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We report the molecular-beam epitaxy growth and characterization @Be, Te epitaxial layers

on (100 InP substrates. B&n; _, Te layers withx varying from 0 to 0.58 were grown. Good control

of the composition is achieved by adjusting either the Be or the Zn cell temperatures. The layers
exhibit high-crystalline quality, as established by double crystal x-ray diffraction and etch pit density
measurements. Narrow x-ray rocking curves with a linewidth of 72 arcsec and etch pit density of
5% 10° cm 2 are obtained for the B&n,_,Te layers closely lattice matched to the InP substrate.
Be,Zn, _,Te layers under tensile strain, which have higher BeTe content, exhibit slower degradation
of the crystalline quality as a function of lattice mismatch than layers under compressive strain. The
lattice-hardening properties of BeTe are proposed to be the reason for this beha26020
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[. INTRODUCTION layers are studied by double-crystal x-ray diffracti®RD)
and etch pit densityEPD measurements. Narrow x-ray

I_n_the past several years_)ZquMgl_x__YSe-based light rocking curves(72—78 arcsecand low etch pit density (5
emitting diodegLEDSs) operating in the visible range of the X 10° cm~2) are obtained for the closely lattice-matched

spectrum have been reported by several research gk’ﬁps'epilayers indicating high-crystalline quality. The crystalline

These LED structures are grown on InP substrates and umiz&uality of the Bezn, ,Te epilayers under compressive and

. —X
lattice-matched Zn|$Q,Te0_5Hor ZmMglh*XS’%/Telay az thlf _ tensile strain is compared. A slower degradation of the crys-
top p-type contact layers. However, there are drawbacks iNgjiqq quality as a function of strain for epilayers under ten-

volved in the use of each of these materials. _In the case ile strain compared to epilayers under compressive strain is
ZnSeg sTey 5, which can be dopeg-type to carrier concen- observed

tration levels in excess of ¥cm ™2, absorption of the emit-
ted light by the contact layer limits the performance of sur-

face emitting LEDS When Zr;(Mgl_xSeyTgl_y layers with Il. EXPERIMENTAL DETAILS

band gaps of 3.1 eV are used, the maximum free-hole con- _ _ _

centration is in the low 1§ cm~2, making the formation of Be,Zn, _,Te epilayers were grown in a Riber 2300P MBE
ohmic contacts more difficuft. system using elemental Be, Zn, and Te sources. This system

A promising alternative material for use aq)&ype con- consists of two gI‘OWth chambers connected by an Ultrah|gh
tact layer is BgZn, _,Te. It can be lattice matched to the Inp vVacuum transfer channel. One growth chamber is used for
substrate with a BeTe mole fraction 6f0.48 and it can be As-based llI-V materials and the other is for wide band-gap
doped p-type to the 1&cm 3 level>® Also, since II-VI materials.

Bey.4eZNossTe is an indirect semiconductor with a direct ~ The growth was performed on semi-insulating IfiR0)
band-gap energy of 3.14 eV, it does not absorb light in thesubstrates. Prior to use, the substrates were degreased and
visible range of the spectrufrHowever, there is no system- €tched as previously describB@The substrates were deoxi-

atic study of the growth and properties of this material sysdized in the I1l-V chamber by heating to 480 °C with an As
tem. flux impinging on the InP surface. A lattice matched

In this article, we report the molecular-beam epitaxy!Nos&Ga.4As buffer layer (170 nm was grown after the
(MBE) growth and characterization of %-ll*XTe epitaxia' deoxidization. The buffer |ayel’ was terminated with an As-
layers on InP(100) substrates. The dependence of the Belich (2X4) surface reconstruction and the samples were
content on the Be and Zn cell temperatures is investigatefiansferred in vacuum to the II-VlI chamber for the
and good reproducibility from run to run is observed. SmallB&Zn;—xTe growth. Prior to the initiation of the II-VI
compositional fluctuations observed in some Bg_,Te  drowth, the samples were heated to 170°C and the As-
epitaxial layers are explained by slight fluctuations of theterminated Ill-V surface was exposed to a Zn flux for 40 s

substrate temperature. The crystalline properties of the ep{Zn irradiation to optimize the II-VI/Il-V interface quality.
Be,Zn, _,Te layers were grown at 270 °C under Te-rich con-

aElectronic mail- maksimov@netzero.net di_tions, as characterized by ax2) surfacg reconstructioh,
YElectronic mail: tamar@sci.ccny.cuny.edu with a group-VI to group-ll flux ratio of ~3. The
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BeZn,_,Te composition was controlled by adjusting the Be Theta (arc sec)
and/or Zn cell temperatures, which control Be to Zn flux
ratio. The growth rate was around 0.25-04%/h and the . . Yy
|ayers were 0.5-0.9m thick. layers with . different compgsmon grown on InI_D suibstrate(sa)
. BeyaZngsaTe; (b) BeyseZng 4oTe; and(c) Be,Zn, _,Te with x=0.50 and

The growth mode and surface reconstruction were monig 51.
tored in situ by reflection high-energy electron diffraction.
Lattice constants were measured by single-crystal and
double-crystal XRD using CK ., radiation. Alloy composi- The (004 reflections of the double crystal x-ray rocking
tion was estimated from the lattice constant, assuming theurve for BgZn; _,Te epilayers with different Be mole frac-
validity of Vegard’s law and using 6.104 and 5.622 A as thetions are shown in Fig. 2. In all spectra the dominant peak is
lattice constants for ZnTe and BeTe, respectiveh}. from the InP substrate and the others originate from the

The layer thickness was measured using a Philtec se@pilayer. In Figs. 2&8) and 2b), single peaks with full widths
tioner. The surface morphology was investigated using &t half-maximumFWHM) of 72 and 91 arcsec, respectively,
Nomarski microscope and a contact mode atomic force miare observed indicating high-quality material. In a few cases,
croscope(AFM). such as that shown in Fig.(@, two closely overlapping
peaks related to the Bén, _,Te epilayer are observed. In
these cases, similar spectra were obtained from different ar-
lll. RESULTS AND DISCUSSION eas of the wafer suggesting that these do not represent lateral

The control of the composition during the MBE growth of variations in layer composition. We attribute the presence of
the BgZn, _,Te alloy system was investigated. The compo-two closely spaced peaks to the presence of two regions with
sition was varied by adjusting the Be and/or Zn cell temperaslightly different Be contentx=0.50 and 0.5]las a function
tures, which control the fluxes of these two species. Twmf depth. A strong dependence of the,Be, ,Te composi-
experiments were performed. In the first experiment severaion on the growth temperature has previously been
samples were grown in which we increased the Be cell temreported® For example, in our experiments, we observe that
perature with the Zn cell temperature held constant atn increase in the growth temperature from 270 to 300°C
183°C. In the other experiment we decreased the Zn cellesults in a compositional change from0.45 tox=0.50.
temperature with the Be cell temperature held constant athis strong substrate temperature dependence may be due to
960°C. The cell temperature is directly relateekponen- the fact that, in this temperature range, the Zn sticking coef-
tially) to the flux of the species, which determines the layefrficient decreases with the increase in the growth temperature,
composition. Flux determination is usually based on beanwhile the Be sticking coefficient remains nearly constant.
equivalent pressurdBEP) measurements using a flux gauge. Thus, we propose that the observed compositional variations
However, accurate BEP measurements are difficult fomay be due to small fluctuations of the substrate temperature
group-1l elements, and in particular for Be, so in our experi-during the growth.
ment we plot the temperature of the source cells. As shown The defect density of the epilayers was investigated by
in Fig. 1, the Be content increases linearly on a logarithmicEPD measurements. A concentrated HCI solu{@2fo was
scale with the increas@lecreasgin the Be(Zn) cell tem-  used. This solution has been previously reported to be a suit-
perature. Good reproducibility from run to run is observed. able  defect revealing etchant for B&,_,Se,

Fic. 2. (004) Double crystal x-ray rocking curves for three ,Be, ,Te
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Fic. 3. Atomic force micrograph for a Be«Zng 4eTe epilayer etched for 60
s in HCI (32%). Oval-shaped etch pits can be seen on the etched surface.

EPD values for the layers under tensile strain increase much

more slowly with respect to lattice mismatch than for the
pilayers under compressive strain. As shown in Table I,
eZn, _,Te layers under tensile strain have a higher Be con-
gnt than those under compressive strain. An increase in the

using Nomarski microscope and AFM. No defects are see ttice hardness with increasing Be content has previously
on the as-grown surface. When etched for 30 s, etch pits catt <" 129190”6(,1 for B&n, ,Se and BgZm ,SgTe,
be observed. With an increase in the etching time, the pitgloys. " We interpret the different behavior for the layers

become bigger and deeper, but the density remains const rtldzer CO_IEanreSS'Ve 'tﬁnr?' :]ensléle strfsst by proposmgd ”t]at
during the etching and does not depend on etch time. Figur &M, 1€ layers with higher Be content can accommodate

3 shows an AFM image (4040 zm) of the Bg 52Ny 45Te a larger misfit strain by elastic deformation without the for-
epilayer after the etching for Géus i HCl ThéSéitsoﬁgve anMation of misfit dislocations, due to the expected increase in
oval shape with a size of 81 um and are very deep, in the lattice hardness.

excess of 150 nm. From studies of similar materials, these

etch pits are expected to be related to defects in the 1I-Viv. CONCLUSION

layer, such as misfit dislocations and stacking faults. . .

The properties of the B&n, _,Te epilayers grown in this We havg mv_esugated the MBE growth of @, _Te
study are summarized in Table I. In Fig. 4, the FWHM of thegpllayers with different Be content_on IR0 substrates. A
double-crystal x-ray rocking curvesolid circles and the linear dependence of the Be cont(anta_log. scgleeon the Be
EPD valueqopen circlegfor these epilayers are plotted as a (Zn) cell tempgratures was observed _mdlcatlng good control
function lattice mismatchAa/a) to the InP substrate. As the of the cor:rr:oatllon. I\:arr]roy\; >;—ray .EOCk]',ng %ugtlg S_d 20 wn to 72
figure indicates, the epilayer quality decreases with the in2 cocc Wi @ IOW-EIeh pit density of mic=18m = were
crease of the lattice mismatch, evidenced by the broadenirgy[alned for closely lattice-maiched epilayers suggesting

of the x-ray rocking curves and the increase in the defec _|gh-crystallin<_a quality. Variations in E;anTXTe composi-
density. This is likely due to relaxation of the layer by thet|on as a function of depth were observed in a few cases and

formation of misfit dislocations to accommodate strain. Fur—fp’lttrIbUtEd to small fluctuations of substrate temperature dur-

thermore, the FWHM of the x-ray rocking curves and the'nY the growth. BeZn, _,Te layers under tensile strain ex-
' hibited a slower rate of degradation as a function of the strain

than layers under compressive strain. This was attributed to
the enhanced lattice hardening in layers with higher Be con-

Be,MgyZn; _,_,Se, and MgZn, ,S,Se _, alloys’*** In
our experiment, the etching behavior was examined b
changing the etching time. The B&n, ,Te layers were
etched for 30, 60, 90, and 120 s and their surface was studi

TasLE |. Properties of BgZn, ,Te layers grown.

tent.
Mismatch FWHM EPD Thickness
Composition (%) (arcseg (cm™?) (nm)
Bey 3eZNo.goTe 0.85% 280 1510 740 ACKNOWLEDGMENTS
BepZnoeTe 0.65% 190 6.510° 690 The authors would like to acknowledge support from the
22-46520-5412 Odlgggj 7782 si ig Zgg National Science Foundation through Grant No. DMR
.51<110.49 - Y. 0 H H
Bey o7, oTe —0.34% 76 12¢1cP 560 9805760. This work was done under the auspices of the Cen-
Bey sZM 45TE _0.78% 91 4.5¢ 10° 690 ter for Advanced Technology on Ultrafast Photonics and the

Center for Analysis of Structures and Interfaces.
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