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INTRODUCTION TO

SILICON PHOTONICS CIRCUIT DESIGN

Wim Bogaerts

Short Course 454 - OFC 2021

6

OFC 2022 - SHORTCOURSESC454

PHOTONIC INTEGRATION: MANY FUNCTIONS ON A CHIP

Complexity of the circuits depends on

Ånumber of functional blocks

Ådensity of integration

Circuits connect elements together with waveguides

Laser

Modulator

Wavelength
filter

Fiber Coupler

Photodetector

Fiber Coupler

waveguide
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MANIPULATING LIGHT ON CHIPS

The benefits of scale

Complexity

Overall Performance

Reliability

Ergonomy

goes up

Power consumption

Ecological Footprint

Cost

goes down
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PHOTONIC INTEGRATION: MANY FUNCTIONS ON A CHIP

light
transport

Circuits connect elements together with waveguides

detection

signal
modulation

wavelength
filtering

light
source
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WAVEGUIDES

Propagate light from the input to the output

Å wavefronts propagate with velocity ὺ ‗

(ὲ ‗= effective refractive index)

Å Dispersion: ὲ ‗ is wavelength dependent

Å Group velocity: time delay of a wave packet: ὺ ‗

guided mode: ὲ ‗

ὒ
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SPLITTERS

Splits light in two equal parts

Å one input

Å two outputs

Å symmetric

Reciprocal: Also has 3dB loss when used as a combiner.
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2Ĭ2 COUPLERS

Can be based on an MMI or other designs

Couples fraction ὑ ‖ of the power to another 

waveguide

1

2

4ὑ ‖

3

ὒ
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MACH-ZEHNDER INTERFEROMETER

beam splitters + waveguides

delay line will give a wavelength dependent response

coupler

coupler

wavelength

Ὕ‗

ɝ‰ ς“
ὲ ɝὒ

‗
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RING RESONATORS

Optical feedback loop

Resonance when ὲ ὒ άȢ‗

wavelength

Ὕ‗
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WAVELENGTH FILTERING

channel drop filter

- selects a passband from 

a wavelength range

interleaver

- separates alternating 

wavelength bands

demultiplexer

- separates multiple 

wavelength channels

pass

drop

in

out1

in out2

out3

out4

out5

pass

drop

pass

drop

in
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VERTICAL FIBER INTERFACES

Diffraction grating couples light 

from fiber to waveguide (and back)

Åwavelength dependent
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ELECTRICAL MODULATION
Electrical actuation: Switching and modulation

ÅThermal

ÅCarrier injection/extraction

ÅElectro-optics

Different applications:

ÅTuning: slow, analog

ÅSwitching: slow, digital (<kHz), full amplitude

ÅSignal modulation: fast (GHz ï100GHz)

Å amplitude

Å phase

Electrical signal

Modulated light

CW light
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