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�«|^�m1N�ì)¤¼V¿Ún����Ì.û�1Æ����{. |^²¡Å�Ìû
�úªÚ��dúªïÄ
Ú^1å²Lùü«û�����DÑA5, ¿|^¼V¿Ún��¢y
Ú^1
åÿÀ>Öê�ÿþ. du�m1N�ì�±�BÚp°Ý/UC1Æì��AÛº�Ú¤3��m �, Ïd�
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1 Ú ó

Ú^1å´�«äkÚ^Åc(��-1å,

Ù��k;��Äþ (orbital angular momentum,

OAM) �A5Úå
IS	ïÄ<
�2�'
5 [1]. ~��Ú^1åk.X� - pd (Laguerre-

Gaussian, LG) 1åÚp��l�1å. Ú^1å
äkÚ�/� ©Ù (exp(ilϕ)), z�1f�� l~
�;��Äþ, Ù¥ l �ÿÀ>Öê. Ú^1å¤
���;��Äþ�±D4��â, ¿°Ä�â^
=, <�/�/rù«óä¡� “1Æ�Ã”[2,3]. ,
	�^Ú^1å�;��Äþ?1&E?è�D
Ñ [4−7]. ÏdéÚ^1åÿÀ>Öêÿþ�ïÄä
k��¿Â. 8c~^�ÿþ1åÿÀ>Öê�
�{kû�1»ÿþ�{ [8], Mach-Zehnder Z�¤
ÿþ�{ [9,10] Ú��rÝÝÿþ{� [11].

d	<���±ÏL*ÿÚ^1å²Lû�
1Æ����û�|©Ù?11å OAM �ÿþ.

2006 c Sztul �|^�½�¼V¿ÿþ
Ú^1
å OAM[12]. 2008 c Soares �ÏL*ÿÚ^1å²

Ln����û�|¢y
1å OAM �ÿþ [13],

Ghai ���
^ü¿û�{ÿþÚ^1å OAM

��{ [14]. ÆU<��^¼V¿Úü¿?1Ú
^1å OAM �ÿþ [15,16]. �¦^û�{?1Ú
^1å OAM �O(ÿþ�, I�¦û�1Æì�
�¥%��ÿ1å�¥%Ü. ,	û�ì��(
�Úº�éÿþ(J�kK�. ©z [12—16] ¥¦
^�û�1Æì��(�Úº�Ñ´�½�, æ^
Å���ªN�û�1Æì���m �, ù
Ø
|Ï���
û�{ÿþÚ^1åÿÀ>Öê�
ÿþ°ÝÚ(¹5.

�©ïÄ
|^�¬�m1N�ì (spatial

light modulator, SLM) )¤�Ì.û�1Æì��
�{, ¿ÏLUCÚ��\1� SLM þ�û�ã
�BÚp°Ý/UC
û�ì��(�!AÛº
�Ú¤3��m �, �Ñ
ÏLÅ���ªN�
û�1Æì���m ��Øv. du)¤û�1
Æì�º��°ÝÚû�1»�m ��N!°
Ý�u SLM þ���¬��º� (16 µm) ��, Ï
d�©��{3ÿþ°ÝÚ(¹5��¡äk²
w�`³. �©|^ SLM ©O)¤
¼V¿Ú
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n��, ïÄ
Ú^1åÏL§����DÑA5,

¿?1
ÿÀ>Öê�ÿþ.

2 ^� .�¬�mN�ì)¤�Ì
.û��ì�

8c, <��±|^ SLM �� N��^)
¤�«� .1Æì�, 'X<�^ SLM )¤Ú
^� ¡ [17]!¶Iº (AXICON)[18] �. �©æ
^� .�¬ SLM �[)¤�Ì.ì�, ÙÌ�
g�´: r�� SLM y©�ü�«�, éAu�
Ì.ì��Øß1«� (ßLÇ�") Úß1«
� (ßLÇ� 1). Ù¥Øß1«��� N��
ð½�, 3�©¥�", ß1«��ßLÇ¼ê
´Y²���� 1», ÙßLÇ¼ê t(x) �L
«� t(x) = exp(i2πx/T ), Ù¥ T ´1»~ê, 1
å²LY²� 1»�, ØUC\�1�rÝ©
Ù, ¦\�1 l�5�DÂ��, Ù¥ l��
Ý θ = λ/T . du·�¦^�´��.� SLM, ¤
±ÏL “Øß1«�” �1ò�Ì��½ÆDÂ, 
ÏL “ß1«�” �1�DÂò l��½Æ��
�, Ïd l��½ÆDÂ�1��ußL�Ì.
ì��1. �©|^ù«�{¢y
 SLM �[�
Ì.û���. ¢�¥·�LÈ
÷��½ÆDÂ
�1å, =é l��½Æ�1å?1*ÿ. ã 1

´·�^u�[¼V¿Ún���û�ã. �â
ù��n, ·���±�[Ù¦a.��Ì.��,

'X��!Ý�!ü¿Ú1»�.

3 ¢��ý

duÚ^1å��m� ©Ù´UA½5Æ
©Ù� [1], XJU�½�5K4A½�m«��1
åßL, Ùû�| (Z�|¢��´û�|) ©Ù¬
L�ÑÚ^1å� ©Ù�5Æ. Ïd, �^Iþ
û�nØïÄÚ^1åÏL�Ì.û�ì���
1|©Ù5©ÛÙÿþ1åÿÀ>Öê��n. �
©©O^²¡Å�Ìû�nØÚ��dû�È©
úªé LG 1å²L�Ì.û�ì��1|�DÂ
5Æ?1�ýO�. nØþ, ²¡Å�Ìû�nØ
�±éÐ�©Û LG 1å²L�Ì.û�ì���
DÂ5ÆÚL�Ñ LG 1å� ©Ù�5Æ, �´
*ÿål�� (7 m �m), �¢��5ØB, Ïd·

��ò^��dû�È©úª?1�ý. du¦^

ßº, ¤±é�§Ýþ á
DÑål.

�ýO�L§¥¤^� LG 1å�±L«�E
�Ì�/ª [19]

u (r, ϕ) = Cl
p exp

[
− ikr2

2R
− r2

w2
− i (2p + l + 1) ψ

]
× exp (−ilϕ) (−1)p

( r

w

)l

Ll
p

(
2r2

w2

)
, (1)

Ù¥ R �L-11åÅcÇ�», w �L-11
å1��», ψ �L Gouy � , p Ú l �»�Ú�
�þfê. Ll

p ´.X�õ�ª. �©�ÿþ»�þ
fê�" (p = 0) � LG 1å.

ã 1 �[¼V¿Ún���û�ã (a) ¼V¿; (b) n
�� (Ù¥�Ý�" (çÚ) �Øß1«�. �
Bu*w, òß
1«��ÛÜ?1��, �±wÑß1«�´Y²���� 
1», 1»~ê´ 0.1 mm)

·�Äk^�Ìû�úª�¯�Fp�C�
ïÄÚ^1å²L�Ì.û�1Æ���DÑA
5. 3���IX¥, -Ô²¡�I� x0, y0, ò (1)
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ª?1�IC������IXe LG 1å�1|
©Ù u0 (x0, y0), 1»�ßLÇ¼ê� t (x0, y0), D
Âål� d �, û�|�1|©Ù�L«� [20]

u (x, y) = F−1 {F {u0 (x0, y0) · t (x0, y0)}

×H (fx, fy)} , (2)

Ù¥û�¶þ��I� x, y. F Ú F−1 ´��Fp
�C�Ú_C��Î, H (fx, fy) ´û�3ª��
D4¼ê, �L«�

H (fx, fy) = exp
[
ikd

√
1 − (λfx)2 − (λfy)2

]
,

(3)

Ù¥ fx Ú fy ´ª��I, k = 2π/λ, λ ´Å�.

·��^��dúª�¯�Fp�C�ïÄ
Ú^1å²L�Ì.û�1Æ����DÑA5.

*ÿ¶þ�1|©Ù�L«� [21]

u (x, y) = exp (ikL) exp
[
i
C

2A

(
x2 + y2

)]
×F−1

{
F

{
1
A

U0

( x

A
,

y

A

)}
× exp

(
−iπλBA

(
f2

x + f2
y

))}
, (4)

Ù¥, L �1ÆXÚ�¶þ1§, A,B,C,D ´C�
Ý
��, A = 1 − z2/F , B = z1 + z2 − z1z2/F ,

C = −1/F , D = 1− z1/F (z1 ´ßºål�Ì.û
�1Æ���ål, z2 ´ßºål*ÿ¶�ål).

·�ò¦^ (2) ªÚ (4) ª?1ê��ý.

¢�¥¦^�¼V¿Ún���º�ëê
Xe: ¼V¿�V¿må 150 ��� (���
� 16 µm), ¿° 20 ��. n���	���»� 90

���. \�1��»� 3 mm, Å� 0.6328 µm.

ã 2 ´ LG01 �1å²L¼V¿Ún����1
r©Ù, �XDÂål�O\û�1|Åì¥yÑ
�½�5Æ. éuV¿Z�, DÑål�u 7 m �
û�ã�®²'��ß, éun��û�, DÑ
ål�u 5 m �û�ã�®²'��ß. Ïd, ·
�^ LG01, LG02, LG03, LG0−1, LG0−2 �1å�?
�Ú��ýO�, ©O3ålû�¶ 9 m ?*ÿV
¿Z��1|©ÙÚ3ålû�¶ 7 m ?*ÿn
���û�1|©Ù. �ý(JXã 4 Úã 5 ¤«,

�±�ßwÑû�|�©Ù5ÆÚÿÀ>Öê�
éA'X.

ã 2 LG01 1å²LV¿�ØÓ ��1r©Ù (a), (b), (c), (d), (e) L«3 1, 3, 5, 7, 9 m ?*ÿ

ã 3 LG01 1å²Ln���ØÓ ��1r©Ù (a), (b), (c), (d), (e) L«3 1, 3, 5, 7, 9 m ?*ÿ

ã 4 ØÓ�ª� LG 1å²LV¿�3 9 m ?�1r©Ù (a), (b), (c), (d), (e) L«3uÿ1å©O´ LG01, LG02, LG03,

LG0−1, LG0−2 �1å
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ã 5 ØÓ�ª� LG 1å²Ln���3 7 m ?�1r©Ù (a), (b), (c), (d), (e) L«3uÿ1å©O´ LG01, LG02, LG03,

LG0−1, LG0−2 �1å

�
3¢�L§¥ á*ÿål, ·��±
3*ÿ¶c��ßº, ^��dúª?1ê��
ý. ·�^�å� 400 mm �ßº?1¢�, ²L
�ýO�, ·�uyòßº��3ålû�1Æ�

� 600 mm, ålßº 380 mm ?*ÿû�1|�J
éÐ. Xã 6 Úã 7 ´ÏLê�O����1r©
Ù. �±wÑ, ÏLßºC�E,�±éÐ�*ÿ
û�|�©Ù5ÆÚ OAM �éA'X.

ã 6 3ßº�C�eØÓ�ª� LG 1å²LV¿��1r©Ù (a), (b), (c), (d), (e) L«3uÿ1å©O´ LG01, LG02,

LG03, LG0−1, LG0−2 �1å

ã 7 3ßº�C�eØÓ�ª� LG 1å²Ln����1r©Ù (a), (b), (c), (d), (e) L«3uÿ1å©O´ LG01, LG02,

LG03, LG0−1, LG0−2 �1å

4 LG 1åÿÀ>Öê�ÿþ¢�

¢�¥·�¦^EÜ���Ì1» (î�k�
� �!p�kn� �, 1»±Ï� 0.4 mm) )
¤ØÓ�ª� LG 1å [22], Xã 8 ¤«, �pd1
åì�1»�, �±)¤�� 3×3 � LG 1å

�, Y²��)¤ LG01 Ú LG0−1 1å; R���
)¤ LG03 Ú LG0−3 1å; é����)¤ LG02

Ú LG0−2 1å!LG04 Ú LG0−4 1å. ,�ò)¤
� LG 1å©O\�� SLM þ?1uÿ. ¢�C
�Xã 9 ¤«, He-Ne -1ìÑ��pd1å²L
�� x ����� �¡�, d�� 3 �*åº

?1*å�, R�\Ý�����Ì1»þ. ,�
²L��àßºÚ]ßº?11åC�, Ù¥à
ßºé²L1»�1|?1Fp�C�, ]ßº
O���û�?�m�ål, Bu¢�¥LÈÑ
I��û�1å (äkØÓ OAM � LG 1å). ²
L1<ÀJ5�LÈ�, äkØÓ OAM � LG 1
åk�\�� SLM þ?1uÿ¢�. ·�¦^�
´�I HOLOEYE úi� LC-R2500 .��ª�
¬�m1N�ì. 3¢�L§¥, ·�òû�ã\
1� SLM þ, ,�^ SLM g��A^^�N!1
»ã� �, =�¢y\�1°(�\��1»�
¥%. ²L SLM �, Ñ�1å©�¤üå (¢S�
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õå, ��küå´Ì�û�?, Ù¦�p�û�
?), LÈ 0 ?û� (U��½ÆDÂ�û�1), =
4 +1 ?û�ÏL. 3 +1 ?û�1�1´þ��

��ßº (ål�m1N�ì 600 mm). ,�3
ßº�� 380 mm ?^ CCD �Å?11|ã�
æ8.

ã 8 Ä�pd1åì�EÜ1»�Ì�û�?��|©Ù (a) Ä�pd1å; (b) EÜ���Ì1»; (c) LG 1å
�

ã 9 ¢�C�«¿ã

¢�(JXã 10 Úã 11 ¤«, ÏLÚ�ý(
J (ã 6 Úã 7) ?1'�, uy¢�(JÚnØ�
ý(J��ÎÜ. lã 10 �±wÑ, Ú^1å²L
V¿��Z�^«Ø´ç��^«, ´u)

�, �§Ý�Ú^1å�ÿÀ>Öêk', ÿ
À>Öê�����^«��²w, ^«�
���K�ÿÀ>Öê��K�', ��^«��
§Ý�Cü^«m�� m �, Ù¥ m ´Ú^1
å�ÿÀ>Öê, �©z [12] �¢�(JÎÜ. l

ã 11 �±wÑ, LG 1åÏLn����û�|3
�½�ål?¥yÑ�n�/�1:
�. Ù¥n
�/�>þ�1:ê8�u LG 1å;��þf
ê\�, �n�/���.>�Y²��¥ 30◦ (ÿ
À>Öê�K) ½ –30◦ Y� (ÿÀ>Öê��), �
©z [13] �¢�(JÎÜ. þã�ü«�{Ñ�
±éÐ�ÿþÚ^1å�ÿÀ>Öê. Ó��L
²� . SLM �±éÐ��[�Ì.1Æû�
��.

ã 10 LG 1å²LV¿�1r©Ù�¢�(J (a), (b), (c), (d), (e) L«3uÿ1å©O´ LG01, LG02, LG03, LG0−1,

LG0−2 �1å
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ã 11 LG 1å²Ln���1r©Ù�¢�(J (a), (b), (c), (d), (e) L«3uÿ1å©O´ LG01, LG02, LG03, LG0−1,

LG0−2 �1å

5 ( Ø

�©JÑ
�«^�¬�m1N�ì�[�
Ì.û�1Æì��#�{. ^�m1N�ì)¤

¼V¿Ún��. ,�^ùü«ì�¢y
.

X�pd1åÿÀ>Öê�ÿþ. du�m1N�
ì�±�BÚp°Ý�UC1Æì��AÛº�
Ú¤3��m �, ÏdB$/¢y
p°Ý�ÿ
À>Öê�ÿþ.
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Propagation of helical beams through amplitude
diffractive optical elements and the measurement

of topological charge

Xin Jing-Tao Gao Chun-Qing† Li Chen Wang Zheng
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Abstract

A new method is proposed to generate amplitude diffractive optical elements such as Young’s double-slits and triangular apertures

from a spatial light modulator (SLM). With the help of plane wave angular spectrum diffraction formula and Collins formula, the prop-

agation property of helical beams passing through those two amplitude optical elements is studied, and the measurement of topological

charge of helical beams is also achieved with those two amplitude diffractive optical elements. Due to the fact that the SLM can flexibly

and accurately change the configurations and locations of optical elements, the measurements can be conveniently achieved.

Keywords: helical beams, diffraction, topological charge, spatial light modulator
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