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The optical constants(E)=¢,(E)+ie,(E) of unintentionally doped IsGa4As lattice
matched to InP have been measured at 300 K using spectral ellipsometry in the range of 0.4 to 5.1
eV. Thee(E) spectra displayed distinct structures associated with critical poirtig @tirect gap,
spin-orbit splitEy+ A, component, spin-orbit spliE,, E;+A;, E{ feature, as well ag&,. The
experimental data over the entire measured spectral r@ifige oxide removalhas been fit using

the Holden model dielectric functiofHolden et al, Phys. Rev. B56, 4037 (1997], plus a
Kramers—Kronig consistent correction, described in this work, that improves the fitting at low
energies. This extended model is based on the electronic energy-band structure near these critical
points plus excitonic and band-to-band Coulomb-enhancement effdegs &+ Ay, and thek,,

E,+ A4, doublet. In addition to evaluating the energies of these various band-to-band critical points,
information about the binding energyr{) of the two-dimensional exciton related to thg, E;

+A, critical points was obtained. The value &; was in good agreement with effective
massk-p theory. The ability to evaluatdR; has important ramifications for first-principles
band-structure calculations that include exciton effec&gtE;, andE, [M. Rohlfing and S. G.

Louie, Phys. Rev. Lett81, 2312(1998; S. Albrechtet al, Phys. Rev. Lett80, 4510 (1998].

© 2002 American Institute of Physic§DOI: 10.1063/1.1515374

I. INTRODUCTION not atE;. Adachi® modeled the optical constant8.5-5.5

. . eV) using the data of Refs. 11 and 12 in the vicinityEy,
The compound IflsdGa 4As lattice matched to InPis of 1y potg iy the range of 1.5-5.5 eV. However, his treat-

interest from both applied and fundamental perspectlvesment does not include continuum exciton contributions, that

Structures based onJgGa 4,AS materials have been used .
for several kinds of semiconductor devices, such as heterd®’ band-to-band Coulomb enhancement eff¢BBCE) at

junction bipolar transistors;® resonant tunneling devicés, the E,, E_0+A(?' Ei, By +4, CPs.

and Bragg reflectors for surface emitting laseHowever, in In this article we report a room temperature spectro-
spite of its fundamental and applied significance, relativelyScOPIC_ellipsometry(SE) investigation of e(E)[=¢1(E)

little work has been reported on the optical properties related 1€2(E)] of unintentionally doped isdGa47As in the

to the electronic band. Some authors have performed me&hoton energy range of 0.4 to 5.1 eV. Distinct structures
surements of the j{Ga, 4As dielectric function, but have associated with CPs &, spin-orbit splitEq+Ag compo-

not modeled the experimental resifité.Kelsoet al® fit the ~ nent, spin-orbit spli€,, E;+A; doublet andg, feature, as
numerical third derivative of the dielectric function, from well asE,, were observed. The experimental data over the
which the authors were able to obtain the energies of featureantire measured spectral ranggter oxide removal have
related to theE,, E;+A; critical points(CP$ (transitions been fit using the Holden model dielectric functidplus a
along the equivalenfl1l) directions of the Brillouin zone  Kramers—Kronig(KK) consistent low energy correction de-
Nee and co-workePamodeled the optical constants including scribed in this work. This extended model is based on the
the discrete and continuum exciton contributionsEgtbut  electronic energy-band structure near these CPs plus discrete
and continuum excitonic effects &,, Ey+A,, E;, and
3present address: Chemistry Department, City College of the City UniverE1 T A1. TheEq andE; structures were also included in the
sity of New York, Convent Ave. at 138th Street, New York, NY 10031; analysis. In addition to evaluating the energies of these vari-
b)i'lec“onic mail: mmunoz@sci.ccny.cuny.edu _ous band-to-band CPs, it is possible to obtain information

so at the Graduate School and University Center of the City University . . . .

of New York, New York, NY 10036: electronic mail aboutthe binding energyR;) of the two-dimensional exci-
fhpbc@cunyvm.cuny.edu ton related to thé&; andE;+ A, CPs. The obtained value of
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R, is in reasonable agreement with effective miass/ 20 E+A)R

theory!* The ability to evaluateR; has important ramifica- 16 (@) P 1

tions for first-principles band-structure calculations, which I

include exciton effects &, E;, andE,.'>1® 12+ .

Il. EXPERIMENTAL DETAILS -8 i
w Ll ]

The Iny 54G& 47/AS unintentionally doped sample studied [
was grown on g001) InP substrate by a compact metalor- 0
ganic molecular beam epitaxy systéhihe lattice matching

parameter and composition were determined by means of a -4} In0 53Ga0 47A .
Philips material research x-ray diffractometer, equipped with I ’ '

Bartels-type four crystal Ge monochromator and asealed Cu 8y ~———F———5 35—,
x-ray tube. The residual carrier concentration was evaluated Energy (eV)

by Hall effect measurements at room temperature tabe
=1.3x 10 cm 3. The optical data in the range of 0.74 to
5.1 eV were taken using a JY-Horiba variable angle phase- 18 r (b)
modulated ellipsometer. For the interval of 0.4 to 0.9 eV a
variable angle instrument, which used a Fourier transform 15_
infrared reflectometer as a light source, was employed. Thus, -
there was some overlap between the two intervals. All the N12_' Expt.
samples were measured with both 65° and 70° incidence®d r = -=-=Fit

angles. To remove the surface oxide an etching procedure
was performed. Details are given in Ref. 13, except in this

study the etch was a 1:1 mixture of HCI: methanol followed 6 L Eg*A,
by a quick rinse in methanol and a spray of de-ionized water. sl |”0_53Gao_47AS
Ill. EXPERIMENTAL RESULTS 0'. A T T TP
- - 0 1 2 3 4 5
Shown by solid lines in Figs.(&) and 1b) are the ex- Energy (eV)

perimental values of the repd(E)] and imaginary e,(E)]
components of the dielectric function, respectively, as a funcE!G. 1. Solid and dashed lines are the experimental and fit values, respec-
tion of the photon energy. In th92 spectrum there is an tively, ‘of the_(a) real_(sl) and (b) imaginary €,) components of the com-

) } plex dielectric function of 1ps4Gay 4AS.
absorption edge around 0.75 eV, doublet peaks in the range
of 2.5 to 3 eV, and a large feature around 4.5 eV, with some
structure on the low energy side around 3.9 eV. A weak feaspin-orbit splitI'S conduction levels and related transitions
ture around 1.1 eV was also observed. along(100. TheE, feature is due to transitions alokyL0)

(3) or near the X point®

IV. THEORETICAL MODEL

The experimental data over the entire measured spectr&t Eo @nd Eo+4A, CPs
range (after oxide removalhas been fit using the Holden The data near th&, band gap were fit to a function
modef* dielectric function plus a correction described in thiswhich contains Lorentzian-broadenéa) discrete excitonic
section that improves the fitting at low energies. This eX-(DE) and (b) 3D M, BBCE contributions. Pollak and
tended model is based on the electronic energy-band strugo-workerd®?° have demonstrated that even if thg exci-
ture near these CPs plus excitonic and BBCE effecByat  ton is not resolved, the Coulomb interaction still affects the

Eo+ Ao, and theE;, E;+A,, doublet. band-to-band line shape. Thus,(E) is given by?
In the direct-gap zincblende-type semiconductor

Ing 54Ga 47/AS the spin-orbit interaction splits the highest-
lying I'}5 valence band intd'g andI'y (splitting energyA ) EX—E—il'®
and thel'{; conduction band int®'$ andI'g (splitting energy ’ ’
A(’)).l8 The corresponding lowest-lying transitions lat 0 1 o
[three-dimensional3D) M] are labeledE, [T'g ()5 -T'g + E LELi[ + f_w

(T9)] and Eq+Aq[T3(I9-TS (I'S)], respectively. The no no

spin-orbit interaction also splits thej(A%) valence band 6(—E'—Eg) ) dE’

[’

> R

=1 n°

1

A
82’E0(E): |m E

O0(E'—Eg)

into Lys(A49 and L§(AY). The corresponding two- —— ] €y

dimensional (2D) M, CPs are designatedE,[L} (L3) 0

—Lg(L) or Ajg(A5)—AG(AD)] and E;+Aq[Lg(Ly)  whereAis a constantE, is the energy of the direct gaR,

—Lg(L9) or Ag(A5) —Ag(AT)], respectively. TheEy, fea- s the effective Rydberg enerdy-Eq—EFg], Ex andI'ys
ture corresponds to a transition from thg valence to the are the energy and broadening parameter ofntihestate of

1 o= 2725(—E')
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the exciton, T'y is the broadening parameter for the «<RS2u3?Py|?, whereu, is the reduced interband effective
band-to-band transition, z,(E)=JVRy/(E—Ey), z,(E) mass ak,, andPy is the matrix element of the momentum
=JRo/(—E—Ey), and 6(x) is the unit step function. The betweenl'3—I'g. The terms in the summation and under the
energy and broadening parameter of title exciton state are integral in Eq.(1) correspond to the DE and BBCE contri-

given by Efg=Eo— Ro/n? and'§=T,— (Fo—TTH)/n?,  butions, respectively.
with n a posmve integer. In Eqg.(1) the quantity A After the integral calculation Eq1) become¥
|
2e,(E)= 2| ; El{gbdf(E+H7)]+ng§( E—ilgY]—gb[£(T5]—gb[&(—iTE) ]} +gUl&(E+iTo)]
TQU[E(—E~iTo)]-gul&(iTo)]—gul&(—iTo)]|, 2
|
where sum gb[E(T)]+gb[&(—iT)] is real and does not
E make any contribution in our expansion. In a similar way,
E(X)= 0 considering the first order term in the Taylor series expansion
R of the imaginary part of the sum corresponding to the un-
bound contributions in Eq.2), gu[ é(E+il'p)]+gu[é(—E
gby (&)= pe m ©) —il'g)], we obtain

2

o0

_22 1

32— 1n?’

FO n a
E3+T3 2Ro

A
cmuEIa=E[

QU(S):—”\(&Z)—WCOf(g

However, as pointed out by Schubettal?! and illus- 1
trated in Fig. 3 of Ref. 13, E¢2) has a considerable contri- xX1m ATy 1+cof| =~ §(|Fo)
bution to e, below the fundamental band gap. In order to 0

improve the low energy behavior of this model we will in-
troduce a KK consistent correction. Considering the first or- - §Cgbo(E,Fo)- )
der term in the Taylor series expansion of the imaginary part
of the summation corresponding to the bound contributions,

. . N . . )
given between curly parentheses in E2), we obtain Since gu[&(iTo)1+gul&(~iTo)] is real we did not

consider it in our expansion. In E¢p) the first, second, and
A 81 ™N3(Eqn®— Ry) Ry third terms between curly parentheses come from the loga-
cghy(E, 9= = £ > 5 323" rithm, cotangent, and sum terms in Eg) respectively. The
1=1 [(Egn®=Ro)*+(I'7*n?)?] total correction for theEy and Eq+ Ay CPs is the sum of
(4) Egs.(4) and(5). In this way the correct line shape for thg
Note that since db,[£(iTF)])* =gb,[£(—iTF9)], the andEy+A, CPs is

Z{an[f(E+lFeX)]+gbn[§( E—iT)]-gba[ £(TT)]=gb [ (=TT T} +gul§(E+iTo)]

eg,(E)=—— E7|

+gulé(—E—iTo)]—gul&(ilg)]—gulé(—iTg) ]| —cgby(E, I —cgu(E,I'y). (6)

The last two terms in this equation have & Hependence, and hence their KK transformation is a constant that will be
absorbed by .., described later.

The Ey+ A, transition has also been described by a function similar to(Bq.ze (E)—zg a,(E), A—B, Eg
%Eo‘l‘ Ao, R0—> RSO’ Fﬁxso, and F0—>rso.

Since the exciton aEO, E0+ Ay has not been resolved, in practice we have used only one exciton, aRg=s&,,
=Ty, andl'§s,=T"so,.

For In 6Ga 3/AS, Ro= 3.5 meV?? According tok - p theony® Ry o and hence, using the appropriate electron and heavy
hole masses from Ref. 24, we fouR§=4.0 meV for our system.
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B. E; and E;+A; CPs
For theE; CP, &,(E) is written as®

o

c, 4R, 1 1
gszl(E)zlm 2 2 3| —ex mepeeals R - ex
E qn:l (Zn_l) En’l_E_|rn’l En’1+E+|Fn’1
+jw 6(E'—E)  6(—E'-Ey dE’ .
e 1_e—27723(E') 1_e—27'rZ4(—E') E/_E_irl !

whereC, is a constant; is the energy of the ga;ﬁ{l isthe  conductors are actually mainly the excitonic featutes
2D Rydberg energy=E;—ETY], E;f andI' are the en-  —R;, E;+A;—R;, respectively, as denoted in Figsall
ergy and broadening parameter, respectlvely fonthestate  1(b), 2(a), and 2Zb).

of the exciton,I'; is the broadening parameter for the band-
to-band transition, z3(E)=+R;/(E—E,), z4(E)
=JR;/(—E—E,), and 4(x) is the unit step function. The

. : C. Ej and E, features
energy and broadenmg parameter ofrﬂtieexcnon state are 0 2

glven by Eff=E;—R;/(2n—-1)2 and I'y$=T;— (' The nature o] andE, features is more complicated in
reo/2n— 1)2 w|th n a positive integer. relation toE,, Eq+Ag andE;, E;+A,, since they do not
After the integral calculation Eq7) become¥’ correspond to a single, well-defined &pPTherefore, each

was described by a damped harmonic oscillator t&fth

sg,(E)= 2 {gb[E(E+ITH)]+gby[&(—E~iT]

2E2 =
. . (E Z—J, 10
~ gb [£(TE) ]~ gb [ £~} O D iy, 1o
+QU§(E+iTy)]+gulé(—E—ily)]
with j=E, or E,, whereF; is the amplitudey;=E/E;, and

—gul&GiTHT1—aul&(—iT , 8 Y is a dimensionless parameter
gule(ly)]=gull vl ® The fact that Rohlfinget al'® found thatE,, like the

Eo, Eot+ Ay andE;, E;+A, CP features, contains an exci-

where ) . L ; .
tonic component, provides some justification in using a
2 HE1—X) damped oscillator term for this structure.
§&(X)= R, A constante ;,, was added to the real part of the dielec-
tric constant to account for the vacuum plus contributions
32 1 from higher-lying energy gapsE(, , etc).}3?° This quantity,
gbn(§)= : 9

which also contains the constant term produced by the KK
transformation of Eqs(4) and (5), should not be confused
with the high frequency dielectric constast .
In order to reduce the contributions Bf, E; + A4, Eg,
and E, transitions toe,(E) below the fundamental galg,
16 1 we have introduced a linear cutoff fer(E), obtaining the
A (2n—1)3 £—4l(2n—1)%’ corrected imaginary dielectric functicyc,:

(2n—1)3 £2—4/(2n—1)2

gu(§)=—ln(§2)+7rtar<g

[

For theE;+A; CP, a function similar to Eq(8) was
used with eg (E)—eg +a,(E), C1—Cy, E1—E;+A4y, 82,c0(E)=82(E)—0a (12)
R1—Riso. l_‘n 1_’Fﬁxso' andl';—T';5,. Eco~Eo

In practlce we have used only one exciton and Ret
=Ry, I'T=T"1, andT'75,=T"15,. It is possible to find a whereE, is the cutoff energy an# is the direct band gap.
correction similar to Eq(5) for the E; andE;+A; CPs. &, was corrected by a numerical KK analysis of Edl).
However, due to the strong intensity of these transitionsThe total dielectric function employed in this work is given
even using this correction they produce some considerabley two terms of the Eq(6)-type corresponding t&,, Eg
contribution below the band gap. Hence, for these transi-++A, CPs, two terms of the Eq8)-type for E;, E;+A;
tions, as well as the higher order ones, we apply the linea€Ps, two terms of the Eq10)-type corresponding t&; and

cutoff correction described below. E, features, and: 4, with the proper cutoff correction ex-
Due to the relatively large values dR; (=30-300 plained earlier.
meV),1319.20.2524ha gptical structure associated with e, The dotted curves in Figs.(d and 1b) are fits to the

E;+A; CPs in diamond- and zincblende-tyf@ZB) semi-  experimental data using the model described previously. Ar-
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TABLE I. Values of the relevant parameters obtained in this experiment for 18

Munoz et al.

Ing s48G& 4AS sample. Also listed are energy gaps, broadening parameters L (a)
etc., from other investigations 12+ A
Previously w 6r Ino_53G30_47AS L) E
Parameter This work reported © I M
~_0¢f 4
A(eVHH 0.160£0.001 1.26 Wt
0.739 T 6f 1 t E-R .
Eo(eV) 0.75+0.005 0.749 r E +A
0.75 -2 E, °° 7
Ro(meV) 4.0 2.64 18 [ ]
Ty, T (meV) 62.0+1.0
B(eV'9) 0.183+0.005 0.3 24 Expt. ]
Eo+Aq(eV) 1.05+0.005 1:8& a0l . F||t L .t(F‘TA‘.) R, »
Iso, 'S (MeV) 115.0+5.0 0 1 2 3 5
C.(eV?) 27.212-0.001 Energy (eV)
E;—R;(eV) 2.568+0.005 2.5%ef
2,552 40
Ry (meV) 65.0+10.0 ‘ ER,
Iy, T (meV) 182.0+5.0 30! (b) ]
C,(eV?) 11.347-0.001
2.8299 20
E;+A;—Ry(eV) 2.820+0.005 2.839 [ E, E*A (E+A) R, ]
2.88%9 "
rse, I'e, (mev) 145.0+5.0 w 10 ]
Fo(eV) 2.771+0.005 O ol
Ej(eV) 3.984+0.01 ahdt ]
vo(meV) 782.0+20.0 e 3
F,(eV) 2.026+0.005 -10- ]
E,(eV) 4.512+0.01 4.4%0 L
Y2(meV) 182+10 20 - E-XP Y n Ga,, As ]
€10 2.029+0.002 2.8 [ - -H 0.53 0.4 ]
Eco(€V) 2.116+0.001 -300 —— ‘II —— L : é

2 3
Energy (eV)

aReference 10.
PReference 9.

‘Reference 46.
dReference 47.

fIncorrectly labeledg; .
‘Reference 7.

9YIncorrectly labeledE; +A; .
"Labeled asy) .

FIG. 2. Solid and dashed lines are the experimental and fit values, respec-
tively, of (a) (de;/dE) and(b) (de,/dE) of Ing54Ga 4AS.

rows in the various figures indicate the energy values obsis. Displayed in Figs. @ and 4b) are the individual con-
tained as a result of our fit. All relevant parameters are listedributions toe; and e,, respectively, of the various transi-

in Table I. The corresponding values di,(E)/dE and tions. The line shape of our absorption coefficiénd is
de,(E)/dE for the experimental and fit spectra, obtainedpresented in Fig. 5. The inset in Fig. 5 shows an expanded
from a numerical derivative, are shown by the solid and dotversion of« in the region of the fundamental gap. The ab-
ted lines in Figs. @) and 2b), respectively. Overall there is sorption coefficient in region of the fundamental band gap
very good agreement between experiment and theory fow,(E) has been estimated from a linear interpolation given
both the dielectric functiofiFigs. 1a) and Ib)] and the first  by?®
derivative[Figs. 2a) and 2Zb)]. ax(E):XalnAs(E+E|()nAs_ Eg(x))

V. DISCUSSION OF RESULTS AND SUMMARY +(1—X)* agaad E+ES¥S—E[™), (12)

The results of this experiment are in good agreemenwherea; andEy are the absorption and fundamental gap of
with prior studies of the optical constants of the relevant end-point materiglis=InAs or GaAs, andgj™
INo.s8Ga 4As 8 Figures 1a) and 4b) correspond closely to is the fundamental band gap of the ternaryGe, _,As of
the relevant data of Refs. 6, 7, and 8 in the ranges of 0.65 toompositionx; in our casex=0.53. Using the values d&,
4.96, 1.13t0 3.4, and 1.5t0 5.1 eV, respectively. The real andnd optical constants of InAs, and GaAs listed in Ref. 27, we
imaginary components of the index of refractianand x, obtain the dashed curve in the inset of Fig. 5. Due to alloy
displayed in Figs. @& and 3b) respectively, were obtained broadening, the experimental is somewhat larger around
using our experimental data. Table | shows that the values dhe band gap in relation to the linear interpolation.
the various energy gaps obtained in this investigation, thatis, The optical constants; and e, for Ing5Ga 47AS over
Eq, Eot+Ag, E;—Ry, E;+A;—Ry, etc., are in good agree- an extended range, have been investigated by a number of
ment with other selected experiments. There is some scattauthorss*? mainly using SE. However, Dingest al® and
in the experimental data, probably due to differences irkelsoet al® did not model their results, although the latter fit
sample quality, surface preparation and/or line shape analyhe third derivative spectra. In Ref. 10 Adachi used a model
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45 8Fa ] .
; (DE+BBCE)
401 1 6f 11 Ezl PN ]
) . '/' \ oo
4 B
35f . I whios ot e |
- " 2—-4—’ TTTT o~
L i o> . ~ t ]
c 3.0 0 :r - . \ . \ ]
: N
25- 7 2L EO(DE+BBCE)1 '.‘ ]
I Expt T i E,+A (DE+BECE) <]
L . 4 4Lk v
20 I Ino.ssGao.47AS ] 4 ; . . Ino.ssG?o.nAS | g
19— v v s 1 2 3 5
0 1 2 3 4 5 Energy (eV)
Energy (eV)
11F 7
L | 1
10 (o) iy
9 r E _»: ‘. !‘ \. -
sl 1(OEBECE) . " E *A (DE+BBCE) :' ]
. . i E
7k . . iz
L . . H |. o
6 In,5:GayAS " :' g V]
5[ ' . PRI
L ’ . i \
4 - E (DE+BECE) N /- Y 1 -
3 E +A (DE+BBCE)n'. i"\:: /', \\-‘:\ 7
2 l o 0 . __—"7 '\_/‘ el
o’ Rk P, b
1 - .. ‘ "/ -._.r" bl -
0 ;:Jirm- et ==
: 05 10 15 20 E2.5 3.(2 \1/3)5 40 45 50
oL nergy (e
0 1 2 3 4 5
Energy (eV) FIG. 4. Individual contributions of the various transitions(& &; and(b)

&, Of Ing 54Gay 47AS.
FIG. 3. Solid lines are the experimental values of thereal (n) and (b)

imaginary(x) components, respectively, of the complex index of refraction

Of 10852 47AS. showed that in the region of the fundamental gap the BBCE

term gave a better fit to experimental values @fand
de,(E)/dE, respectively, in relation to the BBSP expression.

Isner\?;zl(;:hb:/h(e)rl?l(;/ I_Ec;)rJe:r?z(%iéE1t;r§23eEnl;iAblaS§?oat;angpsr?n_glel[n addition, the nature of BBCE line shape is clearly illus-
particle (BBSP expressions, that is, no DE. As mentioned rated in Fig. 6 of Ref. 33, Figs. 2 and 3 of Ref. 34, and by

earlier, the optical structure associated with theand E;
+A,; CPs is primarily excitonic. In later works, Adachi did
include DE terms but with separate amplitude factors for the 45| (E,+A R, l
DE and BBSP contributiord:?° However, in the DE plus i
BBCE approach, for a given CP both terms must have the

same strength parameter, for exampleig)(andC,(E,), as

indicated in Eqs(1) and(7) and in Refs. 13, 20, 26, and 30. A105
In Nee and Green’s treatmérthe BBCE contribution is in- ‘TE F
cluded atE, but not atE,. Excitonic effects at thé&, CP S 1
also must be included, even at room temperature; in the pres- &% |
ence of a DE, the band-to-baikt, line shapewithin about 10°¢
6—10R,) is changed from the BBSP square rdatoadeneg i

f In, ,Ga, ,,As

term to a 3D BBCE expression, which has a line shape simi- 10::)_0 05 10 15 20 ]

lar to a step functiofbroadenepiand also increases the am- ol % Sregy (V)

plitude of the absorption in relation to the BBSP 0 1 2 3 4 5
expressioft*°~*2 Pollak and co-workef$*® demonstrated Energy (eV)

conclusively that even if the exciton B, is not resolved, the o _ _ .
line shape is BBCE and not BBSP. FIG. 5. The solid line is the experimental value of the absorption coefficient

. a of Ings8G& 47As. The inset is an expanded version of the experimental
The inadequacy Of_the BBSP approachEgthas been  gata in the region ned,, the dashed line was calculated from the interpo-
clearly demonstrated in Refs. 19 and 20. These workstion scheme based on the end-point materials.
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Fig. 3 in Ref. 35. The deficiency of the BBSP model also isTABLE Il. Experimental and calculated values fij for several different
elucidated by Figs. 2 and 3 of Ref. 34 and Fig. 3 in Ref. 35 Semiconductors

Thgy shc_)w that the only use of the BBSP.and BBSP_ plus DE Experiment k-p theory
exciton line shapes are not adequate to fit the imaginary pagemiconductor R;(MmeV) R;(meV)

of the dielectric function. In Fig. 3 of Ref. 35 the fit expres- - . J—— 200

sions for the DE plus BBSP are considerably lower than thv%:do'sf’:’mo'47S

) k 205 3¢ 290
experimental data, particularly for the 21 K measurement. cqre 145-50° 150
As mentioned earlier the optical structures associateth,sGa,sAs 92+ 15° 55
with the E; and E;+A; CPs in DZB semiconductors are INosd5a& .4As 65+ 10" 55
actually mainly the excitonic featureE,—R,, E;+A,  ©asb 325 25
i i i i 1¢C.85N0 15450 1455k 86 30=5" 25
—R;, respectively, as denoted in the figures. Almost all prior s s, 10, 305" s
opticaP~2! and modulate¥3” optical studies have incor- _ 2 010188 —
rectly labeled these excitonic features as;; E;+A;.” ZReference 13.
Few groups have labeled these features propéf?®How- ~ 'Reference 19.
. - . ‘Reference 22.
ever, som& did not include the BBCE line shape. HThis work.
Our value ofR; (655 meV) is in good agreement with  ereference 26.
the effective mask/ p theory of Refs. 14 and 23. According 'Reference 25.
to this approach,
2utet For Inys§Gay 47As, Adacht’ obtained a reasonable fit for
1= 5252 g,(E), but a poor fit fore,;(E), due to the disregarding of
* (13 the excitonic effects at th&y, Eq+Aq, E;, andE;+ A,
CPs.
i: L — L , The low energy improvement presented in this work can
uyoomyomy be appreciated in Fig. 6, which presents in dashed and solid

. _ ) ~lines the fit curves for ZgsLd,y 47S€e, corresponding to Fig. 3
where 7 is the perpendicular reduced interband effectivesf Ref, 13, using the Holden model with and without the

mass related té,, ande.. is the high-frequency dielectric  correction presented in this work. The inset in Fig. 6 repre-
function. Frorrl a three-bankl- p fcirmula the perpendicular  sents the region around the fundamental band gap. For this
conduction (nc,) and valence ify;, ) effective masse¢in  comparison instead of the valuasandB reported in Ref. 13,
units of the free-electron masare given by we have used the valués=1.56 andB=1.032%°

The ability to measur®, has considerable implications

i=1+Ep . . for band-structure calculations, both empiri€ahnd first
m¥, Ei Eit+Ay)’ principles!®*8In the former case, band-structure parameters,
(14) for example, pseudopotential form factors, are determined
1 Ep mainly by comparison with optical and modulated optical
o =1—E—l, experiments, including theE,;, E;+A;” features. There-
vl

fore, the band-to-band energies are too low by an amount

whereEp is proportional to the square of the magnitude of Ri- Rohlfing and I__ouie have published a first-principle; cql-
the matrix element of the perpendicular momentum betweef“luI"’morllaof the op_tlcal constants of GaAs, including excitonic
the corresponding conduction and valence bands. For GaAegfeCtS' Using this formalism they have also calculatgl
and InAs we hav® &.(GaA9=10.9, ¢.(InAs)=12.25,
Ep(GaA9=25.7 eV, andEp(InAs)=22.2 eV. From a linear
interpolation of these values we obtain
ax(|n0_53Ga)_4-,AS)=11.62, Ep(lnosﬁa)47As):2385 eV.
Using these values, E¢L3), and our experimental results for
E,, E;+A; we found u}=0.038 (in units of the free-
electron mass

For Iny 6Ga 3As, R;=55 meV??2 From Eq.(13) and a
similar linear interpolation we found that for this system
£.=11.79 andu?} =0.039. Using these values, the corre- I .

Zn0.53Cd0.47As

sponding ones for our system and Et@) we found thaiR, o5l 19 z-gnergy (ez\}; 22 |
(Ing 58Gay 47AS)=55 meV as well. Table Il presents thy Holden
values for several semiconductors, from which it is possible i = = = This work 1
. . [ —————
to appreciate that there is a good agreement between the g . ———T—— ="
experimental values and the p theory. More reliable theo- 04 0.8 1.2 1.6 20
Energy (eV)

retical values can now be obtained from first-principles

band'sltgl*l'gture calculations, ~ which include exCitonFIG. 6. The dashed and solid lines are the fit fop Z&d, 4/Se using the
effects:™ Holden model with and without the correction presented in this work.
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