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Super Resolution Imaging Using Standing Evanescent Wave Illumination

Satoru TAKAHASHI*, Shin USUKI** and Kiyoshi TAKAMASU*

This article presents a lateral resolution improvement for total internal reflection fluorescence
(TIRF) microscopy that employs a combination of standing evanescent light and a sample
distribution (fluorescence distribution) retrieval algorithm with successive approximation. In this
method, a super resolution imaging beyond the diffraction limit can be achieved based on the
iterative reconstruction of multiple fluorescence images detected under the active control of the
spatial distribution of the standing evanescent wave illumination. In this report, first, the principle
of the lateral resolution improvement is shown from the viewpoint of the bandwidth of the
transferred spatial frequencies extended by the fine structure of standing evanescent illumination
and the sample distribution reconstruction process. Next, theoretical and experimental analyses
of its characteristics are discussed. This method has the unique abilities of the sub-100 nm
resolution even in the case of the long working distance condition due to the total internal
reflection material of high refractive index.

Key words: fluorescence microscopy, TIRF microscopy, lateral resolution improvement, evanes-
cent light, Rayleigh criterion
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Parameter Symbol Value
Numerical aperture of imaging optics NA 1.2
Wavelength of light source As 365 nm
Wavelength of fluorescence light Ay 447 nm
Refractive index of TIR medium n 2.14
Incident angle of TIR surface 4 60 degree
Peak-to-peak distance of standing evanescent light T 98.5nm
Conventional Rayleigh diffraction limit L 227 nm
Shift step Ss 33 nm
Shift count Sc 2 (=3 illuminations)
Iteration count Ic 1000
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1(a) 175nm separated two-dot sample 1(b) 78.5nm separated two-dot sample (c) 61nm separated two-dot sample
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Parameter Symbol Value
Numerical aperture of imaging optics NA 0.35
Wavelength of light source As 532 nm
Wavelength of fluorescence light A 612 nm
Refractive index of TIR medium n 1.52
Incident angle of TIR surface 7 55 degree
Peak-to-peak distance of standing evanescent light T 325 nm
Conventional Rayleigh diffraction limit L 927 nm
Shift step Ss 47 nm
Shift count Sc 7 (=8 illuminations)
Iteration count Ic 2000
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