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Original scientific paper 

In this paper we·have formulated the electronic contribution to the elastic constants
in ultrathin films of p-Si by considering the influence of heavy, light and split-off
holes, respectively. We have suggested an experimental method of determining the
same in degenerate materials h�ving arbitrary dispersion laws. The elastic constants
increase with increasing hole concentration in an oscillatory way and decrease
with increasing film thickness. 

The remarkable development of FLL, MBE, MOCVD and other experimental
techniques have generated significant possibilities of fabricating new artificial ma­
terials known as quantum cells fonned }?etWeen two planar heterojunctions 1 >. He­
terostructures based on various materials are currently widely investigated because
of the enhancement of carrier mobility2>. In such structues the electron gas is
20 due to QSE and find extensive applications in quantum well lasers, hetero­
junction FET's high�speed digital networks and other devices3>. Though conside­
rable work has already been done, nevertheless the electronic contribution to
elastic constants has relatively been less studied4>. In this paper we shall study 
the electronic contribution to the eleastic constants in ultrathin films of p-Si by 
considering the influences of heavy, light and split-off holes, respectively. 
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In a studied material only the second and the third order elastic constants 
(hereafter referred to as G44 and G4 5 6) are affected4>. The carrier contribution 
to G44 and G4 5 6  per-subband can, respectively, be expressed for the present case 
by extending the method as given elsewhere4> as 

(1) 

and 

(2) 

where a0 is the deformation potential constant, d" is the width of the ultrathin 
film, N (E) is the density-off-states function, under size quantization per subband,
f o is the Fermi-Dirac probability factor and E is the total carrier energy as mea­
sured from the edge of the valence bands in the absence of quantizating in the 
vertically downward direction. The energy spectral of the heavy, light and split­
off h?les in b� specimens ·of p-type Si can be written, with the notations of Ref. 5 as 

and 
B1 = (A - B) k2 (3) 

E2, 3 = (Bk2/2) + (Ak2) - (Ll/2) ± [B2k4 + ( � + Bt) 
2

] 
11 2

• (4)

The total surface hole concentration in ultrathin films of p-type Si is given by 

(5) 

where A 1 (BF) = (BF - C (nn 1/d")2), BF is the Fermi energy in the present case,
C = (A - B), 

j and i are sets of even and odd integers., r is the set of real integers,
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Y:!: (E,) = [a2 + a3E, ±
a 1 = 2 (A 2 - B2 + AB), 

a2 = LI (A + B), a3 == (B + 2A), a4 = SB2, a5 = LIB (2A + 6B),

a6 = (LIA + LIB)2 and C (2r) is the zeta function of order 2r. Thus the total carriercontribution to L1C44 and AC4 5 6  in ultrathin films of p-type can , respectively, be expressed as 

(6) 
and 

{7) 
whe1e single and double dashes deriote the single and double differentiation with respect to BF. The. thermoelectric power in the classically large magnetic field (G) which does not change the density-of-states function can be expressed, for the present case as6>, G = So/ePo (8) 
where S0 is the entropy. Thus combining Eqs. (1), (2) and (8) we get

AC 44 = -a! Po Ge/3n2 k: T (9) 
Lic4S6  = (a•: BPo G2/n41if.T) [ 3- , + CPo/3G) (:)] . (10) 

Thus we can express 2fC44 and L1C456  by knowing G and its derivative. Using the appropriate equations together with the parameters 7> A = ( -4.28 
li2/2m0), B = 2- 1 (0.75 li2 /m0), LI = 0.033 V, T = 4.2 K we have plotted thenormalized J°C44 and AC4 5 6  in ultrathin films of p-Si as functions of Po and dx as shown in Figs. 1 and 2, respectively. It appears from both the figures. that 2f C 44 and 2fC1c 5 6 increase with increasingp0 and decrease with increasing d:,u respectively. 
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Fig. 1. Plots of normalizedAC44 andilC,u6 versus Po in ultrathin films of p-Si (d:it = 40 nm).
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Fig. 2. Plots of normalized Li'C4,and�C4,6 versus d:it in ultrathin films of p-Si (p0 = 10 1 4  m- 2). 
The dotted plots exhibit the parabolic films of ultrathin films. 
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With varying Po and dx a change is reflected in L1C44 and LIC4 5 6  through the re­
distribution of the electrons in the size quantized levels. The humps occur when
the quantum numbers change from one set of fixed values to another allowed one.
Since the experimental curve of G versus n0 in the present case is not known to 
the best of our knowledge, we can not compare our theoretical formulation with
the proposed experimental method of determining the electronic contribution to
the elastic constants in ultrathin films. It may finally be suggested that experiments
on the sound velocity involving the shear mode as a function of Po may exhibit
the carrier contribution to the elastic constants of ultrathin films of p-Si which is
our another experimental suggestion for determining LIC44 and AC4 5 6, respectively.
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Originalni znanstveni rad 

Razmatran je utjecaj teskih, lakih i ultralakih supljina na elasticne konstante vrlo 
tankih slojeva p-tipa silicija. Sugerirana je eksperimentalna metoda za odredivanje 
elasticnih konstanti u degeneriranim materijalima s proizvoljnim zakonom dis­
perzije. Konstante elasticnosti rastu oscilatomo s porastom koncentracije supljina, 
a opadaju porastom debljine filma. 
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