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Off - Chip/Chiplet/Core Interconnects

A key bottleneck to the realization of next generation 
systems for all identified high performing 
applications/industries (where big-, secure-data is in)  
including  System-in-Package  and  System-on-Chip, is 
the lack of off-chip/chiplet/core interconnects with 

 low-latency, 

 high-bandwidth, 

 and high density. 

The objective is to develop a CMOS compatible 
underlying technology to enable next generation 
photonic layer within the 3D SiPs/SoCs towards 
converged microsystems.
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AGILE 
ULTRA LOW ENERGY
AND 
SECURE NETWORKS

Network 
softwarization and 
AI-based control

Secure data plane

6G-ready optical 
transport 
infrastructure
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2023-2026
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AI Data Center Architecture Metrics
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Tier 0 switches service a rack
Tier 1 switches service a „row“ (of racks)
Tier 2 switches service a „Co-location“

Tier 3 switches service a data-center
• Interface to long-haul network
• Also interface to metro network
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Source: Benjamin Wohlfeil, Adtran



AI Data Center 
Why Co-Packaged Optics?
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SerDes Speed
Packaging constraints limit chip radix to 256 ports/ASIC

Solution is a continuous increase in bitrate:

 2023 - 51.2T switch with 256 200G ports (or 512 
100G ports)

 2025 - 102.4T switch with 512 200G ports

 2027 - 204.8T switch with 512 400G ports

The SerDes arrays are constantly evolving to 
support higher bitrate.

However, SerDes power consumption 
increases with bitrate
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100G SerDes Power Consumption

Photonics for AI Data Centers

 A 25T switch ASIC power budget is 600W; about 1/3 is allocated for chip I/O

Reducing the chip I/O power and area are thus required to enable further network scaling.

Source: Cisco  Power consumption is 
700mW for a 100G SerDes 
(using 7nm CMOS )

 With 256 ports, the chip 
I/O power consumption is: 
180W
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Link Budget

Photonics for AI Data Centers

Propagation of RF signals on board material 

 Board material design is advancing to 
support the high SerDes speed and 
minimize the power consumption from 
retimers

 At 112G (56GBd), the trace loss is 8-12dB
for a 12’’ trace

 Transceiver power @112G is 10-12W

 Several 10k’s in data center with 2MW
power dissipation
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Decoupling Logic and I/O 
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High Ethernet switch radix is an enabler for large scale data center networks

 Reduces power consumption

 The SerDes reach drops from MR/LR to USR

 The SerDes array size can be doubled with dense L/S

180W chip I/O
7pJ/bit 

I/O chiplet

40W chip I/O
2 pJ/bit

Source: Kobi Hasharoni, L3MATRIX



What are the crucial aspects of co-integration?
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The Evolution of Co-Packaging Technologies in DC
Chip I/O disaggregation trends / crucial aspects to be considered

 Integration strategy
(2.5D, 3D,..)

 Chip or chiplet selection
(laser hybrid, heterogenous, )

 Interconnect technology
(fiber-chip coupling, connectors, ..)

 Thermal management

 Power delivery and management

 Signal integrity

 System-level testing and validation

 Scalability and modularity

 Cost considerations

 Standards and interoperability

Photonics for AI Data Centers

© Fraunhofer IZM

13



Tolga Tekin, PPS

Integration of Laser for CPO
On-chip, off-chip

Hybrid Integration

Pros
Existing CM infrastructure
Moderate coupling loss
Less scalable compare to heterogenous
Efficient native InP laser

Cons
Close to ASIC: higher Tj
Not serviceable

Heterogenous Integration

Pros
Wafer-scale integration
Lowest optical loss

Cons
No optical isolator
Close to ASIC: higher Tj
Not serviceable
High R&D investment

External Laser

Pros
Existing CM infrastructure
Efficient native InP laser
Low Tj, higher split ratio
Reliable, repairable

Cons
Higher optical loss
Limited scalability
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Integration of Silicon Photonics IC and Electronic IC
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2.5D Integration

Pros
Higher density compare 2D
Trade-off scalability / flexibility
KGD
Cons
EMI, signal integrity
Design of interposer

Monolithic Integration

Pros
Better EMI, signal integrity
# packaging steps

Cons
BW density
Cost 
Thermal crosstalk

3D Integration

Pros
Density
WDM scalable

Cons
TSV on PIC
Yield

Packaging Substrate

Interposer

EICPIC
Fiber array

Packaging Substrate

Monolithic EPICFiber array

Packaging Substrate

PIC Interposer

EIC

Fiber array

Energy efficiency
Source: Keren Bergman, Columbia University



Photonics Co-Packaging R&D Efforts
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L3MATRIX 

Photonics for AI Data Centers

© Fraunhofer IZM

17

2D Silicon Photonics Tx and Rx matrices to handle traffic 2015-2019



Tolga Tekin, PPS

Large Scale Silicon Photonics Matrix for Low Power and Low-Cost DCs
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Assembly flow based on 2D lensed arrays 2015-2019
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Large Scale Silicon Photonics Matrix for Low Power and Low-Cost DCs
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Matrix vertical fiber coupling 2015-2019
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ADOPTION
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Next Generation: 204.8Tb/s switches for AI data center

 Silicon interposer 32ch PIC 112Gb/s/ch

 Create a European ecosystem/value chain 
around CPO from chip fabrication, to 
advanced assembly, system integration
and the deployment by cloud computing 
operators.

 Low power (3pJ/bit), low cost (<0.5€/Gb/s) 
switching solutions for intra-data center 
networks targeting beyond 204.8Tb/s
switches and an increased switch radix.

Photonics for AI Data Centers
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What is the enabling technology for co-packaging?
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Photonics Interposer 
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World’s first 3D Packaged Silicon Photonics Interposer
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 WG-Side to substrate
 Optical components to WG-side
 Optical connection between 

optical components & interposer 
 Electronic components to TSV-side
 TSV-side to WG-side (TSVs)

 Electronic components to 
TSV-side

photonic  interposer

glass substrate

photonic  interposer

ASIC

ASIC ASIC

TSV TSV

glass
substrate

ASIC

photonic interposer

2012-2017



Beyond CPO?
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Photonics Co-Packaging  Photonics Chiplets
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An enabling tool to expand the ecosystem

Chiplet:

 Overall system performance 

 Optimum production cost 

 Minimize risk and reduce time to market

Package level: 

 Photonics network between chiplets. The 
bandwidth and the energy efficiency can be 
increased compared to current CMOS solutions.

An additional layer to be included in the 
redistribution layer!

 SoC: single chip solution

 MCM: Disaggregation into functional blocks and placing on a 
multichip module

New technological paths for high performance chips targeting HPC and edge, EXDCI Workshop, Brussels, 05.-06.11.2019

Photonics layer as part of RDL
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Proven semiconductor technology

Adoption by industry volume leaders

Innovation in material, design, equipment, automation, EDA

Collaboration of communities : 

Photonics – Semiconductors – Packaging 
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Packaging for Photonics Photonics for Packaging 


