22 10 Vol.22 No. 10
2002 10 ACTA OPTICA SINICA October 2002

0253-2239 2002 10-1229-07

210094
TH742 .64 A
50
S
B
1—6
S/N
2
Abbe
714 15
16
17 18 Lukosz '
19 20 21 COX 22
22 N
N
2
N = 2N, N, 1

*

= 1+ LAk 2n 1+ L,AR2x 2
L xr oy

y

E-mail th-daring(@sohu. com N, ,
2001-02-28 2001-07-16 L,



1230

Ak, Ak, L. Ak, >2n L Ak,
>> 27(' Nl_ v S
N, , = LJ.LyA/e‘l.A/eyan = SW 3
N, =21+ TAy 4
T Ay
TAv>1 N,
N, = 2TAy. 5
evanescent wave 2
B+ kL =k’
B2+ R >k
2a, = 180°
k.,
W = 2= -2 JJ‘ dkldk) _ TC/)(Z. 7
ki_ﬂei-\ikz
k, — k% + kyfk;ngz 3
kS R’y
kL P+ kPR 9
2a,
k=

22
tkE, =0 k,
Ak, 2t =2 1+ sina, A 10
a, = 90°
Ak, 21 = 4/X. 11
180° 2
Bendinelli ° f
D XD L, XL,
4C,  4C, s 2
N = = 1 N 12
SIN
~ =nL,D, ~ wL,D,
C, Y, C, xS 13

N=2LB, +1 2LB, +1 2LB. +1 x

2TB; +1 log 1 + S/N 14
L.L, B, = D,/ 22f B, =
D,/ 2af x y
L. B, =
T By 1
12 14
NE - NefszNTlogZ 1+ S/N 15
N 12 N, = 2LB, +1

Ny = 2TBy + 1



10

1231
3.1
NA
A ng
20
29~33
v u
1 o=k NA r 16
u = ka’z/f’ 17
k= 2%/ NA = nsina «a
r a
z
15 o 16 NA/M
NA M
12 w =0
15 w =0
2 5 1. 1 d + f/ f/ 2
h u v = ‘Azzlidi.jrljo ur’ exp 7ju _Od(T dr? dr 18a
0
d, d; Jo dudv® = duvdodd
n = Qodudv’F u v py/A i. u v t 19
Pod, > f Q o
Fuw T
h w v =
‘ 271'(12 j\r/‘] “Ur/ exp — iju}"/z dr/ : 18b
2 0
) 2
A dOd‘U lens 3 D
1 lens 2 lens 1
dichroic mirror IR .::':- :':'
> objective lens
P, Fig.1 Schematic of cofocal scanning fluorescence microscopy
L, hy
PU/A I, u v A q
. u v



1232 22
t D 13
", ", 20
0 W )
P
:%Jdv%]du F.uwvi, uv®h uo
0 ) > 20
QoP z"U(‘) ¢
nb:quhuU dfyfjdu Fyuwvi,uv®h uwv )
0 —ug
k NA 1
Vy — 2 Up Uy ?/2 Z[/fz d’v2
v N n, n,
u v
B pu—
® N n, N o,
S VR n, = \/S + B
S S/B B 2
S/IB v, t
1/ _ 12 D
[e B v t S v " 1575 ol 25
25
v
v 1/ 20 D
: / 4 op = 20
700
2.6 8.7 264
\%4
K 97 % t < 100 t >
100 n, oy ¢ 2“
[C, o+ 0.3u 2" <26
F, uv =X
0 others r = 100 up <
21 0.5 Up — o
CO t ng Up TE‘UIZ)
17.4 n, u, 15
ne, vp = 4 CU; X 3.7 = 14.87 Coj,
noop = Cldvt [ w v vdedodu 22 26
D VR
C = eqQoP,<C,/Ahv 7 geoo = 1207°C 27
VR
N vp ¢ = 47 Cop X 1.4 = 5.6 Coi,. 28
Fouwv =Cy—F. u v 23 Mo © t = 160°C 0.97¢ — 7.6 29
zt/.Z . 2 N Up L _ 14.81;2002% _ 56 30
n, vp t CJd‘U Jdme uwv Qh uwv - Mo 5.6 Cop
D —/2
ny vp t . 24 Ngoo 75
M © 1 097076 31



! 1233
3.2
N = Ny4N.Nzlog, 1+ 8 34
Ng= 2LB, +1 2LB, +1 1- ‘81/2 2
1
N = 2B,T 2LB. 2LB, 2LB, x
1_ ‘81/2 210g2 1+ﬁ ) 35
By T L, L, AL,
B vy, t =8.72/ Cup 3 ey e
g - AxXT.5/T5C N
0.97 + —=7.6 +0.75 3
258/ C 33
0.97 ¢+ -0.1°
R _ 8 1_ 8.72'UD 12 210g2 1+872‘UD 36
© 71— 258/ 0.97t - 0.1 " *log, 1+258/ 0.97¢ 0.1
C
2 =100 R o
Up
Up
1.4
12t
1.0
0.8}
-4
0.6
0.4
0.2
0 L 1 1
Fo/um

Fig.2 Relationship between R and vy, for £ =100
3

Fig.3 Images obtained from phycophyta with a confocal

fluorescence microscope designed by authors



1234

1 Lukosz W. Optical systems with resolving powers
exceeding the classical limit. J. Opt. Soc. Am. 1966
56 11 1463~1472

2 Lukosz W. Optical systems with resolving powers

10

11

12

13

14

15

16

17

exceeding the classical limit [[. J. Opt. Soc. Am.
1967 57 7 932~942

Bendinelli M Consortini A Ronchi L. Degreas of
freedom and eigerfuntions of the noisy image. J. Opt.
Soc. Am. 1974 64 11 1498~1502

Toraldo Di Francia G. Degrees of freedom of an image. J .
Opt. Soc. Am. 1969 59 7 799~804

Cox I J Sheppard C J R.
resolutions in an optical system. J. Opt.
A 198 38 1152~1158

Van der Voort HT M Brakenhoff G J. Determination of
the 3-dimensional optical properties of a confocal scanning
laser microscope. Optik 1988 78 1 48~53

Sheppard C J] R Choudhury A. Image formation in the
1051~

Information capacity and

Soc. Am.

scanning microscope. Optica Acta 1977 24 10
1073
Sheppard C ] R Wilson T. Image formation in scanning
microscopes wits partiatly coherent source and detector.
Optica Acta 1978 25 4 315~325
Strelbl N. Depth transfer by an imaging systems. Optica
Acta 1984 31 11 1233~1241
Wilson T Carlini A R. Depth discrimination criteria in
confocal optical systems. Optik 1987 76 4 164~166
Van der Voort HT M Brakenhoff G J. Determination of
the 3-dimensional optical properties of a confocal scanning
laser microscope. Optik 1988 78 2 48~53
Streibl N. Three-dimensional imaging by a microscope.
J. Opt. Soc. Am. A 1985 22 121—~127
Drazic V. Dependence of two-and three-dimensional
optical tranfer functions on pinhole radius in a coherent
confocal microscope. J. Opt. Soc. Am. A 1992 9
5 725~731
Sheppard CJ R Gu Min Mao X Q. Three-dimensional
coherent transfer function in a reflection-mode cofocal
scanning microscope. Opt. Commun. 1991 81 5
281~284
Visser TD Wiersma S H. Electromagnetic description of
image formation in confocal fluorescence microscopy. J .
Opt. Soc. Am. A 1994 11 2 599~608
Schmiff ] M Ben-Letaief K. Efficient Monte Carlo
simulation of confocal microscopy in biological tissue. J.
Opt. Soc. Am. A 1996 13 5 952~961
Kempe M Rudolph W Welsch E. Comparative study of

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

22

conical and heterodyne microscopy for imaging through
scattering media. J. Opt. Soc. Am. A 1996 13
1 46~52

Torok P Wilson T. Rigorous theory for axial resolution
in eonfocal microscopes. Opt. Commun. 1997 137
1 127~135

Sandison D R Piston D W Williams R M et al..
Quantitative comparison of background rejection signal-
to-noise ratio and resolution in conical and full-field laser

scanning microscopes. Appl. Opt. 1995 34 19 3576
~3588

Sandison D R Webb W W. Background rejection and

signal-to-noise optimization in confocal and alternative

fluorescence microscopes. Appl. Opt. 1994 33 4
603~615
Dunn A K Smithpeter C Welch A J et al.. Sources of

contrast in conical reflection imaging. Appl. Opt.
1996 35 19 3441~3446

Cox I'] Sheppard C] R Wilson T. Supes-nesolution by
confocal fluorescent microscopy. Optik 1982 60 4
391~396

Sheppard C J R. The spatial frequency cut-off in three-
dimensional imaging. Optik 1986 72 4 131~133
Sheppard C J R. The spational frequency cut-off in three-
1986 74 3 128~129

Dependence of 3-D optical

dimensional imaging Il . Optik
Kimura S Munakata C.
transfer functions on the pinhole radius in a fluorescent
confocal optical microscope. Appl. Opt. 1990 29
20 3007~3011

Amos W B White ] G Fordham M. Use of confocal
imaging in the study of biological structures. Appl.
Opt. 1987 26 16 3239~3243

Kimura S Munakata C. Calculation of three-dimensional
optical transfer function for a confocal scanning fluorescent
microscope. J. Opt. Soc. Am. A 1989 6 1015~1019
Nakamura O Kawata S. Three-dimensional transfer
function analysis of the tomographic capalility of a confocal
fluorescence micoscope. J. Opt. Soc. Am. A 1990
17 3 522~3526

Tao Chunkan
Laser confocal scanning microscope. Inwvention Patent of

China. 98111188.2 1998
Gao Wanrong Nie Shouping Liu Min et al.. The

Gao Wanrong Bian Songling et al. .

affecting factors of a confocal fluorescence scanning
microscope. Photoelectron and Laser
1998 9 6 501~503 in Chinese
Gao Wanrong Tao Chunkan Nie Shouping ez al.. The
high resolution of
microscope. Optical Technique
137 4~7 in Chinese
Tao Chunkan
Laser confocal scanning microscope. Inwvention Patent of
China Applying for in 2000 be authorized 01108137.6
Tao Chunkan
Laser confocal scanning microscope. New Practice
Patent Applying for in 2000 be authorized 01217876.
4.

confocal  fluorescence scanning

1999

Gao Wanrong Bian Songling et al. .

Gao Wanrong Bian Songling et al. .



10 1235

Signal-to-Noise Ratio and Information Capacity of a Confocal Scanning
Fluorescence Microscope
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Abstract  Signal-to-noise ratio and signal-to-background ratio are crucial factors for a confocal
scanning fluorescence microscope to form high contrast and resolution images of thick tissues
because of the low signal level and multiple scattering processes. So the suppression of stray light is
very impertant. Based on the concept of information capacity and the results of the calculation of
the signal-to-noise ratio and the transfer function of a confocal scanning fluorescence microscope
the relationships among the information capacity signal-to-noise ratio and 3-D optical transfer
function are analyzed. The results obtained is very useful for development of a confocal scanning
fluorescence microscope.
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