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Fig. 1. (a) Wide-field spectrum; (b) extended spectrum with single frequency direction; (c) extended nearly

isotropic spectrum with three frequency directions.
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Fig. 2. Sketch of two beam interference.
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Fig. 3. The variation of the interference fringe contrast

with different polization angles and the cross angle be-

tween the two beams.
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Fig. 4. Comparison of reconstructed images of the simulated object by using three algorithms at different

fringe contrast: (a) Wide-field; (b)—(d) reconstructed images with m = 0.01; (e)—(g) reconstructed images

with m = 0.1; (h)—(j) reconstructed images with m = 0.5.
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Fig. 5. (a) Schematic of polarization control by using phase retarders; (b) process of polarization control by

using three phase retarders (207,

FLC 5K HIL AL T AT EABRSE (<100 ps) #E
Mo SR AR 7 R BEAT ). SR E T AR AR
T AR, 75 B[R A 1A 1A ) 2% 4 AR A AT
5, i R B A ER . 4k, b T 75 A
WA FLC, SE56 R 4810 S0E I %4/ T 90%.

3.2 SXEiRRE

N T RFLCH#: AE 52 2% 1 a) @, 2014 4F
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Fig. 6. Methord of polarization control by using seg-

S

mented polarizer.
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T2 XA HR Fr—FF, & 2 TR 84, A7 BB
e AH A E 1R 4% — BEEAT [ 2D # i, AT DL 4k SIM

b1 BA b2 BT aT g, = A m HR s i 7 v a8 mr e o
AT PRI, BRI S R FR 1. WTUE

Y, T IE B VA E R E LM RE R
J5 A W R RS

ITHES

Fast axis angle distribution

180.0

157.5

135.0

- 112.5

y distance/mm
o
i
©
S
o
Fast axis angle

S
|

x distance/mm

K7 RGm e RA T [ AR
Fig. 7. Distribution of the fast axis orientation of the

zero-order vortex half-wave retarder.
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Fig. 8. Scheme of polarization control by using the zero-order vortex half-wave retarder.
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Table 1. Comparison of different polarization control

methods.
WiRrS RGHIRE ReEF A/ %
AR HE IR 3395 [ <90
I3 DX Al v fi% <40
TGN vE & >97

4 SZIHER

N T AR T A e 2 R, AT
T E oA SIM S R 4. P K532 nm
Ot s R R KCP 2 4R O, T8 T e R 2 O AR
(PBS) F 38 v, T BN 8k HL v 2 18] ' 1 i)
% (2048 x 1536 pixels, QXGA-3 DM, % [H Forth
Dimension Displays 2 ). F| ] Wen %5 22 45 5 1)

- o E—

)

TP v BT S M R, I 48 380 2 1) ' 1A i) 85
B S IR U ) AR AT S O R B R 81, P ORGE
IE e R F B PBS SN S Sk .
PR3 SRR BE - AR HL I A TRl 1 ) 2 St
AR, A2 T NS0 B 3 — AN HE A7 B AT 40
A 200, = A f R B AR 21 RATHCRENIE S 1 (B
PH 500 mm). SL56 A T — AN 2 A S8 A P &
g, R 1 HATHOEE. 1T AT
TR F SR mIR S G, B &S 2 (M
PE 175 mm) FIESE3 (FE0E 125 mm) 4181 3L £
ARG BB (100x, NA = 1.49, HA Nikon
A, BATHETEY B AP T IR IR R
K80 WORFES ARG, FORE S B e
JEiE s s &, Ll B, i sCMOS AL
(2048 x 2048 pixels, ORCA-flash4.0, H A 2
A]) KEEE.

T
) == ) 2

NEHEOE

B9 A RGBT kg ) SIM R G sie 6 14

Fig. 9. Experimental setup of the interference-type structured illumination microscope by using the zero-

order vortex half-wave retarder for polarization control.
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LU AT RREH. O T G M e O i R 4% 1 Rt
S BUNT L BE I 2R, B B AR S0 R T2 300 nm.
B 10 R 1A [E 258005 ) R ik 7 1) 4 2% 806
E R im0 (a), (d), (g) R 0° 44T,
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Fig. 10. Comparison of the interference fringe contrast at different polarization directions. For different

fringe orientations of 0°, 60° and —60°, the variation of fringe contrast with the polarization directions:

(a)—(c) 0 = 45°; (d)—(e) 6 = 60°, (g)—(i) O = 90°.
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Fig. 11. Super-resolution image of 40 nm-diameter fluorescent beads: (a) SIM; (b)—(d) zoom-in of two beads
and measurement of normalized intensity; (e)—(g) zoom-in of one bead and measurement of full width at

half maximum.
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Fig. 12. Super-resolution image of E. coli: (a) Comparison of wide-field and SIM; (b) partly enlarged view
of wide-field; (c) partly enlarged view of SIM; (d) normalized intensity profiles along the marked lines in (b)
and (c).
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Fig. 13. Super-resolution image of human retinal pigment epithelium: (a) Comparison of wide-field and

SIM; (b) partly enlarged view of wide-field; (c) partly enlarged view of SIM; (d) normalized intensity profiles

along the marked lines in (b) and (c).
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Abstract

Structured illumination microscopy (SIM) is one of the most promising super-resolution techniques, owing to its
advantages of fast imaging speed and weak photo bleaching. The quality of the SIM image is greatly dependent on
the contrast of the sinusoidal fringe illumination patterns. Low fringe contrast illumination will seriously affect the
super-resolution result and lead to additional artifacts. The generation of fringe patterns with high contrast is the key
requirement in hardware for the SIM technique. This can be done by the interference of two laser beams diffracted
from the phase gratings addressed on a spatial light modulator. Meanwhile, for maximal interference contrast, precise
polarization control to maintain s-polarization for different fringe orientations is critical. In this paper, we review several
typical polarization control methods in SIM, and propose a new method by using a zero-order vortex half-wave retarder
(VHR). Compared with the other methods, the presented VHR-based polarization control method is very efficient in

terms of simple system configuration, ease of use, and high light energy utilization efficiency near to 100%.

Keywords: structured illumination microscopy, super-resolution, polarization control, zero-order vortex

half-wave retarder
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