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1 Ú ó

���E1»I�üåÏL�mÈÅì�1
Å (²¡Å½¥¡Å) 31»Ä.þ/¤²V�m
�Z�^«, ÏLÍ1ÚwK�Eâ¼�ýÏ�1
»ù�. P¹Åc��þ��K�Z�^«é'Ý,
?K�¤��1»�û�Åc!û��Ç!1
»,Ñ19©E�+, P¹Åc��þq�ûu�
mÈÅì�»�-1å�'X�ÜnÀ�.

�mÈÅì���u�EÍ11´à�ßº
�²¡?��Ø1å¥du�í]2�âÚ1Æ
��"��5�Ñ�1���ÝD(, =�ä1Å
pª©þ, ²w1r©Ù, ?�yZ�|�þ. �
mÈÅì���»��K�Ñ�1åÅc�þ. e
��L�, ¬��pª©þ,Ñ1Lõ; e��L
�, �,1åÈÅ�^²w, �1åu)û��Ó
�¬K�1åÅc. {ó�, ¢y�mÈÅì�Z

ÈÅ�J, A3ØK�1åÅc^�e¦���
»����, =31»��¥ÀJ�mÈÅì�»
�-1å��'�'X´���©'��¯K. �
´, 3�»�1åå�äNAT÷vÛ«^��
¯Kþ�8�k���(Ø. Chen[1] �Ñ, ���
»A'à��1åû�4�1�º�Ñ�, Ù'�
� π/2. ,, ©z [1] �lnØþéT(Ø?1�
ã, §==áu�«'u¦^�����²��;
2öT'�q�-1Å�!1åuÑ�±9-1
DÂålk', 31»��¥°(¢yd^�Ä�
Ø�U. ©z [2—8] épd1åÏL����û�
y�?1L?Ø, Ì�ÔnÄ:´²;�r�û�
nØ. 3ù
?Ø¥�,�Ñ
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�{?ØL���û�y�, ��vkJ9û�1
å�� Cz. Cerjan[10] 3O�
²¡Å²��û
����ÌÚ� Cz��Ñ, ��Ì�"�� 
¬u)âC, ���J9pd1åÈÅ��� Ú
�ÌCz. dd��, þãïÄó�¿��Ñ3�
��E1»��mÈÅì���1åå�'�À
J�nØ�â.

�©�âIþû�È©nØ, ÏL©ÛÈÅ�
û�1åu)� âC (l 0 � π) � �, l¼
��mÈÅì�»�-1å�'�'X (ÀJ�
�) �e�; 3pd1åÏL��û��Ù1r©
ÙE�pd. [9] ù�cJe, (Ü1åDÂ�U
þÅð'X, 3�|« �?©O�Ñ
ÈÅ1å
ëê (¥%1rÚ�¡�») �éCz�)ÛL�
ª, ±1åu)û���.^�(½ÀJ'X�þ
�. �ª�Ñ�mÈÅì���»�-1å��»
�'��Ün��À«m, �3¢S1»��¥�
âà�º�åÚ-1å��»ÀJÜ·��mÈ
Åì���»Jø
nØ�â.

2 `z� ÆC �(½���»�
1åå��»'�e�

ã 1 ¤«����E1»Í11´9ÈÅì
��«¿ã. lã 1 �±wÑ, üåÏL�mÈÅ
ì�1Å31»Ä.þ/¤²V�m�Z�^«.
ã 1 ¥, θ �Ì1��1»Ä.{��mY�, λ �
-1ìÑÑÅ�, f �à�ßº�å, a ��mÈÅ
ì���», ω0 �-1å��».

2.1 nnnØØØÄÄÄ:::

pd1åÏL�mÈÅì�, 3ßº�²¡?
å��»�L�ª� [11]

ω0 =
fλ

πωF
. (1)

å��» ω0 �à�ßº�å f!-1Å� λ Úà
�ßºcpd1å�¡�» ωF k', �©:?
Ø3¢y�Z�ÈÅ�J�, ���»�å��»
�' a/ω0 �ÀJ��. 31åå��» ω0 Q½�
^�e, ���»� a, �mÈÅìé1åÈÅ��
ªÇ Wp L�ª� [1]

Wp = k
a

f
, (2)

ã 1 ¥¡ÅÍ11´Ú��«¿ã (a) ¥¡ÅÍ11
´; (b) ÈÅì��«¿ã

Ù¥ k = 2π/λ �-1Åê. d (2) ª��, 1åÈ
Å��ªÇ����»�~�Åìü$, ���
»��, ÈÅ�J�²w. �´, ��»~��,�
4��, ������(J�Ó�, ÈÅ1å¥%
Í1«�� u)Cz, lO\�E1»�Åc
��, ��
ÈÅ�J. Ïd, �mÈÅì���»
�1åå��»�' a/ω0 3¦^L§¥äk�½
���. o���ÈÅÚ1åû��K�, ÏL©
Ûpd1åû�|©Ù�� Cz, �¼��mÈ
Åì���»�-1å�'�e�. pd1åÏL
��òu)û�, Xã 2 ¤«.

ã 2 pd1åÏL��û�«¿ã

|^Iþû�nØ¥�Ä�¿Åû�È©ú
ª, ©ÛÈÅ1åû�|©Ù. ïá�IXXã 2
¤«, �Â¶ B ��Ì©Ù�L«� [11]

U(x′, y′) = − i
λ

∫∫
U1(x, y)

exp(ikρ0)
ρ0

dxdy, (3)
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Ù¥, U1 Ú U ©O���Ú�Â¶ B þ1�Ì,

ρ2
0 = (x′ − x)2 + (y′ − y)2 + z2.

�n (3) ª, ÈÅ1åû�|©Ù�L«�

U(x′, y′) = c0{E(kx, ky) ⊗ T (kx, ky)}, (4)

Ù¥, E(kx, ky) Ú T (kx, ky) ©O�û�¶ A ?p
d¼ê e(x, y) Ú�»¼ê t(x, y) �Fp�C�, Î
Ò ⊗ L«òÈ$�,

c0 = − i
λz

exp

[
ik

(
z +

x′2 + y′2

2z

)]
.

d (4) ª��, û�1å�� ¼ê´~êÏf c0

�L�¥¡Å� �òÈ$�� �Ú. 3�Â
¶ B ?¥¡Å�  c0 ð½, KòÈ� �ÆCL
«û��A�rf.

3þ!ß²0�¥, pd1å÷ z ¶��DÂ
��Ì� [11]

e(x, y) =
c

ω(z)
exp

(
− ρ2

ω2(z)

)
× exp

{
− i

[
k
(
z +

ρ2

2R(z)

)
+ Φ(z)

]}
,

(5)

Ù¥ ρ2 = x2 + y2. 3��? (x, y, 0) pd1å¼
ê�Ì9ÙFp�C��

e(x, y) =
c

ω0
exp

(
− ρ2

ω2
0

)
, (6)

E(kx, ky) = cπω0 exp
[
− ω2

0

4
(k2

x + k2
y)

]
, (7)

Ù¥,

kx = k sin θx,

ky = k sin θy.

b���>�þÝØO, ¥% uû�²¡�I�
:, K��¼ê9ÙFp�C� [12] �

t(x1, y1) = circ
(√

x2 + y2

a

)
, (8)

T (kx, ky) = 2πa2
J1

(√
k2

x + k2
ya

)√
k2

x + k2
ya

, (9)

Ù¥ J1(x) ���1�a�l�¼ê.

2.2 ±±±ÈÈÈÅÅÅ111ååå���   CCCzzz(((½½½���������»»»���
111åååååå������»»»'''���eee���

�±|^ (4), (7), (9) ªO�ÈÅ1å�û�

|©Ù, � a/ω0 = 1 �, O�(J�8�z/ªX
ã 3 ¤«.

ã 3 ÈÅ1å��Ì©Ù a/ω0 = 1

dã 3 ��, ÈÅ1ådu�3û�, l¦
1å�Ì>�¥yÅÄCz. Cerjan[10] 3O�²
¡Å²��û���ÌÚ� Cz��Ñ, 3û�
|¦^Ä�¿ÅCq^�e, û�1å�� �X
�ÌÎÒUC¥yüN4Oª³, �3�ÌÎÒU
Cc�×�ëYCz, 3ÎÒØC�� Ä��±
ð½. �©æ^3�ÌÎÒCz �?âC� 
� π, 3�ÌÎÒØC�� ð½�?n�ª, O
� a/ω0 = 1 �pd1åÈÅ��� Cz.

ã 4 ÈÅ1å�� Cz a/ω0 = 1

ã 4 ¤«� a/ω0 = 1 ^��ÈÅ1å�� 
Cz. ã 4 L², ÈÅ1å3>�?� u)âC,
�Â¶þÑy�fû��, 1å¥%«�� ð
½. ²O���, � âC, =1�û�� ���
mÈÅì�»�-1å��ÀJØÓ. �
�y
1å¥%Í1«�� ð½ØK�1»�Åc
�þ, O����»�1åå�'�ØÓ�1å�
 âC ��Cz, ±1å� âC ��l1å
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¥%��â, (½�mÈÅì���»�1åå�
ÀJ'X�e�.

ã 5 � {(½ a/ω0 '�e� (a) � âC �
� a/ω0 �Cz�; (b) � a/ω0 = 1.54 �ÈÅ1å�
� âC �; (c) � a/ω0 = 1.5 �ÈÅ1å�� â
C �

ã 5(a) �ÈÅ1å� âC ���mÈÅ
ì���»�1åå��' a/ω0 �Cz'X, '
�e�c�1å�� CzXã 5(b), (c) ¤«. d
ã 5 �±wÑ, �±ò^� a/ω0 = 1.5 ��1å
Åc�þCz�©.:, ÷vd'X�pd1å
�� âC ��3�C. '�ã 5(b) Ú (c) ��,
�^� a/ω0 6 1.52 �'�, �÷v a/ω0 > 1.52

�, Í1«�� ð½¡È��, ÈÅ�J��²
w. ²LO���, ÈÅ1å�pdá5�ÈÅ
c�'CzØ�, ùò3e¡?1?Ø. Ïd, 3
pd1å� ð½«�¡È���, ÀJ�mÈ
Åì���» a �1åå��» ω0 �'�e�
� a/ω0 = 1.52.

3 ÏLO�ÈÅ1åëêCz(½�
��²�1åå��»'�þ�

�Í11å¥%� ð½«����, ÷v^
� a/ω0 > 1.52, ��X���»�1åå��»
'��O�, ��ÈÅì�ÈÅ�J~f, ,Ñ1
ÏLLõ?K�1»ù���þ, ����»�
1åå��»'��3��þ��. �â�mÈÅ
ì3¢yÈÅ�^�ØUCpd1åá5ëê, Ï
LO�ÈÅc�pd1å¥%1r!�¡�»9
1åUþ���Cz, ©ÛÈÅ1å�û�rf,
±pd1åû���.^����mÈÅì��
�»�1åå��»'��þ�.

3.1 ---111111åååDDDÂÂÂ���nnnØØØÄÄÄ:::

�â (5) ª, 1å3?¿�:?1r I(ρ, z) 9
�¡�» ω(z) L«�

I(ρ, z) = I(0, z) exp
(
− 2ρ2

ω2

)
, (10)

ω2(z) = ω2
0

[
1 +

( zλ

πω2
0

)2
]
. (11)

-11åÏL�mÈÅì�Uþ P ′ �

P ′ =
∫ a

0

∫ 2π

0

I0 exp
(
− 2ρ2

ω2
0

)
ρdφdρ

=π
ω2

0

2
I0

(
1 − exp

(
− 2a2

ω2
0

))
, (12)

Ù¥ I0 = I(0, z). � a ≈ ∞ �, (12) ªòz�

P = π
ω2

0

2
I0

= π
ω2

2
I, (13)

Ù¥ P �-11å�²ÈÅ��oUþ.
3�E1»��¥, NÁ1´^��Â¶ål

-1å�����, =÷v^� zλ/(πω2
0) À 1, K

d (11) Ú (13) ª��, pd1å�²ÈÅ�¥%1
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r�

I(z) =
(

kω2
0

2z

)2

I0. (14)

du�mÈÅì�ÈÅ1åØ�)�²w�û�,
1r©Ù�^²;�r�û�nØ/ªL«. �
â Dickson �nØ [7], �pd1åå� u��?,
�í���ÈÅ�pd1å¥%1r IF )Ûª�

IF =
(

kω2
0

2z

)2

I0

[
1 − 2 exp

(
− a2

ω2
0

)
cos

( π

λz

)
+ exp

(
− 2a2

ω2
0

)]
. (15)

(15) ª�Òmà1��Ú1n�þ�1rû�Ï
f, L«ÈÅ1åû��rf. (15) ªL², du1
rû�Ïf��3, ÈÅ1å¥%1r�DÂål
¥y{u/ª���Cz. 3�E1»��¥, Ï
L�mÈÅì�1åá5Øu)UC, =û�1å
EÎÜpd.1r©Ù [9]. ± ω0F Ú I0F ©OL«
å�?ÈÅ1åå��»Ú¥%1r, d (12) ª�
�, ÈÅ1åoUþ�

P ′
0 =π

ω2
0F

2
I0F

=π
ω2

0

2
I0

[
1 − exp

(
− 2a2

ω2
0

)]
. (16)

(Ü1åDÂ�UþÅð'X, (16) ª���¤

P ′
0 =π

ω2
F

2
IF

=π
ω2

2
I

[
1 − exp

(
− 2a2

ω2
0

)]
. (17)

3.2 ±±±pppddd111åååëëëêêêCCCzzz(((½½½���������»»»���
111åååååå������»»»'''���þþþ���

1rû�Ïf���û½ÈÅ1åû��r
f, ?K�ÈÅ1åá5ëêCz, 1rû�
Ïfq�ûu���»�1åå��»'��À
�. ÏL©ÛÈÅ1å�û�1rÏf, O�pd
1å3ÈÅc��ëêCz, ±1åu)û���
.^����mÈÅì���»�1åå��»
'��À�þ�.

3.2.1 ���{
d (15) ª��, û�1å�¥%1rÓ�Ú�

��»�1åå��»�' a/ω0 91åDÂål
k'. �©Û a/ω0 �ÈÅ1åû�rÝ�'X, e

3ål� z ��Â¶?, ÷v^� cos
( π

λz

)
= 1,

K (15) ª{z�

IF =
(

kω2
0

2z

)2

I0

[
1 − exp

(
− a2

ω2
0

)]2

. (18)

�â (14), (17), (18) ª, ÈÅ1åëêCz�)Û
ª�L«�

∆I

I
=

[
1 − exp

(
− a2

ω2
0

)]2

− 1, (19)

∆ω

ω
=

[
1 − exp

(
− 2a2

ω2
0

)]1/2

1 − exp
(
− a2

ω2
0

) − 1, (20)

Ù¥,

∆I = IF − I,

∆ω = ωF − ω.

3.2.2 �Ïf{
du1rû�Ïf

2 exp
(
− a2

ω2
0

)
> exp

(
− 2a2

ω2
0

)
,

Ï1åû�rÝÌ��ûu (15) ª¥�1��
û�Ïf. 3�Ñ1n�û�Ïf�3ål z ?æ
^���^�, (15) ª�{z�

IF =
(

kω2
0

2z

)2

I0

[
1 − 2 exp

(
− a2

ω2
0

)]
. (21)

�â (14), (17), (21) ª, ÈÅ1åëêCz)Ûª
�L«�

∆I

I
= −2 exp

(
− a2

ω2
0

)
, (22)

∆ω

ω
=

[
1 − exp

(
− 2a2

ω2
0

)]1/2

[
1 − 2 exp

(
− a2

ω2
0

)]1/2
− 1. (23)

ã 6 �ÈÅ1åëê��mÈÅì���»
�1åå��»�' a/ω0 �Cz'X. lã 6 �
±wÑ, ÈÅ1åû�§Ý� a/ω0 �~�¥yÅ
ìO��ª³. �âÈÅ1åëêCz)Ûª�
� a/ω0 �þe�?pd1å�ëê��uL 1. �
©ÀJ a/ω0 = 2.2 ���mÈÅì���»�1
åå��»'��þ�, ndXe: 1�, lÈÅ1
åëêCz�)Ûª��, 3 a/ω0 = 2.2 ?ÈÅ1
å¥%1rCz�u 2%, äkd��Cz�ÈÅ
1åû��A���±�Ñ [7]. 1�, d (12) ª�
�, ÈÅ1å�Uþ ÏLÇ �u 99.99%, Cq @�
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ã 6 ÈÅpd1å¥%1rÚ�¡�»� a/ω0 �C
z (a) ÈÅ1å¥%1r I � a/ω0 �Cz; (b) ÈÅ1
å�¡�» ω � a/ω0 �Cz

ÈÅ1åvkUþ��. 1n, 3 a/ω0 > 2.2 �, û
��A�,��, �±ÏL,Ñ1K�1åÈÅ�
J��d, �Ø��. Ïd, ÀJ�mÈÅì���

»�1åå��»'��þ�� a/ω0 = 2.2.

L 1 � a/ω0 ©O� 1.52 Ú 2.2 �ÈÅ1å¥%1rÚ
�¡�»�Cz

a/ω0

���{ �Ïf{
1rÏLÇ /%

∆I

I
/%

∆ω

ω
/%

∆I

I
/%

∆ω

ω
/%

1.52 −18.86 10.47 −19.84 11.14 99.016

2.20 −1.60 0.79 −1.60 0.79 99.994

4 ( Ø

�âIþû�È©Ú� �ëY5CzCq
O�ÈÅ1å� �Cz, ±1å� âC ��
l1å¥%��â¼��mÈÅì���»�1
åå��»'��e�; �âÈÅ1åëêCz
©Ûû�rf, ±1åu)û���.^�(½�
mÈÅì���»�1åå��»'��þ�. ï
ÄL²: � a/ω0 > 2.2 �, -11åÏL�mÈÅ
ì�Ø�)û�, �±ÏLÑ�1��d, ÈÅ�
JØ²w. � 1.52 < a/ω0 < 2.2 �, 1å�3�
fû�, �ÈÅ1åÍ1«�� ð½, ØK�Í
11åû�Åc, ¿�d�1åÏL�mÈÅì�
Uþ�u 99%. Ïd 1.52 < a/ω0 < 2.2 ��mÈ
Åì���»�-1å��»'���Ün�À
J«m.
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Abstract

In the fabrication of the holographic diffraction gratings, the scatter light which is produced by the reflection of the granule in

air or the diffraction defect of the optical apparatus will be recorded simultaneously in the resist. Those noises not only reduce the

diffraction efficiency of gratings, but also give rise to the scattered light in diffraction. So an appropriate spatial filter should be used

to stop the higher spatial frequencies corresponding to the Gaussian beam. Because the diffraction effect after the pinhole aperture can

demolish the wavefronts of laser, it is the most important to choose the optimal pinhole for adjusting the waist of the laser. On the

basis of standard scalar diffraction theory, the field amplitude is given by the convolution calculation, the phase distortion of diffraction

wavefronts is also analyzed, and the lower limit ratio of the aperture size with respect to the beam radius is given when the phase

transitions are further away from the center. Using the energy conservation of Gaussian beam and comparing the characteristics change

of diffraction beam, the effect of diffraction is presented and the upper limit ratio of the spatial filter is given by the critical condition of

the diffraction. The conclusion shows that if the ratio of the aperture radius to beam waist is between 1.52 < a/ω0 < 2.2, the phase is

invariable in the area of the exposal, and the power transmitting the spatial-filter pinhole aperture is slightly more than 99%, so spatial

filter performs its function only in this range of the radio.
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