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BANDWIDTH DEMAND IS GROWBNEED FOR SPEED

ETHERNET SPEEDS
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DC bandwidth demand grows exponentially
400G Interconnects now ramping up

800G and 1.6T standards & MSAs in the pipeline
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MASS MARKET? MASS MANUFACTURING

S| PHOTONICSVS. LEGACY OPTICAL TRANSCEIVER FORECAST, INVALUE

SiPh vs. optiaal transcever m

S yarket, on USSM
S16 000
514 000
The Si
photonics =
transceiver
market is »
. | 0]
growing -
faster than
the total o0
optical
cranscelver 00
market
.J:| .
ALt AL/ 208 259 28 2025 Al PLL LI ) A5 LAuN

0L o |

> Transceivers are turning into a mult-Bn market

> Reaching critical mass to leverage cost savings of silicon photonics (10s M units)
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THE PACKAGING CHALLENGE

400G TRANSCEIVER COST BREAKDOWN $/Gbps (average for Ethernet transceivers)

testing Silicon chips 20

15

E 10

5

0

2010 2012 2014 2016 2018 2020 2022 2024
assembly, laser, connectors, PCB Year

Transceiver costs are dwarfed by assembly & packaging costs
Cost/bit drops to enable deployment of new generation transceivers

Existing scaling model relies on lowwage production

Current approach reaching its limits
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THE ROAD TO TERABIT/S TRANSCEIVERS#1

» 100G/lane optics now ramping up

Electrical Port Speed

> 100G electrical ports introduced
(100G SERDES)

> Speed evolution paradigm:

128 ports 256 ports

12.8 Tb/s 25.6 Tb/s

128 pg;ts iiGSP_I?JS On-board optics / Co-packaging
6.4T : S . : . .
50Gb/s ; - > Increase #lanes with existing optics
QSFP28/56 Pluggables :
/ On-board optics / Co-packaging could be here as well > move 1o hlgher speed/less Ianes
128 t 256 t . -
ports ports > 800G modules (25.6T switches) will

3.2Th/s 6.4 Tbh/s

25Gb/s

Bandwidth of optical use pluggables

module

> Terabit modules will migrate to new
100Gb/s 200Gb/s 400Gb/s 800Gb/s 1.6Tb/s form factors

» Next coming rate
MASSTART#2e?
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THE ROAD TO TERABIT/S TRANSCEIVERS#2

Pluggable Transceiver Modules

TODAY’S
APPROACH

Faceplate
Pluggable Optics
(OSFP/QSFP-DD)

NVIDIA CONFIDENTIAL. DO NOT DISTRIBUTE.

MID-FUTURE

Co-packaged

On-board / New Platforms
Optics

| Co-packaged Optics |
FAR- FUTURE*

e

Switch IC Package

Optics

*TRCV WILL CO-EXIST EVEN WITH 200G ELECTRICAL LANES
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MASSTART PROTOTYPE 1
Prealpha 400GBASH

8x 50 Gb/s PAMA4 electrical interfaces
4x 100Gb/s PAM4 optical lanes

commercial electronics (showcase industrial relevance)

Demol: Actual Floor-Plan of DEMO_1 OSFP Module
Including TOSA/ROSA side views

Including Cavities

Rosa side view

Tosa side view

-

DR4 transceiver
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FORM FACTOR [3D MECHANICAL DESIGN OSFP]

Length Rx = 48mm Max

Length Tx = 48mm Max
46mm Min

8 <NVIDIA.



The Road To MASSTART and MassProduction




High speed simulationBopologies and Materials#1

Material candidates Frequency Domain simulations result Time Domain simulations result
Material DK |DF [3dBlength @50GHz |3 dB length @60GHz IL and RL TDR NRZ25Gb/sS0ohm | NRZS0Gb/sS0obm | PAM426GBS0ohm | PAM4S3 GBSOohm _
3 0.001<38.1mm <30.48mm SE . L —— - | SE e | IR ——— [ = == el [ m——e
3.05 0.017~38.1mm ~30.48mm with SM #1
3.7  0.0067~25.4mm ~20.32mm

3.9 0.018~15.24mm ~12.7mm
Diff
with SM #2
Diff
with SM #2 Diff
no SM #3
SE
0_17#4
Diff
no SM #3
SE
0_14#5
U Frequency Domain:
I L/R L/TD R SE SE
. . . 0 _17#4 0_18#6
U Time Domalin:
25GNRZ/50GNRZ/26GBAUD/53GBAUD

am u = s e = o

U Topologies2 Approaches:
SE
SE [W/WO Solder maskK] 4 different Topologies 0_14#5
Diff [W/WO Solder Mask]

u 2 different Materials MEGTRONG6 and Rogers3003

PCB Topologyi Crosssection view >

0_1846

500um, D=100um D=250um

an " i = = o

1.57 mm
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Test Boards to determine MASSTART Prototypes TLM Sli Towards MassProduction

Overall, simulated, designed ,manufactured and tested:

6 different Topologies X 2 different Materials X 6 different TLM lengths X 2

Different Connectors

so, the overall Matrix of the TLM should give a good insight for the future,

while defining the final Layout design of MASSTART Prototypes
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PRE-ALPHA 400GBASE-DR4 TRANSCEIVER 1T PCB DEMONSTRATORS
Pre-alpha 400GBASE-DRA4 transcelver - progress

> Floorplans designed for QSFFDD and OSFP form factor
> Layout for an open platform EVB designed

> DSP platform tested and modelled

> SIPh chips in fab, assembly starting Q3 2021
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PRE-ALPHA 400GBASE-DR4 TRANSCEIVER 1 PCB DEMONSTRATORS

Rosenberger Based Prototype Ardent Based Prototype
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PRE-ALPHA 400GBASE-DR4 TRANSCEIVER 1 PCB DEMONSTRATORS

Rosenberger Based Prototype Ardent Based Prototype
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PRE-ALPHA 400GBASE-DR4 TRANSCEIVER 1 LAB RESULTS

100 Waveforms  #Acqs 100 of 100 Tektronbe  _ | X
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Electrical Domain ) it | ima] 344 S5 (1 | e ] I 0 | e ] e ) o Gl i
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MASSTART OPTICAL/ELECTRICAL DEMONSTRATORS 1T MECHANICAL DESIGN

Two different 3D Mechanical design were designed manufactured using Micro Mechanical chip processing.

Since the Cavity for the TOSA/ROSA is based on mechanical cavity, on one flavor of the optical demonstrator (along wi
cutout) it was extremely important to ensure flexibility of adjustment on {Ari&, especially.

Flexibility on the X,Y Axis was ensured at the PCB-out design.

Demol: Mechanical Design Demaol: Mechanical Design

Optical Demonstrators Electrical Demonstrator

Status: Status:

Manufactured Manufactured

16 ANVIDIA.



MASSTART PROTOTYPE 2

800G 8 Lane transcelver

8x 100 Gb/s PAM4 optical lanes
LAN WDM optics (800 GHz)

Commercial electronics

EVB platform targeting pluggable/on-board optics
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Ardent 2x8 RF Connector

Ardent 2x8 RF Connector

Ardent 2x8 RF Connector

Ardent 2x8 RF Connector

OSFP Connector
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MASSTART PROTOTYPE 3

1.6T 16lane transceiver

> 16x 100 Gb/s PAMA4 optical lanes | B -
> LAN WDM optics (800 GHz): 2x 8&-grid P L |

> Focus on scalability: WAFT interface for dense optical IDs S— —

> EVB test platform i RF Fan-Out | 1t

s

nnmn L A e
e s v Sty R S - b

COBO - 2x800G module
High speed connectivity only shown for clarity
Speed
Connector
643
c : [ ] RXIN_L
; . RXZM_1 RXIP_1
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- [ ] RX4N_1 D RX2F_1
TX Optics ’ ] o - = RXSN 1L
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.' ::::Jl — ( = RX7N_L
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Demo3: 1.6TB Block Diagram > Demo3: 8 COBO Form Factor



ASSEMBLY FLOW FOR MASS PRODUCTION

Overall Flow

Final Tests™ - see below

In-Coming
Inspection

In-Coming
Inspection

Final Visual
Inspection

In-Coming
Inspection

Post SMT

Test

Final
tests®

TX Flow
Verification

Visual
Inspection

Thermistors
Attachment

WEE]
Inspection

WEE]
Inspection

Module
ASSY

ROSA PIC
Attachment

Visual
Inspection

Visual
Inspection

Active
Alignment

Visual
Inspection

Active
Alignment
Ficontec - RX

TOSA PIC
Attachment

Visual
Inspection

Visual
Inspection

Visual
Inspection

TIA Wire
Bonding

Visual
Inspection

Visual
Inspection

TOSA PIC
Wire
Bonding

RX Flow
Verification
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CONCLUSIONS

Silicon photonics becoming increasingly relevant for shorteach low-cost transceivers

Dramatic reductions in assembly and packaging cost needed to meet targets

MASSTART Is developing an endto-end solution for massmanufacturable SiPh
transceivers

MASSTART demonstrators validate the technology in broad deployment scenarios
» 400G pluggable transceiver
» 800G EVB for pluggable / onboard optics

» 1.6T EVB for on-board / co-packaged optics
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