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A Perfect Wavelength Tunable Absorber in NIR Band

LI Juan, SUN Jian, FU Di, WANG Shuang, FENG Yu-tao

(Key Laboratory of Spectral Imaging Technology of Chinese Academy of Sciences,

Xi’an Institute of Optics Precision Mechanics, Chinese Academy of Sciences, Xi’an 710119, China)

Abstract: Perfect electromagnetic wave absorber is generally called perfect absorber for short. It can be

used in many industries. A perfect absorber which can operate in Near Infrared (NIR) band is studied by

finite-different time domain method. The simulation result shows that this perfect absorber can achieve

98% absorbance for a single peak at the wavelength of 1400 nm or more than 90% absorbance for two

peaks at the wavelengths of 1320 nm and 1640 nm. The absorption wavelength and absorption width can

be tuned by adjusting the resonance cavity structure of the absorber. The perfect electromagnetic wave

absorber is a perfect absorber with a back-to-back resonance cavity, which has a very wide application

prospect.

Key words: perfect absorber; resonance cavity; finite-different time-domain

0 67
���	
	
�������

��


��������	�������������

��������
��Æ��Æ����	�

��������������������

������������	� ������

��������������� �����

� ��� (Surface Plasmons, SPs) ���!!

� �����������������"!

��"�#��"$��#%��$����&

��$�	
Æ��'��%�&� !&��

[1−6] 	'(' !(�
����)(�*��

M+NO�2017–08–23

,PQR�ST8UV9WX (41005019) �):YZ[9;*\]WX (XAB 2016A07)

^_-`�ab (1989-) �c�de�<f=g>�hijkl?mn+o@jkApqrsBtuvwf=g,
E-mail:lijuan201120549@126.com

http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.38, No.11, Nov 2017



2 � � 2017 C 11 D

�-��.""#�/$��0' #.0' 

 !&�%	 !&���$12�*%�&3�

���4&''��� (/��5' [7] 6

�7)(
) [8] 6*�8�*7% [9,10] +,+

9�,: [11]  	

-0���Æ-.�/123+0' �

��0;.4�
Æ��' ��156�<

��0' (0��) ��27+0' 83�

/��'$ !&��'0914:5�	��

(4� !&�%2����(384	�0�

��&� !&���911'6"=4>;

����45=4 ����6<���27

 !&����=4	'�%=7?$1>8

�97? [12] 	@@0' � !&��6A�

8<��A&�B1<��:*�0#10�

�C�9:�����>DE&�B;F<G

=���<��<;H�C�BD<�E��<

 I��C	'(��>?
����J0'

 8<���BK#%?
��&� [13] 	4&

Na Liu[14] ��@ Au LA����F<M��

F=� MgF2 + Au �C��1�E&�( �

��G>%	 Koray Aydin[4]  
���0H�

� ������&�B<C>&�%1>�

�'(����27 !&��4D>?



�B<:*NOM	 Keng-Te Lin[15]  
IJP

?�@Q���HEF=�:*��F<��

�AKD1���'(���&��M27�

�(1@�*7%�LFÆ$'(���&�

91�B�� ������9:G6C�M

�>8�5�NH��(2R�9	SO�*P

T$'����U191�B���&��2

:CVDI?�>8	

QW��D"*XR� (finite-different time-

domain, FDTD) S$'(A — <J��CV>

8�6"E�?

���6%2����4 

�Y=TK�$�LU�&�F1CV�Z	'

(���&�'��� 1[G<���� —

�M��+� — A��	G(���&��M

H(84�������['�8<\I�E&

$�&�	��'�&��M�6"*]=4%

2�TK'�=4&����B&��; 	

1 xyzE
^ÆNV��)O9@&P 1NQ	��R

S
�AR���W1 Al �$�
<�T��

JU&F<$ p���K2��	�X�$ w �

I;$ h 
?

Y_?
	�)O"Z��V

�F<MXLV2�6"E�X� w 5>8�

K2���&��M	$�>QW>8�%2

G*B<NOM�V�X� W84���	,

`$
aM����
+"
NX%�&��

O��4'�YH$

A = 1 − T − R (1)

:�� A 6 T 6 R �[\�%2�&�6."

+�
	^Æ>8����%� 1200∼1800 nm

]ZL	�'0���A�;�AKbU��

10e−9 �SOA�&�'�P[()	 A  W5

a Au+ Al�&��7W�Nc��' TK

5a WÆ [17] 	

\ 1 ]^^QR_d\ (Au_` 30∼100 nm�

Si _` 500 nm � Al _` 100 nm)

2 F{|}G

e&��M&P 2NQ	P 2(a)62(b)6

2(c)�[$���ES;$ 30 nm650 nm6100

nm 	-P 2(a) �'�T`�-0>UaV; w

�$��&�Wb7�8((4�&��M	c

�(JUaV;fX��5+F< p*X�+�

9:���� 1320 nm gh
cB(-0UaV

;�$��&�iYZj
c8(�8V[a\

j�&�d	

Infrared (monthly)/Vol.38, No.11, Nov 2017 http://journal.sitp.ac.cn/hw



� 38 ��� 11 � � � 3

7"�Z�̂ Æb$�S$'(�����

8(6<9:�-��7`8((4�&��

M	�+�M�e�E&��]^�K2���

�
?
�'(����D�����f�S

g_ — kc6< (Fabry-Perot, F-P 6<) ��d

��'(F<����f��� ����D

(Surface Plasmon Polariton, SPP) 	�� ���

��(��`�lh����������e

;m	Gi�f0������j'�+��

��\I�f� ����L5*a����+

F<gn��V2Dk'�f��� ���

6<��XY'YH$

2π

P
= k0

√
(εm · εe)/(εm + εe) (2)

:�� k0 �?
����� p �F<� εm +

εe �' +hLbc�;�AK	'
�	�

i��c�(5+F<*X�&��M��E

/$gde SPP 	

�gde SPP �Gi"Z�o�P 1 �N

Q�K2�JD
�G?�����+�M�

�E&�� ����6<Jlh	� w $�

D�'(6<Jlh���-�$�	'(6<

/$6<J ���	'
�$jkP 2(a) �

�6<J ���5���gde SPP ���

�1�pf	

	G(6<9:�6<�4Dj'�6"

HH���<g���Gi��<�T���

)
�� — AL�	�'�<L�1E&	3

 � — �ML��6<9:	("� ���

��4�M������$1	'�S$AQ

l�q
�!!� �M	$�C�M?m'

0�7�^Æ6"$�S;�2:9n�80

(4S;�E�&�P	P 2(b) +P 2(c) ��

E�S;�[$ 50 nm + 100 nm 	'�T��

�S;$�� 50 nmD�8V\j�&���l

mAn9	�S;o� 100 nm D�8V\j�

&�� Wro��'m'8V&��5s 

�+A�e�p��	'8V&��sgmh

�[$�A6<J_�8h6Bh6�h6<J

SPP 9:	

\ 2 pqirjst^kt

-P 2(a)�'�l`��'(�����'

����
e�MNq^ÆNu��� !&

��	l&'�NO� w $ 700 nm m�E&V


r0*&��#.� w $ 900 nm m�27s

W&�	

&��-�����XY&P 3 NQ	P

��T \�$
aM���."�����;
R

\�$
aM����
�;�1−T −R�$


aM���&��;	P 3(a)�P 2(a)� w=700

nm �&�r	P 3(b) �P 2(a) � w=850 nm �

&�r	'�T��P 3(a) �B*&��o�

� 0.987 �&�r�u*V$ 1400∼1550 nm 	P

3(b) �� 1320 nm + 1640 nm m��&���[

$ 0.83 + 0.985 �nQ27� W&�	

QW$�!9��g)CV�>8	P 4�

1[G0J��!P	P 4(a) $P 2(a) �ov

%;`������!P���� w=1000 nm,

?
��$ 1200 nm 	P 4(b) $P 2(c) �ov

%;`����!�;P� w=900 nm ���$

1560 nm 	�pP'�mvT`�P 4(a) �� —

http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.38, No.11, Nov 2017



4 � � 2017 C 11 D

A6<J��!P�&�wT`��wx1	

P 4(b) xQ��� — �M6<J��!P�&

�wT`��J^m���9S��MJ��

�� �����y�^ÆN,)�J���

4 (1 µm) Oq���AJ�� SPP ���r�

300∼400 nm gh�N�E&���+AL�G

i� ��6<9:	

(a)

(b)

\ 3 ztuvst^ys

(a) (b)

\ 4 ptquw^ x-z xwz{yr\

�z|{v?
��D�NX%$1[G

0JL6<��!CVN7��M6<J+A

6<J��!6<D��[&P 5NQ	P 5(a)

$}��� —A6<J�$� P 4 � X1 %�

P 5(b) $y��� — �M6<J�$� P 4

� X2 %	'��7��'(s6<J����

6<mA�a����A6<J�6<D�o

�� 800 fs 	'wT�S$ Al �
<+ Au <�

����a�6<P�#%��$�����

w&��')C�Mx{�&��*�9S	

(a)

(b)

\ 5 yz{|||}�^~}~}{|~~\�

3 ~{

>8��(W*�HE�AJ��� !

&���
e�M�I?NH��LU�� 

����6<F1	�7�'(�����8(

&�9:�gde SPP6� —�M6<J SP 6

<6� —A6<J SP 6<	'8(6<���

8<\I'�27>WVr&��&��'�

o� 0.987 �#.27sW&��&��$ 0.83

+ 0.985 	4D�'�6"=4>;9a���

27^ÆuT���&���	�l�i���

(ÆH� 10 I)

Infrared (monthly)/Vol.38, No.11, Nov 2017 http://journal.sitp.ac.cn/hw


