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�ïÄ3Äu1�5�n��Ý�¼nØ (DFT) µee, æ^Û��ÝCq (LDA) Ú�³²¡Å�{, O
�
²ï(�k¬�. γ-AlON ���ÝÚ1Æ5�ëê©(ÜL�>f(����Ý, ©Û
 γ-AlON 3 0—
30 eV ��S�E0>¼ê±9dÙ�Ñ�ò�Ç!��Ì!áÂÌ�©nØO��Ñ: γ-AlON "ª0>~
ê ε1(0) = 2.60, ò�Ç n0 = 1.61, 3ù	�Cb	±9 20.23 eV ±þ�b	Åã, Ù1áÂªCu", Ly�
1Æß². nØO�(J��'¢�êâ���, � γ-AlON 31ÆI�9Þíá���¡�A^Jø
nØ
�âÚë�.

'�c: γ-AlON, 1�5�n, >f(�, 1Æ5�

PACS: 71.15.Mb, 71.20.−b, 78.20.−e, 78.20.Ci

1 Ú ó

k¬�. AlON (γ-AlON) ´ Al2O3-AlN NX
���­��ü�!­½�MN, ²p§�(U

��Ñä�ûÐåÆ!9Æ!Å�ÚzÆ5U�
ß²>b [1,2]. ù«>bá�lCb	�¥ù	Å
ãÑäk�p�1ÆßLÇ [3], 
��DÚI�Ú
íá�7���', §�±��B�\ó¤É/!
�º���aß²>bá�, ��¤���é�$,
¤�Fp§��9ù	I�ÚÞí�`Àá��
�, CA�c5É�IS	ïÄö�2�'5.

8c, éu γ-AlON �ïÄÌ�8¥3Ù®N
Ü¤9>b����'¢�ÚnØïÄ [4], 
é
Ù�k5��nØïÄÚ�øë���'êâK
��. â·�¤�, �8c���k Chang �< [5]

Ú Onyekwelu �< [6] ©Oé γ-AlON ?1
(�
`zÚåÆ5��1�5�nïÄ. ,
, ���
«�©­��1>õU>bá�, k' γ-AlON >
f(�Ú1Æ5��nØO�%ÿ����. ¢�

�¡, γ-AlON ��3Ï(�E,E¤��(J, �
(§Ý�p�¦��¤� p�¯K, Ïdn)ù
«��zÔ�Ä�Ôn5�, cÙ´ÝºÙ1Æ5
���'êâ, éur? γ-AlON �¢�ïÄÚ?
�Úí2A^äk�©­��¿Â.

1�5�n´)ºÚýÿÔ�(�Ú5��
�«�©­�
k���{, IS	®²k�þ
�� [7,8] y²ÙU
¤õ£ã�Ná��1>5
�. �é γ-AlON ïÄ¥�3�þã¯K, �©æ
^Äu1�5�n��³²¡Å�{, é γ-AlON
¬N���Ý!0>¼ê!ò�Ç�1>5Uë
ê?1
�¡O�. 3>f��Ý�Ä:þ, ©Û

 γ-AlON �1Ì/¤Ån±9�1Ì�m�é
X, ��
 γ-AlON lù	��b	«��X�1
Æ5�, O�(J�®k�¢�±9nØêâÎÜ
�Ð.

2 ¢�Ú½ÚL§

æ ^ ¾ 9 � � {, ± γ-Al2O3(X Ý 99.99%)
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Ú Al ® (XÝ 99.9%) ���, ��3 N2 �oe
¥� 24 h �3ý�í¨¬¥² 1700 ◦C p§ú�,
��
X� γ-AlON ®N. ®N²L¥�!óZ!
Lç, 2æ^ZØ�e�·Ø��{����þ
!��.. ��, ò�.�up§ý�í¨¬¥
3 N2 í¨eu 1950 ◦C �§ 10 h, ��Ñ γ-AlON
ß²>b. æ^F��9b	��©11ÝO (UV-
2550) ÿþ
²�1?n� γ-AlON ß²>b�¬
�áÂÇ.

3 nØ�.ÚO��{

3.1 nnnØØØ���...

n�(�� γ-AlON áu Fd3̄m �m+, O
�¥æ^ MacCauley JÑ�~êÒlf�. [1]

(constant-anion-model), TNX�¹ 55 ��f, |
¤� Al23O27N5(5AlN· 9Al2O3, 35.7 mol % AlN), 32
�Òlf�:d 27 � O �fÚ 5 � N �fÓ
â, 8 �o¡N¥%Ú 16 �l¡N¥%d 15 � Al
�f±9�� Al �f� Óâ. Ù¥, 8 �o¡
N¥%� Al ¥� 5 � Al �fk���  N �
f ( AlO3N), ,	 3 �o¡N¥% Al �f� þ
� O(AlO4); 15 �l¡N¥%� Al ¥k 5 � Al �
fk���  N �f (AlO5N), 6 � Al �fkü�
�  N �f AlO4N2), ,	 4 �l¡N¥% Al �
f� þ� O(AlO6) , ��(�Xã 1 ¤«.

ã 1; γ-AlON (�«¿ã

3.2 OOO������{{{

�©�¤kO�æ^Äu�Ý�¼ (DFT)[9]

nØ�þfåÆO�§S VASP[10,11] �¤. Ù
��^M\ÝKÅ�³ (projector augmented wave,

PAW)[12] £ã, >fÅ¼ê^�X�²¡Å¼êÐ
m. ��'é¼êæ^Û��ÝCq (local density
approximation, LDA). O�Ð©ï�æ^¢�¬�
~ê [2]: a = b = c = 0.795 nm, α = β = γ = 90 ◦.
²¡Å��U�� Ecut = 500 eV, S�L§Âñ°
Ý� 1.0×10−5 eV/atom. oUþÚ>Ö�Ý3éÙ
p�«È©O��¦^ Monkhorst-Pack �Y [13],
duO�NX��, ¤kO�þæ^ 5× 5× 5 � K

:��. ?�ÚO\²¡Å��UÚ K :ê8?
1ÿÁO�, ���(J�É�~�, `²�O�
¥À��ëê��´���.

Äké¬�nØ�.?1AÛ(�`z, (
½²ï�¬�~êÚ�f �, å�Âñ°Ý�
� 0.01 eV/Å, ,�±`z�(�?1·�oUO
���>Ö�Ý, 2�â>Ö�Ý?1�gUO�
��>f��Ý. ÏLO�Óâ�Ú�Óâ�Å¼
êÝ
��±��0>¼êJÜ ε2, 2|^�.%
d - �VZF (Kramers-Krönig) 'X�¦Ñ0>¼
ê¢Ü ε1, ?
�Ñò�Ç!áÂXê�Ù¦1Æ
~ê. O�Ú©Û¥¤�â�nØúª [14,15] Xe:

ε2 =
π

ε0

( e

mω

)2

·
∑
V.C

∫
BZ

2dK

(2π)3
|a · MCV|2

×δ
[
EC(K) − EV(K) − ~ω

]
, (1)

ε1 = 1 +
2e

ε0m2

∑
V.C

∫
BZ

2dK

(2π)3
|a · MCV(K)|2[

EC(K) − EV(K)
]

× ~3[
EC(K) − EV(K)

]2 − ~2ω2
, (2)

n(ω) =
1√
2

[
(ε2

1 + ε2
2)

1/2 + ε1

]1/2

, (3)

k(ω) =
1√
2

[
(ε2

1 + ε22)1/2 − ε1

]1/2

, (4)

R(ω) =
[n(ω) − 1]2 + k2(ω)
[n(ω) + 1]2 + k2(ω)

, (5)

α(ω) =
2ωk(ω)

c
=

ε2(ω)ω
n(ω)c

, (6)

±þ�ª¥, C, V ©O�L��Úd�, BZ �1�
Ùp�«, K ���¥, |a · MCV(K)2| �Äþ�[
Ý
�, a �ü ��¥þ, EC, EV ©OéA��
Úd����U?, n(ω), n(k) ©O�ò�ÇÚ�
1Xê, R(ω) ���Xê, α(ω) �áÂXê.

4 (JÚ?Ø

4.1 (((���ëëëêêê`̀̀zzz

����­½� γ-AlON (��., 3¢�¬
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�~ê�Ä:þé��?1AÛ(�ëê`zO
�. O����­½(� γ-AlON �¬�ëê�
L 1. du Al �f� �Ú\, ��Ð©(�u)
�½¬�ÆC, ¦�NXé¡5ü$� P1, `z�
�¬�ëê�¢���C,  �3 1%±S, �)�
(�ÆC��, E�À�á�é¡(�.

L 1 (�`z� γ-AlON ¬�ëê

Ônëþ `z� ¢�� [2]  �/%

a/nm 0.791736 0.794600 0.36

b/nm 0.792868 0.794600 0.22

c/nm 0.791580 0.794600 0.38

α/(◦) 90.5019 90.0000 0.56

β/(◦) 90.0948 90.0000 0.11

γ/(◦) 90.3610 90.0000 0.40

4.2 >>>fff(((���

ã 2 � γ-AlON �o��Ý (DOS) 9 N, O, Al
�f�©Å��Ý (PDOS), O�¥ N �f� 2s2p3,
O �f� 2s2p4 9 Al �f� 3s2p1 �d>f, �
¤�U?��IUþ":. �±wÑ, 3 −15—

−2.5 eV �d�.«�, γ-AlON ���ÝÌ�d O
� 2p �>fÚ Al � 3s �>f�¤, O � 2s �>
fÚ Al � 3p �>f�k�þ�z; −2.5—0 eV
�d�º«����ÝÌ�d N � 2p �>f�
¤; 3 2.5—11 eV ���«, γ-AlON ���ÝÌ�
d O � 2p �>fÚ Al � 3s �>f�¤; l��
Ý����Y°Ý Eg = 2.52 eV, �©z [6] �O
�(J�©�C, �$u French � X ��1>fU
Ì¢�� 6.2 eV[16] ±9 Hartnett �1Æ�Y¢�
� 4.59 eV[3], ù´ DFT �3���ÊH5¯K, ¿
ØK�éÙ>f(�Ú1Æ5��½5©Û [17,18].

�â��Ý�O�(J��, γ-AlON �d�
Ì�d O � 2p �>fÚ Al � 3s �>f�¤, �
�Ì�d O � 2p �>fÚ Al � 3s �>f�¤,
γ-AlON ù«�é{ü�>f(�û½
Ù­½

`É�1Æ5U. ,	, duÏ~�¹e�>f
�[Ì�u)3�>NC, 
 γ-AlON d�º (¤
�¡NC) ���ÝÌ�d N � 2p �>f�¤,
� γ-AlON ¥� N �f�>f|�´K�NX1
Æ5U�Ì�Ï�, ù�:k�?�Ú�nØÚ¢
�ïÄ.

ã 2 γ-AlON �o��Ý9 N, O, Al �©��Ý
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4.3 111ÆÆÆ555���

4.3.1 γ-AlON E0>¼ê
¬Ná��0>¼ê´£ã	>|�^e

NX�5�A�����Üþ, ��dE0>¼
ê ε(ω) = ε1(ω)+iε2(ω) £ã, �Ná��1ª�A
&E�±dÙE0>¼ê�� [19], Ù¥JÜ ε2(ω)
�@�´�Ï�m�[�*ÔnL§Ú�N>f
(��xù, ÏL§�±��Ù¦1Ì&E [20].

ã 3 ´O���� γ-AlON �E0>¼ê�
UþCz�­�ã, ¢ÜÚJÜ�kn^­�,
©O�L0>¼ê÷¬Nn�Ì¶���©þ,
�±wÑn^­�Ä�­Ü, L² γ-AlON ¬N
÷n�¬¶��þ�1Æ5��Ó, Ny
 γ-
AlON ¬N��Ó5�A:. γ-AlON �"ª0
>~ê ε1(0) = 2.60, ε1 ©O3 ε2 �þ,÷Úe
ü÷��4�Ú4��, 3 11.83—17.94 eV ��
S ε1 < 0, lÅ¥�§ ω2ε = c2(K · K) ��,
ε1 < 0 ¿�XÅ¥ K �Jê, =dª�S1ØU3
Ù¥DÂ; ε2 ¥kO��~��ª³, 3 10.31 eV
?��¸�, éAd�>f��m�[, du0>
¼ê�JÜ ε2 Úá��1ÆáÂ5����',
�l0>¼êÌ¥�±ýÿ: γ-AlON 3 5—15 eV
�1fUþ��Sò¬k��r��1áÂ.

ã 3 γ-AlON �E0>¼ê

4.3.2 γ-AlON Eò�Ç
©O� ε1 Ú ε2 n�Ì¶��©þ�²þ�,

d (3),(4) ªO��� γ-AlON �Eò�Ç (Xã 4
¤«), Ù¥¢Üò�Ç n ´£ãá�1Æ5U�
­�ëê��, JÜ�1Xê k ´��£ã>^Å
3á�SÜP~�¹�ëê. �ã 3 é'�±uy,
n Ú k �1fUþ�Czª³©OÚE0>¼ê
�¢Ü ε1 ÚJÜ ε2 �Czª³�q, γ-AlON �ò

�Ç n0 = 1.61, 3 6.87 eV ?��¸� nmax=1.96.
ã 4 Ó��Ñ
 γ-AlON ù	���Åã�ò�
Ç¢�� [21], ��A�O��é', uyO��
�N $�C 10%, ù�U´�O��{¥��
Ä>f-u�±9>f�[L§¥�µþ�AE
¤�. �1Xê k 3 0—2.67 eV Uþ��S�",
3 12.97 eV ?��¸�, d��1fUþO� k

�Åì~�, 3 20.23 eV ?~��", L²�1
fUþ� 20.23 eV �m��� γ-AlON ��k�
�ªÇ, d�L�áÂ�1Æëþ2gªCu",
γ-AlON òLy�b	1Æß²�A�.

ã 4 γ-AlON �Eò�Ç

4.3.3 γ-AlON áÂÌ
�âcãEò�Çëê, d (6) ª?�ÚO�

� γ-AlON �áÂXê�\�1Uþ�ÚÑ'X.
áÂXê α(ü Ï~� cm−1) �Ôn¿Â´: 1
30�¥DÂ 1/α ål�UþP~��5� 1/e.
áÂÌXã 5 ¤«, �±wÑáÂXê¥kO�
�~��ª³, 3 0—4.58 eV �Uþ��S�C
", ��UþO\Cz�²�, ÏdnØþ��
� γ-AlON ¬N3dª�SATLy�ÃÚß²,
ù�(JÚ Hartnett � [3] �(J�©�C; 5.73—
18.32 eV �Uþ��áÂXêþ?�� 105 ±þ,
�ráÂ«, ù�´l0>Ìýÿ�(J; 1fU
þ�� 20 eV �m�, áÂXêqªCu", Ú�1
Xê�b	áÂ>���. ,	, �âáÂÌ�ê
â, ØJuyáÂXê�Uþ�'XÑl 3/2 g�
Æ [22], ���âáÂÌ� [α(ω)]2-~ω ã���5
áÂ>, 2òáÂ>��5'Xò�, ���î¶
��: 2.67 eV, =�áÂÌ�N�1Æ�Y�, �
��Ýãw«��Y°Ý Eg = 2.52 eV ��C.

ã 5 ¥ � � Ñ 
 γ-AlON ß ² > b ¢ � �
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¬ (�¬ 1 �ß², ßLÇ�C 70%; �¬ 2 �
ß², ßLÇ� 30%�m) 3 1.38—6.2 eV Uþ�
�S�áÂÇ¢�Ì, �¬ 1 �¢��� 2—6 eV
��AO�(J��C, 
�¬ 2 áÂXê�Np
u�¬ 1 ÚO��áÂÇ�, �U´Ù¥¹k�õ
,�9"�, åP3,�Ú"�U?þ�>f½�
Ç¬Úå�	�1áÂ, l
���¬ 2 áÂÇ�
N p. oN5w, O�(J�¢��ÎÜ�Ð.

ã 5 γ-AlON �áÂXê

4.3.4 γ-AlON ��Ì
d (5) ª�±�Ñ γ-AlON ��Xê R �ê

�, Ù��ÌXã 6 ¤«. �±wÑ γ-AlON ��Ç
�\�Uþ�Czª³Ú ε2(ω) 9�1Xê k �
Czª³Ä���, ��ÌéA��m�[Ì�u
)3 14.51—17.56 eV Uþ��S, 3dª�S γ-
AlON é1���Ç�� 45%±þ, ¥p��A5,
ò�Ç�$, \�1��Ü©���, 3 16.03 eV
?��¸�, 
 0—5 eV Ú 20 eV ±þ���S�
�Çé$, 2nÜáÂÌ�N�(J, dd�±�
Ñ γ-AlON 3ùü�ÅãLy�1Æß²�(Ø.

nÜ±þO�(JÚ©Û, γ-AlON �1Æ5
��±U\�1fUþ©�±eo�«�:

1) ù	9��ß²« (E < 4.58 eV): d«�
S, L�áÂ�1Æþ ε2(ω)!�1Xê k!áÂ
Xê α Ñ�Uþ~�ªCu", ò�Çl n0 �U
þO\
C�, ¥�~ÚÑ, γ-AlON 3dUþ«�
SLy�ÃÚß².

2) b	��áÂ« (E ≈ 10.31 eV): d«�
NC, ε2 Ñy4�, \�1ªÇ�NX��kªÇ
����, NXé1�áÂ�r, ù��1Xê k

3 12.97 eV ?��¸�ÚáÂXê α 3 13.36 eV
���¸��O�(J�´�©�C�.

3) b	p��« (11.83 eV< E < 17.94 eV):
d«�S, ò�Ç�UþO\
~�, ¥�~ÚÑ,
��Çp� 45%±þ, ε1 < 0, 1ØU3¬N¥D
Â, γ-AlON Ly�p��A5.

4) �b	ß²« (E > 20.23 eV): d«�S, L
�áÂ��1Æëþþ2gªCu", ò�Çq�
UþO\
C�, Ly��~ÚÑ, γ-AlON 2gL
yÑß²A5.

ã 6 γ-AlON ���Xê

5 ( Ø

�©æ^Û��ÝCq(ÜÝKM\Å�{,
ÏL1�5�nO�
²ï�e γ-AlON �>f(
�Ú1Æ5�ëê, nØO�(JL²: γ-AlON �
d�Ì�d Al � 3s �>fÚ O � 2p �>f�¤,
��Ì�d O � 2p �>fÚ Al � 3s �>f�¤,
�Y°Ý Eg = 2.52 eV, Ù¥ N � 2p �>f´K
� γ-AlON 1Æ5��Ì�Ï�; γ-AlON ¬N÷
�����1Æ5���, LyÑ��Ó5�A:,
Ù"ª0>~ê ε1(0) = 2.60, ò�Ç n(0) = 1.61;
3 0—4.58 eV �$U«9 20.23 eV ±þ�pU«
Ly�ÃÚß²; �'¢�êây²
nØO��
��5.
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Abstract
Based on the density function theory, the electronic structure, densities of states, and optical properties of γ-AlON are calculated

by using the local density approximation and plane-wave pseudoptential method. The complex dielectric functions and the optical
properties including refractive index, reflection spectra, absorption spectra of γ-AlON are analyzed in terms of calculated density of
state. As shown by the theoretical calculation, the static dielectric function of γ-AlON is ε1(0) = 2.60, and the refractive index
is n0 = 1.61, its absorptions in a range from IR to NUV and a UV range up to 20.23eV all approach to zero, showing the optical
transparent behaviors . The calculated results are consistent with relevant experimental values, providing theoretical basis and reference
for the application of the optical material to windows and domes.
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