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Why Silicon ? 

¸ Silicon is transparent in telecom range

¸ Processing using very large existing equipment base !!!

¸ High index contrast Ą compact circuits

Â But others have sufficient contrast (e.g. SiN, HfO é)

¸ Active functionality possible

Â High thermo-optic effect

Â Carrier plasma effect

Â Integration with Germanium, III-V é

BOx

Si H ~ 200nm

Strip waveguide
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Why strip waveguide ? 

¸ Very compact circuits

¸ Processing more compatible with electronics processing

¸ Active functionality enhanced

Â Increased light-material interaction

Â Faster devices

Â Lower power consumption

Â Higher non-linear effects

BOx

Si H ~ 200nm

Strip waveguide
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What do we need? 
BOx

Si H ~ 200nm

Strip waveguide
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Our standard waveguide:  450nm x 220nm Si

¸ Fabricated using 193nm DUV lithography

¸ In standard pilot line, on 200mm wafer

¸ Starting from SOI or amorphous silicon

Straight waveguide

Si

SiO2

1.84dB/cm

[2um box]

Bogaerts e.a. , JSTQE 16, 33-44 (2010)
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Origin of losses ?

¸ Surface roughness

¸ Surface absorption

How to decrease losses further ?

¸ eBEAM lithography + HSQ resist   0.9dB/cm

¸ Surface treatment

Â Wet or dry oxidation

Â Hydrogen or other treatment

Â Encapsulation

Straight waveguide

Gnan e.a., Electronic Lett. 44, 

p115 (2008)

Borselli, Painter, e.a., APL 91, 131117 (2007)
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Origin of losses

¸ Surface roughness

¸ Surface absorption

How to decrease losses further ?

¸ eBEAM lithography + HSQ resist   0.9dB/cm

¸ Surface treatment

Â Wet or dry oxidation

Â Hydrogen or other treatment

Â Encapsulation

¸ Use wider waveguide

Â Locally multimode waveguide 0.3dB/cm

Â Include single mode filters 

Ğ (narrow sections or bends)

¸ Change waveguide shape

Â Optimize confinement at interface

Straight waveguide

Gnan e.a., Electronic Lett. 44, 

p115 (2008)

Borselli, Painter, e.a., APL 91, 

131117 (2007)

Spector e.a., IPRNA IThE5 (2004)

Toliver e.a. , Paper OWJ4

Popovic, PhD Thesis, MIT (2008)
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Straight waveguide
Question:

¸ Given certain optimization criteria

¸ What is optimal aspect ratio for 

waveguide ?

Popovic e.a. :

¸ Optimisation for:

Â Low loss, 

Â Low sensitivity to dimensional 

variations

Â High thermal optic effect

¸ Choose AR = 6:1 !!!

Alternative optimisation criteria:

¸ High non-linear effects

¸ Optimized sensing (overlap with 

outside world)

¸ Dispersion
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Popovic, PhD Thesis, MIT (2008) (http://dspace.mit.edu)

Vaillitis, Leuthold, e.a. OE 17 pp. 17357 

(2009)

Debackere, PhD thesis UGent (2010)

ñStandardò

http://dspace.mit.edu/
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Bend waveguide
Our standard waveguide:  450nm x 220nm Si

¸ Fabricated using 193nm DUV lithography

¸ In standard pilot line, on 200mm wafer

¸ Starting from SOI or amorphous silicon

Si

SiO2

0.02dB/900
- In agreement with FDTD calculations

- Offset straigth-bend might improve (?)

S.K. Selvaraja, JLT 27, p.4070 (2009)

Y. A. Vlasov and S. J. McNab, Optics Express, p. 1622 (2004)
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The waveguide bend
FDTD calulcations in line with 

recent experimental results

Bends may introduce unwanted 

polarization rotation

14

Dots: experimental results (outdated)

Lines: FDTD calculations (dash: TE, dotted: TM)

A. Sakai, JLT 22, pp 520 (2004) 
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Crossings

Standard Crossing

>1dB excess loss

>-10dB crosstalk

Improved version

Not practical !

~0.2dB excess loss

<70dB crosstalk

Bogaerts e.a. , JSTQE 16, 33-44 (2010)
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The Y-junction

Example

Simulation: <0.1dB excess loss

¸ Experiment: 0.3dB excess loss

¸ Some imbalance due to opt. Prox.

Sakai e.a., IEICE Trans E85-C 1033 (2002)

Large losses for standard Y-junction

Need improved design !!!

Fukazawa e.a. Jpn JAP 41, p L1461 (2002)
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The Y-junction
Use Y-junctions to fabricate TO-switches

17

4 x 4 switch

Yamada e.a., PIERS proc., Beijing, p. 22 (2009)
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Passive guiding structures

Standard MMI splitter Improved version

Č 0.3dB excess loss

Č 0.2dB excess loss

Bogaerts e.a. , JSTQE 16, 33-44 (2010)
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Arrayed waveguide grating routers

Compact, but é

¸ High loss (8dB)

¸ High crosstalk (only 7dB down)

Original devices
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Arrayed Waveguide Grating
8-channel, 400GHz

FSR = 30nm

footprint = 200 x 350 µm2

¸ -25 dB crosstalk level

¸ -1 dB insertion loss

(center channel)

¸ 1.5 dB non-uniformity
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Improved devices
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Arrayed Waveguide Grating
8-channel, 400GHz

FSR = 30nm

footprint = 200 x 350 µm2

¸ -25 dB crosstalk level

¸ -1 dB insertion loss

(center channel)

¸ 1.5 dB non-uniformity
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Decrease phase errors

ÅUse wider waveguides

ÅAlign waveguides to grid

ÅSee also: P. Dumon, PhD thesis UGent 2007

(http://photonics.intec.ugent.be)

http://photonics.intec.ugent.be/
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Use of shallowly etched waveguides for crosstalk 

reduction

22

DJ Kim e.a. PTL 20 (17-20) p 1615 (2008)
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Arrayed Waveguide Grating

Silicon AWG for wavelength selective operations

JChannels spacing globally fixed

JLow loss (1dB)

J1 x N and N x N operation with same device

LCrosstalk > 25dB difficult to obtain

LSmall channel spacings (<=100GHz) difficult

Example: 320GB/s receiver

Fang e.a., OE 18 pp. 5106 (2010)


