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A series of policies introduced in China to accelerate the development of 
computing power infrastructure

By the end of 2023, the total scale of operational data center racks nationwide exceeded 8.1 million standard racks, with the total computing power 

reaching 230 EFLOPS; 180 backbone optical cables for the “East Data West Calculation” project were constructed around the computing hubs, 

significantly improving data transmission performance.
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In Feb. 2023, the State Council
issued the "Overall Layout Plan for
Digital China Construction."
Promote efficient complementarity
and collaborative linkage of
computing power between the
eastern and western regions

computing 
power 

infrastructure

Digital China 
Construction

National integrated 
computing power 

network

Coordinated development 
of new information 

infrastructure

In Oct. 2023, MIIT, together with six
ministries, released the “High-
Quality Development Action Plan
for Computing Power
Infrastructure.” It proposes six key
tasks ,including enhancing the
efficient transport of computing
power, along with targets for 2025.

In Dec. 2023, NDRC, in conjunction
with multiple ministries, issued the
"Implementation Opinions on
Deeply Implementing the 'East
Data West Calculation' Project and
Accelerating the Construction of a
Nationally Integrated Computing
Power Network."

In Sep. 2024, MIIT, in conjunction
with multiple ministries, issued the
"Notice on Matters Concerning the
Coordinated Development of New
Information Infrastructure."The
document proposes measures such
as optimizing the layout of
computing power infrastructure.

The development status of global and China's computing power scale[withFP32]

Source： CAICT、 IDC、Gartner、TOP500 The scale of computing power racks in China
Source：CAICT

Global computing power scale

Global CPL growth rate

China computing power scale

China CPL growth rate

CPL : computing power scale



The construction of high-performance intelligent computing center networks 
becoming a hot topic

 Between 2003 and 2024, over nearly two decades, the demand for intelligent computing power has grown by a hundred billion times. The

breakthrough progress in AI large models has sparked a global boom in the development of intelligent computing power.

 How to accelerate the construction of high-performance networks to support the development demands of intelligent computing power has

become a hot topic in the industry .
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High-speed interconnection in intelligent computing center networks 
presents diverse technological requirements

IC center
Interconnection

Interconnection 
among servers

IC access
network

On chip/Inter chip 
Interconnection

 IC access network：used for data and intelligent computing 

application access

 IC center Intra network： Used for connecting heterogeneous 

computing resources such as CPUs, GPUs, and memory within 

an intelligent computing center.

 IC center Inter network：A high-performance interconnection 

network for linking multiple intelligent computing centers（DCI）

 Computing and networking coordination： Achieve the 

perception, coordinated orchestration, and intelligent operation 

and maintenance of computing and networking resources.
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Server Server Server Server

Coordinated orchestration of computing 
and networking

400G/800G/1.6T/3.2T（DCN+DCI）
LPO/LRO/CPO/OIO,optical switching，
new type fiber

Pluggable reliability and
silicon photonics integration

Multi-level and dimensional 
networking

Optoelectronic hybrid support for 
inter-node connectivity

IC
center

IC access 
network

Large and medium   SMEs home

Diverse and flexible 
computing access

High-performance interconnection 
between GPUs and other cards

P2P line FTTR/PON

Hub computing 
power

Provincial-level 
computing power

Metro computing 
power

High bit rate Low power consumption/ 
low latency

High reliability/high 
intergration

Intelligent 
management 

Optical network intelligence
and operation maintenance

IC: Intelligent Computering
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High rate ：Intelligent computing centers are driving the acceleration and 
innovation of optical module chips

◆ The update cycle for direct modulation and direct detection optical modules in data centers is about 3 to 4 years. After the introduction of AI 

computing, the iteration cycle has shown a trend of shortening. Currently, the speed is at 800 Gb/s, and it is expected to enter the 1.6 Tb/s rate 

within the next 1 to 2 years. By 2030, the 3.2 Tb/s rate will move towards large-scale application.

◆ The update cycle for coherent optical modules in backbone networks is approximately 10 years. Currently, the speed is at 400 Gb/s per 

wavelength, and by 2030, it is expected to reach 800 Gb/s or beyond.

◆ Coherent technology is being adopted for medium and short-distance applications of 100 km and less, moving from backbone and metro 

networks. It is expected that by 2030, the technology will achieve a single-wavelength transmission rate of T+b/s.

Coherent 
technology 

will be  
adopted for 

short-
distance 

applications.

40Gb/s
（4×10G）

100Gb/s
（4×25G）

400Gb/s
（8×50G）

1.6Tb/s
（8×200G）

10Gbaud
NRZ

25GBaud
NRZ

25GBaud
PAM4

100GBaud
PAM4

3.2Tb/s
（8×400G）

800Gb/s
（8×100G）

50GBaud
PAM4

400Gb/s
（4×100G）

50GBaud
PAM4

800Gb/s
（4×200G）

100GBaud
PAM4

200GBaud
PAM4

100Gb/s

200Gb/s

43Gbaud
16QAM 400Gb/s

64Gbaud
16QAM

400Gb/s

128Gbaud
QPSK

800Gb/s

128Gbaud
16QAM

800Gb/s

200Gbaud
PS-16QAM

~256Gbaud
QPSK

400Gb/s

96Gbaud
PS-16QAM

Early backbone applications lead the 
demand for high-speed 
optoelectronic chips.

Coherent 
module

IM-DD 
module

Intelligent computing 
center interconnection 
applications lead the 
demand for high-speed 
optoelectronic chips

32Gbaud
QPSK

1.6Tb/s
（4×400G？）

QPSK

16QAM

PAM4

NRZ

800Gb/s

CPO？

2013 2015 2017 2019 2021 2023 2025

10G Serdes 25G Serdes 50G Serdes 100G Serdes 200G Serdes

2030

Higher Serdes？

2014 2016 2018 2020 2022 2024 2026 2027 2028 2029 Year

OIO？

1.2Tb/s,1.6Tb/s

200~250Gbaud
PS-xQAM
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High rate ： Research and development of IM-DD 800 Gb/s and 1.6 Tb/s 
optical modules are accelerating

8x100Gb/s modules are basically mature, and 4x200Gb/s
modules are the current research and development focus.

◼ solutions

✓ 1.6T DR8/DR8+：to be MP；

✓ 1.6T FR8：Coherent plan to launch

CWDM-10（10nm spacing）samples；

✓ 1.6T LR8：solutions under evaluation.

1.6T 500m and 2km optical modules are expected to 
be commercially available next year. 1.6T FR8/LR8 
modules are still in the technical evaluation phase.

◼ Standards progress

✓ 8×200Gb/s IM-DD standard work is being on the way.

✓ Coherent indicates that their 8×200G optical module products
are expected to start mass shipment in the second half of 2024.

Type Reach MS Solutions status

800G VR8 30m/50m VCSEL MP

800G SR8 60m/100m VCSEL MP

800G DR8 500m
EML+PIN、

SP
MP

800G DR8+ 2km EML+PIN MP

800G 2×FR4 2km EML+PIN MP

800G 2×LR4 10km EML+PIN MP

IEEE802.3df

IPEC 800G PMD IA

CCSA 8x100G

CCSA CWDM4 2x400G

（released in2024）

（released in 2023）

（Draft for approval）

（Draft for review）

Type Reach rate MS solutions status

800G VR4/SR4 TBD
106.25G

B
PAM4

VCSEL evaluation

800G DR4 500m
ID(Integrated driver) 

EML
samples，to be MP

800G 
FR4-500

500m ID CWDM EML IEEE standard item

800G DR4+ 2km
113.4375

GB
PAM4

ID EML+PIN samples，to be MP

800G FR4 2km
ID CWDM
EML+PIN

samples，to be MP

800G LR4 10km
ID LWDM
EML+PIN

samples，to be MP

◼ 8x100Gb/s IM-DD module(800G)

◼ 4x200Gb/s IM-DD module(800G)

Type Reach rate MS solutions status
1.6T VR8/SR8 TBD 106.25

GB
PAM4

VCSEL evaluation

1.6T DR8 500m ID EML+PIN
samples，to be 

MP

1.6T DR8+ 2km

113.437
5GB

PAM4

ID EML+PIN
samples，to be 

MP

1.6T 2×FR4 2km
ID CWDM
EML+PIN

samples，to be 
MP

1.6T FR8 2km
ID CWDM-10 

EML+PIN
samples

EML,wavelengthTBD evaluation1.6T LR8 10km
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High rate ：Research on technical standards for 800G/1.6T coherent 
technology accelerating, and field validations gradually initiated

Standard Progess

◼ 800G and 1.6T have become research hotspots for 

domestic and international standards organizations such 

as ITU-T, OIF, IEEE802.3, and CCSA.

SDO Solutions Reach Status

ITU-T 800Gb/s Coherent 200-450km under development

IEEE 802.3dj 800Gb/s Coherent 10km/20km/40km under development

OIF

800Gb/s Coherent 10km/80km/120km To be released

1.6Tb/s Coherent ZR/ZR+ under development

CCSA

800Gb/s Coherent

80km Draft for approval

40km/20km/10km Item under application

Hundreds of km under development

1.2Tb/s Coherent
80km~120km及以

内
Item underapplication

1.6Tb/s Coherent TBD Research items，UD

Both InP (Indium Phosphide) and TFLN (Thin Film Lithium Niobate) have the
potential to achieve bandwidth exceeding 100 GHz, supporting next-generation
coherent applications with modulation rates above 200 GBd. These are key focuses
of current attention.

field validations

optoelectronic components

Based on ~130 GBaud and 16QAM modulation, the 800G solution is currently the 

focus of technological research and product development, reusing the 400G QPSK 

industry chain. The realization of 1.6T still depends on the maturity of optoelectronic 

components with baud rates above 200G.

Source:Cignal AI
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Low power consumption/low latency ： All-optical network scheduling 
continues to evolve and expand

All-optical switching in intelligent computing centers is actively 
being researched and implemented

◼ Google: TPU v4 has begun large-scale application of all-optical

switching based on MEMS OCS.

◼ NVIDIA: Application of optical switching in GPU clusters. At

OFC2024, an experiment was reported using a 320x320 Optical

Circuit Switch (OCS) to connect leaf-spine switches.

◼ Currently, multiple vendors can provide OCS products, and the

industrial ecosystem is taking shape. However, device

performance remains a challenge (including insertion loss,

reconfiguration time, etc.).

Google，Calient、Polatis、Coherent，accelink，HW,etc.

来源：OFC20223 M2G.1, Google
来源：OFC2024, M2G.1, Nvidia

The deployment of OXC/ROADM all-optical networking is 
continuously advancing

 All-optical forwarding and scheduling: Meshing all-optical 

networking, increasing optical cable routes, reducing fiber link 

detours, and lowering network latency through all-optical 

forwarding and scheduling 。

 Wavelength-level optical switching: All-optical backplanes and 

high-dimensional WSS (Wavelength Selective Switches) enable P-bit 

level all-optical cross-connects; wavelength-level one-hop direct 

connection achieves the minimum transmission delay.

内蒙

甘肃

成渝

贵州

粤港澳

长三角

郑州

京津冀

宁夏

西安

武汉

All optical 
switching node

Optoelectronic 
switching nodes

20ms latency circle 1~5ms latency circle
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Low power consumption/low latency ：Research and exploration of 
linear drive technology and its industrial applications accelerating

◆ LPO  optical modules can significantly reduce power consumption and latency. Currently, they are still in the testing and validation phase, 
with compatibility and standardization issues requiring ongoing research and assessment. For 200G/lane pluggables, the LRO solution is 
expected to be favored. 

◼ There are several schemes including silicon photonics, thin-film lithium niobate, 
and VCSELs. Among these, the VCSEL scheme has the lowest power consumption. 
Silicon photonics can be used for distances over 100m and offers cost 
advantages, with better modulator linearity.

◼ Arista believes that 3.2T pluggables will require linear solutions due to power 
consumption issues.

◼ Whether 200G/lane can use LPO is uncertain; there is a tendency to use LRO 
instead.

Source：Aristasource：Arista

◼ Switches have the capability to support 100G/lane LPO  modules, and samples of 
200G/lane LPO modules have been launched (InnoLight 8×200G, eoptolink
4×200G). To ensure interoperability, LPO standardization research has been 
initiated.

➢ Ruijie Networks, together with ByteDance and
Keysight Technologies, jointly conducted a
serpentine traffic test using a 51.2Tbps switch fully
equipped with 800G LPO optical modules.

source：OFC 2024

➢ 03/2024,LPO MSA announced
establishment（100G/lane)

➢ 12/2023,The IPEC LPO testing
methodology specification project has
been officially initiated.

➢ 12/2023 ， The CCSA LPO research
project has been officially initiated. 来源：Newphotonics

1： Assuming 2nm DSP and lower-power thin-film lithium niobate modulators. 2： Assuming 2nm DSP and
lower-power thin-film lithium niobate modulators.3： Assuming 2nm DSP and lower-power thin-film lithium
niobate modulators

3200G
DR16-
DSP

DR16-
DSP2

DR8-
DSP2

DR16-
LPO

DR16-
LRO

ZR2-Lite

Breakout 16:1 16:1 8:1 16:1 16:1 2:1

Breakout rate 200G 200G 400G 200G 200G 1600G

Modulation 
format

224-
PAM4

224-
PAM4

448-
PAM4

224-
PAM4

224-
PAM4

16QAM

Power(typ.) 50W 40W（1） 40W（2） 20W 30W 40W（3）
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Low power consumption/low latency ：Inter chip optical interconnection 
becomes a new solution for improving multi node computing power

◆ In switch network scenarios, the focus of chip-to-chip optical interconnects is on Co-Packaged Optics (CPO) technology, aiming to replace 
pluggable optical modules. In compute and storage network scenarios, the focus is on Optical Input/Output (OIO) technology for chip-to-chip 
optical interconnects, aiming to replace electrical I/O. Both approaches can achieve higher integration and reduced bit energy consumption.

◼ The optical chips are packaged
together with the switch ASIC

◼ Bandwidth density increases by
an order of magnitude, and
energy efficiency improves by
more than 40%

◼ The optical chips are packaged
together with the compute
/storage chips.

◼ Data transmission bandwidth is
increased by 7 times, power
consumption is reduced to 1/5,
and size is reduced to 1/12.

TOR

CPU/GPU CPU/GPU

HBM HBM HBM HBM

network

NIC

Computing node

switching 
network 

architecture

Computing 
and storage 

network 
architecture

CPO (Co-Packaged Optics) is aimed at 
large Ethernet switches and serves as 
an alternative strategy to pluggable 
optical modules.

OIO (Optical Input/Output) is 
aimed at distributed computing 
systems and serves as an 
alternative strategy to electrical 
I/O.

switch

ASICchip
Optical engine

Optical 

engine
Substrate

光纤阵列 光纤阵列

OIO chiplets

substrate

GPU/CPU/FAPG/ASIC

Fiber array Fiber array

In
cr
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ti
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n

SOC EI/O

Copper e2e 
electrical

Pluggable 
optical  

modules

Chip level
Optical 

connection

SOC EI/O

SOC 光引擎
/芯粒

fiber

Optical 
connector

opticalm
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E-connector
fiber
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Low power consumption/low latency ：CPO has made faster progress in 
standardization compared to OIO

◆ The CPO standard system has been initially established, with some standards already published. The OIO standard development started later 
and is mainly based on expanding standards from the electrical interconnect domain towards optical technologies.

OIO

CPO

◼ Initiated OIO/CPO research projects; the Advanced
Technology Group is drafting a standard research report for
OIO at 100Tb/s and above, while the Packaging Group is
drafting an implementation agreement for pluggable
external light sources for OIO(released in sep. 2024).

COBO
Announced the establishment 

of a CPO working group

Heading text of sample.
Microsoft，Facebook and other 
companies : Co-Packaged Optics 
Joint Development Foundation

◼ Develop technical guidelines and
standards for CPO applications.

◼ Publish a white paper, release
technical specifications and
application guidelines for Switch
PCB using CPO technology.

◼ Publish three white papers: one on 3.2
Tb/s CPO products, one on CPO
external light sources, and one on CPO
optical packaging

◼ 2022: Co-Packaging Framework
Document

◼ 2023: 3.2T CPO IA ; External Laser
Small Form Factor Pluggable (ELSFP)IA

◼ 07/2024，update ELSFP IA

OIF
Released 3  documents

IPEC
Start OIO/CPO research 

items

PCI-SIG

➢ Announced the establishment of a PCIe Optical Working
Group in August 2023 to study the possibility of
introducing optical transmission interfaces into the PCIe
specification, and may develop new form factors suitable
for optical interfaces.。

OIF

➢ Launched the Energy Efficient Interface (EEI) project in Q2 2023, initiating research on CW-WDM technology
and electrical/optical interfaces such as PCIe, UCIe, and CXL.

soruce：OIF

Metrics Comp-IO Comp-Mem Comp-Comp

E-type (A)PCIe(B)UCIE
or eq.

(A)PCIe(B)UCIE or 
eq.

(A)PCIe(B)UCI
E or eq.

B（×N） NIO×1Tbps NMem×1~2Tbps NCC×1Tbps

cost ＜2×of Cu ＜2×of Cu ＜2×of Cu

effiency ＜5pJ/bit ＜5pJ/bit ＜5pJ/bit
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Low power consumption/low latency ：New optical fibers help build high-
performance, low-latency interconnection channels.

New types of fibers have potential advantages for future intra/inter 
connections within and between intelligent computing centers.

◼ Ultra low latency： ＜3.5us/km （33% lower than SMF）

◼ Uatra wide BW：>850nm（Current C6T+L6T is 96nm）

◼ Ultra low loss：＜0.11dB/km（2024 OFC）

◼ Ultra low nonlinearity ： 3 to 4 orders of magnitude lower 
than SMF

Ultra-low-loss fibers become the preferred choice for 
interconnections between intelligent computing centers.

◼ G.652.D remains the mainstream fiber for large-scale deployment in long-haul 
trunk lines.

◼ The construction of the Eastern Data and Western Computing in China 
promotes the deployment of G.654.E fiber in backbone long-haul optical 
transmissions.

◼ The G.654 series of ultra-low-loss fibers has become the preferred choice for 
transoceanic data center interconnections in submarine cable systems.

N×400Gbit/s ULH  WDM Code examples

 Ultra-low-loss fibers are key to improving network transmission performance; the deployment of G.654.E cables needs to be accelerated.
 The development potential of hollow-core fibers is promising; standardization research has initiated, and the industrial chain layout needs 

strengthening to facilitate ultra-low latency computing.

SDMFHCF

Low

latency

Large
capacity

Low 
attenuation

ULLF

Extended

spectrum
All optical 
switching

Fiber core 
structure

Material/manufa
cturing

Hollow-core fibers: Technical advantages are clear, and future 
development potential is significant.

CODE spacing SC loss fiber band

M1.400G150-1-

12.5G24A-652D(eC)
150GHz 1 24×22dB G.652.D Extended C

M1.400G150-1-

12.5G30A-654E(eC)
150GHz 1 30×22dB G.654.E Extended C

M1.400G150-1-

12.5G22A-652D(eCeL)
150GHz 1 22×22dB G.652.D Extended C+L

M1.400G150-1-

12.5G24A-652D(CL)
150GHz 1 24×22dB G.652.D C+L

M1.400G150-1-

12.5G28A-654E(eCeL)
150GHz 1 28×22dB G.654.E Extended C+L

source： CCSA TC6 《 Technical requirements for N×400Gbit/s ultra-long haul optical WDM (Wavelength Division 

Multiplexing) systems (for review draft) 》（2024.6）
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High reliability/high integration ：The reliability of optical interconnection 
has become a new focus of attention.

◆ The bit error rate requirements in computing architectures are more stringent than those in Ethernet. The reliability of optical interconnects 
directly affects the performance and maintenance costs of computing clusters 。

➢ 200G FR4 mainly uses DML (Directly Modulated Laser), and failures are
primarily due to laser diode failures; 400G FR4 mainly uses EML (Electro-
absorption Modulated Laser), and failures tend to be related to general
manufacturing issues (PCBA and wire bonding).

➢ LPO reduces the complexity of end-to-end links (by removing active components),
thus theoretically improving the reliability of the link.

➢ However, LPO lacks diagnostic functions, which sets back the link classification
process to the "Stone Age." New diagnostic functions need to be developed on the
driver and TIA to reduce downtime.

200G FR4 pluggable 400G FR4 pluggable

source：Meta 2024

host
ASIC

optical Optical host
ASIC

• Signal Tx loss
• Lock Tx loss
• Host SNR
• Host FEC data
• Signal loop
• BRBS BER detection

• Tx optical power
• Laser bias
• Tx on/off
• PRBS generation

• Rx optical power
• 信号Tx loss
• Lock Rx loss
• Media SNR
• Media FEC data

• Module
temperature/votage

• Temperature history
• Module firmware

upgrade

Red text indicates diagnostic functions that are available in traditional retiming
modules but are missing in LPO.

source：Meta 2024

Improve laser 
reliability

Optoelectronic Collaborative 
Design and Integration

source：HiSilicon 2024

• MPI detection
• Singal loop
• BRBS BER detection
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High reliability/high integration ：Silicon photonic technology is 
increasingly opening up new avenues in the chip industry.

◆ Silicon photonics combines the advantages of microelectronics and photonics, opening up a new "chip" arena and providing highly integrated 
solutions to meet the explosive computing power demands brought about by artificial intelligence and cloud computing, thereby contributing to 
high-quality development in the era of computing power.

◼ The industrial chain and ecosystem are basically complete◼ "The scale of silicon photonics applications continues to grow, and its 
proportion in the material system is gradually increasing."。

source：Lightcounting，2024

◼ In the future, it will expand into areas such as chip interconnects, computing chiplets, and integrated sensing.

design

manufa
turing

encapsulationtest

system

application

Technical level ：
Advanced integration processes, such as 

heterogeneous and heterostructural
integration, enhance system performance

Production level：
Expanding from pluggable transceiver modules 

to interconnects/computing chiplets/sensing

Ecological level：
The mutual promotion among industry, 

academia, and research guides the further 
maturation of the ecosystem

design SOI substrate Epitaxial wafer manufacturing module system
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Intelligent management ： AI helps improve the maintenance efficiency of 
collaborative computing and networks

◼ Multiple SDOs are laying 
out standards for network 
intelligence, focusing on 
architecture, use cases 
and requirements, key 
technologies, interfaces, 
and a hierarchical 
evaluation system.

AI technology empowers intelligent operation and maintenance of 
computing center networks

◼ Enhancing the level of network intelligence and building autonomous 
networks have become a consensus among network operators

◼ AI large network 

models provide 

predictive decision 

analysis support for 

the 

intelligentization of 

optical networks

◼ Addressing issues 
such as the large 
scale and difficult 
maintenance of 
intelligent 
computing center 
networks, as well as 
the challenges in 
fault localization

• The three China major operators are scaling up the advancement of autonomous 
networks, reaching Level 3 autonomy by 2023 .

• Achieve Level 4 by 2025

CCSA TC7/TC610
 Promote the construction of a 

standardized system for 
intelligentized hierarchical 
operation and maintenance of 
smart computing networks

 Carry out the promotion and 
evaluation of AI large model 
applications in network operation 
and maintenance.etc. L0：General large scale model

(General NLP，100B+ L0 basic large model)

L1：Network large scale model

NetGPT

L2：Netchat APP/ 

Service agent

(application)

a) Language Driven Basic Model (NLP)

b) Towards multimodal unification 

(NLP+vision)

Continuously updated communication network 

knowledge base:
a) Basic knowledge: communication professional websites, 

communication monographs

b) Product knowledge: Support documents, terminology library

c) ICT Expert Experience: Product Maintenance Experience, 

Business Cases, Solution Guidebook

Exploration route: Dialogue based maintenance →

Generative innovation → Breakthrough innovation

a) Dialogue based maintenance: user intent, information 

summarization, information completion, knowledge verification

b) Generative innovation: customized reports, smart screens, scene 

configurations, fault repair solutions

c) Breakthrough innovation: online/real-time interactive training, 

precise diagnosis of root causes of faults, etc

Conducting evaluation and assessment of large operational 
management models to promote the application and implementation of 
large models in scenarios such as intelligent computing center networks

◼ In April 2024, CCSA TC610 launched the 'Pioneer Action for Large 

Network Models' to develop an evaluation system and testing 

capabilities for AI large models.

Automatic Intelligent
System

Operato
r IDC Internet Financial Factory

ITSM OSS APP

Plan
Construction

Maintenance Optimization
Operation

Business Support System

NBI

Intent

Analysis

AutomateSimulation

Decision

Intelligent 
Computing 
Center 
Control 
System

Spine Switch

Leaf Leaf …

Server Server Serve Server

Spine Switch

Leaf Leaf …

Server Server Serve Server

SBI
DC 1 DC N

Network operators are actively embracing intelligent operation and 
maintenance, with a preliminary standardization system being established
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IPEC High-speed optical interconnect standardization progress

04/2021

•400G interoperability 

item

08/2021

• 100T+ OIO research 

item

12/2021

•50G front-haul（MFH50）

whitepaper and standard

•800G GEN1 add 10km

Objective

01/2022

•100 Gbit/s BIDI item

2020 2022

10/2020

•New item 800G

500m and 2 km 

20232021

06/2022

•intelligent O&M item

12/2022

• 800G interoperability 

item

04/2022

•OIO PELS item

09/2024 released

3 new standards

• OIO PELS

• 800G testing

• MFH50

400GE Interoperability Test SPEC

09/2022, Released

800GE IA Draft 2.0

12/2022，Released

MFH50 White Paper

06/2023，released

2024

12/2023

•LPO optical 

module testing 

item

02/2023

•100G xR4 Pilot-

Tone item

07/2024

• Interoperable 1.6Tb/s 

item

03/2024

• Telecom-Grade Optical Module 

Reliability Standards

• 400G SR8+ item
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⚫ A series of policies have been introduced in China to facilitate the rapid development of computing 

power infrastructure. There has been a surge in demand for intelligent computing power, and the 

construction of high-performance intelligent computing center networks has become a hotspot. 

Intelligent computing and optical interconnection empower each other, and various optical 

interconnection technologies—characterized by high-speed rates, low latency/low power 

consumption, high reliability/high integration, and intelligent management—are continuously 

evolving at an accelerated pace.

⚫ In the face of numerous innovative service and application support requirements triggered by data 

centers, computing power, AI, and large models, the future application prospects and vision for 

high-speed optical interconnection technologies oriented towards intelligent computing 

applications are promising.

⚫ Since its establishment, IPEC has completed the development of six standards ,and is currently 

focusing on projects such as 1.6T, HCF, reliability, and LPO.etc. 

Summary and Outlook



Thanks！



Lu Liu

Chair of IPEC Plugfest Working Group

Senior Engineer of CAICT

Open · Unified · Equality · Innovation



AI-driven Intelligent Computing Leads the Innovation of Optical Module/Chip

40Gb/s
（4×10G）

100Gb/s
（4×25G）

400Gb/s
（8×50G）

1.6Tb/s
（8×200G）

10Gbaud
NRZ

25GBaud
NRZ

25GBaud
PAM4

100GBaud
PAM4

3.2Tb/s
（8×400G）

800Gb/s
（8×100G）

50GBaud
PAM4

400Gb/s
（4×100G）

50GBaud
PAM4

800Gb/s
（4×200G）

100GBaud
PAM4

200GBaud
PAM4

1.6Tb/s
（4×400G？）

PAM4

NRZ

CPO？

2013 2015 2017 2019 2021 2023 2025

10G Serdes 25G Serdes 50G Serdes 100G Serdes 200G Serdes

2030

Higher Serdes？

2014 2016 2018 2020 2022 2024 2026 2027 2028 2029 Year

OIO？

◆ The update cycle for IMDD optical modules in data centers is approximately 3 to 4 years; however,
following the introduction of AI-driven intelligent computing, this iteration cycle has shown a trend
towards shortening. Currently, the rate stands at 800 Gb/s and is anticipated to reach 1.6 Tb/s within
the next 1 to 2 years. By 2030, large-scale applications of rates up to 3.2 Tb/s are expected.



The Development of 800Gb/s and 1.6Tb/s Optical Modules is Accelerated

◼ 1.6T technical solution

✓ 1.6T DR8/DR8+/2×FR4: ready for
mass production；

✓ 1.6T FR8: Coherent CWDM-10
sample （ 10nm wavelength
spacing）；

✓ 1.6T LR8: technical solution has not
been convergent due to dispersion/
FWM.

◼ 1.6T standardization progress

✓ 8×200Gb/s standards have been established in research

✓ Coherent: 8×200G optical module products are expected to
start volume shipments on 2H24

Type Distance Solution Status

800G VR8 30m/50m VCSEL
Mass 

production

800G SR8 60m/100m VCSEL
Mass 

production

800G DR8 500m
EML+PIN、

硅光
Mass 

production

800G DR8+ 2km EML+PIN
Mass 

production

800G 2×FR4 2km EML+PIN
Mass 

production

800G 2×LR4 10km EML+PIN
Mass 

production

IEEE802.3df

IPEC 800G PMD IA

CCSA 8x100G

CCSA CWDM4 2x400G

（2024, released）

（2023, released）

（ready to release）

（submitted for review）

Type Distance Rate Solution Status

800G VR4/SR4 TBD

106.25GB
PAM4

VCSEL In discussion

800G DR4 500m Direct- driven EML
Sample, ready for mass 

production

800G 
FR4-500

500m
Direct- driven CWDM 

EML
IEEE standard project 

launched

800G DR4+ 2km

113.4375GB
PAM4

Direct- driven EML+PIN
Sample, ready for mass 

production

800G FR4 2km
Direct- driven CWDM

EML+PIN
Sample, ready for mass 

production

800G LR4 10km
Direct- driven LWDM

EML+PIN
Sample, ready for mass 

production

◼ 800G：100G/lane

◼ 800G：200G/lane

Type Distance Rate Solution Status

1.6T VR8/SR8 TBD
106.25GB

PAM4

VCSEL In discussion

1.6T DR8 500m Direct- driven EML+PIN
Sample, ready for 
mass production

1.6T DR8+ 2km

113.4375G
B

PAM4

Direct- driven EML+PIN
Sample, ready for 
mass production

1.6T 2×FR4 2km
Direct- driven CWDM

EML+PIN
Sample, ready for 
mass production

1.6T FR8 2km
Direct- driven CWDM-10 

EML+PIN
Sample, Mass 

production time TBD

1.6T LR8 10km EML, Wavelength TBD In discussion



400G/lane optical modules start development and standardization

802.3df
100G/lane Start project: 

800GE/1.6TE

21.11 22.11 

800GE @8x100G
D1.0

24.2 

802.3dj
200G/lane

release
25.11 

D3.0

26.7

Planned release

800G VR4/SR4、
1.6T VR8/SR8？

Depending on VCSEL progress, product may precede the standard

1.6T-LR8?

Depends on the wavelength scheme and performance, industry 
chain and scale consumption, and coherent cost comparison

Samples are expected to be launched after 2026, and standard
development is expected to take 3 years

Type Distance Rate Solution Status

1.6T DR4 500m
TBD EML or TFLN feasibility analysis

1.6T FR4 2km

800G DR4

800G DR4-2

800G FR4

800G FR4-500

800G LR4

800G LR

800G LR-20km

800G ER

1.6T DR8

1.6T FR8

1.6T

800G

IMDD Coherent

Existed type in 802.3dj Potential type

400G/lane？
1.6T DR4/DR4-
2/FR4-500/FR4

Depending on the progress of optoelectronic chip devices and 
the OTT demand, the technical route is in discussion

400G/lane ?

➢ The PMD WG launched the
1.6T IA project in August
2024, and it is expected that
400G/lane physical Layer
specification (GEN2) will
contain two types: SMF,
500m and SMF, 2 km



IPEC 400G Optical Module Test Specification

The following companies contributed to documentation and release of the specification

2022Q12021Q2 2022Q32022Q2

Draft 0.1 Draft 1.0

Objectives

Project start Specification 
release

BoD BallotWG Ballot

Build test platform

V1.0 has been released and uploaded to IPEC 

website for OPEN ACCESS

https://www.ipec-std.org/data-download/

Test Specification for 100Gb/s and 400Gb/s PAM4 Optical Module at 100 Gb/s Per Lane

Content：

• Optical Interfaces

• Electrical Interfaces

• Power Consumption

• Management Interfaces

• Interconnection and Interworking

https://www.ipec-std.org/data-download/


IPEC 400G Optical Module Test Platform

 Automatic test helps to improve efficiency

Panorama of the Automatic test platform 

➢ Test content

◼ Center Wavelength

◼ SMSR

◼ Spectral width

◼ TDECQ

◼ Extinction ratio

◼ Average launch 
power

◼ Average receive 
power

◼ Receiver Sensitivity

 400G interworking demo in CIOE 2021

➢ IPEC members provide samples 400G DR4 QSFP-DD



 400G test content

Panorama of the Automatic test platform 

 Test certificates are issued in CIOE 2023

IPEC 400G Optical Module Test

No. Test Content Test Items

1 Optical Interface

Center Wavelength

SMSR

Average Launch Power, each lane

OMAouter

TDECQ

Extinction Ratio

Receiver Sensitivity (OMAouter)

2
Electrical Interface

Rise Time

Fall Time

Common Mode Noise (DC)

Common Mode Noise (AC)

3
System 

Performance

Long-term BER/ Packet Loss Performance

DDM

Power Consumption

4
Compatibility and 

Interworking

Interworking between Different Vendors

Receiver Sensitivity Test Under Interworking

FEC Capability Test Under Interworking



IPEC 800G Optical Module Test Specification

2023Q42022Q4 2024Q32024Q1

Draft 1.0
(Base line) Draft 2.0

Objectives

Project start Specification release

BoD BallotWG Ballot

2023Q2

Build test platform

Test Specification for 800Gb/s PAM4 Optical Module at 100 Gb/s Per Lane

V1.0 has been released and uploaded to IPEC 

website for OPEN ACCESS

https://www.ipec-std.org/data-download/

https://www.ipec-std.org/data-download/


IPEC 800G Optical Module Test Specification

Interworking Receiver sensitivity test

Interworking FEC capability test

Interworking overload optical power test Interworking transfer delay test & 
Interworking Maximum Skew Variation

Content：

• Optical Interfaces

• Electrical Interfaces

• Power Consumption

• Interconnection and Interworking



IPEC 800G Optical Module Test Platform

 Eye diagram test  Interworking test



IPEC 800G Optical Module Demo in CIOE 2023

 800G 2×FR4 QSFP-DD live demo 800G demo participants

Eye Diagram Interworking



IPEC 800G Optical Module Test

No. Test Content Test Items

1 Optical Interface

Center Wavelength

SMSR

Average Launch Power, each lane

OMAouter

TDECQ

Extinction Ratio

Receiver Sensitivity (OMAouter)

2
System 

Performance

Long-term BER/ Packet Loss Performance

Power Consumption

3 Switch Operation

DDM

Command Control

Interworking between Different Vendors

 800G test content (including switch operation) 800G test participants (including LPO)

800G 2×FR4 QSFP-DD 800G DR8 OSFP 800G SR8 QSFP-DD

S9827-64E

LPO

B2-800-QD-4



New Projects in IPEC

2024Q1 2024Q2 2024Q3 2024Q4 2025Q1 2025Q2

Project Start

Mar.2024

Baseline

Discussion
Draft 1.0

Aug.2024

WG

Ballot

BoD

Ballot
Standard

published

Draft

Development

Comments

Resolve

2026-2027

Carrier-grade Optical Modules Reliability IA 

1.6T PMD IA

Project Start

Jul.2024

Baseline

Discussion
Draft 1.0

Mar.2025

WG

Ballot

BoD

Ballot Standard

published

Draft

Development



Summary

Work with the industry to promote high-speed optical module test activities 
and standardization progress!

 Test Specifications for 100Gb/s , 400Gb/s and 800G PAM4 Optical Module at 100
Gb/s Per Lane have been released.

 IPEC plugfest WG has organized 400G/800G optical module tests to provide
reference for the industry. New projects concerning carrier-grade optical modules
reliability IA and 1.6T PMD IA are under study.



Thanks


