
2223-23

Winter College on Optics in Imaging Science 

R. Menon

31 January - 11 February, 2011

University of Utah & MIT 
USA 

 
 

 

On breaking the Abbe diffraction limit in Optical Nanopatterning & Nanoscopy

 



On breaking the Abbe diffraction limit in
Optical Nanopatterning & Nanoscopy

Rajesh Menon

rmenon@eng.utah.edu
http://lons.utah.edu

Laboratory for Optical Nanotechnologies
Department of Electrical and Computer Engineering

University of Utah

Research Laboratory of Electronics
MIT



The University of Utah

Infra-structures & facilities

Highly inter-disciplinary research

Entrepreneurship opportunities

1st year fellowship open to the best PhD students (including 
international students)













Superresolution using Fluorescence

STimulated Emission Depletion (STED)

STED

Confocal

Folds of the mitochondrial inner membrane

T. A. Klar, et. al, PNAS 97, 8206 (2000).

Target structure Localizing activated subset of probes STORM imag e

STochastic Optical Reconstruction Microscopy (STORM)

X. Zhuang, Nat. Photonics, 3, 365 (2009).



STED = stimulated emission depletion
GSD = ground state depletion
RESOLFT = reversible saturable optically linear fluorescence transitions
SPEM = saturated pattern excitation microscopy
SSIM = saturated structured illumination microscopy

PALM = photoactivatable localization microscopy
STORM = stochastic optical reconstruction microscopy
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Scanning vs non-scanning: STED vs PALM
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fl ≈ 10−9 s

 ≈ 10−16 cm2

Is = ( fl )−1 
~ 10MW/cm2

T ≈ 103 to 106 ns
(T1 is meta-stable)
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absorbance 
modulation layer (AML) nanoscale 

optical probe

 
(opaque)

 
(transparent)

Absorbance Modulation: Exploiting Wavelength-selective 
chemistry to overcome the Diffraction limit

BA

Focal ring at 2 in competition with round spot at 1 creates a localized 
sub-wavelength aperture.

Light at 1 penetrates through this aperture forming a nanoscale probe 

T. L. Andrew, H-Y. Tsai, R. Menon, Science, 324, 917 (2009),
H-Y. Tsai, G. W. Wallraff, R.Menon, Appl. Phys. Lett. 91(9), 094103 (2007) 
R. Menon, H-Y. Tsai & S. W. Thomas, III, Phys. Rev. Lett. 98, 043905 (2007).
R. Menon, H. I. Smith, JOSA A, 23, 2290 (2006).



��������	
��������
�
����������������������
���
�
����
�������
�������

������
��

���������������
��
�

�	�����
�����������

���
�������������
����
����
����������
��
����������
����


����
��
�
����������
��

���������������
����
��������
��

�
���
������
���
�������
��
������������
����



laser 

spatial 
filter collimating 

lens 

spatial-light 
modulator 

telescope

array of diffractive
lenses

substrate 

scanning stage 

Architecture for massively parallel patterning

Commercial tool from LumArray, Inc.
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4 mm

Large Zone-Plate Arrays Possible

280 nm

Cr

HSQSiO2
39.2 μm

90 μm

78.4 μm

1000 Zone Plates for  λ = 400 nm, with NA = 0.7 and Focal Length = 40 μm 

Areal Coverage ~ 9 mm2

Gapping 
zone plates
operating at
λ = 633 nm
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Schematic of current Microscope
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Photochromic molecule: Azobenzene polymer
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Absorbance-Modulation Nanoscopy

H-Y. Tsai, S.W. Thomas & R. Menon, Opt. Exp. 18(15), 16015 (2010)
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Superresolution using Fluorescence

STimulated Emission Depletion (STED)

STED

Confocal

Folds of the mitochondrial inner membrane

T. A. Klar, et. al, PNAS 97, 8206 (2000).

Target structure Localizing activated subset of probes STORM imag e

STochastic Optical Reconstruction Microscopy (STORM)

X. Zhuang, Nat. Photonics, 3, 365 (2009).
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