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GaN in Power supply —dominated by fast chargers today

650V GaN devices inside with Innoscience

650V and 150V GaN devices inside

*non-exhaustive list

B Oppo ; 50W

July’22
semiconductorTobay

COMPOUNDS & ADVANCED SILICON

In-box

‘ Accessory

8 v o — “By using all GaN FET technology, each
@ . O T charger in Anker’s new series is powered by

Huawei; 65W ©ppo X2 pro; 65V

0 S two Innoscience GaN power chips on both
" e s the AC side and DC side (an all-GaN solution)”

Lenovo Legion pro; 0¥

®

Realme x50; 65W8

® CRM Totem Pole PFC + AHB

2x 150V GaN
- .. ng)ook;;; lJ ) J : T*T j{jza’ﬁ‘&ﬁ
Vin: 90-264Vac ~H "=|} E I
W' Logan| 7
Source: Yole report, “GaN Power 2021: Epitaxy, Devices, Applications and Technology Trends” m_..EI + Slr




IflInnoscience.
II. Power supply Servers — big opportunity for LV GaN

2kW-4kW Server PSU On-Board Power

27TV Synchronous 12v 0.8V~1.8V
AC rectification Hot swap n CPU

Joge

650V LV
650V

100V 10x 30V 10x 30V GaN POL (half-bridge)
10x 30V 32x 30V (half- bridge)

Y

82 pcs of LV Devices (1-4mOhm)
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III Power supply computing/mobile — LV GaN opportunity

CPU/GPU

EeE I\c/l)?/ﬁFETS NVDC Buck-Boost [ Vcore } 'E"
Type C Load Switches Charger Driver MOS —

a3l per phase

Back-to-Back Bi-Directional

MOSFETs GaN USB PD 3.0 . USB PD 3.1 DrMOS ' GaN copak
Lt ﬁ Up to 20V 28V, 36V and 48V ~1MHz 3MHz+
\ )

Y
10+ pcs of LV Devices (<4mOhm)

Key
differetiators:



II. How to capitalize on the big opportunity in LV GaN?
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* Power supply market is a great business opportunity for low voltage GaN

 The key enablers for GaN to enter and replace SI-MOS in low voltage

Performance optimized 30V, 40V and up to 100V devices
Breakthrough in reducing of IGSS and IDSS leakage
Innovative device concepts (bi-directional switches)

Cost effective manufacturing

High volume capacity and fast ramp-up support

High yield and low PPM

Reliability and application support

‘

7
}

|

Techno & Device Design

ownership

Manufacturing control

ALL the above




II. Innoscience introduction
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World’s Leading GaN Manufacturer and Solution Provider
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II. Innoscience — Major Milestones

IflInnoscience.

Founded

2017.11

2019.08

Obtaining
IATF 16949:2016

Certificate for Automotive

Sept’22

May’23

100M+ HV & LV
GaN FET delivered

170M+ HV & LV
GaN FET delivered

2021.08

World’s 1st GaN

in cell phone

@

2015.12

AR
W) N 15014000
’\_I‘w\vp 900] Nar,%

Zhuhai Fab opening

5kw / month

0

HV GaN Mass Production

Suzhou Fab

Volume production start

2022.07

Opening of EU, US

and Korea offices

v

65kw / month

300M+ products

shipped to customers
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II. Innoscience manufacturing prowess

>_,_,§uzhou wafer fab and R&

e 8-inch production fabs with high-throughput modern manufacturing tools = e o

* Our GaN wafer capacity exceeds the rest of the world combined supply

GaN fab capacity: 2022 2025
3% 1% 2%
il Innoscience 11 Innoscience
10kwpm 65kwp | e —
P "-:?"‘\i\ f // \\\
-+ x1.8 /i
( 6-|nch§§§\ :( S-mCh'ﬁ
12% @ 4 j
SR He _-/; /

Superior cost productivity due to 8-inch vs.
competition using 6-inch wafers

m Unikorn ® Fujitsu/Transphorm ® Episil

Power integration TSMC B Innoscience

Source: Yole report, “GaN Power 2021: Epitaxy, Devices, Applications and Technology Trends” o]
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LV/MV GaN Technology Roadmap by Innoscience

Production Pre-release
2021 2022 2023 2024
40V Platform, Genl 30V Platform, Gen2.5
Market introduction products Best-in-class FOMs - Idss/Igss/Qg

| Next Generation Technology
40V Platform, Gen2

(30/40V/48V, improvements in Ron*A, Qg, Qoss, Idss, etc)

Best-in-class FOMs

100V Platform, Gen2

Best-in-class FOMs Automotive & Industrial Extensions

I
150V Platform, Gen2

(Auto and Industrial grade qualification)

LV/MV (30V - 40V - 100V - 150V)

Best-in-class FOMs

,>_\ WLCSP LGA FCQFN

S |

I : : .

> 40V BiGAN Platform, Gen2.5 Automotive Extensions
g World’s 1st bi-directional GaN switch (Auto grade qualification)

E
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Innoscience vs. competitors in 40V range

Figures-of-Merits Benchmark
70.0 150.0%
B 40V InnoGaN Genl
60.0 B 40V InnoGaN Gen2 80 140.0%
40V GaN best competitor E
50.0 x
40V Si MOS, best-in-class Ug’ 130.0%
40.0 'E
S
T 120.0%
30.0 @)
c
=]
o 110.0%
20.0 o
£
e %
10.0 S 100.0%
()
1.8
0.2 mls 0.02
0.0 — — 90.0%
Ron*A Qgg * Ron Qoss * Ron Qrr * Ron Idss * Ron Igss * Ron Dyn Ron @ 40V
(mQ.mm?) (nC.mQ) (nC.mQ) (nC.mQ) (MA.MQ) (RA.mQ)

40V Genl was a market introduction product

* 40V Gen2 is a best-in-class product
« Leading our competitors in key performance figures
« Zero dynamic Ron increase including under hard-switching conditions

« Low ldss and Igss enable to enter mobile markets and direct-battery-connected applications
11
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II. Examples of technology differentiations by Innoscience

« Superior dynamic Ron capability (including hard-switching) due to specially
developed strain layer in combination with proprietary epitaxy

» Best-in-class gate leakage current due to gate module process
* Novel bi-directional device concept — 1st time right and 1st on market

=
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1| | — (%
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| Passivation | || g
Gate . assivation
S| ||stack|| “StrainLayer |D| | § 40V InnoGaN Gen1
- o
AlGaN g 1 '—M
EER ©665656656660606 - S iy
. >
GaN 2DEG A 40V InnoGaN Gen2
=
BUffer Layer o) Vds =40V, Ve{on)=5V Id{on)=1A Fre=100kHz_Duty=10%
< 0.8
1.00E-03 1.00E-01 1.00E+01
Time (hour)

12
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II. Example: Gate leakage breakthrough on E-mode GaN

p-GaN HEMT Gate structure

(Back-to-back diodes in series)
Igss at 5V / Wg

Gate Metal 0.2

=
—
Ln

p-GaN for E-mode

I gss54Wg

=
-

2DEG

0.05

GaN Channel Layer

a0v 40V low Ig

* Innoscience reduced the gate leakage by proprietary GaN epitaxial and process technology co-optimization

« Nearly 10x reduction of gate leakage, achieving <3 pyA at 85 °C over the device lifetime making it suitable as a
load switch inside smartphone

13
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II. Technology maturity — volume production data

« 40V InnoGaN Gen1 > 90.7% average CP yield

bo:_ LaRp. . .z et R, Fr e i X o LA I SRR o 8 ca BT e =, e AN ST, sdearz S0 ¢
M iy i SR R vt D b s i Sl
CP yield, per wafer, 30 days
« 40V BiGaN Gen2.5 = 90.9% average CP yield
. CP vyield, per wafer, 30 days

Syttt
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II. Epitaxy manufacturing control

« The control of AlGaN barrier determines uniformity of Ron, VT and other key device parameters

AlGaN thickness USE prOf'le AlGaN Al%

26
o
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0-92 mm range Gen2 EPI

@ GenO
25 0.26

0.255 AlGaN thickness 1nm

Al% <1.0%

-o- Gen2

-100 -50 0 50 100

1.7
1.65
1.6
1.55
1.5
1.45
< 14
\|>;’1.35—_
1.3

> 1.25
1.2
115
1.1+
1.05 ]
1 2
D'QS_'l'|'|'|'|'|'|'|'|'|'|'|'|'|'|'|'|'|'| 1.95 4+
0510 20 30 40 50 60 7 80 90

0-92 mm range Gen2 EPI

VT + 0.15V

Ron (mOhm)

Ron + 0.2 mOhm

0510 20 30 40 50 60 7 Lz 1]
> 15



IflInnoscience.

Tested: 1700 devices per wafer

II. Manufacturing maturity — baseline & process corners

Ron at 25C (mQ)

3 .
T HET '
D s 25
—_— -t 8 - e J . ¥ L L)
+« ¥ & CE: ...;:-:-:etcs.‘ﬁi?:g:ts:':éiq-ﬁfr s L SRR ki
= R . ; T C LI
T S, iR R TR XN
LN
~ .
DI =
©
c 1.54
4 ¥ ¥ s
o
LR
] ] ] 0 20 40 60 80 92
Radius (mm)
Worst process corner
Baseline
13::13_ Best process corner
63
Se«3
2 de+3
.e .\‘ e’ ’:. ot o o o =
5 3e+3 lf. 3’.‘:};..’.:? ;‘.m‘.lil:.\.~ RS
8) 2e+31 = .
m .:-n“t?n...::tl.. o e,y 0~ S ai P p
- Forai] : . A '..psw.agt: * ol o o0, Clation, * o"\
5 i s e SN (S
> §e-5 - of"ﬁ . ','_.{., 't g 5 SR
= be+2 | . . TR ACIERS - 3 Rabed 5.
m Se.z - -.\- v s 1
| de+2 | -
& 362
-E 2e+2
1e+2
0 20 40 60 80 92

16

Radius (mm)




IflInnoscience.
III Switching parameters — baseline & process corners
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Dynamic Ron — hard switching conditions
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Tested: 1700 devices per wafer

Wafer location: 0-50mm

Rdson {Ohm)

Vgon=5V _|Idon=1A Fre=100kHz_Duty=10%
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II. Rated voltage and over-voltage capability

|40V Genl INNO40LAOISA

Qualification voltage 32V

(JEDEC, standard)

Rated voltage 40V

Dynamic Ron guaranteed 40V

Repetitive unclamped inductive 58V

switching (fail at surge Vds >96V)
Min guaranteed DC BVdss 60V

Typical DC BVdss 25C / 150C 72V / 69V

19
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First GaN device inside the Smartphone (40V Bi-GaN)

Rk CT2 XIPRREE

BREEEGaN
BREPRE

alN

POWER

INICS NEWS

Bi-GaN bi-directional GaN HEMTs used inside
smartphones

@®© september 3, 2022
Bi-GaN bi-directional GaN HEMTs save space and facilitate fast charging without suffering from reliability-limiting and

potentially dangerous rises in temperature

, the company founded to create a global energy ecosystem based on high-performance, low-cost
gallium-nitride-on-silicon (GaN-on-Si) power solutions, today announced the Bi-GaN series of bi-directional GaM HEMT devices
that save space and facilitate fast charging without suffering from reliability-limiting and potentially dangerous rises in
temperature that can sometimes be seen in traditional silicon devices. Innoscience has also revealed that leading consumer
electronics and mobile communications company, OPPO, is using the new BiGaN devices inside its phone handset to control the
battery’s charging and discharging currents. This is the first time that such protection, based on GaN technology, has been

included in the phone itself - previously the circuitry had to be incorporated inside the charger.

20
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The World’s 1st BiGaN in Mass Production

INNO40WO048A is Bi-directional switch vac2
as OVP (Over Voltage Protection) uss AC"R‘”; L
application in Tierl Smartphone OEMs
to help reduce heat and size

ACDRV1
...... Wireless VACT

1 D2 JVBUS Charger Battery
IC
G |

Silicon solution GaN competitor INNO40WO48A
40V 40V 40V

Vos (V)
# of Devices 2pcs 2pcs 1lpc
Devices size 2*2mm*3mm 2*2.5mm*1.5mm 1*2.1mm*2.1mm
Gate Leakage (85C, max) <0.1uA <800uA (Too highto use) <3uA (meets customer request )
On Resistance(typ.) 11mQ 6mQ 4mQ
Cell-phone case Temp. Rise ~2° C SN ~0.5° C

21
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II. 40V BiGaN reliability ready for smartphone era

failure rate exceeds at the forward failure rate exceeds at the
gate voltage of (Vsp) and . operating voltage of (Vpp) and
Gate Acceleration Factor Mode Drain Acceleration Factor Mode
19 + 20 o ]
b Spec: 10yr
16 4 g / 17 ' Spec: 10yr
| |
T | _ 14 .
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€ 10 l = ! "o
E o7 | 5 = ! o,
= | e, MTTF £ 5 ! : .
-l 4 | ' “®.. o 1000ppm 1 . e MTTF
.. ‘ 2 i LN 1000ppm
' oolOppm I e 10pmm
-2 4 |
45 5 55 6 65 7 75 8 85 cc 60 65 20 7c
Voltage(V) Voltage(V)
TDGB Weibull Distribution TDDB Weibull Distribution
’ °\Vg4=7.7v ’ e Vd1=68V
Vg3=7.5V =21 Vd2=69V
o *Vg2=7.3V a
8. e Vg1=7.1V / ; g tvesToY f/ f
5 s
-5 -7 g
10 100 1000 10000 100000 1 10 100 1000 10000 100000

TTF(min) TTF(min) 22
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II. 40V InnoGaN on Buck-Boost Applications (notebook)

(48V 240W max) Protection

40V InnoGaN solution is 60% smaller vpeC i
than Si and 1.1% more efficient

| Innoscience

LV GaN
FETs Size Total Size PD3.1 Adaptor
Silicon | 5*6mm *4PCS 120 mm? m“m“
GaN |3*4mm *4PCS 48 mm? i

\/9i8r1:20V, Vo=13.5V, Fsw=800kHz

-

14

=
o
O
(o0}

9 97 T
o \ \ 12
o 0.8%1 ° % ot
7 1.1% 10
95
95
- 6 <
& _ L o4 8 _
S = S =
S 94 5% @ a
- — 3 =2 o
3 3 £ 93 6~
her 4 .
93 92
—e— [Efficiency InnoGaN 3 —e—Efficiency InnoGaN
92 - . 91
Efficiency Silicon 2 Efficiency Silicon
91 ——|Loss Silicon ) 90 ——oss Silicon
o = L0ss InnoGaN . 89 =L 0ss InnoGaN 3A0

1.0 20 30 40 50 60 70 80 90 100 11.0 12.0 to 20 30 a0 50 6'(Boad(A7)'O 80 90 100 110 120
Load(A) 23



Next Gen Compute Platform Powered by Innoscience IflInnoscience.

)
CPU/GPU
USB B2B MOSFETS NVDC Buck-Boost Vcore 5”””5
Type C ove Charger Driver MOS 1LIE
yp Load Switches 9 € hauud
DEDE 2 OOEE z @@
B?;l:g-étl):géck B|-D|(r3e;|i||onal USB PD 3.0/3.1 DrMOS GaN copak
(20V, 28V, 36V and 48V) »
inpmlngl =5 ~1MHz 3MHz+
BiGaN™ ys B2 MoSFETs INnNn0GaN™ s silicon GaN copak vs brmos
/0% smaller solution size 2X Fg, Without impacting efficiency* 1% nigher efficiency
50% lower on resistance* 30% lower operating temperature* 46% higher power density
40% lower temperature rise* 5% smaller solution size 36%+ smaller solution size

*Based on actual board level measurements 24



IflInnoscience.

II. Concluding remarks

* Innoscience offers unique combination of GaN technology, manufacturing,
and best-in-class products

« Great position to unlock the vast potential of LV GaN in power supplies

« Manufacturing capacity with high yield & low ppm levels at low-cost enables
entry to smartphones or other very high-volume markets

25
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