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We have conducted an extensive Raman scattering study of the effects hydrostatic pressure has on
Al,Ga; _,As alloy phonons for &x<0.70. The mode-Gneisen parametey is found to depend or. The
variation is monotonic in dilution and increases by 30% over the range sttidied. We find thaty for
GaAs-like and AlAs-like longitudinal-opti€LO) phonons correlates with Born’s transverse dynamic effective
charge on the respective alloy component. We suggest that this phenomenon is specific to alloys, and interpret
it as a consequence of charge transfer on the cation sublattice. Pressure induced resonance Raman scattering is
examined foix=0.40. We observe strong enhancement for both LO phonons when in resonance with the direct
energy gap[S0163-182@6)03736-9

. INTRODUCTION single-crystak~0 selection in first-order Raman scattering,
but the results are not nearly as drastic as ion-implantation

The physical properties of AGa; _,As alloys have been effects®
studied in great detail because of their technological signifi- Alloying effects on electronic band structure are also well
cance and because the full rangexotan be achieved with known! Pure GaAs is a direct-gap semiconductbr gym-
great reproducibility. This makes the Aba,; _,As system an  metry point in the valence band 1o point in the conduction
excellent arena for examining the results of alloying on thebangd. With increasingx, the direct transition increases ac-
structural, electronic, optical, and vibrational properties. cording to

Raman scattering studies are important for examining
long-range order and local structure in these alfoysA 1.424+1.24% if 0=x=<0.45
two_—mode behavior in AlGa; _,As is widely accgpted. Th(_a Eg= 1.424+1.24%+1.14Tx— 0452 if 0.45<x<1
optic-phonon branches do not overlap, producing AlAs-like 1)
transverse-optic (TO,) and longitudinal-optic (LO5)
phonons and GaAs-like TDand LO; phonons. In the GaAs room temperaturé We refer to this as the direct gap at any
optic branch, increasing reduces both the LQOand TO,  x. Forx=0.45, the conduction-band energy at theymme-
phonon energies. The LXphonon in the AlAs optic branch try point drops below theEg in Eq. (1) and the alloy be-
increases in energy witk, with the TO, phonon showing a comes indirect. The indirect transitiorX (conduction-band
much smaller increase. For small the light Al atoms are point toI" valence-band poihtvaries with increasing as
sparsely populated on the cation sublattice and exhibit local
vibrational mode behavior. For~1 the Ga atoms exhibit Eg=1-900+ 0.125+0.1432, 2)
gap-mode behavior. For both these cases, long-range order is
irrelevant in the dilute limit and there is no splitting betweenwhich we will refer to as the indirect gap. Pure AlAs is an
the LO and TO phonons. indirect-band-gap semiconductor.

Subsequent wofK has challenged the spatial correlation  Hydrostatic pressure studies are instructive because of the
modef® as an explanation for the pronouncedependence drastic changes they can cause on vibrational and electronic
of the TO and LO phonons and the asymmetry of the LOenergy band structures. For cubic semiconductors, these per-
phonons. In a recent papethe vibrational energy of the LO turbations do not alter the symmetry present within the speci-
phonons and their line shapes were attributed to transfer ahen, and effects are primarily due to the increase pressure
oscillator strength on the cation sublattice. This affects thereates in the electronic charge density. Vibrational energies
vibrational energies of phonoriprimarily LO but also TQ  generally increase with increasing pressure, with several im-
of both the GaAs and AlAs branches, as well as their lineportant exceptions: The electronic band structure is also
shapes, and interprets them without spatial correlation. Crygperturbed. The direct-gap energy splitting, which is a func-
tal momentunk remains a good quantum number, in agree-tion of X, increases with pressure at a rate of 0083
ment with Kashet al. This supports applicability of the vir- meV/kbar in pure GaAs; the indirect gap decreases in energy
tual crystal approximatiof. Brafman and Manor found with pressure, at a rate of 1.35 meV/kbar in pure GaA%.
strong contrasts between the results of alloying and those dfhus a powerful combination is the use of hydrostatic pres-
ion implantation. The latter are known to create finite-sizesure to perturb the electronic transitions and create
effects. Additionally, there are disorder activated Ramarresonance-Raman conditions, while studying the vibrational
bands present in the alloys. This indicates violation of theproperties.
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TABLE I. Aluminum mole fractionsx of the samples studied, 1-x (AlAs)
mode assignments, zero-pressure vibrational enefffias fits to = (©)
pressure dajapressure induced shifguantityb in Eq. (4)], and x  (GaAs.
mode-Greisen parametefsy in Eq. (7)]. Both b and y are di-
mensionless quantities. ¢, therefore, is a measure dilution. Small ¢ means that the
alloy component in question is nearly pure or dominant,
X Assignment o (cm™*) b Y while increasing¢ reflects increasing dilution by the other
0 TO, 2685:03 111003 1.12-003 component. T_hls is meant to facilitate interpretation of pho-
Lo 992.2-0.3 1 101-0.03 non behavior in terms of the presen(@eole fraction of that
! component of the alloy.
0.25 LO, 2835-0.5  1.10-0.05  1.12-0.08 Raman scattering was stimulated using 514.5 nm, 488.0
TO, 359.8:14  1.010.05 1.13-0.07 nm, or 457.9 nm emission from an argon-ion laser. All ex-
LO 367.0:06 1.12:0.04 1.14-0.06 periments were performed with the samples at room tem-
0.40 LO 277.1+06  1.142003 117005  perature. A micro-Raman instrument was used to focus the
TO; 358.9t1.4 1.28-0.08 1.14:0.11  |ight onto the sample and collect the scattered light. Standard
LO, 376.9-0.7 1.11*0.08 1.14°0.10  optical components were used to control polarization condi-
0.58 LO, 267.6:0.3 1.18:0.03 1.22:0.06 tions, when appropriate. The light was then passed through a
DALO, 365.8:0.7 1.020.08 1.1#0.12 holographic notch filter to discriminate against Rayleigh
LO, 390.9-0.5 1.006:0.02 1.03:0.04 scattering, and dispersed by a 0.5 m monochromator. Grat-
0.70 DALO, 249.3-1.2 1.19:0.12 1.24:0.12 ings of 1200 and 1800 groove/mm were used, depending on
TO, 260.0+0.8 1.13-0.04 1.30-0.07 the spectral coverage and resolution desired. A cooled
LO, 265.00+0.4 1.270.05 1.32-0.08 charge-coupled device was used to detect the light. Integra-
TO, 361.9+0.4 1.020.04 1.1%0.07 tion times ranged from 0.5 to 10 min.
LO, 392.6-0.3 0.94-0.04 0.970.06 Hydrostatic pressureéo 70 kbaj were achieved using a
diamond anvil cell. Samples were back thinned to
0.702 LO, 390 0.93-0.08 ~30 um and' cleaved intov_ 100 um square pieces'. These
0.922 Lo, 400 0.820.06  Were loaded into the cell with ruby for pressure c_allbraft?on
1.002 Lo, 404 0.860.08 and 4:1 me_thanol-ethanol as pressure transmitting m_edlum.
Backscattering from{001) surfaces in zinc-blende semicon-
% rom Ref. 14. ductors exhibits allowed LO lines with weafforbidden)

scattering from TO phonor§.

We have undertaken a series of pressure experiments |t was found necessary to cleanly establish the pressure
aimed at studying the effect it has on a disorder activate@hift of the TO phonon. This was difficult frof001) back-
Raman band at 198 crt. Evidently, it is observed for al- Scattering experiments because the weak TO-phonon line
loys with high aluminum mole fraction when the ambient- overlaps (_jlsorder activated optic phonons. To overcome this,
pressure band structure is indirect. In the course of this workve examined our Af7d5a3As sample from the cleaved
we have observed aystematicdependence of the optic- (110 surface in backscattering. In this geometry, scattering
phonon pressure shifts with alloy content, which is the mairPy TO phonons is allowed. A much thinner piece of the
focus of this paper. We have studied both TO and LO-(001) sample was cleaved and stood edgeon the diamond
phonon pressure dependences. This behavior was napvil. The laser excitation was focused onto the epitaxial
noted®* in prior experiments on AlGa; _,As, and is not layer. At each pressure, we also measured the Raman spec-
explained by trends in the weakly varying bulk modulus. Intrum of the substrate, giving us a clear determination of the
this paper we discuss the observed effect and interpret it it O-Phonon pressure shift. _
terms of alloy mode softness. The remainder of this paper is Pressure calibration by the rul}; method was used pri-
organized into sections on the experimental details, followednarily as a reference. We found that internal comparison
by a discussion of the Raman spectra and their dependen¥éth the GaAs substrate LQor TO) phonon yielded more
on pressure, and a section discussing how the phonon predccurate pressure coefficients and facilitated our effort to
sure rates depend on We include a section on pressure Compare pressure shifts with those observed in the pure com-
tuned resonance-Raman results for #0.40 alloy. The p_ounds €b=0)._(_)ur relative pressure coefficients are dimen-
results are then summarized. sionless quantities

Il. EXPERIMENTAL DETAILS 1 Jdvo(e)
v10(0) dvio(¢)  viole) P

The Al,Ga;_,As samples were grown by molecular- b(¢)= = . @
beam epitaxy on(001) substrates of pure GaAs. Sample vio(¢) 910(0) 1 9vo(0)
thicknesses ranged between 0.2 angwin0 Table | includes vo(0) P

the aluminum mole fractiong for the samples studied. All

results forx=0 were from Raman scattering by the sub-where the phonon energies are in chnand are evaluated at
strate. In the spirit of the two-mode behavior, and for convezero pressure. These are listed in Table I. To retrieve pres-
nience, we define a quantity reflecting the mole fraction ofsure shiftg(i.e., in kbar ) one may use our pressure depen-
either AlAs or GaAs: dences of pure GaAs from an accumulation of(6®@) or 29



8716 HOLTZ, SEON, BRAFMAN, MANOR, AND FEKETE 54

cm™ 1 in the xx spectrum(Fig. 1), which is not seen in the
x=0.25 spectrum. This feature was observed in the
x=0.58 sample when using 488.0 nm excitation, but was not
present with 514.5 nm or 457.9 nm laser sources. This im-
plies a resonance, possibly wilty+ Ay. What is interesting
is the observation that the sharp peak at 198 ¢émuenches
very rapidly with pressure, disappearing below 5 kbar. This
does not permit us to determine a pressure coefficient. We
attempted to pressure tune the apparent resonance to match
the 457.9 nm laser line, assuming a pressure coefficient of
~11 meV/kbar for theEy+ A, gap, but were unable to ob-
serve the disorder band. Underlying the sharp band is an-
other broad feature centered at 200 ¢m This feature

i shifted at a rate of 0.370.05 cm Y/kbar. The vibrational
200 300 400 energy and pressure shift thus confirm that this underlying

-1
RAMAN SHIFT (em™) feature stems from zone-edge scattering by GaAsLDA(
FIG. 1. Room-temperature Raman spectra from two of theyhgononsi!

samples s;ucr:l]iedc.;aiacllficagering (‘;rzrl‘; tkl‘_?( (?_(g) su”rface exhibits \nhen pressure is applied, we observe all the optic
phonons of the s-likéLO;) an s-like (LO,) afloy com- phonons to shift to higher vibrational energy. This is evident
ponents and the substrateOg). Spectra are normalized to show . . M .

) in the upper spectrum of Fig. 1. Because birefringence in the
spectral features and offset vertically. . . N

stressed diamond anvil scrambles the polarization, clean po-

(allowed TO data points spanning the 0 to 70 kbar range_Iarization dependent studies are not possible. Comparison of
These exhibited linear pressure dependences. Least-squatBg 21 kbar spectrum with the=0 spectra in Fig. 1 indi-

(001) Surface TO, &
A =488nm

21kbar

INTENSITY

analysis gives cates that it is close tax scattering geometry. From these
spectra, we see that the DAL(band shifts with the LQ

v o=(292.2+0.3)+(0.391+0.008 P (5) phonon. In Fig. 2 we show phonon shifts in the

and Al o 5dGay 3/As alloy, as a representative, vs shift of the sub-

strate LO phonon. The shifts were induced by pressure,
_ which is included as the upper horizontal scale for reference.
v70=(268.550.9) +(0.401+0.007 P, ©) This shows the reliability of our pressure coefficients, which
where v is in cm™! and P is in kbar. For the pure AlAs are listed in Table I. We will discuss the trends in pressure
pressure shifts, we used the results of Reimenal 14 coefficients in the next section.
Figure 3 shows Raman spectra from the cleayetD)
Il RAMAN SPECTRA AND THE EFFECTS OF PRESSURE surface at three d?fferent pressures. In 'strictly backscgttering
geometry, scattering by TO phonons is allowed, while the
In Fig. 1 we show Raman spectra from two samples, verLO line is forbidden. Discussing first the AlAs-like vibra-
tically scaled to exhibit the spectral features. The lowestions, the TG is readily followed with pressure, originating
spectrum is at ambient pressure for tke0.25 sample. at 362 cmi ! whenP=0. Additionally, we see scattering by
Clearly observed are the GaAs-like LQphonon near 284 the LO, phonon at 393 cm!. The strength of the LQ
cm™ 1, the substrate L@ phonon at 292 cm?!, and the relative to the TQ is surprising, and may be present due to
weaker AlAs-like LO, phonon near 373 cm'. At Raman  several factors: misorientation of the sample in the cell, for-
shifts just below each alloy LO line we see broader featuresvard scattering due to reflection off the back surféte
corresponding to disorder activated scattering, with possiblsample is transparent to the 514.5 nm ljghar allowed
superposition of the TO bands. These are referred to asght-angle scattering. Both T9and LO, phonons blueshift
DALO ; (GaAs-like and DALO, (AlAs-like).” with pressure, and these spectra conveniently permit us to
The two middle spectra in Fig. 1 are taken at ambientexamine them simultaneously under pressure.
pressure, both for the=0.58 sample. The lower spectrum  All three spectra in Fig. 3, but especially the two at higher
was collected under parallekx) polarization conditions, for pressures, exhibit DAL which pressure shift with the
which scattering by LO phonons is forbidden. The upperTO; band at 260 cm? (P=0). We believe that the broad
P=0 spectrum is taken with incident-light and scattered-linewidth of the TO, band stems from the close proximity of
light polarizations perpendiculaky); in this geometry, scat- the LO, line at 265 cmi * (P=0), measured by backscatter-
tering by LO phonons is allowed. Herex=(100) and ing from the (001 surface. It is also possible that there is
y=(010). In the xy spectrum, we again see three LO- some scattering by the substrate J@honon(268 cm ! at
phonon lines, the L@ has alloy downshifted to 268 cnt, P=0). By measuring TQ from the ~30 um thick sub-
the LO, has upshifted to 391 cmt, and the LQ remains at  strate, we were able to establish its position and subtract it
292 cm L. We also observe weak DALO bands. In the  from the Al ,dGag 3As spectrum. This was done by fitting
spectrum, we see weak scattering from the forbidden LAwo Lorentzian bands in this range: one with the peak posi-
phonons and enhanced scattering from the DALO, whichion and linewidth fixed to that of TQ, the other determined
may be superimposed with the TO lines. by the fit. Results for the TQwere consistent and positions
Additionally, a disorder related band is observed at 198&greed well with “eyeball” estimates.
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which is obtained from pressure coefficientin Eq. (4)
PRESSURE (kbar) (Table ) and Eq.(5). The “0" subscript denotes that quan-
450 0 60 tities are evaluated @&=0. For the bulk modulus
[ | [
1 1 9V
Aly55Gag ,As - (8)

By, Vo dPg

- L02 we use a linear interpolation between pure GaAs and pure
DALO, AIAs.! It is possible to use direct pressure coefficie(fitsm
@/@/VQ/Q ruby), but the internal LQ was found to be more precise.
5] Either method produces the trends we report. In Fig. 4, we
350 graph Y0, scaled to the pure-component mode-@isen

parameter versug. For pure GaAs we use our value of
v10=1.01£0.03. For pure AlAs we use,,=0.86+0.08
(Ref. 14 and we include their results for=0.70 and 0.92
which agree with our trend. On the horizontal axis of Fig. 4,

¢ =0 corresponds to pure GaAs or pure AlAs, depending on
LO which alloy component is being referred to. Increasing to-
1 ward ¢=1 means increasing dilution with the other alloy

component.

; Two observations are intriguing about Fig. 4. First, both
310 320 LO-phonon branches have pressure coefficients which in-
crease with¢. We find no discussion of this effect in the

a literature. Second, wheimternally compared[LO(¢) to
GaAs LO PHONON SHIFT (cm ) LO,(0)—pure GaAs, and likewise L&¢) to

FIG. 2. Pressure induced shifts of the alloy phonon energies 76} (0)—pure AIAY the dependences follow the same
the substrate phonon energy. The latter was found to be more rel{'renzd

able than ruby es a pressure calibration QUe to its narrowlllneW|dth There are several factors which need to be discussed re-
and because it is an internal standard. Using(Blg.an approximate

pressure scale is included at the top. garding the higher-pressure coefficients measured in the al-
loys. First is the fact that pressure primarily enters through
IV. PRESSURE DEPENDENCE OF THE OPTIC PHONONS volume deformation described by the bulk modulus. This has
] _ already been taken into account, and does not explain the
We wish to compare the effect pressure has on GaAs-likghagnitude of the effect we observe. The bulk modulus varies
optic phonons in the alloys to the effect it has on pure GaAsgom 755 kbar(GaAg to 781 kbar(AlAs), i.e., by ~3%
an_el likewise for AlAs. To do so, we examine the mode-penveen pure GaAs and pure AlAsThe pressure coeffi-
Gruneisen parameter cients vary over a range of 30%. Thus bulk volume defor-
1 v mation does not explain the size of what we observe. Fur-
(7)  thermore, increasing means increasing stiffness through
By, which shoulddecreaséhe relative pressure coefficients.
With increasingx we observey, o; to increase, commensu-
rate with “softening,” while y, 5, decreases. Therefore the
directions of the variations iy, o are not predicted by the
bulk modulus.
Another factor of concern is the presence of strain from
the GaAs substrate. This is on the order of 0.1% for pure
AlAs, and will increase with pressure t60.2% at 70 kbar.
Over this same pressure range, the lattice constant of pure
AlAs will shrink by 3%. The effect of strain is therefore
small compared to the effect of hydrostatic pressure and
compared to the magnitude of what we have observed. More
convincing is the fact that the phonons in the alloy epilayer
should experience a uniform effect, regardless of whether
they are GaAs-like or AlAs-like. Thus pressure induced
L changes in the substrate strain do not explain our results.
400 The ¢ dependence of the mode-@risen parameters is
RAMAN SHIFT (em™) also not simply due to the decrease in the jl&phonon
FIG. 3. Room-temperature Raman spectra for backscatterin§nergies aP=0. These appear in the denominator of &A.
from the(llo) surface of the AJ.?OG'BO.BCAS Samp|e. The excitation and decrease W|th inCI’eaSimj]. What we ObserVe iS aISO
wavelength was 514.5 nm, for which the sample is transparent at agvident in both §v/9P) and (1k)(dv/dP).
pressures. In this case, scattering by the TO phonons is allowed. All Better insight into thep dependent pressure coefficient is
phonon bands studied blueshift with pressure. gained when we simultaneously analyze the dependence of

ALLOY PHONON SHIFT (cm™)

250 L
290 300

=B —_—,
Y OVOaPO

(110) Surface
x=0.70

67 kbar

INTENSITY

|
200 300

!
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arguments support the notion that charge transfer is the im-

14 () LO, portant factor in alloy phonon energies.
3 ©&e)LO, We have analyzed ouy, o dependence o strictly using
§ | « / the alloy dependence ef . The latter was calculated assum-
‘ES VA ing the two-mode approximation and using our measured
£ / phonon energies. In the spirit of two-mode behavior, we cal-
3 = ) culatee* using the reduced mass of the alloy subcomponent
2 ’\é 121 (rather than the alloy averagand assume an average.
;3 3 The latter assumption had a minor effect, while the reduced
° > 4 mass assumption was important. When using the average
£ B /e cation mass to calculate the reduced mass, we obtain no clear
§ / trend iny, o vs €*. Our results are shown in Fig. 5. Again,
z s ° previous measurementsare included for comparison. In
1-00 e ' ' this case, the mode-Grmaisen parameters are not scaled.

What is interesting is that data sets for both alloy compo-
¢ nents exhibit the same trend, as in Fig.e#. is approxi-
FIG. 4. Mode-Graeisen parameter, normalized to that of the mately linear ing over this range. This implies that is an
pure material, vsp [Eq. (3)]. Filled in circles are from this work, important factor in alloy pressure coefficients.
open circles from Ref. 14. Shown is the30% increase observed The splitting between the LO and TO phonons typically
in y0, and that when scaled, the AlAs and GaAs alloy componentgjecreases with pressure. Considering first the GaAs-like
follow the same trend. The dashed line is a guide to the eye. Anodes, for pure GaAs the splitting decreases from
typical error bar is shown. 23.7+0.6 cm™ ! at a rate of-0.010+0.015 cm Y/kbar. Our
most precise values for the alloy come from tke 0.70
the vibrational energies witlp. Consider the GaAs alloy sample, for which we measured allowed LO and TO
component. Asp increasesy, o, decreases woftensThus  phonons. For the GaAs-like mode we obtain splitting of
one would expect a higher-pressure coefficient and larges.0+1.2 cm~ which decreases with pressure at a rate of
Y01 @s observed in Fig. 4. Likewise, for the AlAs alloy —0.009+0.039 cni /kbar. The large error in determining
component we see that increasigfy decreaseqsofteng  the splitting pressure rate is due to the small splitting. For
v o2 beyond the initial softness of the phonon involved.x=0.70, the LG-TO, splitting begins at 31.60.4 cm™*
Consequentlyyy, o, increases. Since neither the phonon norand  diminishes with  pressure at—0.030+0.011
bulk deformation propertieghroughBy) explain our obser- cm™Y/kbar. The latter is in good agreement with measure-
vations, these results also imply that phonon pressure coefaents on InP8 which has optic phonons in the same energy
ficients in alloys are influenced by local alloy structure orrange. Although we expect to see the splitting collapse with
charge transfer on the cation sublattice. This is consisterihcreasings, along with the pressure dependence, the results
with the contention that phonon energies are determined bgre not definitive.
charge transfer between local structures within the dlloy. Figure 5 suggests that charge transfetweerthe cation
Evidently, pressure enhances the charge-transfer procesablattice components is an important factor in phonon en-
from one alloy component to the other. We also point outergies and pressure coefficients. We propose that there are
that no comparable effect was seen in the moden€isen  two consequences of increasigg The analysis of Brafman
parameter of ion implanted GaAs, which exhibits clear evi-and Manof would suggest that oscillator strength is trans-
dence of finite-size effects. ferred on the cation sublattice from weaker to stronger
LO-phonon energies are often analyzed relative to the Tyonds. This tends to enhance higher phonon energies. Fur-
phonons in zinc-blende materials. LO-TO-phonon splittingthermore, charge may be shared between the alloy subcom-
enters through Born’s effective dynamic chaegfeby ponents. Pressure has first the effect of increasing vibrational
energies due to increased valence charge volume concentra-
NV tions. Apparently, pressure has the secondary effect in alloys
d . .

e*?2 9 of enhancing transfer of oscillator strength from the weaker
(GaAs-like to the stronger(AlAs-like) component of the
alloy. The primary difference between the Ga and Al atoms

in esu!! HereNy/V is the density of cation-anion paifson- s that the former possessiXore electrons. It is suggested
stant in the AlGa;_,As system, c is the speed of light, that pressure gradually pushes these electrons closer to the
€., is the optical dielectric constant, apdthe reduced mass. valence-band edge, i.e., into becoming more itinerant. This
For pure GaAs, Trommeretal. report a value of will also tend to push out the outermost valence electrons.
e* =2.18.'8 Using literature values for AIAS**°we find  Such a phenomenon would be observable in an alloy because
e* =2.2&. Thus there is a 5% range &f when comparing of the presence of both a sour@ieere, the Ga atomsand a

the pure compounds. Since there is no LO-TO splitting in theeceptacle (the Al atoms with slightly higher
dilute ¢~1 limit, e* becomes 0. Asp increases the ratio electronegativity.?® A discussion of such a charge-transfer
v1o! 7L0 decreases and approacheéTable ). Thus “ion-  mechanism appears in Ref. 22 regarding the pressure depen-
icity” ( €*) decreases with increasinfjas is evident in our dence of the direct gap in AGa;_,As. Thus one would

v10 and y, o measurements. This is consistent with conclu-expect to observe no effect at the alloy end points. It would
sions drawn from many compounds of varyiat.?’ These be interesting at this stage to conduct a similar study of an

2 2 _
Plo™ V1o= 2 “
ee]



54 PRESSURE DEPENDENCE OF THE OPTIC-PHONON . .. 8719

1.4
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FIG. 5. Mode-Grumeisen parametefsot normalizeflvs Born's FIG. 6. Intensity of the LQ and LO, lines (relative to the

transverse dynamic effective charffeg. (9)]. The latter is calcu- . 4
) y . (9] . substrate LQ intensity vs pressure. We see strong enhancement of
lated using our phonon energies and assuming sepdaiemode - - L
both phonons near 47 kbar, consistent with unresolved ingoing and
reduced masses for the alloy components. The error bars shown are, . r .
. e outgoing resonance &, A weaker enhancement is seen above 20
typical. Symbols are the same as in Fig. 4. 9

kbar, discussed in the text.

alloy series in which charge transfer is expected to be largeV light by the alloy surface layer depends on pressure. Also,
(i.e., does not exhibit clean two-mode behavior in ambienthe optical properties of pure GaAs will change with applied
vibrational properties pressure. The bulk GaABy+ A, gap will be driven into
We have also examined the literature concerning hydroresonance with the laser photon energy riear60 kbar.
static pressure studies of GaAs/AlAs superlattices, which in-  Despite these obvious drawbacks to usingd& an in-
clude various periods and composition parameteiisand  ternal standard, we see strong relative enhancement of both
d,, the layer thicknesses of pure materi&fs™ No similar  alloy LO phonons neaP=47+3 kbar. The solid curve in
effect is observed in the mode-Grisen parameters versus Fig. 6 is the sum of two Gaussian bands fit to the,L@ta.
mole fraction, GaAs-like and AlAs-like phonons exhibited A fit to the LO, measurements gives concurring res(en-
the same mode-Gneisen parameters, and are not dependengal positions and linewidthswith the vertical scales ad-
on the quantity analogous to ogr. This may be because of justed. The value of 47 kbar is close to the pressure at which
the strict confinement of the optic phonénsnd indepen- we expect to observe resonance with the direct gap. Averag-
dent electronic energy band structures, which isolates thghg between ingoing and outgoing resonané&?this gives
GaAs and AlAs components in the superlattices and minig linear pressure shift GfE;,/ 9P = 10.8+ 0.7 meV/kbar. This
mizes mixing. In the superlattice, bulk modulus is a bulkjs in excellent agreement with the 11 meV/kbar value ex-
concept within each component. In the alloys, there will bepected from a linear interpolation between GaAs and AlAs.
some local component to deformation parameters because powever, it is somewhat lower than the 12.2.2 meV/kbar
the range of neighborhoods possible even in the absence gf Ref. 22. The pressure linewidth of the resonance 5
clustering. Incidentally, this supports our argument that theygr. This corresponds ter 160 meV, which is large com-
GaAs substrate does not play a role, as the superlattices Wwared to the bulk-GaAs linewidtt80 me\).?° This indicates

experience the same effect of the substrate as the alloy eghat alloy mole fraction and subsequent broadening are im-
taxial layers. More important, this further confirms that theportant factors in optical-process linewidths.

phenomenon we observe is specific to alloying. At lower pressure (284 kbay we observe a weaker en-
hancement of both LQand LO,. This is most readily asso-
V. PRESSURE INDUCED RESONANCE-RAMAN ciated with theEy+Ay=2.27 eV (P=0) gap, but this id_en- _
SCATTERING tification is not as clean as the above argument. Mapping this

onto our pressure scaldy assuming 11 meV/kbar as the

Pressure has a strong effect on the electronic energy bamtessure coefficientwe would expect th&,+ A, gap to be
structure. This naturally leads us to ask if resonance was i resonance with 2.409 eV at a pressure~df5 kbar(Fig.
factor. Resonance effects were observed, especially in th@). Prior examinations in AlGa, _,As (x<0.1) (Ref. 4 and
Al g 4585 66AS sample which haEg= 1.92 eV at zero pres- Cd,Mn,_,Te (Ref. 29 alloys show resonance enhancement
sure. For this alloy, the direct gap will be tuned by pressurdor photon energiesbove E+ A,. This corresponds to en-
to equal the 2.409 e\Y(514.5 nm excitation energy near hancement at lower pressures than 15 kbar, conflicting with
P=50 kbar. In Fig. 6 we graph the pressure dependence afhat we measure. This conflict can be reconciled in two
the intensities for both L@and LO, relative to the intensity ways. The first explanation to be considered is thatARe
of the substrate LQ. For blueshifting energy gaps, increas- splitting is ~190 meV, which is 100 meV too small. The
ing pressure corresponds to lower-energy transitions resonatecond possible explanation is a rapid collapse\ gfwith
ing with the fixed excitation energy?:?®?’Using LOg as an  pressure. It was also noted that this transition became weaker
internal reference is not ideal, because absorption of 2.408nd broader with largek.* The Ey+ A, resonance study
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would be much more convincing with simultaneous opticall). We believe that this effect is specific to alloys, and is not
properties studies, but these are extremely difficult with theexplained by variations iBg, vg, or strain from the sub-
substrate present. Cryogenic photoluminescence excitaticstrate. We argue that what we report stems from charge
combined with resonance-Raman experiments may be suitransfer on the cation sublattice which is influenced by hy-
able to investigate this problem. drostatic pressure. This is supported by an observed correla-

Delaneyet al. have discussed subtle variations observedion betweeny, o ande*.
in the vibrational energies when measured under resonant- We attempted to investigate the effect pressure has on a
Raman conditionsambient pressuj€ These were observed disorder activated band at 198 crhin indirect-band-gap
when carefully comparing dipole allowed with forbidden materials(Fig. 1). Apparently, this is observed when the la-
scattering geometries. We did not observe any clear evidencr photon energy is in resonance with Eret Ay gap. This
of frequency shifting or oscillations as we pressure tune théeature quenches rapidly with pressure and attempts to pres-
Eg gap from below to above the laser photon energy. This isure tune the resonance with other laser lines were not suc-
most likely due to the fact that clean polarization depen-cessful.
dences are not achieved in the high-pressure experiment, Forx=0.40 we studied resonance-Raman effects by pres-
causing us to measure a mixture of allowed and forbiddersure tuning the direct gap through the excitation photon en-
scattering. Furthermore, pressure shifting of the phonon linesrgy. We see strong resonance in the,L&hd LO, (Fig. 6)
introduces experimental deviations around the linear fiin approximate proportion to the mole fractions of the alloy
which obscure the-2 cm™? oscillations. This null result is components. This enhancement is convincingly related to the
unfortunate, since hydrostatic pressure can be used to contrdirect Eg gap. We see a somewhat weaker enhancement,
the “directness” of a given alloy compound and mitigate the which may be indicative of resonance with tg+ A, gap,
difficulties of comparing results from samples with different but further examination is required.
X.
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