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1 Ú ó

�{ � ZáÂ (coherent perfect absorption,
CPA)[1,2] �)u1ÆáÂÚ1ÆZ���p�^,
´�«ö�1Å9ÙáÂ�#�{. CPA XÚäk
1ÆL§þ���1��-1ì�3�m�ü'
X!U
��áÂ�Z\�1��-1ìA5, 3
1N�!1m'±91Æ&ÿ�Ãõ�¡ [3,4] ä
kã��d3A^. AO/, CPA �A�±3ü�
7¬¡�4�{ü�(�C�¥¢y [2], 3r?7
Ä8¤1fì���O¿^u1ÆÏ&ÚO��
+�äk­�ïÄd�. 3 CPA ïÄ¥, ¦+�@
=k©z [5,6] �Ñ�m�ü�-1L§�3��
U5, ��üÏ� CPA äk�Óó��n���
NN� [7−10]!&ÿ [11,12] �ì��ïÄ�kÐm,
�Ó1��-1ìXÚ�é'��m�ü-1ì,
= CPA XÚ�Vg9nØ�� 2010 câ� Chong
� [1] JÑ, ¿á=Úå2��'5. Chong �3Ù
ïÄ¥JÑüÏ� CPA ��)�n, =�1Å\�
�à�\�¡!�à�º¡��é¡n, ,
A½

áÂ^�eº¡��1Å�\�à¡��1Å�
pZ��¦\�1�Ü�áÂ
/¤üÏ� CPA;
¿X­éVÏ� CPA �)�^�9�'1ÆA5
�
nØO�Úê�©Û. 3 Chong ��ïÄÄ:
þ, Wan � [2] 3¢�þ¢y
 CPA �-1ìXÚ
�|ï. �©|^DÑÝ
ÚÑ�Ý
�{, �[
O�
üÏ� (ã 1(a))!VÏ� (ã 1(b)) (��
) CPA �^�¿éÙ�'5�
©Û. ïÄL²,
3\�Å�!0�ò�Ç�ëêØC��¹e, V
Ï� CPA u)¤éA�0��ÝÚüÏ� CPA u
)¤éA�0��Ýäk��'X. X 756 nm Å
��1ì� Si 0�, üÏ�(�ÚVÏ�(��
) CPA �A�0��Ý©O� 3.701 Ú 7.402 µm.� � � � �� � � � � �� � 	 
 � � � � � � � � � � � �� � � �� � 	 
 � � � � 	 
 � �
 � � 
 � ��� � � �

ã 1 (a) üÏ�(�; (b) VÏ�/ü0��(�
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2 Ñ�Ý
9DÑÝ
nØ

>^Å3��0��¥�DÑA5�±^D
ÑÝ
 [13] L«. Ùò1Å30��¥�1?w�
´��1?>^ÅÚ��1?>^Å�U\, 0�
�.¡?�>^|÷v>.^�, z�0���1
Å��p�^�dÙDÑÝ
��û½, 0��ü
>�|¥þ���^DÑÝ
éXå5. ü0�
� nb Xã 1(b) ¤«, Ein,L, Eout,L ©O�0� nb

�.¡ na �ý���Ú��1Å, Eout,R, Ein,R ©
O�0� nb m.¡ nc �ý���Ú��Å, Ù¥,
na, nb, nc ©O�ò�Ç. �Ä TM �ª�\�, Ù
DÑÝ
/ª� Ein,L − Eout,L

ηa(Ein,L + Eout,L)


=

 cos δb −i/ηb · sin δb

−iηb sin δb cos δb


×

 Eout,R − Ein,R

ηc(Eout,R + Ein,R)

 , (1)

ª ¥ ηa =
√

ε0/µ0na, ηb =
√

ε0/µ0nb, ηc =√
ε0/µ0nc, Ù¥ ε0, µ0 ©O�ý�¥�0>~ê

Ú^�Ç. δb = k0nbb L«1Å30� nb �¥î
ª�mü�.¡��� �, Ù¥ k0 �ý�Å¥,
b�0��Ý.

�â�§ (1), éX\�ÅÚÑ�Å�Ñ�Ý

/ª���Eout1

Eout2

 =
(
− iηb sin δb + ηa cos δb + ηc cos δb

− iηaηc/ηb sin δb

)−1

×

 A 2ηc

2ηa B

Ein1

Ein2

 . (2)

A =(ηc cos δb − iηb sin δb − ηa cos δb

+ iηaηc/ηb sin δb)

B = − (ηc cos δb − iηaηc/ηb sin δb

+ iηb sin δb − ηa cos δb)

3 üÏ� CPA

ü Ï � ( � X ã 1(a) ¤ «, Ù m à ¡�º

¡. T(��ã 1(b) �', ��uã 1(b) (�?
u Eout,R = Ein,R ^���AÏ/ª. K�â�
§ (1), ���ã 1(a) üÏ�(����XêL�
ª�

r =
Eout,L

Ein,L
=

cos δb + iηa/ηb · sin δb

cos δb − iηa/ηb sin δb
. (3)

CPA ��)�¦��1� 0, �= r = 0. (Ü�
§ (3) ���

e i2δb =
na − nb

na + nb
. (4)

�Ä nb > na ��¹, � nb = nRe− inIm, (nIm > 0,
nRe > 1), K�§ (4) �Cq)�

nRe ≈
mπ

2k0b
(m = 1, 2, 3, · · · ), (5)

nIm ≈ 1
2k0b

ln
nRe + na

nRe − na
. (6)

d�§ (5) Ú (6) �±wÑ, ÷v CPA �)^��
0�ò�Ç¢Ü nRe, JÜ nIm ´�\�Å¥ k0 Ú
0��Ý b ���'�, �Ñ�3õ�). ù`²
üÏ�(�¥ CPA �±3õ«�¹e�).
�
�[£ãüÏ�(� CPA �)�^�±

9ÙLyÑ�A5, e¡ò?1ê�þ�äN©
Û.�
©Û�{B, �©�Ä na = 1 �¹. d�
§ (5) O�¤��ØÓ m �e nRe 3 [1, 4.5] ��
S� k0b �m�'XXã 2(a) ¤«. Ù¥ m = 3,
23, 43, 63, 83, 103, 123 ¤éA� nRe-k0b 'Xd
çÚ­�âÑw«, ±��Ù/¥yCz�5Æ.� � �� � � � � � � � � � 	 � 
 ����	 � � 
� � � � � � � 	 � 
 �� � 


� � � � � � � � � � � �� � � � �� � � �� � � �� � 	 �� � �� � � � � � � � � �� � � � � � � � � � � �� � � �
� � �� � ��  ! "�  ! #�  �

ã 2 ØÓ m ��¹e÷vüÏ�0� CPA �)^��
0�ò�Ç� k0b �'X (a) nRe-k0b; (b) nIm-k0b
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ã 2(a) L², z�ØÓ m �ÑéA�^ØÓ� nRe-
k0b 'X­�. d�§ (6) O�����ã 2(a) �
­��A� nIm-k0b 'X­�Xã 2(b) ¤«. d
ã 2 �±wÑ, éu�l 0 :�z�� k0b, Ñ
�±éÑõ� nRe 9éA� nIm ¦ã 1(a) üÏ
�(�¥���� 0, =�) CPA. AO/, éu
,�À½� k0b, du0��Ý b ��N!5, ¦
� k0 �=\�Å��±3�± k0b ØC�Ó�
g d N !. Ï d, é z � � k0b, Ñ � ± H { �
�Å�5Ïé� nRe Ú nIm �·¨�0�5÷
v CPA �)^�. 
�Ó�, k0b �´�±3�
¢ê��SëYCz�. ùL²k�þ��U
^��¦ CPA �Au). ~X, 3 k0b = 30.76
�, m = 73 ¤éA� nRe Ú nIm ©O� 3.728
Ú 0.00894, �0� Si 3 756 nm (k0 = 0.0083 nm−1)
?�ò�Ç¢Ü 3.728 ÚJÜ 0.009 �C [14]. dd,
� 756 nm \�1\��üÏ� Si 0�(�þ�,
3 b = 3.701 µm (k0b = 30.76) �¹e, ¬k CPA �
Au).

� � �� �� �� � 	 
 � �
 
 � � 
 � �

 � �
 � �
� 
 � �� 
 � � 
 � �� � � � � 
 � �� � � � � 
 � �


 � �� �� �� ��  � ! " � ! # � ! $ � ! % � ! &
ã 3 üÏ� Si 0�(�3 756 nm \����Xê r

�¢ÜÚJÜ�0��Ý b �Cz'X, �ã����X
ê r �Cz�éA���Ç R �Cz

�
?�Ú(@T CPA �A�u), 756 nm
(k0 = 0.0083 nm−1) �1\��üÏ� Si 0�(
����Ç R = rr∗ ��Ý b �Cz'X��â
�§ (3) ?1O�, Ùl b = 3490 nm (k0b = 29.01)
Cz� 3910 nm (k0b = 32.50) �(JXã 3 �
ã¤«. 3O�¥, r �¢ÜÚJÜ� b �Cz
dã 3 L�. lã 3 �±wÑ, 3þÝ b O\�
L§¥, r �¢ÜÚJÜ/¤�/Ì�Cz�;
,, ��/¥%Øäm£. =3Ì�Cz¥, JÜ
3� - K - ���m �, ¢Ü����lK�
� 0 ����mØäaC, 3Cz� r �JÜÚ

¢ÜÑ� 0 ?u) CPA �A, éAuã 3 �ã¤
«�����Ç R. éu 756 nm Å��1\�,
= nb = 3.728 + 0.009i �, ã 3 �ãL² CPA u)
3 k0b = 30.76 (b = 3.701 µm) �?, �dã 2 ¤
���(JÎÜ. éw,, k0b = 30.76 ? CPA u)
�, ¤\�� 756 nm �Z1òA����áÂK,
ù���1��-1ìäk�����1ÆL§,
LyÑ�-1ìA5. ,	, O�¥�uy, ã 3 Ì
�Cz¥¢Ü���aC�Ú��0�3�A\
�Å�e� nIm k', nIm ��, Ú���.

4 VÏ� CPA

VÏ�(�Xã 1(b) ¤«. dÑ�Ý
�
§ (2) ��, �÷v^�(√

ηc/ηa −
√

ηa/ηc

)2

cos2 δb

+
(√

η2
b/ηaηc −

√
ηaηc/η2

b

)
sin2 δb = −4, (7)

Ein,L

Ein,R
=

1
4

(
ηc + ηb

ηa
− ηc + ηb

ηb

)
e iδb

+
1
4

(
ηc − ηb

ηa
+

ηc − ηb

ηb

)
e−iδb (8)

�, Eout,L Ú Eout,R òÓ�� 0, = CPA �). �
Ä ηc = ηa �¹, �§ (7) C�

(η2
b − η2

a)( e iδb − e−iδb)/ηaηb = ±4,

?�Ú�±��

e iδb = ±ηa − ηb

ηa + ηb
. (9)

Ù Eout,L Ú Eout,R �m�'XKd�§ (8) C�
Ein,L

Ein,R
= ±1. (10)

3 nb > na ��¹e, �§ (9) Ú (10) ¥þ��
Ò, =�Å�!�Ì���Ó�üå1©Ol�m
ü���ÓÚ\� (Å¥!�Ä����) �VÏ
�(� (ã 2(b)), Ù�Aëê÷v�§ (9) �, VÏ
� CPA ò¬u). � nb = nRe + inIm, (nIm > 0,
nRe > 1), Ù�§ (9) �Cq)�

nRe ≈
mπ

k0b
(m = 1, 2, 3, · · · ), (11)

nIm ≈ 1
k0b

ln
nRe + na

nRe − na
. (12)

é'VÏ� CPA �)^��§ (11) Ú (12) �üÏ
� CPA �)^��§ (5) Ú (6) �±wÑ, e,�

164204-3



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 16 (2012) 164204

Å�\�üÏ�(�� CPA �u), KTÅ��m
ÓÚ\��0��Ý�üÏ� CPA éA�0��
Ýü��VÏ�(�, KVÏ� CPA �òu). =
3\�Å�9Ù¤éA�0�ò�Ç�ëêØC
��¹e, VÏ� CPA �)¤éA�0��ÝÚü
Ï� CPA �)¤éA�0��Ýäkü�'X.

�Ä na = 1, aquüÏ� CPA �¹, �â�
§ (11) ¦)� nRe 3 [1, 4.5] ��� k0b �m�'
XXã 4(a) ¤«. 3ØÓ� m �¹e, kØÓ�'
X­�. Ù¥ m = 3, 23, 43, 63, 83, 103, 123 ¤éA
� nRe-k0b 'XdçÚ­�âÑw«, ±��Ù/
¥yÙCz5Æ. d�§ (12) O�����ã 4(a)
�­��A� nIm � k0b 'X­�Xã 4(b) ¤«.
ã 4 �Ù/L², �üÏ�(�aq, VÏ�(��
k�þ��U^�¦� CPA u). �ã 2 üÏ��
', ã 4 ¥Ó�p�I��¤éA� k0b ´ã 2 ¥
�ü�. X m = 73 �, ã 2 ¥ k0b = 30.76 ¤éA
� nRe Ú nIm ©O� 3.728 Ú 0.00894, Ó�� nRe

Ú nIm �3ã 4 ¥d k0b = 61.52 ¤éA. AO
/, nRe = 3.728 Ú nIm = 0.00894 � Si 3 756 nm
(k0 = 0.0083 nm−1) ?�ò�Ç¢Ü 3.728 ÚJ
Ü 0.009 �C, dd, � 756 nm \�1\��VÏ
� Si 0�(�þ�, k0b = 61.52, = b = 7.402 µm
�, VÏ� CPA �Aò�±u).� � �

� � �
� � ����	 
 � � 
 � 
 � 
 � � 
 �
 � � � �
 � � �
 � � �
 � � �

� � � 	 � � � � � � � �� � � 	 � � � � � � � �
 � � 
 � 
 �
 � � 
 � 
 � � � �
 � � � 
 � � �
 � � �
� � �� � �� � � � � � �� � � �� � �

ã 4 ØÓ m ��¹e÷vVÏ�0� CPA �)^��
0�ò�Ç� k0b �'X (a) nRe-k0b; (b) nIm-k0b

�
�yd CPA �A�u), 756 nm (k0 =
0.0083 nm−1) \ � V Ï � Si 0 � � � � � �
Ç RL = rLr∗L �þÝ b �'X��âÙÑ�Ý
�

úª�§ (2) O��Ñ, b = 6980 nm (k0b = 58.02)
Cz� 7820 nm (k0b = 65.0) �(JXã 5 ��ã
¤«. Ù¥��Xê rL = Eout,L/Ein,L �¢ÜÚJ
Ü�þÝ b �C'Xdã 5 L�. ,	, O��L²
��Ç RR = rRr∗R Ú��Xê rR = Eout,R/Ein,R

�Cz­�©O� RL Ú rL Cz­��Ó. lã 5
�±wÑ, 3 756 nm \�= nb = 3.728 + 0.009i
e, Ù CPA u)3 k0b = 61.52 (b = 7.402 µ m) 
�?, �ã 4 ¤���(JÎÜ.

� � �� �� � �� 	 
 �	 
 �	
 	 
 �
 	 
 �
� � � � � 	 � � � � � � � 	 � �� � � � � �	 	 
 � 	 
 � 	 
 � 	 
 �� � � � �  � !" � # � $ %# � $ &# � $ '# � $ (# � $ )

ã 5 VÏ� Si 0�(�3 756 nm \����Xê rL

�¢ÜÚJÜ�0��Ý b �Cz'X, �ã����X
ê rL �Cz�éA���Ç RL �Cz

þã(J�Ù/L², 3\�Å�9ÙéA�
0�ò�Ç�ëêØC��¹e, VÏ� CPA u
)¤éA�0��ÝÚüÏ� CPA u)¤éA�
0��Ýäkü�'X. Ù¥, 1Å\�üÏ�(
� (ã 1(a)) �, �½^�eº¡à��1Å�\�
à¡��1Å�pZ�, ¦\�1�Ü�áÂ=�
)üÏ� CPA; 
éuVÏ�(� (ã 1(b)), Ù�
à�"Ñ�dTà¡Ú,�à¡���1Å, \þ
,�à\�
5�ß�1Åp�Z�
¤, ¿du
üà\�1å�ÓÚ5, �¦(�üà�Ñ�Ó�
�", =�) CPA �A. �'�
ó, VÏ�(��
1´L§��uéüÏ�(�±Ùº¡�¥�é
¡Ðm. �dd, Ðm��0��Ý=�ÙüÏ�
0��Ý�ü�.

5 ( Ø

|^DÑÝ
ÚÑ�Ý
�{, �[O�

üÏ� (ã 1(a)) ÚVÏ� (ã 1(b)) (��) CPA
�^�¿éÙ�'5�
'�. ïÄL², k�
þ��U�¹r¦ü!VÏ� CPA u), �3\
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�Å�9Ù�A�0�ò�Ç�ëêØC��
¹e, VÏ� CPA �)¤éA�0��ÝÚüÏ
� CPA �)¤éA�0��Ýäk��'X. X,
� 756 nm \�1\��üÏ� Si 0�(�þ�,
3 b = 3.701 µm (k0b = 30.76) �¹e, ¬k CPA
�Au); � 756 nm \�1\��VÏ� Si 0�
(�þ�, k0b = 61.52, = b = 7.402 µm �, VÏ
� CPA òu). Ù CPA �)u1ÆáÂÚ1ÆZ

���p�^, äk1ÆL§þ���1��-1
ì�3�m�ü'X!U
��áÂ�Z\�1
��-1ìA5. ���«ö�1Å9ÙáÂ�#
�{, CPA 31N�!1m'±91Æ&ÿ�Ãõ
�¡äkã��d3A^; 3r?7Ä8¤1fì
���O¿^u1ÆÏ&ÚO��+�äk­�
ïÄd�.
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71 4049
[13] Wang H, Li Y P 2001 Acta Phys. Sin. 50 2172 (in Chinese) [�

�, o[² 2001ÔnÆ� 50 2172]
[14] Palik E D 1985 Handbook of Optical Constants of Solids (London:

Academic Press)

164204-5



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 16 (2012) 164204

Theoretical analysis of coherent perfect absorption in
one-dimensional anti-laser∗
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Abstract
Detailed analyses and the correlations of coherent perfect absorption (CPA) in single-channel and two-channel structures are

performed by the transfer matrix and scattering matrix method. The results show that there are many possibilities for single-channel and
two-channel structures to satisfy the occurring of CPA. Moreover, with the same incident wavelength and refractive index of dielectric,
the length of dielectric for two-channel CPA is twice that for single-channel. For instance, it is 3.701 µm/7.402 µm for single-/two-
channel CPA as 756 nm wavelength is incident on Si material. Our results facilitate the application of CPA in optical modulator,
switches, detector, etc., and they are also of significance for Si-based integration of optical circuits in optical communication and
computer.

Keywords: coherent perfect absorption, single-channel, two-channel, length of dielectric
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