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Bottleneck
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

H low-latency,

®  high-bandwidth,
B 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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Packaging for Photonics ‘ Photonics for Packaging

@ International Technology Roadmap for Semiconductors @
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Electronics in Texties and Wearable Electronics...

and Data Centers
Chapter 8: Single Chip and
Multi Chip Integration

. . . Chapter 16: Emerging Research Devices
Review of Packaging of Optoelectronic, Chapter 21: SiP and Module

Photonic, and MEMS Components System Integration
Tolga Tekin, Member, IEEE (.l"‘l‘“'r 13: Co-Design for
Heterogeneous Integration

Solar Cell Packaging................
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Al Data Center Architecture Metrics

Long-Haul: 1000s of km

Tier 2 .
Tier 2

ADEPTIEN

L3IMATRIX s y
LIS 48 O L 3 A GO 1 e
Tier 1 l Tier 1 Tier1 |ttt Tert

t ottt
herent o] icsql
m—< )

Metro: < 80km

!

—H Ter3s £ [

Tier 0 Tier 0 Tier 0

Active optical cables

~ PhoxTroT
(4

Tier O switches service a rack
Tier 1 switches service a ,row" (of racks)
Tier 2 switches service a ,, Co-location”

Source: Benjamin Wohlfeil, Adtran

Tier 3 switches service a data-center

Interface to long-haul network
Also interface to metro network

Volume

>

Complexity

Standardization

<

>

Cost

>

Si Photonics
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SerDes Speed
Packaging constraints limit chip radix to 256 ports/ASIC

Bitrate (Gb/s)

T T
M Port line rate
W Switch BW

L
2000

Aggregate BW (Tb)

L L '
2005 2010 2015 2020

Deployment year
Adapted from A. Ghiasi Opt. Exp. 2015

Solution is a continuous increase in bitrate:

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

B 2025 - 102.4T switch with 512 200G ports
B 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

Source: Cisco PCle Gen3

H B Power consumption is
700mW for a 100G SerDes
(using 7nm CMOS )

Ce o e
400Ghps : 400Gbps
Processor Array bne;. Processor Fabric
Traffic ® With 256 ports, the chip

Manager

I/O power consumption is:

i

B A 25T switch ASIC power budget is 600W; about 1/3 is allocated for chip I/0

Reducing the chip I/0 power and area are thus required to enable further network scaling.
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Insertion Loss (dB)

Link Budget

Propagation of RF signals on board material

0

56 GBd

—1 inch

N —6 inch
—12 inch
—24 inch
—40 inch
* Microstripline on 4mil Megtron7 R5785N
P EPETETETE EPETEE I ST PETEPETES P APETErE EPATETAr SPATErAr ST B
10 20 30 40 50 60 70 80 90 100

Frequency (GHz)

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
fora 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 1/0
High Ethernet switch radix is an enabler for large scale data center networks

180W chip 1/0 40W chip I/0
7pl/bit 2 pJ/bit
Fron.zpane\ EEE EEE Front panel !!i ii)
IL=-1dB IL=-10dB IL=-1dB IL=-0.5dB

B Reduces power consumption
B The SerDes reach drops from MR/LR to USR

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

Source: Kobi Hasharoni, L3MATRIX
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The Evolution of Co-Packaging Technologies in DC
Chip I/0 disaggregation trends / crucial aspects to be considered

Top view Cross-section

Integration strategy

Pluggable
e Optics (2.5D, 3D,..)
Chip or chiplet selection
2015 On-Board (laser hybrid, heterogenous, )
Optics (OBO)
2020 remained as
proof of concept
B Interconnect technology
25D . . .
2020 Near-Packaged (fiber-chip coupling, connectors, ..)
Optics (NPO)
2025 remained as Thermal management
proof of concept
Power delivery and management
2022 25D H H H
Co-Packaged Signal integrity
2030(e) Optics (CPO)

System-level testing and validation

Scalability and modularity

2030(e) 3D W
Co-Packaged A RvansnnraRRaRAREy 4

2040(e) Optics (CPO)

Cost considerations

Standards and interoperability
CPO roadmap illustrating increasing levels of integration of optics and switch ASIC

@YoLE
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Integration of Laser for CPO

On-chip, off-chip

Hybrid Integration

=
SiPh PIC

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

|1I-V

B

Pros
Wafer-scale integration
Lowest optical loss

Cons

No optical isolator
Close to ASIC: higher Tj
Not serviceable

High R&D investment

External Laser

L LD I O
SiPh PIC
I
Image sources: Broadcom
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

2.5D Integration

Interposer
0000000000000 0D

Packaging Substrate

Pros

Higher density compare 2D
Trade-off scalability / flexibility
KGD

Cons

EMI, signal integrity

Design of interposer

Monolithic Integration

Fiber array™ ™ Mmonolithic ERIC. . . |

0000000000000 00

Packaging Substrate

Pros
Better EMI, signal integrity
# packaging steps

Cons
BW density
Cost

3D Integration

Fiber arra
0000000000000 00

Packaging Substrate

Pros
Density
WDM scalable

Cons
TSV on PIC
Yield

Thermal crosstalk

Z Fraunhofer



i
Zzstitics
e
L
ritirec,
%z

e
i

s
e

Pa

Photonics Co



L3MATRIX T L3MATRIX
2D Silicon Photonics Tx and Rx matrices to handle traffic 2015-2019
1/0 chiplet
handles the 128x100G Tx \ 158><1006 Rx
switch I/0; each
routing 12.8T

100G PAMA4
SerDes

AT TR

PCB

YYYYYYTYY YYYYYTYYY “,‘smuhing Matrix
Package i i Package
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Large Scale Silicon Photonics Matrix for Low Power and Low-Cost DCs [EL3MATRIX
Assembly flow based on 2D lensed arrays 2015-2019

6. Fiber bundle

ssssssssssassasssseni D I Y Y LT R

4. PCBA

AAASAAASS
5. Substrate to PCB

3. MLA glue on SOI
.-.......... ............

2. Substrate on interposer @ T @

1.50I on interposer
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Large Scale Silicon Photonics Matrix for Low Power and Low-Cost DCs [EL3MATRIX
Matrix vertical fiber coupling 2015-2019

rrrrerr A
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ADOPTION ADRPTIRN
Next Generation: 204.8Tb/s switches for Al data center 2023-2026
[e]ee[¢]
Silicon interposer 32ch PIC 112Gb/s/ch = E
. — | ASIC
Create a European ecosystem/value chain = E
around CPO from chip fabrication, to

advanced assembly, system integration
and the deployment by cloud computing
operators.

B Low power (3pJ/bit), low cost (<0.5€/Gb/s) 8chTIA
switching solutions for intra-data center
networks targeting beyond 204.8Th/s
switches and an increased switch radix.

.

Interposer —
<2 L L Heatsink

PIC edge for

/ fiber-coupling
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PHOTONIC INTERPOSER

Enabling CPO through 3D packaging technology,

« Photonic or “Optical” Interposer with integrated silicon photonics]
merges photonic and electronic functionalities within a single chip)

+ Due to technology node disparity between Electronic Integrated
Circuit (EIC) and Photonic Integrated Circuit (PIC), heterogenous]
integration technology is used to integrate PIC and EIC tof

minimize minimum coupling losses.

= 3D bonding technology scaling has correlated in energy efficiency
scaling and lower parasitic capacitance at the EIC/PIC interface as
shown by IMEC.

* PIC can also act as an active interposer and integrate multiple EICs
as demonstrated by Lightelligence. The data is transmitted
between EICs using waveguides and used in their Hummingbird™
system.

i

wHar

[CER]

EXC: Eections
PIC. Protonc

Integrated Circot
rtegrated Crcut

@YOLE

2 Fraunhofer
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Sysem-in-packuge (SIP)

| 167
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World's first 3D Packaged Silicon Photonics Interposer . PhoxTroT
(\ -

2019 IEEE 6%th Electronic Components and Technology Coaference (ECTC) =il
2012-2017
e
i

3D Silicon Photonics Interposer for Th/s Optical Interconnects in Data Centers with
double-side bled active and optical and electrical

photon ic interposer Through Silicon Via on SOI

ll.i!llllll\tll.illilllllllilll-l.-.i-“
glass
substrate

photonic interposer

B WG-Side to substrate

B QOptical components to WG-side

B Optical connection between B Electronic components to
optical components & interposer TSV-side

photonic interposer

B Electronic components to TSV-side
B TSV-side to WG-side (TSVs)
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Photonics Co-Packaging -
An enabling tool to expand the ecosystem

MCM

Chiplet
electro-
optical IP

Pho-
tonics PMU -

GPU

CPU

memory

B SoC: single chip solution

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

Photonics Chiplets

Chiplet:

B OQOverall system performance

B Optimum production cost

B Minimize risk and reduce time to market
Package level:

B 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!

Photonics layer as part of RDL

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

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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