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|^ ZnO Ú Li2O ·ÜÔ3 5GPa, 1200◦C—1500◦C ^�e, �� Li �, p. ZnO(P� ZnO: Li) �

MN�L§. ïÄuy, pØe§Ýéu ZnO: Li �MN��>a.±9(�äk���K�. Ù¥3 1500◦C

^�e�(� ZnO: Li(Li ��,þ 4.5%)LyÑûÐ� p.>Æ5U, Ù>{Ç� 3.1×10−1 Ω·cm, 16fßÝ

� 3.3×1019cm−3, [£Ç� 27.7cm2·V−1·s−1. ÏL¢�9nØO�(½
ÙÉÌU?� 110meV,?Ø
Øåé p

. ZnO �/¤Ú>Æ5U�K�.

'�c: pØ, p-ZnO: Li, �MN
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äkn ¶(�� ZnO ´�«���Y�°

B���N, du¿§eB�°Ý 3.37 eVÚ-f

(ÜU 60 meV,¤±�@�´�«A^u$K��

b	u1�4+�áÅ1>ì��n�á� [1−3].
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�~����Ì"��gÖ��A, ���{Jp

ÉÌ,���,ßÝ. Ï~cö�±ÏLJp ZnO

�(¬�þ5)û; �ö�±ÏL3�²ï9åÆ

G�e?1�,5�¤. �´�²ï�,��
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.�,J�,ßÝ, ¿�¬¦(¬�þeü±9�
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Cc5�XpØEâïÄ��\, pØ��¤

©!§Ý±	�1n�9åÆ�Ý, §Ø=�±U

CXÚ�9åÆ²ïG�, 
���±Jp�,

J3á�¥��MÝ, UCá��NõÔnÚzÆ

5� [6−8]. ùpAO-<a,��´, pØe¼�

�`û5U�±�±�~Ø. Ïd, XJ3pØe

ò ZnO ¥�\pßÝ� p.�,J, Òk�UJ

p ZnO �>Æ5U. ,	, du3pØe p.�,

´��O9åÆ²ïL§, ¤±N´�� p. ZnO

�)�L§, l
¦p.ZnO���äk�­E5.

8c, éu ZnO �ÉÌ�,J, <�ïÄ�õ

�´2xÚ.x��, X N, P, As�O O Ú Li O Zn

/¤ÉÌ [9−11]. �,nØO�L², .x��¥�

� (Li) O� (LiZn)/¤�ÉÌU?�k 90meV,

k|uÉÌlz [12], �´'u Li �, p. ZnO

���¥, Li ��ÉÌ�,J��3�õ¯K. Ä

k Li �f�� Zn �f¬k�Ü©¤�mY�f,

d� Li Ø2´ÉÌ, 
¬Úå�U?�Ç�²,
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� [13−16]. ©z [8] 3ïÄ p. ZnO ¥k��,�

uy, pØk|u,���3 ZnO ¥�k��M.
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Øeé Li �,� ZnO?1
ïÄ.

2 ¢ �

2.1 ���¬¬¬������

¢�æ^�pØ���©z [17] �Ó. ¤^�

��½È ZnO (99.99%)Ú Li2O (99.9%). ò ZnO

Ú Li2O UØÓ���'?1þ!·Ü¿ýØ

¤ 10 mm×3 mm ��¬, 3 650 ◦C eéÙ?1

ý���±Ø�áÂ�Y©�. ò�����¬�

\pØÜ¤nNS, 3 5 GPa, 1200◦C—1500◦C ^

�e�§�( 15 min,,��Ø��. 3?1�«

ÿÁ�c, ò�(Ð��¬L¡�Ø� 1 mm,±ü

Ø,���*Ñ
�5�K�.

2.2 555UUUÿÿÿÁÁÁ

æ^¿�¤L��¬�>Æ5U. æ^×£>

fw�º (SEM) L�ÙL¡/�. æ^ X ��û

�¤ (XRD) ©Û¬N(�. æ^ X ��1>fU

Ì (XPS) ©Û��|¤ÚzÆ�¸. æ^u11

Ì (PL) ÿÁ1Æ5UÚO�ÉÌU?.

3 (J9?Ø

L 1 �Ñ
 5GPa, 1300◦C ^�e Li �, ZnO

�MN�¿�ÿÁ(J. lL¥�±wÑ,��,

� ZnO ´ý��, 
�X ZnO ¥ Li ¹þ�O\, p

. ZnO: Li �MN�>{Çeü!16fßÝ,

p. �?�Ú`, ZnO ¥� Li ¤LyÑ� p.�

>� Li ��,k', 
��X Li �,þ�O\, p

. ZnO: Li �MN�>Æ5UCÐ.

L 1 5 GPaÚ 1300◦C ^�e ZnO: Li �MN�¿�ÿÁ(J

Li �, �> >{Ç 16fßÝ [£Ç

þ/% a. /Ω·cm /cm−3 /cm2·V−1·s−1

0 n 9.2×107 2.4×108 11.3

0.5 p 3.7×104 4.4×1010 82

2 p 162 1.7×1013 32.4

3 p 13 8.4×1015 29.1

4.5 p 8.2 1.2×1016 10.2

L 2 �Ñ
 5GPa, 1200◦C–1500◦C ^�e

� Li þ� 4.5%� ZnO �MN�¿�ÿÁ(J.

3 1200 ◦C ^ � e � ( � ZnO: Li � M N ¥ y

Ñ n .�>a., 3 1300 Ú 1500 ◦C ^�e�

(� ZnO: Li �MN¥yÑ p.�>a.. dd

��, ZnO�>Æ5U�ûu�(§Ý. 3 1500◦C

^�e¼�� p. ZnO: Li �MNLyÑ�Z�

>Æ5U, >{Ç� 3.1×10−1Ω·cm, 16fßÝ

� 3.3×1019cm−3, [£Ç� 22.7cm2
·V−1

·s−1, ù


5U'±c��� p. ZnO5U�Ð [10,11]. ò p

. ZnO: Li �MN�±3ZH��í¥, zü��

?1¿�ÿÁ, (Juy p. ZnO: Li �MNl�

�����A��pELyÑ p.�>5U, ù¿

�X p. ZnO: Li �MNäkéÐ�­½5. ¢�

�L², p. ZnO: Li �MN��äk�­E5, Ù

�Ï´T p.�,´��O9åÆ²ïL§.

L 2 5 GPâ �e Li �,þ� 4.5 %� ZnO �MN�¿�ÿÁ

(J

§Ý �> >{Ç 16fßÝ [£Ç

/◦C a. /Ω·cm /cm−3 /cm2·V−1·s−1

1200 n 8.3×103 5.6×1014 23.4

1300 p 8.2 1.2×1016 10.2

1500 p 3.1×10−1 3.3×1019 22.7

ã 1 � Li þ 4.5%� ZnO�MN� SEMì¡ (a)� 1300◦C;

(b)� 1500◦C

ã 1 � 1300◦C Ú 1500◦C � ( � � Li

þ 4.5%� ZnO �MN� SEM ì¡. lã¥�±
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wÑ, ZnO: Li �â»3 150nm�m, �'�ã 1(a)

Ú (b) ØJuy, ã 1(a)¥¹kf�Ú,�.

ã 2 � 1300 ◦C Ú 1500 ◦C � ( � � Li

þ 4.5%� ZnO �MN� X ��û�Ì. lã 2(a)

¥�±wÑ, 1300◦C �(� ZnO: Li ¥�¹ü

�µZnO: Li, Li2ZnO2, L²�Ü© Li2O ?\ ZnO

¥, �Ü© Li2O Ú ZnO �A)¤ Li2ZnO2. 


ã 2(b) ¥�k ZnO: Li �, vk*	�Ù¦�, ù

L² Li ��M\
 ZnO ¥. ù�(J�ã 1 (J

�Î.

ã 2 � Li þ 4.5%� ZnO � M N X � �û� Ì (a)

� 1300◦C; (b)� 1500◦C

ò¿�ÿÁ(J� SEM Ú XRD �(J'�,

�±íä p. ZnO: Li �MN��>5�ûu Li

�k��,þ, 
 Li2ZnO2 ��3K�
 p. ZnO:

Li �MN�[£5U. �XL 2 ¤«, 3 1500◦C �

(�ü��¬�[£Ç' 1300◦C �(��¬[£

Ç�péõ.

�
n) p.�>5U�å
, é 1500◦C �

(�� Li þ 4.5%� p. ZnO �MN?1
 XPS

©Û,ïÄ Li 3 ZnO ¥�zÆ�¸Úý¢�,ß

Ý, Xã 3 ¤«. 3(ÜU 54.6eV?*	�
�

� Li1s U�, �Cu Li—O ��(ÜU, `² Li

3 ZnO ¥=k�«zÆ�¸, = Li �� Zn � 

� (LiZn), 
Ø´/¤ Li i �¬� �. ,	, �â

ã 3 �A�Ì�rÝ9����(¯ÝÏfO�

��, Li 3 ZnO ¥��,ßÝ�� 4.47%,�C¢

S��,ßÝ. Ye � [15,16] �(J�L², 3� Li

� ZnO¥ Li ò�� Zn(LiZn) 
Ø´/¤ Li i, l


/¤ÉÌ. Ïd, ¢�¥ ZnO: Li � p.�>Ì�

5gu LiZn ��z.

d©z [12—15]��, 3~Ø²ïG�e ZnO

¥ Li ��,þ�$, �p�,þ� 1.5%�m. ,
,

3pØe ZnO ¥ Li ��,þ��
 4.5%,ù¿�

XpØ�±r? Li 3 ZnO ¥��MÝ, p. ZnO:

Li �MN�`û�>Æ5U� Li �pßÝ�,

k'.

ã 3 1500◦C �(�� Li þ 4.5%� p. ZnO � XPSÌ

ã 4 1500◦C e�(�� Li þ 4.5%� p. ZnO �$

§u11Ì

�
ïÄ p . ZnO: Li �MN�u15U

Ú LiZn �ÉÌU?, é 5 GPa, 1500◦C e�(�

� Li þ 4.5%� p. ZnO ?1$§u11ÌÿÁ,

Xã 4 ¤«. ã¥ 3.369, 3.358, 3.315 eVÚ 3.243,

3.171, 3.089 eV?*	�
 6 �Ì¸. Ù¥ 3.369,

3.358Ú 3.315 eV�¸©O8Ïugd-fu�!

¥5ÉÌåP-fu�Ú>fl���ÉÌU

? (FA) ��[u�; 3.242, 3.171Ú 3.089 eV�¸

©O8Ïu FA 3 72 meV±Ïm��p�1Æ(

f��¸. �â FA!ÉÌU? EA Ú�Y Eg �'
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X FA=Eg −EA +kBT/2 9± ���, O�Ñ EA

��d�º 110 meV.ù�(J�­�,�±ü$

ÉÌU?��NnØ�Î.

4 ( Ø

3 5 GPa, 1200◦C—1500◦C ^�e, |^ ZnO

Ú Li2O ·ÜÔ�(
 Li �, ZnO �MN, ¿é

Ù?1
L�. Ù¥3 1500◦C � Li þ� 4.5%�

¼�
�Z5U� p. ZnO: Li �MN, >{Ç

� 3.1×10−1Ω·cm, 16fßÝ� 3.3 × 1019 cm−3,

[£Ç� 22.7 cm2
·V−1

·s−1, ¿�LyÑ­½� p

.�>5. p.�>5gu LiZn ÉÌ��z, ÉÌ

U?� 110 meV.
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Abstract

In this paper, stable Li-doped ZnO solid solution (ZnO: Li) is successfully prepared by sintering the mixture of ZnO and Li2O

powders under a pressure of 5 GPa and at temperatures between1200◦C and 1500◦C. It is found that the high pressure and temperature

conditions have significant effects on the electrical conductivity and the structure of the ZnO solid solution. The bestp-type ZnO doping

4.5 at.% Li with a resistivity of 3.1×10−1Ω·cm, carrier concentration of 3.3×1019cm−3, and mobility of 27.7 cm/V·s is achieved at

1500 ◦C. The p-type conduction formed in ZnO is due to acceptor formed by one substitutional Li atom at Zn site, which has an

acceptor level of 110 meV. Furthermore, the effects of pressure on formation and electrical properties of the p-type ZnOare discussed.
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