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Chart 1. Volume of data/information created, captured, copied, and consumed worldwide from 2010 to 2025 (in zettabytes)
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Fig. 3. Silicon-based OEIC “superchip.” similar to the one pro-
posed by Abstreiter [2].
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2 Richard A. Soref, (Silicon-Based Optoelectronics) , Institute of Electrical and Electronics Engineers Volume 81
Issue 12, December 1993.
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4 Mordor Intelligence, Silicon Photonics Market Size & Share Analysis - Growth Trends & Forecasts (2024 - 2029) ,
Source: https://www.mordorintelligence.com/industry-reports/silicon-photonics-market. (last arrived: Septtember 20,
2024)
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( Silicon on Insulator)

B (Silicon)

#1687 (Silicon oxide)

¥ (Silicon)
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1. B #—% 4 F + # &k (Mach-Zehnder interferometer )

FET AR A R EINL o
2. skt # (Optical waveguide )

15



G NIk B2 kAR TE s Bk B2 BT (dosk gk Fiber) o
S F AR R R R A E R D R e L kSR A 2 B
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Strip waveguide Rib waveguide Crossing

SWG waveguide
W7k BT LW
3. Mgk A; % =¥ (Micro-ring resonator )
TR R EINL o
4. Optical 1/0
a2 T P h R 2 TR RS B R SR
Bov e G Tkip4m & B | (GratingCoupler) 2 "= % 48 £ ® | (Edge Coupler) -
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Input/Output
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1. k%= (Optical modulator)

10 Wei Shi, Ye Tian, and Antoine Gervais, Scaling capacity of fiber-optic transmission systems via silicon photonics,
Nanophotonics Volume9 Issuel6, October 22, 2022.
U oj2r10-

16
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BPATFAFTR S RT AR SRS BRI DER LI T RG SRR~ 2
Frm™ o BT IUELE ks fAGR AR M LR RN RLARE TR M
»TIEL 0 Ao B 9P o

Modulation

Ring modulator

O LARETILH

X FF R FHMITRZAFRY R LF e AP AR BHEE S
FHE M A7 5 - pp2bPocgm g2 1 4 5 | > (Pockels
effect & £ Linear Electro-Optic Effect) - F]ut » # % # R i ok T
APz kA R 1R R = P2 0 T2 Nonlinear Drude Model 3
AA LA P X R R RE > L EH B - 1= (PIN - &%) PN 3%
- it £ SF YL T F B (Metal-Oxide-Semiconductor capacitor, MOS
capacitor) 2. 4p =3 H ~ o fie & & kL S BB AH—F L F & (Mach-
Zehnder interferometer ) 82 4t és < it » L kA H B2 — 0 4o B 1049575 o

12 p2x 10 -

Bkt # o » 7 D FHAFT—F K HMTE

https://scitechvista.nat.gov.tw/Article/C000003/detail ?ID=3ab13c01-79a2-46d3-a636-dbac52b4f940 - 2018 & 1 * 5
o (Bisiflfep 12024 77 3p)

14 Frederic Gardes, Goran Mashanovich, and Graham Reed, Evolution of optical modulation in silicon-on-insulator
devices, https://www.spie.org/news/0985-evolution-of-optical-modulation-in-silicon-on-insulator-devices, December

28, 2007. (last arrived: September 20, 2024)
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Figure 4. SOI Mach Zehnder interferometer with an optical modulator
inserted in one arm.

10 H - fasiz XA L E7 LH

FRILEANF KR E e el B A RGER R M- A3
ZAEA BEEARREAL T TR KA LR TS RS AP
E=F N I ol SE A BN ER T =7 UL L m]:‘lfrll’;é)l%,g BT F 20 4ok
R - LR s R RIUEL R R Rk AL AR 2B 180 K& 0 5 L K E
SRS o Al S o 155 5w kB2 Ak v Ak B % 3K (T
AL °

¥ ooh— fE R E 25 B k) & d=%2 (Micro-ring resonator ) £ & 45 = 5k 3] £ 3=
vk 5 % (Micro Ring Modulator, MRM) > 4™ B] 11177 (2 B 5 Intel 2
7% 2019 # % 4 H i@ iF 128Gb/s PAM4 7 MRM = i 5 3% & 0] 3 BAE 5 B

B2 -3dB #E HE S50GHz » p R & B F A it 2 2 i) » 5 fLE

] Intrinsic Si
B p-Si

B n-si

] Metal

(a)

Fig. 1. (1) A schematic of the silicon photonic MRM including two segments of PN junctions and one segment of integrated silicon heater. (b) A close-up view
of the depletion-mode PN junction which consists of a vertical part and a horizontal part to maximize the overlap with the optical mode. (¢) An optical micrograph

of the fabricated MRM.
Bl B L RIZLEDRET LW

B od Ry 2 THP S LRRE S RPN NDTERAE - HRPITHFS AR LR
MR 2P R B REAPEE T - ARG N BRRT oo BESFHRO ) E R EREER T
FoprdlAn i 0 @O H-F L & kg o (3%% Graham T. Reed, and C.E. Jason Png, Silicon optical
modulators, Materials today Volume 8 Issue 1, January 2005 )

16 Jie Sun , Ranjeet Kumar , Meer Sakib, Jeffrey B. Driscoll, Hasitha Jayatilleka , and Haisheng Rong, A 128 Gb/s
PAMA4 Silicon Microring Modulator With Integrated Thermo-Optic Resonance Tuning, JOURNAL OF LIGHTWAVE
TECHNOLOGY VOL. 37 NO. 1, January 1, 2019.
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ADVA 2 7 % ¢ % 2017 & % 4 44x56.25Gb/s PAMA4 chisk 7] £ & 52 5 2 5 =17
o g X LA EEE

% # | 2 (Photodetector, PD)

%P%-’*ﬁ%%?ﬁ%%”}i%? TERTAECFEITLALIAFE N - FS

ﬂ&:z@ﬁ$ﬁiﬁ%*%%% tﬂw(&M)A%Ja P ¥ - fER 5%z T %

s &*B’»A Pl gk Y > £G4 &5 850nm ~ 1,310 nm ~ 1,550 nm -
&*”’ u 7 ERE (1310 nm ~ 1,550 nm) sk d R o * TE -k 2 B of R 1S
7 i;m%*u’ BT R SR (T 1 E (e ] 12999

Detection
Photodetector
B 12~ LRI ET 2R

% %+ (Laser)

ﬁ%éﬁ%&bﬁ“ﬂﬁ%%%éﬂlﬁ KMEA RE G TRR ) >3tk
FRHMREY > ST EITL R o

FEL md FHERhEp kI P L WM EANFEGELE R -
m FE kR BORRS £ 2 Jogsg o FEL G Intel 2 Juniper & < 3|22 % > p a4
ML A R )I% ek NE#E LN w 4T 5 (Distributed Feedback Laser,
DFB 3 &) kiRt (7§ gk o

3 At
g e 2 < B (Transimpedance Amplifier, TIA)

Hopd g advdskgonagl (/) )ﬁg;w;m ARRAE (L) i ﬁk«f;
Rk %j-z"ﬁ“ LR T BT )’@M«Q)’Klﬂsﬁ@ RIS S L KRt LR U 715‘:%:%'
mﬁﬁﬁﬁﬁ%ﬁﬁ»,%ﬁaﬁﬁﬁﬁ%m% BELRT PR E o
ASIC

T TER R 4T 8, (Application Specific Integrated Circuit, ASIC) -
A ST R FATHZEARLEFHTIE -

Sg#e 1C

17 =% % https://www.researchgate.net/publication/314665339_Real-Time_200_Gbs_4x5625_Ghs_PAM-
4_Transmission_over_80_km_SSMF_using_Quantum-Dot_Laser_and_Silicon_Ring-Modulator

8 f3110 -
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A b g it p w3 BRIt A PCB w o B R S B ¢ 3 gt i > iR
TE-F RO R LT ENUFRFARAILT M 2ZEE 2 LN fg;gi;—] R SN
RV EDEE M AP T AP RS HEREE TR, s TR 2 =
B @ e AR A PURT RGO S SR o R T
(- ) ¥4 ey e 3 4 (Pluggable Transceiver Optics, PTO )
By 2 st £ o 0 2k jog fice (Optical transceiver ) & & T i#
#EF S ki, (Transmitter Optical Sub-Assembly, TOSA) 2 THick & 5 kst
(mmwaqmmsmA$mm%RmM),ww:@wwﬁfﬁﬁ%iwﬁ%ﬁ@a
oo gd § MRS TSRS Mo W (LD) @~ K3 sl B 2] ek g
1 F Rl RIS~ ks gL i d kR E (PD) & R F(TIA)R 4 =~ T3t
Boo B RIS PG USB, £ ata @2 FRREF LA BE @
#ij i % 32 800Ghps -

3 / KB EaR
LT s—
: 2 N &

C? KR
= e WERAR

Bl 13~ #8448 ko s Howd 4 Bl -

R v%

B 14~ 354555 % o3 i B 4 Bl =

Vg 3 LHAET I LI ARG VI ? Bl k3 RIT
https://www.bnext.com.tw/article/77079/what-is-silicon-photonics » 2024 # 6 » 23 p - ({5 p 2024 & 9
2.20p )
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U 999999 jm——————————— -

ICHEEHR 1 E
8 &9 9 9 99 9 8 9 Lee—oodoo—a

W 15 - 45445 % o B % fm A

(=) %% k%% (On-Board Optics, OBO)

"‘3‘2"'\%%{%#’3’?‘: (om S I L 1T ASIC gk 2 s D 20 0 BE BRATE
FOLEHA R EHIIHFPCB el > HETARIR DT 6 L if o @

ﬁg,] it 4 1.6pr30

PRA o B BAEET A6 W E R R R0 SR OREREET TS R
Bk BRI 2 RSB ARTH ki fett o £ 0§ T A BiB OBO - A g { At
hEFE A5 .

0 FAICOR P R

22



(=) ¥ F 35 & %2 (Co-Packaged Optics, CPO )

- BHREIF (SR AMTE PIC) PR HEL Y (FETFANT
Electrical Integrated Circuit, EIC) £ & 3 fp - fA{r ekt 2 > A3 firle i f 7 i#
AP B kg e 10K 2?9—;?;%%{%1@3‘1%]&?“" IS - ?z‘@ PCB » &>
@ilgayfi-#ﬁ"fr' ELAE R A 2 FE RO W R IR @ﬁ%kﬁ ¥ % i 12.8Tbps-

PG AR R RA RS e 0 2 F Ao BACRfr R BT TR E N
5:{ o

sl s

LIRSS S st ¥ il (e ) 2 T+ 0 0 () 3K A - A2 v

HEREAMRAE (CPO) SRS

WiRE EEITE

CPO 5|5

e ——

. ! :
ICH iR beososft--—-- !

'EEEEEEE R

Bl 16 ~ & 45 5 1000 2 4 )
b B 16290 o

PTG ORF H 25D 2R HE (i TiTdt sk FHe (Near packaged
optics) | ) 2 ﬁ\“* s MRS E I ASIC 53 k- A 0 © ;‘tn‘s—‘ﬁﬁ."i’gﬁ%‘%}:

Pluggable optics
On-board optics

25D co-packaged optics
2 3D co-packaged optics

3D co-packaged
optics with
integrated lasers

tical | <
bptiont ke Gen il =

~
~~ electrical links

GenlV S
' pluggable optical transceiver < disaggregated laser supply >

&” on-board optics module « co-packaged PIC GenV

FIG. 1. Generations of optics and the evolution of co-packaging technologies used in data center applications. The generational progression drives tighter integration between
network switching and optical 1/O that will probably culminate with 3D co-packaged optics with integrated lasers on chip.
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Bl &% 25D ) & & (Chiplet) & ks S B P HEFZHDH 5 ER (4o
R & CPO 2 PTO) ; qu-f B 1722457 -
(z) 5 1,/0
kg g Lk § /O Fojte (Integrated Optical Input/Output Technology ) » # xPU
(#3 CPU~DPU-~GPU~~TPU - ~FPGA 4= ASIC) ~ P Ttz B¥ FIANXE
i LR IR R @ﬁﬂ RIS AEE o Intel & F 2352024 & 6 0 27 p B £
BATRG LKL 0D ¢ B HHE R pFET R T

Top View Side View Package Engine Data Speed

Fluggable Transceiver Optics
QSFP (Quad Small

Puggasi Hosuie  —
| QSFP__ | Form-factor Pluggable)

ﬂf

- 100/400/800G
% On-Board Optics
A Adapter p == = = = OE(Optical Engine)

_-%- — w SGA/LGAOE . aoog/L6T
-=
$ -
é -
g co-Packaging Optics
F-1
5 Advanced
z Packages 3.2/6.4/12.8T
x

Advanced

Packages 6.4/12.8T & beyond

B 18 ~ = fa3t X HFH B

22 Near Margalit, Chao Xiang, Steven M. Bowers, Alexis Bjorlin, Robert Blum, and John E. Bowers, Perspective on
the future of silicon photonics and electronics, June 01 2021.
23 £ 2 https://www.intel.com.tw/content/www/tw/zh/newsroom/news/intel-unveils-first-integrated-optical-io-

chiplet.html
2 FALkIR :op 0k % https://ase.aseglobal.com/ch/silicon-photonics/ o (E{S I A 2024 £ 9 20 p )
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[1;7 k3 |C§!{ —,\_L] \
TR N ki ,,!{** p #i- 1 & (Electronic Design Automation, EDA) it {7
*xt o wE F-kF %k p v £ (Electronic-Photonic Design
Automation,EPDA )

% & P : Intel ~ Cisco ~ NVIDIA ~ Marvell ~ Broadcom )
\
« [ICH %]
e k11 % & + B (siliconon insulator, SOI) 2 Hjisf i
o % B : IMEC -~ TSMC -~ GlobalFoundries
J
- [IC# % ~ i) )
C3E T HICEHE P M EH/ MR EAERENNE R NE E S HE s Reta R
B P IHERTEE  PRELERG RPN IS P EIRT R .
CRIRF HMICEFH R 2 BBRRE  MEICH L2 2 L2 BB E
e A FyFE - P Pk ~Sigurd ~ igE )

LS EEEE SR

¥ A 14 E (Artificial Intelligence, Al) P-:# 2% B > #icdpid L8 < 29 -1 g
£ 5 % 2022 & *-J 2028 & 2_ & 324§ & # £ 5 (Compound Annual Growth Rate, CAGR )
Tt 5 249 0 @ 8 2028 & 3] 2033 & RIFpt 5 809 5 TRt » 8 2022 & 13800 § F
ARHE L2033 EM20HmE LA GFAIFESBVEETY P THEBH RN
£ 02022 # 3 2033 # 7 CAGR 7p:+ 7 46% > #Fu|H &£ itk 8 i i (CPO) 2.7 3

2022-2033 DATACOM OPTICS REVENUE FORECAST

d Optics for Datacenter 2023 report, Yole Intelligence, 2023

2033
@ Optical I/O (HPC for Al/ML) $2.6B
@ CPO (networking)
@ *NPO (networking)
@ *EOI (legacy interconnects)

2022
$38M

$116M
CAGR 68%

$21M
CAGR
4%

CAGRz34: 24% CAGRz535 80%

*In 2027 EOl and NPO will be replaced by CPO
Bl 19~ 32k &5 T~ FE R R

% 2 8 Yole Intelligence - MARKET AND TECHNOLOGY TRENDS Silicon Photonics 2023 » November 2023 -
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HRAXRE - FFREAZ LA (EAZLER VS [F%)

@ HAANEEASHEER @ HihEx&H

% £ 2 https://www.digitimes.com.tw/tech/dt/n/shwnws.asp?id=0000691464 SJU398YP7QXSK53QC60BG
27 1 %2 https://lwww.chinatimes.com/newspapers/20231226000095-2602022chdtv
%8 B kR ¢ https://uanalyze.com.tw/articles/456154412
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@%]xi}i? E 5 §)800Gb) e # & & F Tomahawk 5 #7 %= & - & 1 51.2Thbpse
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8L £ 2 https://blog.fugle.tw/broadcom-report/

32 =% % https://nvidianews.nvidia.com/news/nvidia-announces-spectrum-high-performance-data-center-networking-
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1992-2030 silicon photonics roadmap integration

Courtesy of Intel, IBM, Berkeley, Luxtera

B 221992 & 3
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g‘“’ H peieky | - photonics applications 5/
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