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1 Ú ó

û�1»´�«A^�~2���p©
EÇÚÑ1Æ��, 3y�1Æ¤ì¥Ók��
��/ . Cc5, p�Ý°[û�1»���
�{Ì�k�E1� [1]!>få1� [2] 9B�
Ø< [3] ���Eâ. ���«DÚ�1»���
{, �E1�¦^1��P¹V1åZ�^«/¤
�1»ù�, 2ÏLÛ�!lfå�¡ [4] ±9>
Û [5] �Ããòù�ã/=£�Ù¦á�¥, §U
3�á±ÏS�)p�Ý!�¡Èþ!���1
»(�.

�
�yã/�°(=£, ø.Ãí{1��
�1»�^ý9Í��@�´p�þ�1��ù
�. 37áÄ.þ��1��ù�L§¥, Í1�
wK¢�iÿEâ [6] �±�Ï�äø.Ãí��
��, Ó����^°Ý, �ØU�y1���^
ý9Í�. Ø=Xd, �þ�¢��L²: 3Í1
L§¥, \�1å�5gÄ.���1åZ�U
\/¤7Å, cÙ´3äk�p��Ç�Ä.þÏ
L�E1����1��1»ù�, 1»�^ý9
¥7ÅGØ2Í�, ùÒ´�E1�¥�7Å�
A [7,8].

7Å�Aéþ�1�ã/�K�Ø�, é�
þÏ~�u 1 µm ��E1�ã/%k���K
� [9]. ½�Z�|´�)7Å�cJ^�, ��


¼�pé'Ý�Z�^«, ã+XÚ½55~
f7Å�A¿Ø´�«��J���{. �©�é
�E1��¢�^�, O�¿�[
1��¥�1
r©Ù, ©Û
7Å�Aéù�ø/!Ó°'9ø
��K�, ¿�Ñ~f7Å�A��{.

2 1��¥�1r©Ù

�
�Ä1��¥1r�©Ù, b�ý�Å�
� λ0 �ü²¡üÚÅ²©å!*å9O��, V
1å\��æÙkþ!1����Ä¡þ, Xã 1
¤«.

ã 1 �EÍ1¥, �Ì©O� A, B �\�1åì��1�
��Ä..¡«¿ã

ü1å�E�Ì©O� A, B, 31�� (ò�
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Ç n1) �Ä. (ò�Ç n2) �©.¡þ, \��©O
� θ1, θ2, Ä¡�{��\�1åY�²©�¤ δ

�, =:

θ1 = θ − δ,

θ2 = θ + δ, (1)

Ù¥ θ = (θ1 + θ2)/2. Ap, As � Bp, Bs ©O�\
�1å�E�Ì A, B 3²1ÚR�\�¡ (x-z ²
¡) ©þ. AR � BR ©O�Lü��1å�E�
Ì, Arp, Ars, Brp, Brs ©O´��1å3²1ÚR
�\�¡��þ�©þ (3ã 1 ¥�L«Ñ). �{
üå�, �©Ø�Ä1���áÂ, d�1���
ò�Ç n1 �¢ê, ���Ä\�1� TE  ���
¹, =>|�k y ©þ:

Ay = As exp[ik(x sin θ1 − z cos θ1)],

ARy = rsAAs exp[ik(x sin θ1 + z cos θ1)],

By = Bs exp[−ik(x sin θ2 + z cos θ2)],

BRy = rsBBs exp[ik(−x sin θ2 + z cos θ2)], (2)

Ù¥1��¥Å¥þ k = 2πn1/λ0, rp, rs ´\�
1å31���Ä.�.¡þ� Fresnel ��X
ê [10]. 1��¥1Å�o>|�

Ey = Ay + By + ARy + BRy. (3)

ò (1) Ú (2) ª�\ (3) ª¿{z�±¦�1��
¥1r©Ù�

Is ∝ E∗
yEy = A2

s + B2
s + r2

sAA2
s + r2

sBB2
s

+2AsBs cos[2k(x sin θ cos δ

−z sin θ sin δ)]

+2rsArsBAsBs cos[2k(x sin θ

cos δ + z sin θ sin δ)]

+2rsAA2
s cos[2kz cos(θ − δ)]

+2rsBB2
s cos[2kz cos(θ + δ)])

+2rsBAsBs cos[(2k(x sin θ

+z cos θ) cos δ]

+2rsAAsBs cos[(2k(x sin θ

−z cos θ) cos δ], (4)

ª¥c 4 ��L\�1 A, B 9��1 AR, BR �
rÝ, 1 5 �L«\�1 A � B �Z�, 1 6 ��
L AR � BR �Z�, 1 7 ��1 8 �©O�L A

� AR, B � BR �Z�, 1 9 ��L A � BR �
Z�, ����´ B � AR �Z�. ¢�L§¥, Ï
~¦ δ �Cu 0◦, Ïd, b�Ä¡�{��\�1

Y���²©�Ü, = δ = 0, rsA = rsB = rs, 1
r

Is ∝ A2
s + B2

s + r2
s A

2
s + r2

s B
2
s

+2AsBs cos(2kx sin θ)

+2r2
s AsBs cos(2kx sin θ)

+2rs(A2
s + B2

s ) cos(2kz cos θ)

+4rsAsBs

cos(2kx sin θ) cos(2kz cos θ) (5)

� z �~ê�, 1r3 x ��¥±Ï5©Ù,

d =
2π

2k sin θ
=

λ0

2n1 sin θ
, (6)

=V1åZ�/¤�²V�m�±Ï5^«.
3 (5) ª¥, � x �~ê�, 1r3 z ���¥

±Ï©Ù, �3

z =
mλ0

4n1 cos θ
(m = 0, 1, 2, · · · ) (7)

?��4�, ±Ï T = λ0/2n1 cos θ. m �Ûê� z

�7Å��, =ÅJ; m �óê� z �7Å��=
Å!.

ã 2 Å� 441.6 nm He-Cd -131���Û Cr ��Àæ
Ä..¡þ���Ç�\��Ý9 Cr �þÝ�Cz

± Å � 441.6 nm � He-Cd - 1 � ~, ¦
^ AZ1350 1�� (Ùò�Ç [11] � n = 1.75),
Cr �ò�Ç n = 1.8 + 4.06i. � z = 0 ¡�1
���Ä.�©.¡, �\��©O�u 0◦, 7.26◦,
14.6◦ 9 24.8◦ �, 3T.¡\�1���Ç� Cr
�þÝ�CzXã 2. 4 �\��Ý©OéAu
�\�9��±Ï 1 µm, 500 nm, 300 nm �1»
ã/�Í11å31��¥�\��. �Ä3Û
kþÝ�� 84 nm Cr ��ÀæÄ.þ�E1�
��±Ï 1 µm �1��1»ù�ã/, 1��þ
Ý 375 nm, ��Ç� 56.98%. �â (5) ª��1�
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�¥�1r©ÙXã 3(a), 1��¥�1r3R�
Ä.��¥7ÅG©Ù, ã 3(b) ´¢�¼��1�
�1»ã/.

ã 3 3Ûk 84 nm Cr ��ÀæÄ.þ�1��¥�EÍ
1�, (a) O���1��¥�1r����©Ù, ±9 (b) ¢
�¥¼��1��1»ù�ã/

3 7Å�K�

3.1 éééøøø///���KKK���

�â (5) ª, 1»ø�¥% �?u

x =
mλ0

2n1 sin θ
m = 0, 1, 2 · · · . (8)

�
?Ø7Åéø/�K�, ^?u1»ø¥
% �, 7ÅrÝ���� (ÅJ)Is(zmax) ���
� (Å!)Is(zmin) �'�5L�7Å�rf§Ý.
b� δ = 0, �â (5) ª� (8) ª�±��:

Is(zmax)
Is(zmin)

=
(1 + |rs|)2

(1 − |rs|)2
. (9)

��, 1r��������'�=�.¡�
��Xê�', '���, 7Å�A�î. ���

Xê�u"�, =1���Ä..¡vk��, '
��u 1, Kvk7Å.

ã 4 ´3ÛkþÝ©O� 5 nm � 50 nm Cr �
ÀæÄ.þ, ��±Ï 575 nm �1»ã/�^ø
.1r���¡CqwK��1��1»ø/. w
KL§´wK�Øä “ì ” 1���L§, wK
��ÇØ=�Í11r�', ��wK�m�
', Ïd, wK�3e�1»�^/G¬k¤�O.
Í11å31��� Cr ��©.¡��Ç©O
� 10%Ú 58%(�ã 2), ø¥% �1r����
�����'�©O�u 3.8 Ú 53.8, ã 4(b) 7Å
�A�ã 4(a) î. ���XÄ.��Ç�O\,
øS7Å1r��������åC�, 7Å�A
�5�²w.

ã 4 3ÛkþÝ©O� (a) 5 nm � (b) 50 nm Cr �Àæ
Ä.þ�1��¥��±Ï 575 nm �1��ù��, ^ø.
1r���¡CqwK��1��1»ø/, \�1rÝ 
��u" (As = Bs).

3 ã 4(b) ¥, l Ä . � C � 1 � � 7 Å �
� ?, � � ü � ^ ë 3 � å, ù ò { � ø . N
C (z < 100 nm) 1���M). 3¢�L§¥,
Ï�1r3��Ä¡þ�UÑy�ÛÜØþ!, ±
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9�3ØZ�^«�	�Ù¦N�^«, 3ù
/
�?u1»ø ��1���U¬ÇkM), l
³Ñ1»ø.. lù
/�m©, wK�B¬÷1
»�^��M)Ï����^ë��{�wK
�1��, 3·��wK�mÊ�wK, �U=3
e1��7Å��?�1��, §þe ��1
��Ñ®�wK�M), (J/¤k�� “�x” y
�, Xã 5.

ã 5 3Û Cr Ä.þ�E1�¼�� 575 nm ±Ï�1��
1»Øv�wK�m¦�1»øp�kí{�1����
M), �TÐ¦�1»øp1r?u7Å4��1���M
), �CÄ.�1��7Å��?�1��vk�M), (
JÑy���^� “�x” y�.

3.2 éééÓÓÓ°°°'''���KKK���

éuäkp��Ç�Ä¡, �
¦ø.Ãí�,
7LO\Í1Jþ�wK�m±À»ã 5 ¥��
�^�ë�?, ùò¦1»�^C��Ä. Ïd, 3
p��ÇÄ¡þØ´¼�Ó°'���1��1
»ã/. Ø=Xd, 3��p��Ý�1��1»
ù��, î�7Å�Aò�Uv¤LÄ�1»�
^, (Jò����Ý�Jp.

3.3 éééøøø������KKK���

3¢�L§¥, Í11å�rÝ �´¢�ö
¤'%�ëê��, b�\��V1å�Ì÷v:

Bs = CAs |C| 6 1, (10)

K1��¥1r©Ù

Is ∝ [1 + 2C cos(2kx sin θ) + C2]

×[1 + r2
s + 2rs cos(2kz cos θ)]A2

s . (11)

�â (11) ª, 3ø¥% � z ��þ1r���

Ig
s (zmin) ∝ (1 + C)2(1 − |rs|)2A2

s , (12)

31»�^¥% �����

IB
s (zmax) ∝ (1 − C)2(1 + |rs|)2A2

s . (13)

' � (12) � (13) ª, X J � ö � u c ö, ø S
�1���v���M)�, 1»�^�U®
² � w K � � � M ), l  � ¤ 1 � � 1 » �
^. Ï d, � 
 ¦ 1 » � ^ Ø � » �, A T �
y Ig

s (zmin) > IB
s (zmax), K

|rs| < C 6 1. (14)

é Û k 100 nm Cr � � À æ Ä ., � �
� 300 nm ±Ï�1��1»� (éA1��¥\
�� 24.8◦), 31��� Cr �.¡��Ç�� 60%
(�C� 143.3◦), ��Xê, |rs| = 0.78, XJ C �
u 0.78, �½�wK�m��ò�UÑy1»�^
�v¤��¹. C = 0.65 �¹e, 1��S�1r
��¡©ÙXã 6, ã¥�xÑ
1r��u 0.3
���¡. �
¦ø.Ãí{1��, e1r��
u 0.3 �1���wK�Ø, d�1»�^3�Ä
? (z = 50 nm � z = 200 nm NC) =ò�v¤. ¢
SwKL§¥, wK��ì �^¬¦1»�^�
ºÜ�^�Ä, 1»�^pÝòØ�;�/¬��,
(J¦�1��1»�ø�É���. Ïd¢�¥,
A¦�U¦Í1V1årÝ ��C", l¦ C

¦�U�u 1. ,3��Ä¡þ, ¢S�1rþ!
5Ø�U??¦� C = 1, k�ÛÜ$� �é�,
Ïd3p��Ä.þ�E1���±Ï���°
[1»ã/�, 1»�^pÝé�UÏ�1rØþ
!��¤.

ã 6 3Ûk 100 nm Cr ��ÀæÄ.þ�� 300 nm ±Ï
�1��1», B = 0.65 A �1��S1r���¡©Ù.
1��� Cr �.¡��Ç�� 60% (�C� 143.3◦), ã¥�
�3
1r�$u 0.31 ���¡
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ã 7 ØÓ�wK�m (a) 54 s; (b) 255 s; (c) 435 s w«1
»ø��Cz

ã 7 ´�Ó�Ä. (Au �)!�Ó�Í1þ!
ØÓ�wK�m¼�� 400 nm ±Ï�1��1»
ã/. ã 7(a), (b), (c) �wK�m©O´ 54, 255,
435 s, ù 3 ���éAwKÊ�31»ø¥1r
� 3 �7Å!?, ã 7(a) ¥w«�©�1��þÝ
� 317 nm, ø�� 74 nm. �wKâ»øS1r1 1
�7Å��¿��1 2 �7Å���, 1��þÝ
ü� 240 nm, ø� 120 nm (�ã 7(b)). �þ���
� 77 nm, =ã 7(a) ¥�1»�^®²�wK�M
)��. �wK�³Ñø.�, 1��þÝ�u
1»ø��� 129 nm, �� 110 nm, =ã 7(b) ¥1
»�^®�M).

3.4 “...���” yyy���

ã 8 ´37�þÏL�E1����1��
1»�¡>ºì¡. 3��>º�¬�, �Cä¡
�1���^®��lÄ., 3e��K�1�
��^� “è,”, ùL²1��1»ø.k���
�, = “.�”. 'u.��á��Ukü«: �´
1��, Ù/¤�Ï�U´Ä.�p���5�7
Å�A, ¬31��� Au Ä..¡NC (300 nm
þ Au �, 1��¥\�� 7.26◦, éA 1 µm ±Ï�
Z�^«, ���C��� 114◦) /¤1r�7Å
Å!, wK�éJ�wK�M)3e�1���;
�´wK�¥�]2Ô, Ù/¤�Ï´3wKL§
¥, Ä.³Ñ±�, wK�¥�]2ÔÊN3 Au Ä
.þvU¤WZÀ. du3uÿþ�3(JØ
U(½.��á�, Ïd, /¤.���Ïk�?
�Ú&¢. .���3³7¬K�ù�ã/�=£,
3¢�¥Ï~¦^p>Ø¦íN�>/¤��l
féwK��1��ù�?1 “�z” ?n [12,13]

±�Øø.í{�1��.

ã 8 3Ûk 300 nm þ7��ÀæÄ.þ²�E1���
�1��1»ã/

4 ~f7Å�A��{

1���Ä..¡�p��Ç�5
î�
7Å�A, ?¦�3p��ÇÄ.þ��Ó°'
�C 0.5 �k��ø��1��1»ù��~(
J. Ïd, �3p��ÇÄ.þ����±Ï�°
[1», I�Ïé~f7Å�A��{. ©z [14]
JÑ¦^ “�ó” ��{~f7Å�A, ��JØ²
w. �©0�ÏL~��� (ARC) ü$Ä.��1
rÝ, ±~f7Å�A�¢��{.

�
ü$1���Ä. (X Au) .¡���Ç,
31���Ä.�mO\~� (½Oß) �´��
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~^��{. ~���(��±´ü��, ��±
´õ��. �Ä�1»��L§�Y�Ú½, �X
(��{ü�Ð. �©0�¦^ Brewer Science ú
i)�� XLT X�~��~f7Å�A.

ã 9 3 Û k 100 nm þ Au � � À æ Ä . � 1 � � �
mæÙ~����, ��Ç�\��ÝCz�¹ \�
1Å� 441.6 nm, 7�ò�Ç 1.56 + 1.9i, ~���ò�
Ç 1.74 + 0.34i

ã 10 3Ûk7��Ä.�1���m¦^~���,
�E1����1��1»ù� Í1Å� 441.6 nm, ±
Ï 333 nm

ã 9 ´3 100 nm þ Au ��1���mæÙ
��þÝ� 200 nm �~��c���Ç�\��
�Cz�, Å� 441.6 nm, Au �ò�Ç 1.56+1.9i,
1��ò�Ç 1.75, 1��S\��Ý 18.4◦, éA
�) 400 nm ±ÏZ�^«. ã 10 ´3Û Au Ä.
�1���m¦^~���, �E1����1�
�1»ù�ã/, ±Ï 333 nm, 1»�^Í�.

5 ( Ø

ÏLO��EÍ1L§¥1��S�1r©
Ù, uyÄ.����5�7Å�A. �XÄ.�
�Ç�O\, 37Å�ÅJ�Å!?1r�'��,
7Å�A�î. î�7Å�Aé¤���1�
�1»�ø/�)î�K�; wK��1��1
»ã/Ó°' �, 1�(Jé\�1å1r �
�¦�\î�. ù
K�¦�3p��ÇÄ.þ�
�Ó°'�C 0.5 �k��ø��1��1»ù�
�~(J.

�Xù�±ÏC�, =��Ý�Jp, 7Å�
A�K�ò¦Í1^�4���. Ïd, 3��Ñ
p��Ý1��1»ù��¢�¥, uy�o1�
�þÝ��î, �oÓ°'�~�, �oø/Ø
Í�, $�²~éØ�Ü·�Í1^�, (JéJ
��3p��Ä.þ��Ñk�p��Ý!p�
þ1��1»ù�.

��, JÑ
~f$��Ø7Å�A�k�å
» —— ü$Ä.���Ç, ¿l¢�þ}Á
Ï
LæÙ~��ü$Ä.��Ç5~f7Å�K�,
(J3äk 45%��Ç�7Ä.þ¤õ��Ñ±
Ï 300 nm �ý9Í��1��1»ù�.
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Standing wave in holographic lithography∗
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Abstract
The distribution of intensity of incident irradiation in photo-resist during exposure is figured out, and it is shown that the pattern

in photo-resist on surface with high reflectivity will suffer standing wave due to the fact that the incidence irradiation interferences with
the reflective beam from the photo-resist-substrate interface. The higher the reflectivity, the worse the effect of standing wave is, and it
is shown that the standing wave will have adverse effects on the profile and the duty cycle of photo-resist grating and restricts the most
groove depth. Inserting a layer of anti-reflection coating (ARC) can minimize the effect of standing wave. Experimental results show
that it is a good way to use ARC between photo-resist and substrate to attenuate standing wave.

Keywords: holographic lithography, standing wave, anti-reflection coating
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