndustry P ackage Voss I, |RpsCon)] HITACHI | Vpss Ip Rps (on)
Part No. V) A) () | Equivalent | (V) (A) @
RCA9196A TO- 39 100 1.0 2.0 - - - -
RCA9196B TO- 39 150 1.0 2.0 - - - -
RCA9213A TO-220AB 100 1.0 2.0 - - - -
RCA9213B TO-220AB 150 1.0 2.0 - - - -
RCA9192A TO-3 100 5.0 0.25 | 2SK398 100 10 0.20
RCA9192B TO-3 150 5.0 0.25 - - - -
RCA9212A TO-220AB 100 5.0 0.25 | 2SK383 100 10 0.15
RCA9212B TO-220AB 150 5.0 0.25 - - - -
RCA9195A TO-3 100 10 0.1 25K308 120 10 0.20
RCAS195B TO-3 150 10 0.1 - - - -
RCA9230A TO-220AB 100 10 1.1 25K383 100 10 0.15
RCA9230B TO-220AB 150 10 0.1 - - - -
TA9193A TO-3 450 2.0 1.5 25K299 450 8 1.1
TA9193B TO-3 500 2.0 1.5 - - - -
TA9232A TO-220AB 450 2.0 1.5 28K320 450 1.1
TA9232B TO-220AB 500 2.0 1.5 25K553 500 1.2
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POWER MOSFET Cross Reference L ist

MANUFACTURER: SIEMENS—1

typ typ
I ndustry P ackage Voss Io |RpsCon) HITACHI | Vpss Io Rops (on)
Part No. v) (A) (Q) | Equivalent | (V) (A) Q)
BUZ10 TO-220AB 50 12 0.08 - - - -
BUZ10A TO-220AB 50 | 12 0.10 | 2SK428 60 12 0.10
BUZ11 TO-220AB 50 | 30 0.03 | 2SK600 60 25 0.04
BUZ11A TO-220AB 50 | 25 0.05 | 2SK600 60 25 0.04
BUZ14 TO-3 50 | 39 0.03 - - - -
BUZ15 TO-3 50 | 45 0.025 - - - -
BUZ117 TO-238 50 | 32 0.03 - - - -
BUZ18 TO-238 50 | 37 0.025 - - - —
BUZT1 TO-220AB 50 | 12 0.08 - - - -
BUZT1A TO-220AB 50 | 12 0.10 | 2SK428 60 10 0.10
BSS110 TO-92 -50 | -0.17 8.0 - -~ - -
BUZ20 TO-220AB 100 | 12 0.16 | 2SK383 100 10 0.20
BUZ21 TO-220AB 100 | 19 0.08 - - - -
BUZ23 TO-3 100 | 10 0.16 | 2SK398 100 10 0.20
BUZ24 TO-3 100 | 32 0.055 | 2SK561 100 30 0.05
BUZ25 TO-3 100 | 19 0.08 - - - -
BUZ27 TO-238 100 | 26 0.055 - - - -
BUZ28 TO-238 100 | 18 0.08 - - - -
BUZ72 TO- 220AB 100 9 0.20 | 2SK383 100 10 0.20
BSS100 TO-92 100 0.23 5.0 - - - -
BSS87 SOT89 200 0.5 5.0 - - - -
BSS89 TO-92 200 0.3 5.0 - - - -
BSS91 TO- 18 200 0.35 5.0 - - - -
BSS93 TO-39 200 0.5 5.0 - - - -
BSS95 TO- 202AB 200 0.8 5.0 - - - -
BSS97 TO-202AB 200 1.5 1.5 - - - -
BSS101 T0-92 200 0.16 | 10.0 - - - -
BSS92 T0-92 -200 | -0.15 | 15.0 - - - -
BUZ30 TO-220AB 200 7.0 0.5 2SK440 200 6.0 0.40
BUZ31 TO-220AB 200 | 12.5 0.16 - - - -
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POWER MOSFET Cross Reference List

MANUFACTURER: SEMENS-—2

typ typ
I ndustry P ackage Voss Io |RpsCon) HITACHI | Vopss Ip Rops (on)
Part No. ) (A) (Q) | Equivalent | (V) (A) Q)
BUZ32 TO-220AB 200 9.5 0.35 | 2SK440 200 6.0 0.4
BUZ33 10- 3 200 | 7.2 | 0.50 |2SK400TO-39 200 | 8.0 0.5
BUZ34 TO- 3 200 17.0 0.16 - - - -
BUZ35 TO-3 200 9.9 0.35 - - - -
BUZ36 TO-3 200 22.0 0.10 - - - -
BUZ37 TO- 238 200 14.0 0.16 - - - -
BUZ38 TO- 238 200 18.0 0.10 - - - -
BUZT3A TO-220AB 200 5.8 0.50 | 2SK440 200 6.0 0.4
BUZ60 TO-220AB 400 5.5 0.8 25K319 400 5.0 1.1
BUZ60B TO-220AB 400 4.5 1.2 25K319 400 5.0 1.1
BUZ63 TO-3 400 5.9 0.8 28K298 400 8.0 1.1
BUZ63B TO-3 400 4.5 1.2 25K298 400 8.0 1.1
BUZ64 TO- 3 400 10.5 0.35 | 2SK559T0-3R 450 15.0 0.25
BUZ67 TO- 238 400 9.6 0.35 - - - -
BUZT76 TO-220AB 400 3.0 1.5 25K319 400 5.0 1.1
BUZT76A TO-220AB 400 2.6 2.0 25K310 400 3.0 2.5
BUZ45C TO-3 450 10.0 0.4 25K559T0- 3R 450 15.0 0.25
BUZ48C TO-238 450 8.5 0.4 - - - -
BUZ40 TO-220AB 500 2.5 3.0 25K382 500 2.0 2.5
BUZ41 TO-220AB 500 5.5 0.9 28K555 500 7.0 0.7
BUZ41A TO-220AB 500 4.5 1.4 25K553 500 5.0 1.2
BUZ42 TO-220AB 500 4.0 1.8 25K553 500 5.0 1.2
BUZ43 TO-3 500 2.8 3.0 - - - -
BUZ44 TO-3 500 5.6 0.9 - - - -
BUZ44A T0-3 500 4.8 1.4 - - - -
BUZ45 TO-3 500 9.6 0.55 | 2SK512 500 12 0.55
BUZ45A TO-3 500 8.3 0.7 25K512 500 12 0.55
BUZ45B TO-3 500 10.0 0.4 25K512 500 12 0.55
BUZ46 T0-3 500 4.2 1.8 - - - -
BUZ4T TO-238 500 4.5 0.9 - - - -
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POWER MOSFET Cross Reference L ist

MANUFACTURER: SIEMENS—3

typ typ
I ndustry P ackage Voss Ip- |[RosCon)] HITACHI | Vpss Io Rops (on)
Part No. ) (A) () | Equivalent | (V) (A) Q)
BUZ48 TO-238 500 7.8 0.55 - - - -
BUZ48A TO-238 500 6.8 0.70 - - - -
BUZT74 TO-220AB 500 2.4 2.5 25K382 500 2.0 2.5
BUZT4A TO-220AB 500 2.0 3.0 25K382 500 2.0 2.5
BUZ80 TO-220AB 800 2.6 3.0 25K513 800 3.0 5.0
BUZ80A TO-220AB 800 3.0 2.5 - - - -
BUZ83 TO-3 800 2.9 3.0 - - - -
BUZ83A TO-3 800 3.4 2.5 25K351 800 5.0 1.7
BUZ84 TO-3 800 5.3 1.8 25K351 800 5.0 1.7
BUZ84A T0-3 800 6.0 1.4 25K351 800 5.0 1.7
BUZ88 TO-238 800 4.3 1.8 - - - -
BUZ88A TO- 238 800 5.0 1.4 - - - -
BUZ50 TO-220AB 1000 3.0 3.0 - - - -
BUZ50A TO-220AB 1000 2.5 4.0 - - - -
BUZ50B TO-220AB 1000 2.0 7.0 - - - -
BUZ53 TO-3 1000 3.0 3.0 HS78013 1000 3.0 3.0
BUZ53A TO-3 1000 2.6 4.0 HS78013 1000 3.0 3.0
BUZ53B TO-3 1000 2.0 7.0 - - - -
BUZ54 TO-3 1000 5.3 1.8 HS78007 1000 5.0 1.6
BUZ54A TO-3 1000 4.6 2.0 HS78007 1000 5.0 1.6
BUZ57 TO-238 1000 2.5 3.0 - — - -
BUZ5TA TO-238 1000 2.1 4.0 - — - -
BUZ58 TO- 238 1000 4.3 1.8 - - - -
BUZ58A TO- 238 1000 3.7 2.0 - - - -
BUZ211 TO-3 500 9.0 0.7 25K512 500 12.0 0.55
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POWER MOSFET Cross Reference L ist

MANUFACTURER: TOSHIBA

typ typ
I ndustry P ackage Voss Io |Rops(on) HITACHI | Vpss Io Rops (on)
Part No. V) (A) (Q) | Equivalent | (V) (A) (Q)
25K324 TO-3 400 10 0.45 | 2SK312 400 12 0.6
25K325 TO-3 450 10 0.5 25K313 450 12 0.6
28K355 TO-3 150 12 0.12 - - - -
25K356 TO-3 250 12 0.2 25K401 250 10 0.3
28K357 TO-220AB 150 5 0.55 - - - -
25K358 TO-220AB 250 5 0.7 - - - -
28K385 TO- 3P(L) 400 10 0.45 | 2SK349 400 10 0.6
25K386 TO- 3P(L) 450 10 0.5 25K350 450 10 0.6
28K387 TO- 3P(L) 150 12 0.12 - - - -
25K388 TO- 3P(L) 250 12 0.2 25K412 250 10 0.3
25K405 TO- 3P 160 8 0.5 25K414 160 8 0.4
28K417 TO-220BS 60 10 0.1 25K428 60 10 0.1
25K418 TO- 220BS 400 2 2.2 2SK310 400 3 2.5
28K419 TO-220BS 450 2 2.6 28K311 450 3 2.5
25K420 TO-220BS 400 5 1.0 2SK319 400 5 1.1
25K421 TO-220BS 450 5 1.1 25K320 450 5 1.1
25K422 TO-92M 60 0.7 1.4 - - - -
25K423 TO- 92M 100 0.5 2.4 - - - -
25K442 TO-220AB 70 10 0.2 25K428 60 10 0.1
28K447 TO- 3P(L) 250 15 0.18 - - - -
25K532 T0O-220BS 60 12 0.06 | 2SK600 60 25 0.04
28J124 TO-220AB -60 -10 ( )l 2s)122 -60 -10 0.15
25J115 TO- 3P -160 -8 0.7 28J119 -160 -8 0.4
28J123 TO-220AB =70 -10 0.2 258J122 -60 -10 0.1
25K537 T0-220BS 900 1 7.0 25K513 800 3 5.0
25K538 TO-3P 900 3 3.7 HST78013 1000 3 3.0
25K539 TO-3PL 900 5 1.9 HST78009 1000 5 1.6
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POWER MOSFET Cross Reference L ist

MANUFACTURER: NEC -1

typ typ
I ndustry P ackage Voss Io |RpsCon) HITACHI | Vyss Ip Rps (on)
Part No. ) (A) (Q) | Equivalent | (V) A) Q)
2SK2717 TO-3 350 7 1.0 25K259@ 350 5 2.5
25K278 TO-3 400 7 1.1 25K260® 400 5 2.5
25K293CA) | TO-3 300 7 0.9 - - - -
25K337 TO-126 500 0.1 70 25K384 500 0.3 2.5
28K338 TO-220AB 400 5 1.15 25K319 400 5 1.1
25K 339 TO-220AB 100 5 0.4 25K295 100 5 0.4
25K424 TO-3 600 3 1.35 600 5 1.8
25K432 TO-3 250 10 0.3 25K401@ 250 10 0.3
25K446 MP-3 20 2 0.25 - - - -
25K448 TO-3 250 10 0.3 25K401 250 10 0.3
25K 449 TO-3 450 8 0.8 28K313 450 12 0.6
25K450 TO-3 450 10 0.8 25K313 450 12 0.6
25K458 TO- 39 150 1 1.0 - - - -
25K459 TO-220AB 200 10 0.4 25K440 200 6 0.4
25K462 MP-3 60 2 0.4 25K429 100 3 0.5
25K463 TO-220AB 60 5 0.2 25K346 60 5 0.3
25K464 TO-220AB 60 8 0.15 25K428 60 10 0.1
25K465 TO- 3P 60 10 0.15 - - - -
25K466 TO- 3P 60 15 0.07 - - - -
25K468 MP-3 100 2 0.5 25K429 100 3 0.5
25K470 TO-220AB 100 8 0.2 25K383 100 10 0.15
25K471 TO- 3P 100 10 0.2 25K399 100 10 0.2
25K472 TO- 3P 100 15 0.1 - - - -
25KATT TO-220AB 250 8 0.55 - - - -
25K478 TO- 3P 250 10 0.55 25K412 250 10 0.3
25K479 TO- 3P 250 15 0.3 25K412 250 10 0.3
25K481 TO-220AB 450 3 3.0 25K311 450 3 2.5
25K482 TO-220AB 450 5 1.6 25K320 450 5 1.1
25K483 TO- 3P 450 6 1.5 25K403 450 8 1.1
25K484 TO- 3P 450 10 0.8 25K350 450 10 0.6
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POWER MOSFET Cross

Reference L ist

MANUFACTURER: NEC — 2

typ typ
I ndustry P ackage Voss Io |RpsCon) HITACHI | Vopss Ip Rops (om)
Part No. V) A) (Q) | Equivalent | (V) (A) Q)
25K489 TO- 3P 400 6 1.15 25K402 400 8 1.1
25K490 TO- 3P 400 10 0.6 25K349 400 10 0.6
25K487 TO-220AB 500 3 3.5 25K382 500 2 2.5
25K451 TO-3 850 4 2.5 25K534 800 5 3.0
25K452 T0-3 1000 3 3.5 HS78013 1000 3 3.0
25K591 TO-220AB 60 12 0.045 25K600 60 25 0.04
25K611 MP-3 100 1 4
25K612 MP-3 100 2 0.3
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POWER MOSFET Cross Reference List

MANUFACTURER: MATSUSHITA

typ typ
I ndustry P ackage Voss Io |RpsCon) HITACHI | Vpss Io Rps (on)
Part No. ) (A) (Q) | Bauivalent| (V) | (A) Q)
25K379 TO-3 400 8 1.5 25K298 400 8 1.1
25K 380 TO-3 450 8 1.5 25K299 450 8 1.1
25K495 TO-220 60 5 0.2 25K346 60 5 0.3
25K496 Full-Pack 60 5 0.2 - - - -
25K497 TO-220 50 5 0.18 | 2SK428 60 10 0.1
25K498 N Pack 50 5 0.18 | 2SK547 60 10 0.1
25K499 Full-Pack 50 5 0.18 - - - -
25K500 TO- 3P(NC) 60 10 0.08 - - - -
28K501 TO- 3P(NC) 1 400 8 0.8 25K349 400 10 0.6
25K502 TO-220 400 3 2.5 25K310 400 3 2.5
25K503 Full-Pack 400 3 2.5 - - - -
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