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Properties Si SIC GaN
VAN wlll [ A
REFa eV 1.12 3.26 3.39
Bandgap
B L IBRE K
5T BB cm2/V-s 1450 900 2000
Electron Mobility
Electron Field for MV/cm 0.3 35 35
Breakdown

FIRIDEF e TS
Saturated Drift Velocity
B (EE

Thermal Conductivity

x 10 cm/s 10 22 25

W/cm/K 1.5 45 1.3




YIRS IS B SR ECR

High voltage
operation

Breakdown electric field
[MV/cm]

> Thermal conductivity
[W-K/cm]

High temperature
applications

]
J

Saturation velocity Melting point
| [107cm/s] | [x10°K]

|

High frequency switching

12
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N-type Semi-insulating

Resistivity Ohm- 0.015-0 028 > 1E6
cm Range
Orientation 4" Off On-axis

. 350um 500um
Thickness +/-25um +/-25um
Epitaxy SIC GaN

Electronic Power RF

Applications

13
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| Jswwel sl SclGan

Lattice Constant (A) 2.75 543 3.08 3.19
Lattice mismatch with

GaN (%) 16 17 3.4 =
Coefficient of thermal

expansion (105K 7.5 26 42 56
Thermal conductivity

(W/cm/K) 0.2 1.5 4.5 1.3
Maximum substrate

commercially 8” 127 6

available
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GaN on SiC Value on PA

Wide Bandwidth

[ Low High wide i
Y capacitances impendence | * | bandwidth

LA
GaN-on-SiC e e
s G D ngh Efﬁciancy Customer Benefits:
B B (1) sizelcomplexity
/ Low RF. High Gain Small_er “'. (2) cooling
GaN loss of SIC ™™ | High efficency | |_Heatsink (3) weight
- (4) cost
SiC

High Thermal
Conductivity

16
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SiCernlEIfERA%EE

BE(N)E FAEZ(SHE
ﬁxﬁ% (i ENEFITH B EE 7o
ie (SBD * MOSFET...) (HEMT)

LEDE&RR UPS EFH,“ yNCTE 5Gi#ERN (/NVEIR)
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Volume

GaN-on-Silicon will be a good
candidate for high volume cost

sufficient performance

amelioration.

GaN-on-SIC will be dedicated in

Mobile

handset? : GaN-on-SiC

Wi ireless
Infrastructure

Cost ,7 -

driven

Defense

improving performance and an
acceptable price would be satisfying.

Performance
driven:

4
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Low-Voltage Medium- VoItage High-Voltage

¢ &
PFC/Power SUpply Motor Ship&  Smart Power

Inverter Control Vessels rid

ClasDAudm
. i i Ra|I o
Wind
Audio Ampllfer EV/HEV UPS o e —
<200V 600V 900V 1.2kV 1.7kV 3.3kV 6.5kV+

GaN-on-Si Transistors SiC Transistors
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1000 W +
100 W +
Silicon GaN
— .
X EDMosS (R1EEX)/
% oW GaN/Si SIC
o aN/Si "
(ix1E5Y)
1W L GaAs
SiGe
1 GHz 10 GHz 100 GHz

Source: Analog Devices 21
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PACKAGED GAN RF DEVICE MARKET FORECAST
Split by application

® Telecom Infrastructure

Military
® Wired broadband - 2025
RF energy ey $2B
Commercial radar and avionics \\\
SATCOM
The overall Othiars $20M .
GaN RF device 2019 F/ CAGR +27% ",
market will y/ \
increase from O $740M ! $4M
$740Min 2019 $1 110M CAGR 3%
to around $2B v 4 ! CAGR +22% :
by 2025, driven > @ ' ‘:
mainly by / \ ' i
military radar ! \ \ ;
applications. ! ! \ !
[ $342M : \ E
\ i \ $104M
\ 47M i \
\ $ ! ‘. CAGR +14%
\\ /I CAGR919-2025 \\
N $oM 35"/, 12 e $17M S
$3IM - CAGR +10%

-
~ -
—————————

yWYOLE
/J: KASREtEA 7 7 GaN RF Market Applications, Players, Technology and Substrates 2020 | Sample | www.yole.fr | ©2020




RF GaN 7o i35 18 — SiC

RF GaN device market forecast (in $M)

(Source: Compound Semiconductor Quarterly Market Monitor, Module Il RF GoAs & RF GaN Update, Q3 2020, Yole Développement)

$2 500M 40%

$2 000M

$1 500M

Y-0-Y growth
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$M
2019 2020 2021 2024 2025

i Telecom & Infrastructure Defense WM Aerospace ™™ Consumer Others Y-o-Y growth

N\YOLE
© 2020 | www.yale.fr — www.i-micronews.com
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Thousands

M Rural and remote
M Urban
Enterprise

B Residential

12000
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8000

4000

4000

2000

2017
27
155
1280

1250

M Residential

2018
29
275
2300

1320

2019
34
450
3450

1400

Enterprise

2020
34
1050
3580

1650

M Urban

2021
35
1300
3540

1800

2022
35
1720
3550

1925

2023
36
1900
4100

1750

M Rural and remote

£2025%F, EI/NERILFKEREL 0255
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2024
a8
2250
4890

1700

2025
43
2840
5500
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RF GaN on SiC device market
breakdown by application

20V

26
Ref. : Yole Report 2018.
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REFwmE ®BalCBRMBEIEE YERHEEREE
(LPE) (HTCVD) (PVT)

&
KER

- BRHIR

— EiR

3t X it B

— ZH

LPE: Liquid Phase Epitaxial
HTCVD: High Temperature Chemical Vapor Deposition
PVT: Physical Vapor Transport
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Thermal Insulation
|—‘—| = E.Hﬂ /__ AN R
Eﬁ, S~HBB A= 'F Hj( /E, . Wgt_er-Cooled
Seed Silica-Tubes
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PVT:% SiC @RERk &=

1.T > 1800°C @ iyl FZE-nERIE :

SI'C(S) = S.i(g) + C(S)

(’ry;l'tallizaﬁon
/
/ zone
/

Hacn0d 25iC(s) = Si,C(g)+C(s)

Dl“/ l(]:}iém .‘ SponIsgacISi ]SiC, : .- XY C (?) — S CE (g ) + Sl(g)

2. REAEREE ;

3. EERIAIAREE b - AHANB A&
SiC,(g)+Si(g)=2SiC(s)

/ Sublimation
zone

<
Temperature

Si,C(g) + SiC,(g) = 3SiC(s)

30



TR T

Si:3~4XK Si: 200087 Rl - EiE
AN

SIC : 7K SiC:2%n ENESE

N

31



SI-SICRR&EME

EAERERIE 2l R
F ez SICEWREEZK=21E6Q-cm - Accepors__ W Donors 9 Iisi Defets
A MTET g o] 22 A LE RS 20K _ (Cormstuld
SSHM T ERIEHERES - | Yamo ™ o,
b g slfeERGrfE - FRIESIC w5 D1
miEmBMERETHRE - £33 v
mieRCEMERSWERESE [ )
UD ° Be o Sc i-Band
DSERRMNA - FIESICE | T o a=-
RIS Z kRS - ZER RS EWEMR
>__}'A__< E/‘] E E/‘] . Valence Band

ERSRERESERERRIA -
BRESME - GRES  BE
RIS THES B (FSICRE
hERERSE  BERGET) -




SlCEIEI*EﬁEU{’EIIIL*E i



SiCar B ZAFihttz

34



HO

4l

HO

-
—~—

35



1. ix1CWiE = BRI TN S SR @af o e | -

2. ixEWeaE

bR PEER A LN GRE
1Y 1% & B 158

IS ERRLLTE

2|15 1

o & A IRIFIERY AL =
THES  RERaeHEK - B
=SE S L%E % 4f

3. AMBEERF 2 3 M R IE S ASICE

WIS HE, - B ZE

BIEEAEmiE
=

IR

AixbnzaPEEr - FAET2021%

BIZOER Rz0ixdly - B

36

-Q1F



{HAEE 4934

L)\'”ﬁPCEIfEEEE’ﬁﬁﬁm




