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THE PAST 5-10 YEARS: STUNNING INDUSTRIAL DEVELOPMENT A
IN SILICON PHOTONICS, DRIVEN BY TELECOM/DATACOM s 1%
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The options for light source integration

Work in progress in Europe
Short term to market
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ePIXfab: European Alliance for Silicon Photonics

ePIXfab is an open alliance of European organizations that

promotes silicon photonics science, technology and applications

Advocate Represent Consult Roadmap

Latest advancements in European silicon photonics With respect to silicon To determine the feasibility About the technological
the field community as a whole photonics tech. & app. for innovation trends and evolution
e2¢ePIXfab
@

..' The European Silicon Photonics Alliance http://epixfab.eu
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Silicon Chip
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Standardized Open Access SOI Technologies EUROPRACTICE

Accessible through MPW and dedicated engineering runs o@
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Standardized Open Access SOI Technologies

Accessible through MPW and dedicated engineering runs
amaRAPId prototyping services
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Flexible platform
i Flexible foundry platform
Thick SO custom implants, etch depth P
O _ for customized wafer runs
low loss + pol. independent Multiple SOI platforms
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Pilot lines and coordinating institutes

To strengthen open access mechanisms to photonic integration technology, driven by the needs of end users.

2016 2016 2017

MIRPHAB PIX4LIFE PIXAPP
A manufacturing pilot SiN PIC pilot line for PIC assembly &

line for MID-IR life science applications packaging Pilot Line

Systems In the visible range

‘umec € Tyndall
leti
(MIRPHAB = o Rt

Pilot Line

PIX4//fe

www.mirphab.eu www.pix4life.eu WWWw.pixapp.eu

o‘ePIXfab

... The European Silicon Photonics Alliance http://epixfab.eu 11
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Take-home message

* There is diversity in silicon photonics
« Silicon layer thickness
« Operation at different wavelengths
* Integration with electronics, or not
* Heterogeneous integration with IlI-V, or not

 This diversity brings substantial value to the end-user
* ... as long as the “dilution” caused by diversity is not jeopardizing yield or cost

 Where is the sweet spot between diversity and standardization?

e®cPIXfab

.‘. The European Silicon Photonics Alliance http://epixfab.eu
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ePIXfab
=) The options for light source integration

Work in progress in Europe
Short term to market
Long term to market
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Options for light source integration

external
laser
hetero- pUeEme)
epitaxial alkiEs o
s packaged
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flip-chip
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Approaches to hybrid IlI-V integration on SiPhotonics

Flip-chip integration of bare dies / pick-and-place of packaged devices

target SiPh wafer

gelpack with fully processed
mec

I11-V lasers

GHENT
UNIVERSITY



Approaches to hybrid IlI-V integration on SiPhotonics

die-to-wafer and wafer-to-wafer bonding + Ill-V processing in silicon fab

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

~__ targetSiPh wafer
source IlI-V wafer | “ P ,

with epitaxial layer w €N
stack for lasers Ve

>,
= vy

~ processing’
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Approaches to hybrid IlI-V integration on SiPhotonics

Transfer printing

simultaneous transfer of

multiple coupons
oS .

source IlI-V wafer
with processed
laser source coupons

—
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TAKE-HOME MESSAGE
There is a large diversity in approaches for light source integration in silicon

photonics

Some are in commercial products today (flip-chip, bonding)
Others are very much at the research level (epitaxy, transfer printing)

The hunt is still open for a method, implemented in an industrial foundry,
that combines scalability to high volume and low cost with high long-term

reliability

18
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ePIXfab
The options for light source integration

"™ Work in progress in Europe
Short term to market

Long term to market
Medium term to market
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OUTLINE

ePIXfab
The options for light source integration
Work in progress in Europe
™) Short term to market
Long term to market

Medium term to market
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Pick-and-Place Laser Integration — Edge Emitters

Lens Z220:X50
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Hybrid integration of active components m
on 3 um SOl platform

= | asers, amplifiers, modulators and photodetectors echnl(lelﬁ ))
have been flip-chip bonded on 3 pm SOI using e,
Au-Au thermo compression bonding {-} onversiy or [N T]oRe

5x5 mm SOl chip with 8-ch EAM array being InP EAM test result
SOA and EAM arrays tested on SOI

30.11.2018 VTT - beyond the obvious
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ePIXfab
The options for light source integration

Work in progress in Europe
Short term to market

=) Long term to market
Medium term to market
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Silicon Photonics 2.0 — Proposed Cross Section

Str'lp Grating 1i-v 11-V QCSE l-v Silicon p-n
Coupler Photodetector EA Modulator Amplifier / Laser Depletion Modulator

‘ Si Substrate

Our long-term objectives for monolithic 1l1-V on Si lasers:
* Wafer-scale fabrication in 300mm CMOS fab: MOVPE
* Integrated in a silicon passive/active PIC = selective area growth
* Electrically driven, with high wall-plug efficiency (>10%)
* Efficient coupling to Si waveguide (<0.5dB)
* High temperature operation (>85C)
 High reliability, long lifetime - TDD <10cm-2?
* Emission wavelength in O-band (datacom) or C-band (telecom)

l'l'l'l e c CONFIDENTIAL



RAPID PROGRESS ON [lI-V ON SILICON HETERO-EPITAXY

O-pumped InP DFB lasers (RT) @ imec
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ePIXfab
The options for light source integration

Work in progress in Europe
Short term to market
Long term to market

™ Medium term to market
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l11-V-on-silicon die-to-wafer bonding

Die or wafer bonding

SOl-wafer Planarization

(@)

ﬁ(d) #(e)

i
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I1I-V INTEGRATION ACTIVITIES IN LETI

Motivation:
o Large scale integration of IlI-V based device on CMOS compatible silicon
photonic platform

Components:

o Laser

o Electro-absorption modulator
o Semiconductor optical amplifier

Specific process module developments:

o Multi-die bonding on patterned SOI wafers

o -V patterning on 200 & 300mm wafers

o IlI-V contacts with cmos compatible materials
o Back side integration

References:

A.Descos et al, ECOC 2013

H. Duprez et al, Opt. Express 23(7), 8489 (2015)
T. Ferrotti et al, SSDM 2016

B. Szelag et al, IEDM 2017

K. Hassan et al, SSDM 2018

Die Bonding on 200 & 300mm Si wafers

(ANRAARRANARA NS EemiiARauanianin

I11-V/Si Laser with multilevel planar BEOL

[11-V/Si components integrated on backside
of a complex photonic platform

| 28




l1I-V-on-silicon die-to-wafer bonding

» Routinely achieve <40nm thickness
» < 3nm std. dev. over wafer
» Good reproducibility wafer to wafer (<5nm)

11I-V wafer
DVS-BCB

i

SIO, £ L SIO,
Silicon waveqguide

Buried oxide

i HFW | mag O | tit | WD HV curr
GHENT . 213 um | 120000 x [ 52 “ 1 5.0 mm [17.00 kV|0.59 nA

oniversity  UIM€C
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Heterogeneously integrated lasers

oﬂttoupling
bragg mirror gratmf .

<@
PN

@ ringl
advanced laser sources exploiting the high

i
CHEl . erformance Si passive functions
3:F‘5‘IETRSITY inec P P 30

co-integration with the SiPh circuit




No exposed facets

InP-on-Si C-band lasers — SOAS Intrinsically hermetically sealed
From full confinement in [11-V to full confinement in SOI
20 T T I I L] L]
III-V active device (deep etch) 1E- _" . . -|
‘ - = — B0mA -
BCB bonding layer 16 _1 1'3':|ITI|':'| _..
SOI WG 14 - - - _ -
P - - -'
o) -
E 10 ) -
=P - H‘ | i
{E .5,.1 -H} i
4 4 N % -
- 'u:: i
0 = 3.‘_. .
-2 1 ¥ | T T J T X T ¥ T L T T T
&5 =20 = 1 = [ 5 i 5 10
Input power in Chip (dBm)

GEMT Fundamental mode in different cross-sections (BCB thickness=80nm)
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InP-on-Si C-band lasers — widelv tunable lasers

\ Using Vernier ring resonator filter
G(C1 GC2 wavelength tuning can be realized

together with narrow linewidth

DBR g: 2 (: z Including a DBR couples CW to CCW —
leading to unidirectional operation
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INP-on-Si C-band lasers — modelocked laser

a , b
Long spiral Saturable
Active DBR IV gain section silicon waveguide Taper absorber IV gain section  Taper
_ C ﬂ— Output - n ,
. R —— mu «— R AL id TEERLLLLEY
Saturable Partial feedback Full feedback
absorber

Saturab‘e absorber Optical amplifier — Siliconwaveguide “DBR reflector * 3

« 1GHz repetition rate modelocked laser (lowest rep rate obtained on integrated platform)
 [lI-V gain section, llI-V saturable absorber & long Si waveguide (0.7dB/cm loss) to form the laser cavity

—

Technische Universiteit
GHENT : l'l'l'l e c T U / Slr?is:?s\;te:oﬂechnology 33
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INP-on-SiI C-band lasers — modelocked laser

a Optical spectrum
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Approaches to hybrid IlI-V integration on SiPhotonics

Transfer printing

GHENT
UNIVERSITY

mec

simultaneous transfer of
multiple coupons
, target SiPh wafer
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Combines advantages of pick-and-place/flip-chip/wafer bonding
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Transfer printing for Il1I-V-on-silicon integration XCeleprint

E) b} C:lﬁ Tethers TL‘

Patterned device r‘r Patterned device

Patterned release layer

IlI-V Device Layer

Patterned release layer

Release layer
Substrate Substrate Substrate
L ]
Stamp L |
Stamp
d) e) ] f)
Patterned device LL‘ R
IE‘” >» |Release | € y’J_l li‘_l_\ = | Printed device /L
LT 1]
Substrate Substrate Silicon

- Transfer of micro-scale I11-V devices to a SiPhotonics target wafer
36
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Transfer printing for IlI-V-on-silicon XCeIeprint

AREA MAGNIFICATION
DENSE INTEGRATION

PDMS stamp

¥ Mature InP processing

il Efficient optical coupling possible
Waveguide in-out devices (SOA)

Wafer-level test on source wafer
Parallel assembly of devices

Advanced laser sources
Requires local back-end removal

[1I-V source wafers

1 inch stamp size
30 sec per print cycle

SOl target wafer

GHENT

onversty | LIMEC 37
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TRANSFER PRINTING OF ARRAYS OF LASERS

Spot size converter

InP coupon
QW

Silicon

Trench in the buried oxide of the SOI
chip

onversty | LIMEC
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GHENT

TRANSFER PRINTING OF ARRAYS OF LASERS

a) Dry etch below QW b) Protect with nitride
FS S S
Substrate
c) Finish mesa etch d) Pattern release layer e) Deposit n contacts
f) Encapsulate with PR g) Release etch

onversty | LIMEC
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TRANSFER PRINTING OF ARRAYS OF LASERS

a) Slow contact on source wafer b) Fast pick up from source wafer  c) Slow peel off on target wafer

Source wafer

Source wafer

a) Remove PR, deposit oxide b) Passivate with BCB c) Open via to deposit p contact
and metal reflector

Target substrate m m

d) Open vias to expose n contacts e) Metallization

CivERsTy  LIMec

UNIVERSITY
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TRANSFER PRINTING OF ARRAYS OF LASERS

Transferpprinted laser array

N
ums

-
-

Silicoh‘" Isﬁbtonic IC

onversty | LIMEC
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Transfer printing: versatile integration YXFAB € Tyndal

MIXED-SIGNAL FOUNDRY EXPERTS

2D/0OD materials

Etched facet lasers
———

photodiodes
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- electronics . |
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= Transfer printed 1310nm PD
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Conclusions

 Silicon photonics: is in the market with a diversity of “flavours”

« Light source integration:

GHENT
UNIVERSITY

Many options
Exciting and very fast scientific progress
But few options have an open-access industrial supply chain today

This will likely change in the next few years

mec
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