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CMOSG I+ GaNG R SEIE NG TS E

E Optical WirelessLab | | Co-founder of Atheros, IPO in 2004 « Deep partnership GaN dgn { BEH

- Developed First-gen Wifi products foundry Dynax

. Fellow, IEEE & Optica * Process development and
_ _ device optimization
- HKUST IC Design Center Director « Our CGTA Prof. Man Hoi

« Expert in CMOS optical and Wong is an expert in wide-
wireless communication IC bandgap semiconductors

CMOS + GaN = High-End Eco-Semiconducto}' Chiplts
High-Energy Efficiency 1

Prof. C. Patrick Yue

Faraconix Heterogenous integrated
— system-in-package (HISiP) High-Speed
- Partnering with Faraconix ccLas ,, High-Power Efficiency
on RF module integration ngh'SPLIQ H!gh-Llnearlty
« Jointly tackling heat and High-Integration
- high-freq loss issues High-Q-Factor Passives
r. I Law
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High5 Semi BIEERBE / ixEBHT / IP

BEEERCRITIIEIEHT Heterogeneous Integration of Chiplets
|E|H*. BiRE N.“Eﬁﬁii'ﬁ BERNTHREE, dLimERRRRRASRIERT K

DC-DC GaN PA CMOS TRx SOI LNA Controller RF Switch

‘I'I'I

« By integrating CMOS + GaN we aim to deliver
best-in-class energy-efficient solutions for the two

:
\:"“'"' IRTITESR DA ey highest growth enterprise communication market
| LA AAL1XAARA. in the next decade:

« High-speed optical communication for Data

CCCCCC
ge Substrate

 Satellite communication for 6G networks
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hiZHIE & BiEEDHS (TAM) 58

FoE(SThIBIRIE: 2EHEBEHIFRE:
hEEELBREMBE ==z UusD Million) YENBEEBYE 93 (= USD Billion)
mEe Source: Mordor Intelligence A NN
® China ®The rest ofthe world
$20,000
“00-00—0—0—0 M LEO 318.13B
= 15,000 LIGHTCOUNTING B GEO m
g W MEO 200.25B 69
& $10,000 $
©
$5,000 I i I N
i Il m
2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

> For the first stage, optical communication products for DCI, the total addressable
market in next 5 years is 40 billion USD
> For the second stage, wireless communication products for LEO satellite

communication, the total addressable market in next 5 years is 26 billion USD
10/10/2025
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= Interconnect Power and Density Bottleneck

Best-in-class Intra-package: Intra-machine: Intra-rack:
Interconnects > 0.5pJ/bit > 2pJd/bit > S5pJd/bit

-{_-__ I_- . i . .
o raril
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i1 11 11

- Internal chips are slow, but >50Tb interface to ICs overwhelm packaging density
« 200Gb/s SERDES take area, yield, and power, all with limited reach

10/10/2025
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Due to the data exchange
and transmission
requirements brought by
AIGC, the market for
high-speed optical modules
have seen exponential
growth

« Current optical communication products
(InP, SiGe, GaAs) cannot meet high-
energy efficient bandwidth and cost
requirements

* Designing heterogeneous optical chiplets
; to boost bandwidth and data rates

» Targeting 4x bandwidth growth from

- Low-frequency solutions fail for modern 200/400G to 1.6T optical modules

data center interconnects Refused to be ChOkEd! ?E?@?E'Eﬂ?—?l

10/10/2025 9
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« LEO capacity limit: < 100K satellites

« China's opportunity: Must develop a
Starlink-level solution to ensure global
competitiveness in satellite internet

* ITU rules: "First come, first served”,
escalating the race

10/10/2025

[
5 million customers in
2025 for revenue
USS3B
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Beams % NTN GatewayE HﬂPS -
""'-Uplink T / Service
8 Beam Device TN-NTN T
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Channel1 | | | Channeis !
1
1! .

..... i
Channel2 | | Channel 4

CMOS phased
* Mechanical satellite tracking  array circuits:
* Electrical and digital 10~20x power

beamforming enhancement
8 * Combining individual PAs and

LNAs for gain enhancement

LYY

LY\ Y

'?
2

kA

nnd

b e

2y
GaN technology: 10~50x
power boost with high-
voltage operation

Long-distance inter-satellite communication
requires high-end eco-semiconductors
* High-integration CMOS circuit array

Overall 1,000x Power Increase!

ngh-energy-eff|C|ency GaN power ampllflers Unprecedent Performance in Integration/Power/Efficiency/Cost!

 Heterogeneous chiplet packaging technology
10/10/2025 11
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High5 CMOS +GaN S ElkEIS AL GRS

Satellite
;Communication

100 -
Y5
Y4
2 10 Y3l
~ Y22
7 m Y1
w 3
% Handset ]
o Faraconix ! Data
= 0.1 ; B Center_ |
E' Existing IC|products
8 in communication market !
0.01 E
O: Optical Product ]
0.00 W: Wireless Product
1 10 100
Frequency (GHz)
10/10/2025

RAISe+ Stage 1
R&D focusing on
optical chiplet
module
(Year 1~3,
2026~28)

RAISe+ Stage 2
Commercialization
(Year 4~5,
2029~30)

Performance analysis of
(CMOS+GaN) materials

Initial design and prototype of
(CMOS+GaN) HiSIP for data
center interconnection

Prototype for short-reach
1-2 Tb/s links

Mass production of optical
communication products

Design (CMOS+GaN) chiplets
for 6G satellite communication

Compliance with 3GPP Release
18 and Chinese satellite
standards

13
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EEERiEiR: CMOS + GaN Chiplet HiSiP

m i O HER GBS R E SRRCHL B FEEEEREE SRR

DC-DC GaN PA CMOS TRx SOI LNA Controller RF Switch

cu cu il cv cu <y cu i cu cu cu cu = S e = = =

[ __HeTi § _HBETz | _HBET3 N  LNA |
OEENONUCNEEER NEEEE

~LGA

Cross section of the optical chiplet in package Cross section of the wireless chiplet in a package

Channel 1 i E Channel 3 ]
1
1 ! "

Integrated optical module (source: Marvell) 3D Layout of the wireless chiplet in a package

10/10/2025 15



CMOS Eam/5BY: 48-Gb/s PAM-4 Optical Receiver

Optical Reference RefelrencteEOpucaI
Jransmitter e OE Modul Oscilloscope
Keysight 80491A ﬂ\ oduie !
— SMF Fiber Keysight Keysight
(gm 86105D DCA-X N1000A
- N Fiber Tipl 1
Pattern l BN\ ¥ ' SE—
Generator || | RF | BERT
Keysight : PD RX Chip Conn. | »|| Keysight
L M8045A ) . Test PCB : M8046A

O Fabricated in 28-nm bulk CMOS

O 1308-nm light source is coupled to PD through a
single-mode fiber

O Optical power level is adjusted by an internal
optical attenuator

O Deserialized MSB and LSB are sent to off-chip
BER testing

C. Zhang, C.P. Yue et al., VLSI 2024, Honolulu, HI, USA.
10/10/2025 16




CMOS Em/RBY: 56-Gb/s PAM-4 Optical Transmitter

s
ﬂiu u uuﬁ"],

O Data path: thermometer-coded architecture
O Clock path: Wideband PLL and cascading VCDL

O Optical part: Wire-bonded anode-driven VCSEL
F. Chen and C. P. Yue, ESSCIRC 2023, Lisbon, Portugal.

RLM 89% Horlzontal Skew 183ps RLM: 90% Horlzontal Skew 1.77ps

(c) Equal Slice EQ, Piecewise (d) Piecewise Tunned Slice
Tuned Slice Gain EQ and Slice Gain

10/10/2025
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CMOS ER/REL: 60-Gb/s CDR with Jitter Compensation

- PS -4 Recelvef with Jitter Compensation CUR
Lock Detector
PAM4 | e .t - Tcode to l * 1
ziff’;?';;li?;"—%:fz\e T T sonomecnon H ClKensss o>z
0 ! | for Data 4 x 2-bit Bcodes I__:_‘Z'FB“T(SY:(_‘_ T T
] ______________________ (MSBrecand LSBrec) | | e _ipeps s B> CLK o ' M I ¥ |
e | e A T e st || [0 | e ql
IN s gmﬁi’ ¥ LEdge ‘_% Inverted — > RECJC T’é__{m% I;:L_—::::::: @ gtﬁ :
QU o T S :
1/(‘:‘:?(:.’:(e "W e i Inver;';;:'g :
VERs) Jitter Compensation Circuit !_ _ Eollo_Wir_ __:
Vv VLFinv(s)
Prototyped in 40nm CMOS 30-60-Gb/s PAM-4 Receiver with Jitter Complementary Signal
Core area: 0.2 mm? Compensation CDR System Diagram Generator
O The receiver integrates a Clock and Data Recovery (CDR), capable of detecting the
phase and amplitude of the input jitter and generating a complementary jitter to negate

the jitter transfer.

L. Wang, Z. Zhang, C. Wang, R. Azmat, W. Shi and C. P. Yue, "A 60-Gb/s 1.2-pJ/bit 1/4-Rate PAM-4 Receiver With a Jitter Compensation
CDR," in IEEE Journal of Solid-State Circuits, vol. 59, no. 2, pp. 449-463, Feb. 2024

10/10/2025 18



CMOS Em/R8Y: 28GHz Phased-array Beamformer

m Beamsteering Demo

10/10/2025
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Measured Radiation Pattern
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Measured Radiation Pattern
00
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CMOS EmRIRE: 20-24-GHz Sub-Sampling PLL

ub-Sampling Phase-Locked Loop

C -GHz Compact, Cow-Jitter Dual-pa

] Inductorless TSPC DIV-4 |«
CLr_pn<0>=1xCy
CLr_pn<1>=2xCy _
Charge-neutralization circuit for Cir pN<2>=4%Cy g""" - ggaﬂ:F
w loop gain and bandwidth control - = = PN" N
=) l l C3P,N =278 fF w
m Cir pn<2>—C Cu=16fF = o
@ o T o Core Area ] g
£ .
Buf = swif;é" 1 i (w/ loop filter):
I a4 3 ] 2
SW. c c I o || vevEeN | = - ° 0.057mm
— o SWoign | QP4 peosWeaszos |2
fast branch | o—— OVSwep <2> 3
SWsuz n  Con Can S‘;‘\T v 8xCy E
I LF2_P,N = =
SWshi_p Cee v L R C“PI V,
% P T o T I 1 PROP_P
slow Eranch Vsspo_p,N S\f_VlfLP,N Cir pN<3> ViF PN /\/
VSWSHLN lCm hl L Rin C4N-L Veror N Ny
I : i I 20~24-GHz
- _ Class-C VCC *

Ref ¢ - bue_don L Co % R, %Cm Vint - 2

: [ Putse Gon. | e - Total Chip Area: 0.126 mm

Core Area; 0,057 mm?

System architecture of the proposed DPSSPLL

O A low-noise charge-domain gain control technique provides a bandwidth tuning range greater

than 30 dB, with noise contribution less than 3 fs
O The design achieves a compact area (0.057 mm?) and ultra-low jitter (61.23 fs), making it highly

suitable for integration into phased array systems
L. Wang, Z. Liu, R. Ma and C. P. Yue, "A Compact 20-24-GHz Sub-Sampling PLL With Charge-Domain Bandwidth Control Scheme," in IEEE

Journal of Solid-State Circuits, vol. 60, no. 3, pp. 768-784, March 2025
10/10/3075 PR
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GaN Em/REY: PA, LNA, Laser Diode Driver

L Ell Jjrac Doty I lﬂi_c
o-l, :L—‘L

Dt 1-I: D' _[ D' t-[
0 O Om[m0 O Om]MEO O OO

_ Copper Pillar
Fig. a Bumps for Flip- +
chip Bonding

a. Top-view of a GaN low-noise Amplifier (LNA) chip with

bumps

b. Top-left view of a GaN power amplifier (PA) chip with bumps
c. Top-view of a GaN laser diode driver (LDD) chip with bumps

10/10/2025 21



SRt ERIRBY: Chip-to-antenna-on-PCB Design

O Antenna array

»

— 4 flipped patches, 4 dummy patches

— Flipped patch driven by differential
signals

1.3 mm

— Dummy patches are ground

<

EM model of patch antenna on PCB

Photo of the top side (chip) and back side (antenna)

Z. Liu, L. Wang, R. Ma, Z. Chen and C. Patrick Yue, "A Compact 28-GHz Transmitter Front End With Co-Optimized Wideband Chip—Antenna

Interface," in IEEE Transactions on Microwave Theory and Techniques
10/10/2025
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i TSt RIEBY: Interposer Substrate Design

Optical signal
V-groove block

19-core —~
SM-MCF

Metal housing

VCSEL array
/ PD array

Micro-processor unit Interposer

Electrical interface '\Heat dissipation surface
(0.3-mm-pitch LGA)  EIC (VCSEL driver / TIA)

Dual-side Co-Packaged Optics (CPO)
* Double-sided flip-chip-bonding

* Direct Multi-Core Fiber (MCF) buttom-
coupling

« Core-less organic build-up interposer
(thinner)

10/10/2025

HEMT

T —HEMT I —PA — I — TNA ]
EEEEEEEERERR NEE SR

CMOS TRx

Dual-side Interposer for Wireless Satcom

Double-sided flip-chip-bonding

Passive components in the middle layer of the
interposer for matching, filtering, etc.

Front-end modules on the top side

CMOS chiplets on the back side

Solder balls to connect the interposer to the PCB
Patch antennas will be designed on PCB

23
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Competitive Analysis Product Descriptions

INSiGa®

Optical Domestic
Communication
Products for DCI
Global
Domestic
Wireless Products
for Satellite
Communication
Global

10/10/2025

W'SEWAVE

(5] FRmET?
LEADINGSPEED TECHNOLOGY

|lv

@ BROADCOM'

.?EE”E;E

Bridging Technologies

MARVELL MA‘OM@

ANALOG
DEVICES

2 T

CHENGCHANGTECH

/ O OneWeb

STARLINK

MACOM.

ANALOG
DEVICES

100G/400G/800G optical
modules, optoelectronic chips,
lasers, etc.

High-speed optical modules
(400G/800G), optoelectronic
chips (CPO), PAM4 chips, high-
speed DSP chips

Satellite ground equipment,
inter-satellite communication
modules, RF front-end chips,
low-earth orbit satellite terminals

Satellite communication
terminals, low-earth orbit
satellite networking systems, RF
front-end modules, high-speed
ADC/DAC chips

25
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Packaging Partner Other Partners
Faraconix A
GaN Partner °
clynan: sin berxel #4t& % ﬁ
{? ENIECT:I,OL{g ICLEGEND MICRO
Investors and Customers

SITAN TECHNOLOGY

N~

NLMILE
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Bd GaN 1753V iR S{ERSEERIR

» Ed GaN {{ I ¥{¥ Dynax « Bd GaN & micro-LED {{ TES{¥

(ﬁd‘”ﬁbn F]Bbﬂéﬁﬁa) Sitan (Et_ﬂ}ﬁ) .
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CERTIFICATE OF INCORPORATION
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A AE & 9
I hereby certify that

High5 Semiconductor (Hong Kong) Limited

SBRFER (F7#) FSRAF
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