19 8 Vol.19 ,No.8
2007 8 HIGH POWER LASER AND PARTICLE BEAMS Aug. ,2007

1001-4322(2007) 08-1385-05

1 2
(1. , 400044; 2. s 523106)
, Schrédinger , Ga:- AlAs GaAs Gar- «
AlxAs
0471. 5; O571. 33 DA
20 [1-7]
« ) ,
( ) 1 L L
, Schrodinger ,
, Ga- xAlxAs GaAs Ga- xAlxAs
1 Schrodinger
“ ” . “ ” GGI.AL.AS Ga""Al’As
, Kroning- Penney
1 :
E, GaAlAs E, GaAs
SO R
, GaAlAs Fig.1 Superlattice quantum well composed by
GaAs Ga:- « Gai- xAlxAs and GaAsin anided case
Al As GaAs Gai- xAlAs ! r G- dAlAs
13 ” 13 ” (‘ﬁAS
* :2006-12-04 ; :2007-07-12
863
(19699 ,

,bgshaomz @dgut. edu. cn; bgluoshy @dgut. edu. cn



1386

19
Vo = Q E (1)
Ve = (1- QA E (2)
A E; = Ejcans - Ejams, ,Eg.eains , Ejans  GaAlAs  GaAs 'Q
, 0.65 0.70 , )
V(x) =- Voch ?(x a) (3)
IX ,
Vo ,2a 2 -a V(x)o a X
' =1
- \IL/
Schridinger Ve
(3) Schrodinger , s
2 ,! El
'gj_ig%'[EJrchz(x/a)]w:O @ o 7.
E M , =1 / 4 x
M Vi (2) e a x
Mx)y
, , , Fig.2 Ch-?x potentia and a single electron
, energy level of superlattice quantum well
, (4) ?
[89]
2
=chdatu, A= FEE 1) (5
(4) , u
_dz_U A)L x du 452 2 _
dxz_athadx+a20\ "XJu=0 (6)
X = J-pESIN? , E<O
z=- sh’(x/ a (7
u (6) z
du, 1 du p2 g2y
2(1-Z)dzz+[2-(1-2\)21d2-0\-X)U—O (8
(8
du du _
z(l-z)dzz+[y-(O(+B+1)z]dz-0([3u—0 (9)
, Yy=12, a=x-A, =-X-A
L (8) L L
w=F(C-AN+X,-A-X,12:2 (10)

b = JZF(- N +X + 12, =N -X +1/2.,3/2:2) (11)



8 1387
X =0(z=0) , F(-AN+X,-A-x,142;2 F(-A+X+12,-N-X +
1/2,3/2;2)
e = (ch{a‘)'ﬁ“u (12)
X >t 0(z »- o) , (100 (11) ,
A-X A +X , , X o* o
A-X =k, k=0,12A (13)
_flz_[_:l. ﬁv;a2 _:L] i
= 32l 2 L2k (14)
) (11) i) 1
A-X-UU2=1, 1=0,12A (15)
X -* 00 ,
2
_ . _nz_[i Jm 1}
E . 2 n2 +1- (21+1) - 5 (16)
(14)  (16) :
2 > 2
Vod&
En:-—r'—maz[é L (n+—l~)] ., n=0,12A (17)
(17) . (3 (10 (11)
3.1
Vo &
N > —; eeaE J2~ (18)
(9) :
Ga:- «AlxAs X , GaAs ,
, (18) N : :
M~ =0.067mo (mo ) . 2a=10 nm
1 1 , Vo =0.20eV | ,
, Vo =0.10 eV , ;
( )
1 2a=10 nm, M- =0.067 mo
Table1 Energy level number and transition energy inside band for an eectron with
well width being 10 nm and effective mass of an eectron 0.067 mo
N Vo!/ eV A B/eV N V! eV A B/eV
1 0.10 0 4 0.50 0.18
2 0.20 0.11 5 0.60 0.20
3 0.30 0.14 5 0.70 0.22
4 0.40 0.16 5 0.80 0.24
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2
Table 2 Potential well depth, level number and transition energy from band to band
for an electron and a hdle in variable energy gap
Eg.cains/ €V Vol eV V! eV Ne Nn A B.oleV
1.65 0.08 0.04 1 1 1.63
1.75 0.15 0.07 2 1 1.68
1.85 0.22 0.10 3 2 1.72
1.95 0.29 0.13 3 2 1.75
2.05 0.36 0.16 4 2 1.78
2.15 0.43 0.19 4 3 1.80
2.25 0.50 0.22 4 3 1.83
3.3
, 20 80 )
,Dawson 1983 Ga- xAlxAs GaA s Gau- xAlxAs
Schrodinger ,
3.4
[10-11]
| * (187 50®
B = g e p] (BB ] (29
o =1/137 B=vic W m n , Xim

m n : Pa n ¢ k (x,y) X



8 : 1389

, Schrodinger ,
, Ga- xAlxAs GaAs Gai- xAlAS , ,
(18) ,(20) (22) ;

3

[1] Korol A, Solovyov A V, Greiner W. Coherent radiation of an ultrarelativistic charged particle channelled in a periodicaly bent crysta[J]. J
Phys G, 1998, 24: L4550.

[2] Korol A, Solovyov A V, Greiner W. Photon emisson by an ultrarelativistic particle channelling in a periodicaly bent crystal[J]. IntJ Mod
Phys E, 1999, 8: 49-57.

[3] , , .1 [J]. , 2003, 15(7) :713-716. (Luo SY, Hu X D, Shao
M Z, et a. Radiation energy loss and cooling of 1-dimentiona crystallization beams. High Power L aser and Particle Beams, 2003, 15(7) :
713-716)

[4] , , , [J]. , 2004 , 53(6) :1219-1225. (Luo S Y, Shao M Z, We L X, et
a. The didocation dynamics and the bif urcation of system. Acta Phys Sin, 2004, 53(6) :1219-1225)

[5] , , 2 ( )[J]. , 2004, 28(2) :196-199. (Hu X D, Shao M
Z,Luo SY. Averagefield idea and single particle model for 2-dimension crystallization beams( ). HEP&NP, 2004, 28(2) : 196-199 )

[5] , , . [J]. , 2004, 21(1) :57-61. (We L X ,Shao M Z, Luo S Y. Nonlin-
earitiy effectson width of spectra line of channelling radiations. Nucl Phys Rev, 2004, 21(1) :57-61)

[6] , , [J1. , 2002, 19(4) : 407-410. (Luo S Y, Shao M
Z, Ma R K. Channelling effect of strained superlattice and phase planar characteristics of system. Nucl Phys Rev, 2002, 19(4) : 407-410)

[7] , , . [J1. , 2003, 20(1) : 5560. (LinJ F, Zhuang R
R, Zhou X F, et a. Dechannelling efects of strained superlattice and global bifurcation in system. Nucl Phys Rev, 2003, 20(1) :5560)

[8] , . [M]. : , 2000: 235-238. (Wang Z X, Guo D R. Introduction of Specia Function. Bei-

jing: Peking University Press, 2000 : 235-238)
[9] Haar D T Problemsin quantum mechanics] M]. London: Infosearch Limited, 1960: 135-139.

[10] , . [31. , 2003, 20(4) : 415420. (Luo S Y, Shao M Z. Efect magneticfield and
channelling effect of bend crystal. Nucl Phys Rev, 2003, 20(4) :415-420)

[11] , , , [J]. , 2003, 24(5) : 485489. (Luo SY, Zhou X F,
LinJ F, et al. Didocation model for strained superlattice and dechannelling effects of aparticles. ChinJ of Semiconductors, 2003, 24(5) :
485-489)

Description of eectron transition in superlattice quantum well by ch™?x potential

LUO Xiao-hua' , SHAO Mingzhu?
(1. Collegeof Electrical Engineering, Chongging University, Chongging 400044, China;
2. Dongguan University of Technology, Dongguan 523106, China)

Abdract :  An interaction potential with ch™2 x form is introduced to describe the electron motion in superlattice quantum
well , and in the frame of quantum mechanics, Schrodinger equation is trandormed to the hypergeometric equation by this poten-
tial. The eigenvalue and the eigef unction of the system are calculated, and the distribution and the level number in quantum well
are al s discussed. Asan example, the transition energy between two bandsfor material Ga:- xAlxAs GaAs Gai- xAlxAsiscacu
lated. It shows that the level number and the transition energy are related to the system parameters, such as the potential well
depth, width etc. The photo-electric properties of superlattice materials can be controlled and regulated by regulating the system
parameters.

Key words: Superlattice; Quantum well ;  Eelctron transtion; Hyperbolic cosine squared potential ;  Hypergeometric

equation; Sngle particle level



