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æ^M�v�{3ÀæÄ¡þ��
 ZnO 9 Ni, Fe ��,� Zn0.95−xNi0.05FexO (x = 0, 0.005, 0.01, 0.03,

0.05) ��. ÏL×£>º (SEM) Ú X ��û� (XRD)ïÄ
���¬�L¡/mÚ¬N(�. (JL²¤k�¬
Ñäk (002) J`��, Fe �,�� ZnO: Ni ���¬N�þC�, ¬âº�~�, �·�� Fe �,k|u¼��
�!þ!���. XPS ÿÁ(JL²�¬¥ Ni lf�d�� +2 d, Fe lf�d�� +2 dÚ +3 d. ¿§1�u
1 (PL) ÿþL², ¤k�¬þ*	��r�b	u1¸, 71V¸ÚÉ1u1¸. ZnO: Ni ���u1rÝ�±Ï
L Fe �,?1k�N!. ?·�?Ø
 Ni, Fe ��, ZnO �¬�u1Ån.

'�c: ZnO ��, M�v�, �,, 1�u1

PACS: 75.50.Pp, 81.05.Dz, 78.40.−q, 78.55.−m

1 Ú ó

C c 5, D º ^5� �N (diluted magnetic

semiconductors, DMSs) ¤�
��Ná�ïÄ�
�����. Sato � [1], Dietl � [2] ýÿ°B��
�N�,^5lf3¿§e�±�� DMSs. d�
LÞx7á�, DMSs á��1Æ9^Æ5�ï
Ä¤�CAc�ïÄ9:.

du ZnO ´�« II—VI x°B���Ná�,

3¿§eäk���B�°Ý (3.37 eV) Ú�p�
-fåPU (60 meV), ¿äk`û�Ø>!1>Ú
1¯A5. Ï3��N-1ì!1>Daì9Ø
>=�ì�+�äkã��A^d� [1−5]. �X1
>Úá�Eâ�ØäuÐ, é�'UÚ#.u1
á��I¦FÃ½�. Ïd, é ZnO u1A59u
1Ån?�ÚïÄ��5Ò�\àw. ZnO ²�
þLÞ���,�, Ù�(�Úu1A5��¡¬
�)��UC, <�é Fe, Co, Ni, Cu �ØÓLÞ7

á^5,��, ZnO á����9Ù(�Ú5U
�
�þ�ïÄ, �'���éõ [6−9]. Ù¥LÞ
7á��,�{®¤�Uõ DMSs á�u15U
�k�Ãã. ~X, Ç½â� [10] 3Àæ�.þ��

 Co, Cu ��, ZnO ��, uy Co, Cu �,�±
UC ZnO ��¥�� ! � Ú WY�"�
�ßÝ, l�±N!�¬7 - É1u1��rÝ,

ÇýH� [11] ïÄ
 Sn, Co ��, ZnO ���1
Æ5�, uy�\ Co, Sn ��K�
���B�°
Ý,Ó�UC
��¥�� ! � Ú WY�
"��ßÝ, @��±ÏLUC�,���«a9
�,þ5N! ZnO ���u15�. 8céØÓ
LÞ7á^5,���, ZnO á��ïÄÉ�

<��5�õ�'5.

·#Ü7 (Ni80Fe20) äkép�^�ÇÚ^
(¯Ý, ´8c¦^+���2��^^Ü7, ´
�E°�paì, pªm'>CØì�ì��
�á�. ¤±é·#Ü7�|¤�� Fe, Ni �
�, ZnO á��ïÄÒ�~äk¢S¿Â, cÙ
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´ Fe, Ni ��, ZnO Uå�éÐ�1xz�^, ¤
±�\&Ä Fe, Ni ��, ZnO ���u1Ånk
Ïu�5#.��Ná��¢y. 8cé Ni, Fe �
�, ZnO á��ïÄ�����. ��f� [12] |
^�Ý�¼nØ1�5�n, nØO�
 Ni, Fe �
�, ZnO ��(�91Æ5�. uy Ni, Fe �,�
fþ3��.Ú\�þd Ni 3d, Fe 3d��z�g
d16f - >f, ²wJp
 ZnO ��>5U; Ni,

Fe ��,� ZnO NX0>¼ê3pU«�� Fe

ü�,���q, 3$U«�K�C Ni ü�,�
�/; ��, ZnO �áÂ1Ì3�,�u)ù£.

��¦� [13] �æ^M�v�{��
 Ni, Fe ��
, ZnO ��, uy�¬3¿§eäkc^5, ¿�
3b	Ú71��äkûÐ�°�u1A5. FU
u� [14] æ^M�{��
n ¶(� Ni, Fe �
�, ZnO 1xzJ, 3xzJ¥ Fe Ì�± Fe2O3

�/ª�3, Ni �U±Ã½//ª�3. 1xzü
)�AL², 3�Ó�^�e, Fe, Ni ��, ZnO

1xzJü)`Ä£�¹5�X ZnOJp
 60%

±þ. y²
��,´�«Jp ZnO 1xz�Ç
�k�Ãã. dd�� Ni, Fe ��, ZnO �(�
A5�~�. 8c®k���,þ� 5%� Ni

�, ZnO ��äk�Ð�¬N(�Ú�'Ôn
5U [7]. Äud, �©æ^M�v�^æ{3À
æÄ¡þ�� Ni, Fe �� Zn0.95−xNi0.05FexO �
�, &Ä�þ Fe �,é ZnO: Ni ���(�Ú1
Æ5U�K�, 9Ù� Fe ,�ßÝCz�ÔnÅ
n. �Ä� Fe ��,þ���� 20%[15], �Ù�
,þ3 7%�m�Òk�UÑy,� [6,16], �þ
�, Fe kÏuUõ ZnO �u1A5, � Fe �o�
,þØ�u 5%. Ó� Ni 3 ZnO ¥��pM)Ý
�,�� 25% [17], �Ù�,þ3 5%�m�LyÑ
��(�ÚÔnA5�Z [7,17]. ¤±�¢��,l
f�oßÝØ�u 10%.

2 ¢ �

2.1 ���¬¬¬������

Zn0.95−xNi0.05FexO � ¬ÏL M � v � {
� �, � � L § X e: ò · þ � � Y Ü ¯ �
 (Zn(CH3COO)2·2H2O)!8YÜÅzq (NiCl2 ·

6H2O) ÚoYÜÅzæc (FeCl2 · 4H2O) U�½�
zÆOþ', ·Ü�Mu 40 ml �ÃY¯U¥, ��
\\·þ�¯UX (C2H7NO) ��½J. 3 60 ◦C

Yú^�e^å�� 2 h ��½þ!�M�. ò
���M�3¿§e·��z 72 h; ò�WZÀ
�óZ�ÀæÄ¡�3 KW-4A .!�Åþæ^
^æ{��, 3$=��òM�%\�Ä¡þ, �
± 3000 r/min �=�^æ 45 s. ,�á=rÄ¡�
\�§�¥3 120 ◦C e9?n 10 min, g,e%;

±þL§Eêg, ±¦����I��þÝ��
òÄ¡�\ê6¬¥, k3 250 ◦C eý9 10 min,

2ò§Ý,p� 450 ◦C ±Y�§ 2 h, �ª��L
¡�/!w����¬.

2.2 ���¬¬¬���©©©ÛÛÛ���ÿÿÿÁÁÁ

^×£>º (SEM) *	���L¡w�(
�, æ ^ DX-2000 . X � �û� ¤ é � ¬ ?
1 XRD ÿ Á, u ÿ^� �: Cu q Ka1 � �, Å
� λ = 0.154056 nm, ×£��� 30◦—80◦, ó�
>6� 35 mA, ó�>Ø� 40 kV. ¦^ X ��1>
fUÌ¤ (XPS) ÿþ
�¬¥lf�d�. ^ LS-

55.F1©11ÝO, ±-uÅ� 325 nm �-u
1é�¬?1 PL Ìÿþ.

3 (J�?Ø

3.1 ���¬¬¬���///mmm©©©ÛÛÛ

¢���� Zn0.95−xNi0.05FexO ���¬3×
£>ºe�L¡/mXã 1 ¤«, lã¥�±wÑ
ü� Ni ��¬L¡�â©Ùþ!, ��âº�'
X ZnO �¬�, Ù�âº�0u 10—60 nm �m.

�'� Ni ü�,���¬ó, ��\�þ Fe

�, �¬��âº�m©~�, lã¡¥�±w
Ñ Zn0.945Ni0.05Fe0.005O Ú Zn0.94Ni0.05Fe0.01O �
��¬��âº�'ü� Ni ��¬�, �©Ù�
\þ!��,AO´� x = 0.01 ��,�����
5q��Ð, Ù�âº�0u 20—40 nm �m. �
� x > 0.03 �, Ni, Fe �����º�qm©C�,

�â©Ù���5�k¤ü$. Ïd Ni, Fe ��,
�±Uõ ZnO ����/,ÏL�� Fe ��,ß
Ý�±k�/���¬�âº�.
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(a)

(d)

(b)

(e)

(c)

(f)
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T30,000 100nm

T30,000 100nm

T30,000 100nm

T30,000 100nm

T30,000 100nm

ã 1 Ni, Fe � � Zn0.95−xNi0.05FexO � � � SEM ì ¡ (a) X ZnO � �; (b) Zn0.95Ni0.05O � �; (c)

Zn0.945Ni0.05Fe0.005O ��; (d) Zn0.94Ni0.05Fe0.01O ��; (e) Zn0.92Ni0.05Fe0.03O ��; (f) Zn0.90Ni0.05Fe0.05O ��

3.2 ���¬¬¬������(((���©©©ÛÛÛ

ã 2 � Zn0.95−xNi0.05FexO (x = 0, 0.005, 0.01,

0.03, 0.05) ��9X ZnO ���¬� XRDãÌ. d
ã 2 ��¤k�,�¬Ñuy
 u 2θ � 34.36◦

NC, éA ZnO(002) ¬¡x�û�¸, �Ù¸�
�r, `²¤k�,��Ñäk c ¶J`��. d
ã 2 �w� Zn0.95−xNi0.05FexO (x = 0, 0.005, 0.01,

0.03, 0.05) ��� XRDãÌvkÙ¦,�¸�3,

¤k�¬� X ��û�¸Ñ�n ¶(� ZnO �
û�¸��, ù`²�,���¬�±
n ¶(
�, ¬N�(�vk��,lf»�.

æ^Ù.�úªÚ Scherrer úªé�¬��
(�êâ?1O�, O�úªXe:

D = 0.89λ/B cos θ, (1)

(1) ª ¥ D � ¬ â º �, λ � X � �  Å
� (0.154056 nm), B ��p�°, θ �û��.

2d sin θ = λ, (2)

(2) ª¥ d �¬¡må.

a = dhkl

√
4 (h2 + hk + k2)

3
+

(a

c

)2

l2. (3)

(3) ª¥ a � c ´¬�~ê, h, k, l ��V�ê
�¬�(�O�êâXL 1 ¤«. lL 1 ¥

�±wÑ, 3ÀæÄ¡þ��� Ni ü�,Ú Ni,

Fe ��,���¬�¬�~êþ'X ZnO ���
¬�¬�~ê�. ù´du Ni2+ �� Zn2+ ?\

 ZnO ¬�¤�. Ni2+ ��» (0.68 nm) ' Zn2+

��» (0.72 nm) �, ¤± Ni ü�,���¬'
X ZnO � � � ¬ � ¬ � ~ ê�.  Fe2+ � �
» (0.074 nm) ' Zn2+ ��» (0.072 nm) �, Fe3+

��» (0.064 nm) ' Zn2+ ��» (0.072 nm)�, l
L¥�±w� Ni, Fe ��,���¬�¬�~ê
Ñ' Ni ü�,���¬�¬�~ê�, ��X Fe

�,þ�O\ c ¶���¬�~êÅìO�. ù«
y��U´ Fe ��\¦�¬�u)®Ï, ù�L
²
 Fe lf?\ ZnO ¬���
 Zn2+. ��â
��SAåúª δ = 4.536 × 1011(c0 − c)/c0 5O
�����¬÷ c ¶�SAå, ª¥ c0 � ZnO �
¬�~ê (0.5026 nm). XO�(J���, K`²
��÷ c ¶��É�ØAå��^, ��, K��
÷ c ¶���3ÜAå. ÏLO���, ¤k��
�¬÷ c ¶��ÑÉÜAå�^. ¿�� Fe �,
þ�O\, ���ÜAåÅìO�. Lõ� Fe ,�
O� Zn ¬¦� ZnO ¬�(��C/\ì. ù�?
�Úy² Fe ?\
 ZnO �¬N(�.
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L 1 �â XRDãÌO������(�~ê

�� D/nm d(002)/nm d(101)/nm a/nm c/nm

ZnO 19.66 0.2605 0.2475 0.3250 0.5210

Zn0.95Ni0.05O 30.54 0.2597 0.2473 0.3247 0.5194

Zn0.945Ni0.05Fe0.005O 23.53 0.2598 0.2472 0.3244 0.5196

Zn0.94Ni0.05Fe0.01O 18.64 0.2599 0.2473 0.3243 0.5198

Zn0.92Ni0.05Fe0.03O 21.75 0.2601 0.2473 0.3244 0.5202

Zn0.90Ni0.05Fe0.05O 24.33 0.2602 0.2473 0.3247 0.5204

� ��� ����� 	 
 � � �� ��
 � � �� ��
 � � �� ��
 � � �� ��
 � � �� ��
 � � �� ��
� 
 � � � � � � � �� 
 � 
 � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � �� � � � �  � � � � � � � � � � � ! �� � � � �  " � � � � � � � � � � � � � �� � � � � " � � � � � � �� � �# � � � $ � % � & �  �� ' ( � ) �

ã 2 Zn0.95−xNi0.05FexO (x = 0, 0.005, 0.01, 0.03, 0.05) ��
� XRDãÌ

(Üã 2 ÚL 1 ��±uy Ni ü�,��
��¬� (002) û�¸�Ä, ¬â�º����.

��\�þ� Fe �, ���û�¸ÅìC°, ¬

âº�Åì~�, c ¶�J`���ÅìC�. 
� x > 0.01 �, �¬�û�¸qm©CÄ, ¬âº
�m©O�. ù�L² Fe (¢?\
 ZnO ¬N, 
�·þ� Fe �,�±UC ZnO: Ni ���¬â�
�9¬N�þ.

3.3 ���¬¬¬��� XPS ©©©ÛÛÛ

ã 3 Úã 4 ´ Zn0.95−xNi0.05FexO (x = 0,

0.005, 0.01, 0.03, 0.05) ��� X ��1>fUÌ,

w«
 Ni ��Ú Fe ���zÆ�ÜG�. Ù
¥ Zn0.945Ni0.05Fe0.005O ��¥ Fe ���êâv
kuÿ�, �U´��¥ Fe ��¹þ�����.

ã 3(a) ¥, Ni 2p3/2 ¸ u(ÜU 855.049 eV

?, ã 3(b) ¥, Ni 2p3/2 ¸ u(ÜU 855.531 eV

?. Ñ � Ni2+ (NiO) � Ni 2p3/2 ¸   �
C (853.50 eV), ØÓu 7 á Ni � Ni 2p3/2 ¸
  (852.70 eV) Ú Ni3+ (Ni2O3) � Ni 2p3/2 ¸
  (857.30 eV). ù`²��¥ Ni lf�d�Ñ
� +2 d.� � � �� � � �� � � �� � � �� � � � � � � � � � � � � � � � � � �� 	
� ���� � � � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� 	
� ���� �� � � � � � � � � � � � � � � � � �� � �

� � � � � � � � � � �  ! � � � � � ! "� � � # � � � � � � � � � � � �� � � �  $ ! � � � � � ! % � � � � � ! "� � � # � � & � �' ( ) ' * )
ã 3 Zn0.95−xNi0.05FexO (x = 0, 0.005) ��� X ��1>fUÌ (a) Zn0.95Ni0.05O �� Ni 2p � X ��1>fU
Ì; (b) Zn0.945Ni0.05Fe0.005O �� Ni 2p � X ��1>fUÌ
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ã 4 ´ Zn0.95−xNi0.05FexO (x = 0.01, 0.03,

0.05) � � � X � � 1 > f U Ì, lã 4(a) ã
¥������¬� Ni 2p3/2 ¸©O u(Ü
U 855.545 eV, 854.778 eV Ú 854.771 eV ?. � Ni2+

(NiO) � Ni 2p3/2 ¸  (853.50 eV) �C, ØÓu7
á Ni � Ni 2p3/2 ¸  (852.70 eV) Ú Ni3+(Ni2O3)

� Ni 2p3/2 ¸  (857.30 eV). L²���¥ Ni l
f± +2 d�3.

lã 4(b) ������¬� Fe 2p3/2 ¸©O
 u(ÜU 710.276 eV, 711.110 eV Ú 711.260 eV

?. T(JQ� Fe2+(FeO) �êâ�C (Fe 2p3/2 ¸
 u 709.30 eV) �� Fe3+(Fe2O3) �êâ (Fe 2p3/2

¸ u 710.75 eV) Ú Fe4+(Fe3O4) �êâ (Fe 2p3/2

¸ u 711.20 eV) �C. Ù¥éu Fe3O4, cwü
«d�, ��æclf Fe2+ w +2 d, ü�cl
f Fe3+ w +3 d, ¤±` Fe3O4 �w¤´d FeO

� Fe2O3 |¤�zÜÔ, �L«� FeO·Fe2O3. �

'7á Fe � Fe 2p3/2 ¸  (706.75 eV) �±(½
T��¥Ó��3 Fe2+ lfÚ Fe3+ lf. �
3 x > 0.03 �, ��¥é�UÛÑ Fe3O4. 3�
¢�¥, Fe3+ lf�U´��3�í¥ò»�
d Fe2+ lf²�z�^)¤.

3.4 ���¬¬¬���uuu111AAA555©©©ÛÛÛ

ã 5 ´ - u Å � � 325 nm �,

Zn0.95−xNi0.05FexO (x = 0, 0.005, 0.01, 0.03, 0.05)

� � � PL ãÌ, ¤ k � ¬ þ * ÿ � u 1 ¥%
� 400 nm (3.10 eV) �b	u1�, ±Å� 420 nm

(2.95 eV) Ú 484 nm (2.56 eV) �¥%�71V¸�
±9± 530 nm (2.34 eV) �¥%�É1u1�. �
, Fe �, b	u1¸, 71V¸ÚÉ1¸� �þ
vkCz, �´u1rÝ�X Fe �,þ�O\, k
O�2~�. ��, ·þ� Fe �,�±N! ZnO �
��u1rÝ.� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � � � � � � � � � � � � � � � � �	 
�� ���� � � � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � �� � �� � �� � �	 
�� ���� �

� � � � � � � � � � � � � � � � � �� � �
� � � � � � � � � �  ! � � � �  � " # � �  � " $� � � % � � � � � # � � � � � � � � �  ! � � � �  � " # � �  � " $� � � % � � � � �

# � � � � � � � � �  ! � � � �  � " # � �  � � $� � � % � � � � �
# � � � � � � � � �  ! & � � �  � " # � �  � ' $� � � % � � � � �� � � � � � � � � �  ! � � � �  � " # � �  � � $� � � % � � � � �

� � � � � � � � � �  ! & � � �  � " # � �  � ' $� � � % � � � � �
( ) * ( + *

ã 4 Zn0.95−xNi0.05FexO (x = 0.01, 0.03, 0.05) ��� X ��1>fUÌ (a) Ni 2p � X ��1>fUÌ; (b) Fe 2p

� X ��1>fUÌ

lã 5 ¥, �±w�b	u1¸ u 400 nm

NC. p�� [18] @�T¸áu ZnO �����u
1¸. ��f� [13] Ó�*	�± 400 nm �¥%
�b	¸, ¦�@�d¸5u>fd��.� 
�  (VZn) "�U?��[. éub	u1Ån, Ê

H@�kn«�¹: �´b	u1¸d�m�[
Úå, �´u1d-fEÜÚå, n´d"�½,
�Úå�u1. ·��� ZnO ´���Y��N
á�, Ù-fEÜu1�1fUþ��u�Y, 
�m�[u1�1fUþ�u½��uB�°Ý.
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ã 3 ¥ 400 nm ?�b	u1¸�Uþ 3.10 eV, '
B�°Ý (3.37 eV) ��, ¤±·�@�db	¸
u-fEÜ.ã 4 ¥ 400 nm �u1¸rÝ� Fe �
�,þO\kO�2~�, ·�@�ù´du Fe

��,UC
���"�ßÝÚ(¬�þ, lU
C
-f�ßÝ, �ª��
u1rÝ�UC.

Xã 5 ¤«, 71V¸Ñy3 420 nm (2.95 eV)

Ú 484 nm (2.56 eV) NC. 71V¸�u1rÝ�
X Fe �,þ�O\kO��Åì~�. � x = 0.05

�, Ùu1rÝ��. M$Æ�< [19] |^�³�5
õ;��{, O�Ñ ZnO ��� �  (VZn)!
��  (Vo)! WY (Zni)!�WY (Oi)!Ú�
�  (OZn) �A«"�U?. ·�¢�¥*	�
� 420 nm ?71u1¸�Uþ� 2.95 eV. �â
�³�5õ;��{O��� �  (Zno) f
�ÌU?�d�º�U?�� 2.9 eV, ��.�
�WY (Oi) fÉÌU?�U?�� 2.97 eV,  W
Y (Zni) "�U?�d�º�Uþ�� 2.87 eV, Ñ
�·�*	�� 420 nm ?71u1¸�Uþ�C.

¤±, 420 nm ?71u�AT� �  (Zno)! 
WY (Zni) Ú�WY (Oi) k'.� � �� �� �� � � � � � � � � � � � � � � � � � �� 	
� ���� � � � �

� � �� � � � � � � � � � � � � � � � �  �� � � � � ! � � � � � � � � � � � " �� � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � �
ã 5 -uÅ�� 325 nm ��� PL Ì

484 nm ?71u1¸�Uþ� 2.56 eV, �8
c��, Ùu1Ån�vk�¤�£�â�³�5
õ;��{O��� �  (Zno) f�ÌU?�
 �  (VZn) fÉÌU?�U?�� 2.6 eV,  �
  (Zno) f�ÌU?��WY (Oi) fÉÌU?�
U?�� 2.5 eV, Ñ�·�¢�¥*	�� 484 nm

?71u1¸�Uþ�C. 71u1��U���
  (VO) k', ��  (VO) 3�Y¥�)ü��Ì
U?, Ù�´f�ÌU?,  u��e 0.3—0.5 eV

? [20]; Ù�´��ÌU?,  u��e 1.3—1.6 eV

?. ¤± 484 nm (2.56 eV) NC�71���U5
g��  (VO) f�ÌU?� �  (VZn) fÉÌ
U?��[ (2.57 eV), ½��  (VO) f�ÌU?
��WY (Oi) fÉÌU?�EÜ (2.47—2.67 eV).

¤± 484 nm �71u�� �  (Zno)! �
  (VZn)!��  (VO) Ú�WY (Oi) k'.

3 � © Ni, Fe � � , � � ¹ e, Ni, Fe �
f Ì � ± Ni2+!Fe2+!Fe3+ �/ª � 3, Fe2+

� » (0.074 nm) ' Zn2+ � � » (0.72 nm) �,

3 ZnO ��¥Ì�±O ª,��3. Ni2+ ��
» (0.68 nm) Ú Fe3+ ��» (0.064 nm) Ñ' Zn2+

��» (0.72 nm) �, 3 ZnO ��¥�U±O 
ª,�ÚWYª,�Ó��3. � x = 0.01 �,

Fe �U± Fe2+ lf�/ª?\ ZnO ¬�, /¤
O ª,��þ�� Zn2+ ��
���¬¥ 
WY (Zni) "��ßÝO\, l��71V¸u
1Or. �X Fe �,þUYO\, ZnO ¥� �
  (VZn) "�ßÝü$, ��Uk Fe3+ ?\ ZnO

¬�/¤WYª,�, ¦ WY (Zni) ~�, ù��

71¸u1rÝ�ü$. du ZnO ¥ lf�
»��u�lf�», ¤±�lf/¤WY�VÇ
é�. ��WYÚ� :"��/¤U�p, l9
åÆ�Ý��Ø��Ä [21]. �â¢�y�©Û, 7
1V¸�U´du>fl WY (Zni) "�U?�
d�º��[±9l��  (VO) f�ÌU?� 
�  (VZn) fÉÌU?��[¤�.

É1u1�å8cÿØ�Ù, �p�< [16]

@� 530 nm É1¸>fd��  (VO) "�U?�
 �  (VZn) "�U?��[Úå. �
©z [22,23]

@�É1u�u��.���  (OZn) "�U?
��[. |^�³�5õ;��{O�����
.���  (OZn) "�U?�U?�� 2.38 eV. ù
��¬ 530 nm ?�É1¸¸�Uþ (2.34 eV) 9Ù
�C. �3�¢�¥, ,��o�,ßÝ¿Øp, \
�� :"��/¤U�p, ¤±·�@�d��
  (OZn) "�U?��É1u1��U5é�. é
u 530 nm(2.34 eV) ?�É1¸, ÙrÝÓ��X Fe

�,þ�O\kO��~�. x = 0.01 �É1u1
¸�r, x > 0.01 �É1u1Åì~f¢�L§¥,

�X Fe �,þ�O\, �þ Fe �f± Fe2+ lf/
ªO�
 Zn2+, ¦ �  (VZn) "�ßÝü$, 
 �  (VZn) �~�, K¬��É1u1rÝeü.
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ù�·�3Á�¥*	�� x = 0.01 �É1u1
¸�r, x > 0.01 �É1u1~f�y��Î. ¤
±·�@�É1¸u>fl��  (VO) f�Ì
U?� �  (VZn) fÉÌU?��[. ·��(
JL², ZnO: Ni ���u1A5�±ÏLN! Fe

�,þ5�±��. �,K���1ÆA5�Ï�
�kéõ, ù
Ñk�?�Ú�ïÄ.

4 ( Ø

æ^M�v�{��
X ZnO 9 Ni ¹þ
� 5%� Ni, Fe �� Zn0.95−x Ni0.05FexO (x = 0,

0.005, 0.01, 0.03, 0.05) � �. | ^ SEM, XRD

Ú XPS ©Û
���¬�L¡/m9�(�. ï
Ä(JL²�,lfÑ?\
 ZnO �¬�, ¤k
�¬�L¡�â©Ùþ!, Ñäk c ¶J`��,

� ZnO �(�vk��,lf»�. ·�� Fe �
,k|u¼���!þ!���, ¿�±Uõ ZnO

�u1A5. ÏLF11ÌÿÁuy, ¤k�¬
� PLãÌ¥ÑÑy
b	u1�, 71u1�9
É1u1�. ZnO: Ni ���u1rÝ�±ÏL Fe

�,?1k�N!. éu1�?1
©Û, @�b
	¸u-fEÜ, Fe ��,K�
���¬¥ 
WYÚ � "��ßÝ, lN!
71¸�u
1rÝ. É1¸d�� 9 � "�U?��.
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Abstract

Zn0.95−xNi0.05FexO (x = 0, 0.005, 0.01, 0.03, 0.05) thin films are fabricated on the glass substrates by the sol-gel method.

The surface morphologies and crystal structures of the films are investigated using scanning electron microscopy (SEM) and X-ray

diffraction (XRD). The results reveal that preferential orientations are all along the (002) direction in all films. the qualities of ZnO:

Ni films for low or high Fe concentration become worse, the crystal grain sizes of ZnO: Ni film are reduced, but moderate Fe doping

seems to improve the film quality. XPS results reveal that Ni elements exist as Ni2+, and Fe elements exist as Fe2+ and Fe3+. Strong

ultraviolet emission peaks, blue double emission peaks and green emission peaks are observed in the photoluminescence spectra of all

samples at room temperature. It is found that the PL intensities of (Ni, Fe) co-doped ZnO films could be well modulated by Fe doping.

In combination with other reports, we think that the ultraviolet emission peaks are due to exciton recombination; while the blue double

peaks are caused by transition of electrons from the zinc interstitial to the top of the valence band or from the oxygen vacancy to the

zinc vacancy. However, the green peak is highly dependent on oxygen vacancy and zinc vacancy formed by doping.

Keywords: ZnO thin films, sol-gel, doping, photoluminescence
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