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�)��´5. Jensen � [1] 3¢�þuy
�c^
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ïÄ
13>0�/�c^V�(�DÂ��)�
��´5, �Ñ	\^|���!�c^N´Ä�
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�g�Å�ÑÑ. Nyvlt � [17] Ú Ney � [18] ©Oé
�c^NL¡�g�Å)¤A:?1
¢�ïÄ.

�±þïÄ¥é�g�Å)¤���´5��9
½�9Øõ. �©±>0�/�c^/>0� (DAD)

(��~, ïÄ�g�Å)¤���´5, ��c
^ì���O\óJønØ|±.

2 nØ�.

�c^�Y3ü«>0��¥m�¤ DAD (
�. Voigt  .´ïÄ�c^NX~^� /, A:
��c^f��Ú^z²1u�c^�L¡, 	\

ð½^|÷Xf�^z���, �d��� z ¶, x

¶²1uL¡. >^Å²1 x-y ²¡\� (�ã 1).

�c^�þÝ� da, 0>~ê� εa; >0���þ
Ý©O� d1,2, 0>~ê� ε1,2. �\�>^ÅªÇ
� ω ¡�"ËÅ, 3�c^�S-u����5^
z, )¤ªÇ� 2ω ��g�Å.

�
ïÄNX��g�Å��´5, �©¥
é\�>^ÅÚ�g�ÅL«�{½ÂXe: I,R

Ú T ©OL«"ËÅ\�!��Úß�Å; �I s

IP��g�Å�'�>^Å, Rs Ú Ts ©OL«
\�0�Úß�0�ÑÑ��g�Å; >^ÅÅ¥
�{�Y�©OéA\��Úß��.

ã 1 Voigt  .e�c^n²£ .ã (a)  .., DAD (�, ^|R��¡�	; (b)  ./, éA ..¥�^|��; (c)  
.0, éA ..¥�c^�üý>0��p�; (d)  .1, éA ..^|��, Ó�>0��p�

ã 1 �Ñ
ïÄ DAD (��g�Å)¤��
´5éA�A« .. Ù¥ ./���ïÄ�c
^NX��´5�A^� .. �
ïÄ�g�Å
)¤���´5�(�m�'X, ·��O
,ü
«(�, = .0Ú .1.  .0éA\�"Ë
Å9	^|ØC, >0��p�;  .1éA	^
|��, Ó�>0��p�. ��5¿�´,  .0
Ú .1��uò ..Ú .0¥�c^þe
0�éN, ÏLùü| .��g�Å)¤A:�
±ïÄ�c^±�0�é�c^��5�K�.

�c^N1Æ5�5u�c^^z�>

^ Å ^ | Í Ü. � ì � � 5 1 Æ ¥ > 4 z Ç �
L«, �c^�5^z [6] �L«� m

(1)
i (ω) =∑

j

χ
(1)
ij (ω)Hj(ω), Ù¥�"�þ�

χ(1)
xx (ω) = χ(1)

yy (ω)

= 2Aωmω′
a(ω

′2
r − ω2

0 − ω2), (1a)

χ(1)
xy (ω) = −χ(1)

yx (ω) = −4iAωmω′
aω0ω, (1b)

ù p ω′
r = [ω′

a(2ωe + ω′
a)]

1/2, ω′
a = ωa − iτω,

ωa = γHa, ω0 = γH0, ωm = 4πγM0 Ú A =

1/[ω
′2
r − (ω + ω0)2][ω

′2
r − (ω − ω0)2]. Ha ´��
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É5|, He ���|, H0 ´	\·^|, M0 ´f
�^z. ωr ´"	|��c^��ªÇ, γ �^^
'. �c^�5^zÇ�L«�

µ = 1 + χ =


1 + χ

(1)
xx χ

(1)
xy 0

−χ
(1)
xy 1 + χ

(1)
yy 0

0 0 1



=


µ1 iµ2 0

−iµ2 µ1 0

0 0 1

 , (2)

Ó n � � � c ^ � � � ª ^ z Ç χ
(2)
zxx(2ω), L

�ª�

χ(2)
zxx(2ω) = 2Aω2

mω′
aω0/M0. (3)

Ã	\·^|� H0 = 0, = ω0 = 0, �5^z
Ç�é�Üþ��", ���ª^z�", Ø�)
�g�ÅÑÑ. \	\·^|�, �5^zÇÑy
é��, >^Å3�c^NSDÂ��)��´5;

���ª^z (3) Ø�", �±)¤�g�Å. �â
úª (1) Ú (3), ���ª^zÇ�3ü���ªÇ,

��5^zÇ��ªÇ�Ó.

e¡ïÄ DAD (��g�Å)¤A:9��
´5. �â©z [15] ��, Voigt  .e, �k TE Å
�-u�g�Å, )¤�g�Å� TM Å. �"Ë
Å3��0�¥Å)/ªXe

Ez = exp(ikxx − iωt)

×


I exp(ikty) + R exp(−ikty), (þ��m)

Aj exp(ikjy) + Bj exp(−ikjy), (1j�)

T exp(ikby), (e��m)

(4)

Å)¥�I j = 1, 2,a ©OéA>0� 1, 2 �Ú�
c^�, y �����3éA�0�SÜ; A Ú B

©OL«�eÚ�þDÂÅ��Ì; R Ú T ©O
L«\�Å���Úß��Ì; ω �"ËÅ�ª
Ç, kj L«éA0�S y ���DÂ~ê, kx L
« x ���DÂ~ê, éA�ÚÑ'X� kt,b =

[(ω/c)2 − k2
x]1/2, k1 = [ε1(ω/c)2 − k2

x]1/2, k2 =

[ε2(ω/c)2 − k2
x]1/2 Ú ka = [εaµν(ω/c)2 − k2

x]1/2,

Ù¥ kx = (ω/c) sin θ.

|^>.^�ÚD4Ý
��"ËÅß��
�Ìm�'X, ¿��"ËÅ3�c^SÜ�rÝ.

\�0��ß�0�m�D4Ý
� I

R

 = Tt1T1aTa2T2b

 T

0

 = Π

 T

0

 , (5)

Ù¥

Tt1 =
1

2kt

 kt + k1 kt − k1

kt − k1 kt + k1

 ,

T1a =
1
2

 (1 + δ+
1 )∆−1

1 (1 − δ−1 )∆−1
1

(1 − δ+
1 )∆1 (1 + δ−1 )∆1

 ,

Ta2 =
µνk2

2ka

 (1 + δ−2 )∆−1
a (δ−2 − 1)∆−1

a

(δ+
2 − 1)∆a (δ+

2 + 1)∆a

 ,

T2b =
1

2k2

 (k2 + ε2kb)∆−1
2 −(k2 − ε2kb)∆−1

2

(k2 − ε2kb)∆2 −(k2 + ε2kb)∆2

 ,

ùp δ±j =
ka ± kxµxy/µxx

µνkj
, µν = (µ2

1 − µ2
2)/µ1,

∆j = exp(ikjdj), j = 1, 2,a.

�â (5) ª�±���c^�S�^|�Ì� Aa

Ba

 = Ta2T2b

 T

0

 . (6)

�g�Å´ TM Å, �Ù3��0�¥�Å)/ª
Xe

Hsz = exp(iksxx − 2iωt)

×


Rs exp(−iks0y), (þÜ�m)

Asj exp(iksjy) + Bsj exp(−iksjy), (1j�)

Ts exp(iks0y), (þÜ�m)

(7)

�c^�S^|�

Hs(2ω) =ez{[Asa exp(iksay)

+ Bsa exp(−iksay)] exp(iksxx)

+ [N1 exp(2ikay) + N2 exp(−2ikay)

+ N3] exp(2ikxx)} exp(−2iωt), (8)

Ù¥��5Xê�

N1 =
ε0χ

(2)
zxx(2ω)A2

a

µ0(µν − 1)(ωµν/c)2
[k2

a(1 + δ)2

+ k2
x(1 − δ′)2],
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N2 =
ε0χ

(2)
zxx(2ω)B2

a

µ0(µν − 1)(ωµν/c)2
[k2

a(1 − δ)2

+ k2
x(1 + δ′)2],

N3 =
8ε0εaχ

(2)
zxx(2ω)AaBa

µ0k2
saµ

2
ν

[k2
a(1 + δ)(1 − δ)

+ k2
x(δ′ − 1)(1 + δ′)],

ùp δ = ikxµ2/µ1ky, δ′ = iµ2ky/kxµ1.

�â��51Æ, �g�ÅÚ"ËÅ� �
���g�Å�)¤�Ç�p, Å¥÷v�'
X� ksx = 2kx. ����g�ÅÅ¥� y ©þ

� ks0 = 2k0 = [(2ω/c)2 − k2
sx]1/2 Ú ksj = 2kj =

[εj(2ω/c)2 − k2
sx]1/2.

|^>^|>.^����n²£(��g
�ÅD4Ý
� 0

Rs

 = Mt1

M1a

Ma2M2b

 Ts

Ts

 + Γ2

 + Γ1


= Θ

 Ts

Ts

 + Ξ, (9)

Ù¥

Mt1 =
1

2kstε1

 kstε1 + ks1 kstε1 − ks1

kstε1 − ks1 kstε1 + ks1

 ,

M1a =
1
2

 (1 + ∆1a) exp(−iks1d1) (1 − ∆1a) exp(−iks1d1)

(1 − ∆1a) exp(iks1d1) (1 + ∆1a) exp(iks1d1)



Γ1 =
1
2

 [(1 + ∆′
1a)N1 + (1 − ∆′

1a)N2 + N3] exp(−iks1d1)

[(1 − ∆′
1a)N1 + (1 − ∆′

1a)N2 + N3] exp(iks1d1)

 ,

Ma2 =
1

2∆2a

 (∆2a + 1) exp(−iksada) (∆2a − 1) exp(−iksada)

(∆2a − 1) exp(iksada) (∆2a + 1) exp(iksada)

 ,

Γ2 =
−1
2ksa

 [(ksa + 2ka)N1 exp(2ikada) + (ksa − 2ka)N2 exp(−2ikada) + N3] exp(−iksada)

[(ksa − 2ka)N1 exp(2ikada) + (ksa + 2ka)N2 exp(−2ikada) + N3] exp(iksada)

 ,

M2b =
1

2ks2

 (ksa + ε2ksb) exp(−iks2da) −(ks2 − ε2ksb) exp(−iks2da)

(ks2 − ε2ksb) exp(iks2d2) −(ks2 + ε2ksb) exp(iks2d2)

 ,

∆ja =
εjksa

εaksj
, ∆′

ja =
2εjka

εaksj
.

�â (9) ª�±��

Rs =
(Θ21 + Θ22)Ξ2

Θ11 + Θ12
+ Ξ1, (10a)

Ts =
Ξ1

Θ11 + Θ12
. (10b)

l N1, N2 Ú N3 �L�ª¥wÑ�g�Å�
Ì Rs Ú Ts �\�Å�Ì�²� E2

0 ¤�', �â
>^|U6�Ý�½Â, SI = (ε0ε1/µ0)1/2|E0|2/2

�\�U6�Ý, �g�Å��Úß�ÑÑ�Ý
�©OL«¤ SR = (µ0/ε0ε1)1/2|Rs|2/2 Ú ST =

(µ0/ε0ε2)1/2|Ts|2/2. ÑÑU6�ÝÚÑ\U6�

Ý�²�¤�', ½ö`¤=��Ç α = SR,T/SI

ÚÑ\U6�Ý¤�'. �
�*�Ny��´
5�rf±9�g�ÅÑÑ��érÝ, Ú\Ôn
þ η, ½Â�

ηi =
Si − Sj

Si + Sj
. (10)

Ù¥ i = R /, R 0, R 1, T /, T 0, T 1, ©Oé
A ./, 0, 1���Úß�, j = R ., T .éA
 ..���Úß�. �â η �½Â��, ηi > 0

L« . i ��g�ÅÑÑU6pu ..ÑÑ
U6, ��½,. � ηi ≈ 1 L«d� ..�g
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�ÅÑÑé��C� 0, ½��uéA . i ��
g�ÅÑÑ. du�g�Å)¤�ÇØ´ér, ¤
± ηi ≈ 1 � ..�g�ÅÑÑCq�"��
¹,  ηi ≈ −1 � . i �g�ÅÑÑCq�"
��¹.

3 ê��[�?Ø

ê��[¥�c^0�� MnF2, �'Ôn
ëêXe [19]: ��| H e = 550 kG, ��É5
| Ha = 7.87 kG, f��Ú^z M0 = 0.6 kG,

^^' γ = 1.97 × 1010 rads−1·kG−1, �é0>
Xê εa = 5.5. �	\·^| H0 = 1.0 kG �,

�c^Nkü���ªÇ ω1/2πc = 9.654 cm−1

Ú ω2/2πc = 9.863 cm−1, �c^N{ZXê� τ =

0.001. d�c^^zÇ (1) ��, Ã	^|!Ø
O{Z�, �c^��ªÇ� ωr = 9.7588 cm−1,

= 0.29 THz. �Or"ËÅ3�c^�S�r
Ý, > 0 � � þ � > 0 � ¥ ª Ç � ωr Å Å �
� 1/4 �, =� ωr Å�Oß�. �
�BO�,

�c^�Ú>0��1ÆþÝ�Ó. �c^�þ
� da = 108.1 µm, >0� 1 � SiO2, 0>~ê
� 2.3, þÝ� 167.1 µm; >0� 2 � ZnF2, 0>
~ê� 8.0, þÝ� 89.6 µm; \�"ËÅ�rÝ
� 1 kW/cm2[16].

ÄkïÄ\�"ËÅªÇÚ�ÝCzé�g
�Å)¤��´5�K�. ã 2(a) Úã 3(a) �
Ñ 
   . . � g � Å Ñ Ñ SR Ú ST � \ � ª
Ç��Ý�Czª³. ã 2(b)—(d) Úã 3(b)—

(d) �ÑÙ¦ . η �"ËÅªÇÚ�Ý�Cz
ª³.

�g�Å)¤�"ËÅ�\�ªÇÚ�Ý�
��', Xã 2(a) Úã 3(a) ¤«.  ..éA0�
�0>~êÅìO\��¹. SR 3�c^��ª
ÇNCkü�ÑÑ�r�ªÇ«�, 3p��ª
Ç ω2 NCÑÑ�r, Xã 2(a);  ST 3�c^�
�ªÇNC��3��ÑÑ�r�¸, Xã 3(a).

�X"ËÅªÇ l��ªÇ, �g�Å)¤�Ç
ü$. R�\��, �g�Å)¤�Ç�p, �X\
���O\, �g�ÅÑÑU6~f.� � �� � ��� ��� �	� 
�� �  � � � � � � � � � � � � � �� � � � �� � � � � � � � �  ! "# $ % � �� �� �� ����� �	 
 � � � 
 � � � � � � � � � � � �

� � �� � �� � �� � � � � � �� � � � � � � � � � � � � � �� �� �� �� ����� �	 
 � � � 
 � � � � � � � � � � � � � � � � � � � � � � � � � � �� � � �� � � �� � � � �� �� �� ����� �	 
 � � � 
 � � � � � � � � � � � � � � � � � � � � � � � � � � �� � � �� � � �� � � �� � �
ã 2  .. — 1¥ SR ��´5�"ËÅªÇÚ�ÝCzª³ (a)  . I ¥ SR �"ËÅªÇÚ�ÝCz; (b) ηRII �"Ë
ÅªÇÚ�Ý�Cz; (c) ηRIII �"ËÅªÇÚ�Ý�Cz; (d) ηRIV �"ËÅªÇÚ�Ý�Cz

187501-5
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 � �  � � � � � � � �  �  � � � � � �� � � � � � � � � �  !" # $ � �� �� �� ����� �	 
 � � � 
 � � � � � � � � � � � � � � � � � � � � � � � � � � �� � ��� � �� � �� � � �� � �� �� �� �� ����� �	 
 � � � 
 � � � � � � � � � � � � � � � � � � � � � � � � � � � �� � � � �� � � � �� � � � �� � � � �� � � � �� � � � �� �� �� ����� �	 
 � � � 
 � � � � � � � � � � � � � � � � � � � � � � � � � � � �� � � � �� � � � �� � � � �� � � � �� � � � �� � �
ã 3  .. — 1¥ ST ��´5�"ËÅªÇÚ�ÝCzª³ (a)  ..¥ ST �"ËÅªÇÚ�ÝCz; (b) ηTII �"Ë
ÅªÇÚ�Ý�Cz; (c) ηTIII �"ËÅªÇÚ�Ý�Cz; (d) ηRIV �"ËÅªÇÚ�Ý�Cz

	^|���û½
NX�é¡5, ã 2(b) Ú
ã 3(b) �Ñ
 ./¥ ηRII Ú ηTII �"ËÅªÇ
Ú�Ý�Czª³. ηRII Ú ηTII ª³aq, 3�c
^��ªÇNC��´5é²w; �l��ªÇ«
�, �g�ÅÑÑrÝÄ�vkCz. 3p��ª
Ç ω2 NC, ηRII Ú ηTII ���, L« ./� SR(T)

�pu . I � SR(T), 3$��ªÇ ω1 NC, ηRII

Ú ηTII �K�, L« ./� SR(T) �$u . I

� SR(T). �X\��Ý�O\ù«ª³�\²w.

R�\��ü« .�d, = ηRII = ηTII = 0.

ã 2(c), (d) Úã 3(c), (d) �Ñ
 .0Ú 
. 1 � g � Å Ñ Ñ � � � ´ 5. d u ηRII(TIII)

Ú ηRIV,(TIV) þ�K�, L«ùü« .�g�
ÅÑÑþ�u ... �c^��ªÇNC, �g
�ÅÑÑ���´5'�²w, ���ÝO\Cz
Ø²w, �k��Ýâk²w�Cz. �"ËÅ�
ªÇ�l��ªÇ� ηRIII ≈ −1, = .0�g�
ÅÑÑ SR ≈ 0.

 .0��u ..�c^�þe�0�p
�. >^Åd1Õ0�?\1�0��, ��Å¬

�3�Å��.  ..�0>~êÅìO\�(�,

3ü�.¡þk�Å��,  .0�0>~êÅ
ìü$�(�, vk�Å��. �, ..Ú .
0¥�c^�	\^|�Ó, �>0��^SØÓ
����c^�S|rØÓ, ?���g�ÅÑ
ÑrÝUC, Ñy��´5. ã 4 �Ñ
"ËÅR
�\�, "ËÅªÇ� ωr �,  ..Ú .0¥"
ËÅ3 DAD (�rÝ ©Ù. "Ë Å3 �c^�S

� � � � � � � � � ��� � �� � � � � � 	
 � � 	 � � 	��� ���� � � � ��� � �� � �� � �  � � 	� � � � � � � � � � � � � � 
 � � 	� �  ! " # $ % & ' ( ( " ) * +, - .� � � 	� / �� � � � � � � � � � � � � � 0 1 2 3
ã 4 "ËÅR�\�,  ..Ú .0¥"ËÅrÝ©Ù
(a)  . I ¥"ËÅ|r©Ù; (b)  .0¥"ËÅ|r©Ù
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rÝ ..� .0p, ¤± ..�g�ÅÑÑ
U6��, Ñy��´5.  ./Ú .1�g�
Å��´5Ñy�Ï�d�Ó.

�g�ÅÑÑ���´5��	\ð^|
rÝk'. ¢SA^¥·�F"�g�ÅÑÑrÝ
¦�U�p. Ïde¡=é . II ?1©Û.

�â�c^�5Ú��5^zÇ (1) ªÚ (3)

ª, �X	^|�O\, �c^��ªÇ©O�
pªÚ$ª£Ä, =�c^�5^zÇ��¸3
�. ã 5 �Ñ
	·^|rÝ H0 = 3 kG �, ηRII

Ú ηTII �"ËÅªÇÚ�ÝCzª³. �X	|�
O\, �g�ÅÑÑ�r�ªÇ«mC�, ���
�´5²w�ªÇ«m\�, ¿��X\��Ý�
O\��´5ÅìOr.
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ÝCz; (b) H0 = 3 kG � ηTII �"ËÅªÇÚ�Ý�Cz

4 ( Ø

�©|^��5DÑÝ
�{, ïÄ
 Voigt

 .e DAD (��g�Å)¤���´5. �g
�Å´ªÇC����{��, ·��O
o«
 ., 1�«(���0>~êÅìO\, 	\·
^|���¡±	, ,n«(�©OéAò1�«
(�	^|��!>0��þep�!	^|�
�Ó�>0��þep�. ïÄL², ��´5�

�c^	|��!��Ú>0��5����'.

3�c^��ªÇNC�g�Å)¤���´5
²w, �X	^|rÝ�O\, ��´5²w�ª
Ç«�C°, �X\��Ý�O\, ��´5Åì
²w. ¿�uy DAD (��0>~êÅìO\�
(��, �g�Å)¤�Ç�p. dïÄkÏu|
^�c^á��O THz ì��ÀJÜ·�NX(
�9	^|��.
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The nonreciprocal of second harmonic generation
with dielectric/antiferromagnetic/dielectric
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Abstract

We calculate the second harmonic generation (SHG) from structures with dielectric/antiferromagnetic(AF)/dielectric in Voigt

geometry. The calculations are performed with a nonlinear transfer matrix method and examples of nonreciprocal SHG are given. In

particular, we study the nonreciprocal SHG in four different configurations when the direction of an applied magnetic field and the

order of dielectric films are reversed. The nonreciprocal SHG can be realized in a resonance zone of AF, including THz frequency

range. The increasing of the angle of incidence wave can enhance the effect of nonreciprocal SHG. In terms of applications, AF may

be of interest in signal processing in the THz.
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