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1 Ú ó

±�f1Æ�Ä:��f1�Eâ [1] ´�«
#.B�(��\óEâ. æ^TEâ����
�B�1»(��må����u-1Å�, ´
�«n��B�OþD4IO���Eâ [2]. |
^TEâ®k�é?�f [3]!��f [4,5]!¾�
f [6]!Q�f [7] Úc�f [8] ¢y
��B�1
»(����, ¿|^��f¢y
��B�(�
��� [9,10].

$Ä��f3-1|É��å�±V)�g
uË�åÚó4åüÜ©. cöÌ�^ue%�f
�î��Ý, ¢y�f©Ù�Ø . �öKUå�
�fßº��J, ¢y�f®à. b�-1ªÇ�
�f�[ªÇ�����þ ∆, �f�[Ì��g
,�°� Γ . nØ©ÛL², ��fåBL��ª
Ç��þ ∆ �7Å|�, 3ó4å��^e, �f
¬�7Å|�Å¸ (∆ ¿ −Γ ) ½Å! (∆ À Γ ) ?
®à [11].

7Å|�Ä¡�m�ål´K��È^«�
þ��ëê. b�-1����»� w0, ê�
�[�(JL², �-17Å|1�¥% uÄ
¡L¡�, �f��È^«pÝ�p, ^«°Ý�
Ä, é'Ý�Ð. �Ä¡ u-17Å|1�¥%
� 0.5w0 �, �È�B�^«pÝ~�, °Ý\�.

�Ä¡ u-17Å|1�¥%c 0.5w0 �, -1
7Å|é�f�®à�^òC��©�f, ®²é
Jl�È�Ä.¥©EÑ^«(� [12]. dd��,

-17Å|�éÄ¡�ålé�È�B�^«�
�þäk�K�. Ïd, 3�f1�¢�¥, �O
�«U
½þ�ä7Å|�éÄ¡ ��¢�C
�, ±¢y°(½ 7Å|�Ä¡�ål, é�\
ïÄ7Å|�éÄ¡åléB�^«(��þ�
K�äk�¿Â.

�©0�
�«°(�ä7Å|åÄ¡ål
�¢��{, ¿�[`²
¢�C���Ü©õU
9�^. |^¢�ÿ�7Å|1å����»��
�^�, é¢�L§?1
nØ�[, ê�O��
(JÚ¢�ÿþ(JpÝÎÜ. T�{��Jp
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¢��O(5ÚE5. d	, T�{�3aq�
�f1�¢�¥Ñäk�½�ÊH·^5.

2 ¢�C�

�f1��¢�1´�©�: ª1´!e%
1´!7Å|1´!&ÿ1´o�Ü©. zÜ©1
´Ñ´d²LÎßº�/����� �1?1
©1��. �©�Ò7Å|1´� �N���
\?Ø. ¢��O�7Å| �N�C�Xã 1 ¤
«. ^u/¤7Å|�pd1å�g²L �©1
cº PBS, λ/4 Å¡, 1< H �, ��å� 350 mm

�àßº L1 à�. à���-1å²��º M1

?\�Èn, R��^u Cr �få. nS�È�
Xã 2 ¤«, ��º M3 C13�N!1Æºeþ,

cº C ����¡ÊNu M3 eÜ, Ä¡ B bN
ucº�,���¡¥%. N� M3, -à���
-1å÷�´�£, /¤7Å|. L1 Ú M1 �C1
3U
÷ z ¶²£�Ó�°�²£�þ. N! L1

� �UCà��pd1å���3 x ��þ
� �, ¦7Å|-1�å���È���º M3

�L¡Ü. ÷ z ��£Ä²£�, K�±�yà
���pd1å�å�� M3 º¡Ü�cJe,

¦7Å|1å÷ z ��²£, ��N!7Å|�Ä
¡ål�8�. C1 L1 Ú M1 �²£����©
EÇ� 10 µm.
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ã 1 7Å| �£O�N�Å�«¿ã

� M3 ���-1å÷�1´ÏL λ/4 Å¡,

Ù ���^= 90◦, �\ PBS �R���� M2,

1>&ÿì D �Â��1, ¿ÏL>ØLw«Ù&
ÒrÝ. 1< H �Ì��^´�ä M3 ���1å
´Ä÷�´�£. �N� M3 ¦1>&ÿì D �Â
��1&Ò���r�, @���1´�\�1´
��Ü, /¤n��7Å|.
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M3

C
B

(a) (b) (c)

C C
BB

M3 M3

Z

ã 3 7Å|ÚÄ¡m�é � (a) 7Å| uÄ¡c;

(b) 7Å|�Ä¡¥%Ü; (c) 7Å| uÄ¡�

²£ã 1 ¥� M1 ÷ z �N!7Å|� �,

Xã 3 ¤«. ã¥ C ���cº, B ��ÈÄ¡, ç
Ú���7Å|. �7Å|÷ z ��²£�, 1>
&ÿì�Â² M3 ���1r. �7Å|�Ä¡ B

��� (ã 3(a)), duÄ¡ý¡�Ñ��A, D �Â
��1r¬eü. �7Å|¥%�Ä¡ B ý¡¥%
Ü� (ã 3(b)), D �Â��1r�f. �X7Å|
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UY�Ä¡�Ü£Ä (ã 3(c)), D Â��1rÅì
O\. ��7Å|�Ä¡©l, D �Â��1rC
���.

3 ¢�(J9©Û

�¢yé Cr �f�®à, ¢�¥¤^7Å|
-1ªÇé 52Cr � 425 nm 7S3 → 7P 0

4 �[Ì��
��þ ∆/2π�u +200 MHz, -1õÇ� 30 mW.

du7Å|-1�1��þé�È�^«(�ä
k�K�. n�^�e, /¤7Å|�-1åA
�Äî�, �å�A��È����¡Ü. ù�
��1âU�\�1��Ü/¤n�7Å|. 3
¢�L§¥, ���È���º���¡ upd
1å�a|�ÝS, Ò�±÷v�È��¦. ã 4

�^ Thorlabs úi)�� BP109-UV .1å�þ
©Û¤ (Beam Profiler) ÿþ�à��-1å��
/GÚº�. Ù¥, ã 4(a) � z ���1õÇ©Ù,

ã 4(b) � y ���1õÇ©Ù. âã 4 ��, 7Å
|3 z ���'�n��pd©Ù, y ��Cqp
d©Ù, ù´du1å²L�ªn��)p�î�,

²LÎßº�/�¤/¤, ÙK��±�Ñ.
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ã 4 -17Å|�1å�þ (a) z ��1õÇ©Ù; (b)

y ��1õÇ©Ù

¢�ÿ�7Å|-1å�ålßº L1 ål
�� 400 mm, dã 4 ��7Å|��3 z ��
�°Ý (1/e2) � 341 µm, y ����°Ý (1/e2)

� 390 µm, ÙnÜ°Ý (1/e2) � 365 µm, K���
»� 182.5 µm. �âpd1åDÂúª

w(x) = w0

√
1 +

(
λx

πw2
0

)2

, (1)

�±��pd1åa|�Ý� x0 = 246 mm. Ù¥
���» w0 = 182.5 µm, Å� λ = 425 nm.

z
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d

ã 5 7Å|È©«¿ã

e¡é7Å|×£Ä¡�, �Âì&Ò�Cz
?1nØÚ¢�(J©Û. b�pd1å�1r©
Ù�

G(y, z) = A e
−2 y2+z2

w2
0 , (2)

ª¥ A �~ê, w0 �pd1å����». �Ä¡
ål-17Å|� �� d, Xã 5 ¤«, ã¥ÒK
Ü©�Ä¡ñ	-17Å|. 3�Ñ1û���¹
e, ��Âì�1rÝ� I , Kk

I ∝
∫ d

−∞

∫ +∞

−∞
A e

−2 y2+z2

w2
0 dydz, (d 6 0), (3)

(3) ªmà���È©Ã)Û), - w0 = 182.5 µm,

éÙ?1ê�)��(JXã 6 J�¤«, d > 0

Ü©d'u d = 0 ¶é¡��. ã 6 ¥:y��
¢�ÿ�7Å|²£�1>&ÿì�Â�1&Ò
Cz�. 7Å|1��» 2w0 ¢ÿ�� 365 µm,

InP Ä¡�þÝ� 400 µm. lã 6 ¥�±wÑ, n
Ø�[Ú¢�ÿ����1r�7Å|åÄ¡
ålCz�ª³pÝÎÜ. 7Å| uÄ¡c w0

(d = −w0) �, ��1rü� 50%; 7Å|¥%�9
Ä¡¥%Ü� (d = 0), ��1r��. 1rl�
��C�����, 7Å|¤²£�ål�u7Å
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|1��» 2w0. du¢�L§¥, o´�31r
��Ñ±9É²£�°Ý���, ��¢�ÿ��
�1r�Cz�ØXnØ�[��Cz¯, �
���ÑpunØ�.
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ã 6 ��1r�7Å| � d Cz�

ã 6 ��ò7Å|�Ä¡�mål�UC

=C���1r�Cz, K�±ÏLÿþ1>&ÿ
ì�>&Ò¢yO(½ 7Å|¥%�Ä¡L¡
�ål. ÏL>&Ò���5�ä7Å|�Ä¡�
ål, Jp
Ù�ä�(¯Ý, Ó��Or
¢�
�E5.

ã 7 ��È��f¤��B���(�. (a)

���^Sú*	-17Å|�Ä¡´Ä�>, o
ÑN!7Å|�Ä¡mål¤¼����B��
�(�. ã¥ç^«���f��È(�, �^«
�Ä¡L¡g��^«. (b) �æ^þã�ä�{,

°(N!-17Å|¥%�Ä¡L¡Ü�, ¤�
���ß���fB�^«(�. (c) �Ùn��
m(�. ²ÿþ��f^«må� (212.9±0.6) nm,

^«pÝ�� 1.5 nm. æ^T�{�Ñ
Sú��
N!�Ø(½5, U
��½þO(N!-17Å
|�Ä¡mål, Jp
¢����5ÚE5.

� � � � � � � � � � �� 	 
 � �  � � � � � � � � � � � � �� � � � � � � � � � � � � �� � � � �� 	 
 � �  � � � � � � � �� � � � � �� � � � � ��� � � � �� � � � � � � � � � � � �� � � � � � � � �
ã 7 ��f�È�� (a) �æ^T�Yc��f�È��; (b) æ^T�{�, 7Å|¥%�Ä¡ål� w0 �,

¼���f�È��; (c) ã (b) �n�áNã

4 ( Ø

3 � � � � f � È ¢ � X Ú þ, | ^ 1 å
�þ©Û¤ÿ�7Å|�1����» (1/e2)

� 365 µm, ���»� 182.5 µm. JÑ
�«�ä
7Å|Ú�ÈÄ¡�m�é ��¢��{. T�
{ÏL�Â7Å|��1r, ò7Å|�Ä¡�å

l=C�1>&ÿì�>Ø&Ò, |^7Å|-1
å���», ��O(½ 7Å|�Ä¡ål�8
�. ÏLnØ�[þã¢�L§, Ù(J�¢�(
JpÝÎÜ. T�{¢y
°(½ 7Å|åÄ¡
�ål, �3�f1�¢�¥äkÊH�·^5.

Ó�Ù���YïÄØÓål^�e, B�^«(
���þJø¢�Ä:.

[1] Ma Y, Zhang B W, Zheng C L, Ma S S, Li F S, Wang Z S, Li T B

2007 Acta Phy. Sin. 56 1365 (in Chinese) [êý, Ü�É, xS=,

ê^^, oÃ), �Óì, oÓ� 2007 ÔnÆ� 56 1365]

[2] Li T B 2005 SMT 32 8 (in Chinese) [oÓ� 2005 þ°OþÿÁ
32 8]

[3] Timp G, Behringer R E, Tennant D M, Cunningham J E, Prentiss

M, Berggren K K 1992 Phys. Rev. Lett. 69 1636

[4] Mcclelland J J, Scholten R E, Palm E C, Celotta R J 1993 Science

262 877

[5] Drodofsky U, Stuhler J, Brezger B, Schulze T, Drewsen M, Pfau

T, Mlynek J 1997 Microelectron. Eng. 35 285

[6] Mcgowan R W, Giltner D MLee S A 1995 Opt. Lett. 20 2535

190601-4



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 19 (2012) 190601

[7] Ohmukai S U, Watanabe M 2003 Appl. Phys. B 77 415

[8] Sligte E T, Smeets B, Van Der Stam K M R, Herfst R W, Van Der

Straten P, Beijerinck H C W, Van Leeuwen K a H 2004 Appl. Phys.

Lett. 85 4493

[9] Drodofsky U, Stuhler J, Schulze T, Drewsen M, Brezger B, Pfau

T, Mlynek J 1997 Appl. Phys. B 65 755

[10] Bradley C C, Anderson W R, Mcclelland J J, Celotta R J 1999

Appl. Surf. Sci. 141 210

[11] Zhao M, Wang Z S, Ma B, Li F S 2008 Acta Opt. Sini. 28 381 (in

Chinese) [ë¯, �Óì, êQ, oÃ) 2008 ÔnÆ� 28 381]

[12] Zheng C L, Li T B, Ma Y, Ma S S, Zhang B W 2006 Acta Phys.

Sin. 55 4528 (in Chinese) [xS=, oÓ�, êý, ê^^, Ü�
É 2006 ÔnÆ� 55 4528]

Method of identifying the relative position between
standing wave of laser light and substrate in atom

lithography∗

Wang Jian-Bo1)† Qian Jin1) Yin Cong1) Shi Chun-Ying1) Lei Ming2)

1) ( Division of Metrology in Length and Precision Engineering, National Institute of Metrology, Beijing 100013, China )

2) ( China Defense Science and Technology Information Center, Beijing 100036, China )

( Received 10 January 2012; revised manuscript received 22 March 2012 )

Abstract

Standing wave of laser light acts as an array of lenses to focus the moving atoms in atom lithography. The position between

standing wave and substrate plays an important role in determining the quality of depositional nanometer lines. Using the rule of

Gaussian beam, a method of accurately identifying the position of standing wave of laser light is reported. By adjusting accurately the

displacement stage which carries the beam focus lens and reflective mirror, the laser beam is subsequently shielded by depositional

substrate. Signal of photoelectric detector is changed because of shielding the standing wave, so we can convert the displacement of

standing wave into electrical signal. Positioning the standing wave against substrate is achieved by using the value of waist diameter of

standing wave of laser light. Theoretical model is developed according to the experimental process. The result of numerical computation

coincides well with the experimental record. This method realizes accurately positioning standing wave of laser light against substrate,

and it provides the experimental basic for deeply studying the influence of the distance between standing wave and substrate on the

quality of depositional nanometer lines.
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