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Overview of Silicon Photonics/Ring Resonators 

 

Overview of Applications and Motivations 

 

Specifics for Tracking Applications 

 

 

This is a Blue-Sky Idea,  not associated with LHC upgrades 
(Also relatively new,  first working devices in last 6 months…) 
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Optical/Infrared  Silicon Waveguides (<1um wide/tall) 
 

Difference in index of refraction of silicon with surrounding material  

 

Design file 

10um Ring in middle 
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Nanofabrication Steps With UV Lithography (<100nm process)                 

or more precise Electron Beam Lithography 

 

Start with 3-layer wafer:  a) Si substrate, b) SiO2, c) Silicon device layer 

 

 

 

 

 

 

Entire process ~6 hours total, $25 wafer 

 

Many different materials used,  not just silicon 
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Silicon photonics emerging technology 
 

First major US silicon photonics foundry opens this year in Rochester 

 

$610M facility, $500M industry, $110M DOE and DOD 



Optical Ring Resonators:   Resonant cavities on a chip 

St. Paul’s Cathedral, London 

The Whispering Gallery 



6 

How do Ring Resonators Work? 

 
 

 

 

 

 

 

Silicon ring and 

waveguides 

fabricated at 

Argonne 

SEM pic: 3um scale 
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Applications and Motivations 
 

 

Notch filters for Dark Energy Science/Infrared Astrophysics                                       

(our main motivation) 

 

Highly Sensitive Biosensors 

 

Telecommunications 

 

Next Generation Super-Computer Inter-Node Communications  

 

High Energy Physics “Smart” Tracking Detectors (this talk) 

 

 

 

These applications share a lot of common techniques 



Cascaded ring resonators as multi-notch filters  

 
Revolutionize Infrared Astrophysics by removing sky background spikes 
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Need a series of rings with suppression like 
this tuned to the sky wavelengths 
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Have been used to improve sensitivity 

for detection of DNA, proteins, viruses, 

bacteria, ethanol, pesticides… 

 

Techniques used here are one of the 

backup plans for wavelength tuning for 

astrophysics.   (more later) 

 

 

 

 

Other generic applications of ring resonator technology 



Silicon photonics/ring resonators coming of age 
 

 

 

 

Next generation supercomputers and telecommunications                        

will use tuned ring resonators as core technology 
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IBM press release Dec 2012: “After More Than a Decade of Research,     

Silicon Nanophotonics is Ready for Development of Commercial Applications” 

Stojanovic (MIT) 
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Example of Ring Resonator Wavelength Modulation 
 

Gardes et al., 2009 



12 

Stojanovic (MIT) 
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Stojanovic (MIT) 

The second half of the device could be on 

a second chip OFF-DETECTOR 
(Example:  Xu et al.,  2006) 
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• Low Mass:   Integrated with pre-amp, possibly nothing else on detector 

   

• Low power  ~1uW/channel 

 

• Compact:  ~5um/channel     (ring diameter + light wavelength) 

 

• Fast:  >165 GHz  (Bortnik et al., 2007) 
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Summary 
 

 

Silicon Photonics an Emerging Technology, new to US HEP 

 

 

Possible Blue-Sky Applications in Astrophysics and HEP TDAQ 

 

 

Possible benefits for HEP TDAQ: 

 

Mass Reduction 

Low Power 

Compact 

Fast 
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Additional Slides… 

 



Figure 1. Schemat ic diagram of a simple ring resonator showing the input , through and drop ports and a sketch of the

spect rum at each port .

accurate fit t ing of the PSF. (iv) The troughs of the frequency comb should not contribute significant ly to the

background. (v) The frequency comb must be stable.

The consequences of requirements (i) – (iv) on the ring resonator design may be addressed through consid-

erat ion of weak coupled mode theory (see for example Yariv & Yeh3). The dropped signal is given by

E1

E0

2

=
t2(1 + α2 − 2α cosθ)

1 + t4α2 − 2t2α cosθ
, (1)

where E1 is the elect ric field in the through port , E0 is the input elect ric field, t is the self-coupling coefficient

(i.e. the fract ion of light that is not coupled into the ring), α is the throughput of the ring and θ = 2πnL / λ,

see Figure 2. Example transmission spectra are plot ted in Figure 3. The exact form of the dropped spectrum

depends on the throughput of the ring itself, α, and the coupling coefficient from the input waveguide to the

ring, κ = 1− t .

The FSR is proport ional to the reciprocal of the circumference of the ring, L ,

∆ λ =
λ2

Lneff

. (2)

and is therefore easy to tune. For very high precision calibrat ion the FSR ought to be 3 – 4 t imes the spectral

resolut ion of the spectrograph. For example, an R = 100, 000 spectrograph operat ing at λ = 6000 Å, would

require a FSR≈ 0.2 Å, requiring a ring radius of ≈ 0.9 mm for a Si waveguide. This would be the highest

resolving power ever needed for an astronomical spectrograph and therefore also the largest radius required. For

more typical calibrat ion requirements, we may use FSR≈ 10× FWHM, and R = 10, 000, requiring a radius of

≈ 28 µm for a Si waveguide. For comparison, devices with radii as small as 1.5µm4 or as large as 1 mm5 have

been manufactured. Indeed, one at t ract ion of using ring resonators as frequency combs is that the natural FSR

of the device is highly suitable for calibrat ion, with no requirement to filter the comb subsequent ly, as is the case

for laser frequency combs.6
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