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Photonic Crystals
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Motivation

Inteqrated Circuits:

« Easy replacement.
« CMOS technology.

* VLSI, 3D-IC.

Photonic Inteqrated Circuits:

* Future networks.

Pump Light » No electro-optic conversion.

TO Waveguide Coupler » Large integration.

TO Bender > i

Photonic Crystals(PCs):

» Low losses, high efficiency.

TO Waveguide
Crossing

* Lithography.

Photodetector

(Q. Wu et al., LSA., 2012) * Hard to design.
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Complex PC devising: Milestones
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Optics Express, 2013
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Design of new devices
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Why use an Inverse Design method?

High O cavity using traditional approach

1. Set starting geometry.
2. Compute fields.
3. Evaluate property.
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Direct approach

Direct Design -Time consuming

1. Compute fields. -Poor efficiency.

2. Evaluate .Computationally HARD: D-dimension search NP-
hard.

3. Displace a hole.

4. Repeat steps 1-3. .Many resonances.

5 Tune another hole. .N-objectives not feassible.
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Inverse Design

0.004 . . : T T

Heuristics Obijective function
1. Non-linear fitting. - Q. %
2. Global optima @ 7 =5 izl g
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A short tapering stage by Talneau et al.
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A short tapering stage by Talneau et al.
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A short tapering stage by Talneau et al.

—— non-optimized
—Ry=0.1 R3=0.2

0.8 — —R1 =D.153Hg=0.118 ]
0.6 — —
E ST N4 NG oy, N &7 ST 7N "\ N7 N7\ T 7.
= ID results QIO CLO .O0,0@® O O'@®.@® O O
Eﬂ'ﬁ‘— Nelele eNoferalea) “ foreye
= « Fast convergence. o OO0 Ca@ G000 0 ©.0 ¢
= i . u@ﬂo O CY Q0.0 ©. 0 0| |
* Global optima.

thﬁ@mﬂm@w .

Both methods agree.

0.2
MOMNC OO O OFO'O 0 © O
v SeEhe i legE 5000 00000 00!
optima. DO O OO0 OO0 @O0
OO OO0 0@ 0 088 8 OEeX
* No need to explore R? | e PN ml T W (‘ sl as
0 | 1 1 | | | l 1
0.21 0.215 0.22 0.225 0.23 0.235 0.24

m-::sz’m,

TR EISIEA ATARAR T



Target cases: W5-W1 broadband mode couplers
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Target cases: 120° PCWG sharp bends
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Target cases: reciprocal cross-connect
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Target cases: reciprocal cross-connect
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Target cases: reciprocal cross-connect
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And many more applications...

Transmittance

wa/2nc




Photonic Integrated Circuit

(De)Multiplexer
Waveguide curvatures

Resonator

Waveguide

Cross-connect

Splitter Photonic

Taper crystal

SPIE Newsroom, 2013
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Photonic Logic Gates: AND gate
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Future activities

Include nonlinear materials such as As,S;

Study of active devices.
Fabricate these structures by means of Direct Laser Writing technique (DLW).

Characterize the response of manufactured devices.
Include manufacturing error tolerances in the ID method.
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