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QUANTUM LITHOGRAPHY PROPOSAL

Experimental Layout
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Processes Contributing to the 
Coincidence Count Rate

(And interference among these processes!)





	 	 	OP A	 	HOMI 	 	QL 	

|C|2|A|2	 	0 	 	1/4 	 	(1+sin c)2

|D|2|A|2	 	1 	 	1/4 	 	1-sin 2 c

|C|2|B|2	 	0 	 	1/4 	 	1-sin 2 c

|D|2|B|2	 	0 	 	1/4 	 	(1-sin c)2	

2 Re A*C*DA		0 	 	0 	 	2 cos c (1+sin c)

2 Re A*C*CB		0 	 	0 	 	2 cos c (1+sin c)

2 Re A*C*DB		0 	 	1/2 	 	2 cos 2 c

2 Re A*D*CB		0 	 	-1/2 	 	2 (1-sin 2 c)

2 Re A*D*DB		0 	 	0 	 	2 cos c (1-sin c)

2 Re B*C*DB		0 	 	0 	 	2 cos c (1-sin c)

single-input terms = both detected photons arise from a single input arm

dual-input terms = detected photons arise from both input arms
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Interferometer-Dependent Coefficients 
of the Individual Contributions 

to the Joint Detection Probability 





Mean photon number
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Nature of Decreased Fringe Visibility
in a High-Gain Optical Parametric Amplifier
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degenerate OPO



Experimental Results

 N = 3 × 1012 cm-3,  P = 110 mW,   2w = 180 µm 

at cell exit far field

Frequency  dependence

∆ = 4.7 GHz

∆ = 9.4 GHz ∆ = 6.0 GHz

∆ = 3.4 GHz

∆ = 2.2 GHz ∆ = 1.6 GHz

∆ = 1.4 GHz ∆ = 0.7 GHz



Spontaneous Pattern Formation in Sodium Vapor

A sodium vapor may be thought of as a medium 
composed of two-level atoms. Light whose frequency is 
near the atomic transition frequency experiences a 
refractive index n which depends strongly on the 
intensity I:

Since light refracts in the direction of increasing index, 
in a medium with negative saturable nonlinearity it 
refracts toward regions of higher intensity. This causes 
smooth beams to narrow or self-focus. But it also tends 
to destabilize a beam as small amplitude fluctuations 
grow due to local self-focusing. Thus beams with even 
small amplitude noise can spontaneously split into two 
or more separate beams.

A simulation of spontaneous break-up into 3 stable beams:

induced refractive index
   is like a positive lens

beam will narrow due to lens-like
        refractive index profile

Experimental observation of spontaneous break-up resulting in a 
striking far-field pattern:

n = 1 + Dn

» 1 + 1
2

c0

1 + I/Isat

*For sodium at 200ºC, c0  » -0.05 and Isat » 6 mW/cm2

beam leaving sodium far-field patternbeam entering sodium

Pictures taken by R. Bennink, S. Lukishova, and V. Wong.











Experiment in Self Assembly

Joe Davis, MIT



Nanofabrication

•  Materials (artificial materials)

•  Devices

(distinction?)



Ultrafast All-Optical Switch Based On 
Arsenic Triselenide Chalcogenide Glass

   We excite a whispering gallery mode of a 
     chalcogenide glass disk.   

   The nonlinear phase shift scales as the square of the
    finesse F of the resonator.  (F ≈ 10 2 in our design)

   Goal is 1 pJ switching energy at 1 Tb/sec.  
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J. E. Heebner and R. W. Boyd, Opt. Lett. 24, 847, 1999.
   (implementation with Dick Slusher, Lucent)





    Pulses spread when only dispersion is present
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      But form solitons through balance of dispersion and 
	 	 	 	 	 	 	 	 	 	 											    nonlinearity.

Displays slow-light, tailored dispersion, and optical solitons.

NLO of SCISSOR Devices
(Side-Coupled Integrated Spaced Sequence of Resonators)

 

Description by NL Schrodinger eqn. in continuum limit.

(J.E. Heebner, Q-Han Park and RWB)



Center for Biochemical Optoelectronic Microsystems
Cornell, Harvard, University of Rochester

Disk Resonator for the Detection of Biological Pathogens
R. Boyd, J. Heebner

Objective:
Obtain high sensitivity, high

specificity detection of
pathogens through optical
resonance

Approach/Features:
 Construct high-finesse

whispering-gallery-mode
disk resonator.

Presence of pathogen on
surface leads to dramatic
decrease in finesse.

DARPADARPA

MTOMTO

Simulation of device operation:
      (FDTD) 

Progress:
Device design is complete.
Beginning fabrication

Intensity distribution in 
absense of absorber.

Intensity distribution in 
presence of absorber.




