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The introduction of S-cell based embedding PCB solution AS'ASHANGH&/

Terminal Connection (Electrical)

S-cell
SiC / Chip Size

~5mm x 5mm \\ 3

3

Embedding PCB Solution
(one concept)

Embedding PCB

i N

. v v v PCB internal isolation

! System Connection ! (optional)

L — Heat Dissipation (Thermal)

| Cu Lead Frame 1.27mm I
Heatsink

XT TeChnOlOgy Cu for Chip Top Side
Diffusion soldering\‘m

Cu Lead Frame
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Thermal Model of Embedding PCB Solution VS Module Solution pcim (iﬁneon
Case 0 (not compared in the paper) = Setup ASIA SHANGHAI

SiC Chip . .
PCB Ag Sinter(zoum)

Cu Vias

o oL Sinter(20um)
~120um

: I * AMB T Wi(m*k
| AMB Top Cu (300um, 380WHImL0) ] op Cu ($00um, SBOWHIY)

AMB Si3N4 (320um, 80W/(m*K)) AMB Si3N4 (320um, 80W/(m*k))
AMB Bot Cu (300um, 380W/(m*k)) AMB Bot Cu (300um, 380W/(m*k))

System Solder: 200um, 50W/(m*k) System Solder: 200um, 50W/(m*k) System Solder: 200um, 50W/(m*k)

Heatsink: Cu, 5mm (21mmx21mm) Heatsink: Cu, 5mm (15mmx15mm) Heatsink: Cu, 5mm (21mmx21mm)

HTC=20000 W/(m2K) and 65C HTC=20000 W/(m2K) and 65C HTC=20000 W/(m2K) and 65C

PCB Bot Cu 2 ( ~ 60um)

21mmx21mm
PCB/Heatsink 15mmx15mm
,,,,,,, ; AMB/Heatsink

5mm 8mm
.
ISmm
8mm

21mmx21mm

AMB/Heatsink
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RthJW Results of Embedding PCB Solution VS Module Solution pcim (imeon
Al

Case 0 (not compared in the paper) = Rth(j-w) Results ASIA SHANGH
SiC Chip —
SCU \”/iist I = A/Ag Sinter(20um) : A A9 Sinter(20um)
| |
~120um
AMB Top Cu (300um, 380W/(m*k)) AMB Top Cu (300um, 380W/(m*k))
e e | AMB Si3N4 (320um, 80W/(m*K)) | | AMB Si3N4 (320um, 8OW/(m*k) |
PCB Bot Cu 2 (~ 60um) AMB Bot Cu (300um, 380W/(m*k)) AMB Bot Cu (300um, 380W/(m*k))
System Solder: 200um, 50W/(m*k)
Heatsink: Cu, 5mm (21mmx21mm) Heatsink: Cu, 5mm (15mmx15mm) Heatsink: Cu, 5mm (21mmx21mm)
HTC=20000 W/(m2K) and 65C | HTC=20000 W/(m2K) and 65C HTC=20000 W/(m2K) and 65C

Heatsink: 21mmx21mm

Heatsink: 15mmx15mm

Heatsink: 21mmx21mm

Tj temp map
10W /chip

Tj temp map
10W /chip

Tj temp map
10W /chip Srieees

67.0924
) <+—> 66.5424
65.9925

88.7712
68.2224
67.6735
67.1247

A Tempesshae [C) | 635828 = 715154 707978 _J

‘ 3
Q 0me | 2 m |

E sides va e ean
ChoAR1| Al | Al | Temperahwe|C) | 683884 | 70332 | 63662 j
»

@ Done | 2 Export
® Tj(avg)=71.6C ® Tj(avg)=70.80C ® Tj(avg)=69.66C
® Rth(j-w)=(71.6-65)/10W=0.66K/W ® Rth(j-w)=(70.80-65)/10W=0.58K/W ® Rth(j-w)=(69.66-65)/10W=0.47K/W

0.66K/MW(100%)  0.58K/M/(88%) 0.4TKM(71%)

2025-01-09 restricted Copyright © Infineon Technologies AG 2025. All rights reserved.



Thermal Model of Embedding PCB Solution VS Module Solutionpcim

ASIA SHANGH

Case 1 (B2 Level) = Setup

1
1
I 63mmx35mm LS switch LS switch
1 (4x S-cell) (4x chips)
1

2025-01-09 restricted

SiC Chip

PCB

S-cell Bot
Cu Vias
~120um _

1 1
1
PCB Bot Cu 1 ( ~100um, ~30z

PCB Bot Cu 2 (~ 60um)

System Solder: 200um, 50W/(m*k)

Heatsink: Cu, 5mm (63mmx35mm)

HTC=20000 W/(m2K) and 65C

HS switch
(4x S-cell)
7
e

3mm(typ)

HS switch
(4x chips)
e

_________

_________

SiC Chip
| (

AMB Top Cu (300um, 380W/(m*k))

Ag Sinter(20um)

AMB Si3N4 (320um, 80W/(m*k))

AMB Bot Cu (300um, 380W/(m*k))

System Solder: 200um, 50W/(m*k)

Heatsink: Cu, 5mm (39mmx23mm)

HTC=20000 W/(m?K) and 65C

HS switch
(4x S-cell)
\

3mm(typ)

Layout-Y------------
LS switch HS switch
(4x Sl—cell) (4x ctﬂps)

infineon
(infineon

LS switch
(4x chips)
1

Copyright © Infineon Technologies AG 2025. All rights reserved.



RthJW Results of Embedding PCB Solution VS Module Solution pcim (imeon
Case 1 (B2 Level) > Embedding PCB Solution Results [EEmsi ASASHANGHAI

HS switch(4x chips)

- - ~ Tj temp map : _ it Tj temp map
1/4x Switch Heating: 1x S-cell of HS 10W /chip 1x Switch Heating: 4x S-cells of HS (Layout-Y) 10W /chip

| | 1 | Tj temp map : '
1x Switch Heating: 4x S-cells of HS (Layout-X) 10W /chip 2x Switches Heating: 8x S-cellls of HS+LS 10W /chip

Tj temp map

2025-01-09 restricted Copyright © Infineon Technologies AG 2025. All rights reserved. 10



mmmmmmmm

RthJW Results of Embedding PCB Solution VS Module Solution pcim (imeon
Case 1 (B2 Level) 2 Module Solution Results —pmese—  ASIASHANGHAI

HS switch(4x chips)

Tj temp map

Tj temp map 1x Switch Heating: 4x Chips of HS (Layout-Y) 10W /chip

1/4x Switch Heating: 1x Chip of HS 10W /chip

HS switch(4x chips)

Tj temp map Tj temp map
1x Switch Heating: 4x Chips of HS (Layout-X) 10W /chip 2x Switches Heating: 8x Chips of HS+LS 10W /chip

2025-01-09 restricted Copyright © Infineon Technologies AG 2025. All rights reserved. 11



RthJW Results of Embedding PCB Solution VS Module Solution pcim
Case 1 (B2 Level) 2 RthJW(Normalized) at Layout-X, Layout-Y ASASHANGH

160%
140%
120%
100%
80%
60%
40%
20%
0%

2025-01-09

RthJW (Normalized)
per S-cell/Chip
at Layout-X

86%

I .

1x S-cell/Chip of HS

.......

........... 100% 86%
............. 80% 65%
60%
40%
20%
0%

Layout-X Layout-Y

160% RthJW (Normalized)
per S-cell/Chip
at Layout-Y

140%
120%

........
______

4x S-cell/Chip of HS 8x S-cell/Chip of HS+LS 1x S-cell/Chip of HS 4x S-cell/Chip of HS ~ 8x S-cell/Chip of HS+LS

= S-cell PCB mmmm Traditional Module = S-cell PCB mmmm Traditional Module

O RthJW per chip: S-cell is higher... (~20% higher)
O RthJW per Switch w/o thermal coupling (4xChips): S-cell is similar (2~4% higher)

restricted
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ZthJW Results of Embedding PCB Solution VS Module Solution pcim (imeon
Case 1 (B2 Level) = Results (Normalized) at Layout-X ASIA SHANGHAI

3mm(typ)

HS switch
(4x S-cell)
7
e

LS switch
(4x S-cell)

HS switch
(4x chips)
4

39mmx23mm| | AN
LS switch

MOdUle A (4x chips)

2025-01-09

Per switch Module A

4x S-cell/Chip SELlIHEE (3mm)
RthJW_Self 100% 98%
RthJwW_TC 11% 37%
RthJW_All 111% 135%
restricted

ZthJW per switch (Normalized)
S-cell PCB and Module A Solution

100%

100%

80%

60%

40%

20%

0%
1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02

e 7thJW_self in Module A = e» o ZthJW _TC in Module A
ZthJW_Self in S-cell PCB == e o 7thJW_TC in S-cell PCB

Copyright © Infineon Technologies AG 2025. All rights reserved. 13



ZthJW Results of Embedding PCB Solution VS Module Solution pcim (imeon
Case 1 (B2 Level) > Module B Results (Normalized) at Layout-X AS!ASHANGHAI

oo Lavout-X------------r--=mmmemrmmmmmneneeee , ZthJW per switch (Normalized)
; y i S-cell PCB and Module(A and B) Solution
X 3mm{typ) HS switch 3mm HS switch Smm HS switch i
! —»i f‘:‘,s'““? i e (4x chips) v {4x chips) ! 100%
: - L | 0,
B = |1 98%
i Y Yr Y Y T X NN Y Y rryrryrrrry -3-|'|'||'|'| I -_._ ------- -.--;:m:n i
af S 80%
i ____________ _“"""“—I 39mmx23mm s 39mmx23mmi - “ i
! 63mmx35mm LS switch LS switch LS switch :
: [4x S-cell) MOduIe A (4x chips) Module B (4x chips) i
L : 60%
Per switch Module A Module B
: S-cell PCB %
4x S-cell/Chip (3mm) (9mm) 0% " == 37%
RthJW_Self 100% 98% 95% "0.. ",‘
N AN
RthJW_TC 11% 37% 20% 20% "ﬁ..’ﬁ - 20%
¢ A
RthJW_All 111% 135% 115% ,’/ Le==11%
P ’
E. x R e A ——— -— 2 : “ T
+21% | 40, 1E-06 1E-05 1E-04 1E-03 1E-02 1E01 1E+00 1E+01 1.E+02
i 0
i e 7thJW_self in Module A e» e» e ZthJW_TC in Module A

ZthJW_Self in S-cell PCB «» a» o ZthJW TC in S-cell PCB
e 7thJW_Self in Module B «» e» e ZthJW_TC in Module B

2025-01-09 restricted Copyright © Infineon Technologies AG 2025. All rights reserved. 14



infineon
Table of contents p

The introduction of S-cell based embedding PCB solution (2min) 4
The thermal performance of S-cell based embedding PCB solution (6min) 6
The electric performance of S-cell based embedding PCB solution (3min) 15
The XEV inverter system analysis with S-cell based embedding PCB solution (3min) 20

Conclusion (1min) 24

2025-01-09 restricted Copyright © Infineon Technologies AG 2025. All rights reserved. 15



pcim (infineon
SPICE Simulation Setup AsnASHANGHp

SPICE SIM Simulation Conditions vy ww

Switch 4x S-cell(1200V/25mm?2) | g

aaaaaaaaaa

@ : .
- +onm e VoLt reon u
" - . vao_a1 voel Tl veear VDo_s e
Vdc 800V e . O — -
veo_g1 o 100 @ [ e @ g
i ¥ Ago 4.0 s
.
o e EQ_O1 ven_ot
Lsys n n n : , s
) 1)
% S
Ids 0~800A -
m
2

Vgs 18V/-5V

Tvj 25C, 175C

1) Vds_peak < 1000V & dv/dt < 20kV/us . T N
Rg Selection P N -
2) Vds_peak < 1000V & dv/dt < 40kV/us DRSS e .

2025-01-09 restricted Copyright © Infineon Technologies AG 2025. All rights reserved. 16



SPICE Simulation cim ¢ i
P A<. Infineon

Rgon Selection ASIA SHANGH
Vsd_off —0—dv/dt_on@25C&80A dv/dt_on Vsd_off —0—dv/dt_on@25C&80A dv/dt_on Vsd_off —0—dv/dt_on@25C&80A dv/dt_on
V) —0—Vsd_off@175C&800A (Vins) V) —0—Vsd_off@175c&800A | (V/NS) V) —0—Vsd_off@175C&800A (Vins)
1200 100 1200 100 1200 50
1150 Turn-on @ %° 1150 Turn-on  °  11s0 rgonz0s0 lurn-on — #°
80 80 sssssssnnennsssnnnnnnnnnnnnnn- 40
1100 1100 1100 | «
(16nH) . (8nH) . : 2nH »
1050 60 1050 60 1050 . 30
Rgon 2 3.5Q Rgon 2 0.8Q =
1000 ssssssnnnmmnmnnnnnns 50 1000 ssssssmssmssnssnnnnnnnnnnnn 50 1000 n 25
Rgon 2 3.5Q Rgon 21.5Q 3 Rgon 2 3.5Q
950 : LR R R R NENENERNNRNNERNERNNERSNH.S.] 40 950 E B RN RN RN RERE RN RN RNERRERNERNRERNERNDRN:! 40 950 : L2 IIIIIIIIIIIIIIIIIIIIZO
. 30 x# 30 - 15
900 . 900 == Rgon 2 4.0Q 900 - = .
: - 20 : : spssssssnnnnnnnnni 20 : : 10
850 . E 10 850 E " 10 850 - = . 5
800 - - 0 800 =~ 0 800 ©~0—0—0—0—0 o 00
01 2 3 4 5 6 7 8 9 10 0O 1 2 3 4 5 6 7 8 9 10 0O 1 2 3 4 5 6 7 8 9 10
Rgon /Q (Lsys=16nH) Rgon /Q (Lsys=8nH) Rgon /Q (Lsys=2nH)
Vsd_off dv/dt_on Vsd_off <1000V
<1000V < 20kV/s < 40kV/s < 20kV/s < 40kV/s
16nH 2 3.5Q 25.0Q 2 3.5Q 25.0Q 2 3.5Q (40kV/s)
8nH 20.8Q 24.0Q 21.5Q 24.0Q 2 1.5Q (40kV/s)
2nH 20.1Q 23.5Q 20.5Q 2 3.5Q 2 0.5Q (40kV/s)

2025-01-09 restricted Copyright © Infineon Technologies AG 2025. All rights reserved. 17



SPICE Simulation
Rgoff Selection

cim (nfineon
EIA SHANGHp

1200 50 1200 50 1200 50
\ =0=dv/dt_off@25C&800A =0=dv/dt_off@25C&800A =0=dv/dt_off@25C&800A
1150 —0=\ds_off@25C&800A 45 1150 —0=\ds_off@25C&800A 45 1180 —0=\Vds_off@25C&800A 45
40 40 sEssssssssnenssnnnnnnnnnnnnnnmt 4(
1100 Turn-off . 1100 Turn-off . 1100 - Rgon 2 0.1Q Turn-off .
1050 (16n H) 30 1050 (8n H) 30 1050 (2n H) 20
Rgon 27.5Q Rgon 2 2.7Q .
1000 sssnnnn 25 1000 sssssssssmsnmssnnnnnn 25 1000 = 25
Rgon23.5Q 1 . Rgon 2 3.5Q . Rgon 2 3.5Q
950 X 20 950 : . snsssssnnnnnnnnnnn 20 950 : .IIIIIIIIIIIIIIIIIIII 20
s 15 - 15 s 15
900 ] 900 -t 900 = .

: : 10 s - 10 . : 10

850 . E 5 850 E . 5 850 E . 5

800 . - 0 800 = 0 800 = . 0

0 1 2 3 45 6 7 8 9 10 0 1 2 3 45 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10

Rgoff /Q (Lsys=16nH) Rgoff /Q (Lsys=8nH) Rgoff /Q (Lsys=2nH)

dv/dt_off Vds_off £ 1000V
< 1000V < 20kV/s < 40kV/s < 20kV/s < 40kV/s
16nH 27.5Q 2 3.5Q 20.1Q 27.5Q 2 7.5Q (25kV/s)
8nH 22.7Q 2 3.5Q 20.1Q 2 3.5Q 2 2.7Q (25kV/s)
2nH 20.1Q 2 3.5Q 20.1Q 2 3.5Q 2 0.1Q (40kV/s)

restricted
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SPICE Simulation

cim (nfineon
EIA SHANGHp

Esw SIM by SPICE model

Vvsd off dv/dt on Vsd off <1000V Esw(mJ) VS Id(A) at Vmax<1000V && dv/dt<20kV/us @175C
120
< 1000V < 20kV/us < 40kV/us < 20kV/us < 40kV/us
100
16nH 23.50 25.0Q 2 3.50 25.0Q 2 3.50
80
8nH 20.8Q 24.0Q 21.50 2 4.0Q 21.50 50
2nH 20.10 2 3.50 2 0.50 2 3.5Q 2 0.50 20
20
Vds_off dv/dt_off Vds_off <1000V 0
100 200 300 400 500 600 700 800 900
< 1000V < 20kV/us < 40kV/us < 20kV/us < 40kV/us
==3=-Case Al ==>=-Case Bl ==3=-Case Cl
16nH 27.50 2 3.50 20.10 27.50 27.50
8nH 22.7Q 2 3.50 20.10 2 3.50 22.7Q
2nH >0.10 >350 >0.10 >350 >0.10 Esw(mJ) VS Id(A) at Vmaxs1000V && dv/dt<40kV/us @175C
100
80
Case Al Case B1 Case C1
Vmax < 1000V Lsys=16nH Lsys=8nH Lsys=2nH 60
&& dv/dt = 20kV/us Rgon=5.0Q Rgon=4.0Q Rgon=3.5Q
Rgoff=7.5Q Rgoff=3.5Q Rgoff=3.5Q 40
Case A2 Case B2 Case C2 20
Vmax < 1000V Lsys=16nH Lsys=8nH Lsys=2nH
&& dv/dt € 40kV/us Rgon=3.5Q Rgon=1.5Q Rgon=0.5Q 0
Rgoff=7.5Q Rgoff=2.7Q Rgoff=0.1Q 100 200 300 400 500 600 700 800 900
—0O=—Case_A2 =O—Case_B2 =—=0O—Case_C2

2025-01-09
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The XEV inverter system analysis pcim (imeon
Simulation Setup =2 RthJW and Esw and System Conditions  ASIASHANGHAI

O Supposed RthJW for simulation setup O Supposed Esw for simulation setup
e ) - » Reuse the Esw data by SPICE simulation

Heatsink: Cu, 5Smm (63mmx35mm)

HTC=20000 W/(m?K) and 85C

e T i I e O Supposed System Simulation Conditions
. PLECS SIM Simulation Conditions
4: ;tcs:l:l.':?:ip S-cell PCB MF;::;;A M;;d;:)ﬂ Heatsink: Cu, 5mm (39mmx23mm) ‘ . .
R“'IJW_SE" 100% 98% 95% HTC=20000 W/(m*K) and 65C per SWItCh 4X S-Ce”/ChIpS
RthJW_TC 1% 37% 20% . Vdc 800V
RthJW_AIl 111% 135% 115% Same Ra“O
= = = fsw 8kHz
e ‘ fout 400Hz
Cos_phi 0.9
Per switch S-cell PCB Module A Module B
4x S-cell/Chips (3mm) (9mm) Modi 1.0
RthJW_Self 0.150 0.148 0.143 Tw 65C
RthJW_TC 0.017 0.055 0.031 . . .
—~ PS: full load is 400Arms+, light load is ~80Arms
RthJW_AlI 0.167 0.202 0.174
2025-01-09 restricted
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The XEV inverter system analysis

cim (nfineon
EIA SHANGHp

Simulation Results Comparison on Max Output Performance

20kV/us

Esw Spec

ZthJF (Self+TC)

IKIW

Output
@Tvjmax=175C

<

Output performance @40kV/us

] 450
Case1 | 2nH 20kvius | SCellPCB — BPYINCTRCL AN 485 | 119 | 604 442
Case2 | 8nH_20kVius Module A 382Arms 397 | 111 | 508 £ 430 OOZ,/(9
Case 3 | 16nH_20kv/us | 0-148*(1+37%) | 366Arms (-13%) | 364 | 148 | 512 § 420 S
Case4 | 8nH_20kVius Module B 408Arms (-3%) | 454 | 119 | 573 § 210
Case 5 | 16nH_20kV/us | 0.143%(1+22%) 392Arms 419 | 159 | 578 S
O 400
. _ Outy Pdc  Psw  Pto 2 390
' S 380
S-cell PCB :
Case 6 | 2nH_40kV/us 0.15*(1411%) LN 540 | 64 | 604 370
Case 7 8nH_40kV/us Module A 395Arms 428 | 84 | 512 360
Case 8 | 16nH_40kVius | 0-148*(1+37%) | 372Arms (-16%) | 378 | 138 | 516 350
" Case 6 Case 9 Case 10
Case 9 | 8nH_40kVius Module B 420Arms (-8%) | 482 | %0 | 872 | —
Case 10 | 16nH_40kV/us | 0.143*(1+22%) 396Arms 427 | 151 | 578 e e -
AvB i . AIMB..... R
L | LLE
3emmx23mm | | ‘ 39mmx23:n1; ™ e
Module A fcen Module B "™
2025-01-09 restricted Copyright © Infineon Technologies AG 2025. All rights reserved. 22



The XEV inverter system analysis pcim (imeon
Simulation Results Comparison on light load Effi. ASIA SHANGHAI

Effi.(20%) performance @40kV/us

ZthJF (Self+TC) : Pdc Psw Ptot
20kV/us Esw Spec IKIW Effi @80Arms W W
S-cell PCB . 99.85% @
Caset | 2nH_20kVius | % 5*(1+11%) 99.72% 10 | 18 | 28
Case2 | 8nH_20kVius Module A 99.72% 10 | 19 | 29 99.80% 99.797% h,
Case 3 | 16nH_20kV/us | 0-148*(1+37%) 99.64% 10 | 27 | 37 O’U » OO'(,/e
Cased | 8nH 20kKV/us |  Module B 99.72% 10 | 19 | 29 N 99.755% “gF  99.755% S
Case 5 | 16nH_20kV/us | 0.143°(1+22%) 99.64% 10 | 27 | 37 o
0 0 (] - HTO 9970%
99.658% 99.658%
S-cell PCB e 0
Case 6 | 2nH_40kV/us 0.154(1+11%) . 10 1 22 99.65%
Case7 | 8nH_40kV/us Module A 99.755% 10 15 25
Case 8 | 16nH_40kVius | 0.148*(1+37%) 99.658% 10 | 25 | 35 99.60% oo e
ase
Case 9 | 8nH_40kV/us Module B 99.755% 10 15 25
Case 10 | 16nH_40kV/us | 0.143%(1+22%) 99.658% 10 | 25 | 35

39mmx23mm E s 39mmx23mm, H
LS switch

LS switch
Module A " Module B "™

2025-01-09 restricted Copyright © Infineon Technologies AG 2025. All rights reserved. 23
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Conclusion gASHANGHp

0 One Innovative SiC chip Embedding PCB solution was introduced

O the Advantages of S-cell based embedding PCB solution

€ Lower Thermal performance (SIM by FEM thermal simulation): 4~21% lower

€ Lower Switching losses (SIM by SPICE simulation): 4~60% lower

€ Inverter level (SIM by PLECS simulation): higher output (3%~16%) and light-load effi.(0.08%~0.14%)

Terminal Connection (Electrical)

SiC / Chip Size
\,
3 RS \‘\ Cu for Chip Top Side
l Q Diff. solder XT Tech

1 1.27 mm /-3
> T \ 11 mm Cu Lead Frame
11 mm

One Innovative SiC chip Embedding PCB solution based on Infineon S-cell Product

Heatsink

Heat Dissipation (Thermal)

2025-01-09 restricted Copyright © Infineon Technologies AG 2025. All rights reserved. 25
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