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1 Ú ó

�{áÂì2�A^u�.ÿË�9¤!1
&ÿì!ªÌ¤��+�, ¿�CX3ÔNL¡�
�áÂ\��>^Ë�^±Û� [1−4]. Äu�á�
�áÂìduU
¢yé\�>^Å��{áÂ
Úå�ï<
�2�'5 [5−9]. 2008 c, Landy

�ÄkJÑ
Äu�á���{áÂìVg, Ï
LÜn��OÚÀJëê, |^m��!á��Ú
©���¤�>^��ìé\�>^Å�>^©
þ�)ÍÜ, ¦\���á�L¡�A½ªÇ>^
ÅQØ�)���Ø�)ß�, ¢y�{áÂ [10].

Diem �lnØÚ¢�þÐ«
°�Ý�â[Åã
áÂì, R�\��áÂÇ� 99.7%, \��3 70◦

�áÂÇE�±3 80%±þ [1]. Liu �|^�m©
ÙáÂUåØÓ�ü�(�¢y
ù	Åã�á
Â¤�, ÄgÐ«
�á�^up1Ì¤��ã�
då [2]. Hao ��O
1Åã�áÂì, þÝ=�
��Å���Ê©��, ¢�þ¢y
 88 �áÂ
Ç [11]. 8cõêáÂìéR�\��>^ÅU�

��p�áÂÇ, ��Ñó�3ü�Åã, é\�
>^Å ��ª¯a, �Â�����, ��
§
�31ÌuÿÚ� ¤���¡�2�A^. C5
ïÄ<
é�á�áÂì�ïÄl�Å*Ð��
â[Å!ù	Ú1Åã, ?J¦�p�áÂÇ,

é\� �½\��ÝØ¯a, ±9°ª�, õÅ
ã�. Tao �|^º�ØÓ�ü�>��ü�þe
ü�¤��EÜü�(�, ��ü�3$ªw«>
N - >a��, ��ü�3pªNyó4f��l
¢yVáÂA5 [12]. Wen �Kòü�>��ü
��mü�, 3p$ü�ªÇþ|^>N - >a�
�¢yVÅãáÂ [13]. ±þü«�Oduü�(
���é¡5, éØÓ� ��ª'�¯a, ��
Ý�O\áÂ×�ü$. ·�|^��i@�ó4
f��ü�|¤;n.ü�(�, ¢y
�Åã�
VÅãáÂ, 3��\���¹e�,�±�p�
áÂÇ. ·�æ^�ü�(�äk^=é¡5, é
?¿ ��ª�>^ÅÑkéÐ�áÂA5. nØ
Ú¢�(JL², 3\�>^Å�-ye, z��
�ü�ÑU�±Õá���A5, EÜ(����
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´©áü�(�����5|Ü. Ïd, �±|^
��!ü�!n�$��õ���|Ü�B/¢
yüÅã!VÅã!nÅã9�õÅã�áÅì
�O. ��ªÇ�'u��º�, ÏLÀ^ØÓ�
	»º�¢yA½�ªÇáÂ, NyÑé��(¹
5.

2 áÂì�O

·���O(�Xã 1 ¤«. ã 1(a), (b) ©
O�áÂì��¡!ý¡Àã, ã 1(c) �¢Ôã
¡. TáÂìdn��¤µþ�i@�4ÜV�!
.��7á��9m�0��. 4Ü�9���
7áÔ, >�Ç σ = 5.8 × 107 s/m, þÝ� t1. 0
��� FR4, 0>~êÚ�Ñ��©O� ε = 4.4,

tan δ = 0.02, þÝ� t2. ü�(�±Ï� a, S	�
°Ý©O� L1 Ú L2, �°� w.

� � x � n Ø ¤ õ / ^ u � � ! L � !
) º Ä u � á � � � « � O, X K ò � ! � ß
º!>^Û�!áÂì�. \�>^Å�>!

^©þ3�á�(�¥�)>^��, ��0
> ~ ê ε(ω) = εr(ω) + iεi(ω), ^ � Ç µ(ω) =

µr(ω) + iµi(ω). ÏLÜn�`z�O, �±¦�
>^Å3ü��á��\�L¡? ε(ω) = µ(ω),

{ | z(ω) =

√
µ(ω)
ε(ω)

= 1, � g d � m ¢ y �

{ � �, � � Ç R(ω) =
z(ω) − z0

z(ω) + z0
= 0. Ñ �

¡K��, ¦¦�UØ��, ß�Ç T (ω) → 0.

ù�, ÏLÓ�ü$ß�ÇÚ��Ç, ¦�áÂ
Ç A(ω) = 1 − R(ω) − T (ω) ����, ¢yé>
^Å��{áÂ. duæ^7á.�, {z
�O,

Ó����Ý/�y
ß�Ç T (ω) = 0, KáÂ
Ç A(ω) = 1 − R(ω) − T (ω) = 1 − R(ω).

æ ^ Ä u k � È © { � û ^ > ^ � ý ^
� CST Microwave StudioTM é ã 1(a) ¥ � V �
(�?1`z, �����(�ëêXe (ü 
� mm): a = 10, L1 = 9.5, L2 = 7.2, t1 = 0.018,

t2 = 0.8, w = 0.5. �ý���áÂÇÚ��ÇX
ã 2. 3ªÇ f1 = 4.02 GHz, f2 = 6.59 GHz �3ü
�áÂ¸ I, II, áÂÇ©O� 99.91%, 97.85%.

ã 1 (a) VÅãáÂì(�«¿ã; (b) ýÀã; (c) ÿÁ�¬ã¡, (c) ¥�ã����ü�(�

ã 2 �ý�VÅãáÂì��� (J�) ÚáÂ (¢�) �

3 ¢�9nØ©Û

�ý(JL²�±|^V�(�¢yVÅã
�{áÂ, ·��X\ó
�¬¿?1
ÿÁ. \
ó��¬Xã 1(c) ¤«. |^>´��¡Eâ,

3¡È� 200 mm × 200 mm � FR4 0���¡

 400 �ü�(�. 3�ÅV¿¥, |^S$Ô�
ä©Û¤ (PNAE 8363), ü�°�VB/i��u
�Ú�Âìé�¬?1
ÿÁ. ØÓ\��Ýe
ÿÁ���¬���Ç, �éA�Ýe\���Ó
��7á�����Ç8�z, ��ØÓ�Ýe
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áÂì���Ç, |^úª A(ω) = 1 − R(ω) ��
áÂì�áÂÇ. \��� 5◦ ��áÂÇ�X
ã 3(¢�) ¤«. ��é', Ó��±Ñ
�ý��
�áÂ� (J�). �±wÑ, ¢���ý(JÎ
Ü��~Ð.

¢�(JL², 3ªÇ f1 = 4.06 GHz, f2 =

6.66 GHz �3ü�áÂ¸ I, II, éA�áÂÇ©O
� 99.60%, 95.83%. ��ý(J�', áÂ¸ I Ä
��Ó, áÂ¸ II eü
 2.02%, ¿��k 80 MHz

�7£. ù«�OÌ�uü��Ï: �´\óØ
�Ú¤^á��ý¢0>~ê��ýëê�mk
�O, �´�¬�k���Úÿþ´3�R�\
� (ü/iÜ�� 10◦) ^�e?1�k'.

ã 3 ÿÁ (¢�) Ú�ý (J�) ��¬áÂ�

ã 4 ØÓ\����áÂÇ �ã�áÂ¸ II NC�áÂ
©Ù

·�?�ÚÿÁ
�\�^�eáÂÇ�\
���Cz�¹, Xã 4 ¤«. �\���O\,

áÂÇ�ú~�. 3\���� 50◦ ��¹e,

áÂ¸ I �áÂÇ� 83.38%, áÂ¸ II �áÂÇ
� 88.27%, ü�áÂ¸�,�±�p�áÂÇ. Ó

�, ã 4 ¥���áÂ¸ II w«, áÂ¸�\��
Ý�O\, �)
 27 MHz �7£. áÂ¸ I �\�
�O�, Ó����X7£��), �ÌÝ��, �
� 12 MHz. ¢�(JL², T(�3��Ý\��
¹e, �,�±�Ð�áÂA5.

�
²(VÅãáÂ�)��Ï, ·�iÿ

3ü�áÂªÇ�L¡>6©Ù, Xã 5 ¤«.

ã 5(a), (b) �áÂ¸ I �þeL¡�L¡>6©
Ù, ã 5(c), (d) �áÂ¸ II �þeL¡�L¡>
6©Ù. L¡>6©ÙL², \�>^Å�>|
©þ�þ�7á��müý�7á:�)
>
ó4f�A, 3	>|°Äe, >Ö÷ç����
�, >|Ì�8¥37á�þeü>. >ó4f�
��ªÇ ωe ∝ c/2Li

√
εeff

[14], c �ý�¥�1�,

Li(i = 1, 2) �éA4Ü��>�, εeff �4Ü�þ
eü:NC���0>~ê. \�>^|�^|©
þBßþ�7á, 3þeü�7á�m�)Y²�
��^��, �A/3þ�7á��üý>9éA
�e7á.�þ-u��>6. �>�A-u��
�0>~ê ε(ω) Ú^�A-u���^�Ç µ(ω)

�C�, K�¢y�gd�m�{|��, l¢
y\�>^Å��{áÂ. du��ªÇ��>�
¤�', >���, ��ªÇ��, Ïd, 	�éA
ªÇ�$�áÂ I, S�éAªÇ�p�áÂ¸ II.

ã 5 áÂªÇ f1 = 4.02 GHz (a), (b) Ú f2 = 6.59 GHz

(c), (d) �L¡>6©Ù (a), (c) þ�4Ü�; (b), (d) e�7á
.�

·�?�Ú©Û
�±S��»ØC^�e
áÂ¸�	�>��Cz5Æ, X ã 6. � ± wÑ,
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ã 6 S� L2 = 7.2 mm �±ØC, áÂ¸ I �	�	» L1

CzCz, áÂ¸ II �±ØC

ã 7 áÂªÇ f1 = 4.02 GHz (a), (c) Ú f2 = 6.59 GHz

(b), (d) ��Uþ�Ñ©Ù (a), (b) �;bþ�7á���¡
�ã; (c), (d) � x = 5 mm ?�ý¡�¡

�	�>��O\, áÂ¸ I �A/u)ù£, Î
Ü ωe ∝ c/2Li

√
εeff I«�Cz5Æ. êâw«, z

O\ 1 mm, áÂ¸£Ä ∼0.16 GHz. duS�Ø
C, áÂ¸ II �±ØÄ. 3�±S	�måv

� (> 0.7 mm) ±�Øüö�pÍÜ, ü�áÂ¸�
ÌÝÄ��±ØC. Ó��5Æ�·^u	�ØC
S�>�Cz��¹. ù
L², V�(��VÅ
ãáÂìáÂ¸5uz����üÕ��, ��
ªÇ�'u4Ü�>�. 3�±�½ål±�ØÍ

Ü�^�e, �±|^ü�!V�!n�$��õ
4Ü��i@±¢yüÅã!VÅã!nÅã!
õÅã�áÂì�O.

3>^Å÷ −z ¶R�\���¹e, ü�á
ÂªÇe�Uþ�Ñ©ÙXã 7 ¤«. ã 7(a), (c)

´áÂ¸ I éA�Uþ�Ñ©Ù. ã 7(b), (d) ´á
Â¸ II éA�Uþ�Ñ©Ù. ü�áÂªÇe�U
þ�Ñ5u4Ü�þeü7á>�7á�Ñ9
Ùe��C0� FR4 �0��Ñ. Ù¥, 0��Ñ
´Ì��. 3��ªÇe, þeü7á>9éA�
7á.�´>Ö8¥�«�, üö�m�3�r�
4z>|, \�>^Å��Ü©Uþ8¥�T«�
¿±9U�/ª�Ñ30�¥.

4 ( Ø

�©�O
ÄuV4Ü�(���á�VÅ
ãáÂì, ¢�Ú�ý(JÎÜ��~Ð. 3�±
�½ål��¹e, z�����ªÇÑ´Õá�,

��ªÇ��>�¤�'. duæ^
i@4Ü�
�;n(�, æ^ØÓê8!ØÓ����|Ü,

�±�B/¢yüÅã!VÅã!nÅã$��
õÅã�áÂ. ü�(�äk�^=é¡5¦Ù x

 �Ú y  �k����A, =Ã ��65. Ó
�, ·���O�±3��Ý (50◦) \�^�e�
,�± 83%±þ�áÂ, �þÝ (0.836 mm) = (�)

�ó�Å� (λ1 = c/f1 = 73.89 mm) �z©��.

ù«4��!��Ý!Ã ��65!õÅã�
áÂìk"3õª¤�!9&ÿ��E+�u�
��^. du>^|�IÝØC/, ·���O
Ø=·^u�Åã, ��3�â[!1Åãu��
^.

a�H®�Æ>fó§Xëd²P�3�¬ÿÁ¥�

��Ú�Ï.
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Abstract

We report on the design, the fabrication and the measurement of a microwave dual band absorber in microwave regime. The

single unit cell consists of two closed ring resonators and a metallic ground plane separated by an FR4 layer. Experimental results show

that the absorber has two distinctive absorption peaks at frequencies 4.06 GHz and 6.66 GHz with absorptions 99.60% and 95.83%,

respectively, and the absorptivity drops in a wide range of incident angle. Fourfold rotational symmetry of the geometry makes the

absorber insensitive to transverse electric and transverse magnetic polarization. The dual band absorber is a promising candidate as

absorbing elements in multi-frequency imaging and thermal detection, due to its multi-band absorption performance, polarization-

insensitivity, and wide angle of incidence.
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