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1 Ú ó

û�1»´1Ì©ÛEâ¥�Ø%��, 
Ä
u�/ß�ªû�1»�1Ì¤�´3&ÿ)Ô]
�L§!�Æ¤�Ú-1°Ä.5�åàC (ICF)

¢� (l
¢yÉ�9ØàC) �+�kX�\�
A^ [1−8], �À���ÆïÄ�+�Jø�­�
¢�&E���. �â1»�§, yk�û�1»
þLy�õ?û��A�, û�ÌÚÅ�Ø´�
�éA�'X. 1»�A^31Ì¤¥�, Ùÿþ
Ì¿����N
�ÿ1
�Ë�Ì, p?û�
ÌU\3�?Ìþ¬�5ØN´�Ø�Ø�, ù
Ò´¤¢�1Ì?g�­Uy�. 3²¡1»1
Ì¤¥, ~^ØÓôÚ�È1¡5~�ù«?g
­U�K�. Ó��
¼�v
�1Uþ, Ï~À
J1�?½1�?g�1ÌÌ�. õc±5, A^
u�ÆïÄ�1»Ì¤��É�¤¢p?û�Z

6�K� [9], Ù�Ì°ÝÉ�
é���, êâ�
&Y²É�é���. k<QJÑVß�1»Ì
¤�Vg, �(ÜnØ�¢�uy, E,Ã{�Ð
/�Øp?û��Z6, ¤±Ù3ÿÌ°Ýþ�
Uõ��k�. �
k�³�p?û��Z6!?
�ÚJpÌ¤�ÿÌ°Ý, ù[¸�<�ânØ©
ÛJÑ
�u1»�Vg [10,11], Kuang �<?�
ÚuÐ
ß�ªü?û�1»�Vg [12]. Äu±
þó�Ä:, q�Ä���ª1»3¢SA^¥�
\2�, ¿��´uÏLð�����Jpû��
Ç [13−15], �©0�
�«O�u��ªü?û�
1» QSRG. §�û�A5�^¢�y¢
�n�
�u.��1» (SRG) �~�q, Pk2,�A^
cµ.
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�eª [3,16]:

f(x) =

 0, nd < x 6 a + nd,

r, nd + a < x 6 (n + 1)d,
(1)

Ù¥ d �1»±Ï, a �d¿°Ý, r ���Ç.

é f(x) �Fp�Ðm, ��

f(x) = f0 +
∑
n 6=0

fn exp(jwnx),

n = ±1,±2,±3, · · · , (2)

Ù¥

f0 = −ar/d, fn = −ar

d

sin(nπa/d)
nπa/d

.

XJ n �� +1 Ú −1, K f(x) �L«�

f(x) = − ar

d
− ar

d

sin(πa/d)
πa/d

× (exp(2πjx/d) + exp(−2πjx/d)). (3)

3 ù � � � � Ç ¼ ê e, � \ � ² ¡
Å A0 exp(2πjz/λ) ²L1»���3 z ål?
�E�Ì©Ù´

U(x, z) =A0 exp(2πjz/λ)f(x) = A0 exp(2πjz/λ)

×
[
− ar

d
− ar

d

sin(πa/d)
πa/d

× (exp(2πjx/d) + exp(−2πjx/d))
]
. (4)

dþª��, û�Ì�¥�k 0 ?Ú ±1 ?û�, Ø
�3p?g�û�. �â��Ç¼ê�L�/ª´
�ù´�«�u1». XJrù«ü?û�A5�
1»A^u1»1Ì¤, òk��Øp?û�¤�
5�Z6, ��JpÿÌ°Ý.

�´ù��«�u.���Ç¼ê´J±¢
y�, cÙ´3b	Ú X ���áÅã [17], ¤±
�©¥·�0�
�«�Ùäk�qû�A5�
O�u��ªü?û�1» (QSRG). Xã 1 ¤«,

·�é QSRG ��Ol��±Ï� d ���. (ç
x) 1»m©, ü�»^�©¤éõ�pÝ� τ �
Ý/ü� (ã 1(b)). Ý/ü��â p(ξ) ©Ùò x ¶
£Ä, p(ξ) d�§ (5) £ã. QSRG �÷X y ¶Õá
�Å£Ä.

p(ξ) =


π

d
cos

(2π

d
ξ
)
, |ξ| 6 d/4,

0, |ξ| > d/4.
(5)

²O���, τ ����, QSRG �ü?û��
J�Ð. �Ý/ü��pÝ��
, Ò¬O� QSRG

��EJÝ, ¤±·���� τ �Ý/ü��°Ý
� d/2. ù«���{QØ¬O� QSRG ��EJ
Ý, q²¢�y²Ù�k�³�p?û�.

ã 1 QSRG ��OL§ (a) �� 1:1 �çx1»; (b) rü�»^©¤éõ�º�� d/2 × τ �Ý/ü�; (c) �â± ξ �Cþ
�©Ù¼ê p(ξ) ÷ x ¶£ÄÝ/ü�; (d) ��n�� SRG

·�b��å\�13�/ü�� QSRG þ
u)��, QSRG ���Ç¼ê� r̃(x, y), §3�/
ü�þ�u 1, Ù{� 0. ¤±, r̃(x, y) ��L��

r̃(x, y) =
∞∑

m=−∞

∞∑
n=−∞

h(x − md

− ξm,n, y − nd/2), (6)

Ù¥, h(x, y) ´¥%3�I�:, º�� d/2 × d/2

��/ü����Ç¼ê.

���Ì� A0 Å�� λ �²¡ÅR�\�
� QSRG þ, ²���3�|�IX¥�û�ã
/ U(u, v) Xã 3 ¤«, ����

Ũ(u, v) =ψ

∫∫
r̃(x, y) exp[−i(kux

+ kvy)]dxdy, (7)
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Ù¥

ψ = A0 exp(ikz)/(iλz) exp(ik(u2 + v2)/(2z)),

k = 2π/λ, ku = ku/z, kv = kv/z.

(7) ª�Ñ
\�1² QSRG 3 u ¶þ�û�ã/,

§d r̃(x, y) é y ¶È©¤�¼êû½. ���·
�� p(ξ) ©Ù, �¦L�ª²È©�����u¼
ê, l
¼�äkü?û�A5�1».

r�§ (5) Ú (6) �\ (7) ª�'u u-v ²¡�
û�ã/,

Ũ(u, v)

=ψ

∫∫
h(x − md − ξm,n, y − nd/2)

× exp[−i(kux + kvy)]dxdy

=ψ(d2/4)
∞∑

m=−∞

∞∑
n=−∞

Sa(kud/4)

× Sa(kvd/4)
[ ∫ d/4

−d/4

p(ξ) exp(−ikuξ)dξ

]
× exp[−i(mkud + nkvd/2)]

=ψ

[
1
2
δ

(
ku

2π

)
+

1
4
δ

(
ku

2π
− 1

d

)
+

1
4
δ

(
ku

2π
+

1
d

)]
δ

(
kv

2π

)
, (8)

Ù¥, Sa(x) = sin(x)/x.

d�§ (8) ��, ��k�º�� QSRG �±
�)� SRG �q�û�ã/. �§ (8) ¥� δ ¼ê
�Ñ�kn�û�¸ (0 ?Ú ±1 ?) Ñy3 u-v ²
¡þ, 
vk�p?�û�Ü©.

3 ¢��y�¢�©Û

�
l¢�þé QSRG �k�5?1¢�L
�, ·�æ^�>f²¡��ó²��
�¬±Ï
� 80 µm � QSRG. Äk|^8¤>´�ªêâ?
n LEDIT ^�±��A� QSRG ã/, ¿�)¤
>fåÍ1� GDSII �ª©� (ë�ã 2(a)), ,�
|^{IA^á�úiíR�¥I�Æ��>f
ïÄ¤� MEBES4700 >få��XÚ3���
þ (�.��=Àæ) ?11���>få1�, 2
±1���ù-?1�����{@¡, ,�?1
��Ú�W, /¤��7á1»(�. ã 2(b) ´·
��E� QSRG �w�ºì¡, 1Æ(��O(

J�¢S�E(J¬Ü�Ð. QSRG ã/�Nº�
� 8 mm × 8 mm, d 40 µm × 40 µm ��/ü�|
¤, ��(�º�� 20 µm.

ã 3 �Ñ
 QSRG û�A5ÿÁ�¢�C�
ã. �åÅ�� 355 nm �-1²*åO��, ì�
3 QSRG þ¿u)��, Ù��13�|� CCD

¶�Â. 3w«ìþ¬w« CCD P¹���û�
ãY, Xã 4(a). |^ Matlab é CCD ¤æ8�ê
â?1?n, ��÷ U ¶���rÝ©Ù­�, X
ã 4(b). lã 4 ¥, ·��uy
 0 ?Ú ±1 ?n�
û�¸, �/ü� QSRG k�/³�
p?û�,

å�
� SRG �~�q�û��J.

ã 2 �/ü� QSRG (a) �O��/ü� QSRG; (b) w
�ºû�¢S�E� QSRG

ã 3 ¢�C��ã, QSRG º�� 8 mm×8 mm(z 1 mm

�°Ýk 12.5 �±Ï)

lã 4(b) ¥, ·��uyû�1¥�3�½
��µD(, ²©Ûù�U´Ï�3¢�¥¦^
� CCD �3"¤y�, �&D'�$, � QSTG �
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�OÃ', Ø¬éÙ¦^E¤K�.

ã 4 QSRG �¢�(Jã (a) CCD P¹���û�ãY;

(b) d��rÝ©Ù��÷ U ¶���rÝ

L 1 ¤«, ÏLõg¢�¿é�?û�È©

��� QSRG ��éû��Ç (±1 ?� 0 ?û
�1r�'), lL¥·�uy QSRG �û��Ç
ÑpuÏLnØ (8) ªO���� 25%. ù´d
u QSRG (���E"�±9¢�¥�Ø�E¤
�, 3�~�Ø����S.

L 1 �éû��Ç

1 2 3 4 5 6 7

+1 ?/% 26.10 27.31 25.12 25.30 25.21 25.60 25.26

−1 ?/% 26.37 26.00 25.42 25.81 26.76 27.79 27.37

4 ( Ø

·�Ú\
�«#.���ªü?û�1
» (QSRG). ÏLnØ©Û±9¢��y, ·�y¢

 QSRG U
k�/³�p?û�. Ó�, QSRG

ü$
î��uª��1»��EJÝ, 3�c�
B�\óEâeU¼��p���Ý. §�p°Ý
���ª1ÌXÚJø
#�g´, 3�)ÓÚË
�!U©ÔnÆ!)Ô±9zÆ�Ãõ+�Pk
2,�A^cµ.
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Abstract

The development trend of single-order diffraction grating is introduced. The feasibility of single-order diffraction grating is

theoretically demonstrated, and a novel diffractive optical element named quasi-sinusoidal reflection type single-order diffraction grat-

ing(QSRG) is proposed. It can suppress higher order diffraction, and improve the signal-noise-ratio (SNR) and accuracy. The experi-

mental results verify this new type of dispersion component, where the higher order diffraction components are efficiently suppressed,

which accords well with theoretical prediction. These results are expected to be widely used in the reflection spectrum measurement

system.
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