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Global Optical Network Fiber To The Home (FTTH)
EFTTH: High speed data communications,
television and telephone services for every home.
BN =A lot of cheap FTTH transceivers are required.
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Scaling of Microelectronics
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Speed/Performance Issue

SPEED / PERFORMANCE ISSUE The Technical Problem
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Electrical or Optical Interconnect?

EIntegrated OEICs are required for high speed short
distance optical interconnect in the future
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Optical Interconnect in the Future

EChip to Chip
> 10 Gbps
EON-Chip
> 20 Gbps




Why Silicon?

» Silicon Photonics: Integrating photonics onto the silicon
platform to form silicon devices that use LIGHT instead
or together with electrons

* For shrinking anything, it’s hard to do better than
Silicon...

=Since billions of dollars have already been invested in
processing Silicon and SOI

» Working in Si means less process engineering
* High yield and repeatability
* Processes are developed in industry
« Commodity materials

Silicon Waveguide

Optical Properties of Silicon
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Silicon-On-Insulator (SOI) Waveguide

* High refractive index contrast
* In-plane: 3.45(Si) to 1.0 (air)
« Out-of-plane: 3.45 (Si) to 1.45 (SiO,) e

* Typical dimensions:
* Thickness: 200 nm
» Width: 500 nm
* Required accuracy: 1-10 nm
» Compatible with CMOS processes
* Silicon-On-Insulator: SOI (n = 3.45)
* a,TE=3.6%0.1dB/cm

silica

Si substrate

Y. A. Vlasov and S. J. McNab, Optics
Express, v. 12 (8), pp. 1622-1631 (2004).




Waveguide Bends & Bending Loss Moore’s Law for Silicon Photonics
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Refractive Index Contrast An
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Fiber to SOI Waveguide Coupling Issue

Fiber: 8.3 um dia.
SOIWG: 0.2 x 0.4 um

Important Coupling Issue:
* Low loss

* Large bandwidth
 Coupling tolerance
 Fabrication

* Limited extra processing
* Tolerant to fabrication

* Polarization

Source: IMEC

Inverse-Taper Coupler

Enverse-Taper

EQvercladding
— Polymer
- Sio,
— SiN,
ELoss <4 dB

Tapered fiber
Source: IMEC

From Fiber

Grating Coupler
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Holographic Lens Coupler

Best
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/ Today's
T D.OR.
Third
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T Second
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2D Grating Coupler

» 20 % efficiency
* 1dB bandwidth ~ 35 nm
» Extinction ratio > 18dB

single-mode

i] light out

identical
circuits

_combin larisations s,

Source: IMEC

Branching Device
1x4 & 1x8 MMI Splitter

() 12 NI w=7 pne, L= 19 pm (B 1x8 MM w= 15 pm: L= 49 pum

V. Nguyen, J. Michel and L. C. Kimerling,(2006).

Race Track Resonator Type Filter
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Multiple Ring Resonator Type Filter

M 2 0 z H P 2 0 2 i
Wavelength Centered at peak A~1.55um

T. Barwicz, M. A. Popovic, P. T. Rakich, M. R. Watts, H. A. Haus, E. P.
Ippen and H. I. Smith,” Optics Express, v. 12 (7), pp.1437-1442 (2004).

Photonics Crystal Resonator Type Filter
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Foresi, Smith, Joannopoulos and Ippen, MIT

AWG (Arrayed Waveguide Grating)

16-channel AWG, 200GHz Source: IMEC
*200pm x 500um area ' 7
» -3dB insertion loss
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Mach-Zehnder Modulator
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Ring Resonator-Type Modulator
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All-Optical Ring Resonator Type Modulator
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Lipson et al. Cornell Univ. (2005)

Ge Detector Integrated on Silicon
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InGaAs Detector on Silicon

Source: IMEC




Erbium-doped Silicon LED/Laser
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T. D. Chen, M. Platero, M. Opher-Lipson, J. Palm, J. Michel and L. C.
Kimerling, Physica B, v. 273-274, pp. 322-325 (1999).
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Silicon Raman Laser
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Silicon Raman Laser
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Silicon Disc Laser Intel’s Silicon Photonics Platform

Multiple
Channels
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Luxtera’s CMOS Photonic IC

Silicon 10G Modulators Flip-chip bonded lasers Silicon Optical Filters - DWDM
driven with on-chip circuitry wavelength 1550nm electrically tunable
highest quality signal passive alignment integrated w/ confrol _circuilry
low loss, low power consumption non-| = low I enables >100Gb in single mode fiber
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Applications

Complete 10G Receive Path
Ge photodetectors
— trans-impedance amplifiers
output driver circuitry

Fiber cable plugs here

Source: Luxtera




Strain Sensor
2-D Strain sensor with 4 ring resonators
« Xand Y strain
* shear
» calibration (temperature, ...)
Summary
Source: IMEC.
Bio-chemical Sensor Summary
Measure salt concentration ESilicon photonics is a generic
« Fluid overcladding technology with a wide range of high
* Refr. index ~ Salt concentration volume applications for which the
* Response of ring ~ refr. Index industrial technology base largely exists
* Q=20000 —-minimum An ~ 5e-5 today
/ 0:012— y*rf‘y“ﬁ‘)‘“(‘"‘w}‘""’w ¥ Advantages
Zoam 1Y, %=86,Gnm * Economy of Scale for Photonics
* Overcome the Interconnection
0.00‘1(;57 50 155;.60 155‘7.70 1557.80 1557.90 1558.00 B Ott I e n e c k
. wavelength [nm] .
Source: IMEC Lead to convergence of computing
and communications




