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1 Ú ó

Cu2O ´���Yp.��N, ÙB�°Ý�

� 2.1 eV[1−3], 3�zÔ��N1>ì�Ú��U

>³�¡äkd3�A^d� [3,4]. ,, Cu2O ¥

dÔ� Ú�WY/¤�ÉÌlzU� 0.4 eV[5],

¿§16fßÝ�$, =� 1012—1014 cm−3 [6], ´

��ÙA^�Ì��Ï©�,´Uõ Cu2Op.�

>5��Ãã, ´ Cu2O ïÄ�:�� [7−10].

3¯õ�,��¥, k' N �, Cu2O �¡�ïÄ

���é��, Ø=¢�(J����, �"y

7��nØ©Û©

2001c, Ishizuka[10] �<Äk|^^�í�

Eâ��
 N �, Cu2O ��, uy N �,�

± U õ Cu2O � � �p. � > 5, ¿ � é Cu2O

� � � 1 Æ 5 � v k w Í K � © � ´, Nakano

� [11] 3|^Ó��{��� N �, Cu2O ��

¥uy N ��,¦ Cu2O �B�°Ýd 2.1 eV

O \ � 2.5 eV© Ó �, ¦ � | ^ 1 > f Ì © Û

u y, N � , � � Cu2O � d � º Ú � � . ©

O�eÚ�þ£Ä
 0.13 eV Ú 0.17 eV.,	,

Nakano�< [11] uy N ��,¦ Cu2O �áÂ

Xê÷v#N��Y���[5Æ.

�������Y��NØÓ, Cu2O �d�

ºÚ��.þ´dÅ¼ê�ó�¡�>f¤Ó

â, ld�º���.����[´B+�, �k

�~�f�ap�����[, ÙáÂXêAT÷

vB+��Y���[5Æ [12]
©Ïd, lnØ


) N �,é Cu2O U�(��K�, éu©Û N �

, Cu2O 1Æ5��¢�(J, �«B+�[)Ø

�Ôn��äk�¿Â©�©|^�A�ª^

�í�Eâ, 3ØÓ§Ýe�È
 N �, Cu2O �

�©ÏLéß�1Ì©Ûuy N �,�� Cu2O

�B�°ÝO\, áÂXê÷v#N��Y���

[5Æ©|^1�5�nO�^�, O�
 N �,

é Cu2O U�(��K�, ©Û N �,�� Cu2O

B�°ÝO\ÚB+�Y���[)Ø��Ï, ?

Ø
 N �,é Cu2O �p.�>5�K�©
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¢ � æ ^ JGP-450. � ª ^ � í � ¤ �

� Cu2O ��©¢�¥ÀJXÝ� 99.9%,º�

� 60 mm × 5 mm � � z Ô q � í � q, Cu2O

� � � È æ ^ � = � Ä ¡ ©Cu2O � � � È ´
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3 Ar Ú N2 � · Ü í ¨ e ? 1 �, Ar Ú N2

í N � X Ý þ � 99.999%© ý � ¿ � � . ý

� Ý � 6.3×10−4 Pa© í � L § ¥ � ó � í Ø

� � 3 1 Pa©Ar Ú N2 � L * � þ 6 � © O

� 30 sccmÚ 3 sccm©�=Ä¡�í�q�m�å

l� 70 mm,í�q��ªÑ\õÇ� 60 W, ��

�È�m 2 h©Cu2O ���¤©(�A5©Ûæ

^ Brukerúi� D8 Focus. X ��û�©Û¤,

X ��� CuKα Ë�, Å� λ = 0.15418 nm©ß

�Ì�ÿþ´3 Oceanúi� MAYA2000PRO1

n1Ì¤þ�¤�, 1� DH-2000-BAL,1Ì�

�� 190—1100 nm©

2.2 111���555���nnnOOO���

1�5�nO�æ^�´�Ý�¼nØ [13]

(ÜÝKM\²¡Å (projected augmented wave,

PAW)[14−16] �{� VASP (Vienna ab initio Simu-

lation Package)[17] ^��, >f�>f�m��

�'é³æ^2ÂFÝCq (generalization gra-

dient approximation, GGA)� PBE[18] �¼?1?

n, ²¡Å��äUþ� 500 eV. Cu2O ±9 N �

, Cu2O(Cu2O:N) �O�þæ^ 2×2×2 ���, �

k 32 �7á�lfÚ 16 �Òlf, Ùp�«¦

Úæ^ 2×2×2 � Monkhorst-Pack.k:��. �X

ÚoUþCz½3 1.0×10−4 eV S�, >f(

��gU| (SCF)O�Ê�, ¿@���Âñ. ?

1�f(�µþ�, ��^3z��fþ�å�

u 0.01 eV�, µþL§(å. 3O��L§¥, O

�f� 2sÚ 2p >f!Cu �f� 3d Ú 4s>f±

9 N �f� 2sÚ 2p >fþ�w�d>f?n. ?

1·�gUO��, �
Jp��m�O�°Ý,

æ^
 6× 6× 6 � Monkhorst-Pack.k:��O�

>f��Ý.

"�/¤U9"�U?´��Ná�¥ü�

���ëê. éu�>þ�q�"� α, Ù/¤U

�O�úª [19] �

∆Ef(α, q) =∆E(α, q) +
∑

i

niµi

+ q(EF + ∆V ), (1)

Ù¥ ∆E(α, q) = E(α, q) − E(host) +
∑
i

niE(i)

+qεVBM(host). E(α, q) �"��oUþ, E(host)

� 48 ��f�X Cu2O ¬�µþ��oUþ,

EF ´¤�U?, Ùë�":�N Cu2O ¥ VBM

(εVBM), Cz��� VBM � CBM. ∆V ´��?

��, ���>"��¬��Ã"�¬��m�²

þ·>³�. ni ´��"���fi�êþ, XJ¬

�"�´du�fiO\E¤�, K ni ´K�¶�

�, X�fi"�½ö~�, Kni ´��. µi ´¬�

¥¤k|©�zÆ³, ´�éu��ü� (í�½

ö´��) �Uþ E(i). �"� α >þ�q�/

¤U ∆Ef(α, q) �>þ� q′ /¤U ∆Ef(α, q′) �

Ó�, (1) ª¥�¤�U? EF �Ð�"�=CU

? εα(q/q′), äN�½Âúª�

εα(q/q′) = [∆Ef(α, q) − ∆Ef(α, q′)]/(q′ − q), (2)

ùp�"�=CU? εα(q/q′) éA��´"��

ÉÌlzU.
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3 ¢�ÚO�(J�?Ø

3.1 N���,,, Cu2O ���������(((���ÚÚÚ111ÆÆÆ555UUU

ã 1 ´ØÓ�È§Ýe Cu2O ��� XRD

Ì©lû�Ì¥�±wÑ, ØÓ§Ýe¤����

�=k Cu2O �, vkÑyX Cu qí��²~Ñ

y� Cu3N Ú CuO�û�¸©ã 2 ´ØÓ�È§

Ýe Cu2O ���ß�1Ì. lã¥�±wÑ, 3�

�9ù	1��S (500—1100 nm),ØÓ�È§Ý

e� Cu2O ��þkép�ß�Ç©,	, éuØ

Ó§Ýe�È� Cu2O:N ��, ÙáÂ>þu)


²w�7£, `² N �,�� Cu2O ��B�°Ý

�O\©|^áÂXê�1fUþ�m�'X�

±(½���1ÆB�°Ý (Eg). éuB+���

�[��N, áÂXê α �1fUþ hν �m÷v

α ∝ (hν − Eg)
3/2

/hν, (3)

éu#N����[��N, áÂXê α �1f
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Uþ hν �m÷v

α ∝ (hν − Eg)
1/2

. (4)

ã 3 ©O�Ñ
 (αhν)
2/3

Ú α2 �1fUþ

�m�¼ê'X©�±w�, N �, Cu2O ���

áÂ>�ÎÜ (4) ª¤£ã�Cz5Æ, � Nakano

�<�(J��, `² N �, Cu2O ��áu#N

����[��N©·�|^ (4) ª¤(½�1

ÆB�°Ý Eg = 2.52 ± 0.03 eV, þ�uX Cu2O

�B�°Ý 2.17 eV©� Nakano�< [11] �¢�(

J��©
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ã 3 ØÓ§Ý�È� N �, Cu2O ���áÂXê�1fU

þ'X (a) (αhν)2/3; (b) α2

3.2 N���,,,ééé Cu2O UUU���(((������KKK���

�
?�Ú(@ N �,�±O\ Cu2O B

�°Ý�¢�¯¢, �«B+�[)Ø�Ôn�

�, ·�O�
 N �, Cu2O c��U�(�Ú

>f��Ý, Xã 3 ¤«©�Ä� N 3 Cu2O ¥

�M)Ý'�$, Cu2O:N �O�´^�� N �

f�O�¬�¥% O �f� �, éA��,

ßÝ� 6.25%,�¢�(J�C©²L(�`z

�� Cu2O Ú Cu2O:N ¬�~ê©O´ 0.4314 nm

Ú 0.4308 nm,¬�~êvk²wCz, �¢�(J

��©O���� Cu2O B�°Ý� 0.376 eV,�

u¢�� 2.1 eV,ùÌ�´�Ý�¼é��'éU

�ÄØv¤Úå�, ´1�5�nO���5¯

K©N �, Cu2O �B�°Ý� 0.469 eV,O\


� 25%,�¢�þ� 20%�O\þÄ�ÎÜ©d	,

·�5¿�, N �,�� Cu2O d�ºC�²", `

² N �,�±Úå�Ç16f�k��þO\.

ã 4 (a) Cu2O Ú (b) Cu2O:N �U�(�Ú��Ý

ã 5 ´ Cu2O Ú Cu2O:N �©��Ý, Ù¥

� DOS �²þz��f��z©lã¥�±w

Ñ, X Cu2O ¥d�ºÚ��.Ì�d Cu � 3d

Ú 4s >f�Óâ, Ø÷v>f�[��ÄþÀJ

½K ∆l = ±1, ´�����[B+��Ï©N

±O /ª�� O �, ¿vkwÍUC Cu � 3d

Ú 4s>f����Ý©Ù©�´, N � 2p >f�
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©ÙØÓu O �f, 3d�ºNCäk����

�Ý©du p >f��Äþ l = 1, � d Ú s >f

��mþ�±u)�[, ¦ N �, Cu2O ¤�#

N��Y���[��N©d	, ·�5¿�, d

u N � 2p >f�Ú Cu � 3d >f��m�3p–

dü½�^, �� ud�¥� Cu � 3d >f��

Ý©Ù�$U��u)��£Ä,  u��.Ü

� Cu � 4s>f�É N � 2s>f��K��pU

��£Ä, ¿�Xd��e£Ú���þ£, ´ N

�,�� Cu2O B�°ÝO\��Ï©ù�(J

� Nakano�< [11] |^1>fÌ©Û�¢�(J

´���.

Uõ Cu2O �p.�>5´ N �,�Ì�8

�, Ïd, lnØþ
)� N �,L§é Cu2O >

ÆA5�K�, éu���'�¢�ïÄäk�

½�ë�d�©�â/¤UO�úª (1), ¥5É

Ì NO(q = 0) �/¤U´ N �zÆ³ µN Ú O �

zÆ³ µO �¼ê, =

∆Ef|(NO, 0) = 0.938 eV− µN + µO, (5)

ã 5 Cu2O Ú Cu2O:N �>f©��Ý

3��)�L§¥, íN���zÆ³´íN©

Ø�¼ê, O\ Cu2O )��¸¥ N �©Ø½

ö~� O �©Øéu¥5ÉÌ NO �/¤´k

|�, lO\ N ��MÝ, Jp16fßÝ©

ù�(Ø�·�¢�¥uy� N �,k|uü

� Cu2O ����/¤´���©�´, ·�3

¢�þ�uy, )��¸¥�3Lþ� N ò�

� Cu3N ��/¤©�â (2) ªO�� NO ÉÌl

zU� 0.043 eV©du1�5�nO�¥�Ý�

¼é��'éU�3�½§Ýþ�$�, ¢S�É

ÌlzUAT?�� 0.23 eV,�u Ishizuka�< [9]

�¢�� 0.14 eV,�$uX Cu2O �ÉÌlzU,
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`² N �,k|u Cu2O �¿§p.�>5�Uõ.

4 ( Ø

æ^�ª^�í�Eâ, 3ØÓ§Ýe��


 N �, Cu2O ��©ÏLß�1Ì©Ûuy, N

�,�� Cu2O ¤�#N��Y���[��N,

¿¦ Cu2O �1ÆB�°ÝO\©1�5�nO�

L², B�°Ý�O\Ì��d�ºe£Ú��.

þ£k'©N � 2p >f3d�ºNCäk���
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Abstract

N-doped Cu2O films are deposited at different temperatures by sputtering a CuO target in the mixture of Ar and N2. By the

analysis of transmission spectra, it is found that the N-doped Cu2O films are changed into a direct allowed band-gap semiconductor

and the optical band gap energy is enlarged to 2.52±0.03 eV for the films deposited at different temperatures. The first-principles

calculations indicate that the energy band gap increase by 25%, which is in good agreement with the experimental result.The change

from a direct forbidden band-gap transition to a direct allowed band-gap transition can be attributed to the occupationof 2p electrons

of N at the top of valence band in the N-doped Cu2O film.
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