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1 Ú ó

Äu-1e%ÚÓ¼��f1ÆCAcuÐ
�~×�, Ù¥���ïÄ+�Ò´ÏL-17Å
|°(���f$Ä, ¢yB�ã���� [1−12].
duù«-17Å|éÙ¥��fäk®à�^,
ÚDÚÔ�ßº®à1Åy��~aq, ïÄöò
ù�+�¥�7Å|/�/'��fßº. ù«E
â�����B�1»(�3�O�fåw�º
�B�ÿþ¤ì�¡¥yÑp<�A^cµ [2,3].
�
¼�é'ÝÐ, U
O(�N-17Å|1Æ
³²±Ï�B�1»(�, ���¦\�-1�¥
¶�ÚÄ¡�ÈL¡î�²1, ±Ð��/ª÷X
ù�L¡DÂ. duÄ¡>���^, \�-1å
��Ü©Ï~¬�	K. ,�, ù��{	�-1
å÷XÄ¡L¡DÂ, ����º��´�£, Ú
�5�\�-1U\, /¤®à�f�1Å|. �
Ä�Ä¡þÝÚ-1å�¡�»º�þ�]Ï�
O, =Ä¡3R�1¶��þ�þÝ�� 2 mm, 3
Ú¥¶�²1�²¡Sò�§ÝÑ�f�þ?, 
\�-1å��¡�»Ø�L 0.1 mm, ù�, Ä¡

>�Ú\�-1�m�¤
�>û��Ôn�/,
Ä¡�ÈL¡þDÂ�7Å|Ò¬É�û��A
�K�, �f3ÏL®à7Å1|��ÿÒ¬¥y
ÑØÓu�û��¹e�$ÄG�, ?B�1»
��È°Ý�¬É�K�. Ïd, &?-17Å|
³²¥û��A�K�é-1®à�f¢�5`
äk�~��¿Â.

�©$^Iþ1Æû�nØ, ¼�
pd-1
�>û�1|©ÙL�ª, ÏLê�O�é'ïÄ

Ä¡û��Äü«�¹e1Æ³²�ØÓ. Ù¥
ÄkÏLn�ÀãÐ«
üö��O, ,�Äu�
�f (52Cr) �'ëê, ïÄ
-1¥¶��Ä¡�
ÈL¡ål, -1å�Ú��º�m�ålé1Æ
³²�K�.

2 nØ©Û

ã 1 �Ñ
¢�¥®à-1å, Ä¡Ú��º
�m��p �'X. Ù¥O��få÷X z ¶�
�DÂ, ®à-1å÷X x ¶DÂ, b L«-1¥¶
�ÚÄ¡�ÈL¡�m�ål, xw L«-1å�
Ú��º�m�ål.
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Äuã 1 Ä�Ñ5�pd-1û��nXã 2
¤«, Ù¥ K ´éAuÄ¡>���>û�¶ (�
I� y1Cz1, z1 < 0 ��m�ß1� Σ, Ä¡�È
L¡3 y1Cx ²¡S, F ´��º�º¡, E ´�
�º�º¡�cR�u-1¥¶��,���	
¶ (�I� yP0z). K, F Ú E n�²¡�p²1�
R�u x ¶.

dÄ�¿ÅCqIþû�nØ��, \�-1
3DÂål� x1 ��	¶þ� P :E�Ì� [13]

Ẽ1(P ) =
exp(ikx1)

iλx1

∫
Σ

Ẽ1(y1, z1) exp
{

ik
2x1

[(z

− z1)2 + (y − y1)2]
}

dz1dy1, (1)

ª ¥ i ´ J ê ü  ; k = 2π/λ ´ 1 Å Å ê, Ù
¥, λ ´1ÅÅ�; È©«�CXß1� Σ:y1 ⊂
[−∞,∞]; z1 ⊂ [−∞, 0]. ��XÚ� x ¶�:�

�3��º�¥% O :?, Kß1«þ?¿�
: Q ��I�P� (x0, y1, z1), Q :ÏL��º
�º��I�±P� (−x0, y1, z1). �*	²¡
þ P : � � I � (x, y, z), K § Ú Q : � R �
å l � x1 = x − x0, § Ú Q :� R � å l �
x2 = x + x0.

ã 1 -1å, Ä¡Ú��º�m� �'X

ã 2 -1�>û��n

éu\�pd-15`, §3ß1« Σ ¥�?
�: Q �E�ÌL«�

Ẽ1(x1, y1)

=
E0

w(x)
exp

[
− (z1 − b)2 + y2

1

w2(x)

]

× exp
[
ik

(
x +

(z1 − b)2 + y2
1

2R(x)

)]
, (2)

ª¥, E0 �-1¥¶�þ��Ì, w(x) � x  �?
-1å��¡�», R(x) � x  �?-1Å¡
Ç�».

ò (2) ª�\ (1) ª, ¿�Ä� (2) ª¥1E�
Ì3 y Ú z ��þ�Õá5, (1) ª�±©)�ü

�ÕáÈ©�¦È, =

Ẽ1(P ) =
exp(ikx1)

iλx1
Ẽ1yẼ1z, (3)

(3) ª¤«�û�1Å|����º�, ¬��
´��, /¤��Å. ��Å�±{ü/w¤\
�ÅÏL��º�º�\þ�Å���), X (4)
ª¤«:

Ẽ2(P ) =
exp(−ikx2 + iπ)

iλx2
Ẽ2,yẼ2,z. (4)

(3) Ú (4) ü�ªfL«�Å��U\�Ò¬/¤
7Å|, Ù1rL�ª�

I(P ) = [Ẽ1(P ) + Ẽ2(P )][Ẽ1(P ) + Ẽ2(P )]∗. (5)

ò (5) ª�\�®à�f�1³²L�ª [3](6) ¥,
·�Ò�±ïÄû��¹e��ëêé-17Å
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³²�K�.

U(P ) =
~∆

2
ln

[
1 +

I

Is

Γ 2

Γ 2 + 4∆2

]
, (6)

Ù¥, ~ �Ø± 2π �ÊK�~ê, ∆ �-1ªÇ�
�þ, Γ ´�f�[�g,�°, Is ��f�[�
�ÚrÝ.

3 �ý(JÚ?Ø

Äuc¡�nØ©Û, ·�é (6) ª?1
ê
��ý, ïÄ
û����ëêé1Æ³²�K�.
� 52Cr �f�'�ëêkéAu���[ 7S3 →
7P 0

4 �-1, Å� λ = 425.55 nm, �[Ì��g,
�°� Γ = 2π · 5 MHz, �Ú1r� Is = 85 W/m2,
-1��þ� ∆ = 2π · 250 MHz. ,	, -1å
� w0 = 0.1 mm, \�-1õÇ P0 = 3.93 mW.

�
�	û��AK�, ·�Äk�ý
å
�ÚÇ�»ÑØ� x Cz�¹eÄ¡û��O
�pd-17Å1Æ³²�n�©Ù, Xã 3(a)
¤«, Ù¥ x0 = −5 mm, xw = 0, b = 0, 1¶
���ý��� [−λ, 0], R�1¶���ý��
� [−0.4, 0.1] mm. �
é', ·�3ã 3(b) ¥Ó�
�Ñ
�û��¹eO�pd-17Å1Æ³²
©Ù.
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ã 3 O�pd-17Å³²n�(� (a) û�; (b) �û�

é'ã 3 ¥û��Äü«�¹eO�pd

-17Å³²(�, ·��±wÑû��A��
3�Ä: 1) ØK�pd-13¶�þ (÷ x ¶) /
¤7Åª�1Æ³²; 2) ØK�§3R¶��
þ (÷ z ¶) ©ÙÓ+/ª, =E,�±pd/G.
ØL�>û��A¬E¤XeK�: 1�, 1Æ³
²3R¶��þ (÷ z ¶) �©Ù/¤r���
�; 1�, 1Æ³²U
?\�>�AÛÒK«,
= z > 0 «�.

lc¡�nØ©Û��, ã 3 ¥1Æ³²3R
¶²¡Ú÷¶²¡S�©Ù¬�Xëê b Úå�
 � xw �ØÓØÓ. �d, ·�Äk�	
ë
ê b �ØÓé1Æ³²�K�, Ù¥ëê xw �".
Ï�ëê b L«
U
?\ã 2 ß1« Σ S\�
-1�¡���, ¤±§���Ò¬²w/K�1
Æ³²� z �©Ù, Xã 4(a) ¤«, Ù¥��ý�
¡� x = −0.25λ �R¶�¡. �
é', Ù¥��
Ñ
Ó«�¹e, �û��1Æ³²� z Cz©Ù
��ý(J. � b = −2w0 �, =\�-1��?
\ß1« Σ S, d�, Ä¡Ø¬{	\�-1, �
ÒØ�3û��A, 1Æ³²3R¶��þ�©Ù
��û��¹e�©Ù��Ü; � b = −w0 �,
=\�-1�¡ý�Ü©?\ß1« Σ S, Ä¡
�r��>���Ü{	K, d�, 3R¶��þ
�éu�û��¹e�©Ù5`, 1Æ³²�3�
½�û��A, û����� 0.416 µeV; � b = 0
�, =\�-1����Ä¡{	, ��?\ß1
« Σ S, d�, 3R¶��þ�éu�û��¹e
�©Ù5`, 1Æ³²�3�~²w�û��A,
û����� 0.422 µeV; � b = w0 �, \�-1
ý�Ü©�¡�Ä¡{	, �k>���Ü?\
ß1« Σ S, d�, û��Äü«�¹e1Æ³²
���Ñ²w/~�, 3R¶��þ�éu�û
��¹e�©Ù5`, 1Æ³²�3�½�û�
�A, û����� 0.032 µeV; � b = 2w0 �, \
�-1�¡���Ä¡{	, d�, û��Äü«
�¹e1Æ³²���Ñ�". ã 4(a) ��~�
Ù/w«Ñ, Ú�û��¹e�', ��3û��,
1Æ³²Ø
3R¶��þ¥y�½�rÝ��
�	, �²w/?\�
�>�AÛÒK«�S,
= z > 0.

ã 4(a) �ß/w«Ñ b �ØÓ, Ùû����
1Æ³²���ØÓ. Ïd, ·���û����
¤3��¡, �	
ëê b é÷¶�¡S³²�K
�, Xã 4(b) ¤«. lã 4(b) ·��±wÑ, ëê b
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�CzØK�1Æ³²3÷¶��þ/¤7Å/
ª, §¬UCÅJ �?����. �\�-1�
��{	K�, û����³²���'Ù¦?Û
�¹e�Ñ�.

ã 4 ØÓëê b �¹e1Æ³²3R¶�� (a) Ú÷¶
�� (b) þ�Cz

ã 5 �ÑØÓëê xw �¹e1Æ³²3R
¶ � � Ú ÷ ¶ � � þ © Ù � � ý ( J, Ù ¥ ë
ê b �", =\�-1���{	K� �, ü
�����¡L: (x, z) = (−0.25λ,−0.036 mm).
ã 5(a) Ú (b) w«, Ø+´R¶���´÷¶�
�, 1Æ³²�X ��Czª³Ø�ëê xw

�CzCz, ²û��^����¬k�
��Cz. �d, ·�òù�������	é
�, ïÄ
§3: (x, z) = (−0.25λ,−0.036 mm)
  � ? � ë ê xw � C z � ¹, X ã 5(c) ¤ «,
Ù ¥ Ó � � Ñ 
 � û � � ¹ e 1 Æ ³ ² � �
� (: (x, z) = (0.25λ, 0 mm))  �?�ëê xw

�Cz�¹. lã 5(c) �±wÑ�>û��1Æ³
²���Ú�û��¹e����ëê xw �Cz
Ñ¥yaqpd/G�©Ù, ��Cz�Ñ�é
u":�~é¡. 3z�� xw  �?, û��¹e
1Æ³²���Ñ'�û��¹e��. 3ü«�
¹e1Æ³² xw ∈ [−5, 5] mm ��S���Cz
þ� 0.002 µeV, �Ò´`Ä�þvkCz.

ã 5 ØÓëê xw �¹e1Æ³²3R¶��Ú÷¶�
�þ©Ù��ý(J

4 ( Ø

�©Äu 52Cr �f�'ëê, |^ê�O�é
pd-17Å|1Æ³²?1
�ý, ÏLn�Ú
�¡Àã¿©w«
û��Äü«�¹epd-
17Å|1Æ³²�ØÓ. �[ïÄ
-1¥¶�
�Ä¡�ÈL¡ål!-1å�Ú��º�m�
ålé1Æ³²�K�. (JL², �>û�Ø¬
K�pd-13¶���þ/¤7Åª�1Æ³
², Ø¬K�R¶��þ�pdÓ+ª³, �´¬
¦1Æ³²3R¶��þ¥y�½�����, ¿
�U
?\��>�AÛÒK«�S. -1¥¶�
�Ä¡�ÈL¡ål¬K�1Æ³²3R¶��
þ�©ÙÚû����; -1å����º�m�
ålØ¬UC1Æ³²3R¶��þ���ª³

183201-4



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 18 (2012) 183201

Ú¶���þ�7Å/ª, �´¬K�§�û��
��, ØLù����3 [−5, 5] mm ��S��C
zþ=� 0.002 µeV, �Ò´`Ä�þvkCz.

a�ÓL�ÆÜ±±Æ¬, êýB�ÇÚoÓ��

Ç, ¥IOþÆ�!~�B�ÇÚÂc¬B�Ç�k¿Â
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Abstract

In order to study the effect of substrate on the focusing laser beam in atom lithograph, the simulations of optical potential of

Gaussian laser standing wave in the presence and the absence of straight edge diffraction are performed based on the scalar optical

theory. The similarities and differences in optical potential between the diffractive Gaussian and non-diffractive Gaussian laser beam

are fully indicated by the three-dimensional and cross-sectional figure. The effects of the distance between laser axis and substrate, the

distance between laser waist and reflective mirror are fully studied.
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