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When, Why, we started development gate drivers

Tamura Total solution for Traction Market

Three features of Tamura Gate Driver
- Scalability

- Parallel drive
- Low coupling capacitance

Introduction of Tamura Gate driver 2LH / 2XH series

Products line-up

Matching data (2-pulse / Short circuit)

(Data is from Mitsubishi Electric
FMF750DC-66A and FMF800DC-66BEW)
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01 Why, we started development gate drivers
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Gate Driver optimized for Mitsubishi Electric 3300V Full SiC power moduleTAMU%
01 When, we started development gate drivers
2016 2011 2018 2019 2020 2021 2022 2023 2024

For
High voltage inverter

S

IGBT 2DD of

DC-DC convertor

2LG-C Parallel

T T
T

2CG-D for IGBT

Mitsubishi (2in1)k\ :
FUJI (2in1) FUJI (2in1)
Infineon (2in1) Infineon (2in1)

(LV100(HV))

%@w'ﬁ
ik 2pm/2DU
s“: for SiC

2CG-B + 2RB

2DD of
- #~ .= DC-DC convertor | 25 ;
< _ ek "~ Mitsubishi
ROHM 2CG-B for SiC Wolfspeed (LV100(HV))
4
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02 Tamura Total solution for Traction Market

———————————————————————————————————————————————————————————————————————————

Power semiconductors manufacturers

—————————————————————————————————————————————————————————————————————————

Collaboration of
Roof mounted

Underframe mounted

Main,

Rectifier Inverter
Auziliary
To other components mm— _'- Lty D I To other . I
3-Phase 3-Phase
AC Motors AC Motors
~ NI r=

Main Transformer

Provide of main components for Iraction converter!
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02 Tamura Total solution for Traction Market

Cate% Reactor GateDriver  Currentsensor
Traction inverter P n
g

KE I /

! |
Wheel
@ Power
Supply

v Y Y v
Control Unit Control Unit l—

|LCD MONITOR| |COMMUNICATOII‘+—<I [ LCD MONITOR
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Suitalle for Iraction Converter -rmwi}

Of£:a0
i2 P> Check here !
m] A2y

Side placement type “

Scalability |

Parallel drive

Low coupling
capacitance
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03 Three features of Tamura Gate Driver

Features items Applied technology Benefits

Converter Analo \ Di ital\ mm
N/ Gicircuitmetiiod!

VAR
m <onverter Anang/<DigitaI/ mg

< < g> lowerthan othercompetitors)!
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03 Three features of Tamura Gate Driver

‘ )

&7 </
74
I

y

GCompact size!
Less than 30%

* Compared to other companies

e GEEE A
Same witlth as power module

Contribute to compact design of system thanks to “no protrusion”
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03 Three features of Tamura Gate Driver

FMF750DC-66A

scalahilitv With 2-level / 3pcs paralleling

FMF750DC-66A
With 3-level ANPC (I-Type)

Highly expandable design regardless of circuit method

Copyright © 2023 TAMURA CORPORATION All Rights Reserved.
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03 Three features of Tamura Gate Driver

Scalahility Overhead space availahle !

Example) Power electronic building block (PEBB)

GCompact size!
Less than 30%

32200

Follower board

‘ 2XH

Contribute to compact design of system thanks to “no protrusion”
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* Compared to other companies

11



I ———

~ —
Gate Driver optimized for Mitsubishi Electric 3300V Full SiC power module "YW\

03 Three features of Tamura Gate Driver

rive

A GComing soon !
2025

|
Design review
‘ 4

ES2 - Evaluation (Short circuit)
for FMFS800ODC-66BEW _
Evaluation (3parallel, ~Oct/ ‘24)

* MP Start
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03 Three features of Tamura Gate Driver

Low co_unling No malfunctions even during high-speed switching.
capacitance = Reduction of parasitic capacitance !

| -~ Conceptual diagram FMF750DC-66A No malfunctions !
i /
ﬁ et i } """""" . v dv/dt ] ! ! ! ! ! '
s T T Lo Lo LA S S SR
e s N — ® / I
—— (DC/DC) [ o : T g ! | :
No malfunction A - ¥ i | | | | | ]
at high dv/dt ' | ‘ ‘ ‘ ‘ ’
S ] : : 1 : | | .
R F T
Ny 5 — briver | {>—— NSO WSS O S SO N B
Inoise . S . — S I

Inoise=Cstray X ¢ 1usidiv

dv/dt 19.8kV/us
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04 Introduction of Tamura Gate driver 2LH / 2XH series

Product DG/DC Converter
: DG/DC Gonverter
Cunction PM designated .
DC/DC Converter
+
' --------
5| Gate :m_é%s 4 Gate %
o drive |—4 —H drive Ti I
[ oonc 3 DC/D—lc |
Blﬂck diagram W] Converter =4 Converter ]
|
_E'[ C([))ncv/gr%er J_r__: Cc?r?\{g’ger ]
- 0
Gate :J- \ ! |
J?'-'_: drive ;?._._t

Appearance .

1DD
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04 Introduction of Tamura Gate driver 2LH / 2XH series

Products tree
DC-DC converter
o 1DD 8W Withstand voltage : 10.8kV
Signal insulation : Optlcal
Gate driver Unit Gate driver Unit
2LH,2XH 2LH,2XH (Multi-parallel)
FMF750DC-66A FMF750DC-66A

CM600DA-66X CM600DA-66X

2LH 2XH

2XH + Follower

2LH + Follower

Copyright © 2023 TAMURA CORPORATION All Rights Reserved. 15
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04 Introduction of Tamura Gate driver 2LH / 2XH series

>18kV

Checking limit value

Isolation voltage (Pri-Sec) 10.8kV
Isolation voltage (Sec-Sec) 6.7kV
Partial discharge extinction voltage 4.95kVpeak(min)

Clearance/Creepage(Pri-Sec)
Clearance/Creepage(Pri-Sec)
Coupling capacitance

Signal interface

Size

Copyright © 2023 TAMURA CORPORATION All Rights Reserved.

23.8mm/50.4mm
8mm/22mm
11pF
Fiber-optic
70.2X76.3X60.2=322cc

)
TAMUYRA

Checking limit value

&«

T N T N
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04 Introduction of Tamura Gate driver 2LH / 2XH series

Snecification [ Vibration tests )
/F@\ g:sni';mnem

|
Inside Category Location Description of equipment location
cubicle | Bed
. ! E Y 1 MNO Components which are mounted directly on to or under the car body
= . Class A land J
K u .
Subassembly ——— o ” 1 D Components mounted into an underframe cubicle which is in turn fixed to the
- o Class B car body
a . 1 K and E Components mounted into a large internal cubicle which is in turn fixed to the
- E' Class B car body
| .
J . L E 1 F Components mounted into subassemblies which are in turn mounted into a
S Class B cubicle which is in turn fixed to the car body
Under frame e A IE]
cubicle - L 2 G Cubicles, subassemblies, equipment and components which are mounted on
Bogie the bogie of a railway vehicle
/1 Axd 3 H Subassemblies, equipment and components or assemblies which are
e . .
Q mounted on to the axle assembly of a railway vehicle
IEC 1108/10
Vibration Amplitude VR
Category Location waveform ey acceleration Test time Standard
(Reference)
12.6mm XYZ
1-ClassB D,K,E,F Random ; 16.89m/s? IEC61373
e 2~150Hz Each 5h

Copyright © 2023 TAMURA CORPORATION All Rights Reserved.

)
TAMUYRA

17



————

- —
Gate Driver optimized for Mitsubishi Electric 3300V Full SiC power module "YW\

04 Introduction of Tamura Gate driver 2LH / 2XH series

O

CN201

. Diriver Driver
DG/DCL(Hside) [ﬂk_ DESAT

VIN( L) (& FLT FLT_IN
N )u Step- ALM_IN ALM  VOH Raonl, )GH

| i
down |
VIN - ! i vo+  ouT| N VoLl l
NO) T ] J__r VO-  GNDp- STO Rg(OFF)
| | T vo+ Feto I ESH
Push- Rectifi VO~ »
CN101 pul T cation * ) =710
[
: ()N C.
! Dirfver Drives
i 1oL — ‘&F— DESAT)
|
|

—p5o

FLT| FLT_IN
Step- I ALM IN AM VO Ro(ON) .-)GL
down vo+  OuT| IN Vol l
I ; vo-__swoh STO Rg(OFF)
Push- | | [ | Rectifi 1 vo e 1- ESL
pull T cation 1 ¥o- GHD ]'I Re Q
I [ optma k— pwm }—{ ane } I N.C.
I [ optmaa k—{ pwm }—{ amp } ll_l
|
| CN251
i o
|
|
|
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04 Introduction of Tamura Gate driver 2LH / 2XH series

Out line & Pin function
2 64.4 (46) 96
32 o (82]
i Tt
4 AT N
L &l - }
=g - = —
H ~ B < - = f B
R | eile]
i
6= T b
_ ° /o 2 3
— _Q,N
,{e‘M (735
o | 1]
) ﬁ; = N I = EL%E )
5‘ T T
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REOEERER

AT

CN101
RX1

TX1

RX2

TX2

TX3

TX4

CN201
CN251

Common

Upper arm

Upper arm

Lower arm

Lower arm

Lower arm

Lower arm

Upper arm

Lower arm

Pin No. | Channel | Function ______

DC/DC input

Input signal (Receiver)

Alarm signal
(Transmitter)

Input signal
(Receiver)

Alarm signal
(Transmitter)

PWM output of measured NTC
temperature (Transmitter)

PWM output of measured DC
link voltage (Transmitter)

For parallel connection

For parallel connection

)
TAMUYRA
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06 Products line-up Underdevelopment
I Gate Driver Unit DC-DC converter
Package /IC Part No
D 2LH / 2XH 1DD
Vce = 1700V

1200 CM1200DA-34X Q ‘ &P  +15/-10V type . +15/-10V type
2L 2XH Follower

Vds or Vce = 3300V

375 FMF375DC-66A

FMF750DC-66A +17V/-5V type +17V/-5V type
750 )
FMF750DC-66A-1 ; . .
2LH 2XH Follower
800 FMF800DC-66BEW +17V/-7V type +17V/-7V type
600 CM600DA-66X +15/-10V type +15/-10V type

Copyright © 2023 TAMURA CORPORATION All Rights Reserved. 20
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06 Matching data (2-pulse / Short circuit)
(Data is from Mitsubishi Electric FMF750DC-66A)

Test condition Test Circuit for Upper arm
Power module
Device FMF750DC-66A e ! ____4»__
VIN+ D18 O
Gate driver 2LH series (TBD) 15V—[ vl |
LVIN— G19 T gé |E§ nd
Gate voltage +17V/-5V wet | 1 L
s1 10 o)
Gate resistor Ron:2.0Q, Roff:0.9Q 1OT
\\xk RAT Hé 345 T T [~
DC-link voltage (VCC) 1800V, 2200V I ! g crotfcioz e

G2 12 %} HE}
Main circuit current 750A, 1T500A 3 T

R §2 13—

Load 3

.
|

|

|

|

|

|

|

|

|

|

¢ [e1]
T _ p— ee s ese
|

|

|

|

|

|

|

|

|

|

|

|

|

Switching condition Period:100us on duty:20-30% - i
TH 14 140
Load inductance 55uH " L O .
6 7
Junction temperature 150°C

C101-106 : 490uF

Ls :About 40nH o1
Copyright © 2023 TAMURA CORPORATION All Rights Reserved.
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Gate Driver optimized for Mitsubishi Electric 3300V Full SiC power module "W\

06 Matching data (2-pulse / Short circuit)
(Data is from Mitsubishi Electric FMF750DC-66A)

2 pulse test of upper arm

VCC=2200V, Ron:2.0Q, Roff:0.99Q, Tj=150C | VgsL:15V/div, VasH:15V/div, Vds:400V/div, 1d:500A/div, t:20us/div

(2 pulse test]

Vds.I1d.VasH S0A
- ! A A N B
_— — B ; -
B Vgl NS N B B S S
v am T

Vds,Id,VasL

=3
— I —

Copyright © 2023 TAMURA CORPORATION All Rights Reserved. =



Gate Driver optimized for Mitsubishi Electric 3300V Full SiC power module

06 Matching data (2-pulse / Short circuit)
(Data is from Mitsubishi Electric FMF750DC-66A)

2 pulse test of upper arm (expansion)

VCC=2200V, Ron:2.0Q, Roff:0.9Q, Ti=1507C
Turn ON / Id =750A

| VgsL:15V/div, VgsH:15V/div, Vds:400V/div, Id:500A/div, t:1us/div

Turn OFF / Id =1500A

Vds,Id,VasH

Vds = 2541V

Turn OFF / Id =750A

Vds.Id,VasH Vds.Id,VasH
: - i "y

Id
750A

Vds, Id,VasL

TAMURA

Copyright © 2023 TAMURA CORPORATION All Rights Reserved.

Vds, Id,VasL Vds,Id,VasL
: Id

-3 -] B 1500A

Item Measurement Uit Ite Measurement it Item Measurement unit

Value m Value uni Valus

Vdsp 2428 v dvydt 111 kW fus Wdsp 2541 v

dvi/dt 17.3 k\fus dl/dt 1.8 ke fus dv/dt 19.8 kv us

di/dt 47 k& /us Ecn 629 md dI/dt 5.4 kAfus

Eoff 358 m) Eoff 785 mJ

23
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06 Matching data (2-pulse / Short circuit)
(Data is from Mitsubishi Electric FMF750DC-66A)

Short circuit test of upper arm

VCC=1800V, Ron:2.0Q, Roff:0.9Q, Tj=150C | VgsL:15V/div, VgsH:15V/div, Vds:400V/div, Id:1kA/div, t:2us/div ‘
Id Vds,Id,VasH SOA
6743A ......... .i ........................................................................................... ‘ J
L . - . . . | | | 4
: Vds = 2007V | L

Vds,Id, VasL MOV AN LSM. . ke . 23w, aW
B Measurement "
Item Value unit
Vidso 2007 W
— i, — e . Ido £743 A
tsc 16 us
tw = 3.6us stsc - 10% to 90% of Vs

Copyright © 2023 TAMURA CORPORATION All Rights Reserved.
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06 Matching data (2-pulse / Short circuit)
(Data is from Mitsubishi Electric FMFS800DC-66BEW)

Test condition Test Circuit for Upper arm
Power module
Device FMF800DC-66BEW P ! ____4»__
VIN+ D18 O
Gate driver 2LH series (TBD) 15V—[ T
LVIN— G19 VdT 9:’13 |: t
Gate voltage +17V/-TV wet | 1 L
s1 10 o)
Gate resistor Ron:1.5Q, Roff:1.5Q 1OT
\\}RXW H(|3 345 — -_— ee s e
! c101]c102 C106

DC-link voltage (VCC) 2200V ™ ! ]

G2 12 %} HE}
Main circuit current 800A, 1600A 3 T

TX
4 §2 13—

Load 3

Switching condition Period:100us on duty:20-30% - i
TH 14 140
Load inductance 55uH " L O .
6 7
Junction temperature 150°C

C101-106 : 490uF
Ls :About 40nH

Copyright © 2023 TAMURA CORPORATION All Rights Reserved.
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06 Matching data (2-pulse / Short circuit)
(Data is from Mitsubishi Electric FMFS800DC-66BEW)

2 pulse test of upper arm
VCC=2200V, Ron:1.5Q, Roff:1.5Q, Ti=150C " VgsL: 15V/div, VgsH: 15V/div, Vds:500V/div, 1d:400A/div, t:20us/div

[2 pulse test]

Vds,.Id.VasH SOA
. 1 <
. - - + 15
L T |‘ m—————————— e 5 kA
Vds Id VqSL | ov 500 W 1w .5 kv T TS5k kL) L] |}
[ A
D
L I U S I R I
// r |

Copyright © 2023 TAMURA CORPORATION All Rights Reserved. 26



Gate Driver optimized for Mitsubishi Electric 3300V Full SiC power module

————

06 Matching data (2-pulse / Short circuit)
(Data is from Mitsubishi Electric FMFS800DC-66BEW)

2 pulse test of upper arm (expansion)

VCC=2200V, Ron:1.5Q, Roff:1.5Q, Ti=150C

Turn OFF / Id =800A

Turn ON / Id =800A

VgsL:15V/div, VgsH:15V/div, Vds:500V/div, 1d:400A/div, t:1us/div

)
TAMUYRA

Vds = 2704V

Turn OFF / Id =1600A
Vds, Id.VasH | Vds,Id,VagsH | Vds,Id. VasH |
Id = = R o :
800A |
Vds, Id.VaslL | Vds.Id.VaslL | Vds,Id.VasL |
[« 3 [<3 [« 3

Ttem Meaigﬁg"e”t unit Itom Meaf{‘;ﬁg“e”t unit Ttern Meaﬂgﬁgﬂent unit
Vdsp, 2545 v dv/dt 271 kv/us vdsp, 2704 v
dv/dt 235 k\V/us di/dt 58 kAfus dv/dt 256 kv/us
di/dt 7.6 kAfus Eon

Eoff

153

mJ

Copyright © 2023 TAMURA CORPORATION

All Rights Reserved.

289

ml

dr/dt

125

kAfus

Eoff

380

mJ

Id
1600A

27
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Gate Driver optimized for Mitsubishi Electric 3300V Full SiC power module

06 Matching data (2-pulse / Short circuit)
(Data is from Mitsubishi Electric FMFS800DC-66BEW)

Short circuit test of upper arm

Currently being measured.
Please wait until the end of Oct.

Copyright © 2023 TAMURA CORPORATION All Rights Reserved.
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r

Tamura’s mascot “Quenu”

Copyright © 2023 TAMURA CORPORATION All Rights Reserved.






	スライド 1: Gate Driver optimized for Mitsubishi Electric 3300V  Full SiC power module FMF750DC-66A /FMF800DC-66BEW 
	スライド 2
	スライド 3
	スライド 4
	スライド 5
	スライド 6
	スライド 7
	スライド 8
	スライド 9
	スライド 10
	スライド 11
	スライド 12
	スライド 13
	スライド 14
	スライド 15
	スライド 16
	スライド 17
	スライド 18
	スライド 19
	スライド 20
	スライド 21
	スライド 22
	スライド 23
	スライド 24
	スライド 25
	スライド 26
	スライド 27
	スライド 28
	スライド 29
	スライド 30

