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Abstract A novel multifocal multiphoton excited fluourescence microscopy (MMM) is presented. The required
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focus array can be produced in multiple interesting subregions through uploading the accurate phase pattern to the
spatial light modulator (SLM) with the software. The focus array can be scanned with a two-mirror galvo scanner by
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scanning the single beam that is incident on the SLM. The two photon fluorescence signal is recorded directly with an
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electron-multiplying CCD in parallel. The two photon fluorescence images in the whole field-of-view are obtained
under the different modes such as 10X 10 and 50X 50 arrays, and the multiple subregions of interest are addressably
imaging speed and spatial resolution and also without hardware changes.

microscopy; multifocus; multiphoton; spatial light modulator
OCIS codes 180.2520; 180.5810; 180.6900; 190.4180

excited simultaneously. Compared with the other MMMs. our MMM has a good flexibility without sacrificing of the
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Fig. 1 Schematic of the multiple variational field-of-

specimen

view multifocal multiphoton microscope
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Fig. 2 Schematic of scanning a multifocus array
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Fig. 3 Two-photon fluorescence image of the sarcomere
structure in several adult cardiomyocytes stained

for g-actinin under 10X 10 array
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Fig. 4 Two-photon fluorescence image of the

fluorescence beads under 50X 50 array
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Fig. 5 (a) Image of the multifocus arrays in the multiple subareas; (b) two-photon fluorescence image of

fluorescence beads in the multiple subareas addressed

4 = e
KT —Fhowr i) 2 48 5 206 F IR O W
A 38 S AR S 23 1) % I R T BT
R R P R L T 28 SR AT DL A 45 i o RE 1
W L AT DL A SRk A R T B R S
() R 05 T AN S A S W] B AT 2 48 05 20 1 B L
AR PR IAT AR B AL 38 T A S A S R
A1) A PR A v R TR A TA) S 9 ) s BT A
A SEE O TR 0 SRR e R
25 ()8 1 7 S FE BRI R R I — AN /N T
BT R B ) 0 TR A o R TR B O A ) £ P T
RS 0 GOt MG AT B B AZ ., R 5
DGR & T &R G0 2 (6] 3 BE 3 A 4 ARE B ) g3 B
FIRF) 0.55 pm, AW 43 FEFE 1.3 pm, K. X
T AR 1) R0 P fe By 2 ) B A A rh Y
MR TE,

s & X #

1 W. Denk, J. H. Strickler, W. W. Webb. Two-photon laser
scanning fluorescence microscopy[J]. Science, 1990, 248(4951)
73~176

2 Chen Wang, Lingling Qiao, Zhengle Mao et al.. Reduced deep-

tissue image degradation in three-dimensional multiphoton

microscopy with concentric two-color two-photon fluorescence
excitation[J]. J. Opt. Soc. Am. B, 2008, 25(6); 976~982

3 Chen Deqgiang, Xia Andong. Two-photon laser scanning

fluorescence microscopy and its applications[ J]. Physics, 2000,
29(4) . 232~236
PRAEEER . 2R, BUCTHOCHM YO0 B M R AL 4
., 2000, 29(4): 232~236
4 Zhang Chunyang, Gong Yixuan, Ma Hui et al.. Studying the
effect of trichosanthin on choriocarcinoma cells with both two-
photon and confocal laser scanning microscopy[ J]. Progress in
Biochemistry and Biophysics, 2001, 28(5): 717~721
KER. STHE. & F % SOET RIERAEROCH I B HORF
FERAE B AR ANGUREA R EILELT]. 20 F 5 £HhY
k. 2001, 28(5): 717~721
Wei Xunbin, Guo Jin, Li Yan e al..
imaging[ J]. Laser & Optoelectronics Progress, 2009, 46 (8):
41~47
ik, 55 . & F. OEEIEEBR A BRI
5ke ek, 2009, 46(8): 41~47

6 Li Zheng, Zhang Zhenxi. Two-photon fluorescence imaging of

w

Progress of in vivo optical

cationic gold nanoparticles labeled fibroblasts and its application
[J1. J. Shenzhen University Science and Engineering , 2008,
25(3): 2-18~2'>1
% . LK A AR C TR A RO F 9 BUR LT .
«;r\iﬁlk% ?&gl#&, 2008, 25(3); 248~251

7 Li Xiaohua, Zhan Cheng, Zhang Hongmin et al.. Construction
of random-access scanning multiphoton f{luorescence microscope
\yslemU] Acta Optica Sinica, 2006, 26(12) . 1823~1828

ek, o5 . SRZLR A BEVLEI 20t T IO RBURIE RS

[J] K% S, 2006, 26(12) ; 1823~ 1828

8 A. Bullen, S. S. Patel, P. Saggau. High-speed, random-access
fluorescence microscopy: high-resolution optical recording with
voltage-sensitive dyes and ion indicators[J]. Biophys. J. . 1997,
73(1) . 477~491

9 Vijay Iyer, Bradley E. Losavio, Peter Saggau. Compensation of
spatial and temporal dispersion for acousto-optic multiphoton
laser-scanning microscopy[J]. J. Biomed. Opt., 2003, 8(3):
460~471

1018001-4



== /i
£ RY

W

ZHMG N2 R 20T R VO B AR

10 Shaoqun Zeng, Xiaohua Lii, Chen Zhan et al.. Simultaneous
compensation for spatial and temporal dispersion of acousto-
optical deflectors for two-dimensional scanning with a single prism
[J]. Opt. Lett., 2006, 31(8): 1091~1093

11 J. M. Larson, S. A. Schwartz, M. W. Davidson. Resonant
Scanning in Laser Confocal Microscopy [ OL]. MicroscopyU: The
Source for Microscopy Education. http://www. microscopyu.
com/articles/confocal/resonantscanning. html

12 J. Bewersdorf, R. Pick, S. W. Hell. Multifocal multiphoton
microscopy[J]. Opt. Letr., 1998, 23(9): 655~657

13 A. H. Buist, M. Muller, J. Squier et al.. Real time two-photon

absorption microscopy using multipoint excitation [ J J. J.

Microsc. ,» 1998, 192(2) . 217~226

14 Y. Shao, J. Qu, H. Lie al.. High-speed spectrally resolved
multifocal multiphoton microscopy[J]. Appl. Phys. B, 2010,
99(4) . 633~637

15 L. Sacconi, E. Froner, R. Antolini e al.. Multiphoton
multifocal microscopy exploiting a diffractive optical element[]].
Opt. Lett. ., 2003, 28(20): 1918~1920

16 Z. Zalevsky, D. Mendlovic. Gerchberg-Saxton algorithm applied
in the fractional Fourier or the Fresnel domain[J]. Opt. Lett. ,
1996, 21(12) . 842~844

EERE: # 4

1018001-5



