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æ^�6óÀ^��Aí�Eâ, 3ØÓ��' (GFR) ^�eÀæ�.þ��
�X��¾�z (AZO) �
�, ¿|^ X ��û�!×£>fw�ºÚ©11ÝOl÷*AåÚ�*¬�ÆC��ÝïÄ
 GFR é��(
�!L¡/mÚ1ÆA5�K�. ���õ¬ AZO ��¥y
²w� ZnO-(103) J`��, ù8(u 3 h ���È
L§¥���ò»Úå���¬¡U=C. �X GFR �O�, AZO ��S÷*.AåkO�����, ��÷*Ø
Aå�X GFR �UYO�O�. ��¥�÷*Aå²w�X GFR l.Aå�ØAå=C. ù�¬��*ÆCp
���*Aå�ïÄ(Jª³TT��. �X GFR �O\, ��3��1«�²þß�ÇkO\�~�, ��¬â
º�p��¬.Ñ�´K���ß�Ç�Ì�Å�.

'�c: �¾�z ��, �6óÀ^��Aí�, 1Æ5�, ��'

PACS: 61.82.Fk, 81.15.Cd, 61.05.cp, 74.25.Gz

1 Ú ó

� z ´ � « � � ° � Y � � N, Ù � Y
3 2.8—4.2 eV ��S�N [1]. duäk���-
fåPU (� 60 meV)!wÍ�Ø>�A!3��
lfN�¸e½ [2] �`��1>5U, §31>
ì�!Ø>ì�!í¯��!Ø¯ì��+�P
kã��A^då [3−5]. 3L�� 30 cm, ®é�
z �����Ú�'5�®?1
2��ïÄ
Ú��. Kluth � [6] æ^ØÓ�í�Eâ (�6, �
ªÚ¥ª), ÏLí� ZnO/Al2O3 >bqÚ Zn:Al
Ü7q��
�¾�z (AZO) ��, uyí�í
ØÚ�.§Ýé AZO ���>ÆÚ(�K�é�.
Zhang � [7] æ^�ª^�í� (RF sputtering) ��
õ¬ ZnO ��, ïÄ
õ¬ ZnO ���1�AÚ
(�Cz. Kim � [8] æ^ RF sputtering Eâ, ÏL
í� ZnO/Al2O3 >bq, ��
��äkpÝ c ¶
J`��!8�Y ¶(�� AZO ��, >{Ç
�$�� 4.7×10−4 Ω/ cm. Lin � [9] Ú Hong � [10]

©O��
æ^�6^�í� (DC sputtering) Ú�
6óÀ^�í�í� (DCP sputtering) Eâ, ÏLí
� Zn:Al Ü7q, ��
 c ¶J`��� AZO �
�. Deng � [11] æ^Vq (ZnO Ú Al2O3) RF sput-
tering ��Eâ, ÏL���z¾>bq�í�õ
Ç, ��
>{Ç�$� 7.1×10−4 Ω/cm � AZO
��. d	, Gao � [12] ��
 AZO ��� DCP
sputtering, �.§Ýé AZO ��>ÆÚ1Æ5�
�K�é�. �â± �ïÄ(J, 3 AZO ���
�Eâ¥ (^�í�à�uàzÆí��ÈàóÀ
-1�È9M� - v�{�), ^�í�äk�È�
Çp, ¤�þ!�U
�¡È¤�´u¢y3ó
�þ�A^. � DC sputtering Ú DCP sputtering �
', RF sputtering Q�±æ^>bq��±æ^Ü
7q����, �´�õÇ��ªí�XÚ¤�p
[, ��ªË�é<Nk³, ÏéJ�ó�.
¤�É. DC sputtering Ú DCP sputtering �Uæ^
Ü7q����, �Ã�ªË��ú�¯K. �é
u DC sputtering ó, DCP sputtering du¤��
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Ç$, k|u¤��f3�.L¡�[£Ú¤p�
þ�����.

¦+�.§Ýé DCP sputtering �� AZO �
��(�!>ÆÚ1Æ5�K�®k�� [12],
�l÷*AåÚ�*¬�ÆC��ÝïÄ��
' (GFR) é DCP sputtering ��� AZO ���K
������. �©l÷*AåÚ�*¬�Æ
C��Ý:ïÄ
 GFR é DCP sputtering ��
� AZO ����(�Ú1Æ5��K�.

2 ¢ �

3 (Ar + O2) í¨¥, æ^ DCP sputtering E
â, ÏLUC GFR (0.9/18—2.4/18) 3Àæ�.þ�
�
�X� AZO ��. Ù¥�6óÀ�>ØªÇ
� 40 KHz, >ØÓ�'� 80%. qá� 220 mm×
80 mm×5 mm �Ý/ Zn:Al Ü7q (¾¹þ� 3%),
�.§Ý� 250 ◦C, í�õÇ� 125 W, 4�må
� 35 mm, ó�íØ� 0.5 Pa, ���È�m� 3 h.
�Èc�;�Àæ�.é���þE¤Ø|K�,
Àæ��g�uZÑ!ÃY¯UÚ�lfY¥©
O?1�(�W, Ø�ÀæL¡�hÀÚÙ¦�M
�kÅÔ. Àæ�.óZ�, �\�Èn¿¥, |^
©f"¦�.ý��� 1.5 ×10−3 Pa . ���ª
�Èck?1 10 min ýí�, Ø�qáL¡��z
�Ú,�, ,���2�ª�È 3 h. ����(�
æ^ X ��û� (XRD, Philips PANalytical X’pert)
Úe|u�×£>fw�º (JSM-6060) ?1L�.
����1«�1Æ5�æ^ UV-3150.©11
ÝOÿþ, ���þÝæ^ý� �1Ì (Woollam
úi� M-2000.ý ¤) [Ü��.

3 (J�?Ø

3.1 ���������(((���

ã 1 �ØÓ GFR ^�e��� AZO ��
� XRD Ì. æ^ DCP sputtering ���õ¬ AZO
��¥y
²w� ZnO-(103) J`��, ù� DC
sputtering ��� AZO ��äk ZnO-(002) c ¶J
`���(J²wØÓ [13]. T(���É8(
u 3 h �ÈL§¥���ò»Úå���¬¡U=
C. �X GFR �O\, (002) � (103)û�¸��é
rÝkO\�~�. � GFR = 1.8/18 �, T�ér
Ý��. ù�« GFR O�L§¥���÷*Aå

u)
UC.

ã 1 ØÓ��'^�e��� AZO ��� XRD Ì
� a, 0.9/18; � b, 1.2/18; � c, 1.5/18; � d,
1.8/19; � e, 2.1/18; � f, 2.4/18
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ã 2 AZO �� (002) ¬¡�¡måÚæ^V¶Aå�
.O�� (002) ���÷*AåÌ

é ZnO-(002) ¬¡ó, Ù¡må d(002) = c/2.
ä k (002) c ¶ J ` � � � ZnO ¬ � ~ ê�:
a = 0.32496 nm, c = 0.52065 nm[14]. � Al �,
du Al �lf�» (0.053 nm) ' Zn �lf�
» (0.072 nm)�, Ï Al �fN´¤�O��fÓ
â Zn � �½¤�mY�f, Al3+ é Zn2+ �Ü
©O�¬E¤¬�~ê c u)Cz [15]. A^V¶
Aå�. [16], AZO �� (002) ���÷*Aå�
L«�

σ = [2C2
13 − C33(C11 + C12)]ε/(2C33), (1)

ε = (dfilm − dZnO)/dZnO, (2)

Ù¥ ε ´ AZO �� (002) ���AC, dfilm Ú dZnO

©O´ AZO ��Ú ZnO �� (002) ¬¡�¡m
å. Cij ´ ZnO � � � N �5� þ [17], C11 =
208.8 GPa, C12 = 119.7 GPa, C13 = 104.2 GPa,
C33 = 213.8 GPa. ã 2 � AZO �� (002) ¬¡
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� dfilm Úæ^V¶Aå�.O�� (002) ��
� ÷ * A å Ì. é ² w, � GFR l 0.9/18 , p
� 1.8/18 �, AZO ���÷*.Aå�AO���
��, �����÷*ØAå�X GFR �UYO
�O�, ��¥�Aål.Aå�ØAå=C.

|^ XRD ÿþ���¬�, ¬â[z9¬�
�*ÆC¬Úu XRD ¸°z, Ïd|^ XRD é¬
â��Ú¬��*ÆC?1L��, 7L�é XRD
û�¸�¸°?1?�. Ù¬âº�9¬��*Æ

C�¸°�m�'X�L«� [18]

βcosθ = λ/Size + 4 · Strain · sinθ, (3)

β2 = β2
M − β2

S, (4)

Ù¥ β ��¬¬â[z9¬��*ÆCÚå�û
�¸�p°, λ� X ��Å�, θ �û�¸¸ �,
Size�²þ¬âº�, Strain�¬��*ÆC. β2

M,
β2

S ©O�ÏLÁ�¼���¬û�¸�p°ÚI
��û�¸�p°.

ã 3 ØÓ��'^�e��� AZO ���L¡/mã (a) 0.9/18; (b) 1.2/18; (c) 1.5/18; (d) 1.8/19; (e) 2.1/18; (f) 2.4/18
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L 1 O�� AZO �� (002) ���²þ¬âº�Ú¬��*ÆC

GFR 2θ/◦ ¬� �p°/◦ ²þ¬âº�/ nm ¬��*ÆC

0.9/18 34.412 (002) 0.672 14.5 0.936

1.2/18 34.406 (002) 0.672 14.5 0.937

1.5/18 34.371 (002) 0.480 21.9 0.662

1.8/18 34.327 (002) 0.288 44.2 0.382

2.1/18 34.450 (002) 0.576 17.5 0.798

2.4/18 34.417 (002) 0.480 21.9 0.661

L 1�O�� AZO �� (002) ���²þ¬
âº�Ú¬��*ÆC. XL 1 ¤«, (002) ���
²þ¬âº��X GFR �O\oNþkO��~
�. GFR = 1.8/18 �, ²þ¬âº�O����
� 44.2 nm. ²þ¬âº�� GFR �O\O�, ù
�U8(u GFR O�ó�íØ�½��lfé
��¬â��¡~f, ���¬â�N´à8�
�. ²þ¬âº����~�, �U8(u (002)
Ú (103) ���¬â)�¿�. d	, lL 1 ��,
²þ¬âº���, ¬��*ÆCÒ��, ù8(
u¬âº������L¡�AOr [19]. ¬��
*ÆC� GFR �CzV«��¬âS��*Aå
� GFR �O�k~��O�. ù��âV¶�.
O����÷*Aå�(J��.

ã 3�ØÓ GFR ^�e��� AZO ���L
¡/mã. �X GFR �O\, ����âº�oN
þC�, ��L¡kªu��, ,�ªuDÕ. GFR
= 1.8/18 �, ��L¡���. ù�U8(ud GFR
�����*Aå�����. d	, � GFR UY
O��, ��L¡Ñy
²w��É. �â´dé
õ�¬âìà¤. �,²þ¬âº�O\, �X
Jìà�¬âê8�, ���âº���U~�.
ù�´E¤�X��'O\, (002) ���²þ¬
âº��,oNþkO��~�, �����âº
�oNþC���Ï.

3.2 111ÆÆÆ555���

ã 4 Ú ã 5 © O�Ø Ó GFR ^ � e � �
� AZO ����1Åã�ß�ÌÚ��Ì. L 2
�O�� AZO ����1Åã�²þß�ÇÚ²
þ��Ç. ��� AZO ����1Åã�²þß
�Çþ3 80%±þ, Ù¥ GFR� 1.8/18 �, �¬�
�1Åã�²þß�Ç����� 84.097%. ¤±
3�½��S, GFR �O\kÏuJp���ßL
5, ùÚ Keunbin Yim � [20] �ïÄ(J´���.
dL 1 ��, �X GFR �O�, �� (002) ���²

þ¬âº�kl 14.5 nm O\� 44.2 nm ,�q~
�� 21.9 nm. ¬â²þº����²þß�Ç�
Czª³Ä���. ��¬â�O���¬.Ñ�
~f, lO�
���ß�Ç. d	��þÝé
��ß�Ç�K��7L�Ä. ã 6�|^ý 1
Ì[Ü����þÝ�. lã 6 ��, �X GFR
�O�, ���þÝÅì~�. ��þÝ�~�A
k|u��ß�Ç�Jp. nÜã 4 Úã 6 �(J,
�±@� AZO ��¬âº�p��¬.Ñ�´K
���ß�Ç�Ì�Å�. ����1Åã�²þ
��Ç�²þß�Ç�Cz��. GFR� 1.8/18 �
����� 13.865%. ù�U8(uT��'^�
e�����Ý��, ����*Aå��.

ã 4 ØÓ��'^�e��� AZO ����1Åã�ß�Ì

ã 5 ØÓ��'^�e��� AZO ����1Åã���Ì

L 2 O�� AZO ����1Åã�²þß�ÇÚ²þ��Ç

GFR 0.9/18 1.2/18 1.5/18 1.8/18 2.1/18 2.4/18

²þßLÇ/% 80.084 82.242 83.238 84.097 83.389 81.863

²þ��Ç/% 17.2 16.067 15.828 13.865 15.206 15.648

lnØþ`, ß�ÇÚ��Ç´pÖ�. ��
'� 1.8/18 �, ���²þß�Ç��K²þ��
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Ç��, ùÚ�©�(J´���. ��K���
²þ��Ç�Ï�´��L¡(�, K���L
¡(��Ï�´¬âº�p���*¬�Aå. �
�þ��K���ß�Ç�Ï�´��¬âº�
p��¬.Ñ�Ú��þÝØ´��L¡(�,

ã 6 |^ý 1Ì[Ü� AZO ���þÝ�

Ù¥¬.Ñ�´K���ß�Ç�Ì�Å�. ��
'� 1.8/18 �, ���²þ¬â����, 1�¬
.Ñ�����, lß�Ç��.

4 ( Ø

æ^ DCP sputtering Eâ3ØÓ GFR ^�e
��� AZO ��þÔ�
 (002) J`��¥y

 (103) J`��, ù8(u 3 h �ÈL§¥���
ò»Úå���¬¡U=C. �X GFR �O�, ¥
y
��÷*.Aå�÷*ØAå�=C. ��÷
*Aå� GFR �Czª³�¬��*ÆCp��
�*Aå�Czª³��.��¬âº�p���
¬��*ÆC, ù8(u¬âº������L¡
�AOr. �X GFR �O\, AZO ��3��1«
��²þßLÇ¥kO\�~��ª³. ���¬
âº�p��¬.Ñ�Or´K���ß�Ç�
Ì�Å�.
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Abstract

Aluminum-doped zinc oxide (AZO) films have potential applications in photoconducting and piezo-electric devices, and gas and

piezo sensors. Although the film structure and optical properties are intensively studied, the effect of gas flow ratio of O2 to Ar (GFR)

on the film structure and optical properties has not been reported in terms of macrostress and lattice strain. In this paper, a series of

AZO films is deposited on glass substrates by direct-current pulse magnetron reactive sputtering under different GFRs. The influence

of the GFR on the crystalline structure, the surface topography, and the optical properties of the film is systematically studied in terms

of macrostress and lattice strain by using X-ray diffractometry, scanning electron microscopy and spectrophotometry, respectively. The

as-deposited AZO films are polycrystalline and (103) oriented, which can be attributed to the change in crystalline face energy during

the accompanied thermal annealing for 3 h. The film tensile stress first increases to a maximum value, and then decreases gradually

with GFR values increasing. It is noted that the transition from tensile to compressive stress occurs with GFR increasing. This result is

different form that of lattice strain. The film transmissivity in the visible region first decreases and then increases with GFR increasing,

which is attributed mainly to the scattering of grain boundary induced by the grain size.

Keywords: AZO film, direct-current pulse magnetron reactive sputtering, optical properties, gas flow ratio of
oxygen to argon
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