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The temperature and pressure dependence of type-l and -l transitions from photoluminéBtgspectra
in a series of (GaAs)/(AlAs) , superlattices show that the temperature dependence of energy bands can be
described very well with a Bose-Einstein-type equation. From these measurements the parameters that describe
the temperature dependence of excitonic transition energies and the corresponding broadening of the PL line
are deduced. The pressure dependence of the PL linewidths of the type-I exciton as a function of pressure and
temperature yield the intervalley deformation potential. Beyond the type-I—type-II crossover, the PL linewidth
increases as a function of both pressure and temperature. The electron-phonon deformation potEr}al for
scattering is found to be temperature depend&0163-1828)01935-3

[. INTRODUCTION electron and hole superlattice subbands. The latter are gov-
erned by the carrier masses, band offset, and the slab thick-
Carrier dynamics and recombination mechanisms imess of GaAs and AlAs. A calculatidniaking into account
semiconductor superlattices, in particular those with a stagthe accepted values of these paramétisrshown in Fig. 2,
gered band alignment, have been the subject of manyhere the difference in energy between type-l and -II tran-
investigations. High-quality superlattices comprising alter- sitions, AE, is plotted for various slab thickness@s units
nating layers of GaAs and AlAs fabricated by epitaxial tech-of monolayers of GaAs and AlAs. In the figure, each of the
nigues with monolayer precision are of much interest, thankgsy curves is for a given (GaAg)as a function of (AlAs)
to the possibility of designing many physical situatigns th"’,‘twherem andn are the number of monolayers of GaAs and
develop as a result of dimensional changes. Combined wit lAs, respectively. Note the curves cross th&=0 line,
external perturbations .SUCh as temperature and pressure, %ove which type-1l electronic transitions dominate, whereas
can tune the electronic states with respect to one another o . P
, ; . type-| transitions are dominant below tiieE=0 line. The
thus revealing the nature and extent of various mteracﬁons,t f . bi
In Fig. 1, we display the nature of the band alignments ype-l to type-ll crossover occurs for asymmetric combina-
associated with thé valence-band maxima and conduction- 1°NS of m andn, fOT examp_le(Z_,l), (4.2, (6,3 (9,5, and
band minima afl’ as well asX. When alternating slabs of (10,7). For symmetric combinations, the crossover occurs for
GaAs and AlAs are grown epitaxially on[gypically (003)- ~M=n=12. _ .
oriented GaAs substrate, the band alignment at the inter- Studies under hydrostatic stress have proven to be invalu-
faces leads to potential wells for the electrons and holes. Agble in the context of the optical properties of semiconduc-
shown in Fig. 1, the conduction band minima associated witifors and their heterostructurgs. For a given superlattice
theT point in GaAs and AlAs form potential wells for elec- structure, the difference in energy between the type-I and -II
trons in GaAs slabs. Similarly, the potential wells in thetransitions, AE, can be tuned with external hydrostatic
valence band for holeonly heavy-hole bands are shown pressure in a continuous and reversible manner, thus en-
reside in GaAs slabs. The ratio of the depths of these poterabling an elucidation of the properties of various interband
tial wells, known as the band-offset ratioE:AE,, is an transitions’'® Another motivation for pressure studies is to
important quantity which has been investigated very extengain insight into intervalley scattering raté$? which play
sively via theory and experiment. The potential wells foran important role in relaxation of photoexcited carriers and
electrons formed at th&-point conduction minima, how- high-field transport.
ever, reside in AlAs slabs. This staggered or type-ll align- The electronic states of semiconductors and heterostruc-
ment has the feature that recombination of charge carrierwires display large shifts and lifetime-induced broadenings as
across the heterointerface provides another channel, often ifunction of temperature® In this paper we have investi-
competition with the usual type-l transition across the va-gated photoluminescend®L) as a function of temperature
lence and conduction subbands in GaAs. The energies of trend pressure of (GaAg)(AlAs), superlattices witm=m
type-lI and -l transitions depend on the material parameterss4, 5, 10, and 20. Section Il describes our experimental
of bulk GaAs and AlAs, and the confinement energies ofsetup. In Sec. Ill, we show that the temperature dependence
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y FIG. 2. Difference in energy between type-l and -l transitions,

) ) AE, for various slab thicknesgn units of monolayersof GaAs
FIG. 1. Schematic band alignment of the X, and heavy-hole  gnq AlAs. Above theAE=0 line, the electronic transitions are

valence-band extrema of a (GafsJAlAs), superlattice. Thd"  gominated by lower-lying type-II transitions, whereas type-| transi-
and X bands cross at a pressufe which depends on the well ions are dominant below th&E=0 line.

width. For P>P., the energy of the electrons in thé well of
AlAs is lower than that in thd™ well of GaAs, and the type-Il

o Ill. TEMPERATURE DEPENDENCE OF TRANSITION
transition becomes observable.

ENERGIES

of the interband excitonic transition energies can be fitted As in bulk semiconductors, the electronic energies in het-
very well with a Bose-Einstein-type equation which was pro-erostructures display a temperature dependence at constant
posed in Ref. 14 to explain the temperature dependence @fressure subject to two mechanisnib): thermal expansion
energy bands in Ge. In Sec. IV, we focus on the pressurand(2) renormalization of band energies by electron-phonon
dependence of type-l and -Il transitions. In Sec. V, the reinteractions. The effect of thermal expansion accounts for a
sults on the PL linewidths as a function of pressure are prefraction (~3) of the total shift, the remaining temperature
sented. We calculate the intervalley electron-phonon defordependence of band-gap energies arises from electron-
mation potential from our experimental results, and showphonon interaction$> The electron-phonon interactions in
that the deformation potential changes with temperature. turn are of two types: the first-order interaction considered in
second-order perturbatioself-energy terms(Ref. 16 and
guadratic interaction taken in the first ord@&@ebye-Waller

Il. EXPERIMENT term).}” The temperature-induced change in the band-gap en-
. o ergy Ey is usually described by Varshni's empirical
(GaAs),/(AlAS) ,, superlattices withm=4, 5, 10, and 20 expressiol?

were grown on g001) GaAs substrate by molecular-beam
epitaxy, growth temperatures being 600 °C. The,10 and
(20,20 superlattices were studied under hydrostatic pressure aT?

employing a diamond-anvil celDAC); for these measure- Eo(T)=E4(0)— T+’ @
ments, the substrates were thinned to total thickness5df

pum. Argon was used as a pressure transmitting fluid in the i

DAC. PressurdP) was measured using the luminescence ofVhere Eq(0) is the band-gap energy at O I& and g are

a ruby chip located in the pressure chamber. The PL Sigmjgonstants for a given semiconductor, the latter being propor-
ture from the GaAs substrate also serves as a good calibr§onal to the Debye temperature. The temperature depen-
tion for pressure since the direct band gap of GaAs moves g@nce of the mtgrba_nd trqnsmon can be alternately described
the rate of 10.7 meV/kbat The PL spectra were excited with an expression in whlc_h the energy_thresholds decrease
using the 514.5-nmri=5,10,20) and 457.9-nmn{=4) proportl_onz_;\I to the Bose-E_lnstem statistical factors for pho-
lines of an A laser. The emitted radiation was analyzed"On €mission plus absorptidfi:

with a SPEX 0.85-m double monochromator equipped with a

cooled GaAs photomultiplier tube and standard photon-

counting electronics. For the low temperature work with Eq(T)=a-b
DAC a closed-cycle helium refrigerator was employed. The

temperature dependence of PL at ambient pressure and in the

temperature range 5—-300 K was investigated with a variablélere (@—b) is the band gap energy at 0 K, abdepresents
temperature cryostat. the strength of the exciton-average phonon interaction. It has
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FIG. 3. Temperature dependence d&" and E' in \\
(GaA9o/(AlAs),y superlattices. Experimental data points are . “\\
shown with solid squares. The dashed curves are fits to Varshni's Rt S,
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empirical model[Eq. (1)], whereas the full curves are fits to a
Bose-Einstein-type equatiditq. (2)].

| FIG. 5. PL spectrum of §10,10 superlattice at three different

been shown from calculations of electron-phonon spectrq
: S ; 1 bap. A 100 K, th -
functions in Si and Ge that energy shifts due to the eIectron-emperature$ bay. At temperatures above 100 K, the quantum

phonon interaction include contributions from both acousticgoggrrﬁggr:f vel is increasingly populated and the type-| transition
and optical phonons. Thus®g in Eq. (2) should be viewed '
as the average frequency of both acoustic and optical

branches. The temperature dependence of the linewidth dfe m=20 superlattice is type I, and the corresponding tran-

the interband transitions of semiconductors can be expressédfion is dominant up to 300 K. Fan= 10, the type-l and -II

as transitions lie very close. For this sample, the type-II transi-
tion is dominant in the low-temperature PL; at higher tem-
[ep peratures, the quantum-confindd level is increasingly
[(T)=I(0)+ [exp(©,o/T)—1]° 3 populated, resulting in the corresponding increase in the in-
tensity of the type-l transition. The PL spectrum of the
I'(0) represents the broadening due to temperaturefl0,10 superlattice at 70, 105, and 120 K shows the appear-

independent mechanisngsuch as impurity, dislocation, and ance of a high-energy pedk' at the highest temperature
surface scatteringandI’p, the strength of the exciton—LO- (Fig. 5. With increasing temperature the intensity of the
phonon coupling. Her®  is the average frequency of the low-energy peak E") decreases, and finally on' is ob-
longitudinal optical phonons. From Ref. 19 it is noted thatserved above 180 K.
the optical phonons are the main contributors to the broad- In the (4,4) and (5,5 superlattices, an initial increase in
ening of critical points. This leads to a higher average phoenergy ofE" is observed up to 80 K. Nakayanet al?°
non frequency® o from the fit of the broadening parameters reported a similar initial increase in the enegy with a rise
to Eq. (3) than for the electron-phonon contribution of the in temperature for short-period GaAs/AlAs superlattices.
energy shifts with temperature. This behavior can be ascribed to the trapping of excitons in

Figures 3 and 4 show the energy of the type-l and -lllocalized states resulting from the local fluctuation of the
transitons as a function of temperature for well width along the interface between the wells and the
(GaAs),/(AlAs) ,,, wherem=4, 5, 10, and 20; the squares barriers. In this case PL monitors the recombination of exci-
are the experimental results. The dashed line is a fit to Varshiens occupying a range of energies reflecting the tempera-
ni's empirical model, the values af and 8 used here being ture; at low temperatures the lower energies are favored, thus
the same as for bulk GaAs, viz. 540 “ eV/K and 204 K,  exhibiting an anomalous temperature dependence of the PL
respectively, while the solid line is a fit to E¢R). The fol-  energy. Such an anomaly should be particularly visible in a
lowing should be notedn=4 and 5 superlattices are type Il; narrow-well superlattice with its larger number of interfaces.
At higher temperatures the PL energy shows the usual red-
shift with increasing temperatures. Anomalies in the tem-
perature dependence of the PL energy have been observed in
Galn;_,P (Refs. 21 and 2R and Alln,_,P/Ggln,_,P/
Al,In;_,P quantum welf® at low temperatures.

The experimental results in the present investigation are
represented better by E¢R) rather than by Eq(1); for the
(5,5 superlattice there is almost a 30-meV difference be-
tween experiment and the fit from Varshni's model. The
(5,5 sample shows the largest deviation from Varshni’'s em-

FIG. 4. Temperature dependence " and E' in pirical model. This may be due to monolayer fluctuations.
(GaAs),/(AlAs) ., superlatticegsolid squares The dashed curves Fujimoto et al. showed from energy-band calculations that a
are fits to Varshni's empirical model, and the full curves are fits tomonolayer fluctuation of GaAs can result in about 50—80-
a Bose-Einstein-type equati¢&q. (2)], respectively. meV shifts in the energy gap8The (5,5 sample also shows
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TABLE |. Values of the parameters obtained by fitting the in- (GaAs)p/(AlAs)m

terband transition energy vs temperature to €. 0.025 T — r
B

Sample a(ev) b (eV) 0s (K) o020} -(26,20)

(4,4 E" 2.116+0.025 0.10%0.026 408 44 % s

(5,5 E" 2.038:0.030 0.078:0.031  484-67 S 0.015 |

(10,10 E" 1.897+0.025 0.1150.025 422-37 T

(10,10 E' 1.703£0.064 0.1520.031 51229 E 0.010 |

(20,20 E' 1.703:0.064 0.06x0.004 272x12 )

Bulk GaAsE™? 1571 0.057 240 ("

0.005 o m et
*From Ref. 26. 0.035 — 5.0 — .lfo.,. .2?0. 0.014
| (10,10 S

the largest broadening of the PL peak, which implies that the = o030l ° El / 0.012
energy levels are broadened compared to the other samples. = s EIl )
The PL energy as a function of temperature shows an aver- 5 |
age energy of the broadened band due to which this sample = 0.025 10010
shows a large deviation from Varshni’'s model. The param- =
eters deduced from fits to Eq®) and(3) are listed in Tables = 0.020 10.008
| and Il. The temperature dependence of type-I transitions in f
(GaAs,5/(AlAs), was studied in Ref. 25, where the authors 0.015 A 0.006
found a good agreement with Varshni’'s empirical model. ) 50 150 250 '
This is expected for the type-l transitions, as can be seen Temperature (K)
from our result for(10,10 and(20,20; the fits based on both ) N )
equations coincide above 50 K f¢20,20 and 150 K for FIG. 6. Broadening of the type-1 and -Il transitions as a function

(10,10. Similarly, it is not surprising that the temperature °f temperature. The solid line is a fit to ECR). The broadening of
dependence of the PL in a type-l superlattice consisting Oﬁhe transitions in th€10,10 sample has been fit with a linear equa-
GaAs-Ga_,Al As superlattic® fits Varshni's empirical Uon Of the formI'(T) =T, +AT.

model.

The b and®g value (Table ) for the direct transition of
the (20,20 superlattice are similar to those of the direct tran-
sition in bulk GaAs?® The average phonon frequen6)g
increases with a decrease in the number of monolayers. T
broadening of the PL lines for all the samples are shown in
Fig. 6. The result fo4,4), (5,5, and (20,20 samples have
been fitted with Eq(3). For the(20,20 superlattice® g is
larger than® g, consistent with the theoretical modély is
an average of the acoustical and optical phonons, and hen
;gagﬁatgagsﬁgol-:;hﬁgani)'Sa ggs(gr\sl)ezdgebrlljg:ti%:fgi have been fitted with a linear equation of the folf(T)

g ' Ny L =I"_ +\T because of the large scatter of the déay. 6).
being smaller tha® s may be an artifact. The fitting param- ;s anomalous behavior of the broadening may be due to

eters are very sensitive_ in the low temperature region. For thp _y mixing since the type- and -Il transitions lie very close.
(4,4 and (5,5 superlattices, at low temperatures, the type-Ii

energies are altered due to the trapping of excitons in local-
ized states while at high temperatures the carriers occupy
higher-energy states; the large errorstipn, are due to the In Fig. 7 we show typical PL spectra of

absence of accurate data at low temperatures. We also ollGaAs,/(AlAs),, measured at 16 K under hydrostatic pres-

serve from the broadening parametéf@ble Il) that I'g,
increases with an increase in monolayer thickness. This is
indicative of the change in the strength of electron-phonon
interaction with change in monolayer thickness of the super-
Sttices.

The (10,10 sample is different from the other samples
since in addition to the temperature shift and broadening of
interband transition energy due to electron-phonon interac-
tion, there is mixing between tHe and X conduction bands.
S%e broadening of the type-l and -ll peaks in t{i9,10

IV. TYPE-I AND -Il TRANSITIONS UNDER PRESSURE

TABLE IlI. Values of the parameters obtained by fitting the PL linewidtalf-width at half maximumvs
temperature to Eq.3). Owing to the large scatter of data, tf0,10 superlattice has been fit with a linear
equation of the forrT’(T)=T +\T.

') I'ep 0.0 r, N
Sample (1078 eV) (1072 eV) (K) (1078 eV) (107% eVIK)
4,4 E" 9.6+0.9 31+23 247+106
(5,5 E" 12.7+0.5 54+33 361+ 95
(20,20 E! 7.5+0.3 108+30 647 72
(10,10 E" 6+0.2 0.410.03

(10,10 E' 18+x1.2 0.45-0.06
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(GaAs), /(AlAs), at 16 K TABLE Ill. Energy positions and the pressure coefficients of the
T ! ! ' T type-l and -l transitions for symmetric short-period GaAs/AlAs
. superlattices. The second and fourth columns show the energy po-
E! J sitions of the type-l and -Il transitions, respectively. The third and
fifth columns denote the pressure coefficients for the type-l and -
A ] transitions, respectively.
% [ ] Monolayers E' dEYdP E" dE"/dP
§ [ 5 kbar ] (m,n (eV) (meV/kbay (eV) (meVikbap
e
E X ] (6,62 2.051 955 1935 -1.70
L e ) : e ] (10,10 1.838 104 1783 -—2.01
. E (12,122 1.807 10.1 1761 -2.10
[ ] (15,152 1.674 10.5 1701 -2.04
[ 2 kbar 1] (20,20 1.635 10.1 1.693 —2.50
- . Bulk GaAs(5 K)° 1.517 10.7 2.00 -1.34
1.64 1.I66 1.I68 1.I70 1.I72 1.I74 1.76 8 rom Ref. 9
Energy (eV) PFrom Ref. 2

FIG. 7. PL spectra of 420,20 superlattice at three different .
pressure<16 K). The emergence of the type-Il transition can be tyPe Il, theI’-X crossover having already occurred and the
observed at the crossover press(iré kbay. energy of the pseudodirect transition, thus being lower in

energy than that of the direct transition. R& 0, both types
sure. The superlattice is type | at atmospheric pressure arlg@nd Il are observed in the PL. Type-I emission shows a
transforms into type Il at 5 kbar as signaled by the emerl:)lueshlf’[ of 10.4 meV/kbar, whereas the type-I| emission is
gence of the type-Il peak. Above this pressure the superlaf€dshifted by—2.1 meV/kbar. The(10,10 superlattice has
tice is pseudodirect and the intensity of the type-I transitionigher energies for both type-I and type-Il levels compared
decreases. With an increase in pressure the high-energy pelgkthe (20,20 superlattice as a result of the increased con-
(type-l) shifts rapidly to higher energies and the |0W-energyf!nement with decrease in the supt_arlattme period. The con-
peak (type-Il) moves to lower energies. Type-Il emission is finement effects of the type-| transition are more prpnounced
not observed below the crossover pressure in the PL spectfdlan for the type-Il level owing to the smaller effective mass
The pressure shifts of the two transitions for 186,20 su-  ©f the conduction-band minimum. _
perlattice are shown in Fig. 8. The type-I and -Il transitions The pressure coefficients of the energy levels in the
exhibit a linear pressure coefficient of 10.1 an@.5 mev/ (10,10 and (20,20 superlattices are consistent with the re-

kbar, respectively, the type-I—type-Il crossover occurring agults of Holtzet al® Pressure coefficients of type-I and -Il
~5 kbar. The type-l and -Il bands do not exhibit an anti- fecombinations are listed in Table IHE'/dP in GaAs/AlAs
crossing behavior due to the smallnesg'eK mixing (~5  Superlattices is similar to that in bulk GaA®0.7 meV/kbar.

meV), as expected for such a wide superlattice. For narrowef Ne type-Il emission has a pressure coefficient slightly dif-
superlattice, however, the effect is observaBle. ferent from that ofX-I" indirect transition in GaAg—1.3

played in Fig. 8 show that at atmospheric pressure, it is €SS Of the AlAs layer, the pressure coefficient of the type-I|
transition approaches that of the bulk GaAs value, whereas,
with increasing AlAs layer thicknesslE"/d P finally rises,

21 T
reaching a constant value ef2.0 meV/kbar. They ascribe
10.4 meV/kbar this behavior to the delocalization of the hole wave function
2.0 L with decreasing AlAs thickness; as a consequence, the va-
lence band of the superlattice thus loses its square-well char-
acter, i.e., it has a single constant energy level along the
g1or oK growth direction. In the small barrier limit, the top of the
5 O (Cans) jiains) | ] superlattice valence band acquires the same character as in
;.:', 8 A ©on) iains), | bulk tetrahedral semiconductors. Our results for tb@,10
w o and (20,20 samples are consistent with their analysis;
2.1 meVikbar dE"/dP for the (20,20 sample is slightly higher than that
17 for the (10,10 sample, and is close to the constant value of
—2.0 meV/kbar.
<2.5 meV/kbar
164 10 20 30 4'0 50 V. INTERVALLEY DEFORMATION POTENTIAL

Pressure (kbar) The type-l excitonic line in the PL spectrum of a GaAs/

FIG. 8. Pressure dependence of the type-l and -1l transitions ifAIAs superlattice is broadened by the hybridization of the
(GaA9,/(AlAS), (squares and (GaAg,o/(AlAs),, (triangleg su-  exciton with theX and theL continua via electron-phonon
perlattices. coupling. Under external pressure, theconduction mini-
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mum moves up in energy and crosses the bottom ofLthe (GaAS)zo/ (AlAS)zo
and X conduction bands of the AlAs layer. The coupling
between thd" exciton and theX andL continua via interval- S
ley scattering of the electron broadens fheexciton level [ 16K
observed in PL. The position of the exciton relative to the 4t
continuum can be tuned with pressure. Below the crossover
pressure, there are no states inXhandL valleys into which !
the I" electron can be scattered. Since the resonance broad- I
ening can be controlled by varying pressure, the hydrostatic "
pressure experiments are useful in determining the interval- or
ley scattering rates or the intervalley deformation potential
between thd’ valley and theX and L valleys. Intervalley [ 75K
deformation potentials, which are a measure of the strength 4r
of the electron-phonon coupling, have been experimentally
obtained for bulk GaAqRef. 29 and GaAs/AlGa, _,As
quantum wells! from the broadening of thE exciton under
hydrostatic pressure. The intervalley deformation potential
for GaAs/AlAs superlattices can be obtained from hydro-
static pressure experiments as a function of pressure, the ex-
periments being performed at a series of fixed temperatures.
It is usually the zone-boundary phonons which cause in-
tervalley scattering, the associated electron-phonon interac-
tions being short range since zone-edge phonons cannot gen-
erate long-range electric fields. The matrix element for the
scattering of a carriefk) by absorption or emission of a

A (meV)

phonon|qg) in the absence of any external field is given by Op T
(k=q|H|K), whereH is the electron-phonon Hamiltonian. -0.1-0.05 0 0.05 0.1 0.15
Since H has the symmetry of the phonon involved in the Energy separation (er-gx)

interaction, the transition is forbidden unless the representa-

tions belonging to the statkiq) are contained in the prod- FIG. 9. Broadening of the type-I transition vs energy separation

betweenE" andE' for the (20,20 sample, at three different tem-

Egn%fetzgr;?crgﬁgﬁggg:lso?t Ezlnogglgg g%ﬁﬂgt“l(gn IriltuZ(;ri]:a_ll peratures. Above crossover the linewidth is fit with a square-root
' 9 function A/er—ex.

acoustic and optical phonons leadinglteX scattering con-

tribute to the interaction, whereas transverse phonons do not

participate in such an intervalley scattering. However, it has IMpx|= A/ (2VpQ*)Drx . (6)
been demonstrated that the electron-phonon matrix elemen
show a strong dependence on the wave vedtprof the
intervalley phonon, th& dependence allowing the transverse
acoustic TA phonons to contribute to intervalley scatte(ig
process not allowed at high-symmetry pojtifsit is the con-

It—ferev is the volume of the crystah is the crystalline den-
sity, andQ)* is the phonon frequency. From Ed4), (5), and
(6), the PL linewidth can be written as

O _ / /
tribution from these TA phonons which causes an apparent _ Ve—ex ) D NxmZ?  Df N m @
temperature dependence of the intervalley deformation B 2V2pat ( Q% VIhOL
potential?

The PL linewidth A contains information about the HereA is defined as the difference between the actual line-
strength of the electron-phonon coupling, and is given by width and the average linewidth below the crossover pres-
sure Pc; f(T)=111-exp(-#AQ/KgT)]. We assumemy
A=m|Mpx?px(e) + Mo (8). (4 =0.41m, and m_ =0.22m,, the crystalline densityp
=5.34g/cni and the phonon energies asQ*~AO"
~30 meV, values typical for GaAs. The difference between
the energy of thd” valley and the bottom of th& (L) con-
duction band varies linearly with pressuke;-ex= arx(P
—P.) ande—¢ = ar (P—P.) whereary is twice as large
as ap .13 This implies thatye —&, = (1WV2) Je —ex and

Here |Mry| is the electron-phonon matrix element for scat-
tering betweer” and X, and|My| is that betweerd™ andL.

A detailed derivation of the above is given in Ref. pi(e)
andp () in Eq. (4) are the density of states given by

2 [
(8)=N my2\e —ex ) hence the factor of #2 in the second term in Eq7). P, is
Pxi&)=Rx Vamed defined as the pressure at which the type-l and -1l transitions

have the same energg=cy); for (GaA9,0/(AlAS), P,
with a similar expression fas, (¢). ex (&) is the energy of ~5 kbar.
the bottom of theX (L) conduction band, andy (N,) is the Figure 9 shows the broadeniny for (GaA9,/(AlAS),
number ofX (L) valleys;Ny=3 andN, =4. The deformation as a functiorer— e at three different temperatures. The PL
potential Dy is related to the electron-phonon matrix ele- line shapes were fitted with Gaussians. The linewidths thus
ment by deduced increase as(e—ey)Y2 The energy separation
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(GaAs) /(AlAs) at12 kbar
10 10

16K 'A:K

Energy {eV)

er—ex=0.15 eV corresponds to a pressurd?2 kbar. For
all three temperatures, the linewidth remains almost constant 251
below crossover pressure but changes beygndwe fit the
linewidth above crossover by a square-root function which
changes as a function of temperature. From such fits we ob-
tain A/\e—¢ey, and deducd®yx from Eq. (7). Experimen-
tally, we cannot measuri@ry andDr, separately; from the
experimentally known value ob =6.5+1.5 eV/A* as-
suming thatD, remains constant with temperature, we ob-
tain Dyx=5.2 eV/A (16 K), Dry=7.3 eV/A (75 K), and
Drx=8.2 eV/A (100 K). From an optical-absorption study
of the exciton line broadening under pressure in GaAs,iGon 5f

20

15

Asymmetry (q)

et al?® showedDryx to be temperature independent with an Eneay (%

average value of 4.8 eV/A. Satpattey all! obtained the ol , , ,
deformation potential for GaAs as 10.7 eV/A at 80 K from ° 50 100 150
pressure-induced photoluminescence line broadening in Temperature (K)

GaAs/ALGa _,As quantum wells. We note that our values N

are somewhat different from those obtained in Ref. 11, since F!G- 10. Asymmetry parameter of the type-l transition as a

our study involved GaAs/AlAs superlattices whereas previ-‘;{‘cl?r?: so;éir:phea:gn:)r:efr?rfitthagﬁlz S;‘;f;"}t;'gesi;i l;k?‘atrﬁgr;grm

?uurrs1 VV\\I/ZTIkSS were based on GaAs or GaAsfBd, _As quan- C(q+€)?/(1+ €%). The insets show the PL spectra at various tem-
The temperature dependence of the deformation potentigleratures'

is consistent with the theory of Ref. 12, where #féective

deformation potential with the inclusion of TA phonons was VI. CONCLUDING REMARKS

shown to be temperature dependent; that study demonstrated

that the effectivedeformation potential®r, and Dry for

GaAs increase up to 200 K and almost remain a consta

The present photoluminescence spectra of a series of
r{,{GaAs)m/(AIAs)m short-period superlattices, investigated as

above it. Their calculation yieldeB x~8 eV/A at 100 K a function of temperature at ambient pressure as well as hy-
very cloée to our value. Ix " drostatic pressure accessible in a diamond anvil cell, have

The PL line shape exhibits an asymmetry which has @rovided insights intd1) type-I—type-Il crossover2) I'-X
temperature dependence. Asymmetry in the PL line shape [§tervalley deformation potentials, and3) broadening
clearly observed iGaAs,/(AlAs)y,, a type-Il superlattice Mechanisms for excitonic transitions. Experiments carried
at atmospheric pressure; the PL spectrum recorded at 12 kb@#t as a function of temperature at a series of fixed hydro-
as a function of temperature clearly exhiligge the insets in  Static pressures provide an opportunity to discover the tem-
Fig. 10 the increasing asymmetry. The inset of Fig. 10perature dependence of intervalley deformation potential.
shows the PL spectrum for different temperatures at 12 kbailhe temperature dependence of the type-l and -l transitions
We have fitted the spectra using the Fano line-shape analysis described more closely by the model in which one consid-
according to~C(q+ €)%/ (1+ €2), whereq is the asymmetry ers Bose-Einstein statistical factors for phonon emission and
parameter, and=E—Ey/I"; Eg is the central peak energy absorption rather than the empirical Varshni formula.
andT is the linewidth. The Fano line shape is due to the
broadening associated with the resonance interaction of a
localized level with the continuum; it is more pronounced in ACKNOWLEDGMENTS
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