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ABSTRACT

The development and application of silicon photonics technology to terabit optical transmission are expected in
the future. Silicon photonics technology is recognized as the only technology focusing on increasing the bandwidth
of data center switches.

High-density integration-based small optical subassemblies, optical engines, and optical transceivers are converged

with the silicon photonics technology to accelerate a revolution in optical interfaces.
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Density) -3 9] 701 Ut
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2O I-V 3= WA 3 55 &4 2 3 5
AA} Patterning/Metalization 7]&2 A, 7Histo]
&3S I3 dA o st U551

POET Technologies AR= [I-V 3F3HE HHE
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LESSENGERS Ap= 334

71&2] A= FoHA oM g st &2

TE2E fI°1H 7Io|ER sto] vtz 3F Adste =

=
Z}A Q1 Direct Optical Wiring 1
o

Intel AH= A& TEYA 7]4F 50Gbps x 874'E
CWDM-8(Coarse Wavelength Division Multiplexing 8
Channel) 3F5A7| 5 HHIA=, A&E ZEY
2 7|4k 83 d B teeke 8t Ao 52 v
BFCH60]. 202012 2021 AL 100Gbps A 2]Z
ZEYA 7|9F800Gbps/1.6Tbps CPO 33} Q%1
TH 5] CPO 7|9 HlolH Al A9A] 2 ¥k

rd

HAIH Ol S 17

S AANSFATHS,62]. 2022 AEE ZEYA 7]H}
100Gbps x 43D (CWDM-4) 271 E5-2] 800Gbps
FEA71E T4, 2km AE 235 FHESH T
-V/Si o]5HT dlo|A 9 g z7], 84d 3 o
A7 A E ZEYA 7R A FJH o g F
A S-S 7HA AL lTH2).

CISCO A= AEE LEYA 7|0 o
100Gbps QSFP28 FEHAIHE 7HL5HAL 20km

7%,]___ 131-_.‘15}0:11—4. A]ﬂi i 1:1' _161-%}_

7], F2417], SerDes, Equalizer, FHX7|E& -5
TetolH, F4417]8 M| FF7](Trans-Impedance
Amplifier) 5 3 EHAIH Y] HE FLAdo] A& 1
EYA 7]HE & A 8= ok Fol §4olt
[14].

RANOVUS At= TE connectivity AFF 352
2 100Gbpsx 84D &Y YA 2] Odin™ 800Gbps
CPO 2.0 Silicon Photonics Engines 36} tH63].
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O1 A2 ZEYHA 7|t ZEMAIH FQ 7| ST
Ref. [60] [61] [11] [5] [62] [14] [12] [63]
I Analog
Affiliation Intel Corp. IME ; Intel Corp. Intel Corp. | CISCO | Intel Corp. | RANOVUS
Photonics
IEEE 15 IEEE J.
INTERNATIONAL | . J. LIGHTWAVE | SOLID-
Publish CONFERENCE oo1g | OFC2020) TECHNOLOGY | STATE | OFC 2021  OFC2022  OFC 2022
ON GROUP IV 2020 CIRCUITS
PHOTONICS 2018 2021
. 1.6Tbps,
Data capacity 400Gbps 400Gbps | 400Gbps 800Gbps 100Gbps | 100Gbps | 800Gbps | 800Gbps
Dazi;it:efe' 50Gbps 100Gbps | 100Gbps = 100Gbps 100Gbps | 100Gbps | 100Gbps | 100Gbps
Transmission - 500m 500m 500m - 20km 2km -
length
M‘;gr“rf:to” NRZ PAM-4 | PAM-4 PAM-4 PAM-4 | PAM-4 | PAM-4 | PAM-4
Implementation . CPO . CPO . QSFP28 . CPO
level Chip module Chip module Chip module Chip module
Integration 2D 2.5D 3D 3D 3D 3D 2D 3D
approach

Z£X Reproduced from [5,11,12,14,60-63].
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I 2= 335} 17] X (OSA: Optical Sub-Assembly) -
g3 Fe Xl d FEJAH O FAYE V& 22
oot

1A= A8, B 2249 442 24 HH
of W7| x| otz o)W, 2B A FE 3HA A=
252+ WS S8l 233t oiAld 449
48 A W7 A 5k= EolH, 4T A= B 2A 7]
Eo Eor E%‘E <ﬂE1 Ho| AR =T, st
o] t+d A= 7|dto &7

x
o] ST allAl 4dA A= A
A=A A} 7F sho| HE| & HA, sThA of &
BE EEYA SRR} 732k T 12
T o0& Kokt oot

FRAAS} 7|& oA S5 ARE ZEYA 7|6t
FEHAY 7| oA TUE FZHSHE 5 0 7]
A foF = 7] v A

A, 33-Y A& BE B]oKTSV: Thru Silicon
Via)[64,65]

=4, 32+ A2 AE A /EHEGD Silicon
Interposer/Platform)[65-68]

A7, & @ 2 (Chip Level Bonding), ¥o] &

H2 28 7|X| 74 e AE

Silicon Photonics 100Gbps PAM-4
Optical transmit chip on board

Silicon Photonics 100Gbps PAM-4
Optical receive chip on board

Oftical output

Silicon Photonics 100Gbps PAM-4
Optical transmit die chip set

Silicort Photonics 100Gbps PAM-4
Optical receive die chip set

SiPh
Transmitter chip

SiPh
MZM driver chi

TIA chip Receiver chip
() c!ip

&l 3 ETRIQ A2|2 ZEYA 100Gbps PAM-4
&4 E2 HE(Chip on Board) U A2|12
TEHA ZSMU M

H 2o (Wafer Level Bonding)[69]

U, LEY olojo] E(Photonic Wire Bonding)
[70]

9 32 ETRIQ] A& X E
PAM-4 F554l 2 HE 9 %ﬂ REYA
F5Al JAlolt, G ot & QB2 A &S 4
&3} 33 A| AE]-21-1}| 7] ] (OSIP: Optical System=In-
Package) B4 L3S oAl 32+ A2 T

Hlotel 32+ AP E QB A /EHE0l Tt A
7F X138 FoltHes,68].

X ZEHAHL| HAE J|& ZEH

STEP 1 STEP 2 STEP 3 STEP 4 STEP 5
Butterfly Body TO-CAN Multl—layergd AIN/ Single-layered Multi-layered
Body Ceramic Interposer Interposer
Optical subassembly Lead I/F FPCB I/F FPCB I/F COB/BGA/LGA I/F | BGA/LGA I/F
2D stack 2.5D stack 2.5D stack 2.5D stack 3D stack
Optical engine/ ) QSFP-DD 800G Plug.
transceiver 300pin SFP/XFP OSFP-XD COBO, CPO NPO




AR E ZEYA 7|2 5 |2 E A
At 7Rt 7le = 282 ZlolH, HolH Alg 9 E
A A2)/d2 &F F5, 290A AF 7L
Uz, &3t B8 24 5= siEst] Al L g8
o] & F7F A0 & AYHTt

obgl, LUE YA} svtos agsid et
w714, gt A 5 G ERAIH = AP E 2EY
2 71E% g Eo] F Aol A 7&0 MY
o|zo] Lprhan 9irt

Silicon Photonics A2|2 ZEHAE M2 TYXNS 2t

CMOS HZ7ISS B3 0121 7ol BAKE siLto] How X

ots 7182, SRS t8sl, A¥al NuHaL, MItets

7ksoH Sk 71&0|T. M2 REYAE Y02 MSE MY
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ASIC Application Specific Integrated Circuit
AWG Arrayed Waveguide Grating
BCB Benzocyclobutene
BGA Ball Grid Array
CFP 100Gbps Form factor Pluggable
CMOS Complementary Metal-Oxide

Semiconductor
COB Chip On Board
COBO Consortium for On-Board Optics
CPO Co-Packaged Optics
CWDM Coarse Wavelength Division
Multiplexing
DFB-LD  Distributed Feedback-Laser Diode
DR Data center Range
DWDM Dense Wavelength Division

Multiplexing
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ELS
EPIC

FPCB
FR
I/F
IoT

IP

IQ
IQR
LD
LGA
LN
LNOI
NPO
LiDAR
MWIS

MZM
OFC

OIF

OSA
OSIP
OSFP
OSFP-XD

PAM-4
PIC

PIN

QAM
QCSE
QSFP-DD

RZ
SerDes
SEP
SiPh
SOI

BEWIH OIS

[

=5k
So

19

Electro-Absorption Modulator
External Light Source
Electronic-Photonics Integrated
Circuit

Flexible Printed Circuit Board
Fiber Range

Interface

Internet of Things

Internet Protocol

In-phase Quadrature
Inter-Quartile Range

Laser Diode

Land Grid Array

Lithium Niobate
LN-On-Insulator

Near Package Optics

Light Detection And Ranging
Multi-mode Waveguide Interconnect
System

Mach-Zehnder Modulator

Optical Fiber Communication
Conference and Exposition

Optical Internetworking Forum
Optical Sub-Assembly

Optical System-In-Package

Octal Small Form Factor Pluggable
Octal Small Form Factor Pluggable-
eXtra Dense

Pulse Amplitude Modulation 4-level
Photonics Integrated Circuit
Positive-Intrinsic-Negative
Quadrature Amplitude Modulation
Quantum Confined Stark Effect
Quad Small Form factor Pluggable-
Double Density

Return-to-Zero

Serializer/ Deserializer

Small Form factor Pluggable

Silicon Photonics

Silicon On Insulator
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TE Transverse Electric

TFLN Thin-Film Lithium Niobate

TIA Trans-Impedance Amplifier

™ Transverse Magnetic

TSV Thru Silicon Via

XFP 10Gbps Small Form factor Pluggable
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