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Abstract In recent years,quantitative phase imaging is widely used in biological tissues and cell imaging. At

first, used laser or superluminescent diode is used as the light source in quantitative phase imaging. Now it

mainly adopts the white light to image, as it can overcome the influence of speckle and improve the axial

resolution. In this paper, the principle of low- coherence interferometry techniques is introduced. Diffractive
method with 16 order binary grating is utilized to realize the green light gamma correction of the Holoeye Pluto
digital electric—addressed liquid crystal spatial light modulator, and the linear relationship between phase and

1

gray is obtained. An experiment setup is constructed (SLM), the gamma correction and the quantitative phase

—

imaging can be completed in the same setup. The actual size of the phase ring is calculated in the 20x objective
=]

of the Olympus, and four phase grating rings are made, their phase corresponding to 0, w/2, m and 3w/2. The

the SLIM observation. It has certain significance for the SLIM study in the future.
OCIS codes 120.5060; 180.1655; 230.2090

four phase grating rings are loaded on the liquid crystal SLM to complete the phase modulation of the scattered
light. It shows that the green light can be applied to spatical light interference microscopy (SLIM), and realizes
modulator; gamma correction; phase grating ring

Key words measurement; quantitative phase imaging; low coherence interferometry; liquid crystal spatial light

EEE M

FAE R R TE A i Bb o7 2 v 2 AR TR AR A 0 S —Se A W 2L BT — O S s e,
S B0 A% G5 i B AR M A 1 R 6 B R R o 1935 4 fif 2% B} 2% 5 Zernike & B T M W B (PCM) , IF

A5 1953 4F 3 U1 /R Wy B 27 2200 R o) S8 30085 T LA S 78 BH AR A B9 AR A5 43+ A 7 A i 5 182 981 ), 4 52 968 W
Y5 B H: 2014-05-27; Y B & 2475 B #3: 2014-06-28; M 4% H KR B #3: 2014-11-12
EE€WB: MK HARR%I4(61178089,81201124),

MR K50 (1989—), W3, fl -1 Al 5 A=, 32 2 AR B 7 T B F 5T . E-mail: dg_chan@163.com

SUm v IS (1972—), B Bl E RN RO m i 5E . E-mail: mj.zheng@fjnu.edu.cn(GEFHER A)

121204-1



51, 121204(2014) HMYSEMNYEBEIZFHE www.opticsjournal.net

g8 LA BB 92 38 FH T AL D AR 8, iR e e (A i ) L 20 TR AR A R OR R Bk AR . A
RSB 78 v, B 25 RATAE AR A AT % (B0 Tk (WS ik 0 0 R o T B 2 35 O S B G 4l A A 4 A 1
WL EEHT 3k By 1 BROARAE AR W) B 2 A B AL B R 2R oY AR SR Iz I R o F K S Oy R HLE
FHF 2 M5 sk L S0 40 A 57 0 A 19 et R 2 0 A T

AT AR Sfe, — il B S B0 Al R 57 4 A R R AR S 43 A I B B R TE BRSO ET B nT LUK A b R
FEA 25 4 28 AL I RE AR 32 Bl 52 1 6 4 A A8 Ak, AT A5 R AS () DN A B 8 i RIS — R G 2 ke L G
40 118 S A W0 A48 AR P 0 G O Tk . B Y E R IR R T EE R 4 bR B (DPM), % F 5L
(SPC) .45 [ T 95 U T 0 43 i Rk 7 U it AR B AR SR 1 JIECBH Y6 U5 K 22 1k TRl AR T
AEH A B B R AR ok — S HLRE AR . LIRS A X L I A AR A A R R G PR, BT DA
Tt DLARAE T 250 B RN £ 0 A IS R SR T ) .

F T T b 4% 1) 0 18 i % (SLIM) & — R ) B8 JE & 5 K A9 AT 5 624 o0 0k, & RE 0 SE B 6 I 19 48 T8 K 7 1)
R A A B AR A U b N R BROR BRI o AR SYAE AE AE R SLML S B X DPML, SPC /g 3 45 5 4
PR BT AR 5 18 Xt A 57 40 A 8 S A 67 40 A A T e

2 SCIE 1 SR AR B T IX T3 A A I 4% 5 Holoeye SLM 4H & i — M A T E BB R4 . &%, W4k
i % Holoeye Pluto %5 [A] ' i il &5 5 % Yo A 2 K OE |, 175 0~255 B B 22 0], AH A0 52 B4k M A8 Ak, 4% 1 SLM fin
AN TR) DK B (B s % 7 () AR S, IR MATLAB B2 7 A2 AL 23 508 0, /2, 3m/2 AL FR M, Jin 4%
Bz DG A% b SEI L ROE A AR A2 8 R, 58 T A 1) G (SLIM) B 98 i 0 25 A .

2 RN
2.1 SLIM JH#
AR AR T 5 T B0 (1 38 T B D 15 23 i 4 T 46 J50 90 9 6 44

Ulx.y)= [U(x.y) lexp[id(x.y)] ¢))
BB I3 5 B S DU 4 2K, — B 432 TS B P IR 75 B0 (R G, 53— 3 4 S A A RE AR A0 454 13
B UG (S ). B FOEME A N U, , BRI N U,(x.y) o B by 52 B 4 25 75 0 19— A~ A0 o 4
B by (x.y) S Uy B U (vay) 2 18 HOAR AL 22 , 5 2 T 4h 42 B 4016 102 S 1R (CMOS) M HL 75 51 1 38 S5 5311 bR 4
R

I(x,5,0,) = |Uo[ +|U,0) [ +2|U, | U x,5)|cos[d, (x,)+ ] - 2)
TG GE A AT B BT P, @, = w2 L BB R IR AR 1 — AN B B . BRI TR R G PR £
AMLHER 50 ke 0, w2, @, 3w/2 I, &, T LLAS B fE— 8 e 1 pR AL . BRI ¢, nT DA R LT 5K
¥
I(x,y,—7/2)= I(x,y,/2)
I(x,y,O)—l(x,y,’n’)

gol(x,y) = arctan 3)

2.2 XWERE

PR 1 ok BEAK B 307 A A 8 1R B 5 SLML 45 A Y S A BB 8T . 3% B B R FHROOR IR M K E AT . )R AT £
A A5 B o — 37 BE B RO IR I ROG I B8 AE ROG BT R ET AR 1 b, PRI 58 o RO BE A G2k e 38 A0 i R T
FEAS | 7E B CEETT N — HAK 708 5 F (431F550-W45), St % it 5 B9 iR 3K 550 nm. SR E R —F
B AR FE AT WSS T L RE S AF T PR AR L 4 2 8 R G I AR BT i, W) I O B 45 R 4R it —
B8 BUR B WL EETS 55 5200 v R A A W BE IR A 2R 20, BUE FL A% NA=0.45\PH1, ¥ %% 5 £ 10 [ 4 — A4
PR A OL IR X 35 o R A B U O R A R S8 38 K B AOE SR A AR T . O T RE T SLM (Holoeye Pluto) st #i
X HICSRS O 0 2 — 25 T, SR T — A B R A £ 43 531 O 500 mm A 37 B U 0 BRUBR TP HICH O 5 B G
S AESLM b, 976 55 — A~ 8 L 378 450 00 17 45 180 A 0 — K/INAT AR 06 B o E SLIML I in 8 AS [] 1) AF 437 Al 52
PR G 5 AR RO E o — A A B . A — N 4R B > 200 mam A9 {6 B 35 455 8O R % T CMOS AL .

121204~ 2



51, 121204(2014) MY SWHIZHE

halogen lamp
filament
green filter

www.opticsjournal.net

collector lens

objective
phase ring™1;

prism

J=500

500 .
adjustable Fourier

SLIM module
[ 1 3T SLM 1y SLIM B {5 5 48 % B ]
Fig.1 Schematic of SLIM imaging based on SLM

2.3 ZAMBKIE

AT 1 AT EASE BLER O SLM B4 55 45 1E , 7 I8 WO % bl 2 33 A 4 A9 2% (5 8t )1, R H PerkinElmer
) Lambda 950 % 4k n] WL 73 6 56 KE 30 th e i &, AP 2() i, 16 25T 89 @3 0 3300 K, I, 20t 1 1
G 1B 43 A1 An 1 2(0) B A5 BTG A0 K R 550 nm iR TG . AR ()2 AT i IR
RN 2.03 wm 20/ THOG, KOG T Sl SOG IR A A T

FWHM T AA N

3.0

,_.
© S
S 3
AN
&

()

P
L
o

N
=1

\
\

) — ) .
0 500 550 600 650 450 500 550 600 650
Wavelength /nm Wavelength /nm
B2 (a) S0 H B A (b) BRI I 4 4
Fig.2 (a) Transmission spectrum of green light; (b) spectrum distribution of the illumination
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Fig.3 (a) 16 order binary grating; (b) diffraction pattern on the CMOS camera
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Fig.4 (a) Intensity diffraction efficiency along with the change of gray value by using binary phase grating;

(b) relationship between the phase and the gray value
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Fig.5 (a) Imaging light path of phase ring; (b) phase ring pattern on the CMOS camera
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Fig.6 (a), (b), (¢), (d) are the phase grating rings when each of the gray value is 0, 114, 140, 161, respectively
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Fig.7 (a) Binary phase grating for the gray level is 140; (b) pattern on the CMOS camera
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Fig.8 (a), (b), (¢), (d) are the sample patterns on the CMOS camera corresponding to Fig.6

3 4 i
S O A R A A B B 2 S A I 3 W M W R L T ARG R . AR SO E SR Y
SLM 52 3% 7 2 K AR I 9 SIS OG5 50 94 461, 0 45 5230 T SLIMU A%

2 X X ot
1 Stephens D J, Allan V J. Light microscopy techniques for live cell imaging[J]. Science, 2003, 300(5616): 82-86.
2 Zernike F. How I discovered phase contrast[J]. Science, 1955, 121(3141): 345-349.

3 Zernike F. Phase contrast, a new method for the microscopic observation of transparent objects part II[J]. Physica,
1942, 9(10): 974-986.

121204-5



51, 121204(2014) HMYSEMNYEBEIZFHE www.opticsjournal.net

4 Preza C, Snyder D L, Conchello J A. Theoretical development and experimental evaluation of imaging models for

differential-interference—contrast microscopy|[J]. J Opt Soc Am A, 1999, 16(9): 2185-2199.

5 Allen R D, David G B, Nomarski G. The zeiss— Nomarski differential interference equipment for transmitted—- light
microscopy[J]. Zeitschrift fur wissenschaftliche Mikroskopie und mikroskopische Technik, 1969, 69(4): 193-221.
6 Mir M, Wang Z, Shen Z, et al.. Optical measurement of cycle-dependent cell growth[J]. Proceedings of the National
Academy of Sciences of the United Stantes of America, 2011, 108(32): 13124-13129.
7 Park Y K, Best C A, Auth T, et al.. Metabolic remodeling of the human red blood cell membrane[J]. Proceedings of the
National Academy of Sciences of the United Stantes of America, 2010, 107(4): 1289-1294.
8 Park Y K, Diez—Silva M, Fu D, et al.. Static and dynamic light scattering of healthy and malaria—parasite invaded red
blood cells[J]. Journal of Biomedical Optics, 2010, 15(2): 020506.
9 Popescu G, Ikeda T, Dasari R R, et al.. Diffraction phase microscopy for quantifying cell structure and dynamics[J].
Opt Lett, 2006, 31(6): 775-777.
10 Firhapter S, Jesacher A, Bernet S, et al.. Spiral phase contrast imaging in microscopy[J]. Optics Express, 2005, 13(3):
689-694.
11 Wang Z, Millet L, Mir M, et al.. Spatial light interference microscopy (SLIM)[J]. Optics Express, 2011, 19(2): 1016-1026.
12 Ding H, Popescu G. Instantaneous spatial light interference microscopy[J]. Optics Express, 2010, 18(2): 1569-1575.
13 Huang M, Jiang Z, Li B, et al.. Evaluation of absolute phase for 3D profile measurement using fringe projection[J]. Chin
Opt Lett, 2006, 4(6): 320-322.
14 Maurer C, Jesacher A, Bernet S, et al.. What spatial light modulators can do for optical microscopy[J]. Laser &
Photonics Reviews, 2011, 5(1): 81-101.
15 Nguyen T H, Popescu G. Spatial light interference microscopy (SLIM) using twisted—nematic liquid-crystal modulation
[J]. Biomedical Optics Express, 2013, 4(9): 1571-1583.
16 Wang Z, Popescu G. Quantitative phase imaging with broadband fields[J]. Applied Physics Letters, 2010, 96(5): 0561117.
17 Bouchal Z, Chlup V, Celechovsk vy R, et al.. Achromatic correction of diffractive dispersion in white light SLM imaging
[J]. Optics Express, 2014, 22(10): 12046-12059.
18 Zheng Mingjie, Li Zhifang, Chen Daqiang, et al.. Phase modulation characteristics of liquid crystal spatial light
modulator fast linearized with diffractive method[J]. Laser & Optelectronics Pregress, 2014, 51(6): 061203.
B, AR5 05, BROCIR, S5 A7 50 36 D 26 A0 & 2 18] 98 1 4% 19 AR A2 98 0 5C 2 [J]. W06 506 i 724 i, 2014, 51(6):
061203.

121204~ 6



