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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
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Optical, Wireless, and Optical Wireless

Data Rate (Gb/s)
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100000 Qo . * Copper: high loss, low bandwidth
A Electica — wowsm * Fibers: low loss, high bandwidth, need OE-EO
@ o Opiics e ° Optical for Distance )I(.Data Rate > 100 Gb/s-m
 Cross-over opportunities!!
‘ Single-Mode Optics 1000 Gb/s.m ) .
» High-Speed OWC, Short-Reach Optical
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CMOS Optoelectronic Interconnect Chip: Architecture Design

¥
Fully-Integrated System Architecture Design and Verification
1. Top-down system simulation to clarify specifications for each module H'"“""‘" """ =
2. Multi-chip system simulation throughout the entire design cycle ) = w 7g AN
3. Support complex modulation scheme, like PAM-4, OFDM, QAM £ 78 IS -
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 « Low supply voltage to decrease power

+ Clock path has on-chip PLL

HOLD i Class-C WCO}

} Vil

) 4 ——| 4 INBUF
2 3 DFF Array \l
) m2 — fre
4 [2] 8 o3 4 [OFF Arravl 4
% N §§ DFF Array
3 3 DFF Array ?g
-]
s
27 af S
Clock Buffer ]4—' Current Mirror I VCSEL H
_at CKBUF, R i
[ Multi-Phase PLL ] 12C ] ,—‘:303,_,,, l"— Fdur

Output frequency resolution:
Jitter Compensation Circuit Efacr (I Facr_ri =frer without DIVIN/G), faer (If fecr_ri =0.25Fcer with DIVIN/4G)
Vem_e is connected to Voo, Cs: 4pF, Cy: 2.2pF, C,,: 80pF, C,: SpF, Ry 8kQ

\ ¥ ¥
PAM4 Optoelectronic Interconnect Chip EMI Analysis and Cancellation

. . . . mission 3 mp 1004 Amplitude Mismatch
- Clarify radiation theory of CM noise RN Sl It =
. = > . N-Signal 4
- Propose close-loop controlling of CM T —— W— -& s . 61.6 dBuv
H ‘ \Electrical—to—Optical Optical Fiber s 3 3
noise i L/ il / "‘ it 1 Interface E og 40
« Propose CM noise cancellation circuit rransdaer connter FIEX Cable g
Noise Source  Highest Sa L_ —_ e 0
Emission vise T 5

2024/10/16



~ - EHBMX NN S

%" GLOBAL 66 CONFERENCE

pigrrava Better Together
BLGikk Better Future

[TFEERMRARIB NS

HR F—CLAXRRAMEEKAIREREGIRCMOS25RRE
XHEERKRCHRARS ST

{ Guangzhou

Area: 7436 sq. km

GDP: USD 284.6 billion
|~ Population: 14.04 M
Huizhou
Area: 11,159 sg. km
GDP: USD 49.5 billien
Population: 4.78 M

Area: 15,006 sqg. km
GDP: USD 30.2 billion

RECIREM: EEREAE

Foshan I— ‘‘‘‘‘‘‘‘‘

Area: 3,875 sq. km )
GDP:USD 1263 billion &~ ~ & X st | Dongguan
Population: 7.50 M ) Area: 2,612 sq. km

ﬁﬂﬁ%* : ﬁﬁ Zhaoging |—..

i GDP: USD 99.1 hillion

"\ellz T i
-------- - A an T Population: 8.25 M
% “- ° Zhongshan I-
9 — i o Area: 1,770 sq. km i g &4 | - -| Shenzhen
& halk Y

GDP: USD 48.4 billion Area: 2,007 sq. km

Population: 3.23 M ', 7 Hong KarfGy, GDP: USD 283.0 billio

/ ; s Macaul kN Population: 11.90 M
ERBEITXE R = AR :
Jiangmen T | “—1 Hong Kong
ﬁﬁ * A 3 ﬁﬁ Area: 9,554 sq. km & ﬁ?' i A Area: 1,104 sg. km

GDP: USD 34.8 billion ; I'\‘ GDP: USD 319.3 billion
Population: 4.54 M Zhuhai I_.‘ “_I Macau Population: 7.37 M

2024 01 22 Area: 1,696 sg. 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

2024/10/16

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
%
2 4 4 | a:1
g 5—' +—DFF Array 7 MUX » Drv
7)) m® _—
4 ®© | 8| 33| 4 4 [
. e o o . LIDFF Arrayll - 3% » Drv
> 7 T 7~ IMUX] g
N 53 — <
3 o | 4 4 | a1 |
o = #—p|DFF Array -——\ mux| » Drv %
'-_____._-—-‘
5 T } ESD %E/
257 4y 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

PLL, 7 mW

Output Driver,
24 mWwW

Clock Tree,

34 mW 2.05 pJd/b

at 56-Gb/s
PAM-4

Binary-to-therm. Re-timer and
Encoder, 4 mW 4-to-1 MUXs, 46 mW
A — PRBS Generator + Binary-to-therm. Encoder
B — Re-timer + 4-to-1 Multiplexers
C — Phase-locked Loop
D — Clock Tree
\E — Output Driver
F — Bias Circuit + I°C

=

: 90% Horlzontal Skew: 1.77ps|

e b S e (c) Equal Slice EQ, PleceW|se (d) Piecewise Tunned Slice
Pre -tap of the FFE + CTLE Pre-emphasis + CTLE Tuned Slice Gain EQ and Slice Gain

o ———
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EARIEtRRR (ESH1atn SEFET ETIMAE
RER > 56 Gbps 56 Gb/s bk
INEE < 400 mW 152 mW Sehk
Mitigts (EHE=HIRREIAE) SEIRIMRERARIILL
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| >1@P -SB/MSB- 3tap LSBIMSB- i, ) cre o o7 g
equalization based FFE FFE basec_j based Asymmetri + Pre-emphasis
Asymmetric FFE FFE
Nonlinearity Full Full Partial Partial Full
compensation
Method type Digital Digital Analog Analog Analog

2024/10/16
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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

| |
I
[
PAMA4 I Calibration I--?---a- d'- Top >
Signal Input —/\ . P ;__:;: Middle Tcode to
o—— 2-Stage 3 12(But>—1+ F » Bcode
2;.(s) 2®i.(s) CTLE N N B Bottom_|Converter] -
e Al -
+ | PH-0/90/180/270 .
v | for Data 4 x 2-bit Bcodes |}
;!; 18 S (MSBrec and LSBrec) ) | oo C'—%Bag_ _,_, CLKnecsc
INP i : I S Abit CLK
M . > nc. -bi
i, "2 dh 72 a} =3 Y LSBrec | ]
INN Rs TEL-IE:E-(;“> ¥ Edge S Inverted Y i L > LSBrecuc
y i PH-45/228 NEPLL BBPD Follower || [VLFv(s) LSB
¢ for edge v 3 . ’”HS »Buf >->MSB
One CTLE '-éi;(-p;;-' LFjCP{PFD CP 4-bit e RECJC
- MSBgec
cLF
VCDL o s i3 0
1/4-Rate o % DCC CLKp_ S = H:‘ C-VCDLs
CLKn L~ - ""T—tlz.l 8
VLF(s) -
Jitter Compensation Circuit

2024/10/16
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« Implemented in 40nm CMOS technology, 0.58 x 0.34 mm? of core area

« Error-free under 60-Gb/s with PRBS7/15, 70.8 mW of total power

Die photo

7.5 GHz CLKRgcsc
JitterRMS: 0.97 ps

%

.

Eye diagram of output
2024710716 clock under Y4 rate

i - - J___L - ]
wl Eaas T egeaa

| I | | I
103_—|___|_ 1 -o__l___l__
] S %ol 1 e e s
n:10'__|___|___ ﬂ_ﬁg___l___l__

| ] ] ] |
Waorf - -1 Kﬂ—[——r——.——
i b ]_l___-l___l__
10—t - s [ R T
10.11 —O—PRBST Foo;___|___|__
-O-PRBS15 | @@ - - - = - - —I- -

10_13 1 1 1

00 02 04 06 08 1.0
Ul

Bathtub curve

7.5 Gb/s MSB recic
JitterRMS: 2.68 ps

Eye dlagram of output
MSB under Y rate

CTLE, 8.10 mW,
11.6%

CSG, C-VCDLs,
1M1.2mW,
16.0%

/

BBPD, CP, WBPLL,
VCDL, 22.7 mW, 32.4%

PAM4 Slicers,
Calibrator (CAL),
DAC, Tcode-to-

28.0 mW, 40.0%

Power breakdown

7.5 Gb/s LSBRrecic
Jitterrus: 2.88 ps

— T m—

e

mininum ma i mumn total neas Ser
.J tt er RNS( ) 2 L p Z.64 ps 2.95 ps 744 &
er 11.84 p 19.24 p 44

Bcode Converter,

Eye diagram of output
LSB under v rate
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- Widiets (FB=PHENRSZIAE) SESBEFEMLE
BATEtR =R (ESBIEHR SEliEtR EERE
LR > 56 Gbps 60 Gb/s tEEnSEhk
ik < 400 mW 70.8 mW tEnTERk
Mitigts (RF=HRMMRSIAE) SERIMRTEHEARIIEL
JSSC’19 JSSC’19 VLSI'14 JSSC’17 VLSI'14 This work
Technology 28-nm 40-nm 65-nm 65-nm 28nm 40-nm
1/4-rate NRZ
: 1/4-Rate 1/4-rate : 1/4-rate NRZ 1/4-rate PAM4,
Architecture NRZ 1/4-rate NRZ NRZ Adap'iunv?:BEF BW Split path CDR JCCDR
JTOL [Ulpp] 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 <-8dB
@ 3dB bandwidth @DC ~ 4 MHz @DC ~ 1 MHz @DC ~ 4 MHz @DC ~ 3MHz @AIl band
Data rate [Gb/s] 2-pairs x 16 25 14 40 4-lanes x 40 60
Power [mW] 2-pairs x 4 7.8 225 4-lanes x 175
16.06
Power efficiency 1.004* 1.08%+* 0.56 5.625 4.375
[pJ/bit]
Supply voltage (V) 0.9 None 0.8 1.2 None

16
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VCSEL TRX Demo: 56-Gb/s PAM-4 VCSEL TX and RX

e Link
“*

v PAMAI & A5 B 58 =37 ESSCIRC
- 7 2023+VLSI12021 Fuzhan Li_BEREREIR bilibili
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e
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Starlink Satcom Starlink Ground Dish

« Mechanical satellite
tracking employed

o Utilization of electrical
and digital beamforming

e Architecture designed to
minimize beamforming IC
usage

« Focus on combining
individual PAs and LNAs
for gain enhancement

2024/10/16
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A Ka-Band Phased-Array Tx SoC in 40nm CMOS
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%28 GHz RF signal-1 out

28-GHz RF signal-3 out?
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28-GHz RF signal-4 out
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Area Efficiency Comparison
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TMTT 2021, 38 GHz JSSC 2010, 60 GHz JSSC 2022, W band This work, 28 GHz
4.3 X 2.2 mm? 2.9x 1.4 mm?2 2 X 2 mm?2 1.87 x 1.16 mm?
w/o LO Gen. w/o LO Gen. w/o LO Gen. with LO Gen
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 Phase Shift and Gain Control Demo
= Orthogonal phase shift and gain control

% KalfE iR 1= p% - tH R E 12 ) BA (S S =L

Y ENRIEENR bilibili
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Voltage (V)

Voltage (V)
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-0.03 F
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Waveform versus Control Code
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« Beamsteering Demo

§E1%: KaslEAEF=PE - BR E B = FR 5 MENEEENR bilibili

2024/10/16

pigirmva Better Together
bBG#Hkk Better Future

Measured Radiation Pattern
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-60°

-90°
Measured Radiation Pattern
00
-30° 30°
-60° 60°
-90° 190°

o D 5 S 6
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Ka-Band Cascaded QPLL

28-GHz VCO
Ref.=>| Single Loop P> @
4
A
N
L
Iy
a0 Reference PN
S
2 :
s :

l PNsin;gle_loop

Single-stage PLL BW Freq

2024/10/16

i 7-GHz RF PLL
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28-GHz mmWave PLL

|
‘ Ref.,

Low jitter N Wideband

*_stage RFPLL| |2"°-stage loop

N

S

PN (dBc/Hz)

1

>

}6~8 dB

l PNcascaded_loop

Reference PN

17:Stage VCOPN

1%-stage PLL BW

Freq

>
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28GHz Dual-Loop PLL Architecture
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= : 14C 11 p2
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Experimental Results

Nominal Frequency

7.000441928 GHz

Measured Level

Measured Freq

* The 1%-stage RF ATSAt GDSDAIND| g pma|mmvemt  sgmiosr
N B
SSPLL dominates the [rmmmmm— — TSNS
- -84 dBg/Hz+ : S I 49 9995 MHz
| Fr running i '
overall jitter fﬁm Vmg. i scaded 28-GHz-
dBc/Hz
 1st-stage contributes st EE—
-120 dBc/Hz
54.4-fs out of 56.8-fs e
total rms jitter s T stage 7-GHz PEE
_ oo so 544 d £ rmsutter : 55 ~
« High frequency VCO ——— T
D = requency se
phase noise is e _
fficientlv attenuated e e | aiclgrelL |
> y ¢ Cascaded 28-GHz ' ot st
. i PLLdiv-4
Over 1 kl\_I/ZCtOO élglo MHZ 2 ??-IT%L;:I NTISEStalr.E]OOEIjth| Stloo%%gsl\ﬂeljz | fgctng'EBc | 146,78 fnlt:l /2.56 mrad| 38'.:4% kHz | E)JEiSt.girfs [
rangel Q _Tl 1.00 kHz 30,00 MHz -55.06_(3]5(2 143,15 m?® / 2.50 mrad 13.2§ kHz 56.@ fs
profile is well above T 1;Ok21age 7GHZPLL S (7T T LTS ST
QPLL
26
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Performance Comparison

Hu EK Yang Du Kim Liao T —
ISSCC20 JSSC18 ISSCC22 VLSI21 JSSC19 JSSC20
Tech 28nm 28nm nm 28nm 65nm 45nm 40nm
CS + : : Cascaded
- - Harmonic Harmonic Cascaded Cascaded
A Ie_l)i:?(ggg Single-stage mixing extraction SS+QILO Rﬁ‘_llel‘\}lj SS+DP-SS
Freq. (GHz) 22167419~ 233(532~ 25-28 24~31 28~31 33.6~36 224908*’
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
FoMiiter (dB) -250.2 -244 -250 -243.3 -246.1 -238.9 -248.6
FoMiiter-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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HI h_S eed HI h Power K. Shinohara, “llI-Nitride millimeter wave transistors”,
g p g Chapter 4 in llI-Nitride Electronic Devices, Elsevier (2019).
1000 7— — SE——— s
- 5/ scaneer || Charger and power supply A o B A
= 1. :-;,Q, L OInP HEMT e -, ~ :
5 . | B Ag O Si MOSFET R - 06
£100 5 e AR i AawPwBT | SN _____ - 74 b e .
g I | LR oW A GaAs HBT <= o - ‘Q‘QQ ,g\é :
c . TR Ttegl L 4 SiGe HBT = . % $) 3
{ GaN for mmWave ]g Yag LA i I
2103 BE Y Shsil 10" £ 1P Q.‘\%
S . .o u{; § 3 ) satellite
o i ol e F I_-'
J. Albrecht et al., IEEE 1 P ,,,4,3; REt hadl = L -
CSICS (2010). 10 100 1000 10000 HIGHS g 10° & o m ?
f; (GHz) 8- 3 56 9} \1_‘] 3 -
’ A "\_\
105 | = o high band :\ﬁ X, ]
@. = 10" F o A\f S -
T a : Jep T NP
D, = m  GaN HEMT & i = N
10¢ | O [ O GaAsPHEMT 2 2 A \
= 10° A MT Q=g TN
GaN for power | £ | - i e 3
management | &10° | | o SiGeHBT A
z 103 © CMOS & T
0 ) ] F e xt g g pi] i WY
I. C. Kizilyalli et al., “Wide 8 102 | 001 = 1 10 100
band-gap semiconductor
based power electronics for _ Frequency (G HZ)
energy efficiency” (ARPA-E, 10" ' - -
Washington DC, 2018) 10 10° 10
Device Frequency (Hz)
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High-Linearity svees

@8 Q
0 A N NON NN N
- - c POEOEOOS® P E®
30} 32 GHz ) PPOOOD®P Spectnun of PA Chutput
R ] —— RN N N NN
=il 1T CNCNC N NCNC NN El
S e
& <20 22000 E® o
§8—15- KX LY EY =)
é 210} QAM-64 constellation E
= 51 with low EVM
o o
0 O T %D G g O 342 344 346 342 3.50 352 354 356 3.8
= L/J i FoHBYS @’% freq, Hz
20 10 b d 8 de
Pin (dBm) OO © 8 3P ACPR from ISEE
- Falyl~lc e ¢ 1) (Integrated System Engineering Evaluator),
Large signal performance of a VPP G IRPF a simulation platform developed by OWL)
mmWave power amplifier (PA), %;@ @ b @gﬁﬁﬁé e e
: . . ttps://github.com/HKUST-ECE-IC-
InCIUdmg POUt’ Gain and PAE AM-64 tellat Design-Center-OWL/ISEE-Complex-
Q e constellation Signal-Co-simulation-Platform-For-
with h.lgh E_VM (bad Intergrated-Circuit-and-System-Design
linearity)
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High-Integration
4 : e—

~

Compact Package

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

FCX62985

8.65mm x 6,8r‘nm B with multiple processes
S8 ° This RFFE SiP includes 56 SMDs, 9 Acoustic filters, 4 HBT PAs, 2 SOl Switches, 1 SOI LNA, and 1 CMOS
controller
DC-DC GaN PA CMOS TRx SOI LNA Controller | RF Switch System-in-Package

* High power dissipation device like DC-
DC converter and GaN PA in the same

] Cu L] Ty ot ou cu cu cu cu cu cu ou cu cu cu ] Ty [aT] Cu Cu Cu ] Ty

=K Multiple-tech chips in a single package

/
High-Voltage High-Power Buck Boost Converter \
* EPC 140W Micro SmartPower e Supports 2C1A independent fast charging
» Type-C Bidirectional PD3.1/Max 140W e Supports dual PD3.1 simultaneous charging and discharging
* Type-A multi-channel fast charging * Solar energy charging
* Intelligent power allocation for multi-port ¢ 28V-5A discharge; 28V-2A charge
high-power charging * Multiple over-voltage, over-current, and over-temperature
 Built-in dual DC-DC protection /

2024/10/16 High5 Semiconductor Ltd. Proprietary and Confidential. Protected under NDA. Copyright 2024. 31
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High-Quality Factor Passives

VDD / VSS ——

Technique 1: guard-ring removal

mn mm10
N & slotted wide-track layout
\ 80 200 80 200
P - = - -
% % 60 1 ~ N I& £ 6o :'é
| 'l 8 & g
240K ) 150 § g4 150 §
T | T 1 g E S
& 20 é 3 & 20 g
0 100
%0 2 = 5 100 0 25 5 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

2024/10/16 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

Peak Data Rate (Mb/s)

10°

[EEN
o
~

e i =
o o o 5 5 o5
w N, O, N

2 oo s s TS
............ ?@: _"_"_j"_"_"_",x"_"_""_"
.............. "~A:'
—Q I O
X a., |
P R R 4
1 2 3 4 5

Mobile Network Generation

10°

10*

10°

10°

Urban Area Cell Range (m)

. Backhaul links deployment is challenging

Fiber-Wireless Network

High speed
wireless link_~
Overcoming last mile , /
physical or economic
obstacles

A O
= Densely
iber li A
Metro/Core . 20km)  populated area

network \ @ k\,\ |

Recovery & protection

[2] X. Pang, JLT 2014

. Fiber-wireless networks provide high performance and flexible backhaul link connections

2024/10/16
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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

e
-
.....
-
e

W

'y,

VLLC: Visible Laser Light Li.!
Communication

When VLLC links not available,
S switch to millimeter-wave links

| |
Optical Fiber Optical Fiber
Links Links

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

2024/10/16
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Optical-Wireless Hybrid Link for SatCom

I AOCS: Attitude and Orbit Control System Sateliiie Bus ACCS
Mixed usage of
OCT: Optical Communication Terminals |
OWC and mmWave
links for LEO SatCom RF/Optica e

. . i Hybrid Router
= Optical: communication

. |
between satellites Ko TR —, T
* mmWave: between — — e e |
satellite and ground S ey | [

base station oct | Gmba _____
OCT x5

2 for intra-plane
- 2 for inter-plane
1 for GND or User

Sat
RF-GS g Opt-GS ;|i @ User-Sat

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

Optical
Input

28Gbps PAM4

Optical '
Output

28Ghbps PAMA4

\
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Simultaneous Wireless Information
and Power Transfer (SWIPT)

Transmit
Power
— €eell..
User3 » Phased-Array
— Transceiver
User2
Userl g

—'  Exchange information for
e Adjust beamforming angle

e Adaptive power level control | [Hajimiri, Caltech & Guru]
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<1 MHz 1~100 MHz 100 MHz ~ tens of GHz Frequency

Qi standard Rezence RF for <10 GHz Beamforming for >10 GHz

o standard C(C )})

Q =

Re
Co;; ,l'ed
Lo
We

Power

<1lm,
Around 100mW 1~10m 10~100m

D DQ - mW <100uW for loT sensors
r I . - - = ©

(8

Inductive = Magnetic /@pe

(:()l‘r)llr‘iz resonance
coupling

Sease Hat P IR proxivity Poximity Sensor  PIR Sensor
Seasor S
Types of sensors (( )

““““““““““““““““““““

RF or mmWave beamforming

0~4cm A few cm to

A few meter to tens of meter Distance
tens of cm
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An Area of Excellence Project (AoE/E-601/22-R)
6G: Wireless Access and Connectlwty for an Intelllgent and Sustainable World

Project Coordinator.

Khaled B. LETA

New Bright Professor of- Engmeermg
Chair Professor

/ | N o Coordinating
Q - S . o S | | University:
IEF

; BEERNRKE

UNIVERSITY OF SCIENCE
AND TECHNOLOGY

Department of Electronic and Computer I?ngmeen\n\g : S8 ° llw} THE HONG KONG

The Hong Kong University of Science and Technology

3 Started Jan. 2023 and

Supported by the Hong

Kong Research Grant
Council
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The AoE Team

-~

Communication
/ Signal
Processing

Electromagnetics /

Antennas / Al/

IC Design Machine
Learning

MULTIDISCIPLINARY TEAM
&VITH COMPLEMENTARY STRENGT

~

-/
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uNJ UNIVERSITY OF SCIENCE
AND TECHNOLOGY

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

Patrick YUE  JunZHANG  C.Y.TSUI  Song GUO

HHEPXLKE
The Chinese University of Hong Kong
A. ZHANG Jiaya JIA
5 & K =

THE UNIVERSITY OF HONG KONG o 4

K. HUANG a2
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|EEE Hong KOﬂgb@ 2024 Edition in Hong Kong, China IEEE
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Integrated Circuit Design Center
Gy nX |:|'|' ﬁﬂ: /B\

2024/10/16 44



. N %ﬂﬁ Eﬁﬁmﬁ% [E} [@J [ @ J pigrrava Better Together

%= GLOBAL 66 CONFERENCE  ow1_i1cDC ECE HKUST © 2024 BhGisk  Better Future

* 14 faculty (6 IEEE fellows)
100 post-docs, RAs, PhD and MPhil students

A e

! ”/fqﬂ)Jh~/S\\
Patrick YUE Wing Hung KI Tim CHENG Mansun CHAN Ricky LEE Yihan ZHANG
Stanford UCLA UC Berkeley Princeton UC Berkeley Purdue Columbia
FIEEE, FOSA FIEEE FIEEE, FACM, FAAAS FIEEE FIEEE

-—

7

g

y + 4 -
Wei ZHANG Howard LUONG Chi Ying TSUI George YUAN Khawar SARFRAZ Zhiyao XIE Fengbin TU
Princeton ucC FBIETEkIfley USC UPenn HKUST Duke Tsinghua
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Optlcal ereless Lab (OWL @) Chlp Gallery

GND VDD Ibi

I i
l=:

AAlAaRTATRTAVES

& - Dummy-profillsd
AMP~E
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2007~2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
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