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Spectral ellipsometry investigation of Zn, s{Cd, 4,Se lattice matched to InP
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Spectral ellipsometry at 300 K, in the range 0.8—5.5 eV, has been used to study the bulk and surface oxide
properties of a molecular-beam-epitaxy grown, Zfd, 4,Se/InP film(~1 um thick). We have observed the
direct gapE,, which exhibits a well-defined excitonic structure, its spin-orbit split compoBgiitA,, as well
as the spin-orbit spliE;, E;+ A, doublet. The experimental data over the entire measured spectral(ediege
oxide removal have been fit using a model dielectric function based on the electronic energy-band structure
near critical points plus excitonic and Coulomb enhancement effects. The influence of a native oxide on the
optical properties also was investigat¢80163-182607)02428-4

I. INTRODUCTION For this paper, spectral ellipsometry in the range 0.8-5.5
eV has been used to study the bulk complex dielectric func-

ZnSe-based semiconductor alloys are important materiatgon e(E) [ =e,(E) +ie,(E)] of a molecular-beam-epitaxy
from both fundamental and applied perspectives, due to the{MBE) grown Zn, 54Cd, 4;Se/InP film (=1 um thick). We
potential in the fabrication of blue-green laser devit€ir-  have investigated films both as received and after a HF etch
rently, the only reported cw blue-green laser involved ZnSeto remove the native oxide. The experimentally measured
based alloys grown nearly lattice matched to GaAs subgielectric function(after oxide removalhas been fit over the
strates, which contained a strained laye; @t _,Se active  entire range of measurement using a model based on the
region. Laser diodes with lifetimes over 100 h have beergjectronic energy-band structure near critical points. EXci-
demonstrated recentfyThis development has largely relied onic and Coulomb enhancement effects were included not
on the reducaion of defect density such as stacking faults angmy at the fundamental galf,, but also its spin-orbit split
dislocations® Whlch_ occur at_ the m_terface_of GaAs and componentEy+A, as well as the spin-orbit splE,, E;
ZnSe. The degradation most likely still remains as defects ai. 5 ' goublet. In addition, the effects of the native oxide on
the 11-VI/II-V interface that propagate into the active region, o optical properties has been evaluated.
aided by the presence of strain in the,Zd, _,Se quantum
well. Entirely lattice matched structures can be fabricated on
InP substrates, thus possibly improving the reliability of the
devices.

A detailed understanding of the bulk and surface optical The sample was fabricated in two Riber 2300P MBE
properties of these materials is essential in order to make thehambers, one for 1I-VI growth and the other for IlI-V
best selection. However, in spite of its significance, verygrowth, connected by UHV modules. The films were grown
litle work has been done on the optical propertieson a not intentionally dopedn5x 10 cm™3) InP buffer
of ZnysLCdy 4-Se lattice matched to In? Several authors layer (500 A) on an™-type InR001) substrate. Details about
have reported ellipsometric studies on closely relatedhe growth are described in Yareg al®
materials such as ZnSébulk),"® ZnSe/GaA&01),°* The complex dielectric functior(E) was measured in
Zn,Cd, ,Se/GaAg001),'>** and zinc blende CdSE®  the range from 0.8 to 5.5 eV at room temperature using an
Only a preliminary ellipsometric study of g8{d,47Se/ Instruments, SA  spectroscopic phase modulated
INP(001) in the range 1.5-5.5 eV has been presefted.ellipsometert’ % Light from a 125-W xenon arc lamp was
Fits to various models have been presented in Refs. 8—1fassed through an optical fiber to a Glan-type polarizer made
and 12-15. However, none of these investigations accountesf two calcite precision prisms then to a rectangular-shaped
for the data around the fundamental direct ggg)(with the  fused silica photoelastic modulator. The light is then re-
correct exciton plus band-to-band Coulomb enhancedlected from the sample and becomes elliptically polarized,
(BBCE) line shape but rather used an exciton plus a oneafter which the light passes through a second fixed polarizer
electron band-to-band parabolic form. Also, in Refs. 8, 9,(oriented at 45° from the first polarizer and modulativen
and 15 theE;, E;+ A, doublet was not resolved. The mea- a second optical fiber, and then a monochromater. For the
surements of Refs. 9, 10, and 15 were performed withoutlata above 1.5 eV, a double monochromater was used, with
removal of the native oxide. a photomultiplier detector mounted on the monochromater

II. EXPERIMENTAL DETAILS
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FIG. 1. The ellipsometric datéa) cogA) and (b) tan(y) of
Zny 5Ly 475e/InP (oxide removedl measured at an angle of inci-
dence of 70° in the range 0.8-5.5 eV.

refractive index times the layer thickness divided by the
wavelength. While we do not know either the index or the
thicknessa priori, we begin by assuming that the index is a
constant; since the thickness is also constant, this means that
at least six periods of the interference fringes must be ex-
Blained for the measured wavelength variation by only two
parameters: a fixed index of refraction and the inferred
er thickness. This treatment was then refined by using a
ellmeier modét for the behavior of the index of refraction
éor €,) in the transparent region below the band gap:

exit slit, while for the data from 0.8 to 1.5 eV, a different
monochromater was employed and the exiting light passe
through an optical fiber to an |Ga, ,As detector.

The alloy sample was measured as received, then etch
in a 10% solution of HF in KO, as suggested by Liet al,?°
until the spectra showed no change after further etchin
(about 1 min. A Br/methanol etch was also used on a few
samples, but this resulted in a rough surface morphology. _n2 222 2
After etching, the sample was then placed in a dry methanol eu(B)=no+ [bES(ES-ED)]). @
bath for transfer into a glove bag filled with dry,Nwhile
under dry nitrogen, the sample was removed from the methaFhis appraisal adds two more free parameters that must be
nol bath, blown dry by nitrogen, placed upon the sampleobtained. A least-squares analysis leads to the following best
stage, aligned, and measured at three angles of incidenéi¢ parameters: né (=5.4), b (=0.81), andE, (=2.5 eV),

(65°, 70°, and 75° An experimental difficulty arose in which yielded a thickness of 1.34.02 um. Using a Philtec
maintaining the sample under dry nitrogen during the meainstruments sectioner the dimension of the epilayer was
surement: exposure of the modulation head of our ellipfound to be 1.3&0.1 um.

someter to this nitrogen resulted in a large40%) change Next, using a multilayer ellipsometric analysis program,
in measured dielectric functions. Care was therefore taken tthe system ZgCd, ,Se/InP was modeled using this thick-
prevent such exposure by means of small entrance holes foess to find the real and imaginary components of dielectric
the incident beam, spacing between the entrance aperture ¢onstant that best explained the experimental data for all
the glove bag and the modulation head, and a small fan tthree angles; this analysis was performed sequentially for
divert nitrogen leaving the bag. Such care is not requireckach wavelength within the program. This process was re-
with the more common rotating analyzer/polarizer ellipsom-peated for different assumed thickness, and a range of thick-
eter systems, and the reasons for this effect on the modulaess was found that minimized the residual error. The final
tion system remain unclear. obtained thickness was 1.3idm, in good agreement with the

Figure 1 shows the room-temperature ellipsometric datghysical determination of the layer dimension. For the en-
for (@) cos@)) and (b) tan(¥) measured at an angle of inci- ergy range at the onset of absorption, where the absorption
dence of 70° in the range 0.8-5.5 eV. The large oscillationgoefficient cannot be presumed zero but the optical response
below the fundamental band g&fp (about 2 eV are inter-  still must account for the substrate, further ambiguity arose
ference fringes. Interference effects above the band gap bé that more than one combination of real and imaginary
come negligible as the penetration depth is much less thadielectric functions were equally consistent with the data.
the film thickness. We chose the pair most consistent with the less ambiguous

The data analysis requires several steps, the first step o&sults from higher and lower energies. Although more com-
which is to determine the layer thickness. This value can b@licated interface structures could have been analyzed, the
determined from large interference fringes below the fundasamples discussed here were grown on InP buffer layers and
mental band gap, which are periodic in the product of theno need for an extra interface layer was found.
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FIG. 4. The solid line is the experimental value of (oxide
Photon Energy (eV) removed in the region ofE,. The dashed line is the fit to E(R).

FIG. 3. The solid lines are the experimental valuesaind k played by the solid line in Fig. 4 is, in the vicinity of E,.
(oxide removeglin the range 0.8-5.5 eV. The dashed lines are theThe direct gap exhibits a very well-defined excitonic struc-
fits. ture even at 300 K. In Figs. 2 and 3 the spin-orbit split

componentEg+ A, also is seen. There is a very well-
lll. RESULTS AND ANALYSIS resolvedE; ,E;+ A, doublet in the region around 4.5 eV.
, . , The line shape in the vicinity oEy,Eq+ Ay andEq,E;
For purposes of discussion we consider the band strucj—LA1 has been fit by a Lorentzian broadenl excitonic
tures of ZnSeRef. 22 and zinc blende CdSé respectively, and (b) relevant BBCE profiles, i.e., 3M, for the former

since the band structure of Abd,_,Se/InP has not been g features and 2DM,, for the latter two. In order to ac-
calculated. The fundamental absorption edge of these matgpunt for the experimental curves over the entire photon en-
rials corresponds to three-dimensioii@D) M, direct tran-  ergy range it was also necessary to include the influence of
sitions from the highest valence band to the lowest conduce) the I'3—L¢ indirect transition andb) the E,, transitions.

tion band at thel' point (i.e., I'{s—T'{, in single group

notation. The spin-orbit interaction splits thE}; valence B. Model dielectric function

band intol'g andI'7 (splitting energyA,). The correspond- The dielectric properties of a crystal are known to be
ing transitions atkk=0 are labeledE, [T3(I'}s) —T§(I'S)]  strongly connected with its energy-band structure. Transi-
and Eg+ A, [T9(T5)—T¥(IS)], respectively. The spin- tion_s involving these energy bands, including rele_,\vant exc!-
orbit interaction also splits th&(A%) valence band into torlnc effetctst, aret respdq;’lsmle 'ro[:)Ia“ thhe tstructure in thel OF;E'
v (AU vOAD ; . cal constants at readily available photon energies. In the
i‘igﬁgA“;?ear}gbLeﬁg;?E)' T[T_?, ‘(’Eﬁr)e_sﬁﬂ?fé;‘g gr[M th;(a;g)l model that we have employed, the dielectric functigg) is
> a 1 Lhasita) “Lhelt1) 4573 approximated as a sum of several components, each of which
_Ag(Ag)] and Ei+A; [Lg(L3)—Le(Ly) or Ag(A3) s an explicit function of energy and represents a contribution
—Ag(A7)], respectively. The, feature is due to transitions  from the neighborhood of a critical poif€P) in the joint
along[110] (X) or near theX point, at an energy between density of states. For thEy,Eq+A, and E; ,E;+A; fea-
6-—7 eV. tures we have explicitly taken exciton effects into account.
As required €;(E) and e,(E) are Kramers-Kronig(KK)
transforms of each other.
A. General features
Shown by the solid lines in Figs. 2 and 3 are values,qf 1. Eoand Bp+A, features
€, andn (real), k (imaginary components of the complex The data near thE, band gap have been fit to a function
index of refraction, respectively, as a function of photon en-which contains Lorentzian broadenés) excitonic and(b)
ergy E obtained from an analysis of the data of Fig. 1. Dis-3D M, BBCE contributions>=2°

2R,

A
Ez(E)=|m(?[§n: -

n 1—e-271(E") 1 _ea-27%(E)| E'—E—il,

1 . 1 +jw 6(E'—E,)  6(—E'—Ep) dE’
Eno—E—il'no ERotE+il —w '
(29)
whereA is a constantl, is the energy of the direct gaR, is the effective Rydberg enerdy= (Eq— E‘f‘o)], Eﬁ’fo andrﬁ)fo are
the energy and broadening of th¢h state of the excitonl’y is the broadening parameter for the band-to-band transition,
21(E)=[Ro/(E-Eo) 12 z,(E)=[Ry/(— E—Eg)]¥2 and(x) is the unit step function. The energy of théh exciton state
ES% is given by Refs. 23-25, while for the broadening parameter we have used the empirical #drmula
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n

Once the final form o, was determineds; was evaluated from the KK relations. The precise expression we have employed
is presented as EGA7) in the Appendix and produced line shapes very similar to those previously*t&ed.

The dashed line in Fig. 4 is a least-squares fit to E&)swith values of the relevant parameters listed in Table I.

The Eq+ A feature has also been described by broadened excitonic and BBCE components, with parameters similar to
those used for th&, feature, i.e., Eqs2) with A—=B, Ey—Eg+Ay, Ry—Rs, I'no—Thso andlo—T.

2. E;and E;+A; features

TheE,,E;+ A, CPs are of the 2IM, type with an exciton whose contribution ¢ég(E) can be derived in a manner similar
to that forE,. For theE, feature we can writ€%’

Ey=| 1 > 4R, 1 N 1
=Im| = - -
B)=IM g2 | & 13 B CE-iTe, | BN EITY,

= QOE'—E —0(—E'—-E dE’

+J' ( -2 z(lli’) ( -2 z(E'l)) '—E—j ! (3a)
—x| 1+ e 278D 1 4e27 E'-E-il';
|

whereC; is a constantz; is the energy of the gajR; is the The first and second derivatives of our expressions for the

effective 2D Rydberg enerdy=(E;—E>))], Eyy andI'y;  dielectric functions for thée; andE;+A; resonances were
are the energy and broadening of titl state of the exciton obtained analyticallyfEqgs. (A16) and (A17), respectively

I'; is the broadening parameter for the band-to-band transand fit to the relevant numerical derivative of the data, as
tion, zg(E)=[Ry/4(E—E;)]¥% and z,(E)=[R;/4(—E displayed by the dashed lines in Figs. 5 and 6, respectively.

—E,)]¥2 The energy of theith exciton stateEy is given  The fit to d?e/dE? allowed us to determine the broadening

by?2 parameter ;) and the exciton energie€;—R; and E;
R +A;—R;) as well as the product§€;R; and C,R;. How-
ES = El_—12, n=123.... (3b) ever, dug to the large exciton binding e.nergy,'the BBCE
’ (2n-1) contribution tod?e/dE? was very small making it difficult to

) ) determineR; from this data. The quantitgde/dE is more
The quantitye; was then determined from the KK transfor- gensitive to the Rydberg enabling us to obtain an initial value
mation qf_Eq. 8a) in a procedure similar to that used for the ¢ R,~250 meV. This is in reasonable agreement with a
E, transition[Eq. (A12)]. _ _ theoretical value of 300 meV for Zn$&.
TheE, +A, feature also has been described by excitonic g first derivative spectrurfFig. 5 shows a significant
and BBCE components., with parameters similar to thos%ackground that can be seen on the low-energy side,of
used for theE, feature, WithC, ~C, andE; —»E, +4,, ec. and also a small background on the high-energy side. As will

In practice, OF"Y a single broadening paramdigrwas be discussed in more detail below, these differences have
used for the excitonic as well as the BBCE components fo{)een ascribed to the influence of thig,-L¢ indirect band
WU

both theE; andE; + A transitions and also the same effec- o .

tive 2D Rydberg R;) was used for both features. gap Eind) and thek, ransitions, respectively.
In order to initialize the parameters for the and E;

+ A, features, the firstde/dE) and secondd?e/dE?) de- 3. Indirect I'3-LE band gap(Eng)

rivatives of the experimental dielectric function with respect

to the energy were calculated numerically. These results are The contribution of thel'§-L¢ indirect transition(see

shown by the solid lines in Figs. 5 and 6, respectively. Figs. 1 and 2can be modeled By

Eing 2n E+ilingtEc ~_ Bing Zn

Eind

e +
E+ilg

1+

2 I ( EC
n R
Eind

E+ilinq—Ee )]
E+iling—Eing/ |’

G(E):Dind[ -2

4
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where D;,q is the amplitudeE;,q and I';,4 are the indirect has a large effect on the pseudodielectric function. The mea-
band gap and broadening parameter, respectively, vihile sured pseudodielectric functide) of an as-received sample

is a cutoff energy €£E;—R;). We have takenE;,y  (with oxide) is compared to an etched samfeithout ox-
=3.9 eV based on the band structures of ZnSe and zinigle) in Fig. 9. The effect of the oxide i&) to lower (e;) in

blende CdSe. the region aroundt; ,E;+ A, and increase it at lower ener-
gies and(b) to diminish{e;) for all photon energies in our
4. E, feature spectral rangé’

The E, peak is difficult to analyze as it does not corre- 10 9ain further information about the native oxide we
spond to a single, well defined GB° Thus, theE,, structure have taken the values ef(without the oxid¢ and added the

(not observerihas been characterized as a damped harmonigects of this layer by means of a three-phase m&tihe
oscillator829 only relevant oxide optical constants available are for ZnO,
which were employed. Shown by the solid lines in Fig. 10
F, are the experimental values @ for the as received sample.
[(1—_2ﬁ, (5  The dashed lines are a least-squares fit simulation yielding a
X2)—1X2Y 20 A thickness of ZnO. Leet al!* have reported a similar
with x,=E/E,, whereF, is the strength parameter ands oxide thickness in their study of Z8d, ,Se/GaAs. Despite
a dimensionless broadening parameter. Eaefeature was the small thickness obtained for the oxide layer, it should be
not observed, but was expected to lie betweenBhestruc-  Nnoted that it appears to be a very robust and stable covering,
ture of ZnSe near 6.6 eV and that of zinc blende CdSe neas evidenced by its relative lack of reactivity to various
6.0 eV. The energy df, was taken to be 6.35 eV for the fit. etchants.

e(E)=

5. Total dielectric function V. DISCUSSION

The model presented above can be used to fit the experi- o ] )
mental dispersion o&(E) over the entire range of the mea- _ FOr €1 in Fig. 2 we have used the KK inversion of Egs.
surements. The total dielectric function was found by sum{2) and(3) and the real components of Eqé) and (5) plus
ming the expressions given in the previous four sections, i.e 1= 1.53. Note that there is an excellent agreement over the
Egs. (2)—(5) and their relevant KK transforms. A constant, €ntire spectral range of the measurement. These fits yielded
€1.., was added to the real part of the dielectric constant tghe values of the relevant parameters listed in Table I. These
account for the vacuum plus contributions from higher-lyingValués are somewnhat different in relation to Ref16-5.4
energy gap¢E}, E,, etc).2?The parameters such As B, eV) because of the extended range of the measurements in
-c}nls paper(0.8-5.5 eV. For comparison purposes we also

of both ;(E) ande,(E). Shown by the dashed lines in Fig. Present in Table | numbers for ZnSe from Ref. 8.
2 is a least-squares fit to Eq®)—(5) with the obtained pa- In contrast to other ellipsometric studies of related mate-

: 7,8 9-11
rameters given in Table |. Note that there is excellent agreer-IaIS such as ZnSe (bulk), ZnSe/GaAg001),

12-14 H
ment between the experiment and fit. The values of the in%SXCdd_)iSe/Gar?QOOI), d a[‘d zinc blel:)ndedCdselQefs.
terband transition€E,, Ey+ A, as well as excitonicE, and 15 we have used a Lorentzian broaderarexci-

—R,, E;+A,—R, features are denoted by arrows. For com-fonic and (b) relevant BBCE profiles for not onlfgg,Eg

parison purposes we have also listed in Table | the numbers Ao but also forE, ,E,+ A, . This approach has enabled us

for ZnSe from Ref. 8. to extract the relevant Rydbergs for the exciton associated

Displayed in Figs. 7 and 8 are the individual contributions‘é".’th thtiseH) tvalr(lqu? transﬂ;ons._t Altr}ou%? K'fm ?nd
to €;,(E) ande,(E), respectively, of the various transitions. lvanantharr took Into account excitons for these four fea-

They were obtained from E@2) (and its KK transform for ;Eres lndZtnSt()a tf(]je%/ use_t(_i onIyTa pne-electttzon ?;(E[)r:ess%r]\ for
the 3D exciton and BBCE 3DM, Ey,Eq+ A, transitions, € band-to-band transitions. 10 improve their it the authors

Eq. (3) (and its KK transformfor the 2D exciton and BBCE g;?e_];_'alo S%dese‘z %?]Tss'aann fr?téﬁ'f;he ?g?lidiggg'EAdaCh'
2D My E;,E;+A; transitions, Eq.(4) for the indirectl'} guchi u y excitonic _profi 1) -1
_ L& contribution, and Eq(5) for the E, resonances +A,. References 8 and 10 did _not extract the Rydberg
6 AR 2 L In Ref. 12 the effects of the exciton at bd#y,Eq+ Ay and
After the initial fitting it was noted thak, still had a

e ) E,,E;+A; were accounted for on the basis of a Slater-
significant value below thE, gap, so that a linear cutoff was =’ > .1

) oo Koster “contact” potential, which results in a phase shift
introduced for theEing, Es, E1+ D1, andE; contributions o oeen the real and imaginary components of the complex
€, to eliminate this effect by using the equation

dielectric function and their derivatives. The discrete nature
E_E of the excitons was not considered. In Refs. 9, 13, and 14 the
(6) data were fit with a simple harmonic-oscillator model.

The nature of thé&, ,E;+ A, transitions in diamond- and
where we have useH,=3.2 eV. The quantite, was ob- z!nc blend_e—typg semiconductors has been the subject of con-
tained by a numerical KK analysis of E¢§). S|dera}ble investigation. It is well known that these features
contain not only a band-to-band component but also a strong
excitonic contribution, even at room temperattfé® Efforts
to fit the optical and derivative optical properties with an

The effect of oxide formation on the optical constants alscexciton plus a one-electron band-to-band profile, without
has been observed. Oxide thickness and surface roughnds&ing into account the proper BBCE form, has necessitated

62,C0: 62 E E 1
co =0

C. Oxide effects
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TABLE |. Material parameters used in the calculation of the
optical constants of Zjx{Cd, 4/Se/lnP. Values for ZnSe from Ref.
8 also are listed.

Parameter 2§40 47SE ZnSe
Eo (eV) 2.078+0.003 2.69
A (evt9)? 11+05 49/23.4
Ry (meV) 20*+2 17

I'y (meV) 10+2 30
I'gex (MeV) 7.5+1 30
Eo+Aq (eV) 2.52+0.02 3.10
B (eV!9P 7.3+0.7 24.5/11.%
R, (MeV) 20+6 17
Io/T ex(MeV) 70+6 3¢
E.—R; (eV) 4.42+0.01 4.75
C, (eVd 14.8+1 48 3
R; (meV) 270+50

'y (meVv) 245+ 5 370
E.+A—R; (eV) 4.72+0.02 5.05
C, (eV?d) 9.0+1 27.4
Enq (V) 3.9

Find 730+70

I'ing (MeV) 650+ 70

E. (eV) 447

E, (eV) 6.35° 6.7
D, 1.55+0.15 1.6

y 0.24+0.07 0.2
€10 1.53+0.15 1.2

®Reference 8 used different amplitude constants for the exciton anﬁ

band-to-band features.

bParabolic band-to-band transition, not BBCE.
T, only.

dExciton only; evaluated using our value B&f .
Fixed.

fSet equal tcE;—R;.

15 T T T

de/dE (eV'")

N
o

Experiment
L ————Fit

LN
o

Ny
S

w
o

4.0 45
Photon Energy (eV)

FIG. 5. The solid lines are the experimental valuesief/dE
andde,/dE. The dashed lines are fits to H@16).
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FIG. 6. The solid lines are the experimental valuedf, /dE?
andd?e,/dE?. The dashed lines are fits to E\17).

the addition ofad hocterms, such as a Gaussian broadening
(in addition to the Lorentzian®*!in order to properly ac-
count for the experimental data.

Our value forRy=20 meV (Table |) is somewhat larger
than that reported for ZnSe. Based on the smaller band gap
of Zn,Cd, _,Se/InP in relation to ZnSe one would have ex-
pected a somewhat smaller exciton binding energy. The
value of R;=270+50 meV is in good agreement with the
theoretical calculation of 300 meV in Ref. 28.

The small feature at about 2.1 eV in the data of Fig. 4 is
robably due to an exciton longitudinal-optical phonon reso-
ance, as discussed by Trallero-Gireerl>? It was not ex-
plicitly included in our calculation.

The broadening parameter for both the exciton and band-
to-bandE, transition is comparable to that reported by Kim
and Sivananthdfl for ZnSe and quite a bit narrower in rela-
tion to the ZnSe data of Ref. 8. This is evidence for the high
quality of our alloy sample.

6r |
2D Exciton
E,.E,+4,
4t 4
N
w Indirect
2 - 4
3D Exciton
[
=W
0 1 1 1 1 L
0 1 2 3 4 5 6 7 8
Photon Energy (eV)
FIG. 7. Individual contributions of the various transitions
tO €r.
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In order to fit the data betweeBy,Eq+ Ay and E,E;
+ A, we added the contribution of théj-L¢ indirect tran-
sition. Although most authors have not used gL g indi-

Photon Energy (eV)
FIG. 10. The solid lines arée;) and(e,) for the as-received

sample(native oxide. The dashed lines are a simulation(ef) and
(€;) with 20 A of ZnO.

four distinct CP structures which have been fit using a model

rect transition to fit their data for direct band-gap materialsdielectric function which includes excitonic and relevant
such as ZnSe, Adachi did employ it for his analysis of fAP. BBCE profiles for not onlyEq,Eq+ A but also forE;,E;

It should be mentioned that in Z@d,_,Se/InP the separa- +A;. Because of sharpness of our spectra, related to the
tion betweerE,,Eq+ A, andE, ,E;+ A, is about 300 meV high quality of our samples, we have been able to extract a
larger than in ZnS¢see Table)l Therefore, any deficiencies number of important materials parameters, including exci-
in the model dielectric function, such as the assumption ofonic binding energies at boty,Eq+Ag andE; ,E;+A; as
parabolic bands, are more likely to appear in this materialwell as the influence of th&'g-Lg indirect transition. The
This may also be the reason why it was necessary to adealues of the various parameters in Table | are somewhat
another oscillator in the region between these major spectralifferent from those reported in Ref. 6 because of the ex-
structures. tended range of the photon energy of this work in relation to
the prior study. The effects of the native oxide on the optical
properties has been examined. We find the thickness of this

_ oxide to be~20 A.
In summary, we have measured the optical constants of

Zng 544y 47S€e/InP in the range 0.8-5.5 eV. Our data exhibit

V. SUMMARY
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5 To evaluate the integral in E€Ra) we follow the method
presented in Gu et al® First, the exponentials can be re-
written as
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FIG. 9. The solid lines arée;) and (e,) for the as-received
sample(native oxidg. The dashed lines akg ande, after removal

Al
of the oxide. (A1)
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The terms resulting from the first term on the right side ofto give

the above equation can be integrated directly and yield

— L Im{IN[(Eq—E—iT)(Eg+E+iD)]},  (A2)

while those corresponding to the co#taf factor can be
transformed via

E'—E E,—E—-ill
X2=z; %= Re 2, #=— Ry (A3)
and
E'+E Eo+E+il
X5=2,°= Rq o, g§=OR—O, (A4)
e(E)=
+UE(—E—ilg)]—gqul&(ilg)]—gul&(=ilg)] ¢,
where

E{Qb[f(EJrITn)]Jrgbn[ﬁ( E—il'n)]—gbn[£(il'y)]—gb[ £(—

"X tr( 7) "X tl'( i
X CcO X CcO
0 i+ & X1 0 %"‘ & X2
(A5)

which is an even function which can be solved by contour
integration. The poles in the upper hemisphere are

x=i¢ and XZIE’ m=1,23.... (AB)

Following this integration, the total dielectric function can be
determined from the KK relation to be

iT )1 +gulé(E+iTy)]

(A7)

ing &(iT") and &(—iT") only contribute toe; as they are
complex conjugates of each other.

Eo— Equation (A7) corresponds closely to expressions given
E(X)= = (A8) by other authoré®>?*However, it has the advantage of con-
taining both dielectric functions and being easier to work
with analytically as it involves only algebraic and trigono-
metric functions.
gbn(§)= nd &—1/n?’ (A9) The expression for thE; 2D critical point can be broad-
ened in much the same way except now one uses the relation
L2 1
gu(§)=—In(&3)—m cof( ) D Y y et 1 . a1
n= e +tanh 7z
(AL0) T7e 272 [ H(7z)].
with gb corresponding to the bound excitonic states gnd
to the unbound continuum statBBCE). The terms involv-  The broadened function can then be written as
C [< . . . _ _
«B)=5 nZl {gba[(E+iT)]+gby[£(—E—il)]—gb [ &) ]—gb [&(—i) ]} +gul&(E+il)]
+QU[&(—E~il)]-gul£(iT)]-gul&(—iD)]{, (A12)
where now
4(Eyp—X
o= 2ECX) (A13)
G
32 1
gbn(§)= (A14)

(2n—1)3 £2—4/(2n—1)?"
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o]

= (@) +rtan == 16 ! Al5
gu(f)— n(f) T a § = (Zn_1)3 gZ_ll(Zn_l)Z' ( )
The first and second derivatives of the dielectric function with respect to energy can be written as
de —2s+4c [1 1 772 1 8( ) 1 8( )
—=——t == se se
dE. E GE’{|& gz £ &) 8 &
- 16 1 1
(2m-1)* £ am-1)?
and
& = tan —
d’e_—2¢ 2de 16C | [1 1] 3a[1 w| 1 7 773 SeCl g, )N g
a2 B2 EdE o) BT E T a gyt et &
a
se@( — o
§z r<§2 32 1 1
—é— +mE:1 (2m—1)3 2 4 cha 5 4 3 ’ (AL7)
I (2m-1)? & (2m—1)

with &= £(E+iT) and&,= &(E—iT).
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