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The resolution of far-field optical microscopes, which rely on 
propagating optical modes, is widely believed to be limited 
because of diffraction to a value on the order of a half-
wavelength l/2 of the light used. Although immersion 
microscopes have slightly improved resolution on the order 
of l/2n, the increased resolution is limited by the small range 
of refractive indices n of available transparent materials. 
Here we demonstrate a new far-field optical microscope 
design, which is capable of reaching nanometer-scale 
resolution. This microscope uses the fact that the effective 
refractive index neff of a planar dielectric lens or mirror 
placed on a metal surface may reach extremely large values, 
up to 103, as seen by propagating surface optical modes 
(plasmons). In our design a magnified planar image 
produced originally by surface plasmons in the metal plane 
is viewed by a regular microscope. Thus, the theoretical 
diffraction limit on resolution is pushed down to nanometer-
scale l/2neff  values. Used in reverse, such a microscope may 
become an optical lithography tool with nanometer-scale 
spatial resolution.
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Fig.1 (a) Surface Plasmon Immersion Microscope: Surface 
plasmons are excited by laser light and propagate inside a 
parabolic-shaped droplet. Placing a sample near the focus of a 
parabola produces a magnified image in the metal plane, which is
viewed from the top by a regular microscope. Used in reverse, 
this configuration may be used in subwavelength optical 
lithography. (b) Sketch of the Ar-ion laser lines positions with 
respect to the dispersion curve of plasmons on the gold-glycerine 
interface. At 502 nm glycerine has a very large effective refractive 
index for surface plasmons. Also shown are the approximate 
locations of other guided optical modes inside the thin layer of
glycerine.
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Fig.2 Image demagnification by a glycerine lens: 
Ray optics is used to show that the brighter edges 
(points A and B in (a)) of an artificial scratch inside 
a glycerine droplet are imaged into points a and b, 
which are located near the geometrically defined 
position of the focus (shown by the green dot in (b)) 
of the parabolic mirror formed by the left edge of 
the droplet.

 

 

 

 

 

                       ( a )                                          ( b ) 

                                                                                

 

                                                             

 

 

                       ( c )                                         ( d )   

                                                             

 

 

 

 

                      ( e )                                            ( f ) 

                         

                     ( g )                                 ( h )                                                  Fig.3 

X[a.u.]
0.00 0.069

Z[
a.

u.
]

-0
.1

24
0.

54
1

X[a.u.]
0.00 0.080

Z[
a.

u.
]

-0
.2

03
0.

04
5

                

 

 

 

                                                                 

                      ( a )                                                       ( b ) 

       

                       ( c )                                                       ( d )   

   

                      ( e )                                                         

 

 

Fig. 4                                                                      

X[a.u.]
0.00 0.652

Z[
a.

u.
]

-0
.1

05
0.

41
7

Fig.4 Resolution test of the microscope. The array of 
triplet nanoholes (c) is imaged using a glycerine droplet 
shown in (a). The image of the triplet array obtained at 
515 nm is shown in (b). The least-distorted part of the 
image shown at higher zoom in (d), and the cross 
section through the line of double holes (e) clearly 
shows  the triplet structure.

Fig.3 2D images of a 30x30 mm2 rectangular nanohole array with 
500 nm hole spacing, which are formed in various droplets. 
Approximate reconstructions of the images via ray tracing are 
shown next to each experimental image. Individual nanoholes of 
the array are shown as individual dots in the theoretical images. 
Comparison of (e) and (f) indicates that individual nanoholes are 
resolved in the image (e) obtained at 502 nm.  The cross section
(g) through the row of nanoholes in (e) indicates edge resolution 
of at least 100 nm obtained at 502 nm. The spatial resolution is
lost in measurements at 458 nm (h) a wavelength at which 
surface plasmons are not excited. 
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