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WHAT IS SILICON PHOTONICS?

The implementation of high density photonic integrated circuits by 

means of CMOS process technology in a CMOS fab

Enabling complex optical functionality on a compact chip at low cost
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PHOTONIC INTEGRATED CIRCUITS (PIC)

Integration of (many) optical functions on a chip

Source: EECS Berkeley
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INDUSTRIAL TAKE-UP EXAMPLES IN TELECOM/DATACOM/DATA CENTERS

Å active optical cables (eg PSM4: 4x28 Gb/s on parallel fibers)

Å WDM transceivers (eg 4 WDM channels x 25 Gb/s on single fiber)

Å coherent receiver (eg 100 Gb/s PM-QPSK)

Å fiber-to-the-home bidirectional transceiver (eg 12 x 2.5 Gb/s)

Å monolithic receiver (eg 16x20Gb/s)

Å 40Gb/s, 50Gb/s and 100 Gb/s Ethernet (future: 400Gb/s)

Å é

http://www.google.be/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.wkrb13.com/markets/392665/morningstar-issues-bbb-credit-rating-to-stmicroelectronics-nv-stm/&ei=yWlfVK3VA8HvmAW46IDgBA&bvm=bv.79189006,d.dGY&psig=AFQjCNGwA_SK-vY1MtdS3ehbbIQ5D9ozQw&ust=1415625533773108
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WHY SILICON PHOTONICS?

Scale
Large scale manufacturing

Submicron-scale waveguides
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1mm

1mm

Glass waveguide
index contrast ~0.1%

III-V semiconductors
index contrast ~ 10%

SOI wire

silicon wire:
index contrast ~ 200%

SCALING OPTICAL WAVEGUIDES: INDEX CONTRAST
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WAVEGUIDES: SILICON PHOTONIC WIRES

High contrast waveguides

Åsubmicrometer dimensions

Åsmall bend radius

Si substrate

silicon-oxide

500 nm

200 nm

optical mode

Si

SiO2
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HIGH INDEX CONTRAST: A BLESSING AND A CURSE

Very tight confinement of light

Very small bend radii : down to 1 mm

Very dense integration of components on a chip

Sub-wavelength design freedom

Photonic crystals with extremely high quality cavities

é

Si

SiO2

[2um box]

Cheben, OE, 2015
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HIGHER CONTRAST, SMALLER CORES, TIGHTER BENDS
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Silica on silicon

Indium Phosphide

Silicon on insulator

Contrast ~ 0.01 ς0.1
Mode diameter ~ 8µm
Bend radius ~ 5mm
Size ~ 10 cm2

Contrast ~ 0.2 ς0.5
Mode diameter ~ 2µm
Bend radius ~ 0.5mm
Size ~ 10mm2

Contrast ~ 1.0 ς2.5
Mode diameter ~ 0.4µm
Bend radius ~ 5µm
Size ~ 0.1mm2

10000 ×
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HIGH INDEX CONTRAST: A BLESSING AND A CURSE

CMOS technology is the only manufacturing technology with sufficient nm-process control 
to take advantage of the blessing without suffering from the curse

Every nm3 matters

Si

SiO2

[2um box]
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WAVEGUIDES

Waveguide losses dominated by scattering. 

Use better litho + etch

sidewall
roughness

1µm
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COMPACT BENDS, TRANSITIONS,  CROSSINGS

Waveguide Crossing: 97% transmission
3 µm

wire waveguide

rib waveguide
2µm
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FIBER-TO-CHIP COUPLING

Vertical fiber interface: allows easy on-chip testing

10°

TE   
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WAVELENGTH FILTERING FUNCTIONS

Light is a wave: interference at the 100nm scale

Åinterferometers

Åresonators

e.g. ring resonator
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WAVELENGTH FILTERING FUNCTIONS

Arrayed waveguide grating

dispersive delay lines:
each wavelength feels 
a different phase delay

input star coupler:
light is distributed 
over many delay lines

output star coupler:
different phase delays create
a phase front focussing into
different output waveguides
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SENSITIVITY OF SILICON PHOTONICS WAVELENGTH FILTERS

Silicon photonic waveguides are sensitive to

Ågeometry

Å stress

Å temperature

Åé

wire width

wire height

temperature
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INTEGRATED HEATERS FOR CONTROL

Different types of electrical resistors:

metal, silicide, doped silicon

Optional undercut to lower reduce

thermal leakage.

Copper
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Tungsten 
pillars

undercut region
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silicon waveguide
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ELECTRO-OPTIC EFFECT IN SILICON: INJECTION VS. DEPLETION

Carrier injection

τ p-i-n diode in forward bias

τ Inject carriers into waveguides

τ Strong effect (many carriers)

τ Slow effect (~1GHz)

Carrier depletion

τ p-n diode in reverse bias

τ Extract carriers from waveguide

τ Weaker effect

τ Fast effect (>40GHz)

Carrier accumulation

τ Accumulation at oxide

τ Similar to capacitor

τ Fast
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ELECTRICAL SIGNAL MODULATION

p
n

metal

metal

waveguide

Add doped junction to silicon waveguide:

modulate refractive index

Åtravelling wave modulator

Åring resonator modulator

1mm

20µm


