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Evolution of optics i
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M. Duranton et al., Optical Interconnects for Data Centers, 2017
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Adoption of on-chip optical interconnects —
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Photonics



What is silicon photonics? i

The implementation of high density photonic integrated circuits by means
of CMO

Pictures, courtesy of imec

Enabling complex optical functionality on a compact chip at low cost
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Why silicon photonics? i

The prospect of integrating CMOS electronics and photonics on the same substrate:
» Greater functionality.
» Improved performance.
» Cost reductions.
» More advanced lithography.

Mature processing derived from years of
development in the electronics industry.

High refractive index contrast (compact components). i s o
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Silicon photonics and CMOS :

CMOS-technology requires extremely expensive infrastructure
with an extreme degree of sophistication
but delivers extremely cheap chips
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CORNERSTONE highlights iz

* Multi-project-wafer (MPW) service

* Various silicon-on-insulator (SOI) platforms
* Flexible processes

* Device prototyping at wafer scale

* Scalable process technology

* Hybrid processes using DUV lithography and e-beam lithography
* Competitive costs

* Potential for design consultancy
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CORNERSTONE partners _ —

Three UK universities are involved:

1) University of Southampton

» Wafer-scale processing (DUV photolithography)

2) University of Glasgow
» Chip-level processing (e-beam lithography)

3) University of Surrey
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Cleanroom capabilities @ Southampton '

* DUV projection lithography

* E-beam lithography

* Contact lithography (i-line)
Wet & dry etch systems
Furnaces and RTA systems
PECVD, LPCVD & ALD systems :
Evaporation & Rl sputtering systems L
* CMP, wafer dicing,... 5
» Bonding: wafer, wire, flip-chip
* FIB, SEM, ellipsometry,...
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Device capabilities

Spectrometers

Tuneable
processor
cores

D. Pérez et al., Nat.

Commun., vol. 8,
636, 2017.
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M. Nedeljkovic et al., IEEE
Photon. Technol. Lett.,
vol. 28, iss. 4, 2016.

High speed
modulators

G. T. Reed et al.,Nat.
Photonics, vol. 4, iss. 8,
2010.

Thermal
phase shifters

M. Nedeljkovic et al., IEEE
Photon. Technol. Lett.,
vol. 26, pp. 1352-1355,

2014.
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Case study 1: Bidirectional angled MMI =&

» Wavelength division multiplexing (WDM)
e Fabrication tolerances affect transmit and receive with same error
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Case study 2: Programmable circuits 5 4

* Inspired by electronic FPGA

* 2D photonic waveguide mesh

* Demonstrated over 20 functionalities usmg the same mesh

a o CS ——BS ;
AV TC . g o
2 QUT2 =
Function 1: i
K, £ a0
Ring resonator PaaN - 2
S ﬂm’ f [ Tunable coupler § -0
OouT2 %} =ad..q N ! N .
OUT1 1570.80 1579.00 1580.00 158010  1580.20
C +—ncs BS = of
1 N K out2 : s~
Function 2:
I § -15
Ring resonator with - M
phase shifter Q> = ek 5 oo UNIVERSITY. OF
- N Ps ase shifter z % L
ouTz OUTf}” "/ IN T Prase snit 1580.05 1580.10 1580.15 SOthhampton
A (nm)

Open. Together.



N
JAREEEA.
ANEEEEEA

A ERERRr

Case study 3: O-band modulators e
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