


Photonic integrated circuits: optical functions on
a chip

Traditional free-space interferometer setup Optical chip

\ ~0.01 m

(50x smaller)

* The miniaturization of photonic systems
* Increased performance through higher stability

* Cost-effective solutions (less components, smaller assemblies, scalable production)
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Integrated photonics can revolutionize markets

in the same way semiconductors did, disruptive solutions for volume markets.

Grand Challenges: Grand Challenges: Grand Challenges: Grand Challenges: Grand Challenges:
Digitization of Society - Secure communication Autonomous driving Point of care Sustainable farming
Exponential growth - Digitization of Society Electric vehicles Aging population Climate change
Data usage Precision agriculture

Image from PhotonDelta
 Integrated Photonics used in Datacom/telecom is already a multibillion € market;

* Other markets are emerging but also have multibillion € potential;
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SiN and InP
photonic chip

production in the
Netherlands
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Why integrate?
| Patiom ___Gai/laser _EOMod. __iPINL_PropLoss _Cost/CWOS _Banduidth_

Silicon (SOI) X Plasma A\ X ~1-3 dB/cm Low / Yes v ~60 GHz
Silicon Nitride X X X <0.1dB/cm Vv Low / Yes vV Passive
InP vV Excellent v/ Mod. ~2-5dB/cm Very High / No 100 GHz v
Lithium Niobate X vV High v/ <0.1 dB/cm v High 100 GHz vV
GaAs / AlGaAs N Good V.High v/ ~1-3 dB/cm High / No ~100 GHz
Hybrid / Hetero v/ vV vV vv <05dB/cmV Var. >100 GHz vV

v/ v'=outstanding v'=good A = limited/workaround X = not available

Each platform excels in specific properties — none covers the full system requirement space
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CPO’s Bottlenecks and Our Approach

Package level Integration Panel Level Integration
« Packaging and assembly is the dominant cost « Large-area panel-level integration on glass interposer
driver in the total fabrication costs (e.g., 70-80%7). offers economy of scale, reducing the packaging cost.
*Source: IBM — Photonics Summit 2017
« limited production speed and volume due to pick- | Fast-and high-precision chip assembly technology enables
and-place chip integration. high throughput chip integration.

Our competences

Display Generation & Size of Mother Glass
— Flat-panel technology

18/0x2200

Additive printing
technology

1500 % 1850
1300x1500

High-precision assembly
technology
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Heterogeneous Integration in Photonics
InP (llI-Vs) onto SiN/Siph

Die sizes: thin elongated components
* from 50 ym to 3 mm
» aspect ratio: 1:1 to >1:10
+ thickness: 10’s of ym to sub-um

Optical coupling:
+ submicron-thick interface
 grating (= micron)
+ evanescent (= sub-micron)
+ edge (= <200 nm)

Electrical interconnect

» Multiple photonic platforms with different strengths, but no one can provide all desired features

« We focus on adiabatically coupled InP on SiN/SiPh
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[ll-V integration on SiN/SiPh

Monolithic wa2w Discrete D2W Parallel D2W
integration bonding (e.g. Pick & Place) (e.g. Micro-Transfer Printing)

Defect-free growth is Expensive epitaxial waste Slow process Dedicated stamp
challenging Only evanescent coupling Struggle to handle thin Non selective
High T possible and small components 60s printing cycle (100-1000 dies)
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Laser Die Transfer

Fast, Accurate and Selective Technology for Component Transfer from a Source to a substrate

few us/die, very high throughput

tuneable transfer gap, ideal for high
topologies and cleanliness

- Laser pulse
only few m/s

&—— Release layer
: 50 to 1000 pm-scale components, small-to- e &—— miCroLEDs

large wafer compatibility »

[V

adaptive pitch, die-on-demand, — =2~/ f————————TTransfergap —
KGD & repair compatible J

e—— Target substrate

non-explosive accurate high-throughput noncontact die-on-demand

Photonic Integration Technology Center
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A sequence of process steps

Fast, Accurate and Selective Technology for Component Transfer from a Source to a Target substrate

Pick-up Release Die catch Die attach
H
d . Acceptor Bondi Bonding
ol L Proprietary release carrier a material m(::elrina% matels
L .|
Native InP
Destination receiver Destination receiver Destination receiver
* Suspended InP coupons « Wafer-level pickup  * Coarse and fine « Mech. alignment + Optical adhesives * Wafer-scale
_ _ (100% wafer usage) alignment between features on SiN wafer passivation and
+ Ultrathin (< 3 um thick) donor and receiver * Adhesive-less electrical interconnect
* Yield map substrate » Surface quality bonding (preferred!)

 Carefully engineered + Flatness of InP
release stack enables coupons
controlled release

* kHz rep rate means
high throughput
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Collective (wafer-scale) pick-up of InP coupons

Quarter 2-inch wafers before pick-up Quarter 2-inch wafers after pick-up

* In a semi-automated process we typically pick up 95% of the InP coupons even when densely packed
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Transferred mechanical InP coupons for a range
of dimensions and aspect ratios

2
120x120 pm 80x800 pm?
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Optical coupling: route to <200 nm accuracy

c—

InP photonic chip on SOl PIC

. : . :

InP photonic chip on SiN WG

| | X displacement
Y displacement

o,= 350 nm
o= 580 nm

Normalized Counts

0.0 -
-20-15-1.0-05 0.0 0.5 1.0 1.5
Displacement [um]

_ Die size:
Die type: 40x50x3.5 pm3
InP coupons 120%120%3.5 pm3

Adhesive-less interface
Compatible with direct bonding for
enhanced optical coupling efficiency

Sub-um placement precision

Rotation: <1 ° (80%), <2 ° (95%)
X,Y displacement: < 600 nm (10)
Roadmap: <200 nm

Simulated optical coupling
(for UTC PDs on SOI PIC)

<0.6 dB loss (>85% coupling efficiency)
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InP PIN PDs transferred with LIFT on SOI PICs

InP WG

Siwe\\ g




Electrical Interconnect

Passivation - Metallization

* Dielectric passivation layer to
fixate component in place

* Vias opening
* Metallization fan-out

Top metal layer

Passivation layer Via opening /

Die position
unaffected by post-
LIFT processing!



Outlook: our process development roadmap

2025 2026 2027 2028
Placement
accuracy (3c) ~1000 nm 500 nm 300 nm 200 nm
Size of the InP 50;100 50;100 50x500 50x1200
chip (um?) (PD) (PD) (SOA) (SOA+EAM)
Scaling (InP Y, 27 2” 4 6”
wafer size) 4 ‘
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150-mm InP pilot
line

A new building on HTC Eindhoven

Housing a new 1600 m? ISO 5
cleanroom

Fully automated, state of the art toolset
10.000 wafers/year

10 million complex photonic ICs/year

500 million components/year

Expandable to 20.000 wafers/year




Questions?

We’'re happy to help!

Just send me an emaill

Gerwin Gelinck
Gerwin.Gelinck@tno.nl

TNO Confidential

Thank you for
your attention!

Acknowledgments

LIFT team Akchheta, Dolf, Dorothee, Gairi,
Henri, Merijn, Sergio,

Integrated Photonics team Aly, Hrishikesh,
Nick, Nils, Riccardo, Ruben, Sander, Thijs

This work has received funding from
the PhotonDelta National Growth Fund programme

" PhotonDelta

www.photondelta.com



mailto:Gerwin.Gelinck@tno.nl
mailto:Gerwin.Gelinck@tno.nl
mailto:Gerwin.Gelinck@tno.nl
mailto:Gerwin.Gelinck@tno.nl
mailto:Gerwin.Gelinck@tno.nl
http://www.photondelta.com/

PITE

Photonic Integration
Technology Center




	Default Section
	Slide 1
	Slide 2: Photonic integrated circuits: optical functions on a chip
	Slide 3: Integrated photonics can revolutionize markets in the same way semiconductors did, disruptive solutions for volume markets.
	Slide 4: SiN and InP photonic chip production in the Netherlands  
	Slide 5: Why integrate?
	Slide 7: CPO’s Bottlenecks and Our Approach
	Slide 8: Heterogeneous Integration in Photonics InP (III-Vs) onto SiN/Siph
	Slide 9: III-V integration on SiN/SiPh
	Slide 10: Laser Die Transfer
	Slide 11: A sequence of process steps
	Slide 15: Collective (wafer-scale) pick-up of InP coupons
	Slide 16: Transferred mechanical InP coupons for a range of dimensions and aspect ratios 
	Slide 18: Optical coupling: route to <200 nm accuracy
	Slide 21: InP PIN PDs transferred with LIFT on SOI PICs
	Slide 22: Electrical Interconnect
	Slide 23: Outlook: our process development roadmap
	Slide 24: 150-mm InP pilot line
	Slide 26: Questions?
	Slide 27


