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ü��þ¶ FSS���.. ,�, (Ü©z [20] �
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��, ¤±éá�§ (1)—(6)��

ã 1 0� - 7á\1��ü��þ¶ FSS(�ã (a) x-y ²¡Ã�*Ð�n�/
� (¿¡:À); (b) x-y ²¡Ã�*Ð�

�/
� (¿¡:À); (c) 0� - 7á\1��ü��þ¶ FSS(� (¿¡�À)

ã 2 0� - 7á\1��ü��þ¶ FSS���.
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(9) ª¥, I inc
i = 2Tinc

〈

e
1
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〉

∗

. édÝ
�§?

1O�Ò�¦Ñ Ap Ú Bq, =���0� - 7á\

1þ¶ FSS��ü��DÑA5.

(1)—(9)ª¥: MS1, MS2 ´^6; Ap, Bq ´�

¦Xê; HT1, HT2 ´��^|; Hinc ´\�Å^;

h
F
m ´gd�m�¼ê; h

WG
n ´Å��¼ê; Ym,

Yn ´0��B; e
1
p, e

1
i , e

2
q, e

2
j ´Ó¶Å��¼ê;

Tinc, TL
1,1, TR

1,1, T1,2, TL
2,2, T2,1, TR

2,2 ´DÑXê.

3 ê�(J

�
ïÄ�«ëêé0� - 7á\1þ¶ FSS

DÑA5�K�, �O
Xã 1 ¤«�ü�(�.

Ù¥ L�ü�må, ��� 40.00 mm,a, d ©O�

\17áÔ�þÝÚ�», D�W¿0� 1 ��»,

m�\10� 2 �þÝ, s�þ¶¾��þÝ,�


ÎÜþ¶^�, ��� 1.50 mm.

3.1 WWW¿¿¿000������»»»CCCzzzééé000��� - 777ááá\\\111

������üüü���þþþ¶¶¶ FSS DDDÑÑÑAAA555���KKK���

Äk, éW¿ØÓ�»0����/ü�0

� - 7á\1þ¶ FSSDÑA5�K�?1
ï

Ä. >^Å�\�, � θ = 0◦, φ = 0◦, W¿0��

»�g�u 20.00 mm, 25.00 mm, 30.00 mm.ÏL

Ýþ{�ý, W¿ØÓ�»0�é��/ü�0

� - 7á\1þ¶ FSSDÑA5�K�Xã 3 ¤

«, 0� - 7á\1þ¶ FSS��ü�3W¿0�

�»ØÓ�¹e�DÑA5XL 1 ¤«. �W¿0

��» D d 20.00 mmO� 25.00 mm�, ¥%ª

Ç f0 �$¤£ 0.40 GHz,�°O\ 0.73 GHz,ßL

Ç T O� 0.10 dB;�0��» D d 20.00 mmO

� 30.00 mm�, ¥%ªÇ f0 �$¤£ 0.40 GHz,

�°O\ 1.95 GHz,ßLÇ T O� 0.13 dB.dd�

�, W¿0��»O\�é��/ü�0� - 7á

\1þ¶ FSSü�¥%ªÇK�¥eüª³, �´

Ø¯a; �XW¿0��»�O\, �°Ú¥%ª

ÇßLÇÑO\, �¥%ªÇäkép�ßLÇ.

ã 3 W¿ØÓ�»0�é��/ü�0� - 7á\1��ü

�þ¶ FSSDÑA5�K�

L 1 ��/ü�0� - 7á\1þ¶ FSS��ü�3

W¿0��»ØÓ�¹e�DÑA5

0��» ¥%ªÇ −3 dB �° ßLÇ

D/mm f0/GHz W /GHz T /dB

30.00 6.50 2.90 −0.02

25.00 6.50 1.68 −0.05

20.00 6.90 0.95 −0.15
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3.2 \\\111777ááá���»»»CCCzzzééé000��� - 777ááá\\\111

������üüü���þþþ¶¶¶ FSS DDDÑÑÑAAA555���KKK���

Ùg, æ^>^Å�\�, = θ = 0◦, ϕ = 0◦,

é\1ØÓ�»7á���/ü�0� - 7á\1

þ¶ FSSDÑA5�K�?1
ïÄ. \17á�

»�g�u 2.50 mm, 5.00 mm, 7.50 mm.ÏLÝþ

{�ý��Xã 4 ¤«�(J, '�êâXL 2 ¤

«. �\17á�»d 2.50 mmO� 5.00 mm,¥%

ªÇ f0 �$¤£ 0.60 GHz,�°~� 0.05 GHz,ß

LÇ T ØC; �\17á�»d 2.50 mmO� 7.50

mm �, ¥%ªÇ f0 �$¤£ 1.50 GHz,�°~

� 1.15 GHz,ßLÇ T ØC. dd��, \1ØÓ�

»7áé��/ü�0� - 7á\1þ¶ FSS�

¥%ªÇÚ�°ÑkK�, �X7á�»�O\,

¥%ªÇÚ�°Ñ¥eüª³, �äk����°,

²º§ÝûÐ; ¥%ªÇ�ßLÇØC, ��ê:

�ü k�êâ�, �Ñ�".

L 2 ��/ü�0� - 7á\1þ¶ FSS��ü�3

7á�»ØÓ�¹e�DÑA5

7á�» ¥%ªÇ −3 dB �° ßLÇ

d/mm f0/GHz W /GHz T /dB

7.50 5.40 5.05 −0.00

5.00 6.30 6.15 −0.00

2.50 6.90 6.20 −0.00

ã 4 \1ØÓ�»7áé��/ü�0� - 7á\1��ü

�þ¶ FSSDÑA5�K�

3.3 \\\111777áááþþþÝÝÝCCCzzzééé000��� - 777ááá\\\111

������üüü���þþþ¶¶¶ FSS DDDÑÑÑAAA555���KKK���

�X, é\1ØÓþÝ7á���/ü�0

� - 7á\1þ¶ FSS�DÑA5?1
ïÄ.

� θ = 0◦, ϕ = 0◦, �y>^Å�\�, \17áþ

Ý�g�u 0.10 mm, 0.35 mm, 0.60 mm.ÏLÝþ

{�ý, \1ØÓþÝ7áé��/ü�0� - 7

á\1þ¶ FSSDÑA5�K�Xã 5 ¤«, DÑ

A5äNêâXL 3 ¤«. �7áþÝ a d 0.10

mm O� 0.35 mm�, ¥%ªÇ f0 Ú�° W Ñ

vkCz, ßLÇ T ~� 0.09 dB;�7áþÝ a

d 0.10 mmO� 0.60 mm�, ¥%ªÇ f0 �$¤

£ 0.10 GHz,�°�Cz, ßLÇ T ~� 0.06 dB.

dd��, \1ØÓþÝ�7á�, ��/ü�0

� - 7á\1þ¶ FSSü��°Ú¥%ªÇÑé

½, �¥%ªÇäk�Ð�ßLÇ.

L 3 ��/ü�0� - 7á\1þ¶ FSS��ü�3

7á\1þÝØÓ�¹e�DÑA5

7á�» ¥%ªÇ −3 dB �° ßLÇ

a/mm f0/GHz W /GHz T /dB

0.60 6.90 0.85 −0.16

0.35 7.00 0.85 −0.19

0.10 7.00 0.85 −0.10

ã 5 \17áþÝØÓ���/ü�0� - 7á\1��ü

�þ¶ FSS�DÑA5

3.4 \\\111000���þþþÝÝÝCCCzzzééé000��� - 777ááá\\\111

������üüü���þþþ¶¶¶ FSS DDDÑÑÑAAA555���KKK���

,�, é\1ØÓþÝ0����/ü�0

� - 7á\1þ¶ FSSDÑA5�K�?1
ï

Ä. >^Å�\�, = θ = 0◦, ϕ = 0◦, \10�

þÝ�g� 1.00 mm, 2.00 mm, 3.00 mm.ÏLÝþ

{�ý, ��Xã 6 ¤«�(J, äNé'êâX

L 4 ¤«. �\10�þÝ m d 1.00 mmO� 2.00

mm �, ¥%ªÇ f0 �$¤£ 0.50 GHz,�°~

� 0.40 GHz,ßLÇ T vkCz; �\10�þ

Ý m d 1.00 mmO� 3.00 mm�, ¥%ªÇ f0 �

$¤£ 0.90 GHz,�°~� 0.30 GHz,ßLÇ T ~

� 0.01 dB.dd��, �X\10�þÝ�O\, �

�/ü�0� - 7á\1þ¶ FSS¥%ªÇ!�

°Ñ¥eüª³, ²º§Ý�Ð, k�°��°; ¥

%ªÇ�ßLÇCz4�, ��ê:�ü k�ê
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â�, �ÑA��".

L 4 ��/ü�0� - 7á\1þ¶ FSS��ü�3

\10�þÝØÓ�¹e�DÑA5

0�þÝ ¥%ªÇ −3 dB �° ßLÇ

m/mm f0/GHz W /GHz T /dB

3.00 4.10 5.20 −0.01

2.00 4.50 5.10 −0.00

1.00 5.00 5.50 −0.00

ã 6 \1þÝØÓ�0����/ü�0� - 7á\1��

ü�þ¶ FSS�DÑA5

L 5 ØÓü��ª0� - 7á\1þ¶ FSS��ü�

3\��ÝØÓ�¹e�DÑA5

ü� \��Ý ¥%ªÇ −3 dB �° ßLÇ

�ª θ/(◦) f0/GHz W /GHz T /dB

��/

60 5.20 0.10 −0.08

30 7.80 0.70 −0.07

0 7.00 0.80 −0.07

�n�/

60 5.60 0.05 −1.47

30 6.30 0.50 −0.26

0 7.00 0.80 −0.17

3.5 \\\������CCCzzzééé000��� - 777ááá\\\111������üüü

���þþþ¶¶¶ FSS DDDÑÑÑAAA555���KKK���

��, |^Ýþ{©OïÄ
>^Å3ØÓ\

��e��/ü�!�n�/ü�0� - 7á\

1þ¶ FSS�DÑA5. >^Å\���g� 0◦,

30◦, 60◦. ÏL�ý©O��Xã 7 Úã 8 ¤«�

(J, é'êâXL 5 ¤«. ��/ü�: � θ d 0◦

O\� 30◦ �, ¥%ªÇ f0 �p¤£ 0.80 GHz,

�°~� 0.10 GHz,ßLÇ T ØC; � θ d 0◦ O

\� 60◦ �, ¥%ªÇ f0 �$¤£ 1.80 GHz,�

°~� 0.70 GHz,ßLÇ T ~� 0.01 dB.�n�

/ü�: θ d 0◦ O\� 30◦ �, ¥%ªÇ f0 �$

¤£ 0.70 GHz,�°~� 0.30 GHz,ßLÇ T ~

� 0.09 dB;� θ d 0◦ O\� 60◦ �, ¥%ªÇ f0

�$¤£ 1.40 GHz,�°~� 0.75 GHz,ßLÇ T

~� 1.30 dB.dd��, >^Åæ^ØÓ�Ý\�

�, ��/ü�!�n�/ü��0� - 7á\1

þ¶ FSS��äk�Ó�Czª³: ¥%ªÇÚ

�°Ñ�X\��Ý�O\ü$, ��°ÑéÄ;

��/ü���n�/ü��'äk�Ð�¥%

ªÇßLÇ.

ã 7 >^Å3ØÓ\��e��/ü�0� - 7á\1��

ü�þ¶ FSS�DÑA5

ã 8 >^Å3ØÓ\��e�n�/ü�0� - 7á\1�

�ü�þ¶ FSS�DÑA5

4 ( Ø

�©�O
�«0� - 7á\1��ü��

þ¶ FSS,|^Ýþ{éÙDÑA5?1
©Û

Úê��ý. ïÄ(JL²: �W¿0��»O\

�, ¥%ªÇ�$¤£, �°O\, ßLÇO�; 7

áþÝO\é¥%ªÇÚ�°K�Ø�, ßLÇ~

�; \��ÝO\é��/Ú�n�/ü��ªä

k�Ó�K�, Ñ¦¥%ªÇ�$¤£, �°~�,

ßLÇ~�; AO/, �\17á�»3 2.50 mm

� 7.50 mm�m��°��� 5.05—6.20 GHz,

¥%ªÇßLÇ� 100%(��ê:�ü k�

êâ�); �\10�þÝ� 1.00—3.00 mm��

°��� 5.20—5.50 GHz,¥%ªÇßLÇ��

C 100%(��ê:�ü k�êâ�). ÏL�©�

ïÄ, 
)ÚÝº
�«(�ëêé0� - 7á\

1þ¶ FSS��ü�DÑA5�K�5Æ, �±|
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^N�\17á��»�\10��þÝ, ¼�ä

k�Ð�°A5�þ¶ FSS,�ÑV�½õ��¶

?é FSS�5�(�E,!¥%ªÇßL´$�

Ø|K�. ù�¢yþ¶ FSS3¡Û�X�U�

íþ�¢Só§A^Jø
�«kd��/�.

a��·`���ïÆ. Ó�, é]¶"v;[Ú?6

JÑ��B¿�L«d©��¿.

[1] Munk B A 2000Frequency Selective Surfaces Theory and Design

(New York: Wiley) p28

[2] Wu Z, Wu Z B 2005Acta Elec. Sin. 33 517 (in Chinese) [Éó,É

�Å 2005 >fÆ� 33 517]

[3] Chen L, Dong J M 2006Space Electronic Technology 4 57 (in

Chinese) [�[, Â7² 2006 �m>fEâ 4 57]

[4] Wang H Q, Lu M Y, Wu Z 2005Journal of Infrared and Millimeter

Waves 24 27 (in Chinese) [���, ½²�,Éó 2005 ù	�Î

�ÅÆ� 24 27]

[5] Lu J, Sun L C 2004Journal of Changchun University of Science

and Technology 27 80 (in Chinese) [©d, �ëS 2004 �Sn

ó�ÆÆ� 27 80]

[6] Lu J, Zhang J, Sun L C 2005Optics and Precision Engineering 13
219 (in Chinese) [©d, Ü;, �ëS 2005 1Æ°�ó§ 13
219]

[7] Li X Q, Gao J S 2006Optics and Precision Engineering 14 1071

(in Chinese) [o�¢, p§t 2006 1Æ°�ó§ 14 1071]

[8] Li X Q, Gao J S, Zhao J L, Sun L C 2008Acta Phys. Sin. 57 3803

(in Chinese) [o�¢, p§t, ë¬w, �ëS 2008 ÔnÆ�

57 3803]

[9] Li X Q, Lu J, Jia H Y, Gao J S, Feng X G, Sun L C 2007Journal

of Infrared and Millimeter Waves 26 146 (in Chinese) [o�¢, ©

d, _÷ÿ, p§t, ¾¡I, �ëS 2007 ù	�Î�ÅÆ�

26 146]

[10] Li X Q, Gao J S, Feng X G 2008Journal of Microwaves 24 7 (in

Chinese) [o�¢, p§t, ¾¡I 2008�ÅÆ� 24 7]

[11] Li X Q, Feng X G, Gao J S 2009Journal of Microwaves 25 16 (in

Chinese) [o�¢, ¾¡I, p§t 2009�ÅÆ� 25 16]

[12] Jia H Y, Feng X G, Gao J S 2007Optics and Precision Engineer-

ing 15 978 (in Chinese) [_÷ÿ, ¾¡I, p§t 2007 1Æ°

�ó§ 15 978]

[13] Jia H Y, Gao J S 2007Journal of CAEIT 2 593 (in Chinese) [_÷

ÿ, p§t 2007 ¥I>f�ÆïÄ�Æ� 2 593]

[14] Jia H Y, Gao J S, Feng X G 2008Optics and Precision Engineer-

ing 16 2076 (in Chinese)[_÷ÿ, p§t, ¾¡I 2008 1Æ°

�ó§ 16 2076]

[15] Jia H Y, Gao J S, Feng X G, Sun L C 2008Acta Optica Sinica 28
1596 (in Chinese) [_÷ÿ, p§t, ¾¡I, �ëS 2008 1Æ

Æ� 28 1596]

[16] Jia H Y, Gao J S, Feng X G, Sun L C 2009Acta Phys. Sin. 58 505

(in Chinese) [_÷ÿ, p§t, ¾¡I, �ëS 2009 ÔnÆ�

58 505]

[17] Jia H Y, Gao J S, Feng X G 2008Journal of Microwaves 24 36 (in

Chinese) [_÷ÿ, p§t, ¾¡I 2008�ÅÆ� 24 36]

[18] Fang C Y, Zhang S R, Lu J, Wang J B, Sun L C 2010Optics and

Precision Engineering 18 1278 (in Chinese) [�S´, Üä;, ©

d,�êÅ, �ëS 2010 1Æ°�ó§ 18 1278]

[19] Fang C Y, Zhang S R, Lu J, Wang J B, Sun L C 2010Acta Phys.

Sin. 59 5023 (in Chinese) [�S´, Üä;, ©d,�êÅ, �ë

S 2010ÔnÆ� 59 5023]

[20] Wu T K 1995Frequency Selective Surface and Grid Array (New

York: Wiley) pp147–175

068402-6



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 6 (2012) 068402

A dielectric-metal-loaded thick-screen frequency
selective surface having circle aperture elements

Tang Guang-Ming† Miao Jun-Gang Dong Jin-Ming

( School of Electronic and Information Engineering, Beihang University, Beijing 100191, China )

( Received 23 May 2011; revised manuscript received 25 July 2011 )

Abstract

Thick screen frequency selective surface (FSS) is a very effective means of realizing the stealth radome, since it can better

improve the bandwidth performance of FSS. In order to fully grasp the transmission characteristics of thick screen FSS and to provide

a sound foundation of realizing their applications for bandpass radomes, a dielectric-metal-loaded thick-screen FSSis designed in

this paper. The transmission properties of this structure are analyzed by using the moment method. The transmission characteristics

of this structure are investigated when some parameters including the diameter of filling dielectric, the diameter of filling metal, the

thickness of filling dielectric, incidence angle of electromagnetic wave, and unit spacing are changed. Simulation results show that the

diameter of filling dielectric, the diameter of filling metal, the thickness of loading dielectric, thickness of filling metal, incidence angle

of electromagnetic wave, and unit spacing can influence the transmission properties of the dielectric-metal-loaded thick-screen FSS.

The diameter of filling metal and the thickness of loading dielectric can be adjusted appropriately in order to obtain a wide passband

width and a better penetrating percentage of the central frequency. The novel structure provides a valuable reference for the application

in stealth curved streamlined radomes.

Keywords: thick-screen frequency selective surfaces, dielectric-metal-loaded, moment method, transmission
property
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