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1XÀæ¬zL§¥ÛÑ¬����´1XÀæ>b��¥�����!. 3��� 65GeS2 · 25Ga2S3 ·
10CsI(GGC25) Ú 70GeS2 · 20Ga2S3 · 10CsI(GGC20) ÀæÚÀæ>bÄ:þ, |^�� — Cù	ßL1Ì, SEM,

XRD, Raman 1Ì�ÿÁEâL�
ÙßL5U!¬âº�!¬�a.�&E. ïÄuy3ùü|Àæ�¬¥�þ
�|©�OÒU��ÙwÍ�Û¬1�UC: GGC20 Àæ39?nL§¥ÛÑ�´ GeS2 ¬N; GGC25 �¬KPk
üÚÛ¬L§, ÙÇkÛÑ Ga2S3, �âk GeS2 ¬NÑy. d	, ïÄ?Ø
ù«Û¬1��|¤��6'X9
Ù�Àæ�ä(��méX, ��8�1XÀæ���¬zïÄJø¢��âÚnØ��.

'�c: 1XÀæ, �¬z, Àæ�ä(�, .ù1Ì

PACS: 42.70.Km, 63.50.Lm, 78.30.−j, 65.60.+a

1 Ú ó

3L��ê�cp, ó�u 2—10 µm ¥ù	
1Ì��S�ù	1Æá���O!���5U
ïÄ��´<�'5�9:��. 3¯õù	1Æ
á�¥, 1XÀæÏÙ`É�ù	ßL5U!�
�Ø¤.!$�ò�Ç9�Xê�`³øLÑ,

3íNDa!�¸iÿ!1ÏÕ!1N�ì!)
Ô/zÆDaÚ9¤��ù	1>f+�kX2�
�A^cµ 1−4. ,, 1XÀæ�A^EÉÀæ�
�þ��9 - Å�5U�4���. �ÀæõU
ü�, 8c=Û�uù	1XÀæ��ÄA^, X
9¤�!ù	DÑ�, 3�.z8¤zù	1ÆX
Ú�mu�¡, kù	1XÀæ�ïuw��'
�. �«{ü�1�)û�{´¦1XÀæ�¬
z, �¤ßù	Àæ>bUõ9 - Å�5U, Ó�À

æ>bõ���*(� (¬âa.!¬âº�Ú©
Ù�) �·u?1A½õU�O, �$¤�p5U
kù	1Æá��¢yJøÄ:�æ.

1XÀæ��¬zïÄåÚu 1976 c, Me-

cholsky �< [5] ��
1XÀæ��¬zïÄó
�, ÏLò 0.3PbSe·0.7Ge1.5As0.5Se3 Àæ3Àæ=
C§Ý±þ (> Tg) 9?n¼�
3 8— 12µm ù	
I��ß�Àæ>bá�, ïÄL²Û¬?n��
/Or
��Å�5U, Xä�>5ÚMÝ�. �
ÛÑ�¬âº���, ¥ù	1�Ñ��Ñ²w,

K�
¤��¬���ßLÇ. �¼�ß²1XÀ
æ>b, I�¦ÛÑ¬â�ò�Ç��{ÀæÄ
��ò�Ç�C½���, ¿���ò¬â�º�
��uB�ºÝ~�Ñ��Ñ. dd, <�m©é
ßù	1XÀæ>bmÐ
�þ�&¢ó�, ±Ï
¼�5U`û�1XÀæ>b. 2004 c, Zhang �
< [6,7] ��
�«#.1XÀæ>bá�, ÏLÜ
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n�9?n3 Ge-Sb-S ÀæÄ�¥ÛÑæ��?
� CsCl �â. ù
º�� 100 nm �m� CsCl ¬
NéÐ/{�
Àæ¥�«DÂ, Ó�ØK��¬
3¥ù	1Ì��S�ßL. d�, Äuùa1®
|¤Àæ, ÏL3�$§Ý (Tg + 15—30 ◦C) ��
�m�9?n, ¼�
�X���E5Ð!äk
ûÐ9 - Å�5U�1XÀæ>bá� [8−10]. �
�8�é1XÀæ¬zÅn�mÐ1�k��ï
Äó�, AO´é1XÀæÛ¬1��Ù|¤!(
��m��6'X@£Ø�, Û¬?n��_8,

ØU��A½B�¬ÛÑk�/¢yõU}à.

Ïd, �©ÀJ GeS2-Ga2S3-CsI 1XÀæ��ïÄ
é�, ïÄØÓ|¤Àæ�¬�Û¬1��É, &
ÄÙ|¤½(��g��6'X, ��ÑØÓ¬�
ÛÑ�ßù	1XÀæ>b�¬.

ÀJ GeS2-Ga2S3 Ä1XÀæ��ïÄé�,

´Ï� Ga �Ú\¤/¤�(�ÄìU¦ÙPk
��DèlfM)Ý, ´ù	-1Ä�½OÃ0
��n�ÿÀá���, �TaÀæ3Û¬?
n�, Ùu1�ÇU
��?�Ú/Or. ïÄ
Ún) GeS2-Ga2S3 Ä1XÀæ�Û¬1�kÏ
u¼�·u��-1ì½��ì�A^�ù	
1Æá�. w7á®zÔ (CsI) �Ú\4�/J
p
 GeS2-Ga2S3 ÄÀæ�/¤Uå, ��þ®z
Ô�Ú\¬ü$Àæ�zÆ½5. Ïd, �©À
J CsI ¹þ�$� 65GeS2 ·25Ga2S3 ·10CsI(GGC25)

Ú 70GeS2 ·20Ga2S3 ·10CsI(GGC20) ü�Àæ|¤,

9?n��ØÓ¬�EÜ�ßù	1XÀæ�
¬, |^«�×£þ9{ (DSC)!×£>fw�
º (SEM)!X ��û� (XRD)!.ù1Ì�ÿÁ
EâïÄ
�¬�9Æá5ÚÛ¬1�, ¿lÀæ
�ä(��¡Ñu&?
|¤CzéTÛ¬1�
�K�.

2 ¢ �

¢ � ^ 65GeS2 · 25Ga2S3 · 10CsI(GGC25)

Ú 70GeS2 · 20Ga2S3 · 10CsI (GGC20) Àæ�¬dD
Ú�LK - |e{¼�, UzÆOþ'¡� 10 g �
pX�� (¤^���: 5 N � Ge â!Ga âÚ S

®, 3N � CsI) �, �uS»� 9 mm ��=Àæ+
S, Äý�� 10−3 Pa �Lµ. òLµÐ��=À

æ+£�~{¬¥, �ú,§� 960oC, �A¿þ
z 18 h, ,�ü§� 860 ◦C, ·� 1 h ��Ñ3eY
¥|e, ��¯��\ò»¬¥3Àæ=C§Ý Tg

NC�§ 3 h, ���¬e%�¿§�����À
æ�. ò¤�� GGC25 Ú GGC20 Àæ��¡¿V
¡�1, ��þÝ� 1.2 mm �Àæ¡^u��9
?nÚ�'ÿÁL�.

ò� 10 mg ��¬C\¾G¥�µ, |^{
I TA Q2000 .«�×£þ9¤ (DSC) 3 N2 í¨
e± 10 ◦C/min �,§�ÇÿÁ�¬9åÆá5,

¼�ÙA�§ÝXÀæ=C§Ý Tg!Ð©Û¬
§Ý Tx �. �â¤��9åÆ&E, òÀæ�¬
��u�íÌ�¬ (�I, Nabertherm N60 .) ¥
3 Tg §Ý±þ9?n, ¼�Àæ>b�¬. |^
{I PE úi Lambda 950 .©11ÝO¼�1X
Àæ>b�¬��� - Cù	1Ì. ¤ÛÑ¬â�
/mæ^$� Tescan VEGA3 SBH .×£>fw
�ºÚF� Keyence VHX-1000E w�1ÆXÚ*
	, ¬�&EKÏL�I Bruker D2 Phaser . X �
�û�¤ (XRD) ÿÁ¼� (ÿÁ>Ø: 30 kV, >6:

10 mA). =I Renishaw inVia .�à8w�.ù1
Ì¤9Ï©Û
�¬¥¬�a., ¿Jø
�X¬
z§Ý\�, �¬�*(�Cz�&E. .ùÿÁ
æ^ 488 nm � Ar+ -1��-u1, 1800 l/mm

1»?n, ÿÁ��� 100—600 cm−1. -13�¬
L¡à���»� 1 µm �1�, ���-1é�
¬��ú, �¬þ�-1õÇ�� 0.2 mW.

3 (J�©Û

ã 1 � Ñ 
 � ¬ 3 10 ◦C/min , § � Ç e
� DSC � (duÿÁ^¾G���, 3d�pÿ
Á§Ý� 550 ◦C). dã�� GGC25 Ú GGC20 Àæ
��aA�§Ý, Ù¥ Tg ©O� 400 ◦C Ú 415 ◦C,

Tx ©O� 476 ◦C Ú 523 ◦C. d	, §�kX�,Ø
Ó��9�, GGC25 �¬wyÑü�Û¬�9
¸, GGC20 ÀæKl 523 ◦C m©k����9&
Ò, vk²w��9¸, L²¦+=k��|¤
�O, ùü�Àæ�¬�Û¬1��3���É.

�â9åÆ(J, òÀæ�¬3 Tg ±þ§Ý
?19?nØÓ�m, Ù¥ GGC20 �¬�9?
n§ÝÀJ� 450 ◦C(Tg + 35 ◦C), GGC25 �¬�
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ã 1 65GeS2 · 25Ga2S3 · 10CsI(GGC25) Ú 70GeS2 ·
20Ga2S3 · 10 CsI(GGC20) 1XÀæ� DSC �

9?n§ÝÀJ� 435 ◦C(Tg + 35 ◦C). 3¬z?
n�, ÿÁ�¬��� — Cù	ßL1Ì!w
�(�±9¬�a.�, @£ÙÛ¬1�. ¬z
� GGC25 Ú GGC20 �¬��� — Cù	ßL1
Ì9Ùì¡�nuã 2 ¥. �X9?n§Ý�,
p½9?n�m�ò�, �¬�����>Åìù
£, L*þ¥*Ñ·Z$���Øß�G�. ù´
Ï��¬¥¬â���½OõÚå�Ñ��ÑE
¤�. ��5¿�´, GGC25 Ú GGC20 �¬�ß
L1Ì�X9?nL§�í£LyØ¦�Ó. ØÓ
u GGC25 �¬, �X9?n�m�ò� GGC20 �
¬���ßLÇk¤ü$, L«Ù¬â)��¯,

¬âº���, �N
ùü|Àæ�¬�¬â¤Ø
�)�1�ØÓ. |^ SEM Ú1Æw�º*ÿ9
?n��¬�w�(�, Xã 3 ¤«, GGC25 Àæ
�¬3 430 ◦C ?n 5 h �ÛÑ
¥/�â, º��
� 200 nm, GGC20 �¬3 450 ◦C ?n 20 h �Ñy

�� 4 µm �ÎG�â. �´duù«¬âº�
��É���¬�ßL1ÌkXØÓ�Cz.

ã 2 GeS2-Ga2S3-CsI 1XÀæ9Àæ>b��� — C
ù	ßL1Ì9Ùì¡ (a) GGC25; (b) GGC20, Ù¥ì¡
eI5�´9?n§Ý��m

ã 3 GeS2-Ga2S3-CsI 1XÀæ>b�w�(�ì¡ (a) GGC25 Àæ3 435 ◦C ?n 10 h �� SEM ì¡; (b) GGC20 Àæ
3 450 ◦C ?n 20 h ��1Æw�ì¡

| ^ XRD ÿ Á � ½ 9 ? n � � ¬ ¥ ¤ Û
Ñ ¬ â � ¬ �, ÿ Á ( J � n u ã 4 ¥, Ù ¥
ã 4(a) ´ GGC20 Àæ�¬3 450 ◦C ?nØÓ
� m � XRD ã Ì, ã 4(b) ´ GGC25 À æ � ¬
3 435 ◦C ?nØÓ�m� XRD ãÌ. lã¥�

±wÑ, GGC20 Àæ�¬39?n 5 h �� XRD

ãÌ3 13.9 ◦ ?m©kk¸Ñy, ¿��X9?
n�m�ò�, ÅÚ3 15 ◦, 26 ◦ Ú 28.4 ◦ � �
kÑû�¸. é'IO¬N GeS2 � PDF k¡ê
â�±��, ÛÑ�¬�Ì�´ GeS2. d	, lù
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û�¸��Ä�p°�±íä, ¤ÛÑ� GeS2

¬Nº���, éÐ/�y
1Æw�º�*ÿ
(J (ã 3(b)). ��ØÓ, GGC25 Àæ�¬KkX
Ø��Û¬1�. Xã 4(b) ¤«, GGC25 �¬�X
9?n§Ý�\�, ¥yÑüÚÛ¬L§. Äk,

3 29.4 ◦ Ú 49.7 ◦ ?k�°�û�¸Ñy, ¿�
Åìkbz. é'IO¬N Ga2S3 � PDF k¡ê
â�±��, d�ÛÑ�¬�Ì�´ Ga2S3. �
�â��úª��, T Ga2S3 ¬â�º���, �
ã 3(a) � SEM ÿÁ(J��. �9?n�mò�
� 15 h �, ���¬¥Ø
k Ga2S3 ¬N±	�
k GeS2 ¬NÛÑ.

ã 4 (a) GGC20 Ú (b)GGC25 Àæ�¬©O3 450 ◦C

Ú 435 ◦C ? 1 Ø Ó � m 9 ? n � � � XRD ã Ì, (Ù
¥ GeS2 Ú Ga2S3 ©O´ 29-644 GeS2 Ú 84-1441 Ga2S3

IO¬N� PDF k¡ãÌ)

�
?�ÚïÄ1XÀæ�¬�Û¬1�,

æ^
.ù1ÌÿÁEâ¼��¬3¬z?nL
§¥�a�ÄÄì�A�.ù¸�Cz. Äkl
ã 5 ��, GGC20 Ú GGC25 1XÀæ�¬�.ù
1ÌÌ��3k 236 cm−1, 269 cm−1, 340 cm−1,

372 cm−1 Ú 432 cm−1 �.ù�Ä¸/p¸. ¦+
é GeS2-Ga2S3 NX1XÀæ��*(�£ãEk

�Æ, �Cc5ïÄÆöþ@�TNX1XÀ
æ��ä(�´d��/�> [GeS4] o¡N(�ü
�Ú [S3Ga-GaS3] a¯�(�ü�ÏLx1�é
�¤� [11−13]. Ù¥,  u 340 cm−1, 372 cm−1

Ú 432 cm−1 � . ù � Ä ¸ þ 8 Ï u � �/�
> [GeS4] o¡N(�ü���Ä, [S3Ga-GaS3] a

¯�(�ü�¥7á��ÄéAu 269 cm−1 �
.ù�Ä¸ [11−14],  236 cm−1 �.ù�Ä¸K
� CsI �Ú\k'. �â Hooke 5KÚkc�©
z�� [15−17] �±íä, 236 cm−1 �.ù�Ä¸
A8áu [Ga2S6−xIx] ·Ü8¡N(�ü���
Ä. Ùg, lã 5(a) �±w�, �X9?n�m�
ò� (< 20 h), GGC20 �¬�.ù1Ì¿Ã��
Cz, cÙ´3 210 cm−1—290 cm−1 ãvk²w
Cz, = 128 cm−1 ?k.ù¸ÅìwyÚ��,

3 30h 9?n��*	�.ù1Ì®kbz, ¥y
Ñ¬N�.ù�ÄÌ., ¤ÛÑ�¬N� GeS2 ¬
N [18], �ã 4(a) � XRD (J��. ,Xã 5(b)

¤«, GGC25 �¬�.ù1ÌK¥yÑ�,ØÓ
��9?n�mCz��6'X. Ó�/�ã 4(b)

� XRD (J��, GGC25 �¬�.ù1Ì�kX
üÚCz. 3Ð©� 10 h 9?n¥, 8áu [S3Ga-

GaS3] a¯�(�ü�� 269 cm−1 �.ù�Ä¸
�X9?n�m�ò�ÅìC�, L²
� Ga �
'�¬N (d XRD y¢� Ga2S3 ¬N) � ÛÑ, �

ã 5 (a) GGC20 Ú (b)GGC25 Àæ�¬©O3 450 ◦C

Ú 435 ◦C ?1ØÓ�m9?n���.ù1Ì
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¦�{ÀæÄ�¥ Ga-Ga 7á�êþ�~�; 3
?�Ú9?n�, Ù.ù1ÌC��9?n 30h

� GGC20 � ¬ a q, L ² 3 T � ¬ ¥ ½ Û Ñ

 GeS2 ¬N. �d��, ¦+ GGC20 Ú GGC25

ü|1XÀæ�¬=k���|¤�O, �ÙÛ¬
1�K�,ØÓ.

GeS2-Ga2S3 NX1XÀækXaq�Û¬1
� [14]. Ga2S3 ¹þ�u 15 mol%�1XÀæò`k
ÛÑ GeS2 Û¬; 3 Ga2S3 ¹þ�L 15 mol%�, Ù
Û¬^Su)
UC, kk Ga2S3 ¬NÛÑ, �
âk GeS2 Û¬. ïÄL², T|¤�6�Û¬1
��Ù�X|¤��ä©�Czk'. �X Ga2S3

¹þ�Oõ (> 15 mol%), [S3Ga-GaS3] a¯�(�
ü��mm©é�, l�¦ Ga2S3 ¬N�`k
ÛÑ. �3�ïÄ¥, �¹Kk¤ØÓ. CsI �Ú\
���ä¥�þ�ä��), î�f
Àæ�
ä(��f5, l�K�
Àæ�Û¬1�. A
O´�GeS2-Ga2S3ÀæØÓ, ¦+Ga2S3¹þþ�
L 20 mol%, GeS2-Ga2S3-CsI Àæ�Û¬1�EÑ
yCz$:. dã 5 ��, �± 10%� CsI ¹þØ
C, �XGa2S3�\\Àæ�ä¥ [S3Ga-GaS3] a¯
�(�ü�Ú [Ga2S6−xIx] ·Ü8¡N(�ü��
þÓ�Oõ, L² I �f�\\»�
 [S3Ga-GaS3]

a¯�(�ü��m�é� [19], ¦ÙØUë��
ØzÚ¬â)��9?nL§¥. Ïd, CsI�\\
UC
 GeS2-Ga2S3- ÄÀæ�Û¬1��|¤�

6'X. [��(��6'X�I�?�Ú�¢�
ïÄ?1)º, ù½ò´8�ïÄó��:��.

4 ( Ø

ÀJ65GeS2·25Ga2S3·10CsI(GGC25) Ú 70GeS2·
20Ga2S3 · 10 CsI(GGC20) ü�Àæ|¤, |^DÚ
�LK - |eÚ�Y�9?nó²��
ØÓ¬�
EÜ�1XÀæ>b�¬, ¿?1
�A��� —

Cù	ßL1Ì, SEM, XRD, Raman 1Ì�L�.

ïÄ(JL²: GGC20 Àæ�¬3Û¬9?n�
ÛÑ
º��� 4 µm �ÎG GeS2 ¬â, T��º
�¬â�ÛÑ��
¤�Àæ>b�¬��ßL
Ç�ü$; GGC25 Àæ�¬¥KÛÑ�´ 200 nm

�m� Ga2S3 ¬N, �dÓ�¬z��¬EU�±
k�Ä:Àæ�����ù	ßLÇ. dd��,

¦+Tü|Àæ=k��� (5 mol%) |©�É, �
ÙkX�,ØÓ�Û¬1�. T|¤�6�Û¬
1�A�ÙÀæ�ä(��Czk', AO´Ù
¥ [S3Ga-GaS3] a¯�(�ü��m�é�åX�
'���^. � I �f�Ú\�UC
�¬¥
�ä(��é�, lK�ÙÛ¬1�. T�ïÄ
ò�1XÀæ>b�����Jø�½��, ÏL
ÀJÜ·�1XÀæ|¤¼��A¬NEÜ�1
XÀæ>b�¬, ¿�8�1XÀæ¬zÅnïÄ
C½Ä:.
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[18] Črnošek Z, Črnošková E Beneš L 1997 J. Mol. Struct. 435 193

[19] Tao H, Zhao X, Jing C, Yang H, Mao S 2005 Solid State Commun.

133 327

154212-5



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 15 (2012) 154212
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Abstract

Controllable precipitation of crystals is one of the key points in the fabrication of chalcogenide glass-ceramics. Glass compositions

of 65GeS2 ·25Ga2S3 ·10CsI (GGC25) and 70GeS2 ·20Ga2S3 ·10CsI (GGC20) are specifically selected, and their glass-ceramic samples

are obtained by careful heat treatment. The transmission spectra, grain sizes, and crystal phases of obtained samples are characterized

using visible-near IR spectroscopy, SEM, XRD, and Raman scattering. Different crystallization behaviors are evidenced that GeS2

crystals are precipitated in GGC20 glass, and GGC25 samples show two crystallization mechanisms during the heat treatment, that is,

Ga2S3 crystals were first precipitated and then the GeS2 ones. The compositional and the microstructural dependences of crystallization

behavior are discussed, which would be a significant reference for the controllable crystallization in chalcogenide glasses.

Keywords: chalcogenide glass, crystallization, glass network structure, Raman spectroscopy
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