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ÄuD4Ý
�{Ú1Û�z�n, �©ïÄ
���c^1f¬N��ªÇNC1ÆV­��A�>^Å
\��!	^|rÝ9>0��ê�Cz. ïÄuy, �	^|� 1.0 kG(1 G = 10−4 T)!>^Å��Ý\��, �
c^á�p$��ªÇNCþ�&ÿ�1ÆV­��A; �>^Å��Ý\��, =3p��ªÇNC&ÿ�1Æ
V­��A. ,
, �	^|rÝO\� 2.0 kG �, du�c^á��p$��ªÇ�üý£Ä, $��ªÇNC"
��1ÆV­�ªÇI�q�k�-u. d	, >^Å��Ý\��, >0��ê3$��ªÇNCéV­��A
K��²w.
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1 Ú ó

�c^N���«m?u�â[Åã, 
�
â[Åã´8c¢�ÚEâA^ïÄ�­:ª
Ç«m. ïÄ�c^N��5Ú��5�A, é
Ï&ªã�*Ðäk¢SA^d� [1−4]. ��
�¹e, �c^N�^��5�A�~f, I�
ér�1râU�k�-u. �X�«Åãpõ
Ç-1ì�Ñy, �c^5á��^��55�
9Ù3 THz Åã�A^É�
4��'5 [5−8].

3^��51Æ½>^nØ¥, ��5Ì�5g
u^50�^zé>^Å^|���5�A, =,

m = χ(1) · h + χ(2):hh + χ(3):hhh + · · ·[9]. Akt-

sipetrov �<34�IXeO�Ñ
�c^NX�
�5^zÇ�L�ª [10]. �´, du .4�A
Ï, Ù(JØäkÊH¿Â. Wang ïÄ�|Äk3
���IX¥í�Ñ	|�^e�c^N���
5^zÇ�)ÛL�ª, ù´ïÄ�«�c^NX

^15��­�nØÄ: [11,12]. |^����5
^zÇ, Zhou �<©OO�
�c^à�9��
�c^1f¬N��g�Å�)¤. ïÄuyò
�c^á�Ú\�1f¬N¥�±���O\�
g�Å�ÑÑrÝ [13,14]. ùÌ�´du31f¬
N¥Ú\�c^"���, 1f¬N�±Ï5½é
¡5;�»�, 1fB�¥Ñy"��. �>^Å
½1�ªÇ u"���, Ò¬�)1rÛ�z�
A, d��c^N���5�A�Or [15,16]. �
��c^1f¬NV­��A
u�c^á��
n���5�A. Almeida, Mills ±9 Kahn �<?
Ø
>^ÅR�\��, �c^��½�¬�N
X�)�V­�½õ­��A, ¤I-1ì�õ
Ç3 100 MW/m2 �m [17,18]. �â1f¬N1r
Û�z�^�n, �±ü$-u��5�A¤I
��Ñ\1r. �©òé���c^1f¬N�
1ÆV­�A5�>^Å\��!	^|rÝ9
>0��ê�Cz?1�\�ïÄ. � THz Åã
S, 1�m'�ì���O!mu9A^Jøn
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ØÄ:.

2 nØ�.

� � � c ^ 1 f ¬ N d ü « > 0 � Ú �
c ^ � � ¤, X ã 1 ¤ «. ü « > 0 � � ¤
� > 0 � V � � g ü � � ¤ > 0 � 1 f ¬
N, � c ^ � � � " � � � \ > 0 � 1 f ¬ N
¥m.

�c^�þÝ90>~ê©O� da, εa. 	\
·^| H0!f��Ú^z M0 �p²1 (z ¶�
�), �²1u��L¡, \�²¡²1 x-y ²¡.I ,

R Ú T ©OéA\�!��9ß�Å, θ Ú θ′ ©O
éA\��Úß��. >0��þÝ©O� d1, d2,

0>~ê©� ε1, ε2. �^0��^�Ç� µ0 = 1.

�\�>^Å� TE Å, K��mS^|��5Å
)� ã 1 ���c^1f¬N(�«¿ã

h = exp(ikxx − iωt) ×


I exp(ikyy) + R exp(−ikyy), (þÜ�m),

Cj exp(ikjy) + Dj exp(−ikjy), (1j �, j = 1, 2, a),

T exp(ikyy), (eÜ�m),

(1)

Ù¥ j = 1, 2,a ©OéAü«>0�Ú�c^�. Cj Ú Dj L«>^Å3�>0��SDÂ��Ì, ω �
\�>^ÅªÇ. ùp ky, k1,2 Ú ka ©OL«>^Å31f¬N	þe�m!>0�Ú�c^�SDÂ
~ê, �ªÇ�m�'X� ky = [(ω/c)2 − k2

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

x]1/2

Ú kx = (ω/c) sin θ. µv = (µ2
xx + µ2

xy)/µxx ��c^Kk�^zÇ. �â ∇ · ~B = 0 ��

Cay = λ1Cax, Day = λ2Dax. (2)

Ù¥ λ1 = (µ2ka + ikxµ1)/(µ2kx − ikaµ1), λ2 = (ikxµ1 − µ2ka)/(µ2kx + ikaµ1).

>0��Ú�c^�S>^Å>| Z ©þ ez �d ∇× h = −iωεe (½. |^ hx Ú ez >.ëY5^
������m��5D4Ý
. þÜ�m�>0�� 1 m�D4Ý
� Ix

Rx

 =
1

2∆0

 ∆0 + ∆1 ∆0 − ∆1

∆0 − ∆1 ∆0 + ∆1

  C1x

D1x

 = Tt1

 C1x

D1x

 , (3)

>0����c^��m�D4Ý
� C1x

D1x

 =
1

2∆1


[

1
εa

(ka − λ1kx) + ∆1

]
e−ik1d1

[
∆1 −

1
εa

(ka + λ2kx)
]

e−ik1d1[
∆1 −

1
εa

(ka − λ1kx)
]

e ik1d1

[
∆1 +

1
εa

(ka + λ2kx)
]

e ik1d1


 Cax

Dax



=T1a

 Cax

Dax

 , (4)
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 Cax

Dax

 =
εa

[2k − (λ1 − λ2)kx]


[

1
εa

(ka + λ2kx) + ∆2] e−ikada

[
1
εa

(ka + λ2kx) − ∆2

]
e−ikada[

1
εa

(ka − λ1kx) − ∆2

]
e ikada

[
1
εa

(ka − λ1kx) + ∆2

]
e ikada


×

 C2x

D2x

 = Ta2

 C2x

D2x

 , (5)

>0�� 2 �eÜ�m�m�DÑÝ
� C2x

D2x

 =
1

2∆2

 (∆2 + ∆0) e−ik2d2 0

0 (∆2 − ∆0) e ik2d2

  Tx

0

 = T2b

 Tx

0

 , (6)

Ù¥ ∆1,2 =
1

ε1,2

( k2
x

k1,2
+k1,2

)
, ∆0 =

1
ε0

(k2
x

ky
+ky

)
.

�â���m�D4Ý
9±Ï(���ü
Ù^S, �±�����c^51f¬N��5D
4Ý
�  Ix

Rx

 = ΠL

 Tx

0

 . (7)

Ù¥ ΠL = Tt1(T12T21)N/2−1T12T2aTa1(T12T21)N/2−1

T12T2b. N �V�>0�(��ê.

b½1ÆV­��AÌ�5gu�c^"�
��n���5�A, 
Ù¦>0�á���50
�. >^Å3�c^�¥DÂ¤÷v���5ÅÄ
�§�

∇(∇ · hNL) −∇2hNL − k2
0

↔
µ ·

↔
h

NL

=k2
0m

(3)(ω), (8)

Ù¥ k2
0 = εa(ω/c)2. m(3)(ω) ´d\�>^Å3�

c^�S-u�n�Äª��5^z, L�ª�

m(3) =
∑
i,j,k

χ
(3)
ijklhjhkh∗

l (i, j, k, l = x, y, z), (9)

Ù¥, n�^zÇ χ
(3)
ijkl �í�9)ÛL�ª��

E,, äN��©z [19], ���5Cq�§ªm
ý�^| hi �^�5|5�O. ù�, d�§ (8)

�¦�Å|���5)�

hNL =
(

c e ikay + d e−ikay

+
6∑

j=1

Aj e iKjy

)
e i(kxx−ωt), (10)

Ù¥

Ajx =
1

µ1(k2
a − k2

j )
[(k2

x − k2
0µ1)α+

j,x,y

+ (iµ2k
2
0 + kxkj)α−

j,y,x], (11a)

Ajy =
1

k2
x − k2

0µ1
[k2

0α
−
j,y,x + (kxkj − iµ2k

2
0)Ajx],

(j = 1 − 6), (11b)

ùp

α±
1,m,n =C2

am(χ(3)
xxxxD∗

am ± χ(3)
xxxyD∗

an)

+ 2CamCan(±χ(3)
xxyxD∗

am + χ(3)
xxyyD∗

an)

+ C2
an(χ(3)

xyyxD∗
am ± χ(3)

xyyyD∗
an), (12a)

α±
2,m,n =D2

am(χ(3)
xxxxC∗

am ± χ(3)
xxxyC∗

an)

+ 2DamDan(±χ(3)
xxyxC∗

am + χ(3)
xxyyC∗

an)

+ D2
an(χ(3)

xyyxC∗
am ± χ(3)

xyyyC∗
an), (12b)

α±
3,m,n =C2

am(χ(3)
xxxxC∗

|rmam ± χ(3)
xxxyC∗

an)

+ 2CamCan(±χ(3)
xxyxC∗

am + χ(3)
xxyyC∗

an)

+ C2
an(χ(3)

xyyxC∗
am ± χ(3)

xyyyC∗
an), (12c)

α±
4,m,n =D2

am(χ(3)
xxxxD∗

am ± χ(3)
xxxyD∗

an)

+ 2DamDan(±χ(3)
xxyxD∗

am + χ(3)
xxyyD∗

an)

+ D2
an(χ(3)

xyyxD∗
am ± χ(3)

xyyyD∗
an), (12d)

α±
5,m,n =2CamDam(χ(3)

xxxxD∗
am ± χ(3)

xxxyD∗
an)

+ 2(CamDan + DamCan)

× (χ(3)
xxyyD∗

an ± χ(3)
xxyxD∗

am)

+ 2CamDan(χ(3)
xyyxD∗

am

+ χ(3)
xyyyD∗

an), (12e)

α±
6,m,n =2DamCan(χ(3)

xxxxC∗
am ± χ(3)

xxxyC∗
an)

+ 2(DamCan + CamDan)

× (χ(3)
xxyyC∗

an ± χ(3)
xxyxC∗

am)

+ 2DanCan(χ(3)
xyyxC∗

am

+ χ(3)
xyyyC∗

an), (12f)
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Ù¥e�I m,n = x, y. � kr 9 ki ©O´Åê ka

�¢Ü�JÜ, KÅê Kj �

K1 = −K2 = 3kr + iki ,

K3 = −K4 = kr + 3iki ,

K5 = −K6 = −kr + iki . (13)

�c^�S, >|���5L�ª��­#U��

eNL
z =

1
ωεa

[(cxka − cykx) e ikay

− (dxka + dykx) e−ikay

+
6∑

j=1

(KjAjx − kxAjy) e ikjy]

× e i(kxx−ωt). (14)

|^ hNL
x Ú eNL

z >.ëY5^��±���
c^��>0���m��5D4Ý
. Äk, �
c^��0� 2 �m��5D4Ý
� C2x

D2x

 = T2a

 cax

dax

 + Γ1, (15)

Ù¥��5�

Γ1 =
1

2∆2


∑6

j=1

[( 1
εa

Kj + ∆2

)
Ajx − 1

εa
kxAjy

]
e−ik2d2

∑6
j=1

[(
∆2 −

1
εa

Kj

)
Ajx +

1
εa

kxAjy

]
e ik2d2

 , (16)

�c^��0� 1 �m�D4Ý
�  cax

dax

 = Ta1

 C1x

D1x

 + Γ2, (17)

Ù¥��5��

Γ2 = − εa

[2ka − (λ1 − λ2)kx]


∑6

j=1

{
Ajx

[ 1
εa

(ka + λ2kx) + Kj

]
− Ajykx

}
e i(Kj−ka)da

∑6
j=1

{
Ajx

[ 1
εa

(ka − λ1kx) − Kj

]
+ Ajykx

}
e i(Kj+ka)da

 . (18)

Ù¥ T2a, Ta1 9>0��ÅÌ�mE÷v�5D
4. ù�, �Ä��c^���n���5�A�,

>^Å�\�!��9ß��Ì�m÷v���
5D4Ý
�

 Ix

Rx

 =Π

 Tx

0


+ Tt1(T12T21)N/2−1T12(T2aΓ2 + Γ1)

=Π

 Tx

0

 + ΣNL. (19)

�â½Â, >^ÅU6�Ý�

S = (µ0/ε0)1/2|H|2/2. (20)

Ïd, ß�½\�Uþ�±ÏLO�ØÓ�m
S�^|rÝ |H|2 ��.

3 ê�O�

3�c^��ªÇNC, ��5^zÇ�ª
ÇCzì�, ^��5�A�r, 
�l��ª
Ç, � c ^ Ô � � Ê Ï > 0 � � � ^ z Ç � C
u 1. ©z [20] é�c^Ô����5^zÇ�
ªÇ�Cz?1
ê��[, |u��5¯Kï
ÄªÇ«��ÀJ. �´, ��5�A�-uò
É��c^1f¬N1Û�z���, �c^�
9>0�þÝ9�êI��éÐ��O [21]. ·
��V�>0��ê N = 8. >0� 1 � SiO2,

0 > ~ ê � ε1 = 2.3, þ Ý d1 = 338 µm; >
0� 2 � ZnF2, 0>~ê ε2 = 8.0, þÝ d2 =

181 µm. 1f¬N¥"���;.��c^Ô
� MnF2, Ùëê�: 0>ëê εa = 5.5, �Ú^z
rÝ M0 = 0.6 kG, ��| H e = 550 kG, ��É5
| Ha = 7.87 kG 9 γ = 1.97 × 1010 rad·s−1·kG−1.

	 ^ | r Ý � H0 = 1.0 kG �, Ù � � ª Ç
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� ω1/2πc = 9.76 cm−1 9 ω2/2πc = 9.83 cm−1.

{ZXê τ = 0.001 9��þÝ�� d1 = 432 µm.

\�� θ = 20◦!	^| H0 = 1.0 kG �, p
$��ªÇNCß�Uþ�\�UþCz. 3$
��ªÇNCXã 2(a) ¤«, m'þK��ªÇ
�O\
ü$, m'eK��ªÇO\
O�. �
ªÇ� ω = 9.7463 cm−1 �, K�°Ý�°; �
ªÇ ω > 9.7525 cm−1 �, 1ÆV­��A��.

3p��ªÇNCXã 2(b), 1ÆV­����
3 9.9191 cm−1 < ω < 9.9275 cm−1 ªÇI�S,

�ªÇ�O\, þeK�ÅìO�. ��C��ª
Ç1ÆV­��A�²w, �ªÇ�l��ªÇ
«m�, du��5�A~f
��1ÆV­��
A��.

ã 2 \�� θ = 20◦!	^| H0 = 1.0 kG �, p$��
ªÇNCß�Uþ�\�Uþ�Cz

, � � ¡, \ � > ^ Å \ � � Ý, u y =
3 p � � ª Ç N C & ÿ � 1 Æ V ­ � ª Ç I
� 9.9231 cm−1 < ω < 9.9291 cm−1, Xã 3 ¤
«. �ªÇ�O\, þm'K�O��K�°Ý~

�. ïÄ�uy, 3$��ªÇNC, =¦\�rÝ
2O\��êþ?�ØUk�/-uV­��A.

,
, �	^|rÝd 1.0 kG O\� 2.0 kG �, d
u�c^á����ªÇ©O�p$ªÇüý£
Ä (ω1/2πc = 9.55 cm−1, ω1/2πc = 9.97 cm−1), K
3�Ó\��Ýe, $��ªÇNC"��1ÆV
­�ªÇI�q�­#&ÿ�, Xã 4 ¤«. dd
��|^	^|N!^5á��^15�, l
?
�Ú¢y��1ÆV­��AÉ- ��8�.

ã 3 \�� θ = 45◦!	^| H0 = 1.0 kG �, p��ª
ÇNCß�Uþ�\�Uþ�Cz

ã 4 \�� θ = 45◦!	^| H0 = 2.0 kG �, $��ª
ÇNCß�Uþ�\�Uþ�Cz

� > ^ Å ± \ � � θ = 20◦! 	 | H0 =

1.0 kG �, p$��ªÇNC, >0��êé1ÆV
­��A�K�. 3$��ªÇNCXã 5(a), �>
0��ê�O\, m'þK�ÅìO�, � N > 16

�, 1ÆV­��A��. 
3p��ªÇNCX
ã 5(b), >0��êé1ÆV­��A�K��f.
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ã 5 p$��ªÇNC, >0��êé1ÆV­��A
�K�

ã 6 p$��ªÇNC, �c^�S^|rÝ��ê�
Cz

��±ýÿ, �>0��ê�?�ÚO\, 1ÆV
­��Aò¬Åì~f¿��. �
?�Ú&¢1
ÆV­��A��êCz��Ï, ·��Ñp$�
�ªÇNC, �c^�S^|rÝ�>0��ê�
Cz, =ã 6. 3$��ªÇNC, ��ê�O\, �

c^�S^|rÝÅì~f, �� N = 16 �, �c
^1f¬NSØ�31Û�zy�, \���c^
�S�1|rÝØv±-un���5�A, ?

��1ÆV­��A��. 3p��ªÇNC, &
ÿ���c^�S^|rÝA�Ø��êu)C
z. ù�éÐ`²
ã 5(b) �ê�(J.

4 ( Ø

�©ïÄ
 Voigt  .e���c^1f¬N
3��ªÇNC1ÆV­��A�ªÇ!>|9
>0��ê�Cz. �c^�S>^Å^|�^
Ý�m���5�^�n�Cq, Ù¦>0��Ä
��5�A. 3 Voigt  .e, du�c^��É5
¶9	^|²1uL¡��\�¡R�, K^|©
þ÷ z ¶�î^Å (TM Å) ¿Ø-u�c^N�
�5���5^z. Ï
, ·���Ä\�Å� TE

Å�¹. ïÄuy, �	\^|rÝ� 1.0 kG!�
��Ý\��, p$��ªÇNCþ�&ÿ�1
ÆV­��A; 
��Ý\��, =¦\�UþO
\��êþ?, 1ÆV­��A3$��ªÇ«m
�Ø¬�k�/-u. ,
, �	\^|rÝO\
� 2.0 kG �, $��ªÇNC�1ÆV­�I�2
g�&ÿ�. dd, ·����±ÏLUC��ª
Ç� �5��1ÆV­�Ñy�ªÇ��. dV
­�ªÇI��±uy, ��C��ªÇ, 1ÆV
­��A�²w, 
��l��ªÇ, du��5
�A~f
��1ÆV­��A��. �\�1±
��Ý\��, $��ªÇ?, du�c^1f¬
N1Û�z§Ý�>0��ê�O\
~f, ��
>0��êé1ÆV­��K��r; 
p��ª
Ç?, >0��ê�K��é�f.

1ÆV­ì�U��?n1&Ò, ¿äkm'
�má!¿1?n&Ò�`: [22−24]. cÙd�c
^á��¤�1ÆV­�ì�, ó�ªÇ u�c
^á���ªÇNC, �ÏLN!	\^|rÝ!
1r\��Ý9>0��êk���ì�ó�ª
Ç!V­�K����ÚV­£¢����. Ï
,

�c^á�1ÆV­��A�ïÄk|u THz Å
ãSp�1�m'!1ÆV­Da9��þ?�
�.Ï^1fÜ6ü��#.1>õUì���
O�mu.
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Abstract

Based on the transfer matrix method and the principle of light localization, the optical bi stability (OB) changing with magnetic

field strength, incident angle and dielectric layer are investigated in an one-dimensional antiferromagnetic photonic crystal near the

resonant frequencies. We find that the OBs can be observed near the two resonant frequencies at a smaller incident angle, but they

disappear near the higher resonant frequencies at a bigger incident angle when the magnetic field strength is 1.0 kG. However, once

the external magnetic field strength increases up to 2.0 kG, the lost OB will be induced due to the the two resonant frequencies shifting

towards two sides. In addition, the dielectric layers also have a greater influence on OB near the lower resonant frequencies at a smaller

incident angle.
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