Wide Bandgap Semiconductors for
Renewable Energy Applications

Topic 1: New Energy, New Energy Vehicles, Energy Storage

Eric Persson, Chairman PSMA (Infineon Technologies)
Presented by:
Stephen Oliver, President PSMA (Navitas Semiconductor)
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Power Transistor Evolution
Wide Bandgap

Bipolar Insulated
power gate Super- Gallium
transistor bipolar junction SiC Nitride
and Power transistor MOSFET power Power
thyristor MOSFET (IGBT) CoolMOS devices HEMT
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Fundamental device concept comparison
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* RonyXA scales with cell pitch

« Very fast switching

« Poor body diode with high
reverse recovery and di/dt

SIC TMOS

v

Low RoyXA; strong
influence of channel
concept & short circuit
Fast switching

Good body diode

Best concept for Vds >
1000V

2DEG

« Very low RoyXA and Qpgs
due to high electron
mobility

 Ultra-fast switching

- Zero Qrr reverse behavior

- Enables lateral integration

cPss) PERIEES
Q’&M CHINA POWER SUPPLY SOCIETY

versapd

n-Epitaxy
[ ] p-Implantation [ Metal/Poly-Si
[ | p+-Implantation || AIN/AIGaN Barrier

] n+-Implantation

- Oxide

Si Substrate
E Buffer layer

/IS

Empowering the Electronics industry

A Power Technology Roadmap



Comparing key Figure of Merit (FOM)

. _ Enable new Min switching
Efficiency in topologies and loss in hard Fasltozglcelsgear
resonant current switching e
topologies modulation conditions 9

AN

[mQuC] [mQuC] [mQu] (V]
Si Superjunction [1] 22.6 32.5 440 3800
P-Gate GaN HEMT [2] 600 55 2.2 <0.3 350 320 2.7
GaN Cascode [3] 650 52 3.8 7.0 730 1460 1.4
SiC DMOS [4] 900 65 4.5 8.5 570 1950 2.7
SiC TMOS [5] 650 60 3.8 3.3 540 3480 3.3
[1] Infineon CoolMOS IPL60R065C7 Datasheet [2] Infineon CoolGaN™ Preliminary Values
[3] TransPhorm TPH3205WS Datasheet [4] Wolfspeed C3M0065090] Dateasheet

[5] Rohm SCT3060AL Datasheet
All numbers are typical values extracted from data sheets at 25°C

st wmany 2 GaN wins <650V  SiC wins 2900 V LIS
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SIC FET vs. Si IGBTs

99.2 . . .
: ' Loss distribution at 4kW
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99.0 L~ - - 100
98.8 | - - == == MOSFET @ 24kHz —
X 986 =~ - MOSFET @ 48kHz 80 Core (*)
£ B ~ Copper
= o84 - F'qs — L N ~ ; R
x> E / -~ = 60 mESR
& 982 | / _\ \\ a___- Switching (in)
] F LS
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E Switching (out
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i W Diode (out)
974 - - m Channel (out)
0 1000 2000 3000 4000 5000 6000 0 : : .
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State of the art IGBT solution: Example 3-level inverter used for Solar

4kw, 985% @ 24kHz | {7 -, IKW4ON120HSTGBT

1 JE} IMW120R045M1 SiC MOSFET

Replace half-bridge IGBT with SiC MOSFET: | . .

Now 2x Fgy: L nowaonsess JE%
4.2kW, 98.5% @ 48kHz )

cPss) MERES%S No change to circuit topology. Higher power and/or higher density @/m
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Add SiC Schottky — Higher Performance

BT ! Loss distribution at 4kw
99.0 e |GBT @ 24kHz =
m 100
L MOS @ 48kHz
98.8 - =
o n a» «»MOS & SBD @ 48kHz Core (¥)
R o986 = 80
< =05 & SBD @ 72kHz Copper
< 934 2
E - E_‘ 60 I ESR
O 982 - ;\ t Switching (in)
£ 980 - N % a0 1 Diode (in)
97.8 N \ \\ 3 Channel (in)
E \\ \\ b 20 —— Switching (out)
97.6 - ~ _
: . M Diode (out)
" 1000 2000 00 Ao 5000 eo00 ’ IGBT MOS | MOS & SBD | MOS & SBD | mchennelfou
Output Power Poyr in W @ 24kHz @ 48kHz @ 48kHz @ 72kHz
Original reference all Si: o
Y IKw IGBT
4kW, 98.5% @ 3L, 24kHz L JI:} IMW120R045M1 SiC MOSFET
. . . . . T Y
Replace Si anti-parallel diodes with SiC Schottky: | ] @ @ X
| IKW3O0NG65ESS JI:
[  IDH16G65C5
SiC Schottky e L
Now 2x Fq, )
EX vx aw o 47KW, 98.6% @ 72kHz 1o
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The promise of GaN

GaN

Si eMode lateral HEMT

Superjunction ~2x higher electron mobility

S G | ~10x higher breakdown field strength
Virtually zero reverse recovery charge
~10x lower output charge

MHz switch possible

Lateral device

Multi-chip integration

Higher cost
Lower peak current
Diode-mode Vf
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GaN vs. Si: QOSSI EOSS

70 mQ, 600 V GaN HEMT
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Novel SiC based ZVS inverter (Prof Dehong Xu, Zhejiang University)

Paralleled capacitors:
0.24 nFto 0.12nF

o
()

SiC ZVS inverter topology 99.0%
L,
P i 5@5 i C+m 1 Car 98.5%
= &ﬂ S;It = S rk: Sc?'k_ >
Ce B D;, Dy, 2 98.0%
Vi L Saux A .g
C_) =Cac B E 97.5%
i therocetical efficiency of ZVS inverter 97.3%
D D 2 97.0% - sl Measured efficiency of ZVS inverter
Sagl'_ az+ Soglk': 3 Sc2 = angm theroretical efficiency of hard switching inverter
N ;_‘ﬁ' '_13 e M easured efficiency of hard switching inverter
22 2 96.5% T T T T T T T 1
0 50 100 150 200 250 300 350 400
Frequency (kHz)
DC voltage:
e " 40mm*36mm=*25mm = pm 42mm*37mm*42mm
600 V 0.036 L Dgi— 0.065 L*2 Volume comparison of
Load voltage: NG g ' L total passive components
220V i
2 ’ 0.546 VL: volume of fiter Inductors
Rated power: VLT: volume of resonant Inducior
5 - VCc: volume of clamping c3paciors
10 KW 03 VCr- volume ofresona:lgcapact:ors
Resonant inductors: = 04
6 uH to 3.4 uH B o3
=
—
©
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53% Wvcr
off \ (= A
0.255

WVLr
EVL
1

Main switches: 0.1
C2M0080120D Ciampins TR - 8

ili g = N ez mm*4mm=Tmm [T
Auxiliary switch capac 0.011 L*2 0.0004 L= e 100kHzhard ~ 300kHzZVS
C2M0025120D Sall switching inverter inverter

LS

cPss) MEBIESES Source: N.He, Y. Li, C. Du, C. Liu, C. Hu and D. Xu, “SiC MOSFET ZVS SVM-controlled
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EV Drive: 50% Less Loss Across Torgue Range (cosivu 2015)

Inverter losses [W] - REFERENCE (IGBT)
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Courtesy of COSIVU Consortium 2015. See: http://www.cosivu.eu/template.asp?meny=67&lank=116
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http://www.cosivu.eu/template.asp?meny=67&lank=116

Mild Hybrid — 80% Smaller with 100V GaN (GaN Systems 2016)

Motoring
YV DC T
12V E R ] _43_7;5
Battery DC [ 48V
Li-ion
1) 48V DC Battery — BAS Machine(AC) —_— Battery
\
W
BAS IInverter T
Machinel I
) |

i

Combustion Engine

2) BAS Machine — Crank
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e 48V bi-directional inverter
e 12kW (motor drive) / 10kW (generating)
80% smaller
70% lighter
+12% efficiency
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50kW Inverter: 75% Smaller, 80% Lighter with SiC (z0z6)

g : Wolfspeed.
L]

i

vear | 2013 | | 201 2015

Powertrain Si Module SiC Discrete SiC Module
Efficiency (peak) 98.3% 50% less loss 99.1%
Size (m?3) 0.41 50%-75% smaller 0.21 0.09
Weight (kg) 173 70%-80% lighter 50 33
Courtesy of Wolfspeed. Ref: http://www.electronicproducts.com/Power Products/Invertors/The impact of SiC on PV _power economics.aspx L
Cros) o B F % & /S
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http://www.electronicproducts.com/Power_Products/Invertors/The_impact_of_SiC_on_PV_power_economics.aspx

GaN low Q¢ soft-switching: High Efficiency HF LLC (prof. Zhaoming qian,

Zhejiang University)

Single-stage fixed- Power Supply: 1MHz Resonant dc-dc
frequency LLC with - Estimated RDCX

— Dat TiN1:1) 0.97 C $ ¢ *
L] L] L] qu "
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A Y . RDCX
o 2 3 0951+
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i Prim.r,-]l,l_ g 1 o » Fix frequency va - =~ mVemin
GaN lll[-{_ o (1111111 \cco_ dary BN

» Tight regulation
» Simple control and
driving

Px/Prowi
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2 kW GaN Inverter (Prof. Kolar, ETH, Zurich)

2x higher power
density than Google
‘Littlebox” winner!

» Solution:

» 140 kHz OFM

»  Active power pulsation buffer
> Buck stage plus unfolder

»  Fixed-frequency PWM control
> 70 mOhm GaN emode HEMT

» 243 W/in3 @ 98% CEC n
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For Alternative and Renewable Energy

* Need high efficiency and power density
*>=900V, SiC wins vs. Si IGBT
<900V, GaN wins vs. Si FETs, IGBTs
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