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We have evaluated the Burstein-Mo&BM) shift at 300 K in seven samples ofIngsGa, +As (1.3
X 10*<n=<3.9x 10°cm3) lattice matched to InP using spectral ellipsometry in the range of 0.4-5.1 eV. The
data have been fitted over the entire spectral range to a model reported by Ebalgin Thermphotovoltaic
Generation of Electricityedited by T. J. Coutts, J. P. Brenner, and C. S. Allman, AIP Conf. Proc. No. 460
(AIP, Woodbury, NY, 1999 p. 39, based on the electronic energy-band structure near critical points plus
relevant discrete and continuum excitonic effects. A Fermi-level filling factor in the region of the fundamental
gap has been used to account for the BM effect. While our data exhibit nonparabolic effects, with a blueshift
of 415 meV for the most highly doped sample, we did not observe the Fermi-level saturation at 130 meV for
n=10"cm 2 reported by Tsukernikt al.[Proceedings of the 24th International Conference on the Physics of
Semiconductorsjerusalem, 1998edited by D. GershoniWorld Scientific, Singapore, 1999 Our BM dis-
placements are in agreement with a modified full-potential linearized augmented-plane-wave calfGlation
W. Characheet al,, J. Appl. Phys86, 452 (1999 ] plus possible band-gap-reduction effects.
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The study of the Burstein-MossBM) effect in  nonparabolic effects. However, in contrast to Ref. 1, we did
Nn-Ing s:Gay 4As lattice matched to InP is important from not observe a Fermi-level saturation. Our results exhibit a
both fundamental and applied points of view. Recently Tsukblueshift of 415 meV for the highest doped sampte=@.9
erniket al® presented an investigation of the BM shift in this X 10°cm ™). The BM displacements of this work are in
material based on thermionic emission and diffusion over £9reément with a modified full-potential  linearized

barrier and concluded that the BM change saturates at aboggg(rﬂegt??églsgt%;vae\ffilégz\é\g ;?elcg!)ius?sieprllﬁvﬁr?stﬁgIr6e-
130 meV forn=10""cm™3. This observation was explained 9ap

. : N . sults of Holdenet al® in n-1ng gGay 34AS.
T et o TN SEVen 155 s Spie S were roun o
5 3 : (001 InP substrates by a compact metal-organic molecular
trast, Charachest al” and Holdenetal” did not observe o5 epitaxy syste. The lattice-matching parameter and
such ~a Fermi-level saturation in heavily —doped comnposition were determined by x-ray measurements in a
N-INg edGe.sAS.  Structures based on highlyrdoped  goyple-crystal diffractometer. The carrier concentrations
INg sdGay 4As materials have been used for several kinds ofyere evaluated by Hall-effect measurements at room tem-
semiconductor devices such as heterojunction bipolaperature to be 1:810'% 2.3x10Y, 5.0x10'8, 5.8x 10
transistor, resonant-tunneling devicésand Bragg reflec- 2.0x10'° 2.3x10'9 and 3.9%<10®cm 3. The first sample
tors for surface-emitting lasefsFor these kinds of applica- was unintentionally doped while the other samples were Sn
tions it is highly desirable to have information about thedoped.
position of the Fermi level relative to the conduction-band The optical data in the range of 0.74-5.1 eV were taken
edge. using a JY-Horiba variable-angle phase-modulated ellipsom-
We present a study of the BM effect at 300 K in seveneter. For the interval of 0.4-0.8 eV a variable-angle instru-
samples of n-IngsGay4As (1.3x10%<n=<3.9x10"*®  ment, which used a Fourier-transform infrared reflectometer
cm ) lattice matched to InP using spectral ellipsometry.as a light source, was employed. Thus, there was some over-
The data have been fitted using a comprehensive mbdel lap between the two intervals. All the samples were mea-
based on the electronic energy-band structure near criticaured with both 65° and 70° incidence angles. To remove the
points plus relevant discrete and continuum excitonic effectssurface oxide an etching procedure was performed. Details
The BM shift at the direct gap was accounted for using aare given in Ref. 7, except in this study the etch was a 1:1
Fermi-level filling factor in addition to the discrete and con- mixture of HCI and methanol, followed by a quick rinse in
tinuum excitonic terms.The Fermi-level alteration exhibits methanol and a spray of deionized water.
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FIG. 2. The solid and open symbols are the BM shifts from our

FIG. 1. The solid and dashed lines are the experimental an§XPeriment and from Tsukerniét al. (Ref. 1), respectively. The
fitted values, respectively, of the imaginary part of the dielectricSolid and dotted lines are theoretical calculations of the BM shift
function e,(E) in the region of the direct band gap for four of the according to parabolic-band theory and a rescaled FLAPW ap-

samples studied. Indicated by arrows are the fundamental absorproach for IR 7Ga, ,sAs, respectively. The dashed line represents a
tion edges obtained. calculation forAE,{n) based on the rescaled FLAPW approach

and the electron-electron interaction.

Even though our experiment was performed up to 5.1 eV,
in this paper we deal only with the region near the funda-excitons, respectively. The values bf, for the different
mental band gap, leaving the interpretation of the highersamples increased monotonically with carrier concentration
lying transitions for future work. from 22 to 70 meV.

The solid lines in Fig. 1 are the experimental values of the For the undoped sample the FLFF was not included so
imaginary parts, of the dielectric function in the region of that for this caseE,,—E,. In order to take into account
the direct gap E,) corresponding to four of the samples. inhomogeneous broadening, E@) with “ kT’ set to its
The data have been fitted using a comprehensive modebom-temperature value of 26 meV should be convoluted
based on the electronic energy-band structure near critica¥ith a Gaussian. However, this is very difficult to do ana-
points plus relevant discrete and continuum excitonidytically, so to “simulate” inhomogeneous broadening we
effects>’ In the fundamental absorption region the BM shift have used kT’ as an adjustable paramet&in Fig. 1, the
has been taken into account by the introduction of a Fermidashed lines are the results of this fitting scheme and indi-
level filling factor (FLFF).2 The quantitye, in the region of  cated by arrows are the absorption edge vakiggobtained

the direct gap is thus written &s for each sample. This figure clearly displays the expected
blueshift of E s with increasing carrier concentration. For
65(E) = A Rol'o the highest doped samplekT”’ =35meV. Using the room-
2 {1+exf (Eaps— E)/"KT'}E? | (Eg—Ry—E)2+T temperature value of KT’ =26 meV results in a redshift of

Eansby only 6 meV, well within the experimental error. Ac-
cording to Ref. 3 the free-carrier absorption foe5.5

X 10"cm 2 in this type of material starts to be considerable

. for energies below about 0.3 eV. We did not observe this
where E is the photon energy, the terril +ex(Eas  effect and hence did not include it in our fitting procedure.
—E)/* kT ]}~ is the FLFF,Eqysis the absorption edge, |n Fig. 2 the solid and open squares are the experimental
I’y is the broadening parameter for both the discrete an@m shifts of this experiment and those reported by Tsuk-
continuum exciton termgthese two parameters have beenernik et al,! respectively. For our data, representative error
taken as equilz;(E)=[Ro/(E—Eg)]" Ry is the exciton  pars are shown. Note that the BM shift of Ref. 1 saturates at
Rydberg energy® (E) is the unit step function, andkT”is  about 130 meV. According to parabolic-band theédry the

explained below. In Eq(1), Ax(Rg)"(1u*)¥qM|?, where  apsorption edge shifhE . is given by
w* is the reduced interband effective massgtand My, is

the matrix element of the momentum betwd&f and T'g. 2

For Iny 6Gay 3/AS Ro= 3.5 meV?3 According tok - p theory'! AE = E o Eo= ( h_) [372n]%—Eger,  (2)
Roecu* and hence using the appropriate electron and heavy- ns s 2u*

hole masses from Ref. 12 we fourith=4.0 meV for our

system. In Eq(1) the first and second terms in the squarewhereEggg is due to the band-gap-reduction effect. Using
brackets are the contributions of the discrete and continuurig. (2) with conduction and heavy-hole effective masses of

—w1—exd —27zy(E")] (E—E')?+I3
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0.0432 and 0.303(in units of the free-electron mass expected shift should be about 314 and 413 meV rfor
respectivelyt? and neglectingEggr, We have obtained the =2.3x10' and n=3.9x10cm™3, respectively. Compar-
solid curve in Fig. 2. ing these values with the experimental ones, i.e., 338 and
Charachest al? have reported a FLAPW determination of 415 meV, respectively, a good agreement is obtained. From
the BM shift, including nonparabolic effects, in Fig. 3 of Ref. 6 the Fermi-level shifts far~4x 10" and
n-1ny 7:Gay ,As. However, for 1§ Gay4As there is no 7% 1018c_rn*3 are 55 and 125 meV, respectively. These val-
such calculation. Thus, in order to get an approximation foll€S are in good agreementswnh our vallges 93f 75 and 130
this influence we have modified the FLAPW calculation for M€V obtained fon=5.0x 10'® and 5.8<10'°cm ">, respec-

N-Ing 7:Gay ,AS Of Ref. 2 by the factoru® Jute,. For vely. — e
Ing 7:Gay »sAs we used conduction and heac\)/;e—{ho(igamasses of From Fig. 2 it follows that the BM shift in this system
. . : exhibits nonparabolic effects. However, contrary to Ref. 1,

0.0335 an_d 0.288 respectively(in units .Of the free-electron we have not observed any saturation of the Fermi level. The
mas3. 'I_'hls_res_caled FLAPW calculation is shown by the disagreement between our results and those of Tsukernik
dotted line in Fig. 2. . et al. can probably be attributed to the complexity and ap-

In order to evaluate the Egnd—gap reducé]téon S,'Pee toproximations used in their analysis of the thermionic emis-
elecigon-electron mteract.lonACE ) we have us .AE, sion and diffusion technique. On the other hand, the interpre-
~n™e(0), wheree(0) is the real part of ghee static dielec- 4iion of the ellipsometric data is relatively straightforward.
tric _ constant. Considering  thdt AE"X(InP)=2.25 In conclusion, we have evaluated the BM effect at 300 K
x10°"n “eV., 8r(|”0-53630-47A5é)§13'9’ and &(InP) i, seven samples ofi-IngsGay 4AS (1.3<10°<n<3.9
iigi‘%melil follows  that AE®*(Ino 53G& 47AS)=2.03 . 1019m3) |attice matched to InP using spectral ellipsom-

i oo etry. The Fermi-level shift exhibits nonparabolic effects.
SubtractingA E**(Ing 53G& 4-AS) from the FLAPW cal- 5y ever, in contrast to Ref. 1, we did not observe a Fermi-

culation, we obtain the dashed line shown in Fig. 2, whichigye| saturation. Our results exhibit a blueshift of 415 meV
provides a description fakE,,dn) as a function of the car- ¢, the most highly doped sample£3.9x 10°cm3). The
rier concentration. The small differences between the calcug), displacements of this work are in agreement with a cal-

lation for AEg,{n) and our experimental data in Fig. 2 aré |ation based on a modified FLAPW approach plus possible
probably due to other band-gap-reduction effects not considsang.gap-reduction effects and are consistent with the results

ered, such as band tailing. _ of Holdenet al. in n-Ing sGay 3AS.
The band-gap narrowing for concentrations rof-3.5

X 10%cm 2 is estimated to be around 100 meV for GaAs M. M. and F. H. P. thank the New York State Science and
(Ref. 8 and InAs® We therefore assume that the band-gap-Technology Foundation through its Centers for Advanced
narrowing effect for this carrier concentration in our caseTechnology program for support of this project. D. R., M.

should also be~100 meV. Subtractingeggr=100meV K., and L. K. thank the Israel Ministry of Science InP infra-
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