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Investigation of the hydrostatic pressure dependence of the Eo 
gap, the excitonic binding energy and the refractive index of 
Mom-grown ZnTe layers 

M Lidner ,  G F Schbtz, P Link, H P Wagner, W Kuhn and W Gebhardt 
lnstitut liir Festbrperphysik, Univenitl  Regensburg, W-84M Regensburg, Universitats- 
strasse 31, Federal Republic of Germany 

Received 25 Februaly 1992 

AbstracL We have determined the pressure dependence of the excitonic transition energy 
in lhin MOVPE ZnTe layers by measuring the absorption coefficient and the retractive 
index. Pressures up to 12GPa were applied in a diamond anvil cell. A special gasket 
technique was used to s u p p m  the scattered light. The absorption coefficient was 
measured in l p m  thick films at T = 115K and at T = 300K up to SOOOOcm-'. 
The spectra are dominated by a sharp excitonic slmcture. Its pressure dependence is 
evaluated using a model which allowed us to determine the rate of pressure-induced 
shift of the binding energy dE , /dP  and the rate of change of lhe Rydterg energy 
dR:/dP. The refractive index n was measured on 2.4pm-thick films at T = 300K 
and a t  T = 115K by observing the pressure shift of lhe interference extrema in the 
transparency region. The resulting refractive index was extrapolated to the frequency of 
the longitudinal optical phonon to obtain the constant 6 - .  The Static dielectric constant 
6,< was obtained using the LyddaneSachs-'Eller relation. Using this value and the 
determined effective masses at the applied pressures, we calculated the exciton binding 
energy. At the pressure P = 9.4GPa. a phase transition was observed. The obtained 
spectra far this phase were compared with a model describing indirect transitions in 
semiconductors. A further phase transition was observed at P = I0.9GPa. 

1. Introduction 

The pressure dependence of the energy gaps of 11-VI semiconductors has been 
investigated over the last 30 years [l]. The development of the diamond anvil cell [Z] 
made measurements possible up to pressures (3-20GPa) at which phase transitions 
take place [3]. The direct gaps shift sublinearly to higher energies with increasing 
pressure. However, if the energy of the absorption edge is plotted as a function of the 
relative volume change (AVlV,), this sublinearity mostly disappears. This behaviour 
was investigated theoretically by different methods like EPM [MI and LMTO [7] which 
give a very satisfactory qualitative description of the linearity. Several attempts have 
been made to calculate the phase transition pressures [8,9]. These calculations also 
in good agreement with experimental data. 

Most investigations, however, do not consider excitonic effects. Previous 
absorption measurements of excitons in 11-VI semiconductors were made on ZnO 
grown by the smoke technique [lo]. Other measurements were carried out on the 
111-V semiconductors GaAs [ll] and InSe [12] by Gofii et al. 11-VI semiconductors 
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exhibit pronounced excitonic effects with an absorption coefficient near the direct gap 
as high as lo5 cm-'. It is difficult, therefore, to investigate the excitonic absorption 
in bulk materials. 

If thin epitaxial films are grown by metallo-organic vapour phase epitaxy (MOWE) 
1131 or by hot-wall epitaxy (HWE) [14], adequate samples of good crystal quality and 
with smooth surfaces become available, suitable for measurements at high absorption 
coefficients after the substrate has been etched off. The observation of interference 
patterns in the region of transparency can be uscd to determine the refractive index 
of the film. 

We have investigated the pressure dependence of the excitonic absorption of free- 
standing Zn'R layers. A special gasket technique was employed to suppress scattered 
light [IS]. The measured pressure dependence of the refractive index was used to 
obtain the values of the static dielectric constant e$, .  We derived the pressure shift of 
the transition energy E, and of the Rydberg energy WL on the basis of a theoretical 
model of excitonic absorption. A theoretical calculation of the exciton binding energy 
which takes into account the change of the effective masses and the change of cEt 
with pressure resulted in a good agreement with the experimental data. 

2. Experimental details 

Transitions from the top of the valence band to the dipole-allowed 1s exciton states 
Icad to a high absorption coelkient a (a rz 4 x 10' cm-l). As a result, very thin 
samples are required if we are to be able to measure the optical absorption in the 
excitonic region. 

The samples used in this work were grown by metallo-organic chemical vapour 
deposition (MOCVD) on (001)-oriented GaAs substrates. The growth conditions and 
the investigation of the layers by photoluminescence measurements are described in 
[16]. The substrate was removed by chemical etching with NaOH/HI,O, solution 1171. 
An interferometric method was used to determine the thickness of the samples to an 
accuracy of 0.05% [18-20]. Optical absorption measurements were carried out in a 
diamond anvil cell (DAC) in combination with a nitrogen contact Cryostat. A special 
gasket technique was developed to suppress the reflected light and the light that did 
not penetrate the sample. Figure 1 shows the principles of this preparation method. 
The inconel (72%Ni/16%Cr/S%Fe) gasket was indented in the diamond anvil cell 
to a thickness of 100pm. A hole with a diamcter of 100pn  was then drilled into 
the depression of the inconcl gasket. A second hole with a diameter of 300pm was 
drilled concentrically with the first hole halfway into the depression. The sample was 
placed on the step created by the two concentric holes. A methanol:ethanol:H20 
(80:191) mixture was used as the pressure-transmitting medium. The pressure was 
mcasured in siru using the well-developed ruby fluorescence method [21,22]. The 
shift of the ruby luminescence with pressure is temperature-independent [23]. At a 
given temperature the pressure-independent offset of the ruby luminescence has to 
be taken into account 1241. All pressure changes were made at room temperature 
to ensure good hydrostatic conditions. The sample temperature at cooling conditions 
was determined by comparing the zero-pressure absorption spectra in a closed DAC 
without the pressure medium with the temperaturc shift of the band edge measured 
by Langen et a1 [17]. For absorption measurements, white light from a tungsten lamp 
was focused onto the sample, forming a light spot of - 80 p m  in diameter. The 
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transmitted light was analysed by 66 cm Jobin-Yvon monochromator and detected 
by a S1 (RCA 986406) cathode using photon-counting equipment. Reference spectra 
were taken through the DAC filled with the pressure medium. 

rd ' Me\Et\H20 
Sample (80:19:1) 

0.2 mm 
Figure 1. The gaskel is simultaniously used as a pinhole. Reference spectra were laken 
through the gasket filled with the pressure medium. 

3. Experimental results 

3.1. Excitonic absorption 

The pressuredependent transmission of 1 pm-thick samples was measured at T = 
115K and at T = 300K for pressures up to the phase transition at 9.4GPa; in 
these measurements, the dark counting rate of the detector was subtracted from the 
transmission and from the reference spectra. A model of Swanepol describing the 
transmission of thin films [18] was used to obtain the absorption coellicient from 
the corrected transmission (the correction procedure is described below). For free- 
standing layers in a medium with a refractive index n', the transmission in the spectral 
region of strong absorbtion (a lo4) is given by 

(n + 1)3(. + n') a = - - I n  
d [ 16n2n' 

where d is the thickness of the sample, n denotes the wavelength-dependent refractive 
index of ZnR, measured by Marple using the prism method [25], It is the light 
transmitted through the sample and I ,  is the given reference intensity of the lamp. 

The pressure 
dependence of the refractive index n was obtained by the method described below. 

We assumed 11' to equal 1.5 over the whole spectral region. 
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The obtained absorption coefficient was corrected using the formula 

- “ 

where P is the applied pressure and T is the sample temperature. This assumption 
is in agreement with the fact that the absorption strength C, (see equation (3)) is 
proportional to E:” and the absorption coefficient a: depends lineary on C, (for 
GaAs data, see Ill]). Figure 2 shows typical spectra at T = 300K and at T = 115K 
for different pressures and compares them with curves calculated using a model 
described below. 

T=115K 

2 

Energy kev] 
Figure 2. Pressure shift of the absorption edge of the Eo gap at 
T = 300K and T = 115K in the pressure range from 0 to 8.4GPa. 

rio %ssureE i 

A strong absorption peak which becomes stronger with increasing pressure was 
observed at T = 300K; it originated from the elcctronic transition from the valence 
band to the 1s excitonic state. At T = 115K, two 1s excitonic peaks were detected; 
this indicates the splitting of the r8 valence band by a small non-hydrostatic strain 
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into light-hole (r,) and heavy-hole (r,) bands [26,27l. This strain is caused by 
ingrown biaxial strains of the sample and a small non-hydrostatic pressure component 

Electronic transitions from the light-hole and the heavy-hole bands to the Is 
excitonic state are dipole allowed. A theoretical evaluation of the relative intensities 
of the transition to the 1s excitonic states shows that the ratio Ib,:I,, is 3:l [%I. 

The obtained spectra were fitted with a model describing excitonic absorption in 
the hydrogen-like model developed by TOyozawa [29]. Goiii [ll] solved the integral 
for the continuous part of the absorption and obtained the expression 

in the DAC. 

R;. r c  ?r sinh Zu+ 
z ( h w -  E,)' + T,Z 

* 
- + YcoshZut -coshZu- 

m = l  

where 

1 'I2 

R:l/Z ( h w - E u ) 2 f ~ ~ + ( h w - E o )  
u * = r  -( 

( 2  (hw - ~ " ) 2  + rg 
rm = rc - (rc- rl) /m2,  E,  = E" - R;/mZ,  R; = p ~ ~ / [ 2 h ' ( 4 r r e , , ~ , , ) ~ ] ,  
est is the static dielectric constant, R; is the Rydberg energy, Tlr is the half 
width of 1s exciton peak, is the half width of the continuous excitonic states, 
C,, = 4 r r ( Z / ~ ) ~ / ~ e ' l M ~ 1 ' / ( n c h m ~ )  - EO/' and E,, is the excitonic binding energy. 

The free parameters for the fit were E,,, Rj,  r, and rc. CO is k e d  by the 
assumption that a - E:/& which differs from the use of expression (3) in [ l l ]  
where C,, is also introducted as a fit parameter. The meaning of the At parameters 
is illustrated in figure 3. The summation over bound transitions runs to n = 4. For 
T = 115K, a two-acillator model was used, with ahb = $a,, (see figure (3)). The 
most important results are given below. 

The energy E". which describes the energy position of the excitonic continuum, 
increases with increasing pressure. It is usual to describe the pressure shift of the 
direct gap in semiconductors by the expression 

E O ( P ) = E U ( P = O ) + b P + c P Z .  (4) 

In table 1 the parameters E", b, and c obtained by the least-squares fit are compared 
with those reported by other authors. The data for the pressure shift of E" at 
T = 300K are in good agreement. 

Figure 4 shows the pressure dependence of E", with the least-squares fit up to 
quadratic t e r m  in pressure, and theoretical calculations based on LMTO and EPh4 
theory. In the latter the pressure shift of the direct gap is given by 

where p denotes the compressibility, a" is the lattice constant, and a symmetry- 
dependent constant C,, = 1.93 x 10-l8 eVm'GPa-l was obtained from a least- 
squares fit. 
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Figure 3. Examples of one-oscillator and two-oscillator 6s. 

Table 1. Coemcients of the leastsquares fils lo Eo(P) = Ea(P = 0) + bP+ cp' for 
the measured and calculated values 01 the pressure-induced shX1 in ZnTe at T = 300K. 

E, C ~ O - ~  evcpa-'),,,n,, .. , s~(1O~'~ev%!a-~)  
Experiment 7.7 Kb 2.38 f 0.01 10.5 i as -32 i 5  

115 K (Ih) 2 3 6 h  0.01 11.3 05 -32 i s  
115 K (hh) 236f 0.01 11.7 + OS -31 i5 
115 K a,b 216 i 0.01 11.5 f 0.5 -31 4 5  
300 Kb 2.29 i 0.01 10.3 f 0.5 -24 i5 
300 Kc 2.27 + 0.01 10.4 f 0.5 -28 45 
300 Kd 2.2% i 0.m 11.5 * 0.5 -so i3 

Theory EPM 2.30 8.9 -42 
L M m C  230 9.2 -24 

Mean value. 
b Present WO&. 

Sr&ner et al 1301. 
Weinstein er ul 1311. 
Christensen er a/ [7]. 

The resulting hydrostatic deformation potential can be obtained by plottfflg 
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Fgure 4. Pressure shift of the direct gap Eo at T = 300K and T = 115 K. 

Table 2. Coekcients of the least-squares fits to Eo(oo(P)) - Eo(ao(P = 0)) = 
b'P(-Aao/no(P= 0)) i c'(-Aao/oo(P = O))z For the measured and calculated 
values of the pressure shift in ZnTe at T = 300K 

ZnR b' (ev) e' (ev) 
Experiment 1 S . 8 ~ 0 . l p  -2.92itS 

16.2~20.1~ 0*3 

?heoty 15.5' -109  
192 -164b 
1 3 3  18.W 

Present work (EPM). 
S t m m e r  el d [30] (EPM). 
Christensen a ul [7] (LMTO), 

the pressure shift of Eo versus volume at the applied pressure. The hydrostatic 
deformation potential is given by 

The volume change was obtained using Murgnahan's equation of state [33] 

KJ 
(I+ (B'/B")P)lIB' V(P) = 

and the dependence on the hydrostatic pressure of the lattice eonstant was taken to 
be that measured by x-ray diffraction at T = 300K by Stfissner et ol [30]. For the 
bulk modulus, they obtained B, = 48.0GPa and for its pressure derivative, B' = 4.7. 
In'figure 5, the change of the energy E" is plotted versus the relative change of the 
lattice constan& Auo/ao(P  = 0). The curves obtained were described by the relation 

E, (au(P) ) -Eu(ao(P=O))=b ' ( -  a o ( P = O )  ) + c l ( -  au( P = 0) ) z .  (8) 

The energy gap increases linearly with the change of the lattice constant 
coefficients b' and d are given in table 2. 

The 
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The deformation potential thus derived is 

adp = -5.3 jI 0.2 eV for T = 300 K. 

'1 

I I I I I I 
0 0.01 0.02 0.03 0,04 0.05 

Figure 5. The eniton binding energy as a function of the relative volume change Aajao .  
The hydmtaric deformation potential adp is obtained from the slope of the suaight line. 

The exciton binding energy obtained increases with pressure. A similar behaviour 
was observed by Goiii el al on GaAs [Ill and was explained qualitatively by an 
increase in the effective masses with increasing pressure. In figure 6 the enhancement 
of the exciton binding energy with increasing pressure is shown for T = 115K and 
for T = 3 0 0 9  together with a theoretical evaluation which is described later in 
this paper. The experimentally found increase in the Rydberg energy dR;/dp is 
10meVGPa-'. 

A broadening of the half-width r,. of the excitonic peak appears at P = 5 GPa 
for T = 300K and at 3.3GF'a for T = 115K The same effect is apparent in the 
measurements of Weinstein et al 1311 and Strossner er al 1301, where the slope of the 
absorption decreases at P FZ 6 GPa. This behaviour may be due to the generation 
of point defects, which result in additional scattering processes and thus cause a 
decrease in the lifetime of the excitonic states. Indirect transitions can be excluded in 
the zincblende phase, by using estimates of the EL -+ Er and the E, -+ E, pressure 
shifts [34]. 

3.2. Pressure dependence of the refaclive index 

Interference patterns were observed on samples with smooth surfaces. The refractive 
index was obtained at wavelengths of interference maxima and minima in the region 
of transparency (a = 0) using the formula for normal incidence, 

2n(X, P ) d  = mX (9) 
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24 I 

Theory (300 K) 
18 

16 

14 

12 300K ' 115K 1 
10 T I 

Pressure [GPa] 
0 2 4 6 8 10 

Figure 6. Exciton binding energy R: as a function of pressure (see text), together with 
a theoretical evaluation (see section 4). 

where m is the order of the interference extrema. This relation was used to 
determine the pressure dependence of the refractive index. Crystal slabs prepared 
for these measurements had a typical thickness of 2.4pm. After measuring the 
interference patterns up to 7GPa, the pressure was slowly lowered to zero pressure, 
to make sure that the same spot of the sample was examined at all pressures. One 
interference maximum was observed by slowly increasing the pressure throughout 
the measuremenL Figure 7 shows some of the spectra obtained at T = 300K. 
At T = 115K the same procedure was used to obtain the refractive index; but 
now the temperature dependence of thickness had to be taken into account, using 
the thermal expansion coefficient measured by Novikova and Abrikosov [35]. The 
deviation from continuous growth of transmission at high pressures in the low-energy 
spectral region is due to interference between the DAC and the sample, which we 
were unable to suppress even though we adjusted the DAC carefully. From the zero- 
pressure spectrum, the exact thickness was evaluated to an accuracy of 0.05% via 
formula (9), using the wavelengthdependent refractive index measured by Marple 
[Z]. The orders of the interference maxima and minima were determined by a 
method developed by Swanepol [18]. The refractive index at the energy positions 
of the interference extrema at the pressures measured can then be obtained again 
using formula (9) and taking into account the decrease of thickness with increasing 
pressure. 

Figure 8 shows the refractive index for several values of pressure at T = 300K 
and T = 115K in the spectral region from E, to 900nm, together with the refractive 
index obtained by Marple. The accuracy obtained by this method is within 0.3%. 

For the pressures applied, the measured refractive index was fitted to Marple's 
formula for the wavelength dependence of the refractive index [Z] 

using three semiempirical parameters A ( P ) ,  B(P) and C(P). A is a constant 
background dielectric constant, B is a measure of the oscillator strength near the E, 



6410 M Lindner et al 

9 s 
e d .  
W 

ZnTe 
T=300K 
d=(2.285 f w- 

Wavelength [nm] 
Figure 7. lnterlerence fringes recorded in the transparency range of a w 2.285 ,"hick 
layer. 

gap, while C is a characteristic wavelength for these transitions. The wavelength X 
in this formula is given in pm. The parameters A, B and C were obtained by a 
least-squares fit to the experimental data at the applied pressure P. 

In figure 9, A, B and C are plotted versus pressure. The pressure dependence 
of the fit parameters was described using the function 

X ( P )  = X , ( P )  t XtP + x p  (11) 

with X = A, 6' and C. The parameters Xu, Xt and X ,  obtained are summarized in 
table 3. The linear decrease of A is due to the shifting of higher gaps with pressure, 
which causes a decrease in the background dielectric constant in the visible range. 
The increase in B is due to the increase in the oscillator strength with pressure, while 
the decrease in C can be explained by the pressure shift of the E, gap to higher 
energies. 

Table 3. Pressure dependence of the fit parameters Xo. Xi and X2 obtained by a 
least-squares fit. 

5 5  f 0.1 -0.19*0.2 0 115 K 
B 1.8f0.1 -0.14f 0.2 0 300 K 

1.9 f 0.1 -0.18iO.2 0 115 K 
c 0.182fO.003 (-1.8fO.05) x IO-* (-1.O8*OO.O5)x lo-' 300K 

0.166i0.003 (-1.7fO.05) x (-1.09*0.05) x lo-' 115 K 
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Figure 8. Pressure dependence of the refractive index of Znlk in the Spectral range 
[ram E, to 900 nm a t ' T  = 300K and T = 11SK, logelher with the refractive index 
data reponed by Marple. 

3.3. Phase 1ran.sition.s 

A change in crystal structure was observed by Strbssner er a1 [30] at P = 9.4GPa 
and by Ohno ef al at 8.7GPa 1321. These authors also observed a drastic change 
in conductivity and showed by x-ray diffraction that the phase transition takes place 
between zincblende and rocksalt structures. 

At P = 9.4GPa our samples show a change in colour from light yellow to red. 
Absorption spectra were made at pressures between 9.4 and IO.9GPa at T = 300K 
The spectra show no change-in this pressure region. The spectrum at 9.4 GPa is shown 
in figure 10. In the low-eneyy region the absorption coefficient increases again. This 
behaviour was explained as being due to free electrons created by lattice defects in 
the high-pressure phase. In figure 10 the square root of the absorption coefficient 
6 is plotted as a function of energy for the high-energy part of the spectrum. It 
shows a linear behaviour. This is typical of semiconductors with an indirect gap. An 
evaluation of the indirect gap was obtained by extrapolating to U = 0. It was found 
to lie at 0.6eV 

Similar spectra were obtained for other 11-VI compounds in the rocksalt phase. 
This happens to be the case for CdO [36] at room temperature and normal pressure, 
and for the high-pressure phases of CdS [37] and ZnS 1381. The absorption Of CdO 
and CdS in the rocksalt structure was interpreted to be indirect, with gap energies of 
1.3eV and ISeV, respectively. The indirect gap of ZnS was found near 2eV 
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Rssure [GPal 

m T -  11SK 
iI 1 
0 1 2 5 4 6 6  

Rermre [GPa] 

Figure 9. Pressure dependence of the f i t  parameters A, B and C a l  T = 300K and 
T =  115K. 

Maschke and RGssler [39] determined the band structure of CdO (RS) and 
obtained an indirect gap with an energy of - 1 eV. The conduction-band minimum 
lies between the X and the K points in the Brillouin zone. Similar calculations were 
carried out by Liu and Rahii [40] for the rocksalt phase of CdS (P 2 2.3GPa) and 
indicated an indirect-gap energy of 1.5eV: At P = 10,9GPa, a phase transition to a 
metallic state was observed. 

4. Theoretical determination of the exciton binding energy 

We calculate the pressure dependence of the Rydberg energy of the exciton using the 
well-known relation 

where R ,  = m,e4/(2hZ(41rc,c,,)*) is the Rydberg energy of the hydrogen atom, 
p = m , ( P ) + m h ( P ) / ( m , ( P ) m b ( P ) )  is the reduced mass of the exciton and 
el,( P) is the static dielectric constant at a pressure P. 

The effective electron mass in the conduction band and that of the light hole and 
the heavy hole in the valence band at arbitary pressure can be calculated using the 
k-p theory [26,42]. Kane [41] developed a model for effective masses as functions of 
gap energy for semiconductors of zincblende structure, taking into account exactly the 
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Figure 10. Absorption spectrum of the ZnTe high-pressure phase and E as a function 
Of 6. 

bindependent spin-rbital interaction and the effect of higher bands by second-order 
perturbation theory using an 8 x 8 perturbation matrix. The 8 x 8 matrix splits into 
two identical 4 x 4 matrices with the energies 

for the conduction band, 

for the heavy-hole band and 

h’ k2 2 M 2  k2 
2m 3E0 

E l h ( k )  = 

for the light-hole band. 
The dispersion relation for the split-off band is given by 

h2k2 2h.i2k2 
2m 3 ( E 0 +  A ) ’  

E,,(k) = -A + - - 
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Here A is the spin-wbital splitting between the degenerate valence band (J = 3/2) 
and the split-off valence band ( J  = 1 / 2 ) ,  and the real quantity A4 is defined as 
(-ih/m)(SlpilZ). The effective masses were obtained by the well-known relation 
l /m* = d2E(k)/dk2.  Introducing the quantity T2 = muhZM2 and assuming A 
to be pressure independent, we obtain for the effective mass of the electron in the 
conduction band the expression 

The above assumption is based on the experiments of Brothers and Brunghardt 
(431, who measured the pressure dependence of some higher gaps in ZnR, and found 
a pressure-independent value for the spin-orbit splitting: A = 0.96 e\! 

The effective mass of the light hole at the valence band edge is 

The effective mass mhh of the heavy hole at the valence band edge is constant in this 
appoximation. It is well known that the Kane model does not describe the dispersion 
of the heavy hole very well. Therefore, we express mbh by the Luttinger parameters 
calculatcd from [44]. Perturbations by remote-band interaction were not taken into 
account. 

With these values of the effective mass, we obtain the matrix element of 
momentum TZ = 9.5 f 0.1 ey which is in good agreement with the value of 9.4eV 
obtained by Cardona [45]. 

Tb determine the cffcctive mass of the valence band, we chose thc approximation 
-2( 1 -+-). 1 1 
mvb mlh mhh 

The pressure dependence of the effective masses w a s  calculated using relations (17) 
and (18) and the measured shift of E, as a function of pressure. The static dielectric 
constant est was obtained by extrapolating the refractive index n to the longitudinal 
optical frequency wLo, with a phenomenological fit for the refractive index by thc 
parameters A, B and C as described in section 3.2 In this way we obtained the 
high-frequency dielectric constant E ,  = n2 = 7.4 f 0.2. This value was found to be 
pressuroindependent within the accuracy of the measurement 

From E ,  we calculated est using the LyddaneSachs-Rller relation 

(19) ( $ 1  - w:o 
E ,  4 0  
-- 

where wLo and wTo are the pressure-dependent frequencies of the LO and TO 
phonons, respectively. These frequencies were measured by Weinstein [46] using 
the room-temperature Raman scattering and the static dielectric constant esr(P = 
0) = 9.8 f 0.2. The pressure dependence of csr can be described by the expression 

E $ ( (  P )  = 9.8 - 0.281P + 0.0076P2. (20) 
In figure 6, the theoretical pressure shift of the Rydberg energy (0.75 meVGPa-I) 
is compared with the experimental observations. One can see that the values agree 
within 10%. The discrepancies may be caused by neglect of the exchange interactions 
and polaronic effects in the theoretical and experimental analysis. 
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5. Summary 

This paper presents measurements of the pressure-dependent excitonic absorption 
at the direct gap E, and of the refractive index n of Zn'k MOCVD-grown films 
on (100)ariented GaAs substrates. Free-smding layers were obtained by selective 
etching of the substrate with NaOH/H,O, solution. The measurements were carried 
out in a diamond anvil cell at T = 115 K and at T = 300 K up to the phase 
transition at 9.4GPa. A special gasket technique was used to suppress scattered 
light. At 
T = l lSK, two 1s peaks were observed, reflecting the splitting of the valence band 
by a small ingrown biaxial strain depending on growth conditions, lattice defects 
and non-hydrostatic components in the DAC. The absorption coefficient was obtained 
using a model describing transmission through thin films. The spectra were fitted with 
Tbyozawa's model of the excitonic absorption in the hydrogen-atom approximation, 
and the pressure dependence of E, and R', were obtained. The obtained dE,/dP is 
in good agreement with the results for bulk crystals; the mean value for dR:/dP is 
0.8meVGPa-'. This change was compared with a theoretical calculation, which takes 
into a m u n t  the change in the effective masses of m,, mlh and mhh and the change 
in the static dielectric constant with pressure. est( P) was obtained by determining the 
refractive index n in the transparency band. The refractive index n was calculated 
from the wavelength shift of the interference patterns, and nz was extrapolated to 
wm We thus obtained a pressure-independent value for E ,  = nk = 7.4 0.2. The 
value of est was calculated using the Lyddane-Sachs-Teller relation. The calculated 
values of R:( P) agree within 10% with the results of the measurements. 

Absorption spectra in the high-pressure phase at 300K exhibit a shape typical of 
an indirect transition, with a gap at 0.6eV No pressure-induced shift of absorption 
was obsetved. Theoretical calculations show that the smallest gap in RS-Structure 
semiconductors lies between the X and the K points. The calculated gap width is 
= 1 eV An increase in the absorption coefficient in the low-energy range is explained 
by free electrons created by lattice defects in the high-pressure phase. 

The 1s exciton peak was accurately recorded in lpm-thick samples. 
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