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^DÚ�LK:e{��
|©� (100-2x) GeS2-xGa2S3-xCsCl (x = 15, 20, 25 mol%) X�1®Àæ, ÿÁ

�¬Àæ�áÂ1Ì. æ^ Z- ×£�{ÿÁ
�¬�n���51ÆA5. ©Û
-11fUþ�Àæn���
51ÆA5�'X, ¿ïÄ
|©CzéÀæ�n���55U�K�. ïÄ(JL², 1fUþ��NUC�±
¦��5áÂXê3�������SCz, �X1fUþ�O�, Àæ���5áÂXê β O�; �1fUþª
Cu 0.5Eg �, β �ªCu 0, Àæk�Z�¬�Ïf; Àæ�¬¥ CsCl ¹þ�O\¦�Àæ�1Æ�Y Eg O�,

áÅ��>7£, ��5áÂXê β ~�. �´du(���Yé1Æ��5�K���, ��5ò�Ç γ �Cz
Ø�. T(JL²�¬�1Æ��55Ud1Æ�YÚ(�ü�¡Ï��Óû½, é8�ïÄ�1m'^1XÀæ
äk�½���¿ÂÚë�d�.

'�c: n�1Æ��5, 1Æ�Y, 1®Àæ, Z- ×£

PACS: 42.65.–k

1 Ú ó

Cc5, �X1Ï&Eâ�uÐ, �¯��1
m'ì�mu¤�9:. �1m'ì´|^á��
n���55�, ¦Ù3�¯�¦-1óÀp�e
�)ò�Ç�Cz5¢y1�m1ö�. ù�ì�
�±¢^���kû^�´�muÑ5U`û�
1Æ��5á�. 3¯õ���5á�¥, Àæd
u3é°�Åã�ß, 
��kûÐ�zÆ­½5
Ú9­½5!´u\ó�`:, ´�a`û��1
m1^��51Æá� [1−3].

��zÔÀæ�', 1XÀæäk���ò
�Ç!�r�1Æ��5, Úå
<�4��ï
Ä,� [4−7]. 3¯õ�1XÀæ¥, ïÄ��õ�
´ As2S3 Àæ. @3 1992 c, Asobe � [8] �â Kerr

1¹�n^���Ý� 48 cm �ü� As2S3 Ä1
n¤õ/ü«
m'õÇ� 14 W ��¯�1m

'ì�. ,
 Tikhomirov Ú Tikhomirova[9] ïÄu
y As2S3 Ä�1XÀædu3Ï&Å� (1.3 µm)

?äk��V1fáÂXê, ¬Úå���1�
Ñ, ùr¦<��ÏéáÂ>�áÅ��£Ä�Ù
¦1XÀæ, ½ö�Àæ¥\\®zÔ5ü$Ï&
Å�?�V1fáÂ. 3¯õ�1XÀæ¥, GeS2-

Ga2S3 X�1XÀæäk�°�ßL��!�p�
ßLÇ!�Ð�¤À5UÚ9­½5, áÅ��>
� As2S3 ÄÀæ�'�áÅ���£Ä [10]. ®z
Ô�\\�±¦1Æ�YC� [11], ��zÔÚ9
zÔ�', Cl �>K5 (3.16) ' Br(2.96) Ú I(2.66)

���, �'>K5�� S(2.58) �N´¤�.

�©± (100-2x) GeS2-xGa2S3-xCsCl (x = 15,

20, 25 mol%) Àæ�¬�ïÄé�, ÏLm�Ú4
�� Z- ×£EâÿÁ
Àæ�ßLÇ­�, ©Û

TX�1®Àæ�n���51Æ5U�-1
1fUþÚ|©Cz�A5.

* I[g,�ÆÄ7 (1OÒ: 61108057)!úô�g,�ÆÄ7 (1OÒ: Y4110322)!wÅ½g,�ÆÄ7 (1OÒ: 2011A610091) Úw
Å�Æ�°ª34Ä7]Ï��K.
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2 ¢ �

¢�æ^XÝ� 5 N � Ge, Ga, S ü�±9 4 N

� CsCl, Uì (100-2x) GeS2-x Ga2S3-x CsCl (x =

15, 20, 25 mol%) Àæ|¤°(�� 10 g, C\ý
k�W¿óZ��=+¥. æ^�I4� PT50 Å
�"Ú©f"é�=+?1Äý�, �ý�Ý�
� 10−3 Pa �, ^���é�=+?1µ�. òµ�
Ð��=+�\~{¬¥L�, ~{¬± 2 ◦C/min

��Ç,� 600 ◦C, �§���¿�X± 2 ◦C/min

��Ç,� 970 ◦C, �§ 10 h ��Ñ, �\eY¥
|e, �Àæ��=+øl��êþ�\ýk,
§� Tg-30 ◦C �ò»¬¥ò» 5 h, 2²L 12 h ü
�¿§. ò���Àæ�¬��\ó¤ ϕ10 mm ×
1 mm, ü¡�1�ÿÁ. �¬�áÂÚßL1Ìæ
^ Perkin-Elmer-lambda 950UV/VIS/NIR .©11

ÝOÿÁ, ù	ßLÌæ^ Nicolet 380 Fourier ù	
1Ì¤ÿÁ.

�¬�n���5ò�Çæ^ Z- ×£{?1
ÿþ, ã 1 ´ Z- ×£ÿÁ�C�«¿ã, æ^�Ä
$1
´{I Coherent úi� Ti ��-1ì, Ñ
Ñó°� 200 fs, Å�N!��� 700—1010 nm, õ
Ç­½Ý� ± 3%. Ä$1²L��°���º�,

���°��ß��©1º (��ÇÚßLÇ©
O� 45%Ú 55%) ©¤üå1, �å1��\�
õÇ�ë�1
, d&ÿì 1 &ÿ, ,�å1²
L��Vàßºà�¿ì��Àæ�¬þ, ßL
�1å�&ÿì 2 �Â. 1&ÿì 1 Ú 2 ©OÑ
\ Coherent úi EM2000 .VÏ�õÇO. ¢�
�ÏLÚ?>ÅN��¬� �, P¹õÇO�
Öê, l
���| Z  �ÚßLÇ��éA�
Z ×£êâ.

ã 1 Z- ×£¢�C�«¿ã

3 (J�?Ø

3± �1Æ��5ïÄ¥, �õêïÄ==
�ÀJ
,�A½�Å� [12−16], éá����5
A5�Å��'XïÄ��. �
(½T��5
á��·^Åã, �¢�À�
 60GeS2-20Ga2S3-

20CsCl Àæ��ïÄé�, ÿÁ
T�¬3ØÓ
Å�-1ì�e���51ÆA5. lã 2 �ß
L1Ì¥�±��T�¬���ßLÇ Tmax ��
� 77%, ßLÇ� 1/2Tmax ?�Àæ�áÅ��>,

��� 465 nm, dáÅ��>�±(½Àæ�1Æ
�Y Eg.

·�3ØÓÅ��-1ì�eéTÀæ�¬
?1
m�Ú4�� Z- ×£ÿÁ, O�[Ü�

��­�Xã 3 ¤«. ÏL (1) ªÚ (2) ª�±O
����¬���5ò�Ç γ ±9��5áÂX

ã 2 60GeS2-20Ga2S3-20Sb2S3 Àæ�ßL1Ì
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ã 3 60GeS2-20Ga2S3-20CsCl Àæ3ØÓÅ�e� Z- ×£¢�êâÚ[Ü­� (a), (c), (e) 4�; (b), (d), (f) m�

ê β[17], O�(JØ���� 30%.

∆TP−V ≈ 0.406∆φ0 = 0.406kγI0Leff , (1)

∆TV = βI0Leff/2, (2)

Ù¥ k = 2π/λ�-13ý�¥�Å¥, I0 ´-1
å�?1r, Leff = [1 − exp(−αL)]/α�Àæ�¬
�k��Ý.

ã 4 60GeS2-20Ga2S3-20CsCl Àæ���5ò�Ç γ!��
5áÂXê β ±9¬�Ïf FOM = γ/(βλ) � hν/Eg Cz�
­�ã

lã 4 ¥�±wÑ, 1fUþ��NUC,

�±¦��5áÂXê3�������SC
z (1.68×10−12—1.24×10−10 m/W). ,
, �é5
`��5ò�ÇCz��'�� (3.87×10−17—

7.91×10−18 m2/W). �X1fUþ�O\, Àæ�

¬���5áÂXê β O�. ��@�Àæ��
�5áÂ5
uV1fáÂ, � hν < 1/2Eg �,

Ø¬�)V1fáÂ, � hν > 1/2Eg ±�, 3�
½��S, V1fáÂy�¬�X-11fUþ
�O�
\r, ÏdÀæ���5áÂXê¬O
�. ©z [17—19] ®²é��5ò�ÇÚÑ1Ì
?1
£ã¿���
[Ü­�; ��5`, éu
ÃmY��n��¬���N, 3 hν = 1/2Eg ?,

β = 0 � γ �����; � hν > 1/2Eg �, ��5
ò�ÇÅì~�. �´¢�ÿ��y���¿Ø
��ÎÜ, ù�U´du,�!]!�Ú����
3, ¬ÚåmY�áÂ. ÏLO�,·����
�
¬�¬�Ïf (FOM), FOM ´(½��5á�´
Ä�^u¢SA^�­�ëê, ÙL�ª� FOM

= γ/(βλ). lã 4 ¥�±²wwÑ, �1fUþ�
C 0.5Eg �, Àæ�¬���5áÂXê β �C
u 0, d� FOM �����. l±þ©Û¥�±í
äÑ, éuTÀæ�¬, �1fUþ�u 0.5Eg �,

=Å��u 930 nm �, ��5áÂXê β ���
� 0, k�/;m
3ÏÕÅ��V1fáÂ.

�
 ï Ä | © é 1 Æ � � 5 5 U � K �,

3 800 nm �-1ì�eéØÓ|©�Àæ�¬
?1
m�Ú4�� Z-×£ÿÁ. O�[Ü���
­�Xã 5 ¤«, ÏLO����
���¬�n
���51Æëþ, O�(J�uL 1 ¥.
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ã 5 (100-2x) GeS2-xGa2S3-xCsCl (x = 15, 20, 25 mol%) Àæ3 800 nm ?� Z- ×£¢�êâÚ[Ü­� (CA�4�, OA

�m�, 1, 2, 3 ©O�L x = 25, 20 Ú 15)

L 1 ���¬�n�1Æ��5ëþ

Àæ�¬ λ/nm hν/Eg γ/10−17 m2·W−1 β/ 10−11 m·W−1

50GeS2-25Ga2S3-25CsCl 800 0.569 1.84 2.88

60GeS2-20Ga2S3-20CsCl 800 0.581 2.26 3.36

70GeS2-15Ga2S3-15CsCl 800 0.594 1.26 8.63

ã 6�Àæ�¬�áÂ1Ì. �X CsCl ¹þ�
O\, Àæ�áÅ��>Åì7£, =1Æ�Y Eg

O�. ùÌ�´Ï� S �>K5 (2.58) ' Cl �>K
5 (3.16) f, �X CsCl ¹þ�O\, ¦��lfé
>f�åPUå~f, ¤I�>f�[�Uþ��
AO�, B�°ÝO\, l
¦��>£�áÅ�.

lL 1 ¥�±wÑ, �X CsCl ¹þ�O\, Àæ�
¬���5áÂXêÅì~�, ù´duÀæ�1
Æ�Y Eg O�, l
~�
V1fáÂ.

,
, �X1Æ�Y�O�, Àæ���5ò
�Ç%CzØ�, ù´du(�é��55U�K
��1Æ�Y��, �ö�m�Æ�'X. GeS4/2

o¡Nü�kX�p��4zÇ, §éÀæ�n�
��5kXér�Or�^ [20], �X CsCl ¹þ
�O\!GeS2 ¹þ�~�, o¡N [GeS4] ÏL
“x1” ±�º½�>��ª/¤�Ã5K�ä
(���», Cs+ ?\Àæ�ä� S2− ë(�)

aq7�íÀæ(�¥� “�x�” Ú “�x1”

y�, ¦�n���5�Aü$. (���Y�
ù«nÜ�^¦��¬���5ò�ÇCz¿
Ø�.

ã 6 (100-2x) GeS2-xGa2S3-xCsCl (x = 15, 20, 25 mol%) À
æ�áÂ1Ì
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4 ( Ø

æ ^ Z-× £ � � { ÿ Á 
 (100-2x) GeS2-

xGa2S3-xCsCl (x = 15, 20, 25 mol%) X�1®Àæ
�n���51ÆA5, ïÄ
 60GeS2-20Ga2S3-

20CsCl Àæ���5A5�-11fUþ�'X.

ïÄ(JL², �¬���5áÂXê β �X1f
Uþ�O�
O�, ù´du1fUþ�O�¦�

V1fáÂOr, �1fUþ hν ªCu 0.5Eg �,

β �ªCu 0, d�k�Z�¬�Ïf. ·��ïÄ

Àæ�¬¤©Czé��51ÆA5�K�. O
�(JL²: �X GeS2 �~�!CsCl �Oõ, �
¬�1Æ�Y\�, l
¦���5áÂXê β ~
�, ,
du GeS4/2 o¡N(�ü�~�, Àæ�
��55U~f, �Y�(��Ó�^¦���5
ò�Ç γ �CzØ�.
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Abstract

Chalcohalide glasses with compositions of (100-2x) GeS2-xGa2S3-xCsCl (x = 15, 20, 25) are synthesized by the conventional

melt-quenching method. Third-order optical nonlinearities of these glasses are studied using the Z-scan technique. The relationship

between photon energy and optical nonlinearity is analyzed. Moreover, the effect of glass composition on the third-order nonlinearity

is investigated. The results show that just a small variation of the excitation photon energy causes the β value of samples to change in a

large range. The β value increases with the enhancement of excitation photon energy. When the photon energy is close to 0.5 Eg, the

β value is close to 0 and the factor of quality of the glass reaches an optimal value. The increase of CsCl content enlarges the optical

band gap Eg, which leads to the blue-shift toward the short edged wavelength, and lowers the β value. However, the γ value varies

little because of the opposite effect on the optical nonlinearity between the structure and the band gap Eg. In this work, the optical

nonlinearity is shown to be dependent on band gap and structure, and the results have a certain directive significance and reference

value for future research.

Keywords: third-order optical nonlinearity, optical band gap, chalcohalide glass, Z-scan
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