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p�°��g�Å=�31Ï&!&Ò?nÚ1ÌÆ�éõ+�Ñk��A^. Ï~p�°��g�Å=
��ïÄÑ8¥3A�Å�, �
���N�O� ��p�°��g�Å=�, nØ©Û
O� ��Ú+�Ý
��^�. 3dÄ:þ, ©OO�
 0 .Ú..O� ���¹e, §Ýé 5 mol%�,�zy±Ï54z���Ú
±Ï54z���¬NO� ��p�°��g�Å=��K�. éu 5 mol%�,�zy±Ï54z���¬N,

3 0 .Ú..O� ���¹e, ©O��
N�°Ý 15 nm Ú 341 nm ��N�O� ��p�°��g�Å=
�; éu±Ï54z���¬N, 3 0 .Ú..O� ���¹e, ©O��
N�°Ý 44 nm Ú 98 nm ��N�
O� ��p�°��g�Å=�. ÿÐ
O� ��p�°��g�Å=��Å���.
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1 Ú ó

p�°��g�Å=�31Ï&!&Ò?n
Ú1ÌÆ�éõ+�Ñk��A^ [1]. Sidick
� [2,3] �kJÑ
p�°��g�Å=��n
Ø. 3Vò�� ����¹e, Alford Ú Smith[4],
Martinez � [5,6] ÏL¬N?éÚ�ÚÑÖ�¢y

p�°��g�Å=�. DÚ�Vò�� ��´
|^��5¬N�Vò�A5ÚÚÑA5, ÏLÀ
J1Å�Å¥��Ú ���5¢y�; O� 
��Eâ´ÏLé¬N��5Xê�±Ï5N�
5Ö��p�^Å�m�� ��. TEâ���
wÍA:´é��5¬N���ß1��S�?
¿Å��1ÅÑ�±¢y� ��, ���`:
´�±|^¬N�����5Xê, l¦=��
Ç��Jp [7]. Arbore � [8−10] ÏL}òEâ¢y

O� ��p�°��g�Å=�. Yu � [11,12]

ÏL�y±Ï54z����ÚÑ'X¢y
O

� ��p�°��g�Å=�. ïÄ�N�O�
 ��p�°��g�Å=�éuÿÐO� �
�p�°��g�Å=��Å���äk��
¿Â.

�©�
���N�O� ��p�°��
g�Å=�, nØ©Û
O� ��Ú+�Ý��
^�. 3dÄ:þ, ê��[
§Ýé 5 mol%�,
�zy±Ï54z���Ú±Ï54z���¬
N3 0 .Ú..O� ���¹ep�°��g
�Å=��K�, �Ñ
ØÓ§Ý±9Ó�÷v�
 ��Ú+�Ý��^��ÄÅÅ� (�ZÄÅÅ
�)!¬N4z±Ï (�Z¬N4z±Ï) Ú�g�
Å=��°, ��
�°N��� 341 nm ��N
�O� ��p�°��g�Å=�.

2 O� ��Ú+�Ý��nØ©Û

3O� ��¥, �ÄÅÏL��5¬N�,
du��5�A¬�)�g�Å, Xã 1 ¤«.
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���g�Å=��� ��þ ∆k �

∆k = k2 − 2k1 − kg

=
2πn2

λ2
− 4πn1

λ1
− 2π

Λ
, (1)

ª¥ k1, k2 Ú kg �ÄÅ!�g�ÅÚ±Ï54z
¬N�Å¥þ, λ1 Ú λ2 �ÄÅÚ�g�Å�Å�,
n1 Ú n2 �ÄÅÚ�g�Å�ò�Ç, Λ �±Ï5
4z¬N�4z±Ï. �÷v� �� ∆k = 0 �,
Λ �ÀJ�deª¦�:

Λ =
λ1λ2

n2λ1 − 2n1λ2
. (2)

du°ÌÄÅ¥�ªÇ-1Ã{Ó�¢y� �
�, Úå
 “1ÌLÈ”, ���Å1ÌCÄ [13]. 3
÷vO� ���^�e, ¦�� ��þ ∆k 3
�½�Å���S�±���Cz, @o3ù�Å
���S�¤kÅ�ÒU¢yp���g�Å=

�, =I�÷v
d(∆k)
dλ1

= 0. qÏ� λ2 =
λ1

2
, (1) ª

ü>©Oé λ1 ¦���

d(∆k)
dλ1

=
d

(
2πn2

λ2

)
dλ1

−
d

(
4πn1

λ1

)
dλ1

−
d

(
2π

Λ

)
dλ1

=
4π

λ2
1

[(
n1 − λ1

dn1

dλ1

)
−

(
n2 − λ1

dn2

dλ1

)]
=

4π

λ2
1

[(
n1 − λ1

dn1

dλ1

)
−

(
n2 − λ2

dn2

dλ2

)]
.

(3)

du+�Ý ν =
c

n − λ
dn

dλ

, Ïd÷v
d(∆k)
dλ1

= 0

�, k
d(∆k)
dλ1

=
4πc

λ2
1

(
1
v1

− 1
v2

)
= 0, (4)

ª¥ v1 Ú v2 �ÄÅÚ�g�Å�+�Ý. �¢y
°��g�Å=�, �÷v+�Ý�� [13]

v1 = v2. (5)

�
¢yp�°��g�Å=�, IÓ�÷v� 
��^�Ú+�Ý��^� [14].

ã 1 �g�Å=�«¿ã

3 5 mol%�,�zy±Ï54z��
� (5 mol% MgO : PPLN) �g�Å
=�

�â©z [15] �Ñ� 5 mol% MgO : PPLN
� Sellmeier �§, ©OO�
 0 . (e + e → e)
Ú.. (o + o → e) O� ���¹e, �ZÄÅÅ
�Ú¬N4z±Ï�§Ý�Cz, Xã 2 ¤«.

ã 2 5 mol% MgO : PPLN �ZÄÅÅ�Ú¬N4z±Ï�§Ý�Cz (a) 0 .O� ��; (b) ..O� ��

dã 2(a) �±wÑ, 3 0 .O� ���¹
e, �X¬N§Ýd 20 ◦C ,p� 200 ◦C, �ZÄ
ÅÅ�d 2.701 µm ,p� 2.716 µm, �Z¬N4
z±Ïd 36.1 µm eü� 35.4 µm. dã 2(b) �±
wÑ, 3..O� ���¹e, �X§Ýd 20 ◦C
,p� 200 ◦C, �ZÄÅÅ�d 1.561 µm ,p

� 1.902 µm, �Z¬N4z±Ïd –19.9 µm eü
� –122.3 µm. éu 5 mol% MgO : PPLN ¬N, 0 .
O� ���¹e, ��
N�°Ý 15 nm ��N
�O� ��p�°��g�Å=�; ..O� 
���¹e, ��
N�°Ý 341 nm ��N�O
� ��p�°��g�Å=�. ..O� ��
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' 0 .O� ��U
��N����°�p�
°��g�Å=�.

�g�Å�=��Ç�'u sin c2(∆kL/2).
3¦�O� ��:�ëê�, �½Ù¦ëê, U
CÄÅÅ�, ¦� sin c2(∆kL/2) = 1/2. ½Â#N
�°�=��Çeü����� 1/2 �¤éA�
ÄÅÅ��Czþ [13,16]. ·�b� 5 mol% MgO :
PPLN ¬N��Ý� 10 mm. éu 5 mol% MgO :
PPLN ¬N, 3 0 .O� ���¹e, O���§
Ý� 60 Ú 200 ◦C ��=��Ç�ÄÅÅ��Cz

�, Xã 3 ¤«.
dã 3 �±wÑ, éu 5 mol% MgO : PPLN

¬N, 3 0 .O� ���¹e, §Ý� 60 ◦C
�, �ZÄÅÅ�� 2.704 µm, �g�Å=��
�°� 93 nm, §Ý� 200 ◦C �, �ZÄÅÅ�
� 2.716 µm, �g�Å=���°� 93 nm. §Ý
3 60 Ú 200 ◦C �, �g�Å=���°��.

éu 5 mol% MgO : PPLN ¬N, 3..O� 
���¹e, O���§Ý� 60 Ú 200 ◦C ��=
��Ç�ÄÅÅ��Cz�, Xã 4 ¤«.

ã 3 5 mol% MgO : PPLN 0 .O� ���=��Ç�ÄÅÅ��Cz (a) §Ý� 60 ◦C; (b) §Ý� 200 ◦C

ã 4 5 mol% MgO : PPLN ..O� ���=��Ç�ÄÅÅ��Cz (a) §Ý� 60 ◦C; (b) §Ý� 200 ◦C

dã 4 �±wÑ, éu 5 mol% MgO : PPLN
¬N, 3..O� ���¹e, §Ý� 60 ◦C
�, �ZÄÅÅ�� 1.613 µm, �g�Å=��
�°� 33 nm, §Ý� 200 ◦C �, �ZÄÅÅ�
� 1.902 µm, �g�Å=���°� 47 nm. §Ý
3 200 ◦C �U
¼��°��°. ¬N�§ÝØ
Ó, ��
¬N�ò�Çu)Cz, eÄÅÚ�g
�Å�ò�Ç���§ÝCz�, K�°�Cz�;
eÄÅÚ�g�Å�ò�Ç���§ÝCz�, K
�°�Cz�.

dã 3 Úã 4 ��±wÑ, éu 5 mol% MgO :
PPLN ¬N, 0 .O� ���±¼��°��°.
O� ���ªØÓ, ��
ÄÅ�ò�Çu)C
z, l¦�ØÓO� ���ª��°ØÓ.

4 ±Ï54z����g�Å=�

�âë�©z [17] �Ñ� PPLN � Sellmeier
�§, ©OO�
 0 .Ú..O� ���¹e,
�ZÄÅÅ�Ú�Z¬N4z±Ï�§Ý�Cz,
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Xã 5 ¤«.
dã 5(a) �±wÑ, 3 0 .O� ���¹e,

�X¬N§Ýd 20 ◦C ,p� 200 ◦C, �ZÄÅÅ
�d 2.721 µm ,p� 2.765 µm, �Z¬N4z±
Ïd 35.42 µm eü� 34.94 µm. dã 5(b) �±w
Ñ, 3..O� ���¹e, �X§Ýd 20 ◦C
,p� 200 ◦C, �ZÄÅÅ�d 1.612 µm ,p
� 1.710 µm, �Z¬N4z±Ïd –23.64 µm eü

� –31.53 µm. éu PPLN ¬N, 0 .O� ���
¹e, ��
N�°Ý 44 nm ��N�O� ��
p�°��g�Å=�; ..O� ���¹e,
��
N�°Ý 98 nm ��N�O� ��p�
°��g�Å=�, ..O� ��' 0 .O� 
��U
��N����°�p�°��g�Å
=�.

ã 5 PPLN O� ���ZÄÅÅ�Ú¬N±Ï�§Ý�Cz (a) 0 .O� ��; (b) ..O� ��

½Â#N�°�=��Çeü����� 1/2
�¤éA�ÄÅÅ��Czþ. ·�b� PPLN ¬
N��Ý� 10 mm. éu PPLN ¬N, 3 0 .O�
 ���¹e, O���§Ý� 60 Ú 200 ◦C ��
=��Ç�ÄÅÅ��Cz�, Xã 6 ¤«.

dã 6 �±wÑ, PPLN ¬N3 0 .O� 
� � � ¹ e, § Ý � 60 ◦C �, � Z Ä Å Å �

� 2.729 µm, �g�Å=���°� 97 nm; §
Ý� 200 ◦C �, �ZÄÅÅ�� 2.765 µm, �g�
Å=���°� 97 nm; §Ý3 60 Ú 200 ◦C �, �
g�Å=���°��.

éu PPLN ¬N, 3..O� ���¹e, O
���§Ý� 60 Ú 200 ◦C ��=��Ç�ÄÅÅ
��Cz�, Xã 7 ¤«.

ã 6 PPLN 0 .O� ���=��Ç�ÄÅÅ��Cz (a) §Ý� 60 ◦C; (b) §Ý� 200 ◦C

dã 7 �±wÑ, éu PPLN ¬N3..O
� ���¹e, §Ý� 60 ◦C �, �ZÄÅÅ�
� 1.630 µm, �g�Å=���°� 34 nm, §Ý
� 200 ◦C �, �ZÄÅÅ�� 1.710 µm, �g�
Å=���°� 37 nm. §Ý3 200 ◦C �¼��
�°Ñ�u 60 ◦C �. dã 6 Úã 7 ��±wÑ,

éu PPLN ¬N, 0 .O� ���±¼��°
��°.

3�Ó§Ýe, 0 .O� ���ªe, PPLN
��ZÄÅN����u 5 mol% MgO : PPLN; .
.O� ���ªe, 5 mol% MgO : PPLN ��Z
ÄÅN����u PPLN.
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ã 7 PPLN ..O� ���=��Ç�ÄÅÅ��Cz (a) §Ý� 60 ◦C; (b) §Ý� 200 ◦C

5 ( Ø

éu 5 mol% MgO : PPLN ¬N, 3 0 .Ú.
.O� ���¹e, ©O��
N�°Ý 15 nm
Ú 341 nm ��N�O� ��p�°��g�Å
=�; éu PPLN ¬N, 3 0 .Ú..O� ��
�¹e, ©O��
N�°Ý 44 nm Ú 98 nm �
�N�O� ��p�°��g�Å=�. �Ó

¬N, ..O� ��' 0 .��N���°. é
u 5 mol% MgO : PPLN ¬N, 3..O� ���
¹e, ÏLUC§Ý¼�
 1.561 µm � 1.902 µm
(N�°Ý 341 nm) ��N�O� ��p�°�
�g�Å=�, §Ý� 60 Ú 200 ◦C �, �g�Å=
���°©O� 33 nm Ú 47 nm, ù�ØÓÅ�1
�p�°��g�Å=�Jø
�â.
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Abstract

High efficiency broadband second-harmonic conversion plays an important role in communication, signal processing, spec-

troscopy and so on. In general, the study of high efficiency broadband second-harmonic conversion focuses on a few of wavelengths.

For obtaining tunable high efficiency broadband second-harmonic conversion in quasi-phase matching, the group-velocity and quasi-

phase matched condition are analyzed. The temperature effect on high-efficiency broadband second-harmonic conversion in types 0 and

. quasi-phase matched condition for 5 mol% periodically poled LiNbO3 and periodically poled LiNbO3 is studied. The results show

that 15 nm and 341 nm tunable high efficiency broadband second-harmonic conversions are obtained in types 0 and . quasi-phase

matched conditions for 5 mol% periodically poled LiNbO3; 44 nm and 98 nm tunable high efficiency broadband second-harmonic

conversions are obtained in types 0 and . quasi-phase matched condition for periodically poled LiNbO3. The range of high efficiency

broadband second-harmonic conversion wavelength is expanded.
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