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1. All information included in this document is current as of the date this document is issued. Such information, however, is 

subject to change without any prior notice. Before purchasing or using any Mos-Tech Electronics products listed herein, please 
confirm the latest product information with a Mos-Tech Electronics sales office. Also, please pay regular and careful attention to 
additional and different information to be disclosed by Mos-Tech Electronics such as that disclosed through our website. 

2.       Mos-Tech Electronics does not assume any liability for infringement of patents, copyrights, or other intellectual property rights 
of third parties by or arising from the use of Mos-Tech Electronics products or technical information described in this document.  
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights 
of Mos-Tech Electronics or others. 

3. You should not alter, modify, copy, or otherwise misappropriate any Mos-Tech Electronics product, whether in whole or in part. 
4. Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of 

semiconductor products and application examples.  You are fully responsible for the incorporation of these circuits, software, 
and information in the design of your equipment.  Mos-Tech Electronics assumes no responsibility for any losses incurred by 
you or third parties arising from the use of these circuits, software, or information. 

5. When exporting the products or technology described in this document, you should comply with the applicable export control 
laws and regulations and follow the procedures required by such laws and regulations.  You should not use Mos-Tech 
Electronics products or the technology described in this document for any purpose relating to military applications or use by 
the military, including but not limited to the development of weapons of mass destruction.  Mos-Tech Electronics products and 
technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited 
under any applicable domestic or foreign laws or regulations. 

6.       Mos-Tech Electronics has used reasonable care in preparing the information included in this document, but Mos-Tech Electronics 
does not warrant that such information is error free.  Mos-Tech Electronics assumes no liability whatsoever for any damages 
incurred by you resulting from errors in or omissions from the information included herein. 

7.      Mos-Tech Electronics products are classified according to the following three quality grades:  “Standard”, “High Quality”, and 
“Specific”.  The recommended applications for each Mos-Tech Electronics product depends on the product’s quality grade, as 
indicated below.  You must check the quality grade of each Mos-Tech Electronics product before using it in a particular 
application.  You may not use any Mos-Tech Electronics product for any application categorized as “Specific” without the prior 
written consent of Mos-Tech Electronics.  Further, you may not use any Mos-Tech Electronics product for any application for 
which it is not intended without the prior written consent of Mos-Tech Electronics.  Mos-Tech Electronics shall not be in any way 
liable for any damages or losses incurred by you or third parties arising from the use of any Mos-Tech Electronics product for an 
application categorized as “Specific” or for which the product is not intended where you have failed to obtain the prior written 
consent of Mos-Tech Electronics.  The quality grade of each Mos-Tech Electronics product is “Standard” unless otherwise 
expressly specified in a Mos-Tech Electronics data sheets or data books, etc. 

“Standard”: Computers; office equipment; communications equipment; test and measurement equipment; audio and visual 
equipment; home electronic appliances; machine tools; personal electronic equipment; and industrial robots. 

“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; safety equipment; and medical equipment not specifically designed for life support. 

“Specific”:  Aircraft; aerospace equipment; submersible repeaters; nuclear reactor control systems; medical equipment or 
systems for life support (e.g. artificial life support devices or systems), surgical implantations, or healthcare 
intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life. 

8. You should use the Mos-Tech Electronics products described in this document within the range specified by Mos-Tech Electronics, 
especially with respect to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation 
characteristics, installation and other product characteristics. Mos-Tech Electronics shall have no liability for malfunctions or 
damages arising out of the use of Mos-Tech Electronics products beyond such specified ranges. 

9. Although Mos-Tech Electronics endeavors to improve the quality and reliability of its products, semiconductor products have 
specific characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Further, 
 Mos-Tech Electronics products are not subject to radiation resistance design.  Please be sure to implement safety measures to 
guard them against the possibility of physical injury, and injury or damage caused by fire in the event of the failure of a 
 Mos-Tech Electronics product, such as safety design for hardware and software including but not limited to redundancy, fire 
control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures.  Because 
the evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or system 
manufactured by you. 

10. Please contact a Mos-Tech Electronics sales office for details as to environmental matters such as the environmental 
compatibility of each Mos-Tech Electronics product.  Please use Mos-Tech Electronics products in compliance with all applicable 
laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS 
Directive.  Mos-Tech Electronics assumes no liability for damages or losses occurring as a result of your noncompliance with 
applicable laws and regulations. 

11. This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written consent of Mos-Tech 
Electronics. 

12. Please contact a Mos-Tech Electronics sales office if you have any questions regarding the information contained in this 
document or Mos-Tech Electronics products, or if you have any other inquiries. 

(Note 1) “Mos-Tech Electronics” as used in this document means Mos-Tech Electronics Corporation and also includes its majority-
owned subsidiaries. 

(Note 2) “Mos-Tech Electronics product(s)” means any product developed or manufactured by or for Mos-Tech Electronics. 
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� � � � �� � � � � � � 	

Notice 



1. .................................................................................................................................  2

2. MOS FET ................................................................................................................  12

3. MOS FET ....................................................................................................................................  41

MOS FET

 

MOS-TECH Semiconductor Co.,LTD
� � � � �� � � � � � � 	



MOS FET

1.

1.1

1.1.1

MOS FET 1

1 MOS FET

VGSS

ID

ID(pulse) 
1

IDR

IAP 
2

EAR 
2

Pch 
3

Tch

θch-c

±20

85

340

85

60

308

110

150

1.14

VDSS 60 V

V

A

A

A

A

mJ

W

°C

°C/W

1. PW 10ms duty 1%

2. Tch = 25°C , Rg 50Ω
3. Tc = 25°C

2SK3418 (Ta = 25°C)

VDSS

ID

S-D

Pch

ID(pulse)

Tchmax – Tc

RDS(on)max × α × θch – c
ID =

,α =
150°C RDS(on)

25°C RDS(on)

Pch(Tx) = Pch(25°C) × Tchmax – Tc

Tchmax – 25

θch-c =
Tchmax – Tc

Pch

EAR = L • IAP
21

2

V(BR)DSS

V(BR)DSS – VDSS
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MOS FET

1.1.2
MOS FET 1

1 MOS FET
Ta 25�C

Min Typ Max

/ V(BR)DSS 60 — — ID=10mA

VGS=0

V

IDSS — — 10 VDS=60V

VGS=0

�A

IGSS — — ±0.1 VGS=±20V
VDS=0

�A — nA

�A �10�A

/ VGS(off) 1.0 — 2.5 VDS=10V
ID=1mA

V

tr tf

|Yfs| 55 90 — ID=45A

VDS=10V

s

/

1

RDS(on)1 — 4.3 5.5 ID=45A
VGS=10V

m�

/

2

RDS(on)2 — 6.0 9.0 ID=45A
VGS=4V

m�

Ciss — 9770 — VDS=10V

VGS=0

f=1MHz

pF — VDS

Coss — 1340 — pF — VDS

tf

Crss — 470 — pF — VDS tr

tf

Qg — 180 — VDD=50V

VGS=10V
ID=85A

nC —

/ Qgs — 32 — nC —

/ Qgd — 36 — nC — tr tf

VDD VDD

td(on) — 53 — VGS=10V

ID=45A
RL=0.67�
Rg=50�

ns — Rg Qgd

tr — 320 — ns —

td(off) — 700 — ns — Rg Qgd Vth

tf — 380 — ns —

VDF — 1.0 — IF=85A
VGS=0

V VGS

trr — 70 — IF=85A

VGS=0
di/dt=50�A/�s

ns di/dt

MOS-TECH Semiconductor Co.,LTD
� � � � �� � � � � � � 	



MOS FET

1.2 RDS(on) VDSS

VDSS=20 100V RDS(on) 2

VDD VDS(peak) VDSS

2  RDS(on)-VDSS

V(BR)DSS (2SK3418 ) 3

3  V(BR)DSS-Tc (2SK3418)
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R
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MOS FET

1.3 VDS(on)(=Id	RDS(on))

Id V VDS(on)

MOS FET 10V 4V 2.5V 2.5V
/ VGSS

VGS(off)

VGS(off) –5mV/�C 100�C 0.5V

V
VGS(off) 10V IC LSI MOS FET LOW

4V 10V

4  VDS(on)-VGS (2SK3418)

1.3.1 RDS(on)

RDS(on) 5 MOS FET RDS(on)

Tch(Max.)150�C 25�C 150�CRon/25�CRon 
 100V

 1.7 1.8 500V 
 2.4 2.5

RDS(on)

Ta=100�C Tch=130�C Ta=120�C 20�C
Tch 150�C 150�C

MOS FET

0
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MOS FET

5  RDS(on)-Tc (2SK3418)

1.4 Qg Qgs Qgd

6(a) VGS(=XV) Qg
ig(peak) P(drive loss)

Qgd Crss VDS

L tf (3) Qg Qgd
f 100kHz Ron Qg Ron Qgd

6 (2SK3418)
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)

(m
Ω

)

Ig(peak) = Qg/t …………………………(1)

P(drive loss) = f ⋅ Qg ⋅ VGS ……………(2)

logtf ≈
(Rs + rg) ⋅ Qgd

Vgs(on) – Vth

Vgs(on)

Vth
………(3)

Qth Qgd

Χ V

VDS

VGS

Vth

VGS(on)

Qgs

Qg (VGS = X V)
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)
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MOS FET

1.4.1 /

MOS FET /  IDR ID

(VGS=0)
(Nch) 7 SBD

RDS(on) (VSD = Id 	RDS(on))

7  IDR-VSD (2SK3418)

(n+1) Hot Swap

1.5 trr IDR

MOS FET
trr trr /

/
Dead Time trr

8 trr
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MOS FET

trr 8 tb di/dt
trr 60V trr

40 60ns 100V trr 100ns 250 500V trr
300 600ns 250V 100ns

9  trr-IDR (2SK3418)

1.6 �ch-c(t) - PW

�ch-c(t) - PW 10 Tch PW
1 shot single Pulse

PW=1ms D=0.2(Duty Cycle=20%) 200Hz T=5ms

Duty Cycle=20%(D=0.2) PW=10ms Pd=60W
�Tch

Tch = (0.2 	 Pd) 	 �ch-c = (0.2 	 60) 	 1.14 = 13.7 �C

16.5�C

Tch = Pd 	 �ch-c(t) = 60 	 0.44 	 1.14 = 30.2 �C

10  �ch-c(t) - PW (2SK3418)
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3
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T
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T

θch – c(t) = γs (t) • θch – c
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D = 1
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MOS FET

Tch (2SK3418)

1
Tc=85�C Pd(peak)1=50W ts=10ms

Tch

Tch1 = Tc + (Pd(peak)1) 	 �ch-c(t1) = 85 + (50 	 0.3 	 1.14) = 102.1�C

2
Tc=85�C f=2kHz Duty Cycle=20% Pd(peak)2=50W

Tch

t2=100�s T=500�s D=t2/T=0.2 

Tch2 = Tc + (Pd(peak)2) 	 �ch-c(t2/T) = 85 + 50 	 0.22 	 1.14) = 97.54�C

3
2 t3 60�s 500W Pd(peak)

Tch(peak)

Tch2 = Tc + (Pd(peak)2) 	 �ch-c(t2/T) + {(Pd(peak)3–Pd(peak)2 	 t2/T)}  	 �ch-c(t3)

        = 85 + (50 	 0.22 	 1.14) + (500–50 	 0.2)0.031 	 1.14)

        = 85 + 12.54 + 17.32

        = 114.86�C

t3

t2

Pd(peak)2

T

Pd(peak)3
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MOS FET

1.7 ASO

1.7.1 ASO(Area of Safe Operation)

2SK3418 ASO 11

ASO 5

IDC ID(pulse)max

RDS(on)max ID=VDS/RDS(on) ASO

ms
Vgs-Id

VDSSmax

11  ASO (2SK3418)

0.1 0.3 1 3 10 30 100

1000

300

100

30

10

1

0.3

0.1

3

Ta = 25°C

10 μs
100 μs1 m

s
DC O

peration

         (Tc = 25°C)

PW
 = 10 m

s (1 shot)

RDS(on)

  
 I

D
  

 (
A

)

  VDS   (V)

1

2
3

4

5

MOS-TECH Semiconductor Co.,LTD
� � � � �� � � � � � � 	



MOS FET

1.7.2 ASO

MOS FET

12

VDD VGS VGS t1
ASO

VGS VDD

12  

0

0

0

0

Vth

VDD

D-S

VDS

ID

ASO

t

t1

VGS
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MOS FET

2. MOS FET

MOS FET

MOS FET

2.1 MOS FET

2.1.1 MOS FET

MOS FET 2 MOS FET
5

2 MOS FET

1.
- VDSS V(BR)DSS

2. ASO(Area of Safe Opration)
Id VDSS Pth(W)

a. DCASO
                        RDS(on) RDS(on)

                        IDSS

b. ASO
                        ASO
                        *
                        trr *

* f

ASO ASO

Di trr

ASO

RDS(on)

DC-DC
UPS
(DC-
AC)

EPS

( )

AC/DC OA

ABS OA
(PPC
HDD)

FA

1

3

5

4

2
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MOS FET

3.
/ MOS FET

2.4  

4.
2.5 2.6  

5.

ESD(Electro Static Discharge)

2 5

2.1.2 MOS FET

MOS FET 13 L

13  MOS FET

MOS FET

10M

( ) DC-DC

(VRM PC)

( ) AC-DC

(OA )

(FA )

(ABS )

(HDD

)

1k

10k

100k

1M

MD

1μ 10μ 100μ
L (H)

f
(H

z
)

1m 10m

f

L

f(

)
 L(

)
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MOS FET

2.1.3 MOS FET

N MOS FET 14

N MOS FET
P

14  N MOS FET

N MOS FET 15

15  N MOS FET

D

N++

N+

N–

P

S G

SourceGate

MOS FET

Drain( )

G

D

S

Gate

Gate

Source

Source

Drain

Drain current

n+

Drain

Protection Layer

( )

MOS FET

Poly-Si

n+ n+

p– p–

p–

p–

n+
N Type Si Epi, Layer

n+

MOS FET

(Nch )

SiO2

P Type Layer

Gate
Wire
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MOS FET

MOS FET(2SK1522) 16 MOS FET
UPS MOS FET

16 MOS FET
MOS FET Rb

16  

MOS FET(HAT2064R) 17 MOS FET
m� (SBD) VF (VF=0.4 0.5V)

(Vout 3.3V) MOS

17  

0

10V

4.5V

Typical Output Characteristics

2SK1522

10V
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MOS FET

2.2

2.2.1

MOS FET

2.2.2

(a) (b) 18

18  

(b) ta / Vds(p) Vdss Vds(p) V(BR)DSS
V(BR)DSS

(a) IAP(A)
EAR(J) (1) EAR

Tch(peak) Tch 150�C

(b)(a)

VGS = 10 15V

IAP

Rg

RGS

IAP

VDS

L

VDD

P.G

Rg = Rgs = 50Ω

VDD
VDS(on)

ID

0

ta
(Avalanche time)

Vdss
IAP

(Avalanche

 Current)

VDS(on) = ID · RDS(on)

VDS ID

EAR = · L · IAP
2
 ·

1

2

V(BR)DSS

V(BR)DSS – VDD

dV/dt

V(BR)DSS

V(BR)DSS ⋅ IAP ⋅ ta =EAR = Pd ⋅ t =
1

2

1

2
⋅ L ⋅ IAP

2
 ⋅ (J) ………(1)

V(BR)DSS

V(BR)DSS – VDD
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MOS FET

2.2.3

19

19  

19 EAR (1)

Vds(t) Id(t)

(2) (3) (1)

(4)

D

S

G

L

V(BR)DSS

IAP

VDD

Ids(t)

L

VDD

V(BR)DSS

Ids(t)

IAP

e

EAR = ∫ 
ta

 Vds(t) ⋅ Id(t) dt
0

……………………(1)

Vds(t) = V(BR)DSS ……………………………(2)

……………………………(3)tId(t) = IAP –
IAP

ta

………………………(4)ta =
L ⋅ IAP

V(BR)DSS – VDD

EAR = ∫ 
ta

 V(BR)DSS  IAP –( (0

0

ta

t  dt = ∫ 
ta

  V(BR)DSS ⋅ IAP – dt
IAP

ta

V(BR)DSS ⋅ IAP ⋅ t
ta

V(BR)DSS ⋅ IAP ⋅ t2

2ta

) )
=  V(BR)DSS ⋅ IAP ⋅ t –[ ] ⋅ V(BR)DSS ⋅ IAP ⋅ ta=

1

2

0

∴ EAR =
V(BR)DSS

V(BR)DSS – VDD

⋅ L ⋅ IAP
2
 ⋅

1

2
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MOS FET

2.2.4

20 3

1. Id
2.
3. dV/dt 18(b)

20  

100

10

1
0.01 0.1 1 10 100

ID
dv/dt
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I A
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MOS FET

2.2.5

500V 60V IAP EAR
L 21 22 L IAP EAR

IAP EAR L
EAR

21

22

ID

 EAR

 IAP

VGS = 15V VDD = 250V Ta = 25 140°C

2SK1168 (500V / 15A / 0.4Ω↓ / TO-3P)

L (H)

I A
P

(A
)

10μ 100μ 1m30μ 300μ 3m 10m
1

10

100

30

3

1000

300

E
A

R
(m

J
)

10

100

1000

300

30

10000

3000

IAP

EAR

Tc (°C)

25

140

25

140

(Tch 150°C)

ID

L (H)

10μ 100μ 1m 10m

I A
P

(A
)

1

5

20

10

2

100

50

10

50

200

100

20

1000

500

E
A

R
(m

J
)

 EAR

IAP

(Tch 150°C)

VGS = 15V VDD = 25V  Ta = 25°C

2SK2869 (60V / 20A / 45mΩ↓ / DPAK)

MOS-TECH Semiconductor Co.,LTD
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MOS FET

2.2.6 dV/dt

3 dV/dt IAP dV/dt
23 16 MOS FET dV/dt

Cds 23

dV/dt 10V/�s

23 dV/dt

2.2.7

2SK2869(60V/20A 45m�� DPAK
24

24 /

VDD = 250V  L = 100μH

VGS = 15V Ta = 25°C

Rg: dv/dt

15V L

DUT
Pre Drive VDD

P.G

Rg

2SK1170 (500V / 20A / 0.27Ω↓ / TO-3P)

dV/dt (V/ns)

I A
P

(A
)

1 10 303 100
1

10

100

30

3

1000

300

ID

Bip TRS

2SK2869

(60V / 20A / 45mΩ↓ / DPAK)

VGS = 15V VDD = 25V L = 5mH Tc = 25°C 1 shot

 Tch

Tch = T(S)ch + Pch × θch-c(t)

= 60 + 160 × 0.3336

= 113.4°C

Ch2
10.0mV

Ch1 11.5 V20.0 V M  200μs

2
0

V
/D

IV

1
A

/D
IV

Ch3

ta

t : 200μs/DIV

1. ID IAP max

2. Tch 150°C

=     × IAP × V(BR)DSS

=     × 4 × 80 = 160W

T(S)ch 60°C

Pch

θch-c(t) ta = 400ms  2SK2869

0.3336°C/W

1

2
1

2

MOS-TECH Semiconductor Co.,LTD
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MOS FET

25  2SK2869

RDS(on)
T(s)ch=60�C dV/dt 2

1. IAP IAPmax
2SK2869 IAP L=5mH IAPmax=6.2A 22

2. Tch Tchmax 150�C
(1) IAP IAP=4A IAPmax 6.2A

(2) Tch (1)

�ch-c(t) 25 2SK2869
ta=400�s �ch-c(t=400�s)

(1) Tch

Tchmax 150�C

3

1

0.3

0.1

0.03

0.01
10μ 100μ 1m 10m 100m 1 10

PDM

PW

T

D =
PW

T

θch-c(t) = γs(t) · θch-c

θch-c = 4.17°C/W Tc = 25°C

D = 1

0.5

0.2

0.01

0.02

0.1

0.05

1 shot p
ulse

Tc = 25°C
γs

(t
)

PW (S)

0.08

400μ

ta

(Ta = 400μs)

θch-c(t)

= γs(t) · θch-c

= 0.08 × 4.17

= 0.3336°C/W

Tch = T(s)ch + Pch × θch – c(t)

= T(s)ch +       × IAP × V(BR)DSS  × θch – c(t)( )1

2
…………(1)

θch – c(t = 400μs) = γ(t) × θch – c

 = 0.08 × 4.17

 = 0.3336°C/W

Tch = T(s)ch +       × IAP × V(BR)DSS  × θch – c(t)

= 60 +       × 4 × 80  × 0.3336

= 113.4°C

( )1

2

( )1

2

MOS-TECH Semiconductor Co.,LTD
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MOS FET

2.2.8

26

26

3

1.
2. Rg dV/dt Rg

Rg
3. CR

MOS FET

2.3 ASO

2.3.1 ASO

ASO

2.3.2 ASO

ASO 27

27  ASO

VGS(in)

Vin(DC) Vout

2

1

3

CR

Vd
VGS

R1

Vin

R2 (R1+R3)
Rg

R2

2

Vin(DC) Vout

Q1 : 2SK2569 2SK2980

IC1 : HA17358

3

R3

Q1 10k Rs

Id

Vds

IC1

1

VDS (V)

I D
 (

A
)

ID(Pulse)

0

IDC

ASO

MOS-TECH Semiconductor Co.,LTD
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MOS FET

3

1. ASO
2.

Rs MOS FET Q1 R3 MOS
FET G-S MOS FET R3 R1

Q1 Rg

MOS FET / VGS (1)

VGS MOS FET VGS 10V
VGS(cut) (2)

VGS(cut) MOS FET / VGS(off) VGS(off)
(
=–5mV –7mV/�C)

3.

2.3.3 ASO

ASO (2SK3082) 28 ASO
MOS FET

28  ASO

ASO PW=10�s Tc=75�C
        ASO PW=10�s Tc=25�C Pd(25)=1500W(= Vds 	ID = 50V 	30A)

Tc=75�C D=60%

28 PW=10�s Tc=75�C

……………………(1)VGS = Vin ×
R3 + 10kΩ

(R3 + 10kΩ) + (R1 + R2)

……………………………(2)VGS(cut) = Vin ×
R3

R1 + R2 + R3

50 75 100 150 200
0

40

20

60

80

100

Tch(max) – Tc

Tch(max) – 25
D =

150 – Tc

125
= × 100

0.1 1 10 100

VDS (V)

1000

100

10

0.1

1

I D
(A

)

ID(pulse)

IDC

10μs

1m
s

PW
 = 10m

s(1shot)

DC O
peration (Tc = 25°C)

100μs

Tc = 25°C

: 

PW = 10μs

75°C

RDS(on)

Tc (°C)

< >

PW = 10μs Tc = 75°C

1) Tc = 25°C Pd(25) = 1500W

2) Pd(75) = Pd(25) × 0.6 = 900W

D
(%

)

ASO

2SK3082(60V/10A  0.075Ω  LDPAK)

Pd(75) = Pd(25) × 0.6

 = 1500 × 0.6

 = 900W

MOS-TECH Semiconductor Co.,LTD
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MOS FET

2.3.4

MOS FET 2SK1518 2SK1522 29

MOS FET

1. 29 VDD(�VDS) VDS

1/2 1/3
MOS FET 10�s 15�s

2. 5 10
29

/
VDSS

29 MOS FET

2.3.5

MOS FET

1. 2SK1170(500V/20A 0.27� TO-3P)
A.

Ta=50�C
2 Id=8A 10A
PW=10�s duty=50%max(f=50kHz )

P(tf)=500W tf =0.2�s ton
Tch 120�C

B. 3 �f-a 0.5�C/W 1.0�C/W 1.5�C/W
C.

(�(i) + �(c))=0.8�C/W

�(i)
             �(c)

2SK1522

2SK1518 VGS = 10V

Ta = 25°C

2SK1522 200 280A

2SK1518 80 120A

1000

2SK1518(500V/20A 0.27Ω TO-3P)

2SK1522(500V/50A 0.11Ω TO-3PL)

100

200

500

10 100 50020 50 1000200

PW (μs)

PW

VGS = 10V

PG

VDD

1/2 1/3

PW

V
D

S
(V

)

VDD

VBR(DSS)

ID

MOS-TECH Semiconductor Co.,LTD
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MOS FET

3

1.

Tch 120�C

2. MOS FET

30

30  Tch PD

DPAK TO-220AB LDPAK TO-220FM TO-3P TO-3PFM TO-3PL

Rth(ch-c)          (�C/W)                    Rth(ch-c)=Tjmax-Tc/Pch     Pch(W)

Rth(ch-a)*1      (�C/W) 178 80 83.3 62.5 55 42 45

(Rth(i)+Rth(c))

 (�C/W) 

0.3 0.6 0.3 0.5 0.3 0.5 0.4 0.6 0.1 0.2 0.3 0.5 0.1 0.2

2.0 2.5 1.5 2.0 1.5 2.0 1.5 2.0 0.5 0.9 1.0 1.5 0.4 0.5

(t=50

100�m)

— 2.0 2.5 — — 0.5 0.8 — 0.5 0.7

— 4.0 6.0 — — 2.0 3.0 — 1.2 1.5

C
D

B

10 10050 150(120)

Tch (°C)

50

0

20

10

40

30

P
D

(W
)

A

2

1

 θ(f) = 0.5°C/W

ID = 10A

ID = 8A

 θ(f) = 1°C/W

 θ(f) = 1.5°C/W

MOS FET PD(M)

PD(M)= +

Ta = 50°C

3 θ(f)

PD(f)

Tch 120°C

21.4

42.7

PD(f) =
Tch – Ta

θ(ch-a)

θ(ch-a) = θ(ch-c) + θ(i) + θ(c) + θ(f)
            = 1.04 + 0.8 + 0.5
            = 2.34°C/W

E

MOS-TECH Semiconductor Co.,LTD
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MOS FET

30

3. MOS FET
MOS FET PD Ron-Tc 4

MOS FET 
 Tch=25�C 
=1.0
4

PD(f) 30

�(ch-a)

(1) �(ch-a)
�(ch-a)=1.04+0.8+0.5=2.34�C/W =2.84�C/W =3.34�C/W

(2) PD(f) 3

Tch=50 100 150�C PD(f)=0 21.4 42.7W(�(150-50)/2.34)
PD(f) 3

MOS FET PD(M) 30

MOS FET RDS(on)

Tch
ID=8A 10A MOS FET PD(M) 2

4 MOS FET PD(M) (2SK1170 )

1. ID=8A 10A PS

4. 30 Tch PD

Ta=50�C Tch=50�C 0W Tch=50�C
3 4 MOS FET Id=8A 10A

30

Tch(�C)
25 40 60 80 100 120 140 150

RDS(on) 

Tch=25�C 
=1.0

1.0 1.09 1.27 1.5 1.73 2.0 2.27 2.41
Ron-Tc

MOS

PON=ID
2 RDS(on)max	
 tON/T

ID=8A 8.64 9.4 11.0 13.0 14.9 17.3 19.6 20.8 RDS(on)

ID=10A 13.5 14.7 17.1 20.3 23.4 27 30.6 32.5

*1

Ps=tf/T P(tf)
5 5 5 5 5 5 5 5

PD(M)
P(DM)=PON+PS

ID=8A 13.6 14.4 16.0 18.0 19.9 22.3 24.6 25.8 R L Ron

SW

ID=10A 18.5 19.7 22.1 25.5 28.4 32.0 35.6 37.5

………………(1)θ(ch-a) = θ(ch-c) + (θ(i) + θ(c)) + θ(f)

………………………………………(2)PD(f) =
Tch – Ta

θ(ch-a)

MOS-TECH Semiconductor Co.,LTD
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MOS FET

5. 30

Tch-PD

(a) (B) (C) (D) (E) Tch
Tch 120�C ID=8A (C) (D)

(b) Tch 150�C
(c) ID=10A ( 1)

Tch 120�C
(a) ID 8A max Tch (C)

(D)
(b) ID=10A max

1 �(ch-a)
2 PKG �(ch-c) TO-3P/2SK1170�TO-3PL/2SK1629
3 MOS FET 1 f 100kHz
      P(tf) Ron tf

6. 30 31

MOS FET 5 6

Tch(peak) �(ch-c)(PW/T) 32

31 Tch PD

Tch Ron Tch

1.

10 10050 150(120)

Tch (°C)

50

0

20

10

40

30

P
D

(W
)

A

K

J

G

L

H F

B

E
D

ID = 10A

ID = 8A

MOS FET

PD(M)

(I)

(III)

Ta = 50°C

3 θ(f)

PD(f)

PD(f) =
Tch – Ta

θch-c

PD(f) =
Tch – Ta

θ(ch-a)

Tch 120°C

1

2
3

C

PW = 10ms

PW = 1ms
PD(f)(t) =

Tch – Ta

θch-c(t)

(II)

MOS FET Tc

Tch

Tch = Tc + qch-c  PD(M)

(A) Tc

(2) Tc(x)

Tch(x)(F) (G)

●

  

● Ta

●

  -

θch-(t)

PD(f)(t)

ID = 10A

PW 10ms (H) (J)

(K) (L) 60°C

MOS-TECH Semiconductor Co.,LTD
� � � � �� � � � � � � 	



MOS FET

MOS FET
5 MOS FET

MOS FET
6 MOS FET

Ptr =      (Vds ⋅ Id + 2Id
2
 ⋅ Ron ⋅ α)

1

6

tr

T

1

Pton = Id
2
 ⋅ Ron ⋅ α ⋅

ton

T

Ptf =      (Vds ⋅ Id + 2Id
2
 ⋅ Ron ⋅ α)

1

6

tf

T

T

tontr tf

Id

Vds

0

t

No.

1

1

2

2

3

3

T

Vds(p)

tontr tf

Id

Vds

0

t

Ib

Ia

Pton =      (Ia
2
 + Ia ⋅ Ib + Ib

2
) Ron ⋅ α

1

3

ton

T

Pton =      Ib
2
 ⋅ Ron ⋅ α ⋅

1

3

ton

T

Ptf =      Vds(p) ⋅ Ib ⋅
1

2

tf

T

R

L

1

tr  Ptr

ton  Pton

tf  Ptf

tr  Ptr

ton  Pton

tf  Ptf

2 3

 1.  α Ron (=T(×°C)/T(25°C))

1

1

T

tontr tf

Id

Vds

0

t

T

Vds(p)

tontr tf

Id

Vds

0

t

Ib

Ia

Ptf =     ∫ 
tf
 Vds(t) ⋅ Id(t) dt

0

0

1

T

1

T

Vds – Id ⋅ Ron

tf
=     ∫ 

tf
t + Id ⋅ Ron    –      t + Id  dt{( }() )Id

tf

0

1

T

Id
2
 ⋅ Ron – Id ⋅ Vds

tf
2=     ∫ 

tf
t + Id

2
 ⋅ Ron  dtt

2
 +{( Id ⋅ Vds – 2Id

2
 ⋅ Ron

tf }() )
1

T

Id
2
 ⋅ Ron – Id ⋅ Vds

3tf
2=

1

6T

1

6

tf

T
∴ Ptf =       tf(Vds ⋅ Id + 2Id

2
 ⋅ Ron)≈     Vds ⋅ Id

t
2
 + Id

2
 ⋅ Ron ⋅ tt

3
 +

Id ⋅ Vds – 2Id
2
 ⋅ Ron

2tf() )[(
0

tf

]

Pton =     ∫ 
ton

 Id
2
(t) ⋅ Ron dt

0

0

1

T

1

T

Ib – Ia

ton

Ib – Ia

ton

=     ∫ 
ton

t + Ia  
2

 ⋅ Ron dt

t ⋅ Ia  + Ia
2
   Ron dt

( )

)0

1

T

Ia
2
 – 2Ia ⋅ Ib + Ib

2

ton
2=     ∫ 

ton
t
2
 + 2{( }

}
()

1

T

Id
2
 ⋅ Ron – Id ⋅ Vds

3tf
2=

1

3

ton

T
∴ Pton =     (Ia

2
 + Ia ⋅ Ib + Ib

2
) Ron

t
2
 + Ia

2
 ⋅ t  Ron t

3
 +

Ia ⋅ Ib – Ia
2

ton() )[{(
0

ton

]

R

tf

Ptf

L

ton

Pton

Ron α
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MOS FET

Tch(peak) �ch-c(PW/T)

32  Tch(peak) �ch-c(PW/T)

Tc

t (s) t (s)

T
c
h

(°
C

)

0 0

P
d

(W
)

Tc

ΔTch(AV)

Tj(peak)
ΔTch(p)

PWΔTch

Pd

Tch(peak) = Tc + ΔTch = Tc + Pd          θch-c +  1 –           θch-c
(PW)PW

T

PW

T

ΔTch

Pd

……………(1){ }( )
θch-c        =                           = …………………………………………………(2)

(1)  (2)

(4) (5) t = PW T θch-c(PW/T) (6)

θch-c

Tch(peak) – Tc

Pd

PW

T

θch-c
(PW)

θch-c }( )

PW

T( )

θch-c        = θch-c          +  1 – ……………………………………(3)
PW

T

PW

T

{
PW

T( )

n

100 }( )θch-c        = θch-c          +  1 –          γs(PW) …………………………………………(6)
n

100{
PW

T( )

θch-c
(PW)

θch-c
 γs(PW)

 = ………………………………………………(4)

duty n(%) =         × 100 ……………………………(5)
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MOS FET

2.4

2.4.1

MOS FET /
(UPS) H DC/AC

250V
250 600V AP3-H AP3-HF

AP4-H
AP3-HF AP5-HF 100V

MOS FET MOS FET 33

Q1 Q4 Q1 PWM Q1 PWM Q4 Q1
ID1 Q1 L IF Q2 Q1 Q2

trr Q1 Q2 Irr
(VDS)

33 MOS FET

MOS FET 34 /
(Parasitic Diode)

34 MOS FET

Q2

Q1

(1) 
PWM

(2) 

(3) trr

Irr

Irr

Q1

VDS2

VDS1

ID1

IF

0

0

0

0

Q2

Q3

Q4

ID1

VDD

IF

M

Source

Drain

Gate

N+

N–

N++

P

N MOS FET

Body Diode

Parasitic Bipolar
Transistor

D

G

Cgd

rg

Cgs

S

Cds

Rb

RDS(on)

MOS-TECH Semiconductor Co.,LTD
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MOS FET

35

35  

2.4.2

36

36  

rg

Cgd

S

D

G
iMOS iBip

irr

Cds

Cgs

RDS(on)

Rb

iF

di/dt

dV/dt

VDD

0

0

A B

t

irr

trr

di/dt

B dV/dt

/

P NPN

PNP

Mobility

hfe

VDD

Rg

1

CR

D-S

2

M

VDS

IF1. PWM

MOS Rg

di/dt

Irr dV/dt

2. 

dV/dt

3. 

dV/dt

MOS-TECH Semiconductor Co.,LTD
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MOS FET

500V 37

37  500V/10A

AP2
( )

5 100502010 200 500

di/dt (A/μs)

1003301k 10470

Rg (Ω)

I F
(A

)

Rg di/dt dV/dt

25001000400

20

5000

56

3500 6000800

dV/dt (V/μs)

1000

AP3/AP5-HF Diode

AP3-H AP4-H

VCC = 350 V VGS = +15V  –10V

PW = 10μs(1shot) Tc = 25°C

MOS-TECH Semiconductor Co.,LTD
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MOS FET

2.5

2.5.1

MOS FET
- - Cgd(Crss) Lg

(�L=1/�C) - Vgs(in) -
- - Cgd Vgs

2.5.2 MOS FET

38

38  MOS FET

MOS FET
/ Ld Vds(p) /

Cgd(Crss) Lg MOS FET rg 1
2� Rg Q �L/C/R
Cgd(Crss) Lg MOS /

MOS FET ns ns MOS FET
/ Vds(p) n

* Ld n

MOS FET

Lg: 

Ls: 

Ld: 

rg: MOS Rg

Rg: 

Cgs: -

Cgd: -

Cds: -

Q(=ωL/R=1/ωCR)

(1) (2) C L

Vc VL

Vc = (1/2πfC)I = (1/ωCR)V = QV  ⋅⋅⋅⋅⋅⋅⋅⋅⋅(1)

VL = (2πfL)I = (ωL/R)V = QV  ⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅(2)

Q = ωL/R = 1/ωCR =

 fr =

Cds Cgd

Cgs
Rb

Ls

RDS(on)

Ld

CdsCgd

Cgs

QVgs(p)

Vgs

Rb

Ls

RDS(on)

Ld

Vds(p)

G S

D

R L C

Vin

Vin

f = 1/T
Vin :

Vc = Q · Vin

T
0

L

C
I

R

R

L

C

1

2π   LC
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MOS FET

39

39  

2.6
MOS FET

2.6.1

/

2.6.2 MOS FET

Vth(VGS(off) �

RDS(on) �

4V VGS=5 10V
  10V VGS=10 12V

�

�

R1

R2

R1 = 10Ω 100Ω
R2 = 2.2Ω 4.7Ω

D-S

R1

Vout

R1

R1

R1

R1

Vin

R1R2

R1

R1

R2

A

B

L
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功率 MOS FET
应用说明

2.7  静电破坏

2.7.1 什么是静电破坏

静电破坏是指在使用或安装产品时，从人体 /设备产生的静电或电涌电压引起的破坏。

2.7.2 静电破坏的对策

静电破坏的对策如图40所示。

图40  静电破坏的对策

静电破坏是在人体或安装装置等时产生的静电、电涌电压被外加到栅极时，导致栅极氧化膜破坏。作为破
坏后的特性有：栅极 -源极间电压下降、短路；漏极 -源极间短路、漏泄电流增加 （参照图41）。

针对静电破坏，可以采取以下3种对策。

1. 通过1MΩ的电阻使人体接地后再进行作业。

2. 确实执行设备接地。

3. 电路板安装后可以考虑到的外加栅极电涌对策为，插入栅极电阻、齐纳二极管。

1MΩ

2 31

MOS-TECH Semiconductor Co.,LTD
� � � � �� � � � � � � 	



MOS FET

2.7.3
41 A B2

41

A B 42 / /
A / � / IDSS mA

mA B

42  VGSS VDSS

- Ω Ω↑)
-

BA

MOS MOS

RDS(on)
MOS FET

ASO

VGSS (V) VDSS (V)
VGSS VDSS

I G
S

S
(μ

A
)

I D
(m

A
)

–

+

– +

0

IGSS 1μA/DIV
VGSS 10V/DIV

A

A ID 2mA/DIV
VDSS 100V/DIV

B
G-S

B
IDSS

500V

MOS-TECH Semiconductor Co.,LTD
� � � � �� � � � � � � 	



MOS FET

2.7.4 B ASO
A MOS

FET /

B /
IDSS RS

/ RGS / VGS
43

43  B ASO

B / RGS=100� /
IDSS=1mA VDD=24V Vin=10V

RS=22� D=0.3 VGS Poff
VGS=8.2V Poff=16.8mW

/ RGS VGS
43 VDS(on)

ASO

ASO

10

1

0.1

0.01
10 100030 100 300

VDS(on) → →

VDS (V)
RGS B G-S
RS
Vin

0 2 4 6 8 10
VGS (V)

I D
(A

)

25

20

5

10

15

0

V
D

S
(o

n)
(V

)

Ta = 25°C

VGS = × Vin
RGS

RS + RGS

ID = 1A

RGS≈∞
RGS RS VGS = Vin

VGS =                   × Vin =                 × 10 ≈ 8.2V

Poff = VDD × IDSS × (1 – D) = 24 × 1 × 10–3 × 0.7 = 16.8mW

RGS
RS + RGS

100
22 + 100

MOS-TECH Semiconductor Co.,LTD
� � � � �� � � � � � � 	



MOS FET

2.8

2.8.1 MOS FET
DC/DC MOS FET 44

f=200k 300kHz 10V
VGS 10V VGS=15 17V

f 500kHz VGS=5 8V

44 MOS FET

2M50k 100k 200k 500k20k 1M
f (Hz)

500kHz
VGS

HAT2064RDC/DC

Vin = 5V  Vout = 1.6V
ID = 10A

ID = 10A

VGS
(V)

20

15

10

5

0
4

0

8
12

High Side

1.0

0.5

0

1.5

2.0

Qg = 40nC(VGS = 10V)
Qg = 20nC(VGS = 4.5V)

VDS = 10V24V

Qg (nC) 40

30

20

10

16

12

8

4

0

M
O

S
 F

E
T

P
(W

)

R
D

S
(o

n)
(m

Ω
)

10k

MOS-TECH Semiconductor Co.,LTD
� � � � �� � � � � � � 	



MOS FET

2.8.2
P MOS FET N MOS FET 45

P MOS FET N MOS FET

45 A N MOS FET VDD 0V
P MOS FET Crss Ciss / �VGS(t)={Crss/(Ciss+Crss)}�VDS(t)
�VGS(t) P MOS FET Vth /

H N

/

1. dV/dt
2. RG

3. Crss/ciss KS={Crss/(Ciss+Crss)} VDD Vth
4. VDD

1 4 4 VDD 1 3

1. dV/dt R1
2. RG MOS FET RS Rg

/
3. / C1 KS={Crss/(Ciss+C1+Crss)}VDD KS

Vth

45

VDD

VDD

VDD

V
gs

(t)

ID

G-S C1

R1
A dv/dt

PWM

A
A

VGS

PWM
(f  20kHz)

0

0

0

VDD M
M

Vgs(t) Ciss

Crss

Pch

Nch

Pch

Nch

Id

R3

R1

dv/dt

R2 C1

MOS-TECH Semiconductor Co.,LTD
� � � � �� � � � � � � 	



MOS FET

2.8.3

46

Q2 Q1 Q2 / VDS 0
Vin Ciss Q2 Crss Q2

VGS(Q2)=(Crss/Ciss+Crss)�dV(t) (1) Q2 Vth Q1 Q2

RDS(on) (Ciss Crss)
dV/dt

2

1. dV/dt
2. / C KS=(Crss/Ciss+Crss)

1MHz Ciss Crss
Ciss Crss (Crss<<Ciss) Q2 /

(RS+j�LS) VGS(Q 2) (RS+j�LS)1/j�Ciss)

46  

2

M

Ch3

Tek

Math

Ch1Ch1 Ch2 M A10.0V

PW = TVout
Vin

V
G

S
: 5

V,
2V

/D
IV

10.0V 20.0VCh140.0ns
2.00V

50.40%5.00V 40.0ns

1

T

V
D

S
: 1

0V
/D

IV

t: 40ns/DIV

VoutCrss

dV/dt
Q1

Q2
Ciss

Lo-Side VGS
(2V/DIV)

Hi-Side VGS
(5V/DIV)

Hi-Side VDS

Lo-Side VDS

Self Turn-on
(ts≈10ns)

Vin
Hi-Side

Lo-Side

VGS(Q2) = dVds(t)Crss
Ciss + Crss

T

PWM
Control
IC

CPU Core

Hi-Side

Lo-Side
Ron

Hi-Side
Hi-dV/dt
Lo-Side
(Ciss Crss)

MOS-TECH Semiconductor Co.,LTD
� � � � �� � � � � � � 	



MOS FET

3. MOS FET

3.1
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3.3.2 DC/DC转换器

· 应用设备

用于笔记本PC、 VTR摄像机、板上电源的二次侧、保护锂离子电池包的过充电。

DC/DC转换器的应用例如图53所示。

图53  DC/DC转换器的应用例
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3.3.3 VRM(Voltage Regulator Module)
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3.3.4 SMPS(Switch-Mode Power Supply)
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3.3.5 用于通信设备的DC/DC转换器

通信设备的DC/DC转换器应用例如图56所示。

图56  通信设备的DC/DC转换器应用例
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1. MOS-TECH Semiconductor Corp. puts the maximum effort into making semiconductor products better 
and more reliable, but there is always the possibility that trouble may occur with them. Trouble with 
semiconductors may lead to personal injury, fire or property damage. 
Remember to give due consideration to safety when making your circuit designs, with appropriate 
measures such as (i) placement of substitutive, auxiliary circuits, (ii) use of nonflammable material or 
(iii) prevention against any malfunction or mishap.

Keep safety first in your circuit designs! 




