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Towards Diffraction-Unlimited 
Optical Nanopatterning
Rajesh Menon

A technique for creating determin-
istic structural complexity is es-

sential to achieving high functionality 
at the nanoscale, whether in electron-
ics, photonics or molecular biology. 
Scanning-electron-beam lithography 
is the most widely used method in 
research, but it has a number of draw-
backs. For example, it tends to be slow, 
expensive, prone to placement errors 
and incompatible with organics and 
biological material. Ideally, one would 
prefer to use benign photons in the 
near-ultraviolet or visible range for such 
patterning. However, the so-called far-
fi eld diff raction barrier limits the small-
est feature achievable by wavelength, 
 to approximately /4. In a recent 
article, we demonstrated the patterning 
of features about /10 in size by means 
of wavelength-selective chemistry, a 
technique we refer to as absorbance 
modulation.1

Absorbance modulation uses a thin 
photochromic layer that is reversibly 
rendered transparent by illumina-
tion at wavelength 1 and opaque by 
illumination at a diff erent wavelength, 
2. When this layer is simultaneously 
exposed to a focused bright spot at 1 
and a focused node at 2, the ensuing 
photochemical equilibrium results in 
a sub-wavelength transparent region 
in the vicinity of the node. Photons at 
1 penetrate this region, forming an 
optical nanoscale probe. � e lateral size 
of this probe is not limited by diff rac-
tion, but by material parameters and 
the ratio of the intensities at the two 
wavelengths.2,3 In other words, optical 
near-fi elds are generated from afar. 

If a photoresist layer is placed 
underneath the photochromic layer, 
the nanoscale probe can be recorded. 
Furthermore, since the photochromic 
layer is reversible, complex geometries 
may be formed by a step-and-repeat ex-

posure in a dot-matrix fashion. � is ap-
proach was used successfully to double 
the spatial-frequency of a line-space 
pattern.4 By using an array of specially 
designed dual-wavelength micro-lenses, 
it is possible to parallelize the pattern-
ing to increase speed.5 If the photochro-
mic layer is placed over a sample to be 
imaged, the optical nanoscale probe 
generated via absorbance modulation 
can image the surface with deep sub-
wavelength resolution. � us, the tech-
nique is applicable in optical nanoscopy 
as well. Notably, absorbance modula-
tion requires two separate layers; one to 
generate the nanoscale probe, and the 
other to record this probe (for pattern-
ing) or to interact with this probe and 
generate a signal (for imaging). In the 

Schematic of absorbance modulation. Upon exposure to photons of wavelength 1, 
photochromic molecules convert from a form that is highly absorbing at 1 (“opaque”) to a 
form that is transparent to 1. The opaque form is recovered upon exposure to a different 
wavelength, 2. When a layer of photochromic molecules is illuminated with a bright spot at 
1 and a ring-shaped spot at 2 simultaneously, the layer turns transparent only in the close 
vicinity of the center of the ring. Light at 1 penetrates this transparent region forming an 
optical probe that is con� ned to deep sub-wavelength dimensions.

case of imaging, this signal may be 
fl uorescence 

� e ability to sculpt nanostructures 
with light over useful areas will almost 
certainly lead to new devices and a 
deeper understanding of the interaction 
of light and matter at the nanoscale. 
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Measurements of Biomechanics by 
Dynamic Optical Coherence Elastography 
Xing Liang, Vasilica Crecea, Marko Orescanin, Michael F. Insana 
and Stephen A. Boppart

Optical coherence elastography 
(OCE) is a novel elastography 

technique that can measure tissue bio-
mechanical properties using mechanical 
excitations and in vivo optical coherence 
tomography (OCT). � is technique has 
great potential for detecting mechanical 
property changes in the tissue micro-
structure—such as tumor invasion—
due to its high resolution, high speed 
and non-invasive features. 

OCE techniques can be classifi ed 
as static or dynamic depending on the 
mechanical excitation approach used. 
Static methods are commonly used in 
conventional OCE studies, and they 
are based on cross-correlation algo-
rithms.1 We concentrated on dynamic 
OCE techniques in which the sample is 
excited by mechanical waves. � e bio-
mechanical properties can subsequently 
be obtained by solving wave equations. 
In addition to being static or dynamic, 
OCE excitation can also be classifi ed 
as internal or external based on the 
spatial characteristics of the excitation. 
Internal excitation OCE techniques 
benefi t from remote excitation and 
the ability to maintain a sterile in vivo 
environment.2 

M-mode (motion-mode) OCE, a 
dynamic and external excitation OCE 
method, was fi rst studied to measure 
and map biomechanical properties of 
samples.3 We used a mechanical wave 
driver as the external mechanical excita-
tion and a spectral-domain OCT system 
for detection. Low-frequency sinusoi-
dal waveforms were used in the OCE 
experiments and Voigt bodies served as 
mechanical models for the mechanical 
driver and samples. Normal and neo-
plastic ex vivo human breast tissues were 
investigated using dynamic M-mode 
OCE. � e measured elastic moduli were 
10.68 ± 0.86 and 0.42 ± 0.17 kPa for 
tumor and adipose tissue, respectively. 

Using the phase-resolved M-mode 
OCE method and transverse scanning, 
we derived an elasticity map of tissue 
containing both tumor and normal 
adipose material. � e elasticity map al-
lows for the diff erentiation of the tumor 
from the normal adipose on the micro-
scale, and even minor changes within 
the tumor tissue that cannot be diff er-
entiated on the OCT structural image 
alone. � is dynamic and external OCE 
method was also used to determine in 
vivo skin biomechanical properties based 
on mechanical surface wave propaga-
tion. Quantitative Young’s moduli are 
measured on human skin from diff erent 
sites, orientations and frequencies.4

We also reported acoustomotive OCE 
(AM-OCE), a dynamic and internal 
excitation OCE technique.5 We used 
acoustic radiation force for internal 
mechanical excitation and spectral-do-
main OCT for detection. We measured 
mechanical properties of gelatin tissue 
phantoms by AM-OCE and verifi ed 
them using rheometry results. Measured 
mechanical properties, including shear 

(a) Classi� cation of optical coherence elastography. (b) Elasticity and error maps obtained 
with sinusoidally driven phase-resolved M-mode OCE. Unit for color bar is kPa. (c) OCE im-
age indicating wave propagation on human skin in vivo. (d) AM-OCE image on gelatin tissue 
phantom showing inclusion motion. 

moduli and shear damping parameters 
of the gelatin samples, were found to 
double when their polymer concentra-
tion increased from 3 to 4 percent. 

Novel dynamic OCE imaging tech-
niques, including external and internal 
excitation methods, have been applied 
quantitatively for measuring and map-
ping biomechanical properties of tissue 
phantoms and biological tissues. With 
features of micron-scale resolution and 
non-invasive measurement, these novel 
OCE technologies have the potential 
to be used to identify and quantify 
mechanical tissue properties in various 
biomedical applications such as early-
stage tumor detection. 

Xing Liang (xliang6@illinois.edu), Vasilica Crecea, 
Marko Orescanin, Michael F. Insana and Stephen A. 
Boppart (boppart@illinois.edu) are with the Univer-
sity of Illinois at Urbana-Champaign, Ill., U.S.A.

References

1. J. M. Schmitt. Opt. Express 3, 199-211 (1998).

2. Q. Wang et al. Proc. SPIE 68471B (2008).

3. X. Liang et al. Opt. Express 16, 11052-65 (2008).

4. X. Liang and S.A. Boppart. IEEE Trans. Biomed. Engr.  
In press (2009).

5. X. Liang et al. Opt. Lett. 34, 2894-6 (2009).

(a) (c)

(b) (d)14
12
10
8
6
4
2
0
9
8
7
6
5
4
3
2
1
0

 Static Dynamic

Traditional 
OCE

External 
excitation

Thermal elastic 
optical Doppler

tomography

Internal 
excitation

Dynamic M-Mode 
OCE

Acoustomotive 
OCE

100 m

100 m

10 m

150 m

2 ms

30 ms


