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An attempt is ,nade to study the Brustein-Moss shift in 3D quantum dots of Te in accordance with Ba and K models as given elsewhere. It is found, that the sa­me shift in 3D quantum dots of Te increases with electron concentration and decreases with increasing fibn width in an oscillatory manner, respectively. Besides the model Ba enhances the numerical value of the shift than that of model K. 
1. Introduction

With the advent of fine line lithographical methods 1 >, molecular-beam epi­taxy2>, organo,netallic vapour-phase epitaxy3> and other experimental techniques, low-dimensional structures4- 5>, having quantum confinement in 1, 2 and 3 di­mensions such as quantum wells, quantum wires and quantuJn dots have in the last few years attracted :much · attention not only for their potential in uncovering new phenomena in solid state electronics but also for their interesting devices applications. Heterostructures based on various materials are currently being studied because of the enhancement of carrier mobility6>. These properties make heterostructures suitable for applications in quantum well laser 7>, heterojunction FET's8>, high-speed digital networks9>, optical modulators 1 0> and the other de­vices. - As the dimensionality of the quantum well increases from lD to 3D, the 
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degree of freedom of the free carrier ;motion decreases drastically and the density­
of-states function is changed from step function to Dirac' s delta function 1 1  • 1 2> . 

For non-parabolic semiconductors the absorption edge lay at much shorter 
wavelength when it was very n-type than if it was intrinsic and the explanation of 
this effect was well-known in the literature 1 3 - 1 3>. The Brustein-Moss shift (he­
reafter referred to as BMS) has been studied for various materials having different 
dispersion relations under various physical conditions 1 5• 1 6>. It appears from the 
l iterature that the BMS in quantum dots (QDs) of Te has yet to be investigated 
by considering the various band ;models. This is very important since Te has in­
tensively been investigated for its various peculiar electronic properties 1 1>. In 
what follows, we shall study the doping and thickness dependences of 3D dots of 

· Te in accordance with various band models.

2. Theoretical background

The dispersion relation of the conduction electrons in bulk specimens of Te 
in accordance with K model can be written 1 7> as 

( I )  

where the notations are defined in the above reference. Thus the :modified electron 
energy spectrum in QDs of Te is given by 

s' = n2a [(nxcfLx)2 + (nyc/L7)2] + bn2 (n:c/Lz)2 + E9 ± 
, ± [M2n2 {(nxcfL:x)2 + (nyc/L,)2} + N2n2 (n:cfL:) 2) 1 12 , (2) 

where e' is the 3D quantized total energy of the electrons in the present case, nxc, n,c and nzc are the size quantum numbers of the conduction electrons along x,y 
and z-directions, respectively, and Lx, Ly and Lz are the widths of the QDs -0f 
Te along x, y and z-directions, respectively. The total electron concentration is 
given by 

no = Co � [F _ 1 (170)], (3)
'1xcn,·c'1:c 

where 

BF is the Fermi energy in the present case, kn is Boltzmann constant, T is tempera­
ture and F1 (170) is the one parameter Fenni-Dirac integral of order j as defined 
by Blakemore 1 8>. The dispersion relation of the topmost valence band in accor­
dance with K m�del is given by 

Ev4 = Aki + Bk; + Pkl + P'kik; - 2 IL1 1 I  + [(21Lf d + 
+ 11ki + Cki + C'kik;)2 

+ S2k;] 1 '2, 

where the notations are given in Ref. 17. 
(4) 
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The modified hole energy E; in the QDs of Te can be written using equation (4) as
E; = An2 [(nxv/Lx)2 + (n,.,/L1) 2] + B1t2 (n:"1L:)2 + Pn4 [(nxvfLx)2 +

+ (n,v/L,)2] 2 + P'n4 (n:vfL:)2 [(nxufLx)2 + (n,vfL,)2] - 2 IL1 1 I  +

+ [ 2 ILi ,  I + 1J"2 {(n .. /L,,)2 + (n,,/L,) 2
} + I; n• { (11.,/L.) 2 + (n1,/L1) 

2
} 

2 +
+ l;'n4 (n,./L.)2 {(nxo/L.)2 + (n,./L,)2

} + /;'n4 (if {(i
f

+ (i:nr +
( ) 2] 1 / 2  

+ s2n2 £: (5) 
Thus the BMS in accordance with K ;model can be written as 

(6) 

We shall now compare �k with that which will be found in accordance with Ba model. The dispersion relation of the conduction electrons in Te in accordance with Ba model can be expressed 1 7> as 

(7) 
where 

and the other notations are defined in the above reference. The basic form of n0 as given by equation (3) for K model will also be un­changed for Ba model in 3D QDs of Te where 
s' = � [Eg - 2 IL1 1 I  ± V4L1f + S;n2 (nzc/L:)2 + (Cc - Ac) n2 {(nxcfLx)2 +

+ (n,.,/L,)2
} + (De - Bc) (n:c/L,)2 n2

] + [ ! [E. +  2 ILl , I  ±

± J/4LI� + s:n2 (nsc/LJ2 + (Cc + Ac) ,.. {cn,./L.)2 + (Z) 2} + 
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· In this case the BMS is given by
(8) where

E� = ! [Eu - 2 \LI 1 1  ± V46.i + S;n2 (nzvfL:)2 + (Cv - Av) n2 {(nxvfLx)2 +

+ (n,./L,)2} + (D, - B,) (n,./L,)2 ,.•] - [ ! [E. + 2 ILi , I  ±

± V4Llj + s:,.• (n:,/LJ2 + cc. + A,) ,.. {cn .. /L.)2 + (i:f) +
] 1/2 

+ (Bv + Dv) n2 (n:JL:)2] 2 + Q!n2 {(nxvfLx)2 + (n,11/L,)2} 

3. Results and discussz"on

Using Eqs. (6) and (3) and taking the parameters1 7> A =  -2.51 x 10- 1 9 

eV · m2, B = -4.09 x 10- 1 9 eV · m2, P = 1.1 x 10- 3 7  eV · m4, P' = 0 eV · 
· m2, 2 IL1 1 l = 6.315 X 10- 2 eV, 'YJ = -1.18 x 10- 1 9 eV • m2, C = 4 x 10- 3 1

eV · m, C' = O eV · m4, I SI = 2.62 x 10- 9 eV · m, a = 3.65 x 10- 1 9 eV · m2,

b = 5.41 X 10- 1 6 eV . m, IMI = 2.25 X 10- 1 0 ev . m, INI = 7.12 X 10- 1 0 eV . 
· m, Eg =0 .337 eV, Lx = 40 run, Ly = 50 run, L= = 60 nm arid T = 4.2 K which
are valid of K model we have plotted the normalized BMS in QDs of Te as shown 
in Fig. 1 as a function of electron concentration in which the same dependence has 
also been plotted in accordance with Ba model and taking the parameters1 7> Ac = 

.= -0.65 X 10- 1 9 eV · m2, A11 . = -1.21 X 10- 1 9 eV · m2, Bc,v = 3.11 X 10- 1 9

eV . m2, Ccv = 2.61 X 10- 1 9  eV . m2, Dc,v = 1.6 X 10- 1 9  eV . m2, 2 IL1 1 I = 
= 6.3 15  X 10- 2 eV, Eg = 0.335 eV, 1 Slc.v = 2.44 X 10- 1 9 eV · m, I Qlc = 3.8 X 
x 10- 9 eV · m and IQI,, = 4 x 10- 9 eV · m. Using the above parameters as 
used in obtaining Fig. 1, we have shown in Fig. 2 the normalized dependence of 
BMS on the film thickness (taking cubic QD of Te) for both the models corres­
ponding to an electron concentration of 102 3 m - 3 • 

It appears from Fig. 1 that, the BMS increases with increasing electron con­
centration in an oscillatory manner and the Ba model enhances the numerical va­
lues of the BMS in the whole range of the concentrations considered. From Fig. 2 
it can be stated that the BMS decreases with increasing film thickness. The main 
difference between the models l ies in their k .L dependence for energies and is 
caused by the various consideration of the non-parabolicity as noted the carrier 
energy spectra. It appears that a combination of model K and Ba taking into 
account a strong coupling between VH4, VHS and CH61, CH62 and a weak one 
between VH4, VHS and VH61, VH62 including k-linear teI'JllS and trigonal war-
ping terms for both the bands, would be the best description of the dispersion 
relations. It may be noted that 3D quantization leads to discrete energy levels so­
mewhat like atomic energy levels which produces very sharp changes. Under such 
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Fig. 1. Plot of the normalised BMS as a function of no in accordance with Ba model in 3D QDs 
of Te. The dashed plot corresponds to K model. 

quantization, there remains no free electron states and consequently the crossing of the Fermi level by the size quantized subbands under 30 quantization would have much more greater impact on the redistribution of the electrons as com­pared to found for 10 quantization. It is basically this impact which results in the increasing sharpness of the oscillatory variations for both types of band models. The basic form of n0 and as given by equation (3) will be unaltered for both ty­pes of band models. Only e' and E; are band structure dependent quantities. This 
fact is again only true for 30 quantization of k space. The general features of the .BMS in 30 QDs of Te as discussed here. would be valid for most of the non"'.'para-
FIZIKA 22 (1990) 2, 391-397 395 
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Fig. 2. Plot of the normalised BMS as a function of fihn thickness in accordance with Ba model 
in 3D QDs of Te. The dashed plot corresponds to K model. 

bolic semiconductors. Finally it may be noted that the basic purpose of the 
present work is not solely to investigate the BMS in 3D QDs of Te but 
also to formulate the appropriate electron concentration since the different 
electronic properties of semiconductor microstructures are based the electron 
statistics in such materials. 

References 

1) I. Cibert, P. M. Petroff, G. J. Dolan, S. J. Pearton, A. C. Gossard and J. H. English, Appl. 
Phys. Letts. 49 (1986) 1275;

2) J. M. Gaines, P. M. Petroff, H. Kroemer, R. J. Simes, R. S. Geels and J. H. English., J. Vac. 
Sci. Tech. 6B (1988) 1378;

3) T. Fukui and H. Saito, Appl. Phys. Letts. 50 (1987) 824;
4) H. Sakaki, Jap. J. Appl. Phys. 19 (1980) 94;
5) P. M. Petroff, A. C. Gossard, R. A. Logan and W. Wiegmann, Appl. Phys. Lett. 41 (1982) 

635;
6) N. T. Linch, Festkorperprobleme 23 (1983) 227;

396 FIZIKA 22 (1990) 2, 391-397 



GHATAK ET AL.: ON THE BRUSTEIN-MOSS SHIFT . • •  

7) D. R. Scifres, C. Lindstrom, R. D. Burham, W. Streifer and T. L. Paoli, Electron. Lett. 
19 (1983) 170;

8) T. E. Schlesinger and T. Kuech, Appl. Phys. Letts. 49 (1986) 519;
9) H. Hieblum, D. C. Thomas, C. M. Knoedler and M. I. Nathan, Appl. Phys. Letts. 49 (1985)

1 105;
to) I. Suemune and L. A. Coldren, IEEE J. Quantum Electronics 24 {1988) 1 1 78; 
11) S. Torucha and H. Okamoto, Appl. Phys. Letts. 48 (1986) 1;
12) T. Tsuboi, Phys. Stat. Sol. (b) 146 (1988) Kt l, and the references cited therein;
13) E. Brustein, Phys. Rev. 93 (1954) 632;
14) T. S. Moss, Proc. Phys. Soc. Lond. B67 (1954) 775;
1 5) Optical Properties of Semi'conductors, T. S. Moss, Butterworths, Scientific Publications, Lon­

don, 1959 and the references cited therein; 
16) K. Seeger, Semiconductor Physics, Springer., 1982;
17) M. Lutz, in The Physics of Selenium and Tellt1rium, Springer Series in Solid State Sciences�

13 (1979) 86, Springer-Verlag, N. Y., and the references cited therein. 

0 BRUSTEIN-MOSSOVOM POMAKU U 3D KVANTNIM TOCKAMA 
TELURA 

KAMAKHYA PRASAD GHATAK 

Faculty of E11gineeri11g, University of Jadavpur, Calcutta-700 032, I11dia 

SANKAR BHATTACHARYYA 

Consulting Engineering Services Private Ltd., Block 1>01,, New Alipur, Calcutta-700 053, I11dia 

BHASWATI MITRA 

Office of the Controller of Examinations, U11iversity of Jadavpur, Calcutta-700 032, India 

UDK 538.915 

Originalni znanstveni rad 

Koristeci Ba i K model razmatrani su Brustein-Mossovi po�ci u 3D kvantnim 
tockama telura. Nadeno je da pomak oscilatorno raste s koncentracijom elektrona 
a pada s debljinom filma. 
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