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0�
A«~��1X�����{, �âyk¢�^�æ^9�u{Ú^�í�{��Ñ Ge-Sb-Se n�N
X1X��, ÏL��¤ÿÁ���þÝÚL¡o÷Ý, O�Ñü«���{�¤��Ç, ¿ÏL X ��1>fU
ÌÿÁ
ü«���{¤����¬Nqá|©��O. |^ Z ×£EâÚ©11ÝOÿÁ
9�u{��¤�
���n���55UÚßL1Ì, O�Ñ��5ò�Ç!��5áÂXêÚ��þÝ�ëê. (JL²9�u{
�� Ge-Sb-Se ��äkûÐ�Ôn(�Ú1ÆA5, 38¤1Æì��¡ép�A^då.

'�c: 1XÀæ, 1X��, 9�u{, 1ÆA5

PACS: 68.60.−p, 78.20.−e, 74.70.Xa

1 Ú ó

�Xù	1ÆEâ�ØäuÐ, <�éßL
Å�3¥�ù	«��ù	DÑá�ÃX7á
�zÔÀæ!®zÔÀæ!1XÀæ���
�
5�õ�'5, Ù¥± S, Se, Te Ú Ge, As, P ��
�¤�¤�1XÀæÏ3ù	«�äkßL��
� (1—20 µm)!ò�Çp (n = 2.1—2.7)!V1f
áÂXê�!(fUþ$!1Æ��5Ú1¯5
`û�`:¤��O�7á�¢y�1ì��n
�á� [1−6]. �@�1XÀæ´ 1957 c Frerics �
�� As2S3 ��NX, �5qk Ga-La-S, Ge-Ga-S,

Ge-As-Se �n�NX�1XÀæ�U���, ¿¤
õA^u1Ï&!1Da!8¤1ì��õ�+
� [7].

1X��´1XÀæá�1Æì��8¤
z!�.zuÐ����ïÄ��, pò�Ç!
pn���5!ûÐ�1¯5�1ÆA5¦Ù3

1Å�!1�;!1m'!��U��>³��
¡¼�
�þ�A^. I	31X�����¡®
²Ðm
õcïÄ¿��
�X�¤J [8−11], 
IS�é1X�����{9A^�ïÄ�?u
åÚ�ã, "��'ïÄ�{ÚïÄ¤J���.

8c~���{Ì��)óÀ-1�È{ (PLD)!
9�u{ (TE)!^�í�{ (RF)!zÆí��È
{ (CVD)!M�v�{ (Sol-Gel) � [12−17], L 1 �
Þ
ùA«�����{3��ó²ëê!¤�
�þ!¤��Ç!A^����¡�`":. 3�
©¥, �âyk�¢�^�, ·�ÀJØ¹kÓ As

��� Ge-Sb-Se n�NXá��¤¬GÀæ��
��qá, ÏL9�uÚ^�í�ü«�{3�=
Ä.þ��1X��, é¤����zÆ|©!�
�þÝ!L¡o÷Ý�ëê?1ÿþ, ¿:é9
�u{��¤������5ò�Ç!��5á
ÂÇ±9ßL1Ì�1ÆA5?1ÿþÚO�, �
1X�����ïÄJønØÚ¢�Ä:.
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L 1 A«~��1X�����{'�

���{ `: ":

óÀ-1Å�È{ |©�É�, �È�Ç�¯ Ø·Ü�¡È���, ��L¡o÷Ý��

9�u{ ó²{ü, ¤��Ç¯ ��|¤�qák�É, Ø·Ü�¡È���

^�í�{ ��þ!5Ð, |©�É� ¤��Çú, ó²E,

zÆí��È{ ·Ü�¡ÈÛ�, ��þ!5Ð ·^u�ê|©á�, Ï^5��

M�v�{ ¤�$, ��þ!5Ð ����Ý��

2 ¢ �

����±¬N1XÀæ���Ä:, ��
±ü�ÚzÜÔ/ª\\, Ù¥ Ge, Sb, Se �X
Ýþ� 99.999%. ¡��� 15 g ¿©·Ü�C\
SL¡ýk�W¿óZ��=Á+, æ^�I4
� PT50 .ý�"é�=+?1Äý�, Ó�éC
k����=Á+?1ý\9� 100 ◦C ±Ø�
���Y, �ý�Ý� 1.0×10−3 Pa ±e�^��
�µ�Lä, 2�\~{¬¥,§� 1000 ◦C �L
� 10 h, �Ñ3Y¥|e��\ò»¬¥�úò»
�¿§±~�ÀæSÜ�Aå. ��òÀæ\ó
¤ φ50 mm×1.5 mm ü¡�1��¬������
�qá.

¢�¥·�æ^^�í�Ú9�uü«�{
3�=Ä.þ�� Ge-Sb-Se ��. ^�í�{ó
²�E,, ¢�¥�¦ý�n�ý�Ý 610−5 Pa,

í�õÇ 5 W, í�(å�òý�nS§Ý,�1
XÀæ�=C§Ý Tg ¿é��?1 2 h ò»?n,

��L¡²�Ý�Ð���. �´·�uy3�¤
í�ó²�, 1XÀæqáÑy»�y�, `²¬
GqáÀæ�y, I�?�ÚïÄqáÀæ���,

±Jpqá�MÝ, ;�3í�L§¥Ñy»�,

ù´·�8�I�)û���¯K.

�'ó, 9�u{ó²�{ü, qá�À^
�^�í��Ó. ùp�
�y�u�þ!5, I
ò¬GqáÀæï�¤®", ¢�¥�± 10−6 Pa

�XÚíØ, �u(å��Ó�3ý�nS±À
æ Tg §Ýé/¤���?1 2 h ò»?n, ��L
¡²�Ý�Ð���.

·�éü«�{¦^�Óqá3�=Ä.þ
�����?1|©ÚþÝÿÁ©Û, �Ñ^�í
�{¢�¥qá»�é��|©�K�, ¿Xÿ
Á
O�9�u�{�����1ÆA5.

3 (J�?Ø

3.1 Raman 111ÌÌÌÿÿÿÁÁÁ

é�Ó Ge-Sb-Se ¬GqáÀæ|^9�u{
Ú^�í�{��¤��1X��?1 Raman 1
ÌÿÁ, ÿÁ(JXã 1 ¤«. lã¥�±wÑ,

éu Ge-Sb-Se qá, 3 100—300 cm−1 «mS�
¹
A�Ì��¸�, ©O3 132 cm−1, 143 cm−1,

195 cm−1 Ú 256 cm−1 ?. Ù¥3 195 cm−1 ?�
��¸�� Ge-Se �, ´ GeSe4 o¡N(�¤�
) [18]. d	, lã¥�±wÑ9�u{��¤��
� Raman 1Ì�qá�1ÌÄ�¬Ü, `²9�u
{¤���|©�qá|©��Ø�. �´^�í
�{��1Ì�qák�½Ñ\, AO3 240 cm−1

?k��¸�, ù�¸�´ Cu-Se � [19], `²��
|©¥¹k Cu ��, ÐÚ©ÛT Cu ���0\�
^�í�L§¥qá»�k'.

ã 1 9�u{Ú^�í�{���1X���qáá�
� Raman 1Ìé'ã

3.2 ������þþþÝÝÝÿÿÿÁÁÁ

3��¤eé9�uÚ^�í�ü«�{�
�� Ge-Sb-Se ��þÝ±9L¡/m?1ÿÁ,

Xã 2 Úã 3 ¤«. lã¥�±wÑ, ÏL 2 h
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^�í��{����þÝ� 215 nm, ���
L¡o÷Ý Ra = 0.57 nm, O���í��Ý
� 1.8 nm/min; ÏL 10 min 9�u�{����þ
Ý� 693 nm, ���L¡o÷Ý Ra = 0.42 nm, �
u�Ý� 1.15 nm/s. Ïd�±�Ñ9�u�{�
^�í��{�', �����L¡o÷Ý�q,

�9�u{�Û��Ý���u^�í�{, ù�
L 1 ¥�(Ø�Î.

ã 2 ^�í�{��1X�����¤ÿÁ(J (a) �
�þÝ; (b) L¡o÷Ý

3.3 X ������>>>fffUUUÌÌÌÿÿÿÁÁÁ

�
y¢ã 1 ¥^�í�{��¤����
(¹k Cu ��, ·�ÿÁ
��Úqá� X ��
>fUÌ (XPS), ¤�(JXL 2 ¤«, L¥�êâ
��þz©'. duÿÁ��Ú�{���Û�5,

L¥�êâ¿ØUý¢�Ná�NX¥����
z©'¹þ, �´·��±�âL¥�êâ'��
��¹þ��é �. dL¥êâ��, ^�í�
{duqá»���÷�L¡� Cu ���í��
��L¡, Ïd��|©�qá|©�å��. ù
�y¢
ã 1 ¥ Cu-Se ¸���3. 9�u{�
qá�|©�É��, `²·�æ^�9�u{ó
²U
�Ð/ÎÜqá|©.

ã 3 9�u{��1X�����¤ÿÁ(J (a) ��þ
Ý; (b) L¡o÷Ý

L 2 ��Úqá� XPS ÿÁ(J

Ge/% Sb/% Se/% Cu/%

qá 41.16 26.25 32.59 0

9�u 41.80 28.47 29.73 0

^�í� 38.40 25.51 28.42 7.68

3.4 Z ×××£££

æ^ Z ×£�{3 770 nm Å�eÿþ
9�
u�{��¤� Ge-Sb-Se 1X���n���5
5U. ã 4 ´���¬� Z ×£�ã. ã 4(a) ¥
ÑykÅ��Å¸�y�, `²T���¬äkg
à��A, §���5ò�Ç��� [20]; ã 4(b) 3
�: (Z = 0) ?káÂOr (ßL~f) �y�, �
LyÑ����5áÂXê [21]. ò Z ×£�^
úª (1) Ú (2) ?1[Ü�±�����¬���
5ò�Ç γ Ú��5áÂXê β[22]:

T (x) = 1 +
4x

(x2 + 9)(x2 + 1)
∆φ

− 2(x2 + 3)
(x2 + 9)(x2 + 1)

∆ψ, (1)

x =
z

z0
=

2z

kw2
0

, (2)
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þ ü ª ¥, ∆φ = kγI0Leff/2, ∆ψ = βI0Leff/2,

Leff = (1 − e−αL)/α, k = 2π/λ, L ����¬
þÝ, α ��5áÂXê, k �Å¥, ω0 �-1å
��». ÏL[ÜO������¬���5
ò�Ç γ = 6.427 × 10−17 m2/W, ��5áÂX
ê β = 5.404 × 10−10 m/W.

ã 4 9�u{���1X�� Z ×£�[Ü(J
(a) ���¬4� Z ×£�; (b) ���¬m� Z ×£�

2�â�����5ò�Ç γ Ú��5áÂ
Xê β �±O������¬n���54z
Ç χ(3) �¢Ü Reχ(3) ÚJÜ Imχ(3) ©O�

Reχ(3) = 2n2
0ε0cγ, (3)

Imχ(3) = n2
0ε0c

2β/ω, (4)

Ù ¥ ω ´ 1 ª Ç (3.75 × 1414 Hz), ε0 ´ ý �
0 > ~ ê (8.8537 × 10−12 F/m), c ´ ý � ¥ 1
�. � â (3), (4) ª � ¦ � � ¬ � n � � � 5
4 z Ç � ¢ Ü Reχ(3) = 2.31 × 10−18 esu, J
Ü Imχ(3) = 7.76 × 10−18 esu, Ïd�¬�n�
��54zÇ χ(3) = [(Reχ(3))2 + (Imχ(3))2]1/2 =

8.1 × 10−18 esu.

3.5 ßßßLLL111ÌÌÌÿÿÿÁÁÁ���òòò���ÇÇÇOOO���

æ ^ Perkin-Elmer-Lamba 950UV/VIS/NIR .
©11ÝOÿÁ�����¬3 400 nm—2500 nm

Å���S�ßL1Ì, Xã 5 ¤«. ÏLÀ�
ã¥�Å¸ÚÅ���±[Üã¥ßLÇ��
þ!e�ä�, ¿O�Ñ3ØÓÅ�e���¬�
ò�Ç�. �
¦[Ü(J¦�U�C¢S�, I
�éßLÇ�Å¸ÚÅ�A¦�UõÀ�æ�
:, ùÒ�¦¦^�þ���, Ïd·�ÀJ
�
¡ 35 min 9�u��� Ge-Sb-Se ���¬?1ÿ
Á. ò�Ç n �O�úª�

N = 2ns
TM − Tm

TMTm
+

n2
s + 1
2

, (5)

n = [N + (N2 − n2
s )

1/2]1/2 (6)

Ù ¥ ns � Ä . ò � Ç, ù p � = Ä . ò � Ç
� 1.46, T �¢SßLÇ�, TM Ú Tm ��
[Ü¤��þ!e�ä�3,�Å�eéA��.

ã 5 ���¬�ßLÇÌ

ÏL[ÜO��±�����ò�Ç, ��±
�âeª¦Ñ���þÝ�

d =
λ1λ2

2(λ1n2 − λ2n1)
, (7)

Ù¥, λ1, λ2 ���ü�Å¸½Å�éA�Å�,

n1, n2 ��AÅ�e�ò�Ç. L 3 �Ñ
3ØÓ
Å�?¤éA���ò�Ç�, ±9|^��Å¸
Ú��Å��O������þÝ d. L¥�ò�
Ç�Ñ�u�A¬NqáÀæá��ò�Ç (2.6

�m), ©ÛT(J�)��ÏØ
[ÜO��{�
��Ø�, ��UÏ���|©�'uqáÀæá
�k¤UCÚå [23]. dL¥¤��8|þÝ�
�¦Ñ���²þþÝ� 2390 nm, �¦^��¤
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ÿÁ¤����þÝ�~�C, `²ù«[ÜO�
�þ��{´�1�.

L 3 ØÓÅ¸ÚÅ�O������þÝ

λ/nm TM Tm n d/nm

1977 0.97733 0.59863 2.56673 —

1700 0.97306 0.59835 2.56232 2392.90

1494 0.97504 0.59748 2.56772 2364.73

1333 0.97032 0.59621 2.56602 2423.56

2151 0.97805 0.59893 2.56664 —

1827 0.97502 0.59838 2.56468 2374.91

1592 0.97410 0.59832 2.56372 2420.00

1409 0.97255 0.59675 2.56703 2364.02

4 ( Ø

æ^9�uÚ^�í�ü«�{��
 Ge-

Sb-Se 1X��, ÏL X ��>fUÌÿÁ'�

§��¬Nqá�|©�O. du��ó²þ

��Ï, ^�í�L§¥qáÑy»�y�, ��
����¥·k7á Cu ��, I�é^�í�ó
²Úqá��?�Ú?1ïÄU?, Ó��`²
^�í�{����é¬NqáÚí�ó²Ñk
ép��¦. �'ó, 9�u�{ó²��{ü
¤Ù, �����ÏLÿÁ��|©�qá��
C, ��L¡o÷Ý�^�í�{��, �¤��
Ç���u^�í�. æ^ Z ×£�{3 770 nm

�Å�eÿþ
9�u�{��� Ge-Sb-Se 1
X���n���55U, �����n���
5ò�ÇÚáÂXê©O� 6.427 × 10−17 m2/W

Ú 5.404× 10−10 m/W, ¿^©11ÝOÿÁ
��
�ßL1Ì, O������ò�ÇÚþÝ. ÿÁ
(JL²9�u�{��� Ge-Sb-Se ��äkû
Ð�Ôn5�Ú1Æ5�, ÏLTïÄ�r?1X
��á�Ú1X�����{�uÐ, Ó��1X
��31Å�!1m'�1Æì��A^�eû
Ð�¢�Ä:.
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Ge-Sb-Se thin films∗

Zhang Wei1)† Chen Yu1) Fu Jing1) Chen Fei-Fei1) Shen Xiang1) Dai Shi-Xun1)2)

Lin Chang-Gui1) Xu Tie-Feng1)

1) ( College of Information Science and Engineering, Ningbo University, Ningbo 315211, China )

2) ( State Key Laboratory of Transient Optics and Photonics, Xi’an Institute of Optics and Precision Mechanics of CAS, Xi’an 710119, China )

( Received 16 April 2011; revised manuscript received 14 July 2011 )

Abstract

Several methods of fabricating chalcogenide thin films are introduced. In this paper, thermal evaporation and radio frequency

methods are used to fabricate Ge-Sb-Se thin films. The thicknesses and roughnesses of the films are measured by surface profile-meter.

The film growth rates are calculated. The component difference between film and target material is tested by X-ray photoelectron

spectroscopy. The third-order optical nonlinearity and the transmission spectra of films fabricated by thermal evaporation are inves-

tigated using femto-second Z-scan method and spectrophotometer, to obtain the values of nonlinear refraction, nonlinear absorption

and thickness of films. The results show that the films fabricated by thermal evaporation have excellent physical structures and optical

properties, and possess promising potential applications in integrated optical devices.

Keywords: chalcogenide glasses, chalcogenide thin films, thermal evaporation, optical properties
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