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Antimony segregation in the oxidation of AIAsSSb interlayers

A. M Andrews, K. L. van Horn, T. Mates, and J. S. Speck?
Materials Department, University of California, Santa Barbara, California 93106

(Received 13 February 2003; accepted 4 August 2003; published 2 Octobegr 2003

The lateral wet oxidation of strained AIAsSb was studied. AlASh, »g interlayers were grown on

a GaAs substrate and capped with a lattice-matchggl®®, ;5As layer. The AIAsSb was oxidized
between 350 and 450 °C. Oxidation temperatud€90 °C resulted in poor surface morphology and
delamination. Oxidation of thicker AIAsSb interlayers~ 2000 A) resulted in metallic Sb layers
forming between the AlQand the semiconductor interfaces. The remaining Sb metal at the oxide—
semiconductor interface was15% oxidized. Lateral wet oxidation of thinner AIAsSb interlayers
(h=<500 A) resulted in Sb inclusions at the oxide—semiconductor interface. The Sb inclusions were
1.5-2.0um in diameter and the inclusion thickness was approximately equal to the AIAsSb layer
thickness. Methanol (CHDH) was added to the water mixture with the intent to stabilize the
otherwise unstable stibine (ShHsuch that Sb could be removed from the oxidizing structure.
However, methanol addition resulted in a decreased oxidation rate and a change in the Sb precipitate
morphology. The Sb inclusions observed in pure water oxidation changed to a Sb finger-like
morphology with increasing methanol concentration. The Sb fingers were 1.@r2Wiide and as

long as the oxidation depth. Oxidation of AIAsSb interlayérs 200 A were limited by the
incorporation of Ga from the substrate and capping layer into the oxidation layer. Doping the
oxidation AIAsSb interlayer ¥ 10'® cm™2 n type (Si or Te) did not result in any improvement in

Sb segregation. €003 American Vacuum SocietyDOI: 10.1116/1.1613954

I. INTRODUCTION quires a different oxidation interlayer in order to be lattice
matched to the substrate. The available IlI-V oxide precur-
Dallesasset al. first discovered the lateral wet oxidation gors petween the lattice parameters of the GE&A&54 A),
of llI-V interlayers when they noted the anisotropy in the |,p (5.869 A), InAs (6.058 A), and GaSh(6.095 A sub-
oxidation of ALGa, - ,As—AlAs—GaAs super!attlce]s_Mesa _ strates are variations of AlAs and alloys with Ga and In on
structures were produced by etching, exposing buried Al-richy,o group Il site and Sb on the group V site. During oxida-
[lI-V layers and the structure was oxidized at temperatures;, “the addition of only a few percent of Ga or In to the

in the range of 300-500°C in a,@-N, gas environment. oxidation layer reduced the oxidation rate while the addition

Toda)/t the Iiterﬁ]l O;('?)a.t'o?. of ”If_rY 'L‘te;][?‘YerS IS dOf crucial o op increases the oxidation rafe25The decreased oxida-
Importance to the fabrication ot ign-€etliciency deviCes ONy,, rae in the Ga or In containing compounds requires an

”.I_V SL.'b.StrateS' La'FeraI ox!datlon has prove_d_essentlal Mncrease in oxidation temperature or time that is usually un-
high-efficiency vertical-cavity surface emitting lasers

(VCSEL9.2® A combined optical and electrical aperture is acceptaple for device processiig. > Using the acceptable .
created by partially oxidizing the epilayer, which reducesP 0¢€3sINg temperatures for ".‘P' that leaves only one practi-
scattering losses from the pillar edges and improves lasin al choice for an O.XI.datIOI’] interlayer, AI&SXSE&' The
efficiency. Although lateral oxidation is of greatest impor-" IAS;Sh alloys ox_@ze between 3.00 and 450. C, depend-
tance to the VCSEL community, the oxidation of the under-""9 N alloy pompgsmon but result in an undesired byprod-
lying material below transistors enables oxide gate insulatordCt Of _metalhc_Sbl. An AlAs interlayer shrinks-20% after
and device isolation in IlI—=V electronic devicds’ oxidation, but in the case of AlAs,Sh,, there is an overall
For lateral oxidation structures on GaAs substrates, theWelling of the interlayer due to Sb segregaﬂ&r‘f._he oxi-
oxidation reaction in the AlAs interlayers is limited by the dation of AlAs,_,Sh alloys result in Sb segregation to one
removal of the oxidation byproduct Ask The porous ox- of the oxide—semiconductor interfaces. Most reported ex-
ide provides a route for the diffusion of the reactants and€riments involved AlAs_,Sh, alloys lattice matched to InP
byproducts. The formation of atomic hydrogen and the for-substrates. In some cases, the Sb layer was reported to be at
mation of AsH, limit the oxidation rate and the final oxide the upper interfac&*°while others reported Sb segregation
Composition_ The oxidation rate of AlAs shows a strong de-to the lower interfacé’ Salesse reported that wet oxidation
pendence on the layer thickness whea500 A, where the Using water:methanol mixtures can suppress or eliminate the
thinner structures oxidize more slowlyLinear oxidation Sb segregation layer intype AlAs, 565k 44 lattice matched
rates are observed in thicker films between 400 and 500 °G9 InP'® The same was not true fqrtype AlAsyseShy 4z,
where the oxidation is reactant limited. while unintentionally doped epilayers were not investigated.
The transition to larger lattice parameter substrates re- Seoet al.reported the first observation of strain relaxation
by wet oxidationt® A schematic for a generic strain enhanced
dElectronic mail: speck@mrl.ucsb.edu structure is shown in Fig. 1. The strain relaxation in the
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additional strain relief of~0.5% after lateral oxidation.
Mathis also showed that the strain relaxation occurred at the
oxidation front and not gradually over the oxidized laffe??

Oxidation Interlayer

Substrate Romanovet al. noted that the removal of the MD core cor-
Lateral relates to an open core dislocation and the elastic fields are
Wet-Oxidation reduced on the order of the open core d|ameter,.thus a more
porous oxide would correlate to a lower energetic barrier to
— . TD motion?* Therefore, the ideal structure for enhancing
___Relaxed Capping Layer ;: film relaxation would be a highly strained as-grown capping
' Oxidized Interlayer layer and the oxidation material and conditions that would
Substrate form a highly porous oxide.

Fic. 1. Schematic of the relaxation enhanced structures before and aftoeé\l';\rhe %oal_ of tIhIS study is .tObICharaCte.nlzef aTd ev;aluate
lateral wet oxidation. Mesas are produced by etching to expose the oxidatioh/AS1-xS interlayers as a viable material for lateral wet

interlayer. The strained capping layer is partially relaxed after the interlayeOxidation interlayers in strained film relaxation and relax-

is wet oxidized. ation enhanced templates.

InGaAs/GaAs superlattice grown on an AlAs oxidation layer|; expERIMENT

was found to increase with increasing indium composition or

AlAs thickness. They concluded that a larger residual strain Epitaxial InGa, —,As/AlAs; _,Sh, films were grown on
would result in a greater driving force for relaxation. Cha- GaAs (100 semi-insulating substrates by molecular beam
varkaret al. showed that the strain relaxation of Ge,_,As  €pitaxy with cracked arsenic (As and antimony (Sp
layers &=0.2, 0.3, and 0¥ in InGa_,As/AlAs/GaAs sources. For this study, lattice matched “analog alloys” of

structures after oxidation depended greatly on the as-growlto.2s5a.75AS/AIASy geSky 20 layers, which correspond to
relaxation?’ As the indium composition increased, so did the1.8% lattice mismatch with the underlying GaAs substrate,

as-grown relaxation for the~20h, films, whereh, is the =~ were deposited at 500 °C. The Matthews—Blakeslee critical
Matthews—Blakeslee critical thickne¥sThe critical thick-  thickness for these films wag~50 A. The structures stud-
nessh, is defined as the film thickness where it first becomeded are in Table I, which are referred to as structures A-I.
energetically favorable to introduce misfit dislocations at theEach sample had the same lattice matcheghdBay 7:As
film-substrate interface to relieve strain energy in the film,capping layer on an AlAssSh, 5o Oxidation layer grown on
and as a result, the film thickness must be greatertihdor @ GaAs substrate. For these growth conditions and alloy
relaxation to occur. The greater initial relaxation resulted incompositions, a 250 A layer (&) was completely strained.
less strain relaxation after oxidation. Mattés al. showed On-axis and off-axis high-resolution x-ray diffraction
that the relaxation after lateral oxidation was due to the rescans were performed on t@04), (115), and (115) reflec-
duction of the misfit dislocatiofMD) array line length at the tions to determine the layer composition and the extent of
InGaAs/AlAs interface by 2 orders of magnitutfeThe  strain relaxation. The in-plane and relaxed lattice parameters
threading dislocationTD) density is relatively unchanged were calculated from the substrate-layer peak separation us-
after oxidation. The removal of the MD cores reduced theing the technique in Ref. 25. The highly relaxed as-grown
energetic barrier to TD motion and thus relaxation. Filmsfilms were unsuitable for a study of enhanced relaxation
grown beyond the equilibrium critical thicknehs show an  from AIAsSb oxidation layers.

TaLE |. Samples used in this study were of the samg,dBa, ;5AS/AlAS, goShy .o cOmposition grown at
500 °C on a GaAs substrate but with varying layer thicknessratygpe doping.

As grown Oxidized
Sample h InGaAs(A) h AIAsSb (A) Doping (cm™3) ~% relaxed ~% relaxed
A 3000 2000 uiB 98 98
B 500 500 Uit 76 90
C 350 200 uiB 30 XP
D 300 200 uis 0 xP
E 250 200 Uit 0 XP
F 200 200 uiB 0 X
G 200 150 it 0 xP
H 500 500 Si 80 90
(1x10*® cm™3)
I 500 500 Te 80 90

(1x10'® cm™3)

@Unintentionally doped structures.
PPoor crystal quality in the capping layer for determining the film relaxation.

J. Vac. Sci. Technol. A, Vol. 21, No. 6, Nov /Dec 2003
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Fic. 2. Optical Nomarski micrographs of an oxidized cleaved edge of sample A at 450 °C. The water:methanol ratio during the wet oxidation was 1:0 in
micrograph(a) and 1:3 in micrograplib). The large variations in surface morphology are attributed to Sb segregation.

Etching 100um-square mesas and trenches exposed thiél. RESULTS
oxidation layers. Reactive ion etchinf®RIE) of the mesas
and trenches with GYAr produced superior results to a
H3PO,:H,0,:H,0 wet etch. The Sb-containing layer was Samples A and B were oxidized at temperatures between
preferentially removed by the wet et¢k10:1) creating an 350 and 450 °C. The average oxidation rate of AlASK, 2o
undercut. The undercut became a stress concentration aatl temperatures below 350 °C was considered not sufficient
resulted in delamination in most oxidation conditions. Thefor the lateral wet oxidation of the 10@m mesas in 12 h.
RIE produced a less severe undercut and nearly eliminatddateral wet oxidation at temperatures above 400 °C resulted
the delamination. in extensive Sb segregation and frequent delamination of the

The samples were wet oxidized in a furnace by bubblingnesa structures. Sample A was cleaved and then laterally wet
nitrogen through a water:methanol solution at 70 °C. Theoxidized at 450 °C. The raised features of thg YBa, 7:As
oxidation was done at furnace temperatures between 350 ag@pping layer, seen in the Nomarski micrograph of sample A
450 °C with water:methanol mixtures of 1:0, 3:1, 1:1, 1:3,in Fig. 2, are attributed to the Sb segregation during the
and 0:1. The films were characterized both before and aftdateral wet oxidation of the AlAsgShy 5 interlayer. The ex-
oxidation to evaluate the effects of the water:methanol mixiensive surface height variation makes temperatz430 °C
ture on the oxidation reactions. Following oxidation, theundesirable for future processing. The measured average oxi-
samples were optically photographed using a Nomarski indation rates at 400°C of AlAs, AlAgeShh., and
terference microscope. The technique revealed large surfaddAsg seShy 44in pure water were 1.1, 2.0, and 4uBn/min*?
and subsurface features in the case of the thinfer (The oxidation rates for samples A and B are plotted in Fig. 3.
<500 A capping layersamples. The average oxidation ratesThe oxidation rate scaling proportional to the interlayer
were determined by the known magnification of the Nomar-thickness is negligible when the oxidation layer thicknkss
ski photographs. was greater than 500 A.

The films were examined in cross-sectional high-
resolution scanning electron microscof$EM). With the
SEM, the Sb segregation, oxide shrinkage, and overall struc-
ture swelling were evident. The cross-sectional SEM sample
were mounted with the surface oriented 70° to the incident”
electron beam and some surface features seen in Nomarski The AlAsSb interlayers oxidize rapidly at low oxidation
were evident. Atomic force microscofAFM) was used to temperatures compared to AlAs. Methanol was added to the
determine the surface height profile and film roughness. Sewet oxidation water mixture in an attempt to provide more
lective area secondary ion mass spectromé®8iMS) and  hydrogen free radicals to stabilize the Sjobt the byproduct
x-ray photoelectron spectroscopyPS) were used to deter- could diffuse out of the mes& The introduction of methanol
mine the chemical composition as a function of depth in theo the wet oxidation process reduced the oxidation rate. At
oxidized layers. The SIMS and XPS were done to corrobo375 and 400 °C a water:methanol mixture of 1:3 reduced the
rate the images seen in the SEM. The SIMS data were colvet oxidation rate to 50% of pure water and a pure methanol
lected with a Physical Electronics 6650 with ag @lasma  mixture did not oxidize at all. The oxidation front as well as
source and a quadrupole detector. The XPS spectra was cdhe Sb inclusions and fingers can be seen in Fig. 4. At fur-
lected with a Kratos Axis Ultra wit a 4 keV Ar gun, an Al, nace temperatures of 350 °C and lower, the higher methanol
(1486 eVj x-ray source, and a 165 mm hemispherical detecfraction mixtures reduced the oxidation rate that is not prac-
tor. tical for a 100 um mesa. Lateral wet oxidation with

A. Oxidation dependence on temperature

Water:methanol oxidation

JVST A - Vacuum, Surfaces, and Films
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Fic. 3. Oxidation rates for AlAssShy 5o interlayers. The average lateral wet oxidation rates for a 2000 A AlS&, 5o interlayer are shown ita) while the
wet oxidation rates for a 500 A interlayer are showrilin The increasing methanol concentration in the water:methanol mixture decreases the average lateral
wet oxidation rate. Oxidation did not occur in pure methanol.

water:methanol mixtures also significantly reduced thetemperature. X-ray diffraction, after oxidation, showed little
delamination of the strained layer seen with pure waterchange in the relaxation of the=3000 A Iny ,Ga, 75AS
which can be a side effect of the reduced oxidation rate. layer, but this was expected due to the large extent of initial
AFM characterization of the surface of sample A showedrelaxation. There is more information about the laterally oxi-
an increase in surface roughness with increasing oxidatiodized interlayer in the optical Nomarski micrographs of
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Fic. 4. Optical Nomarski micrographs of sample B after lateral wet oxidation. The oxidation temperatures are shown vs the ratio of water:methaebl in the w
oxidation mixture. Increasing the wet oxidation temperature produced a rougher surface morphology. The increase of methanol in the watetixtetbanol
reduced the average wet oxidation rate and at lower temperatures improved the surface morphology. Theuh ShehOinclusions turned to 1.5—2m

wide fingers with the increasing methanol concentration.
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Examination by depth dependent XPS of an unoxidized
region of sample F that had been at 375 °C for 12 h showed
InGaAs  diffusion of Ga into the oxidation layer, as shown in Figa)8
élg&(s with the cross section of the Ga and Al profiles shown in Fig.
8(b). The presence of Ga in the AlAsSb layers can explain
the slow oxidation rate. As in AlGaAs oxidation, the concen-

Fic. 5. Cross-sectional SEM of sample A wet oxidized at 375 °C with atration of Ga greatly affects the oxidation rate.
solution of 3:1 water:methanol. Sbright layers in the micrograptappears

on both the top and bottom interface independent of oxidation temperatur
and water:methanol concentration.

b. n-type doping affect on oxidation

To investigate the influence oftype doping, as published

by Salesset al.'® on the oxidation of AIAsSb, the oxidation
sample B, shown in Fig. 4, due to the semitranspatent layers of samples H and | were doped with Si and Te to
=500 A Iny ,:Ga, 75As capping layer. The 1.5-2,0m diam  ~1x 10 cm 3. The samples were grown with a semitrans-
inclusions seen in the micrograph resulted from Sb segregaarent 500 A Ig,4Ga, 75As cap to simplify the characteriza-
tion and the inclusions were measured by AFM to be apiion of the effect of doping on Sb segregation. As seen in Fig.
proximately the height of the oxidation interlayer thickness.9, there is no significant effect aftype doping on the seg-
With the increasing methanol concentration, the inclusiongegation of Sb. The Sb inclusions were observed in the oxi-
were observed as 1.0-2/m wide fingers. The Sb inclu- dized interlayers. There was also little difference between the
sions and film delamination increased with oxidation tem-Te and Sin-type doping. For the oxidation of large lateral
perature. The anisotropy between the two orthogd@atl) distances, as in the 106m mesas used, thetype doping
oxidation directions was more prevalent with the Sb segredid not affect Sb segregation.
gation in the 375°C 1:3 water:methanol oxidized sample.
The Sb segregates into visible fingers only in foe1] di- V. DISCUSSION

rection anq appears to neither blister nor form Sb fingers in  This study was motivated by the need for high crystalline
the [011] direction. quality growth templates with lattice parameters not avail-
able from binary IlI-V substrates. Competing characteristics
of a highly strained film before lateral wet oxidation and a
large lattice parameter film limit the application of lateral
Cross-sectional SEM of sample A was performed to ob-wet oxidation for strain relaxation on GaAs substrates. The
serve the oxidized AIAsSb interlayer, as shown in Fig. 5.next largest lattice parameter IlI-V substrate after GaAs is
The Sb segregation was seen at the upper interface, lowénP. Due to processing time and temperature limitations,
interface, or both, independent of oxidation temperature 0oAIAsSb is the best alloy for an oxidation interlayer on InP
water:methanol mixture. The segregation was observed corput AIAsSb lateral wet oxidation results in Sb segregation at
currently at both interfaces or either at the upper or loweithe oxide—semiconductor interface.
interface within the same oxidation layer. To confirm the GaAs substrates were used for a starting lattice parameter
presence of Sb at both interfaces, selective area SIMS dep#nd lattice matched AlAgeShy 2o and Iy ,:Gay 75As for the
profiles were measured on as-grown, oxidized with pure waexidation and capping layer. This is a strained oxidation and
ter, and oxidized with different water:methanol mixtures by acapping layer when most studies on AIAsSb oxidation were
100 umXx100um trench with a 10% gatéi.e., chemical lattice matched to InP. The oxidation temperatures were lim-
analysis was performed or30umx30um area in the ited between 350 and 450 °C. The average oxidation rates for
100 umx100um trench. Antimony from the oxidation lateral wet oxidation at temperatures below 350 °C were con-
layer segregated to both interfaces independent of the oxidaidered insufficient for the 10@m mesas while lateral wet
tion conditions, as shown in Fig. 6. XPS, in Fig. 7, showedoxidation at temperatures above 400 °C resulted in large sur-
that the remaining Sb was15% oxidized. face features attributed to the Sb segregation, at the oxide—
The relatively constant ratio of Sb segregation to layersemiconductor interface, and possible delamination of the
thickness implies that a sufficiently thin AIAsSb oxidation mesas.
layer would lead to only a few monolayers of Sb at the In oxidized sample A If=2000 A), the Sb segregates
oxide—semiconductor interface. Oxidation layers with afrom the AIQ, into a layer that is~85% Sb metal and-15%
thicknessh=<200 A in principle should have 2 monolayers SbQ,, as shown in the XPS depth profiles in Fig. 7. This
of Sh at the interface. However, the thinner AlAsSb oxida-layer, as shown in Fig. 6, can be at the upper or lower oxide—
tion layers form Sb inclusions instead of thin Sb layers. Thesemiconductor interface in the oxidized InGaAs/AlAsSh/
analysis of structures B—I by SEM and XPS only showed theSaAs structure. This Sh segregation layer resulted in a weak
Sb at the upper interface. Oxidation of the thinner layerdond between the capping layer and oxide, which often re-
resulted in the average oxidation rate decreasing with timesulted in the delamination of the InGaAs capping layer in
For example, the average oxidation rate &8 h oxidation subsequent film processing. The oxidation of samples B-lI,
was 0.13um/h, while the average oxidation rate for a 12 hh=<500 A, resulted in the formation of Sb inclusions at the
oxidation was 0.07um/h. oxide—semiconductor interface instead of Sb layers. The Sb

C. Oxidation dependence on interlayer thickness

JVST A - Vacuum, Surfaces, and Films
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Fic. 6. SIMS depth profiles of sample A. After the oxidation of the AIAsSb interlayer, the Sb segregates to both the upper and lower oxide—semiconductor
interfaces. The ratio of water:methanol during wet oxidation has little effect on the Sb segregation.
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Fic. 7. XPS spectra of the AlAsSh, , interlayer before and after oxidation. The unoxidized spectrum shows the Sb in the AIAsSb interlayer. After lateral wet
oxidation, the spectrum peaks corresponded to the remaining Sb that was 15% oxidized and the oxygen ig ititerkaiger.
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Fic. 8. X-ray photoelectron spectroscopy depth profiles of an unoxidized area of sample F annealed at 375 °C for 12 h. The InGaAs/AlAsSh/GaAs sample was
Ar™ etched between each scéa). The depth profiles of Al, Sb, and Ga are sho).The plot of the Ga and Al peaks as a function of depth shows that the
Ga has diffused into the AlAsSb layer from the GaAs substrate.

segregation did not disappear in the thinner samples but onlgharges, due to the dangling atomic bonds at the free surface,
reduced the number Sb of inclusions after lateral wet oxidain the thinner structures B—I dominate the Sb migration and
tion. Thicker capping layers may prevent the formation of Shthe doping of the oxidation layers is only useful in thicker
inclusions through the increased stiffness of thicker filmsstructures where the oxidation layer is isolated from the sur-
but that would defeat the purpose of growing a highlyface charges.
strained capping layer since thicker InGaAs capping layers Efficient electronic devices such as high electron mobility
would be relaxed. The oxidation rate becomes highly detransistors should not have parallel conduction or current
pressed when the AlAsSb thicknesshis 500 A. When the leakage paths. The formation of a metallic Sb layer between
oxidation rate is slow enough, the diffusion of Ga into thethe oxide and the strain relaxed semiconducting layers
AlAsSb interlayer from the surrounding layers further inhib- thwarts any subsequent device fabrication. A thick insulating
its the AIAsSb oxidation. buffer layer would have to be grown on the relaxed capping
The addition of am-type dopant, Si or Te, to the AIAsSb layer in order to isolate the device and that would be coun-
interlayer at~1x 10'® cm™2 did not affect the oxidation or terproductive to the purpose of starting with a growth tem-
the Sb segregation. The differences between the two differeqlate. The growth template is supposed to be an epitaxy-
n-type dopants were negligible. It is possible that the surfaceeady substrate without a backside Schottky contact.

JVST A - Vacuum, Surfaces, and Films
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Fic. 9. Optical Nomarski micrographstype AlAs) s0Sh oo after oxidation. The oxidation temperatures and dopant species, Si and Te, are shown vs the ratio
of water:methanol in the wet oxidation mixture. There is little effecine/pe doping to prevent the Sb segregation and inclusion formation during the
oxidation of AIAsSb with or without methanol.

However, the oxidation of AIAsSb has been used in VCSELevaluate the oxidation. Lateral wet oxidation of AIASSb in-
technology to successfully form current and opticalterlayers at temperatures above 400 °C resulted in extensive
apertures? The Sb precipitates present less of a problemsh precipitation and delamination of the 196 mesas. Av-
with the optoelectronic devices when the current path is Pelerage lateral wet oxidation rates at temperatures below
pendicular to the oxidation layer and the precipitates are nogsg °c were insufficient for the oxidation of the 1Qm

contacted by either the- or p-type ohmic metals. mesas in 12 h. After lateral wet oxidation, the thicker
=2000 A AlAs, gShy 5 interlayers formed an Sb layer at
V. SUMMARY the oxide—semiconductor interface that wa$5% oxidized.

AlAsSD interlayers were laterally wet oxidized to enhancel he Sb layers can form at either oxide—semiconductor inter-
strain relaxation of misfitting layers. Different water:metha-face and seem to be independent of the lateral wet oxidation
nol environments were used to hinder the segregation of Sgonditions. The lateral wet oxidation of the thinnér
at the oxide—semiconductor interfaces. Low lattice mismatch=500 A AlAs, ¢Sk, 5o interlayers resulted in Sb inclusions
AlAs, goShy oo interlayers were grown on GaAs substrates toforming blisters in the capping layer. The addition of metha-

J. Vac. Sci. Technol. A, Vol. 21, No. 6, Nov /Dec 2003



1891 Andrews et al.: Antimony segregation in the oxidation of AIAsSb 1891

nol to the wet oxidation mixture, to increase the available ®C.H.Ashby, J. P. Sullivan, K. D. Choguette, K. M. Geib, and H. Q. Hou,

; o 4ot J. Appl. Phys82, 3134(1997).
hydrogen free radicals and help stabilize the oxidation %R. L. Naone and L. A. Coldren, J. Appl. Phya2, 2277(1997.

by_prOC_jUCt Sby, only seemed to decrease the average Weliop chavarkar, U. K. Mishra, S. K. Mathis, and J. S. Speck, Appl. Phys.
oxidation rate. The decreased average wet oxidation rate of Lett. 76, 1291(2000.
the A|A50.8OSQ).20 interlayers coincided with a change in the O.Blum, M. J. Hafich, J. F. Klem, K. Baucom, and A. Allerman, Electron.
segregated Sh morphology from inclusions to fingers. The et 33 1097(1997.

g . 8 .3 . . S. K. Mathis, K. H. Lau, A. M. Andrews, E. M. Hall, G. Almuneau, E. L.
n-type doping (x10®¥cm ™3 with Si or Te of the Hu, and J. S. Speck, J. Appl. Phy, 2458 (2001,

AlASo.BOSb).ZQ interlayers d_id_ not suppress or result in any 13g w, pickrell, J. H. Epple, K. L. Chang, K. C. Hsieh, and K. Y. Cheng,
real change in the Sb precipitate morphology after lateral wet Appl. Phys. Lett.76, 2544(2000.
oxidation. 143, P. Loehr and S. A. Feld, Proc. IEEE110(1998.
15B. Koley, F. G. Johnson, O. King, S. S. Saini, and M. Dagenais, Appl.
Phys. Lett.75, 1264(1999.

ACKNOWLEDGMENTS 160, Blum, K. M. Geib, M. J. Hafich, J. F. Klem, and C. I. H. Ashby, Appl.

This work made use of MRL Central Facilities supported 17£h3|_’5- Lett§8b3t1_t29é1?_9@§ A Kohl L E L Diss. M. Juhel. and M
by the National Science Foundation under Award No. . -S98 " TEll, ©. L€ FouX, 7 Lo, 1. = L. Dias, M. Juhel, and M.

- Quillec, J. Appl. Phys81, 7600(1997.

DMRO00-80034. This work was also supported by DARPA 18 salesseet al, Appl. Surf. Sci.161, 426 (2000.

and AFOSR(W. Coblenz and G. Witt program managers  *J. H. Seo and K. S. Seo, Appl. Phys. Lét2, 1466(1998.
20p, Chavarkar, L. Zhao, S. Keller, A. Fisher, C. Zheng, J. S. Speck, and U.

13. M. Dallesasse, N. Holonyak, Jr., A. R. Sugg, T. A. Richard, and N. _ K. Mishra, Appl. Phys. Lett75, 2253(1999.

El-Zein, Appl. Phys. Lett57, 2844 (1990. 213, W. Matthews and A. E. Blakeslee, J. Cryst. Gro®ih 118 (1974.

2N. Ohnoki, N. Hatori, A. Mizutani, F. Koyama, and K. Iga, J. Cryst. 223, K. Mathis, P. Chavarkar, A. M. Andrews, U. K. Mishra, and J. S.
Growth 195, 603 (1998. Speck, J. Vac. Sci. Technol. B3, 2066 (2000.

3E. C. Vail, G. S. Li, W. Yuen, and C. J. Chang-Hasnain, Electron. Beit. 233, K. Mathis, A. M. Andrews, P. Chavarkar, U. K. Mishra, E. L. Hu, and
1888(1996. J. S. Speck, Presented at Electronic Materials Conference, Denver, CO,
“A. C. Alonzo, X.-C. Cheng, and T. C. McGill, J. Appl. Phy&4, 6901 2000.

(1998. 247, E. Romanov and J. S. Speck, J. Electron. Ma26y.901 (2000.

5B.-K. Jun, D.-H. Kim, J.-Y. Leem, J.-H. Lee, and Y.-H. Lee, Thin Solid 2°A. Krost, G. Bauer, and J. Woitok, i@ptical Characterization of Epitax-
Films 360, 229 (2000. ial Semiconductor Layersdited by G. Bauer and W. Richt&éBpringer,
®H. Gebretsadik, K. Zhang, K. Kamath, X. Zhang, and P. Bhattacharya, New York, 1996, p. 287.

Appl. Phys. Lett.71, 3865(1997. 26M. H. M. Reddy, D. A. Buell, A. S. Huntington, T. Asano, R. Koda, D.
’E. . Chen, N. Holonyak, Jr., and S. A. Maranowski, Appl. Phys. LG#. Feezell, D. Lofgreen, and L. A. Coldren, Appl. Phys. L2, 1329
2688(1995. (2003.

JVST A - Vacuum, Surfaces, and Films





