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Common power module — EV inverter design for 800V Battery voltage

EV — inverter market is a “price driven market”

100% <= price difference » 160 - 200%
1 340 10 -
>
51 #{K 8 s
I
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Well known knowledge of losses with IGBT, Hybrid-SiC and Full SiC

 Tun-pn Switch  Diode Recovery = Tum-off Switch We should use the benefits of:
' - IGBT
- Full SiC

in a new “switch”

L

1200V class

Current
Current

_ Many papers show below picture,
""" | 4 | " this is only partially correct if we compare

)]
0 same current in IGBT and SiC
O |. . [\Nsammn Power loss reduction e~ __
Y- and comresponding R = § o) i)
g ) Max. load:
o iy No significant difference

V) Low load: in losses

Significant difference

0N . =
- - —-} - |l:;:l
Si Si Si SiC-SBD  siC_| SiC-SBD . tvpical
IGB Diode  |GB MOS ’ yprear
operation
Si Hybrid SiC Full SiC ' : .. area
VesatWds [V]
Source “internet” Source “internet”
10/21/2025 Ys{’;ggg



Comparison between SiC module Icn-900A and IGBT Icn-900A

Output characteristic (typical), IGBT, inverter

lc = f(Vee)
VGE=115\I
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Source: Infineon

Output characteristic (typical), MOSFET, T1/ T2

lp = f(Vps)
Ves=15V
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Loss comparison between Si-IGBT (2 x 200A) and SiC (4 x 128A)
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Total losses
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e SiC Lt em—Sj Lt

switching losses

40 75 150 260 340 460

s S{C LS e S LS
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/

4

340

Test conditions/losses per switch
3-phase inverter

/

g Vdc = 800V
Fs = 8kHz
Fout= 100Hz
Pf = 0.86
S0 Tf = 65 degree
Tj < 150 degree

Conductive losses

40 75 150

260 340

460

e SiC LC e S LC



‘(\a\ PC\ =
Content . ghand e pcim
pcM AS\2 sh ASIA SHANGHAI
. 5‘(\6-“9“ i _ PC\ ‘_\g\ﬂ _\
h RS 2 cang® ) RS G
PO P° W

. , |
‘ nan®” ya SNAY nal

SO +37 ‘Affordable combination of SiC and IGBT N agia cpnand

P




pcim
ASIA SHANGHAI

Cost comparison between Full SiC and FusionPlus

sic_l|=. -
el 3
Full SIC

FusionPlus 120
performance and cost alternative

cost comparison
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20

SiC FusionPlus
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Common control strategies for Hybrid - switches

O

t off iylt) . A "

Gate signal of MOSFET Vg

>
N I I -

\j
---_--‘-“‘_""--—

Gate signal of IGBT V¢

W
= - I

1]
"

—
v

MOSFET Current  ipos

IGBT Current  ijgpr

\j

IGBT Voltage Ve

L
B

Time

MOSFET
IGET
Switch

SiC turns on first, keep turned on and carry current in
low load conditions, IGBT turn on after SiC and carry high Conduction
load current, IGBT turn off first and SiC takes over load current, SiC takes over only turn on/turn off job,

IGBT and SiC operation in parallel in conductive mode IGBT takes over conductive job VF@G
10/21/2025 1 &5

Turn off
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FusionPlus in standard power module housing

3-phase power module
1200V blocking voltage
460A Irms (8kHz) — up to 750A Irms

Changes in housing/layout design:
- low stray inductance layout
- Low stray inductance terminal design

10/21/2025 g{g G
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Vds and Vce comparison between IGBT & SiC in Hybrid-switch (Ratio 1:4)

(400A-IGBT compared to 128A-SiC)

Wit IGBT, BIFE (Wi
output characteristic IGET Inverter (typical)

I:,zfl:"l.l'cg:l
Ty = 150°C
800 T
—_— Ve = 18V
- "I.I"GE = '|T'||."
700 === Ve = 15V
== \oe = 13V
—= Ve =11V
600 H Ve = 9Y
500
< o |
300
200
100
o ]
00 05 10 15 20 25 30 35 40 45 50
Ve [V]
Ration 1:4 100A =1V
Ration 1:10 40A =0.65V

10/21/2025

Drain-Source current, gy (A)

SiC — 25 degree

SiC—175 degree

280 4 1:=175°C
VG5 =7V
0 260 1 VGS =9V o
240 4 230 | VOS =11V TR . S S, | -
220 220 —VoS-13¥ Vi ® 18V : ~/'~,'~"
VG5 = 15\ F 2
=1 < 200 —:GS- it-;': 1 /// i
180 { 2 180 ' -
160 § ‘g‘: 160 1
140 4 é 140 1
120 4 S 1201
[=}

100 §- 2 1004

o i ol .

60 60 1 i -

an 40 4

20 20 1

o . . ! i ! | | : 0 v T v T v v - v - v - "

i} i 2 3 4 -1 B T B =] 10 " i 0 1 2 3 4 5 6 7 8 9 10 1" 12
Draif-Souree Voltsge, Vo. (V] Drain-Source Voltage, Vgs (V)
Figure 2. Output Characteristics, T, = 25°C Figure 3. Output Characteristics, Ty = 175°C
100A =1.25V 100A = 2.8V
40A = 0.55V 40A =1V
= = YiTONG

70 degree  40A=0.7V 100 degree  40A=0.73V .\ 1
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128A - SiC chip losses compared to 2 * 200A Si chip

600
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2*200A IGBT/4*128A SiC
Conductive losses

75 150 260 340

s SiC L s S LC

460

100
99.5
99
98.5
9
97.5

0o

Gate signal of MOSFET Vg

Gate signal of IGBT V¢

MOSFET Current  ipos

Arms

O
40 75 1

m Si (2*200A)

»
o
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>

IGBT Current  i;ggr

[—,
[,

IGBT Voltage Ve

‘(//-BB ~u

—

Efficiency

SiC (4*128A)A)

-
-

Time

00

H SiC (1*128A)

Arms

128A chip SiC/2 x 200Achip Si
conductive losses

250
200

W 150

100

50 /‘_v

40 75 100  Arms

s S|CC o SiC

3-phase inverter operation

Vdc = 800V

Fs = 8kHz
Fout= 100Hz

Pf = 0.86

Tf = 65degree
Tj > 150 degree

In hybrid-switch (Si/SiC) configuration, it is not efficiency if SiC chip carry the current in low load conditions

But - - - -- it depends on the size of the used SiC chip in a hybrid switch

10/21/2025
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FusionPlus-Control strategy and peak Tj simulation

FusionPlus control strategy T vaTime (1us Cument Putse)
i(f) - Small SiC (28% of rated current)
will takes over switching job of rated
! » current for 0.7-1.0us )
- SiIGBT (100% rated current) takes 5 l
/\ over conductive job

Van(L) | M

I i
oG

o E [4]1] 154 i =0 154 ¥ .0 il Ful i)
Vs(t) Thermal simulation Tire (uis)
V) - SiC chip junction temperature
and 4 times nominal current
i
MOSFET
IGET
Switch
L
YiTONG
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Test set up to measure all data

10/21/2025
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FusionPlus test driver

---—----------------I---1

i | Desat detection

Delay

S Miller clamping
processing

Dirver IC
. Ton TOP IGBT

|
|
: - ! I roff Top 1GBT
1 |
|
Power I
+15V input -rh Management -m : /—\
N
| / Desat dataction .
/-_L:T I Miller clamping ot active
» DIWE‘!’ IC \wa l Tom TOP SiC
|
. |
E I

Toff TOP SiC

distribution ——
Desat detection
Delay Miller clamping
processing Ton BOT IGET
Toff BOT IGBT

|
I
I
|
PWM input -+ Signal
I
I
1
1
I

RN

4 .
Error rest Error Desat detection \ Not active
i’ handling D Miller clampi
I _ elay PINg
processing Ton BOT SiC
f off BOT SiC
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FusionPlus — optimized delay in turn off and turn on
Eoff = f(ic, Gate signal delay between IGBT and SiC), VDC=800V, 25°C Eon = fic, Gate signal delay between IGBT and SiC), VDC=800V, 25°C
90.0 5
= , “ .
40.0 e
35.0 '_..
g :: Z ,/?’
2 200 = -
15. e -
s e~ . X
50 %{‘f' ol
00 _
600 0 100 100 300 400 500 00
c (A)
50ns 50ns 50ns 50ns 15'/
O e ek e ViR il

In test: |
current source IGBT driver
- control turn on delay of IGBT G craall
- control turn off delay of IGBT /] b

Advantage SHIERENY,
- optimization of SiC chip, less cost L
- controlled Vge TR )
10/21/2025 ‘Z’ZIE,.,.O/ G
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Turn on procedure of FusionPlus

SiC turn on first, IGBT turns on with delay SiC carry high current (high Vds) and current
load current is carried by SiC first is commutating to IGBT (low Vce sat)
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Turn off procedure of FusionPlus

O i Ty SR

el et

IGBT turns off first, load current constant IGBT turns off first and SiC takes over load current
Low overvoltage in turn off process and turn off .
YiTONG
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FusionPlus loss comparison with FusionPlus, Full-SiC and IGBT
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Total loss comparison _
1 ® QT

Test conditions/losses per switch
3-phase inverter

Vdc =
Fs =
Fout =
Pf =
T =
—— TJ =

40 75 150 260 340 460

Arms
e SiC Lt Si Lt FusionPlus

800V

8kHz

100Hz

0.86

65 degree

max 150 degree

FusionPlus is an attractive alternative to pure SiC — cost advantage in the rage of 30-34% to pure SiC
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6. Shgrg‘@i’é‘&?t\ protection procedure
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FusionPlus Short circuit protection strategy

Simple concept BOT
Rgon=1R5, Rgoff=30R
1 8
; [ oo :‘[ o _L |
| R | . B
I ‘ p iﬂ ; Green — load current (1350A)
';. ;“ —ﬁ#;fr(,; 4 "ﬁ Yellow — Vge
F oA ’»,,;.»g— — - = Blue — Vce-max 1020V-800V DC
o | | P i . _
[ 1 -t A ..TH e 2K red — power
J (1] | [ | B Soft turn off procedure
MJ%_L g
Nl /TN = 5
ot | { |togd]
/ }*J'T' } : x.]. Y
= S =
[ll
=

Short circuit protection is only focusing on the IGBT current because the SiC device will turn off after around 1us
Vce monitoring identify SC and start “2-level-turn off” , keep Vge constant and block SiC signal

YiTONG
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New FusionPlus with overlapping terminals/reduced stray inductance

SR
Vdc <950V - : - g - B

Irms < 800A

10/21/2025 IN_S &
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