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Conventional Power Module

Power Module with Vertical Shunt Resistor
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S4503

N-channel SiC power MOSFET bare die

Datasheet

VDSS 750\/
Rps(on) (TYP-) 26mQ
Ip 56A
®Inner circuit
@® Features

1) Low on-resistance

2) Fast switching speed
3) Fast reverse recovery
4) Easy to parallel

5) Simple to drive

%)

(1) Gate

(2) Drain

(3) Source
(1

*1 Body Diode

3
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S, MBSICNT—FBHEED1I—IL
1. Wide-Bandgap-Devices (WBG)
« Conventional Si IGBT" - SiC MOSFETs™ t
« High dv/dt is expected > High CM noise 1 o= s
I Vi

2. High DC Input Voltage (High Battery Voltage)
« High V,, increases system efficiency Vo
« Conventional 400 V system-> 800 V system

N
> 4

(~5kHz Si IGBTs - 20~30kHz with SiC devices)

3. High Switching Frequency
« Switching frequency is expected to be increased with WBG devices J?

4. Double-Sided Cooling
« Larger CM Capacitance | 2
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Power modules in automotive traction inverters

Bond wires Bare dies

Die attach

Top copper

Ceramic Substrate
Bottom copper

Encapsulant

PCB for signal
mterconnechons -

____________

____________

[&s ] aneee)

High-side RC IGBT
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= i
sl |
[ M i

Rest of
the
system

'€ »
Top copper—__ TQI N - N =
Ceramic—_ ~ g e X4
Bottom copper _,. %d;
Solder : -
< fj
L Baseplate e
A
bo = Eofe -
Cc

* Pulsating voltage occur at N,.
* Co contributes to the CM noise.
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Sl MESICNT—HBEED -

————— 7
',: ____ 1 ) "N =’ Case —*
o o | 1
— L po I Encapsulant
Top copper—__ e O I m—C; ] ! 0 p
Ceramic Ne Ny No : i ’ ——
N L L | L gO.new | : N
Bottom copper Cp Cyir - r~ | L ¥ 0 Col_ - 02|
Solder - 24 S & 1 T
/'% + 4 il ok i
1 icyy  Baseplate "'\':"“'/; === N Ty
= — _ AR | Baseplate | _l_
Etched bottom copper region . ] i =
AN | N
k} | Ay Ay,
\ < >
L] L] L] L] \\s I A ‘
» Etched area is filled with airr, e

* Epoxy is applied to support the substrate

-

h-—-----—-—-—-—-—------

45



S, FESIC/AT—LBHES21—I
Module Full-copper Air Low-¢ Silicone gel
d. 0.38 mm
d, 0.45 mm assuming 0.15-mm thickness of solder layer
Bottom copper - ﬂ ﬂ o ﬂ
design — e - A _—
Ay; 50 mm?
Ay 106.4 mm?
Coi 11.39 pF
Cos Not applicable 24.26 pF
C C. orC 2.09 pF 7.32 pF 6.35 pF
vh =C) =0) =C)
13.31 pF 17.01 pF 16.38 pF
C 35.71 pF _
0 7 =Co) (=Co) (=Co )

* Proposed three power modules achieves high CM capacitance

reduction.
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[ * The conventional and proposed flip chip module were manufactured. J

Conventional & Proposed

Thermistor

Qs

Flipped bare

Q4 dies

Thermistor

Fig 23. Manufactured conventional module Fig 24. Manufactured proposed module
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[' Double pulse testing was conducted on the power modules }

Specifications

Vin 200V
Pulse Width 50 us
Gap 20 ps

Load Inductor L

I mH /30 ADC / Air core

DC Capacitor C

1650 puF /1000 VDC

g8
15

S0 ps

20 ps

\
N

=
>

\
~>Turn on test point

A Turn off test point

DC+ —

DC- —

LISN

Power Module

Fig 25.

$ P \ 4
| %L
C i
= |o - i
| %
vgsJ ds
N
v
i [
ool =L

GND
Double Pulse Testing Setup
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JUERE %

File Utility Help

-

¥

Vg (10 V/div)

[

iy (500 mA/div)
- iy -

i, (10 A/div) |
=

v, (100 V/div) |

C4

10.0 V/div 500 mA/div || 10.0 A/div 100 V/div
1TMQ DS TMQ DS TMQ DS 1MQ
200 MHz B. || 350 MHz 350 MHz 200 MHz B

Horizontal
20.0 ps/div
SR:50.0 M5/s
RL:10 kpts

Trigger [1]
e 7.00V

Acquisition l -

High Res

Single: 1/1 13 Jun 2023
09:58:16

Tektronix

Conventional (Modulel)

Vg (Chl, blue), ir, (Ch2, sky-blue), i, (Ch3, pink), and v, (Ch4, green)
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o HESIC/N\T—HBRERED1—/LEEMR

1.5

Conventional

0.9

Proposed

0.3

-0.3

ica (A)

-0.9

-1.5 77.1% Proposed Module:
77.1% reduction in
248 u max icv at turn off

0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6
Time (us)

Fig 28. Double Pulse Testing Results during turn off for conventional and proposed modules
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Conventional

Proposed

Proposed Module:
39.5% 39.5%_: reduction in
max icv at turn on

0.4 0.6 0.8 1.0 1.2 1.4 1.6
Time (us)

Fig 29. Double Pulse Testing Results during turn on for conventional and proposed modules
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* The CM current from the modules during continuous operation was obtained by using it in a buck converter ]

Specifications

V.. 400 V
Duty 0.5
Switching Frequency 50 kHz
Ve 200V
C, 133.8 puF
Cout 401.8 pF
Inductor 7.1 mH
Electronic Load 40 )

Vgs

15

10 ps

10 ps

DC+ —

DC- —

LISN

Power Module

9
g
vgs__, vds
n L
—_ 0] g
Cout -
|J_ —
N i
-
'J R B
iCﬂ/I C3 CZ cl
— > 1
=~ GND

Fig 30. Testing Setup for noise spectrum analysis
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(.

Proposed Module: \

* 12 dBpV reduction at low
frequency

* 3-4 dBuV reduction at high
frequency

-

At around 2 MHz, both modules have
similar magnitude

- Could be due to external noise
form auxiliary power supply
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Fig 31. Noise spectrum analysis
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~ low-¢ eﬁoxy B " o L oNE epbxy'

-

FlexSEM1000 15.0kV S,EAI"nm XTOU BSE-COMP

:
ot |
e

R low-&epoxy'
| M& ACTE= 15
FiexSEN 100015 %6, 1rn?n X900 BSE- COMP ' g e

Delamination

Silicone gel

FlexSEM1000 15.0kV 6.2mm X600 BSE-COMP

No crack in ceramic layer

|||||||||||

K Low-¢  modules sometimQ

damages the ceramic layer and
experiences delamination.

« Silicone gel is soft material and
has high surface tackiness and
low viscosity.

—>Hardly cause delamination and

@mages to ceramic layers. /
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5|/F: Honda 0 Tech Meeting 20244%5% 1 &, “https://global.honda/jp/news/2024/¢241009.html” >
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Excellent aerodynamic technology
e ——

5|/F: Honda 0 Tech Meeting 20244%5% 1 &, “https://global.honda/jp/news/2024/¢241009.html” >
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