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�Ý. Xã 1(a)¥, δ =�µ���. Ó�, éu��

R�u1¶�²¡ÔN, 7,k��(½�n��

²¡=�²¡��éA, �3¢S¤��, �²¡
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¡o´½õ½�/?ul� �. ��½Â�éu

��(½�Ô²¡, U
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ã 2 l¶ÃßºFp�C�êi�EP¹1´«¿ã

éuw�¤�5`, ÔN�p��Ý�~�,

�±CqÀ�²¡ÔN, Ïd, w�¤�¥���

�k¿Â. d	, éuÃßºFp�C�êi�E

â5`, Ï~¢y�´ 1 : 1 ¤�, 3ù«�¹e, µ

�Ú��´���, Ïde¡=?Ø��¯K. d

	, �â©z [16], 3ã 1(b) ¥, l��²¡ 1 Ú 3

�à��²¡�ålCq��, ù�ål=�:ú

�, ^ δzm L«, Kk

δ ≈ 2δzm. (1)

2.2 ������ííí���

ã 2 �l¶ÃßºFp�C�w�êi�E

�P¹1´«¿ã, Ù¥ x0-y0 ²¡L«Ô²¡,

x-y ²¡L«�Eã²¡, z0 �P¹ål, xr, yr �

ë�:�éuÔ²¡¥%� �þ.

P¹ë�1ÅE�Ì©Ù�

R(x, y) = exp

{

jπ

λz0

[

(x − xr)
2
+ (y − yr)

2
]

}

.

(2)

�Ä¢�1|ï, 2yë�1Å�

C(x, y) = exp

[

−
jπ

λz

(

x2 + y2
)

]

. (3)

�â�r�û�úª, 3ål�Eã²¡ z ?��

ï�1|�E�Ì©Ù�

U (xi, yi, z) =
exp(jkz)

jλz
exp

[

jπ

λz
(x2

i + y2
i )

]

× F
{

C(x, y)H(x, y)

× exp
[ jπ

λz
(x2 + y2)

]

× rect
( x

Lx
,

y

Ly

)}

= exp

[

jπ

λz
(x2

i + y2
i )

]

× F

{

H(x, y)rect
( x

Lx
,

y

Ly

)

}

, (4)

ª¥, k = 2πλ, H(x, y) ´�Eã�rÝ©Ù, Lx,

Ly L« CCD �k�1¯¡º�, F{ }L«��F

p�C�. �Ä¶þÔ:, ¿b� CCD ��/�»,

= Lx = Ly = L, Kï�¢�Ý�1|�E�Ì

©Ù�

U (xi, yi, z)

=
exp(jkz)

jλz
exp

[

jπ

λz
(x2

i + y2
i )

]

× F

{

exp

{

jπ

λz0

[

(x − xr)
2
+ (y − yr)

2
]

}

× exp

[

−
jπ

λz0
(x2 + y2)

]

rect
(x

L
,
y

L

)

}

=A
exp(jkz)

jλz
exp

[

jπ

λz
(x2

i + y2
i )

]

×

∫∫

L/2

exp

{

−
j2π

λ

[ (

xr

z0
+

xi

z

)

x
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z

)

x
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dx
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)
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]

. (6)
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[

jπ
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]
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)

L

]
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(
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)
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]

. (7)

d�E�n, ¶þÔ:���¥% u (−xr,−yr)

?, �\þª��

U (xr, yr, z) =L2 exp(jkz)

jλz
exp

[

jπ

λz
(x2

r + y2
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]

× sinc

[

xr

λ

(

1

z0
−

1

z

)

L

]

× sinc

[

yr

λ

(

1

z0
−

1

z

)

L

]

. (8)

eë�:�é¡ �, = xr = yr = b, K��¥

%1r�

I (xr, yr, z) =
L4

λ2z2
· sinc4

[

b

λ

(

1

z0
−

1

z

)

L

]

. (9)

ò z = z0 � \ þ ª, � � à � � � ¥ % 1

r I (xr, yr, z0) = L4/λ2z2
0 . �â Strehl �â, =

l � � � ¥ % 1 r Ø $ u à � � � ¥ % 1 r

� 80%�, @�¤�´n��. ���eª:
(z0

z

)2

sinc4

[

b

λ

(

1

z0
−

1

z

)

L

]

> 0.8. (10)

duêi�Ew�¤�XÚ����~�, �3A

���þ?, Ïd, �±Ñ�þª¥� (z0/z)2, ¿�

�Ñ sinc¼ê©1¥ z � z0 ��É, l��

sinc4

[

b

λ

δz

z2
0

L

]

> 0.8, (11)

Ù¥, δz = z − z0 �l�þ, �ÒéAX��#N

�l�þ δzm, =�:ú�. ¦) (11) ª, �ÑdX

Ú��:ú��

δzm =
0.18L

b
·
λz2

0

L2
. (12)

eë�:����é¡ �, = xr = b, yr = 0,

�\ (8) ª, ��

I (xr, 0, z) =
L4

λ2z2
· sinc2

[

b

λ

(

1

z0
−

1

z

)

L

]

. (13)

^Ó���{, ¦�ù«�¹e��:ú��

δzm =
0.26L

b
·
λz2

0

L2
. (14)

e^RL«ë�:�Ô²¡¥%�ål, K (12)

Ú (14)ª�±Ú�L«�

δzm =
0.26L

R
·
λz2

0

L2
. (15)

ª¥ L/2z0 ��EãP¹��ê��».

éußº�Z¤�XÚ, �âÓ���â, ¿

|^â%� (Lommel) ¼ê�{í�Ù�:ú�

� δzm = 2λz2
0/L2[15]. I�`²�´, eò CCD �

»�¤�ßº�»����/�», K�â Strehl

�â, �±í�Ó¶êi�EXÚ����ßº

�Z¤��������, �í�L§�{ü�

õ [22]. d(Øm�y²
þãí��{��(5.

�â CCD ëê9ë�: ��ØÓ, (15) ª¥

� 0.26L/R �±�ØÓ��, Ïd, ÃßºFp�

C�êi�EXÚ���'ßº�Z¤�XÚ�

���U�!��U�. d	, ��r�êi�E

XÚ����', �kaq�(Ø. o�, (15) ªL

²: êi�E¤�XÚ���Ø=�P¹Å�±9

P¹��ê��»k', ��äN�1´(�9P

¹�ë�1Å� ��¹k'.
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ã 3 :Ô���¥%rÝ�l�þ�Cz�

ã 3 L«æ^�é¡ �e�l¶Ãßº

Fp�C�êi�EP¹1´, éþã¶þ:Ô

3ØÓl�þ?2y¤���8�z1r©Ù.

�[ëþ�: P¹1ÅÅ� λ = 632.8 nm, CCD

��ê Nx = Ny = 512, ��º� ∆x = ∆y =
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0.01 mm, P¹ål z0 = 31.6 mm, ë�: �

þ b = 0.75 mm. �â (15)ª, ��TXÚ��:ú

�� 42.78 µm. ã¥� δzm �TXÚ��:ú�.

��, ù«�¹e��[(J�nØ�ÎÜ��Ð,

cÙ´à��²¡����:ú���nØ��

���.

ã 4 �l¶ÃßºFp�C�w�êi�E

ãP¹1´«¿ã. d He-Ne-1ìuÑ�Å�

� 532 nm�-1²©åì©�üå, ©O²*

åO�ÈÅXÚ�, �å^5ì²ÔN, ,�å

²���w�Ôº®àu P :/¤ë�:, ü

å1Å²Üåì�� CCD ²¡/¤�Eã. ¢

�¥¤^� CCD ��ê� 1317×1035!��º

� 6.8 µm × 6.8 µm.

ã 5 �Ñ
P¹��Eã9ÔN�rÝ2y

�. Ù¥, ã 5(a) ��©�Eã, (b) � (a) ã¥%

«���ã, (c) �é�Eã�Fp�C����

���Ô|rÝ2y�, ù��´O(�. �â

gÄ �Ö�{ [22], ��
�Eã�P¹ëþX

e:z0 = 44.47 mm,xr = 0.830 mm,yr = 0.737 mm.

��, ¢�¥�ë�:�Cué¡ �. cÏ

ïÄ®|^ù
ëþ, ��
©EÇÿÁ��O

(� ��. d (15) ªO�ÑTXÚ��:ú�

� 26 µm.

计算机

物

CCD

BS

MP

P

Laser
M1

M2

BE2

NF

BE1
PBS λ/2λ/2

ã 4 l¶ÃßºFp�C�w�êi�EãP¹¢�1´

(a) (b) (c)

ã 5 P¹��Eã9ÔN�rÝ2y� (a) �©�Eã; (b)(a)ã¥%Ü©��ã; (c) rÝ2y�

10 20 30 40 50 60

0.2

0.0

强
度
分
布

/
a
rb

.u
n
it
s

0.4

0.6

0.8

1.0

0.2

0.0

强
度
分
布

/
a
rb

.u
n
it
s

0.4

0.6

0.8

1.0

0.2

0.0

强
度
分
布

/
a
rb

.u
n
it
s

0.4

0.6

0.8

1.0

xi/像素 xi/像素 xi/像素
10 20 30 40 50 60 10 20 30 40 50 60

(a) (c) (e)

(b) (d) (f)

ã 6 à��9ØÓl�²¡?2y����9��rÝ©Ù (a),(b)à��; (c),(d)δz = δzm; (e),(f) δz = 2δzm
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ã 6 �Ñ
©EÇÿÁ��à�Úl�rÝ

2y�. Ù¥ã 6(a), (c), (e)©OL«à�²¡, 1

��:ú�? (2yål� 44.496 mm), 2��:

ú�? (2yål� 44.522 mm)�rÝ2y�. �

�, ã 6(c) ¥ã���ßÝ� (a) �~�C,  (e)

¥ã�é�
. ã 6(b), (d), (f)©OL« (a),(c),(e)

ã¥Y²�ãþ���rÝ©Ù. '�ã 6(b), (d),

(f) �±wÑ, 1 ��:ú�?��Ð°�~�,

 2 ��:ú�?��Ð°�~²w.

�âêi�E¤��n, �k�ïëþ�P

¹ëþ���Ó�, ï� ��â´O(�. Ï

d, �l�2y�,  �2y�7,�3Ø�. éþ

ãl¶ÃßºFp�C�êi�Eã3�²¡N

C?1 �ï, ï¥-ë�:� �þ�±

ØC, ==UCïål, l��à�9l�²

¡þ�2y�, (JXã 7 ¤«. Ù¥, (a)L«ï

�à�¢�1|��� �©Ù, (c) ´ (a) �¥%

Ü©��ã, (e) ´ (c) �¥%Ü©�n�w«. (b)

L«l�þ� 1 ��:ú�?� �����©

Ù, (d) ´Ù¥%Ü©���ã, (f) ´ (d) ¥%Ü©

�n�L«. '�ã 7(d)� (c), (f) � (e)��, 3l

�þ� δzm ?ï� ��ké��Ø�.

(e) (f)

(a) (b)

(d)(c)

ã 7 à�9l�²¡?2y����9n� �©Ù (a), (c), (e)à��¶(b), (d), (f) 1��:ú�?
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I��Ñ�´, �âþã¢�¥�ëê, O�

�� λz2
0/L2 = 13.1µm,  0.26L/R = 1.95. ¢�

¥�:ú��~�Cu 2λz2
0/L2 = 26.2µm, =�

Cußº�Z¤�XÚ��:ú�, �ù��´

|Ü. eUC¢�¥P¹ë�:� �, K(J

¬k¤ØÓ. 3©z [15] ¥, �ö�âa|�â,

éïÅc¥�g �Ïf���*Ð�
Ø�

u 1/4λ ���, lí�
Ó¶�r�êi�E

XÚ��:ú�� λz2
0/L2. ,, d�â¿ØU^

uÃßºFp�C�êi�E¥, Ï�ù«�Eã

�2y¥��Ø�3�g �Ïf�*Ð�^.

4 ( Ø

�©ÏLnØ©Û�¢��y�(Ü��

{, ��
l¶ÃßºFp�C�w�êi�

EXÚ���. (JØ=L²
òßº�Z¤

�XÚ����â (Strehl �â) A^uêi�

E¤�XÚ��©Û¥��(5, Ó��L²


 Ã ß º F p � C � ê i � E ¤ � X Ú � �

�û½Ï��ßº¤�XÚ���û½Ï�Ø

Ó, Ù��Ø=�P¹Å�!¤�ì���»9

P¹ålk', ��ë�:� ��¹k'.

� 
 J p ê i � E ¤ � � ÿ þ � ° Ý, 3 �

O P ¹ 1 ´ �, A � ( À J P ¹ ë ê, ( �

X Ú � µ � � u � ÿ Ô N � p � � Ý ¶ ê

� 2 y L § ¥, � � { J p g Ä à � ° Ý, ¦

� 2 y � ² ¡   u X Ú � � � � � S. � ©
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Abstract

Based on the Strehl criterion of coherent lens imaging system, the focal depth (FD) of lensless Fourier digital micro-holographic

system is deduced. The FD expressions of the holographic systems with symmetrical and unsymmetrical reference point sources are

obtained. The results show that the FD of lensless Fourier digital micro-holographic system is dependent not only on theoptical

wavelength and the numerical aperture of the recording system but also on the offset of the reference optical source, which is different

from the FD of lensless Fourier digital micro-holographic system. The validities of the theoretical analysis are demonstrated by the

computer simulations and experiments.
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