25
2004

Vol. 25 No.1
Mar. 2004

1 ( )
Jourmal of Jishou University ( Natural Science Edition)

: 1007- 2985(2004) 01- 0071 - 04

(1956- ), . .

1,2 > 37 1 2
e, B B MR, RES-F R f?i
(L s 411105 2. 416000)

ARG S M AR, AR R R, 3T T R R B AR T L A00) Prh, AR H T AR 2 ah A4y 1S
6 Fo 2SAE AR L 2R R U KA IR Z A9 LA, B RREE B ARG b AE éf(}ii W, AL 47 1S A= 2S 4988 A B ARk A DL 4%
FEA N, i 3T &R A 69 TR A Z 6 B T EAR T A YR TR SRR BT R E S A RS R ER.

IR Re A R B R

:0482.27 2 cA
s Ge t s pble
- ’ ’
2 2 [2~ 5] 2 2
II- VI >
[6~ 8]
bee IS 25
) , 1S 28
En(k)— EZ— An— Jn eﬂ( (1)
'n s En . [ En
30 ( )’ l ’
.An Jn 2
:2004- 04- 22
(0317Y6008) ; (00C189)



72 ( ) 25
Av== u(r=1) Vir=1) u(r- 1)dr, (2)
Lo
Jo== () Va-1) Jr- )dr. (3)
I o
An 7-]” 2 2 ;
E.(k) ,
An Jn )
; , , Z
[9]
1S 25 , :
,]15 = MsZs Z]g(ez/ 0,())(Z15R/ ao + 1) exp(— Z15R/ a()), (4)
Awis = 8Zis le(ez/ ao)(1- (ZisR/ ao+ 1)exp(— 2Z1sR/ ao)) /( ZisR/ ao), (5
Jos = MasZas Zas( e/ ao) ((1/4) + (1/8)( ZasR/ ao) — (1/24) (Z2sR/ ao)’ +
(1/96) ( ZasR/ ao)’) exp(— ZaxsR/2ao) , (6)
Azs = 4225 225(62/ ao)(((l— (ZzsR/zao-l- 1)6Xp(— ZzsR/ao))/(ZzsR/ao)) -
(3= (2(ZxsR/2a0)’+ 4 ZsRI2a0) + 3)exp(— ZxsR/ ao))!
(ZsR/2a0) + 3(1= ((1/3) (ZsR/2aw)’ + ( ZxsR/2a0)’
1. 5(Z2sR/2a0) + 1)exp(— Z2sR/ ao))/( Z2sR/2ao) ), (7)
:Mis, Mos VATV AT 1S
s Lis, Zos 18 28 5 ao
;R . (4) (7) ,,]n An R
2
2.1 1S 28
8, , 1S 28
Dis = 16J1s, Das = 16]2s. (8)
R T s Jis Jos R ) T ,Dis  Das
T Dis Do . Dis(T),Dss(T) T )
Dis(T) = Dis(To) + dA_lDETT Lr=r (T = To), (9)
Das = Das(To) + dACZIST_Tl| r=1 (T = To), (10)
Dis(To)  Das(To) To ,
Dis(T
‘%—lm 1=~ 16MisZis Zis' (€ ao) (Rol ao)’ exp(— ZisRol av), (11)

s( 1)
dDz{T 7= = — 16M25Z2s Z2s( e/ ao) ((7/48)( Z2sRol ao) -

(5/96) ( Z2sRol ao)’ + (1/192)( ZasRo/ ao)”)
exp(— Z2sRo/2ao) .



1 73
IR() T() 2 5
: : , a= 0.35
nm. Lo s Zis 2.1, 7 1.3.  skiner x
te .28 4.1 0.3 . Mos 1, M 1, Zas
18 . VAT
ZZS s Z]S Z2S ’ MIS MZS- ’
=3 10°K". :
dM;Tﬂ lr-r, - 0.24 10’ eV K, (13)
dDs (T iy
%uﬂﬂ - 0.11 107 eVK. (14)
(13), (14) : 1S 28 \ 28 18
, Jis  Jas , ;1S
) ,28 . , 28
2.2 1S 28
8, .28
Ex™ (k) = Eb — As— 8. (15)
15
Eis™ (k) = E's— Ais+ 8]1s. (16)
2
E= Ex™(k)- Es™ (k)= (E%- Eis)+ (Ais— Ass) = 8(Jis + Jas) . (17)
E T N E(T) TO ’
dE(T
E(T) = E(To) + JdT_lH:TO(T— To). (18)
dE(T dA dA » dJ dJ»
JdT_ll =1, = dylg | 7o T, ~ d; | 7- T, = 8( d]lj | 7o T, + d;j | 7= 'I‘O)- (19)
dAlS 2 2
WlT:TO = - 8Z15 (e/ao) (1— (2(215R0/ao) - 2(leRo/ao)+ 1)
exp(= 2Z1sRo/ ao)) /( Ro/ ao), (20)
d%u: r == 87 (e1ao) (1= ((1/8)(ZasRol ao) + (1/2)(ZasRol ao)” +
(Z2sRo/ ao) + 1)exp(— Z2sRo/ ao))/( Ro/ ao), (21)
8 d&’Tw L1, = = 8 15Z1s Zis' (e’ av) exp(—= ZisRol ao), (22)
dJZS 2 2
8 d_T | T= To = - 8M23Z25 Zzs(e /ao) ((7/48) (ZzsRo/ 0) -
(5/96) ( Z2sRol ao)’ + (1/192) ( ZxsRo/ ao)”)
exp(— ZzsRo/z 0) . (23)
(20),(21),(22),(23) .
d% lr-r, - 0.140 10’ eVK,
dAZS

- 0.086 10° eV K,




74 ( ) 25

dd]T‘S lror, = 0.001 10’ eVK,
ddj;* lr-r 005 10 eV K.
(19 .
%Tll lr=7, - 0.03 10 eVK. (24)
(24) , 1S 28 . 1S 28
28 , 1S (24
. , - 0.
4 10°eV K, Pble 0.2 10 eV K. (24) ,
(13),(14)
PhTe , 15,28

[1] sl F SRy P MR [M] . de: A5 b Ak, 1992, 131- 140,

[2] FANH Y. Temperature Dependence of the Energy Gap in Semiconductors| J] . Phys. Rev., 1951, 82:900.

[3] COHEN ML, TSANG Y W. Calculation of the Temperature Dependence of the Energy Gaps in PbTe and SnTe[ J] . Phys. Rev. , 1971,
B3:1 254.

[4] SCHLUTER M, MARTINZE G, COHEN M L. Pressure and Temperature Dependence of Electronic Energy Levels in PbSe and Phl'e
[J] . Phys. Rev. , 1975, B12: 650.

[5] ALLEN P B,HEINE V. Theory of the Temperature Dependence of Electronic Band Structures| J] . J. Phys. , 1976, C9: 2 305.

[6] CHADIAND D J, COHEN M L. Electronic Structure of Hg,- , Cd, Te Alloys and Charge— Densiy Calculatibns Using Representative &
Points[ J] . Phys. Rev. , 1973, B7: 692.

[7] GUENZER C S, BIENENSTOCK A. Temperature Dependence of the Energy Gap in Semiconductors[ J] . Phys. Rev. , 1973, B8: 4 655.
HEINE V, VAN VECHTEN ] A. Effect of Electron— Hole Pairs on Phonon Frequencies in Si Related to Temperature Dependence of
Band Gaps| J]. Phys. Rev., 1976, B3: 1 622.

[9] #HAE, R K, AR, 27 FE[M]. AL A4 H R4k, 1999, 543 552,

[10] FHh&, & . Bk EFE[M]. L& EE A5 KB 4k, 1980. 250- 252.

[11] #ZH RTHEF[M]. LT ARFF & 4L, 1979. 115~ 120.

The Influences of the Thermal Expansion on the
Energy Band Structure of a Solid

LI De-Jun"?, TANG Yi', YE Fuqiu’, ZHAO He-ping’, ZHOU Xiwwen’
(1. Department of Physics, Xiangtan University, Xiangtan 411105, Hunan China; 2. Depaitment of Physics and Electronic
Engineering, Jishou University, Jishou 416000, Hunan China)

Abstract: Using the tight— binding theory, the influences of the thermal expansion on the energy band structure of the
solid with a body— centered cubic lattice was discussed, the 1S and 25 energy bands of body— centered cubic lattice
were calculated. The results show that with the increase of temperature, the thermal exparsion makes lattice corstant
change, which will result in the shifts of the center of the 1S and 2S5 energy bands and the energy band edge; there-
fore, the width of every energy band and the forbidden band— width between two bands will change. These results can
explain fairly the partial experimental results of the Li metal.

Key words: thermal expansion; energy band— width; forbidden band— width



