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SIC MOSFET System Benefits

Reducing Die-size

Power Losses Comparison at nominal continuous
phase current @ 10kHz Silicon Solution: Silicon + Diode
T 4x100 mm?2 + 4x50 mm?

| EEEN
1,11 SEEE

1200V SiC  Silicon IGBT = 1200V SiC  Silicon IGBT |~ 1200V SiC Silicon IGBT = 1200V SiC  Silicon IGBT

Up to 60%
smaller

10% 25% 50% 100%
Load[%] M Sum of Pcond

S omorre 5x smaller
semiconductor area
= 200 A, continuous
« DC-link voltage: 750V, SiC MOSFET GEN 3
«+ Switching frequency: 10 kHz Solution:6x20 mm?2
* Thug = 65°C

EEEEEN

Division

ife.augmented

Source: Silicon Carbide Enabling Car Electrification,
VIttorio Giuffrida, STMicroelectronics, APEC2019
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SIC MOSFET System Benefits
Reducing PCU Size

Power Losses Comparison at nominal continuous

500 phase current @ 10kHz

450

1200 V Silicon based solution

350 Up to 60%
200 smaller Power module size Cooling systemsize  DC link PCB
% 250
S 20% 50% 15%
&

150

10 I With 1200V

50

- —
1200V SiC  Silicon IGBT = 1200V SiC Silicon IGBT =~ 1200V SiC Silicon IGBT 1200V SiC Silicon IGBT 6 10
1o Load[%] lSum of Pcond

B Sum of Psw

« 200A,,,s continuous
+ DC-link voltage: 750V,

+ Switching frequency: 10 kHz \
* Thig = 65°C o
Up to 50% smaller PCU
‘,’ Power Transistor
Division
life.augmented

Source: Silicon Carbide Enabling Car Electrification,
VIttorio Giuffrida, STMicroelectronics, APEC2019



SiICEHRETEFRABINRANNAD

SIC MOSFET System Benefits

T Increased Mileage

» DC-link voltage: 750V 4,
+ Switching frequency: 10 kHz
* Thug =65°C

Power Losses Comparison at nominal continuous
500 phase current @ 10kHz

Silicon SiC MOSFET

350 From 2% to 9% higher efficiency

Total of Psw

200 0,
s Up to 80% Total of Peond Efficiency at 10kHz @ % load
smaller s0.0% | /gy e =
100
97.0% |
50 v
0 = I /= . 95.0%

& —
E | e
= : = 2 % 2 . .
1200V SiC  Silicon IGBT = 1200V SiC  Silicon IGBT | 1200V SiC  Silicon IGBT = 1200V SiC Silicon IGBT S 93.0% /S Iat O @ M I _O 5
E I I I —
10% 25% 50% 100% W oo I u I n .
Load[%] = Sum of Pcond 2 /
M Sum of Psw 89.0% |
87.0% T T T T )
0% 20% 40% 60% 80% 100% 120%
‘ Power Transistor ) N % load
~{-SiC 1200V =4-—Silicon IGBT

Division

fe.augmented

Source: Silicon Carbide Enabling Car Electrification,
VIttorio Giuffrida, STMicroelectronics, APEC2019
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FRfF A& A9SiC MOSFET - —
Rdson=27mOhm (25°C) Cree’2F]CPM2-1200-0025B

Rdson=25m0Ohm (25°C)

(b) V=20V,

I
[e]

Drain-Source Current, lps (A)

N
S

Drain-source current (A)

e

0 1 2 3 4 5 0.0 215 5.0 7:5 1;.0

Drain-Source Voltage, Vs (V)

(=]

Drain-source voltage (V)
fithiSTERIEL
Source: Kimimori Hamada, etc., “SiC—Emerging Power

Device Technology for Next-Generation Electrically Powered
Environmentally Friendly Vehicles,” /EEE Trans. Elec. Devi., 2015

SiC MCU
Source: https://newsroom.toyota.co.jp/en/detail/5692153,

Toyota to Trial New SiC Power Semiconductor Technology, Jan. 29, 2015


https://newsroom.toyota.co.jp/en/detail/5692153
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Source: Hiroshi Ishino, etc., “6-in-1 Silicon Carbide Power Module for High Performance of Power Electronics
Systems,” JIEEE 26th International Symposium on Power Semiconductor Devices & IC's (ISPSD), 2014

Heat Spreaders The periphery of chips

|Uout| [Vout|  [Wout| SiC Devices Output terminals

Control Terminals

Resin Mold
6 in 1 ST SICIEIR (2 SiC MOSs/1 SBD per switch)
Control Terminals Input Terminals
Id ! 3 . . S . .
(Nsew rociule) | Vds (Ca?'e typed f‘“°°'“'e) _ 6 in 1 SEEETEESICIER (3 SiC MOS/ no SBD per switch)

Cooling-fans and fins Capacitor

=100 > (]

(on both sides) (150 1 F)
WARBE 650Vdc
. in) 0.75L
77777777777777777 dd N R ERR 130Arms
I 40A/div IZOOVIdiv T e B 75kW

RHBER R
hERES 0.85

6 NEZE 100kW/L
power module

PSRN TENILL, Lstray=7.5nH, 80% lower e 99%
PAE S 10kHz

Vds (New module)

—
100nsec/div




Source: K. Olejniczak, etc., “A Compact 110 kVA, 140° C Ambient, 105° C Liquid Cooled, All-SiC Inverter for
Electric Vehicle Traction Drives,” IEEE Applied Power Electronics Conference and Exposition (APEC), 2017
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Current: AC-rms(r), DC(b)
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seconds

Torque (Nm)
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Averaged Inverter Efficiency

T T T T T T

(1) 25°C coolant, 25°C ambient, 25°C air;
(2) 70°C coolant, 70°C ambient, 40°C air;
(3) 85°C coolant, 85°C ambient, 40°C air;
(4) 105°C coolant, 105°C ambient, 40°C air; .
(5) 105°C coolant, 125°C ambient, 40°C air; and |
(6) 105°C coolant, 140°C ambient, 40°C air.

3000
Speed (RPM)
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5[

SiC MOS 25mOhm
SBD 50A
SAXCHRE  1/6
EiRvds 1200V
{5k Rds 3.6mOhm

&

B

RE

6.6kg

1R 4.8L
IE{EEBiR 135Arms
e E 600Vdc
W 97.4%
ThEEE 0.75
ThE 77.9kW
EZE 16.2kW/L
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; '!’ SiC FETS:
"3; ST GK026
8y Total 24 pcs

e

http://www.inventchip.com.cn/pages/tesla%?20model.html
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SiC FETS:
ST GK026
Die Clip Connection

http: //WWWlnventchlp com. cn/pages/tesla%ZOmodeI'html o
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FRE B TR 2 SiCE B ESi &

SER . B

800

600

400

800

— U —UH
— ViR —\ i
— |1 800 |—WiR

400 - ’/Id

200

10*Vgs 10%vgs
L 200 2
0

600 V/300 AJF R IE

[+] -~
Timelus Time/us

JFi#96 ns, KMr98 ns, #H[FHO0.27° C/W, %165 W/cm?

~
B #1200 V/600 A SiCHiH
PR A 3153 W/em?

IEAE AT LA

| J
IR FL A 1 BE RS #AEmm3 VIR B EE M | AHZEL
CREE CAS300M12BM?2 1200 V/300 A | 106.4%X61.4X%29 1.9 JEPinfin 150 | #4H
CREE CAS325M12HMZ2 1200 V/325 A 110 x 65 x 10 5.45 JEPinfin 150 | #AH
Rohm BSM400D12P2G003 | 1200 V/400 A 152 x 62 x 17 3 JEPinfin 150 | HAH
AR E 2 300A%E: | 1200 V/300 A 140X 110X 12 5.84 APinfin 200 | =#H
AR #2600 AR L 1200 V/600 A 716 x 74 x 9.5 13.5 APinfin 200 | HAH
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FRE B TR 2 SiCE B ESi &

1200 V, 600 A SiCEESBIREIR

600 V/600 AJF i IE

#FHO0.143° C/W, FAdfi# 200 W/cm?

B AR RE JOT g mmS3 IR | iR | AR

CREE CAS300M12BM?2 1200 V/300 A | 106.4X61.4X29 1.9 150 | HAH
CREE CAS325M12HM2 1200 V/325 A 110 x65x 18 3 150 | HLAH
Rohm BSM400D12P2G003 | 1200 V/400 A 152 x 62 x 25 2 150 | HAH
AR 1200 V/600 A | 154X126.5X23 4.8 200 | =#H




FIASICRHRIRISHE

1200 V, 600 A SiCEmmBIRELR

FRE B TR 2 SiCE B ESi &

600 V/600 A JT R TE

#FH0.092° C/W  #FJiZFEE150 W/cm?

B AP RE FOF R mm3 | D2 | iR | Ak
3¢ K FF400RO7A01E3 | 700 V/400 A | 42.5x42x 10 15.7 150 | Si
Oak Ridge[#]F\ 1200 V/200 A| 62x30x10 12.9 150 | Si
Texas Austin[#]1EA 1200 V/40 A 35x15x7 13.1 150 | SiC
AR 1200 V/600O A| 70x42x10 24.5 200 | SiC
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1 iVVa ‘I—abl— Va
_Vdc L Vb —
L vc L/2
L 15(Vdc+VS+Vb)
dl, _ g, Gvddy)
dt 3L 4 2

BT HRSGNSERITIRIZETT

FIREEPWMTT3%
* g
Controller db j—»ﬂ
de _ 11
ﬂ Sampler j—>
A
“| Ripple %Switching
™| prediction period | Ts

ICERHRAUSIE RS HRFEIDTIRBKE AT SREH SR
e e o

CSFPWM (8.66 kHz)

VSFPWM (5.75 kHz~8.66 kHz)

=0 BFRIREHIE

5.75~8.66kHz, 1B PE(EFTRIM

R RFEFEHEMI

Current ripple —
Duty cycle da,dy,de PP

. (peak)
calculation  p=——d3p o
(feedback control) prediction

ripple_A

with Tg,
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FIASICERHRUSIE  EFRTIZREEHRFEINEIRRKSETIHI SRASASE
PASERIERFRSGRADE] /9 BARAYZE R R IREEPWM

EEFFESRERSVPWM: f5=34kHz FERTESTR TSy RAET SUNIIIE T
*JZF?E,»**—.:PWM FRINER34~23kHz  EMIB EE’Ji’J’WC’\?E EMI P\{VM& {1392 ﬁiﬂé’r{%ftﬂﬁ%mﬁ
DI, ST IR RRK15% B T £9100B IEEEZ B ESCEEZ K

3'4X104‘ ‘ ‘ 2 T CSFPWM < 20 ‘ ; ; ;
B R~ —
T 80 | 5 ols r r r
= < 0.384 0.386 0.388 039 0392 0394 0.396 0398 0.4
? 3tk i 5 60 “‘ ‘ f S tlme/sec i .
5 S = il Mim 0
= o : b M\MM\M.\ v
g g 20 ‘ | « 0384 0386 0388 039t|me0/3sii 0394 0396 0398 0.4
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