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Fuji Electric IGBT Modules & Discretes FC Fuii Electric

Innovating Energy Technology

. HPM
™
PrimePACK 1200V:600A-3600A HPNC *under development

1200V:600A-1400A 1700V:600A-3600A

1700V:650A-1400A 1700V / 3300V

3.3kV HPM

800A-1500A

1000A et Wl . 00 l

Standard 2in1/1in1
DualXT, EP+,
IPM

100A

Small IPM =

Discretes

Note: PrimePACK™ is the registered

600\, 1200\/ 1700V 3300\, AtrGidGegfnr:nc;flnﬂneon Technology
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Fuji Electric IGBT Modules - Applications JFC Fuii Electri

Innovating Energy Technology

S
\Svtandard 2pack

b

s
Small-PIM
PIM, "6-pack

Standard 2pack »

-
-
. t
)
o

Standa;d 2pack
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Fuji Electric Semiconductor - Applications FC Fuii Electric

Innovating Energy Technology

Medical

Automoti e module Small-IPM

-

Pressure sensor

!!']
Discrete IGBT/ MOSFET /
MOSEET Control IC

For internal use Only © Fuji Electric Co., Ltd. All rights reserved. 5
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" Fuji Electric

Power Semiconductor

~ IGBT Technology
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Evolution of Fuji Electric IGBT Technology,’e Fuji Electric

nnovating Energy Technology

1985 1990 1995 2000 2005 2010 2016

N'Series—

(3G S-series
Planar Gate .
(4G) (U4-series

PT-Epi
Planar Gate (SG) V-series
NPT
Trench Gate (6G)
Field Stop X-series

T. -150°C Trench Gate
Mmax) Field Stop (7

1986
(1G)

L-series
(2G)

Tyman:175°C <
= ol I
RB-IGBT
SiC
Hybrid

For internal use Only © Fuji Electric Co., Ltd. All rights reserved. 7




Evolution of Fuji Electric IGBT Chip Design, FC Fui Electric

Innovating Energy Technology

N-series S-series U4-series V-series X-series
(3G) (4G) (5G) (6G) (7G)

Gate Elmitter Gate Iimitter EmiEer Emiltter Emi}:ter
ch ga

— ‘— —) f— [\ [\

Q- ) Pt e b -
N+
‘ Gate
‘a r'g Gate Gate N- drift
N- drift N- drift N- drift N- drift
top iy |
Collector

N PT * Collector

non punch through) Collector

*

Collector

Collector
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. Fuji Electri
IGBT Loss Improvement by Generation InﬁgEl:glrgyTz:in;;ocgy

Optimized Trench / Fleld-stop structure

o 240 — 1 T IR
| B e
_| _____ o I I I DC= I/ =
7)) c 200 T | T
s S5 o0 | [
1 180 | | | | | 3
= O, | | | | | skl
g_ (_Dh 160 [~ HE | T |
A B e a—
@ | S 1o |[oven L&E L D@L
m — (V_Suenes) | } I | 4th Gen. WL :
E, 100 r_"_T _____ AP\ S " Planar NPT-IGBT(S)T 1
(=D ; 80 7th Gen*_lf_,_l_ ' ' B |
- — (X-series) | | | | |
m 60 | | | | | | |
<

1.6 1.8 2.0 22 24 26 28 3.0 32 34
On-state voltage drop [V]

Low Von
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Fuji Electric Part Number System

1. Modules with Standard IGBT-Chips

2 MB| 450 V H ] 2 O 50 ~=Suffix-50 =RoHS compliant, -85=With pre-applied Thermal Interface Material (see next page)
T_ L\/olm(u(lcm 060=600V - 120=1200V - 170=1700V - 330=3300V

Package Style
IGBT -Series (here V-Series) / IGBT-Technology
Rated current | [A]

IGBT development
Trench Gate

Device type Planar Gate

[F= Fuiji Electric

Innovating Energy Technology

6MBP...

2. Voltage Classification of modules with Reverse Blocking IGBT

MBi : Standard IGBT module (1-, 2- and 6-Pack)
MBR : PIM IGBT (Power Integrated Module) . : e -
MBP - IPM IGBT (Infelligent Power Module) N-Series  S-Series  U/U4-Series  V-Series
MSi, MSR : The "S" instead of "B" indicates Hybrid module with Si-IGBT & SiC Schottky Free Wheeling Diodes o I:T»Epi A oo 5}?3;’1‘;’;’33“ ",L'}f,f,'[egfgg"
— Number of IGBT-switches (not chips) 1995-2011 1998 2005 2009
g‘lxer Al I 01 o{ Gate Emitter Gate Emitter Gate Emitter Gate Emitter
s =
155 oK o of N% N It
: N-drift N- drift N- drift
IMBi... TMBi... 2MBi.../2MSi... 6MBi.../6MSi /MBR... / 7MSR... é FrREEET] N field
IPM 3 = IPM : § topy| P+ Collector Collector ‘
e} leelligem o— S Sk ;E_ P+ substrate " Collector
ower o ¥
I I o Module T T T = 5 £
/MBP..

Collector

4 MBi 300VG-120 R1-50 TS AT

{or.’ir-il.evel i
Voltage class of the Standard IGBTs T1 & T2 Voltage class of the RB-IGBTs T3 & T4 ]";zu:: " : v
?ggz]gggx R1 z]gggx Reverse Blocking IGBT /'E_T_E__
170=1700V R2=1700V (RB-IGBT)

For internal use only
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~ Flji Electric

X Series - 7G
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Innovating Energy Technology

Fuji Electric X Series 7G Technology [T Fuii Electri

7G - Features and Benefits

* Optimized Field-Stop Layer
* Finer Pattern Trench Pitch
e Ultra-Sonic Welding for Higher Joints and Reliability
* Downsizing of IGBT Modules

* Increased current rating, e.g. 50A - 75A

* 36% size reduction
e 4. Improved Long-Term Reliability (LTR)

* New plastic with CTI>600 for higher anti-cracking.

* High thermal cycling capability even with Cu-baseplate

For internal use only © Fuiji Electric Co., Ltd. All rights reserved. 12




Innovating Energy Technology

Fuji Electric X Series 7G Technology FC Fuii Electric
7G - Features and Benefits

* New High-Heat Resistant Silicone Gel Developed for 7G
 Withstands high temperature operation
* Tj(op) = 1752C Guaranteed

* Long Term Insulating capability at 1752C

* Optimized Wire Bonding
 Wire diameter and length of wire bonds

* Improved Free Wheeling Diode

* 10% lower switching loss at reverse recovery dv/dt

Low Internal Leakage Induction by Parallel Cu-bar

For internal use only © Fuiji Electric Co., Ltd. All rights reserved. 13




Advantages of X-series 7G IGBT Module

High Eﬁiciencz

120.0 120
105 _11°C
A
100.0 + \94 - 100
g 85 _800 A —|_)
A 77
g 800 — -10% - 80
8
-
& 60.0 1 60
=
[=]
o
5
£ 40.0 - 40
4]
=
£
20.0 - 20
-
0.0 0
6th Gen. 7th Gen. 6th Gen. 7th Gen.
75A 75A 75A 75A
(EP3) (EP2) (EP3) (EP2)
fc=4kHz fc=8kHz
1200V/75A rating

EP: EconoPIM™ is registered trademarks of Infineon Technology AG, Germany

For internal use only

IGBT Junction Temperature: Tj [deg.C]

[F= Fuiji Electric

Innovating Energy Technology

Smaller Package

EP3 75A (6th gen.)

EP2 75A (7th gen.)

36% smaller

wPrr
" Pf
= Pon More output current T, ,=175°C
= Poff
= Psat ——6th Gen. 75A (EP3) —— 7th Gen. 75A (EP2)
AT 200

o /

o

[

2175

=

o

£ 150

@

[« 3

£

@

=125 |-

c

S

g

= L 35%

5 100 Increafse

'—

[a1]

o

75 ' v ' 4

35 45 55 £5 75 55 95
Output Current : lout [Arms]
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X Series 7G - 650V Product Line-Up Plan FC Fui Electric

Innovating Energy Technology

620V

I Y

SENY(  SmalPM1 |

Small 2

| EP2M7LY) |
EPIPC | EP3(M720) |

Std.2inl

EP: EconoPIM™ s registered trademarks of Infineon Technology AG, Germany.

For internal use only © Fuiji Electric Co., Ltd. All rights reserved. 15




X Series 7G - 1200V Product Lineup Plan FC Fui Electric

Innovating Energy Technology

1200V
200A/ 400A/ | 550A/ | 800A/

SHEURY]( Small PIM |

[Small PIM 2 ]
EP2
( EP3 )
PC3
[ 34mm ]
Std.2inl [45mm]

Dual XT

( Dual XT )

[ EP+ ]

PP3

EP: EconoPIM™, EP+: EconoPACK™+, PP: PrimePACK™ are registered trademarks of Infineon Technology AG, Germany.

For internal use only
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X Series 7G - 1700V Product Lineup Plan FT Fui Electric

Innovating Energy Technology

Current Enh
1700V nhanced
400A/ 1000A/

Std.2inl

Dual XT

PP2
| pP3 |

EP+: ECOnOPACK™+, PP: PrimePACK™ are registered trademarks of Infineon Technology AG, Germany.

For internal use only © Fuiji Electric Co., Ltd. All rights reserved. 17
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Product Line-Up
Standard IGBT Modules
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. : Innovatin
FC Fuiji Electric  Small-PIM Energy ITegchnology

s 1 odd IS Solder pin type Thermistor
FELESSSS 0N 3 . A=y
- ® 1t = 9 o . .
: T e =0 | | |
: S '””‘C'?Dﬁ“"g"‘ v J d o o o
" o 22 ¥y &£ 1
2 122> 1

—o0

Small PIM1 (AKA Easy1B)

_> OOT
b
>
[

—F N
2

=
e

garta,
2
g=n

~ o,
20, W "

. :'-‘ o ,"‘\5_2 _’ =t a Lﬁj : (. V J oL ~ J v v J

, I 0 a Y. Rectifier Brake Inverter

é D 453 0 z‘,’,/ Press-fit type

-~ e 7-1 Converter - Inverter - Brake (AKA CIB Module)

Small PIM2 (AKA Easy2B)

* Compactness
* Small PIM1 - 65% Smaller than EP2
* Small PIM2 - 45% Smaller than EP2
* Light weight
e Easy Assembly
* Solder Pin
* Press-Fit Pin
* Industry Standard Package

© Fuiji Electric Co., Ltd. All rights reserved. 19
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[FC Fuiji Electric Energy Technology

Small-PIM Line-Up

NN TS

V series

o X series J
/ 650V V series
P2 X serles
V series
A X series J
1200V PIM2 V series
[ X series J

© Fuiji Electric Co., Ltd. All rights reserved. 20



. ] / L
[F= Fuji Electric  6-pack & PIM é’,%orﬁ/ %%hnology

m PC2  PC3 m EP2  EP3

Thermistor

| Loyt
Q O
A44 g c—é} a—d} c.#}
A [oa— Ot Ol
O <O
o ] o
O —
iia M‘l vﬁ} '*ﬁ} M‘l}
W - . - ' € v = |
Rectifier  Brake Inverter

‘J!_l Y Solder pin

Compact Design
 EP2/PC2-45X107.5 mm
e EP3/PC3-62X122 mm
* Easy Assembly
e Solder Pin & Press-Fit Pin
* Industry Standard Package

© Fuji Electric Co., Ltd. All rights reserved. 21
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6-pack - PIM Line-UP

V series

600\/ EP2 L X se"es J
650V*
x V series

X Series X series

V series
=Sen] X series !
1200V ,
V series

= { X series B

© Fuiji Electric Co., Ltd. All rights reserved. 22
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Product Line-Up
Standard IGBT Modules
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JF= Fuiji Electric

Innovating
Energy Technology

Standard 2-in-1 Package - 1700V Line-Up

SEI‘IES

-

. .n“nn - -

X series

" 34mm

1700V

> '-’€*‘:.
&t

V series
X series J

5

St .
P V series

L X series J

* X-series : under development

© Fuiji Electric Co., Ltd. All rights reserved. 24



. : Innovating
[FC Fuiji Electric Energy Technology

Standard 2-in-1 Package 600-650V & 1200V Line-Up

400A
SR “ﬂ asoa_| %"

62mm

\ﬁv\" , V series
X series
ooy - 34mm - V series
650V* X series |
45mm
*7G oy N Vseries
& X series ]
| 62mm
V& I V series \
S 34mm | )( serles J
X~V series
| X series ]
45 =
1200V mm e > > ~ Vseries |
& | X series J

> V series |
V 4 (’I X series |
80mm

* X-series : under development
© Fuji EIectrlc Co., Ltd. All rights reserved.




. : Innovating
[FC Fuiji Electric Energy Technology
Dual XT Series - Line-Up
T s | oon | ason | sson | coon | soon

V series V series |
1200v | X series J . Xseries |
1700V V series -

[ X series ! X series |

* X-series : under development

© Fuiji Electric Co., Ltd. All rights reserved. 26



. Innovating
[FC Fuji Electric  Dual XT Series Energy Technology

Press-fit pin

- Solder pin

* Compact Design
* 62 X150 mm
* 225A - 600A Rating
e 800A Rating with 7G
e Easy Assembly
* Solder Pin
* Press-Fit Pin
* Spring Contact
* Industry Standard Package

CARSRRRVURRLONGFARY | Cuomsiminar
LETURVLTIENED | oot cm ot
THREVVRUNVALEEY | | 03

LTI IIlIIIlI“IIIIlIIIIIIIIIl!I
g IUIIINIIHIIIIIIIIIHIII
LTI lllll"ﬂlll!lllllllllllm |
ﬁ:i}{llm:lm“ll IIIIIIHIIIIJIHIIIIIIIIIII
iy gy
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Product Line-Up
Standard IGBT Modules
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[F= Fuji Electric  Fuji Electric HPM Z’,;’e",;j’,t’;;%hm,ogy

Fuji Electric PrimePACK™

* Industry Standard Packages p—
* PP2-89X172 mm
e PP3-89X250 mm
* Multiple Configurations
* PP2-2Pack
* PP3-2Pack g
1200V & 1700V ==
* Low-Inductance Package :
* Parallel Easily | —— J

I | e

IR
| gy

© Fuji Electric Co., Ltd. All rights reserved. 29
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F Fuiji Electric Energy Technology
Fuji Electric PrimePACK™- Line-UP

_ 600A 900A 1200A 1400A 1800A

V271 V series
| X series |
1200V
- V series
{ X series J
| 650A | 1000A | 1200A | 1400A | 1300A
V series
M271 | X series J X seriesJ
1700V
V272 | Vv ser!es 'V series . |
X series | L X series |

* X-series : under development

© Fuiji Electric Co., Ltd. All rights reserved. 30
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HPM 1in1 HPM 2in1 HPM 1in1

gt b

- .A"‘::.J—-t:‘.‘ 19 ‘_:.‘.-
710 AT it e

el i 1)
ol ) oo i . — .

© Fuji Electric Co., Ltd. All rights reserved. 31



. : Innovating
[FC Fuiji Electric Energy Technology

HPM - High Power Module Line-Up
_

V Series
M151
1200V
Mis2  1-1 V Series
1200V M256 2-1 V Series
_ 600A 800A 1000A 1200A 1600A 2400A 3600A
M151 1-1 V Series
1700V
M152 1-1 V Series
1700V M256 = V Series
_ 600A 800A 1000A 1200A 1500A 2400A 3600A
M151 - U Series
3300V
M152 1-1 U Series

© Fuiji Electric Co., Ltd. All rights reserved. 32



JF= Fuiji Electric

Innovating
Energy Technology

Product Line-Up

© Fuji Electric Co., Ltd. All rights reserved. I 33



. : Innovating
F Fuiji Electric Energy Technology
Chopper module - Standard Package

Inverse Diode

C1°—|F'lw:c ‘lll_a": < E2
nil 1l

G1 E1 E1C2 G2 E2

62mm X 108mm 34mm X 94mm Low Side

Chopper Module - PrimePACK™

M272

Bl

—
SSERTL
g O

Low Side High Side

© Fuji Electric Co., Ltd. All rights reserved. 34



. : Innovating
[FC Fuiji Electric Energy Technology

Chopper Module Line-Up

1200V

600V

1200V

1200V

1200V

1200V

1700V

1700V

M262

M262

M259

M259

M271
PP2

M271
PP2

M272
PP3

M272
PP3

M271
PP2

M272
PP3

Low
Side

Low
Side
Low
Side

Low
Side

Low
Side
High
Side
Low
Side
High
Side
H/L
Side

H/L
Side

U Series
V Series
U Series
V Series
High-Speed Series
600A m 20]0) 1000A 1200A 1400A 1800A
V Series
V Series
V Series
V Series
X Series
X Series

© Fuiji Electric Co., Ltd. All rights reserved. 35
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Product Line-Up
IPM

© Fuji Electric Co., Ltd. All rights reserved. I 36



JF= Fuiji Electric

Innovating
Energy Technology

Fuji Electric Small-IPM

Lead frame —
Mold resin

FWD WIRE

Mold resin
Insulated Metal Substrate

Energy Saving Characteristics:
* Low loss at light load
*  Low V(g and low turn-off loss IGBT (X-IGBT)
* Low V, t, and low noise FWD

Built in drive Ics & Boot Strap Diodes
* Inputinterface: 3.3V, 5V line (High active)
* UVLO, SC, OH or LT (Temperature sensor output)
* Built in Boot Strap Diodes at all phase

Fully Isolated Small Dual In-Line Package
e Smallsize: 43 mm x 26 mm, t=3.7 mm
e Conformity of UL508
* High isolation voltage >1.5kV
* Aluminum Base
 Low Thermal Resistance

© Fuiji Electric Co., Ltd. All rights reserved. 37



WSS
a9 \

Mitsubishi Electric

Largest share!

Infineon Technologies

Fairchild Semiconductor

ROHM Semiconductor

Innovating

Energy Technology

ON Semiconductor

STMicroelectronics

© Fuji Electric Co., Ltd. All rights reserved.
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JF= Fuiji Electric

2"d Generation Small-IPM Lineup (Global Model)

Parts Number

IC

VCE(sat)

typ.@25°C

VF

typ.@25C

Overheating

Innovating
Energy Technology

PKG

Schedule

6MBP15XSD060-50

protection

V(temp) OUT

6MBP35XSF060-50

15A | 1.60V 1.60V
6MBP15XSF060-50 ;(if)nljlp) ouT
6MBP20XSD060-50 V(temp) OUT
6MBP20XSF060-50 208 1 L0V 170V \sll(;%nljlp) ouT
6MBP30XSD060-50 V(temp) OUT
30A | 1.60V 1.70V
6MBP30XSF060-50 ;(;%nljlp) ouT
6MBP35XSD060-50 V(temp) OUT
35A | 1.40V 1.70V

V(temp) OUT
& TOH

P633A

In Mass
Production

MP: June
2016

© Fuji Electric Co., Ltd. All rights reserved.
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Small IPM for Industrial Applications FC Fuii Electric

Innovating Energy Technology

QOutput power Application categories
of motor Inverter (light load) | Inverter (Heavy load) Servo
Blower fan, Pump Hoist, Door, Compressor, Robot etc..
etc.. Conveyor etc..
0.1kW | 0.125HP 6MBP15XSD060-50 6MBP15XSD060-50
1 6MBP15XSF060-50 [{| 6MBP15XSF060-50
G 2kW D 25HP EMBPIEISDHEU-EH
- . 6MBP15XSF060-50
6MBP20XSD060-50 e
0.4kW 0.5HP 6MBP20XSF060-50 6MBP20XSD0G0=
— -H—_6MBP20XSF060-50
6MBP20XSD060-50
0.75kW |  1HP 6MBP20XSF060-50 \ \
=S
|| 6MBP30XSD060-50 6MBP30XSD060-50
1kW 1.5HP \ 6MBP30XSF060-50 6MBP30XSF060-50
6MBP30XSDO60-50 || oo ) [ et
:  6MBP35XSD060-50 ;| 6MBP35XSD060-50
1.5kW 2HP 6MBP30XSF060-50 ||:  gMBp35XSFO60-50 ']}  6MBP35XSF060-50
| 6MBP35XSD060-50 |
2.2kW 3HP i 6MBP35XSF060-50
3.7kW SHP

For internal use only

© Fuiji Electric Co., Ltd. All rights reserved. 40



. : Innovating
[FC Fuiji Electric Energy Technology

O The current rating of X-IPM will be expanded more than V-IPM.
O This expansion contribute to package down sizing.

GBS0V 204 304 S T5A 1004 1500 2004 2504 3004
12000 104 154 258 35A 504 T5A 1004 1254 1504

- -
new PKG

- =
(Gin1)

[

| 23 S e

PE36 (6in1 & Tin1)
[ [

| | | |
P630 (6in1 & Tin1)

High heat radiation type

BLER
(ﬁmt | PE31 (6in1 & Tint) !
|

|
P639 : new — 30A/600V P638 : new — 150A/600V . Expand area
P629 : 50 — 75A/600V P630 : 200 — 250AJ/600V
P626 : 75 — 100A/600V P631 : 400 — 500A/600V

© Fuiji Electric Co., Ltd. All rights reserved. 41



JF= Fuiji Electric

Innovating
Energy Technology

uji Electric
Product Line-Up

© Fuji Electric Co., Ltd. All rights reserved. I 42



Fuji Electric 3-level Module Topologies [FC Fuii Electric

Innovating Energy Technology

T-type 3-level Advanced T-type

with cascade AC-switch 3level (AT-NPC)
(T-NPC) | o

RB-IGBTs

~~—~_Standard IGBT

(1200V)

© Fuiji Electric Co., Ltd. All rights reserved. 43
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. : Innovating
[FC Fuiji Electric Energy Technology

3-Level NPC Module Line-Up
—m-mmmm

V Series

1700V M403 600V AC-SW

M1202 .
mi203 12-1 VSeries - 600V AC-SW

1200V V Series
M403  4-1 900V AC-SW
eries - 600V AC-SW

600V M403 4-1 V Series

600V AC-SW
TBD ) V Series - 600V AC-SW
600V 62x122 4-1
EP+ 4 4 V Series V Series
I-Type
1200V
PP3 .4 V Series
I-Type
PP3 :
1200V 4-1 V Series - 900V AC-SW
T-Type
V Series

1700V M151 1-1 1200V - AC-SW

© Fuiji Electric Co., Ltd. All rights reserved. 44



. : Innovating
[F Fuii Electric Energy Technology

W

Product Line-Up

© Fuiji Electric Co., Ltd. All rights reserved. I 45



Fuji Electric SiC Production FC Fuii Electric

Innovating Energy Technology

6-inch SiC Front-End Factory in Operation since Oct-2013

-------
-------

paii:
. |
i} e
Automated SiC Back-End Factory in Operatlon since Apr-2014
)

/ T~ o i
/ === \ \‘ ': — ...__/”I ’,,

\ i ﬂﬂ"l L

Y : ﬂ s F e R 4

"] = ll Bl



. : Innovating
R Fuii Electric Energy Technology

C C| D
AT A GK Awm |-A&
E | S
Si-IGBT+Si-FWD Si-IGBT+SiC-SBD SiIC-MOS+SiC-SBD
(Conventional - MP) (Available) (In Development)

126 X 45 x 13 mm

80X 110 mm X 30

\5§ ”'

1200V / 400~

=

© Fuiji Electric Co., Ltd. All rights reserved. 47
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JF= Fuiji Electric

Innovating

Energy Technology
100% 200% 400%
LOSS 100% 70% 50%

Filter Down Size

Ya

Z0

Lower Power Dissipation

Higher Switching Frequency

Inverter Size Up

Smaller Heat Sink

Filter Down Size

© Fuji Electric Co., Ltd. All rights reserved.
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. : Innovating
R Fuii Electric Energy Technology

Hybrid Si IGBT + SiC SBD Module Line-Up
| 0a | 300a | a0o0n | 4soA | 550 | 600A | 1200A _

M277 V Series
1700V gvi1o 271
1700V 62X150 2-1 V Series
1700V 140X130 2-1 V Series

45X92 2-1  V Series

1200V  62X108 2-1 V Series
62X150 5 V Series
62X122 V Series
1200V - ——
- eries
62x122
7-1 V Series
600V 62X122

© Fuiji Electric Co., Ltd. All rights reserved. 49



JF= Fuiji Electric

Innovating
Energy Technology

m

Product Line-Up

 Discrete IGBT / Super JMOS!™

© Fuji Electric Co., Ltd. All rights reserved. I 50



Discrete IGBTSs

[F= Fuiji Electric

Innovating Energy Technology

Package |Vces |lc Trench-FS RB-IGBT
V) |(A) V Series High-Speed V Series High-Speed W Series
o o o o o o
30 |FGW30N60VD
25 FGW35N60HD _ |FGW35N60H
FGW35N60HC
40 FGW40N65WD  |FGW40N65W
FGW40N65WE
600/ | -, [FGW50NEOVD FGW50N60HD _ [FGWS50N60H FGW50N65WD  |[FGW50N65W
650 FGW50NGOHC FGW50NG5WE
! 50 FGWG60N65WD  |FGWG60NG5W
FGW60NG5WE
75 FGW75N60HD  |FGW75N60H FGW75N65WD  |[FGW75N65W
TO-247-P2 FGW75N60HC FGW75N65WE
FGW85NG60RB
85
15 |FEW15N120VD  [FGW15N120HD  [FGW15N120H
o5 [FGW25N120VD FGW25N120WD |[FGW25N120W
1200 FGW25N120WE
20 FGW30N120HD |FGW30N120H
40 FGW40N120VD  [FGW4ON120HD _[FGW40N120H FGW40N120WD |[FGW40N120W
FGW40N120WE
Recommended operating frequency
0~ |~10 |~20 | ~30 | ~40 | ~50 | ~60 |~70 | ~80 | ~g0 |~100  |kHz
V/RB |
|
High speed V
High speed W

For internal use only
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Discrete IGBT “High-speed W-series” T Fuil Electric

» Optimized IGBT and Diode for each application

» Especially, High-Speed W series is suitable for PFC,
inverter welding, UPS and solar application.

Target

IGBT series Application

IC
(100°C)

Features Benefits

New
650V
High-Speed 10k
w ~
Series 100kHz
PFC 1200V
Welding
UPS
Solar 600V
High-Speed S
v ~30kHz
series
1200V
600V
V series Motor Drive ~10kHz
1200V

For internal use only

40~75A

25~40A

35~75A

15~40A

30~50A

15~40A

Non-
guaranteed

Sus

Sus

10us

v Very low switching loss
v" Fast recovery diode

v tsc=5us (1200V)

v Tj(max)=175C

v Full square RBSOA

v" High frequency switching
¥ High efficiency

v High power density

¥ High reliability

v Low switching loss
v" Fast recovery diode
v tsc=5us

v Low VCE(sat)

v Tj(max)=175C

v" Full square RBSOA

v High efficiency
v High power density
¥ High reliability

v tsc=10us

v Low VCE(sat) and VF
v Tj(max)=175C

v" Full square RBSOA

v High efficiency
v High power density
v High reliability
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New product, TO-247-4L : Feature (1) FC Fuii Electri

Innovating Energy Technology

e Whatis TO-247-4L>?
» Added sub-emitter pin

e Benefits

> Possible to reduce emitter common inductance

> Effective gate voltage is higher than standard TO-247 due to lower
loop inductance.

# Achieved lower switching losses compared with standard TO-247.

A

( )Collector

®Collector PWM

@Emitter ®Gate
®Sub-Emitter @Coll_ector
) @Gate - @Emitter
©)
@ ® ®
T0-247-4L Standard TO-247

Circuit diagram

Pin configuration
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High-Speed W series : Lineup

[F= Fuiji Electric

Innovating Energy Technology

IC @ 100°C Anti-
VCE PKG parallel
25A 40A 50A 75A Diode
w/
FGW40N65WD | FGW50N65WD | FGWE0N65WD (Half Rated)
TO-247 FGW40N65WE | FGW50N65WE | FGW60N65WE | FGW75N65WE w/
(Full Rated)
650V FOWSOROSW  FGWaONESW | FGWSON6SW | FGWEON6SW | FGW7SNSSW | wj/o
FGZ50N65WD w/
-4L FGZ50N65WE FGZ75N65WE w/
*2 *1 (Full Rated)
w/
FGW25N120WD FGW40N120WD (Half Fated)
i, w/
TO-247 | FGW25N120WE FGW40N120WE (Full Rated)
1200V
FGW25N120W FGW40N120W w/o
TO-247 FGZ4ON120WE w/
-4L *2 (Full Rated)
Status (calendar year)
*1 : Sample --- available MP --- '16/Q4
*2 : Sample --- available MP --- “17/Q1

For internal use only
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. Fuji Electri
Fuji Super ) MOS®! EAS o il

600V Fuji Power MOSFET RonA trend

.'/J'..-- _--'-\\\\
Planar MOS J Super junction Tech. \

—Low-Rd
10 _S‘u‘ner FAP-E3S - o Gazl:on] Source
e E
, / : Super J MOS® / o i o [ ]
1 series (1G) 1 ¥ P
J v 3 S2 series (2G)
?:: ( 2nd gen. QPJ technology | = =-a A (3G) nep|n | pln|p|n
o ] +Low switching loss, low <‘>
o noise |
i
r 'n; Drain ,r"l
, xn % SiC MDSFET * -
U . + * Under planning
2005 2010 2015 2020 «  White circle is target

For internal use only
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Fuji Super J MOS(R) [F= Fuiji Electric

Innovating Energy Technology

» Applications

- PFC stages and PWM stages like a Server, Telecom, UPS, LED
lighting , Power conditioner system, Power supply.

E

-

Benefit
v Low on-state resistance v" High efficiency
v" Low switching loss v High power density
v Low gate charge (Qg) v High efficiency at low load

v Low charge and discharge

energy (Eqss)
v Easy to use

» more controllable dv/dt by R¢ v

| Easy to design
» Low turn-off V¢ surge

Lo e
v' 100% avalanche tested High reliability
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Super ) MOSR) S2 series

[F= Fuiji Electric

Innovating Energy Technology

Super J MOSP S2 series TO-220 TO-220F (SLS) TO-3P(Q) TO-247-P2 T0-252
X y i i %«
Vds (V) Ron (Q) Id (A) |
600 0.3800 8.1 v v v
0.2800 10.4 ol v v v
0.1900 15.5 v v v '
0.1600 17.9 v v v
0.1250 22.7 ' v '
0.0990 20.2 ' v '
0.0880 32.8 v v '
0.0790 37.1 ' v '
0.0700 39.4 v d
0.0550 49.9 ol
0.0400 66.2 '
0.0254 95.5 v
650V (0.1010] (30.6) i v '
(0.0790) (37.1) v '
(0.0450) (62.4) v
(0.0287) {89.8) '

For internal use only
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JF= Fuiji Electric

Innovating
Energy Technology

Fuji Electric

Data Sheet Brief
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- R9 Fuji Electric
M aximum VO I tage Innovating Energy Technology

B Absolute Maximum Ratings (at T.= 25°C unless otherwise specified)

Maximum
Items Symbals Conditions Ratings Units
Collector-Emitter voltage Vees 1200 W
Gate-Emitter voltage Viges +20) W
I, Continuous E:E UEC- ;gg
Collactor current I pulse  [1ms 1200 A
-l 600
-l pulse [1ms 1200
Collector power dissipation P 1 device 3750 W
Junction tamperature T 175
Operating junclion temperature
. o ™ 150 .
(under switching conditions) c
Case temparature Te 125
Storage temperaturs Tasg -40 - 125
Izolation |bebwean lerminal and copper base 71) .
voltage  [between thermistor and clhers ["2) Vieo AC: Tmin. 2500 VAC
Screw Mounting (*3) . 3.5 Nm
Torgue  [Terminals [*4) - 4.5

(*1) All terminals should be connected together during the test.

("2) Two thermistor terminals should be connecled together, other terminals should be connecled together and
shorted to base plate dunng the test,

(*3) Recommeandable Value : 2.5-35Nm (M5)

("4) Recommeandable Value - 3.5-4 5 Mm (MA)
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Maximum Power Dissipation FC Fuii Electric

Innovating Energy Technology

B Absclute Maximum Ratings (at Tc= 25°C unless otherwise specified)

Collector power dissipation Fe 1 device 37a0 W

PE = [Tj{max] —25°C) / Rth{j'ﬂ}
=(175-25)/0.04 =3750
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. : Innovating
[F Fuii Electric Energy Technology

W

Thanks you for your attention;

. Anyguestions?
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[F= Fuiji Electric Innovating

Energy Technology
<= Fuji Electric

Innovating Energy Technology

www.fujielectric.com/products/semiconductor/

» Semiconductors Product Catalog:
www.fujielectric.com/products/semiconductor/catalog/

» Application Manuals
www.fujielectric.com/products/semiconductor/model/igbt/application/

» Design Support
www.fujielectric.com/products/semiconductor/technical/

» IGBT Loss Simulation Software
www.fujielectric.com/products/semiconductor/model/igbt/simulation/
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Switching Losses FC Fuii Electric

Innovating Energy Technology

Necessary data for loss Switching losses are proportional to
calculation, cooling design DC bus voltage

(thermal rating).

Switchi#g loss vs. Collector current (typ.)
Vee=600V "VGE=+15V, Rg=0.620, T|=125°C, 150°C
250
= — Tj=125°C
b7 -=-. Tj=150°C | -
I : ir
% 200 e ........ e O] — E o : IGBT
E Z | Turn-off loss
“o1s0 |
"E |-
I-IJ -
L [ H
& _ . E, .,/ recovery loss
2 50 [ g
S Eon :
£ E,,:IGBT
2 0 ——— P B . Turn-on loss
0 500 1000 1500

Collector current: |- [A]
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