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Abstract: Multiphoton fluorescence microscopy is a powerful tool for studying biology. However, the current
scanning method is not fast enough to fulfill the requirement for fast functional event detection in the neuroimaging
field. A random-access scanning multiphoton fluorescence microscope system is reported. Two-dimensional acousto-
optic deflectors (AODs) are used to scan rapidly the femtosecond excitation laser. The system is capable of achiering
the scanning speed of 10 ps per scanning spot in the regin of thterest, and increases the effective scanning speed
greatly. A single prism is used to compensate the severe dispersion of the excitation light introduced by the AODs.
Using a 170 nm fluorescent bead, the lateral resolution of the system is measured to be 0.3 pum and the axial
resolution is about 1.3 pum. Multiphoton fluorescence image of a fluorophore-labelled cell is acquired by using the
random-access scanning system and a commercial multiphoton fluorescence microscope, respectively. The result
proves the multiphoton fluorescence collection efficiency of the system.

Key words: microscopy; random-access scanning; acousto-optic deflector; femtosecond laser; multiphoton
fluorescence imaging
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Fig. 3 Schematic of the random-access scanning multiphoton fluorescence microscope system
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fluorescence intensity distribution (d) of a 170 nm fluorescent bead

Bl s AEVARRERMERUEATRER
#4E (FV1000, Olympus) X} [a] — A~ Y4510 40 i 1Y
BB R (B EE S — b =R — & 8
). L PAERE BT REAR - (1.5 mW £
) BEMEEAR - (EIEHRERN 3 ps,
FV1000 2 4 ps), I A & 5 08 68 BE AL 13 46
55 FV1000 A AL A 5 64 > 33 18 i (500~
550 nm), K& FV1000 REMEH, DIFERE T K
HHANE PMT INE R HE T L E4FLIRE R
e KA B (800 pm)  (HIX Ff 7 X & s R 5 IR 3K

5 um 5 um

B 5 RICHEESETROEER. (DBNEHARSR

BRARSE B 5 (b) B AL Z 48 (FV1000, Olympus) Ji 5 45

Fig.5 Multiphoton fluorescence image of a fluorophore-
labelled cell, acquired by using the random-access
scanning system (a) and commercial system

(FV1000,Olympus) (b)

R—E B R, B o9 I 07 X LL & 6 A Y
PMT A, % BB 4R B R AR T e —8H
M. A% B BE ARSI S5 R W, FEALE
AGUWE BN TR 5 W58, X BT UAE 5
BRIERILWRAFH . FEEERE FV1000 H N
15 P 3 3R 8 O 0% 000 T 68 H 9 Dl Wi 4R B R A 1B
XEER S H AR Z D RIBENL M R L LT IO
e S AR AT LIS B B RO K P . AWEL S (a) Rl
MUBRIRBE EAESRE . XA
ke 3T EAOLIVERE R Buk- SA- L Y IMIVEIEIE s & ]
BB X X T MO RAE A — E KM, (87T LU
AR R 7O i AT S R B o A AT IR s T #EAT
REAB X B BEHLE S, oY R =R — B
5 Bl B 18] 59 3246 » SO o 52 M) A8 KK TS A 451 4
A IE R FEHL R SRR PTE .

BHEHLIT 1 200 T 9O BMUR G AR L TG4
BHMT NS TR EMALS, HERENEZ
7 i % A 182 A I 8] 9 2 W R SO N R (10 pes, 1%
AP BB AT LA S 2 ps UERD , MR HTT 2
Gy it AR o T B B b N B H (A FEHL T
VIRET . SEAHAE AR BURY 2 X PO AR 5 i BE B 4R
SRR LR AR M B . T T A S R P
Bl ML 3148 28 SR 7 = (6] 43 ¢ 0 O T FT DAk Bl B2 0



1828 * ¥

#H 26 %

AR 53X % T K5 BB 314 2 48 B T — 2L 40 5
DI RE S 1 CUnAR RO B BIF T R AR W B A fRAE .

5 44 1w

BT BEFE LRSI T AL L T8
RENBHMBBR R .. KRG AR 0T RS X 35,
Ph 10 ps/pixel B3 BE#ATHREEIL ., LWE
RNFHAYEFEER LB/ GESHMENE SR
FIPE R » 1% R G BB % 15 B AR & B4 [m] 4 % 1 g 47
HFaH . FHSETFTHMEAWHMEMMER
SuAHE, B TSR R RE T BB E .

&

=z

£ X W

Wang Jie, Tang Zhilie, Xu Xianfeng. Application of two-photon

—

excitation in three-dimensional imaging and storage[ J]. Optical
Technique , 2002, 28(4); 296~301 (in Chinese)
E W EED R SO FHEARE =4 R = g
AR ry R L] R FHAR, 2002, 28(4) . 296~301

2 Fu Ling, Luo Qinming, Lu Qiang e al.. Effect of scattering and
absorption properties of biological tissue on two-photon excitation
and confocal imaging depth[J]. Acta Photonica Sinica, 2001,
30(3): 262~266 (in Chinese)
8 2357588 W . A YRE S S AR R xR
THEMEERRRERERZ W] AF F#k, 2001, 30(3):
262~266

3 Warren R. Zipfel, Rebecca M. Williams, Watt W. Webb.
Nonlinear magic: multiphoton microscopy in the biosciences[ J].
Nat. Biotechnol. , 2003, 21(11); 1369~1377

4 Winfried Denk, Karel Svoboda.
multiphoton imaging is more than a gimmick[J]. Neuron, 1997,

Photon upmanship; why

18(3); 351~357
5 James D. Lechleiter, Da-Ting Lin, Ilse Sieneart. Multi-photon
laser scanning microscopy using an acoustic optical deflector[J].
Biophys. J. , 2002, 83(4); 2292~2299
6 Robert D. Roorda, Tobias M. Hohl, Ricardo Toledo-Crow et
al.. Video-rate nonlinear microscopy of neuronal membrane
dynamics with genetically encoded probes[J]. J. Neurophysiol. ,
2004, 92(1): 609~621
7 A. Bullen, S. S. Patel, P. Saggau. High-speed, random-access
fluorescence microscopy: I . High-resolution optical recording
with voltage-sensitive dyes and ion indicators[J]. Biophys. J.,
1997, 73(1) . 477~491
8 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
9 Vijay Iyer, Tycho M. Hoogland, Peter Saggau. Fast functional
imaging of single neurons using random-access multiphoton
(RAMP) microscopy [J]. J. Neurophysiol., 2006, 95 (1),
535~545
10 Shaoqun Zeng, Xiaohua Lv, Chen Zhan e 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 Xiaohua Lv, Chen Zhan, Shaoqun Zeng et al.. Construction of
multiphoton laser scanning microscope based on dual-axis
acousto-optic deflector[ J]. Rev. Sci. Instrum., 2006, 77(4).
046101-1~046101-4
12 Roger Y. Tsien, Brian J. Bacskai. Video-Rate Confocal
Microscopy. Handbook of Biological Confocal Microscopy
[M]. ed. J. B. Pawley. New York; Plenum Press, 1995
13 Wen Tao, Wei Jibo, Ma Dongtang e al.. A novel method of
increase acousto-optic deflector spatial resolution[J]. Chin. J.
Lasers, 2005, 32(12): 1631~1635 (in Chinese)
B O% BA% DA % BEERESSRSHRNTE
#oE[I]. + Bk, 2005, 32(12): 1631~1635



