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Outline

* Optical, Wireless, and Optical Wireless — What? Why?
* Optical-Electronic Integrated Circuit (OEIC)

« CMOS mmWave Phased-Array IC

* High-SPLIQ IC for 6G Era

* New Potential Applications in the 6G Era

 Summary
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Optical, Wireless, and Optical Wireless
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Intra-Board

Intra-Rack Inter-Rack

Electrica

Multi-mode optics

ngle-mode optics

Copper: high loss, low bandwidth

Fibers: low loss, high bandwidth, need OE-EO
Optical for Distance X Data Rate > 100 Gb/s-m
Cross-over opportunities!!

» High-Speed OWC, Short-Reach Optical
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CMOS Optoelectronic Interconnect Chip: Architecture Design
¥

Fully-Integrated System Architecture DeS|gn and Verification
1. Top-down system simulation to clarify specifications for each module :

2. Multi-chip system simulation throughout the entire design cycle
3. Support complex modulation scheme, like PAM-4, OFDM, QAM

v
56-Gb/s PAM4 TX 56-Gb/s PAM4 RX 14-GHz PLL
- Data path implements VCSEL nonlinearity - Signal equalization in frequency domain « Sub-sampling PLL achieves low jitter
compensation - PAM4 signal decoding and clock recovery e Low supply voltage to decrease power

+ Clock path has on-chip PLL

i Class-C VCO!

2 3 4 rra T e
b g 1 2. %% 2 L[oFF Array ’ﬁ‘ oW
;’ E 4 DFF Array MUX » g Eé
2} a o
Clock Buffer ]4—[ Current Mirror_| VCSEL | , é
[ MUt Phase PLL | 12C | etk ::::z: Seeaorrestaes = ﬁ =
Afeer (IF L =Frer without DIVIN/G), feee (IF feer oo =0.25Fcer with DIVING/4)
Vem_p is canl'lecl’ed’ o Von, Cs: 4pF, C',...' 2.2pF, Ciy: BOpF, Cy: SpF, R,: 8k}
PAM4 Optoelectronic Interconnect Chip EMI Analysis and Cancellation
. . . . mission m Amplitude Mismatch
» Clarify radiation theory of CM noise TN | | PSigmal Amp <"
* Propose close-loop controlling of CM Mf\————\ SR - g ., 61.6 dBuv
no'se . — . ” "‘ . E‘:eCt:ff:;;g;Oepncal Optical Fiber g 0
« Propose CM noise cancellation circuit reanelver comloro, Fiexcable g
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Noise Source Highest .— H
Emission o Pl
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Guangzhou
Area: 7436 sq. km
GDP: USD 284.6 billion
|-— Population: 14.04 M
Huizhou
Area: 11,159 sg. km
GDP: USD 49.5 billion
Population: 4.78 M

Area: 15,006 sq. km
GDP: USD 30.2 billien

RECRE: BAREAE

Foshan I— ---------

Area: 3,875 sqg. km )
GDP: USD 1263 billion & o~ & 4 st { Dongguan
Population: 750 M % Area: 2,512 sq. km

ﬁﬂﬁ%* : ﬁﬁ Zhaoging |—.

GDP: USD 99.1 hillion

henzhep. i
_________ - A an T - Population: 8.26 M
% ‘* J Zhongshan I""-”_-N iangmen \“‘"«\
9 — i o Area: 1,770 sq. km ) g &4 | - -| Shenzhen
Vs UL N

GDP: USD 46.4 billion Area: 2,007 sq. km

Population: 3.23 M “‘., = Hong Kor@y, GDP: USD 283.0 billiol

£ 2 ‘ acau \ .
I ﬁ H N L ﬁ '_,‘/ i \ N Population: 11.90 M
. :§j : Jiangmen e H \ ‘—4 Hong Kong
&ﬁﬁ **‘ ﬁ ﬂl * Area: 9,554 sq. km |— & %f?- i Area: 1,104 sg. km

GDP: USD 34.8 billion GDP: USD 319.3 billion
Population: 4.54 M Al I_.‘ “_I Macau Population: 7.37 M

2024 0 1 22 Area: 1,696 sqg. km Area: 29.2 sq. km
= = GDP: USD 32.3 billion GDP: USD 44.7 billion

Population: 1.68 M Population: 0.64 M
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High-linearity 56-Gb/s PAM4 TX chip

2025/10/22

Based on 4-to-1 MUX, including data path, clock path, and bias and control part

Data path: adopting thermometer code-based architecture for piecewise compensating E/O gain and
bandwidth nonlinearities

Clock path: multi-phase PLL to generate 8-phase clock
On-chip PRBS for testing

VvDD
T 4| 4 4 [ 5
- - +—DFF Array 7 MUX » Drv
7)) m ® _—
4 ® | 8| 33| 4 4 [
. e o o . LIDFF Arrayll—~ | 3% » Drv
> 7 77— 7~ MUX] g
/ 2 a3 — <
8 o | 4 4 | a1
o = #—p|DFF Array ——\ mux| » Drv %
-——"'--——
: : J‘( ESD SE/
2// 4/ 4
Clock Buffer <—| Current Mirror VCSEL
4y 4
Multi-Phase PLL I2C
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High-linearity 56-Gb/s PAM4 TX chip: 4-2-1 MUX design
« Implemented in 40nm CMOS, 0.1 mm? of core area
« Tuned slice EQ and slice gain to compensate for the VCSEL nonlinearity

PLLTmW G tput Driver, 100 “WL»s ps T 100 “WL>5 ps
24 mW o

Clock Tree,
34 mW 2.05 pJ/b
at 56-Gb/s

PAM-4

Binary-to-therm. Re-timer and iaht'Width: W S at

_ Encoder, 4 mW 4-to-1 MUXs, 46 mW N R i e 1 id i g
-y A — PRBS Generator + Binary-to-therm. Encoder RLM: 0 Horizontal Skew. 4.7s RLM: 65% orlzontal Skew 1.89p
G \B — Re-timer + 4-to-1 Multiplexers (a) EQ OFF, Equal Slice Gain (b) Equal Slice EQ and Slice Gain

C — Phase-locked Loop

D — Clock Tree
| E — Output Driver
F — Bias Circuit + I°C

ght/Width: 44.44uW/7.21ps

s t/\Width: 45 4 i ‘
RLM: 89% Horizontal Skew: 1.83ps ’RLM: 90% Horizontal Skew: 1.77ps
(c) Equal Slice EQ, Piecewise (d) Piecewise Tunned Slice
Tuned Slice Gain EQ and Slice Gain
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Wislisis (ZEB=RPHEURSIAE) SESPISEILL

EARIERRR (ESBEHR SEFEHR FE TR ITIAE
LR > 56 Gbps 56 Gb/s Sehk
IhiE <400 mW 152 mW Sehk
Mitigts (EE=RIRREIAE) SEIRIMREHEARIILL
PTL'18 JSSC’22 VLSI'19 ASSCC’21 This work
Technology [nm] 65 40 65 40 40
Signalling scheme 1/2-rate 1/4-rate 1/4-rate 1/4-rate 1/4-rate
PAM-4 PAM-4 PAM-4 PAM-4 PAM-4
Date rate [Gbps] 50 56 64 64 56
OMA [mW] 2.00 0.81 2.50 1.08 1.18
Power effi. [pJ/b] 5.12 1.73 2.69 2.09 2.05
Core area [mm?] 0.31 0.47 0.28 0.16 0.10
Asymmetric 2.5-tap DAC- |2-tap DAC-based 3-tap LSBIMSB- | 3-tap LSB/MSB- 2-tap FFE + CTLE
equalization based FFE FFE based based Asymmetriq) , pre.emphasis
Asymmetric FFE FFE
Nonlinearity Full Full Partial Partial Full
compensation
Method type Digital Digital Analog Analog Analog

2025/10/22
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PAM4 RX: signal equalization, decoding, and clock recovery

- Two-stage CTLE to compensate signal in frequency domain
« Y rate architecture, 3 comparators to adjust top, middle, and bottom eyes separately

« Clock generated by DLL CDR, adopts jitter compensation to improve quality of output data

1
[
[
PAM4 [catibration } -¢--- Top
Si 1 t | Middle Tcode to
'ghat Input o 2-Stage ¢ 7 1T 3+ > Bcode
2Pin(s) 2Pin(s) CTLE N s 1— : Bottom’ Converter =
e B | ¢ | CLKgec -
+ | PH-0/90/180/270 -
v | for Data 4 x 2-bit Bcodes }
H MSB d LSB CLKg
-él:l 4 o= ==- — L - 2-2REe 20O & Ej:)--- ------------------ Ecw_*-’ CLKRgrEcuC
INP E S 4bit CLK
M ' +—> nc. -bi
:_I 2 h : =3 w F Y LSBerec | 411 . .. >LSB
INN Rs TEER:E'C"> T Edge — Inverted 7 g RECJC
Cs i pH-a5/225 BBPD Follower || [VLFwu(s) LSB
E for edge WBPLL !IE M " . Bor>->MSB
One CTLE  ‘'-==z-¢-= LFl{cPl{PFD cP 4-bit L - RECJC
CLKRrec A MSBgrec MSB
VCDL ax 948 —
1/4-Rate o % DCC CLKpL g E.._"_l:: C-VCDLs
CLKn L~ Ll
VLF(s)
Jitter Compensation Circuit

2025/10/22
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PAM4 RX: signal equalization, decoding, and clock recovery

« Implemented in 40nm CMOS technology, 0.58 x 0.34 mm? of core area

 Error-free under

i _ CTLE, 8.10 mW,
0| Bod-eg oo ige-g-o-g | o scers
N R L. i/ /0 CSG, C-VCDLs, Calibrator (CAL),
10 __|___|_\_°§|__ﬁ;!°:_|___|__ M2mW,  ~ DAC, Tcode-to-
sk N _ |Of ] 16.0% Bcode Converter,
10 [ [ (= i/ [ | 28.0 mW, 40.0%
ﬁ 7'_|___T__I __n_c'___l___l_'
mi107’f T~ l'——'r———l—'
i i it o (il Bl N
100 -1t~ ]—I———'f———l——
O - —+-——I-
11} -O=PRBS7 [ = T T /
10 7O
=0-PRBS15 |@D- - - — &+ — — —1— 4 BBPD, CP, WBPLL,
10 ! ! ! VCDL, 22.7 mW, 32.4%

Die photo

7.5 GHz CLKRECJC
Jitterrms: 0.97 ps

)

s

rrrrrr it minimum total meas
Jitter RMS{ ) 870 Ts B30 Ts a1
litter p-p( ) 8.33 p 11 1

Setup
Ini

T mum
1.01 ps & Info
9.33

Eye diagram of output
2025710722 clock under Y4 rate

00 02 04 06 038 1.0
Ul

Bathtub curve

7.5 Gb/s MSBRrecuc
Jitterrms: 2.68 ps

<
GHz

Eye diagrafn of output
MSB under V4 rate

Power breakdown

7.5 Gb/s LSBRECJC
Jitterrus: 2.88 ps

e

Y

\/Measuré m g

rrrrrr t i nimum 8 i mum total meas Sef
Jitter RHS{ » Z.88 ps Z.64 ps 296 ps T44 & In
litter p-pi 3 19.24 [ 1 L 19.24 44

Eye diagram of output
LSB under V4 rate
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- MiftiEls (EB=REMEHIAE) SESBIsRIE
BEAIEIREIR (ES5Bigtn SElSHR EIE
TES > 56 Gbps 60 Gb/s D
IhEE < 400 mW 70.8 mW B ENSE R
Mirtists (ZBRE=PENREIAE) SERIMIFEHEAXEL
JSSC’19 JSSC’19 VLSI'14 JSSC’17 VLSI'14 This work
Technology 28-nm 40-nm 65-nm 65-nm 28nm 40-nm
Architecture V4-Rate | ..o Vdrate |, VATASRRZ 1 qiarate NRZ || 1/4-rate PAMA,
NRZ NRZ pin CDR Split path CDR JCCDR
JTOL [Ulgp] None 0.22 UIPP** 0.1 UIPP 0.41 UIPP 0.2 UIPP 0.2 UIPP
@ 3dB bandwidth @ 1 MHz @ 4 MHz @ 1 MHz @ 20 MHz @ 8 MHz 40 MHz
JTRAN [dB] None 0~-3dB 0~-3dB 0~-3dB 0~-3dB <-8 dB
@ 3dB bandwidth @DC~4MHz | @DC ~1 MHz @DC ~ 4 MHz @DC ~ 3MHz @Al band
Data rate [Gb/s] 2-pairs x 16 25 14 40 4-lanes x 40 60
Power [mW] 2":2'52 X 27 7.8 225 4-lanes x 175 70.8
Power efficiency 1.004* 1.08*+* 0.56 5.625 4.375 1.18
[pJ/bit]
Supply voltage (V) 0.9 None 0.8 1.2 None 1.0

2025/10/22
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VCSEL TRX Demo: 56-Gb/s PAM-4 VCSEL TX and RX

Link

PAM4&£*}LIL,\H;§T%L% ESSCIRC
2023+VLSI2021 Fuzhan Li_ BBERREREENR bilibili

L N o P - S e 4

S e § @, e § —

l\uyuuyn”f

,_..)

f! PARREER

g_.'zft‘“ff ' QR code
T AL PN

E] . E]

@

2025/10/22


https://www.bilibili.com/video/BV1Du411c77w/?spm_id_from=333.999.0.0&vd_source=e3470a433ce051c7fa41e14e360c225a
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Starlink Satcom Starlink Ground Dish

« Mechanical satellite
tracking employed

o Utilization of electrical
and digital beamforming

* Architecture designed to
minimize beamforming IC
usage

 Focus on combining
individual PAs and LNAs
for gain enhancement

2025/10/22
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A Ka-Band Phased-Array Tx SoC in 40nm CMOS

?ZS-GHZ RF signal-1 out 28-GHz RF signal-3 out?

i - L
5|E 2Stage = RF " 1« Ind-less | || 224-GHz || | Ind-less || RF >..g§ 2-Stage >..g§ 5
o | T RFLO Buf RFLO Buf RFLO Buf 3 =
o (2’4

———T Element-1 1 Element-3 L——

IF signal distribution o o IF signal distribution
< |Tis-TAs : et ld 8-PH [ Y E X ! 8PHL] by ' TIS-TAS | £
o | VGA = Sel. " l211&61 121171 sel VGA |
s . © . =

Baseband 2 N 2 Baseband
Data Input N ~ % P~ N Data I;put
o ) o

< Q : (4)) : Q £
= | TIS-TAS 8PH|_ || 2| |o]| | 2|L.,|8PH TIS-TAS| %=
=| vea MPI sel [CTI S| 1 2] | =177 sel. | ™ VGA |2

IF signal distribution 5 3 5 IF signal distribution

___i Element-2 1} Element-4
E % | 2-Stage | 3 o Ind-less mi 22.4-GHz || 4 Ind-less N RF | £ | 2-Stage | £ E
=35l PA |5 MX RFLO Buf RFLO Buf RFLOBuf (| MX|%]| PA |%]|=
o (a'd

éZS-GHz RF signal-2 out IF/RF-LO Gen 28-GHz RF signal-4 outé

2025/10/22
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Area Efficiency Comparison

| || i Up-Conivertar | Triper&Drive
= & Active Splitter

NTTTIIT B P TE L LA

EEERIIIEE ISl DD D .I

TMTT 2021, 38 GHz JSSC 2010, 60 GHz JSSC 2022, W band This work, 28 GHz
4.3 X 2.2 mm? 2.9 x 1.4 mm? 2 X 2 mm? 1.87 x 1.16 mm?
w/o LO Gen. w/o LO Gen. w/o LO Gen. with LO Gen

2025/10/22 19
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* Phase Shift and Gain Control Demo
= Orthogonal phase shift and gain control

2025/10/22

Voltage (V)

Voltage (V)

0.03

0.02 F

0.01F

o
T

0.02

=
o
=

o
T

-0.01F

-0.02 |

-0.03 F
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Waveform versus Control Code

| | 1 |
1 1 |
1 1 1 1
1 | 1 1
1 1 1 1
| | 1 1
1 1 1 1
1 | 1 1
A A 1 L
0 05 1 1.4 2 2p 3 b5 4
| | Time(s) | | <10
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¢ BeamSteering Demo Measured Radiation Pattern

00

-60° 60°

-90° 90°
-15
Measured Radiation Pattern
00
-30° 30°

-60° 60°

-90°" ‘90°

2025/10/22 21
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Ka-Band Cascaded QPLL

28-GHz VCO

Ref.—»| Single Loop P> @
)

Reference PN

PN (dBc/Hz)

I PNsin_igle__loop

Single-stage PLL BW Freq

2025/10/22
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7-GHz RF PLL 28-GHz mmWave PLL

Ref.— Low jitter N Wideband N @
"7|1%-stage RFPLL| [2"°-stage loop
%

_A

N

.-

3| {6~8 dB

% Reference PN

=S

(a VCO tage

§

I IDnslcascaded_loop
1>-Stage VCO PN

1¥-stage PLL BW

Freq

>

22
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28GHz Dual-Loop PLL Architecture

FLL g o
| MMD [«——— D25 |« . - —S
¢ >
| g T A = =
A ! Ri = i
- PFD + DZ » FLLCP T 3 AW T
u T T € ; 8 |:roportiona| Path O
o 5 iF T i o mun pne e Y N
o-¢ |Lock Det. c 3: RrL C P2 C. P+
G = 3 1HC 1H{Cp2
L 5 = Hie Hi-(N\ el | o
=>1Pul. Gen. PULssce © §E Cint v, - O— 2 o-W——] Ve.
Asan 1 a —:ERS§L N P —
PULg:} Isscp ! —Cz 2 I_ o R
1% SSPD | v > AC-SSCP|— 51 T—ag— § Z 1-CP e
'y SAM S\ 2 B C IC
o Integral Path TCu Tl
SSBUF [ 28-GHz

I
I ICB
Div-4 «<— Buf —DIV4[ Buf
fectlly RB%VB{I 7-GHz SSPLL output — :
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Experimental Results

Nominal Frequency
Ref Level & Att

* The 1st-stage RF

7.000441928 GHz
2,10 dBm, Att O dB
1 kHz to 100 MHz

Initial Delta
Drift

Initial Delta

Measured Level
Drift

Measured Freq

0.42 dB -311.19 Hz / -0.04 ppm
0.04 dB -6.38 kHz / -0.91 ppm
nth 1% lew ®dYWiew 5 View (&)
2

SSPLL dominates the —

overall jitter

-93 dRg/Hz

runnlng P

dBc/Hz

7r|-|7\/rn

-111 dBcfHz

- 1st-stage contributes

-120 dBc/Hz

-129 dBcfHz

54.4-fs out of 56.8-fs

-138 dBe/Hz

total rms jitter

-147 dBc/Hz

___Freelr
st o T T
—1" rstage 7-GHz PLL

__54.4-fs rms jitter .

-156 dBc/Hz
EL1

« High frequency VCO

: .i RS
——————cl
AYG 100
100.0 MHz

1.0 kHz

= L Freguency Offset

h noise i -

p a.se. o se S 5 WTVDE | Offset Frequency [T1] | Phase Noise [T1] |
sufficiently attenuated 2 Cascaded 28-GHz ot 5o e

User 5 10.00 MHz -135.61 dBc/Hz

® Ove r 1 kHz to 1 00 M Hz 2 Residual Noise QP LL diV'4
Trace | Start Offset |  Stop Offset | Int PHN PM | FM Jitter |

Ti 1.00 kHz 100.00 MHz -54.84 dBc 146,768 m® / 2.56 mrad 38.45 kHz 58.24 fs

range, QVCO P N _Tl 1.00 kHz 30.00 MHz —55.0@(2 14315 m° / 2.50 mrad 13.2§ kHz 56.@ fs

L u T4 1 UO kHZ 100,00 MHz -55.37 dBc 138.04 m® / 2.41 mrad 18,97 kHz 54,77 fs

prOfI Ie Is Wel I above T4 1 t 7 B&OIE]I MHZPLL -55.43 dBc 137,16 m® / 2.29 mrad 11.13 kHz 54.43 fs
QPLL Shuge 15h:
2025/10/22 24
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Performance Comparison
Hu EK Yang Du Kim Liao T werk
ISSCC20 JSSC18 ISSCC22 VLSI21 JSSC19 JSSC20
Tech 28nm 28nm /nm 28nm 65nm 45nm 40nm
CS + : : Cascaded
, : Harmonic Harmonic Cascaded Cascaded
Al ;ﬁg&%ﬁ Single-stage mixing extraction SS+QILO Rﬁ_Tzll_\}lj SS+DP-SS
21.71~ 23.3~ N N N N 24 .0~
Freq. (GHz) 26.49 30 2 25~28 24~31 28~31 33.6~36 59 8
Freq. range 19.3% 25.8% 11.3% 25% 10.1% 6.9% 21.4%
Ref. (MHz) 250 491.5 74 50 100 80 250
Jitter (fs) 75.89 114 88 199 76 251 56.8
(10k~30M) (10k~30M) (1k~30M) (10k~10M) (1k~30M)
Spur (dB) -45 -65.1 -61 -65 -58 -60 -55.6
Pdc (mW) 16.5 31 12.9 11.5 41.8 20.6 42. 1
FoMiiitter (dB) -250.2 -244 -250 -243.3 -246.1 -238.9 -248.6
FoMiitter-N (dB) -270.4 -261.2 -275.8 -270.9 -270.7 -265.3 -269.1
Area 0.5 N. M. 0.24 0.3 0.32 0.41 0.4
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2025/10/22

S 2024z isiicoe
EE FIEBhXMMMNS

GLOBAL 6G CONFERENCE

High-SPLIQ IC

Needed for the New Era

26



> £HRbMXTNN S

D 0

(Y- BG/KEK Better Future
-7 GLOBALGG CONFERENCE  Qwy IcDC ECE HKUST © 2024
K. Shinohara, “llI-Nitride millimeter wave transistors”,
H lg h -S peed H |g h Power Chapter 4 in llI-Nitride Electronic Devices, Elsevier (2019).
1000 — - . SN
E By Charger and power supply s d '
> 1__4;;,.:-_, :I:C:IPHHFEI:T o :”'.‘\;?“_‘\ radar CW operanon
S . e O $i MOSFET P 7 ]
F100 3 N A ampeeT | B _____. 10%-E 5 .
= 1§ LT = C A GaAs HBT 3 gl E
= : A ol T & SiGe HBT E
{ GaN for mmWave ] 2 “haa LA [
A R Y g 10"k
E 1 | e e 2 |
J. Albrecht et al., IEEE ., R Tl = 4
CSICS (2010). 10 100 1000 10000 |HIGHS g 10° & — -
f; (GHz) 3 : 56 B a% :
: S‘ high band e .
1° 2 107 o f AN
=) " GaN HEMT o4 NP
= a ap 5 .
104 | O ,[| 0 GaAsPHEMT ce A
g 10° A |nP HEMT o—go T
GaN for power | ¢ ] o 3
5 Lo ' A
management | 310° ® SiGe HBT v
z 103 o CMOS -e o
o Iy £ £ & am oo e | i ca iy gt
I. C. Kizilyalli et al., “Wide & 102 001 1 10 100
band-gap semiconductor
based power electronics for Frequency (GHz)
energy efficiency” (ARPA-E, 10" | - - -
Washington DC, 2018) 10 o Frequen;ly?HzJ 10
2025/10/22 27
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High-Linearity seeesesq

P ISO8LR S

35 . . .
poeeOe® Q9@

30t |32 GHz . PPOOOD®P Spectrum of P4 Output
*:’_E,25 __— P 9000 ®

= CNCNC N NN El
D> _
& <20 26000 E® o
= 215 PN COEID LSO ~
DS_ 210 QAM-64 constellation E
= 51 with low EVM
O L 1m0
O OfuE & By O 342 344 346 342 350 352 354 356 3.
_5[:/{. . . FobBH B BAY e, CHz
20 10 0 b 8 de
Pin (dBm) Y TSI Xo k- ACPR from ISEE
el s~ lc e i 1+ (Integrated System Engineering Evaluator),
Large signal performance of a PPPEQI@>P a simulation platform developed by OWL)
mmWave power amplifier (PA), %;‘@ @ @ “ gﬁﬁ@ .
. . . @ ttps://github.com/HKUST-ECE-IC-
including POUt’ Gain and PAE Design-Center-OWL/ISEE-Complex-

'QAM-64 constellation
with high EVM (bad
linearity)

Signal-Co-simulation-Platform-For-
Intergrated-Circuit-and-System-Design
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High-Integration
4 IR

H e Tl
- 86&wnx§§mm

with multiple processes

controller

Compact Package

~

DC-DC GaN PA CMOS TRx SOl LNA Controller

* Designed to achieve highest-level of integration in a small form-factor and includes multiple functions IC

X® * This RFFE SiP includes 56 SMDs, 9 Acoustic filters, 4 HBT PAs, 2 SOI Switches, 1 SOl LNA, and 1 CMOS

: System-in-Package
RF_SW!tCh_ * High power dissipation device like DC-
DC converter and GaN PA in the same

=K Multiple-tech chips in a single package

J

High-Voltage High-Power Buck Boost Converter \

* EPC 140W Micro SmartPower

» Type-C Bidirectional PD3.1/Max 140W

* Type-A multi-channel fast charging

* Intelligent power allocation for multi-port
high-power charging

* Built-in dual DC-DC

\_i

Supports 2C1A independent fast charging

Supports dual PD3.1 simultaneous charging and discharging
Solar energy charging

28V-5A discharge; 28V-2A charge

Multiple over-voltage, over-current, and over-temperature

protection /

2025/10/22
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High-Quality Factor Passives

Technique 1: guard-ring removal

VDD / VSS AP
" E mM10 .
NN [ & slotted wide-track layout
) 80 200 80 200
L3, —
L3 — T = T
* =) -
Le|| © 60 ! ! N g £ 6o S
{ ]
i AR £ 3
e U G B S %40 150 g
o 1 3 e S
=
a 20 Y / E & 20 E
0 100
0 100
0 25 50 75 100 0 25 30 75 100
Frequency (GHz)

Frequency (GHz)

Directly using PDK inductor Custom-design optimized inductor
— L=138 pH — L=153 pH
- Q=33 — Q=47 (42% higher)
Trade-off between Q factor, inductance density, and power
handling capability

2025/10/22 High5 Semiconductor Ltd. Proprietary and Confidential. Protected under NDA. Copyright 2024.
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New Opportunities: Optical-Wireless Hybrid Link
* Fiber-Wireless Hybrid Network: Cascaded Topology

Evolution of Cellular Networks Fiber-Wireless Network

5 High speed
104& ! ! ! wireless link_-
L X Overcoming last mile /

<] IR N S S A 4 :
10 ‘ : et 110

physical or economic
obstacles

2 1
102 oo s M S

ot e
of i SA b ]
0 x T TA

10" SO e e
I I I

Peak Data Rate (Mb/s)
4
4
\
\
\
2 2
Urban Area Cell Range (m)

| P Densely
Metro/Core e 20mm  populated area
network J

I
10_3x¢/. 1 - 1 . 1 - T‘I01 \ @ .I \.\ v

1 2 3 4 5
Mobile Network Generation

«  5G mobile network requires ultra-dense cellular cells [2] X. Pang, JLT 2014 Recovery & protection

. Backhaul links deployment is challenging
. Fiber-wireless networks provide high performance and flexible backhaul link connections

2025/10/22
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New Opportunities: Optical-Wireless Hybrid Link

* Fiber-Wireless Hybrid Network: Parallel Topology

Optical/Millimeter-Wave
Hybrid Unit Optical/Millimeter-Wave

Hybrid Unit

Direct VLLC Link

S P
S L
. =gl

"’1 M
"\ !!u

mﬂu% .“ r """""

““ '!“

1 I"E rain, cloud, fog, snow..

VLLC: Visible Laser Light
Communication

' £ | When VLLC links not available,
it B B switch to millimeter-wave Iinks

Optical Fiber Optical Fiber
Links Links

 Under good weather condition: mmWave + Optical in parallel
 Under bad weather condition: mmWave only

2025/10/22 33
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Optical-Wireless Hybrid Link for SatCom

Mixed usage of
OWC and mmWave
links for LEO SatCom

= Optical: communication
between satellites

= mmWave: between
satellite and ground
base station

2025/10/22

AOCS: Attitude and Orbit Control System
OCT: Optical Communication Terminals

|
Ka-TRX

Phased Array
Antenna

RF-GS g

RF/Optical
Hybrid Router

Satellite Bus AOCS

Coordinated controller

o

Opt-GS

A

OCT

—

OCT x5
- 2 for intra-plane
- 2 for inter-plane

% - 1 for GND or User
Sat
' User-Sat

[Okada. Tokyo Tech]
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Optical-Wireless Hybrid Transceiver Architecture
* Optical-In-mmWave-Out + mmWave-In-Optical-Out

eeeteteeeeteeeeettetteeeeeteehi - Off-Chip

] PAM-4 Optical Receiver Antenna Array
'

(]

T

F‘ | g gE
oo oeo =n
i —==s=ssu888
L nonooooo
‘L [L—EP OO0
|

Optical

|
@ Input :\'\\\: b \ — 14Gbps
CTLE De | pam4

28Gbps PAM4

2
&

o oooooa

— ..
L—ﬂfﬁ%ﬁ%{j—(]—\j

E BB_I
' [ —
0 14Gbps
Optical § ! Drv MUX| PAM4 .

@Output:v'\ \A i i
28Gbps PAM4 (¥ 3z DFB BB_Q ! |
i Laser (i

Off-Chip
Antenna Array
r—Dﬂ—D— OO
J\ — OO
| =s=s=s=s=s888
\‘ RS
‘L ]ﬁ%fa— -

(2}
=)
A
A

A

e
&

’_\_I_L_lj
| —easeEsem
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¢

An Area of Excellence Project (AoE/E-601/22-R)
6G: Wireless Access and Connectivity for an Intelligent and Sustainable World

o s s SWas Coordinating
Project Coordinator. Q 4 N \ i : | University:
Khaled B. LETAIEF s '

New Bright Professor o*f»Engmeermg

Chair Professor - i 1 [y o G\ ; BEEMRAKER
Department of Electronic and Computer éngmeermg = A, i v THE HONG KONG

The Hong Kong University of Science and Technology [l /' LlAJJ UNIVERSITY OF SCIENCE
AN e R AND TECHNOLOGY

—
‘-_

B

=3 Started Jan. 2023 and

Supported by the Hong

Kong Research Grant
Council
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Communication
/ Signal
Processing

Electromagnetics /
Antennas /
IC Design

Al/

MULTIDISCIPLINARY TEAM
wlm COMPLEMENTARY STRENGT

~

Machine
Learning

y
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U

K.B.LETAIEF R.MURCH QianZHANG  V.N.LAU

Patrlck YUE Jun ZHANG C.Y.TSUI

Song GUO

Jiaya JIA

A. ZHANG

& # A

THE UNIVERSITY OF HONG KONG
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Optlcal Wireless Lab (OWLE_) Chip Gallery
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