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1. Local oscillator (LO}lasex phase reference
2. 9Qcoptical hybrid

3. Balanced detectors / Electronic circuits

4. Digital Signal Processor
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Transmitter Receiver

GaAs or LiINbO, InP/PLC

InP/PLC :
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€/mm? of chip area

PHOTOMNICATFORMS

INGaAgRGaAsIn

Passive+actuections
Expensive
Mediumield
Smallvafer

US

HOW MUCH A SILICON PHOTONICS CHIP COSTS?

o2 ePiXfab
...

100

Assumption:
- aggregate silicon photonics volume in fab

10 large enough to establish and maintain a

mature standardized process flow
- chipsize: 5x5 mm?
1
01
1 10 100 1K 10K 100K
Number wafers per order
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Higtyield @g""“
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CMG®mpatibility
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S ANDINGBTHEHOULDBRSIANTS
ThemedSiPP50G platform

56G Silicon Ring Modulator InPlane Coupler

Surfaelormal Coupler

9?95 2

Centegration of the various building blocks in a single platform
Today available on 200 mm wafer size, moving to 300mm
= 95% compatible with CMOS130 in commercial foundries
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Still a lot of basic work to be done,
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Flipchip/pie&ndplace integratiol ol iR nromssss

1I-V lasers

[IFV/silicon wafer bonding

full-wafer {or die) transfer and
bonding + substrate removal

------------- target SiPh wafer
source |11-V wafer __,--'-‘\;\-n-‘.“
with epitaxial layer \ \ o
; Ll -
stack for lasers \ 3
N = _\\

= II-V laser 2
processing
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*target SiPh wafer

ntel Silicon Photonics 100G PSM4 QFSP28 Trans
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(HALLENGES BEYWAFBONDING

Mode-size  Gainregionof Photodiodes 3B coupler PNase Modulators
converter  the light source e, . A

Wafer to wafer bonding

Bonding Dicing
Pre-process wafers N— @ ‘g

= G =
I Challengifmymultiple INmaterials
Source: Nanyang Technological Universﬂy,iapore [ ﬁ ] BLSl S MM)
TKomljenovic @lProceedinoféhel EEE, vol. 106, no. 12,-pp5224818
X 1Tm
] [l e [
' Substantial modification of the silicon
I Large area baokl remov backend process flow
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200mm Si Substrate

200mm Si Substrate
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Tethers
a) b) <)y v
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MCRORANSHFERNTINGHOICETHRELEASEYER

Candidate: .—H e I_Ij Selectivity P
InAlAS [~ TRelease | < <] InAlAs> 4,000

InGaAs Substrate NP InGaAs:> 1,000
Etchantold~eGHO
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Y Celeprint
MCRORANSFERNTINGTAVEND RANSFERNTISGST S~ 0 P

Stamp + Motion + Optics

Compliant Laterally stiff A

— Optics (Xx,Y,2)

Stamp (z,TxTy)

Top View . e 8
Transparent Soft

Translation stages ( X, y)

Position toleranceld®m at Bin large arrays
= +0.5Am when printed in small arrays

lGJHIE\rFqETRSITY “mec ’a



MCRORANSHERRNTIHGNTEGRATEN-V/SPIC

Simultaneous transfer of multiple coupons using elastomer stamp ~

00AM
—)
vice 1
I Device 2
[ ]
[ -

1 Si Substrate

Ge PD/
Ge EAM/
Si modulator

Target SiPh wafer
Source II-V wafer with

fully processed devices

| A Redbines advantages-diifiifpieindplace and diewafer bondidg.
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Transf@rinting

Couponidth e.g50An

Coupdengthe.g. 1.5 mm (devigér+1.4um)
Pitch :y0Am

Pitch .6m

“mec

Piclandplace

Min HV disize600AMX300AN(0201)

For a component with size of 1.4Amm X 50
A 1.5 mm00AmIILV die is required

InF sulsirale

II=% gain epi-lay

MM pm

https://www.manncorp.comdrmiacturesgecifequipment
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1. TransfarintedribeifeTheHome (A Transceivers
1. Transfer printingadd photodiodes
2. Transfgrinted DFB lasers
3. Fouchannel peiotpoinFT TtHansceivarray
4. A singiehanngointo-poinFT Ttiansceivieasednthecaintegratioof DFB lased
Oband PD
2. Integration ofWbnSi coherent recetiiensigimicreransfeprinting
1. Transferintedvidelyunablandcharrowinewidtlaser
2. Transfgrintedoherent receiverpmasaivielC
3. Integratezbherent recebasedntheimedSiPP25/50G platform
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HBERIG IHEHOME

Higher bandwidth
Good service isolation
Good security

Long reach
Dedicated fiber line for each end user
e Point-to-Point Large number of transceivers in the CO
(C )
1550 nm 1550 nm
®) TX § é Rx @
= ' > Z
=~ 11310 nm Z Z 1310 nm
RX P
TX
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PDMS stamp
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InP substrate

Substrate
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P Ring modulator g
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Signal form&RPRBS
Erroffree operation demonstrated

Received O-band signal

50 mV/div

250ps | " 00s
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SNGLEHANNEL TIFRANSCEIVER

Ceintegration of a DFB laser (transmitterband &D(Qeceiver) on a passive PIC

Si waveguide circuit: 400 nm thick, 186step statle
4 Current

| | 4 Optical power
Time | | P

I
Time ] b

Directlmodulateldser— e e e == mm e L x

_é_ GND C-band DML O-band PD
R

CEAENIEI g S e—

BOX

Si Substrate
—_—
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Sourosafer Pickup coupon

lIFV coupalefinition

SpircoaBCB+sdihk Transferinting

Transfer prirfMItouponstargeSiPICs

Lasemesalefinition BCBlanarization Metatieposition
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