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The mixed Grow V ternay alloy GaAs P, (y<0.17) has bee grown by metd organt vapor
pha® epitayy ard dopel with oxygen using the oxygen precursor diethylaluminum ethoxide
[ C,H50AI(C,H5),]. Controlled oxygen doping was accomplishd ove the range of 0<y<0.17.
Deq levd transiem spectroscop measuremestreved the presene of severhoxygen-relatd deep
levels Thes levels previousy found in GaAs:Q vary with alloy compositio over the investigated
range An additiond deg level, mog probabl associaté with the presene of misfit-related
defects has bea identified Photoluminescerecperformel on the oxygen-dopd samples indicates
that bard edge emissim is reduca and lower energy emissiam features are introducel over the
wavelengh range of 1000-1200 nm as aresut of oxygen incorporation © 1997 American

Institute of Physics [S0021-897@07)06714-3

I. INTRODUCTION

GaAs P, alloys hawe been usel extensivey for light
emitting diodes (LEDs) in the red and orang spectra re-
gions Due to this wide use severa investigatios of the
electricd and opticd characteristisof GaAs P, hawe been
performel on materias grown by a variely of techniques
One impurity comman to all growth techniqus is oxygen.
Oxygen-inducd dee levels in binary compoun semicon-
ductors especiajy GaAs and GaP, hawe beer studial in
depth®® In GaP electricaly active oxygen is known to oc-
cupy a site of tetrahedrb symmetry substitutig for
phosphorué. The lattice location of oxygen in GaAs is less
well defined Studies on GaAs grown by the liquid encap-
sulatal Czochralsk (LEC) or horizontd Bridgman (HB)
techniquesassign an off-cente substitutionh site, Opg, to
electricaly active oxygen® Electricaly inactive oxygen re-
sides in an interstitid site®

The effed of oxygen on GaAs_,P, has nat been as
thoroughy studiel as in its componeh binaries® Changing
the compositian of the alloy provides amears by which the
effea of the microscopt environmen on the defed charac-
teristics can be determined Son®e investigatios hawe been
performel on the energy position of the oxygen levd over
the range of GaAg) 3Py 65 t0 GaP using photoluminescence
spectroscop$.Extrapolatia of this data obtainel for a high
phosphorosa contert GaAs _,P,, has assignd a leve of
E.—E;=0.7 eV for the O, defed¢ in GaAs The work re-
ported here preserd resuls of deg levd transien spectros-
copy (DLTS) ard growth studies of oxygen-relatd defects
in low phosphoros content GaAs P, (x<0.17). When
combinel with existing data® a complee picture of the na-
ture of the oxygen defee in GaAs P, alloys over the entire
composition range is obtained.

Il. EXPERIMENT

Sample of GaAs P, were grown in ahorizonta) low
pressue (78 Torr) reactw in a hydrogen carrie gas at 600 °C
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with a V/IIl ~100. Trimethylgallium (TMGa), arsine
(AsHg), and phosphie (PH;) were usel as growth precur-
sors Disilang diluted to 10 ppm in hydrogen was usel for
n-type doping Oxygen was incorporaté using the molecular
doparn sour@ diethylaluminum ethoxice (DEAIO). DEAIO
has been shown to be effective in doping mary IlI-V com-
pound semiconductors such as GaAs/ InP2 and
In,GAa,_,As.® DEAIO incorporats oxygen throuch a
strorg Al-O bond The electricaly active oxygen in
GaAs:Q grown using DEAIO, has bean assignd to defect
complexe in which one or more Al atons occupy Ga sites
ard O resides at or nea the arseng site’®

Double crystd x-ray diffraction (DCXRD) was per-

formed on thick (~2 um) relaxed samples to determine the

layer composition The compositiom was determine from

Vegards law using ped splittings from the rocking curves.
The solid phag compositio (y=np/(n,+Nas), where n is

the molar densiy of the specifiel element is plotted in Fig.

1 as a function of the fraction of PH; in the group V feed to

the reacts (x=PH; partid pressure/tofagrowp V partial

pressurg At a growth temperatue of 600 °C, the distribu-

tion coefficiert for phosphorousi.e., the ratio of y to x, for

GaAs _ P, is less than unity. This behavio has bee re-

ported previousy for the growth of GaAs P, Y aswell as
othe phosphorous-badealloys° when using PH;. Samples
were grown using a step-grade buffer layer to redue the

dislocation densiy resultirg from the lattice mismatd be-

tween the epilaye and the GaAs substrateThe buffer layer

was formed by increasiig the solid pha phosphoros com-

position by Ay=0.02 for evey 50 nm of growth until the

desiral composition was reached A thick layer of constant
compositiom was then grown on the buffer layer structure.
This methal producel ageneraly specula surfa@ morphol-
ogy with a two dimension&crosshath pattern.

The doping characteristis of DEAIO in GaAs_ P,
were studied through the growth of multilayer samplesLay-
ers ead 0.5 um in thickness, were grown in which step
change in the DEAIO mole fraction were macke while hold-
ing the disilare mole fraction and alloy compositimmn con-
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FIG. 1. The phosphors mole fraction in the epilaye (y) was determine by
DCXRD as afunction of the fraction of PH; in the groyp V feed Resulting
distribution coefficiert (y/x) is less than unity as noted in previos studies
(Refs 9 and 10).

stant Two types of quantitative information abou the doping

characteristis of DEAIO were obtained Electrochemical
capacitane-voltage (EC-V) measurementson these
multilayer sample determiné the net carrig concentration
ard the amourt of compensatio of shallov silicon donors

introducal by oxygen Seconday ion mas spectroscopy
(SIMS) measurement were alo usal to determire the

amoun of oxygen and aluminum incorporatéd at a given

DEAIO mole fraction.

Single layer sample of a constan alloy composition,
silicon and oxygen concentratio were grown for DLTS
measurementComparisa sample without oxygen doping
were alo grown The® samples allow separatia of the
oxygen-relatd signak from thos due to possibk lattice
misfit-relatel defects Schottly diodes were fabricatel using
electran bean evaporatio to deposi a AuGe(12%)/Ni/Ti/Au
(80/20/20/® nm) ohmic contact Au Schottly contacts
(0.19 mn?) were subsequenyl definel using opticd lithog-
raphy and formed by electra bean evaporationDLTS mea-
suremerg were carried out using a rever® bias of —1V
pulsig to 0 V for 1 ms unles otherwie stated.
Capacitane-voltage (C—-V) measuremestwere also per-
formed on the Schottky diodes for trap concentratia calcu-
lations.

Photoluminescere(PL) spectroscopwas performel on
the DLTS samples at 12 K using the 514 nm line of an Ar™*
lase for excitation with a powe densiy of 1.25 W/cn?.
The signd was dispersd by a 1 m single monochromator
and the signd was detecte with eithe a photomultiplier
tube with a sensitiviy range from 560 to 1100 nm, or a
liquid nitrogen cooled Ge detector which is sensitive from
750 to 1800 nm.

Il. RESULTS
A. Dopin g studies

The EC-V ard SIMS profiles for a GaAg, Py 1 sample
codope with S and DEAIO are shown in Fig. 2. Step in-
creass in the DEAIO mole fraction introducel during
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FIG. 2. SIMS ard EC-V profiles for a multilayer GaAg Py 1 Sampé where
the gas phag DEAIO mole fraction was change stepwig during growth.
The left axisis the concentratia of oxygen ard aluminum as determine by

SIMS, ard the right axis is the free-carrie concentrationThe silicon con-

centratian is constan at 2x 10" cm™~3,

growth resut in a stepwi® decreas in the carrier concentra-
tion. This decreas in electr;m concentratia indicates that
oxygen behaves as an electran trap. In the absene of any
incorporaté oxygen the electrsm concentratia would be
constan throughot the layer, at a value of 2x 10" cm™3,
Doping levd amouns of aluminum are also incorporated
with the oxygen as measurd by SIMS. In GaAs dopel us-
ing DEAIO, the Al and O form a defed¢ complex which is
responsil® for the observe electrica behavior! From the
EC-V ard SIMS results a comparisa of the oxygen incor-
poratin behavio into GaAs P, can be drawn relative to
that of GaAs In the ca® of GaAs dopeal with DEAIO, the
oxygen concentratio dependene on the DEAIO gas phase
mole fraction is describé by a powe law relationship Such
a powe law relationshp is shown in Fig. 3 for the concen-
tration of oxygen aluminum ard free-carrie compensation
(Nno oxygen Noxygen @ afunction of the gas phag DEAIO
mole fraction for GaAg ¢Py1 [Fig. 3(a)] and GaAs) g0 17
[Fig. 3(b)]. A comparisa of the exponens from the power
law fit indicates tha oxygen incorporation from DEAIO is
less efficient as PH; is introducel into the growth
environment! However the totd amour of compensation
introducel increass slightly as the amoun of phosphorus
incorporate increasesTable | summarizs the resuls from
Fig. 3 for GaAs ard the alloy. Insteal of the strong super-
linear dependene observe for GaAs oxygen incorporation
more closel follows a linear dependene on the DEAIO
mole fraction, while aluminum incorporatia is slightly su-
perlinear In generalthe amour of oxygen incorporate into
GaAs P, alloys is less than tha incorporatel into GaAs
for the same DEAIO mole fraction!! Unde the sane condi-
tions, with a V/I11 ratio of 100 and a growth temperatue of
600 °C, an oxygen concentratia of 6x 10'° cm ™3 in GaAs
is expecte for a DEAIO mole fraction of 2x 10™ 6.1 Thisiis
comparé to oxygen concentratios in GaAs P, of 5
X 10 cm 3 for y=0.1, and 2x 10 cm 3 for y=0.17, for
the samre gas phag DEAIO mole fraction ard V/II | ratio.
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FIG. 3. Plots of oxygen aluminum ard electra trap concentratios vs gas
phag DEAIO mole fraction for (a) GaAs oP 1 ard (b) GaAg gy 17 The
dat was fit to a powe law expressia of the form Concentrationr (DEAIO
mole fraction).!! Exponens determine from thes regressios are shown in
Table I.

B. Electrica | characterization

Single layer sample were characterizé by EC-V, and
oxygen and aluminun concentratioa were determine from
the multilayer SIMS profiles Table Il preserd the physical
ard electrica data for the sampla studial in this investiga-
tion. Sampls 1 and 4 were the contrd samplesdopel only
with Si. Additiond codopel sample were grown unde iden-
tical conditiors using disilare and DEAIO. All sample con-
tained a0.3 um Si-doped buffer layer (2 10" cm™3) under
the codopel layer, allowing the dired measuremenof the
electricd compensation.

Typicd DLTS specta for sampla 2 (GaAg gPy.1:Si:O)
ard 6 (GaAs) s 17:Si:0), which had comparald amounts
of oxygen alorg with their respectie contrd sample are
given in Fig. 4. The GaAg Py 1:Si contrd sampé (sample
1) only has asingle smal peak labeled E1 in Table I,
which is detecte at 225 K for the rate window shown We
will attribue and refer to this pe& as resultirg from the
presene of misfit dislocatiors or othe misfit-relatal defects,
basel on the resuls of this study as discussd below. In
sampé 2 (GaAg oPy.1:Si:0), two emissiom peals were de-
tectal over the measuremenrange The pe& centered
arourd 375 K is considerd to be the maja pe&k found in
GaAs:SiO shifted toward highe temperaturesA second
pe is detectel nea 160 K. Multiple oxygen-relatd peaks
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TABLE |. Powe law exponers (n) for GaAs _,P, and GaAs for the curve
fits shown in Fig. 3.

GaAs GaAsg oPo.1 GaAg so.17
Oxygen ~4 1 1.2
Aluminum 1 15 1.7
Nno oxygen— Noxygen 2 1 15

were alo previousy found in the DLTS specta of
GaAs:Si:O’ A third sampe (sampé 3) containirg a higher
oxygen concentratio was found to hawe a similar DLTS
spectrun to the lower dopel sampé (sampé 2). The misfit-
related defectk can be seen as shouldes in the DLTS spectra
of the GaAg) oPp 1:Si:0 samplesThe DLTS signd intensity
of the misfit-relatel pe&k was too smal in thee sample to
adequatel characterie its energ levd and concentration.

As the compositimn of phosphorg in the alloy is in-
creasegdthe majar oxygen-relatd DLTS peals are shifted
toward highe temperaturesDeterminatio of the highe en-
ergy peals required eithe a longe rate window or higher
measurementemperatures Sud experimenth conditions
were not accessil®@ in this study, due to limitations in the
DLTS systen ard the degradatia of the Schottky diode at
high temperaturesin sampé 4 (GaAg g0 17:Si), the am-
plitude of the pe& attributed to misfit dislocatiors increased
ard an additiona pe& appeard as a low temperatug shoul-
der on this peak In the spectrun for sampé 6
(GaAg o 17:Si:0), the misfit related ped is now superim-
posel on the oxygen related defect affecting the determina-
tion of the pe& position This composié pe& in the spec-
trum was fitted with two, superimposeg Gaussia functions
to determire the characterist pe&k temperatug and the peak
height In the GaAg gfy.17:Si contrd sample defe¢ E1,
which is attributed to misfit dislocationslies at 0.38 €V be-
low the conductian band For GaAs) g 17:Si:O, the misfit-
related ped is also found after the composie pe is sepa-
rated by regressionard the calculatel enery levd is very
cloe to the 0.33 €V determined for this defe¢ in
GaAg o 17:Si. Also, the measurd defed concentrations
for the defe¢ E1 are constamn for all GaAg, gy 17 Samples,
within our measuremenuncertainty indicating tha the de-
fedt is nat due to DEAIO. Typicd Arrhenius plots of the
experimentally determined emission rates for
GaAs) Py 1:Si:0 and GaAg g, 17:Si:0 are shown in Figs.
5 and 6, respectively All pe& energis are referencd to the
conduction bard edge The highes enery peak labeled E2
in Table Il, has shifted 54 meV to an averag of 0.80 eV in
GaAs, o 10 from its position in GaAs of 0.75 eV.” As the
alloy compositia is shifted to GaAg g, 17 this pe&k en-
ergy levd further increase to an averag value of 0.82 eV.
Lastly, defe¢ E3, nea 0.34 and 0.26 eV in materid with y
=0.10 ard y=0.17, respectively appeas only in material
dopel with DEAIO.

It shoul be noted tha the totd numbe of defect mea-
sured by DLTS is approximate} one orde of magnituet less
than the totd amoun of compensatio measurd by EC-V.
Also, the effea of incomplee trap fillin g has been accounted
for in our da@ analysis'? This differene betwea DLTS-
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TABLE Il. Physich and electrica dat for sample usd in this study.

[O] [Al] oy
INg=Na| A[Ng—Ng| (em™®) (em™9) (cm?) Ny
(cm™9) (em™)  x10% x10° E.—E X 10" (cm™3)
Sample  Composition X 106 X 10t (est)  (est) (eV) (from intercepy X 10'
1 GaAs, Py 1 :Si 20 : - E10.412-0.005 7+2 1.4
2 GaAgPy.SIO 6 7.7 36 30 [E20.8330.007  70+20 80+30
E3 0.353+ 0.005 50+10 19+7
3 GaAg Py, SO 55 12.1 55 40 E20.775-0.005  14+2 70+10
E3 0.324+0.005 11+2 13+1
4 GaAggPorrSi 20 E10.381+0.005  1.6+0.3 6=2
E4 0.173:0.005 0.008:0.001 1.1+0.3
5  GaAgePoiSIO 18 11 25 50 E10.346:0.005 0.2+0.03  4.0+0.8
E2 0.800+0.007 12+3 40+10
E3 0.269+ 0.005 0.1+0.4 3.7£0.8
6  GaAggPp., SO 15 19 34 55 [E10.302:0.005 0.026:0.004 4.2+0.3
E2 0.837+0.007 23+5 72.5+11.9
E3 0.256+0.005 0.08+0.02 9.5+2.0

measurd trap concentratio and totd compensatio indi-
cates the presene of at leag one othe defed at a significant
concentratia deepe in the enery gap.

The pulse width was varied from 0.1 to 10 ms to deter-
mine if the measurd traps were saturatd during the voltage
pulse The magnitue of the signd varied +15% for the
oxygen-relatd peaks with no clea trends indicating that
thes traps were saturatd during the fillin g pulse The misfit
dislocation-relatd peals did shav an increa® in the DLTS
emissim signd with an increasd pulse width, indicating the

DLTS Signal (A.U.)
E

[0] ~ 3.4 x 10%cm™

(6) |

50 100 150 200 250 300 350 400 450

Temperature (K)

FIG. 4. A characteristi DLTS specta for the sample studied Samples
were measurd at a rever® bias of —1V, pulsing to 0 V for 1 ms The
period usel was 500 ms with a rate window of 215 ms The sampe desig-
natiors are given on the figure and correspod to thos in Table II.
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presene of a smal captue barrier The characteristis of the
misfit dislocation-relatd pe& was nat studied further.

C. Optical characterization

PL spectroscopwas carried out at 12 K on the samples
usa in the DLTS measurementsThe near-visibé spectral
features obtainal from the GaAs Py1 ard GaAsg gfo17
sample are given in Fig. 7. The Si only contrd samples
possesskpeals at 769 nm (1.61 eV) and 756 nm (1.64 eV),
in Figs 7(a) and 7(b), respectivelywhich are associaté with
band-to-bad recombination Thee pe& positiors lead to
bard gap energis ard compositiors which agree with the
compositiors as determinel by DCXRD.!® Ther is an addi-
tiond featue at abou 1000 nm in the Si only control

T T T v T
E2)s o2 (E3) Sample 2
f) 83)3 a:‘/‘pc 0353 eV
4 - € 15, 3
10 8.0 x 10" cm™ L &cm ?
(E2) Sample 3
’g 0.775 ¢V
2 100 F 7x 10" em? E
)
0)=
N\
&= (E1) Sample 1
0.412 eV
1.4x 10% cm?
102k
3
" 1
2 3 4 5 6 7

1000/T (K™

FIG. 5. Arrheniws plot of the emissim rates for the measurd deep levelsin
GaAg Py 1:Si:O, grown using DEAIO (M, @) as well asthe Si only control
sampé (A).
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FIG. 6. Arrhenius plot of the emissim rates for the measurd dee levelsin
GaAg gfo17:Si:0, grown using DEAIO (M, @) as well as the Si only
contrd sampé (A).

samples This pe& has previousy been attributel to a
Si—Vg, defed complex in GaAs ard GaP4Y

The near-bad edge PL features are dramaticaly re-
ducal with increasiig oxygen concentratia in the oxygen-
containig samples New spectra features also appea as
oxygen is incorporate into the alloy in both the near-band
edee ard at longe wavelengths The deg infrared spectra
for the silicon ard silicon ard oxygen codopel GaAs, &P 1
and GaAg s0g 17 Sample are shown in Fig. 8. The domi-
nart long wavelengh spectrh features are centere around
1000 ard 1200 nm. The 1000 nm pe& grows with increasing
oxygen concentratia ard is superimposgé on the S—Vg,
pe& found in the contrd samplesAdditionally, peals attrib-
uted to Vg0, , "% as well as grow 1V-Vg,*° complexes
hawe been notad in the near-bad edge luminescene of GaP.
A pe& at 1200 nm has bee previousy sea in GaAs:0?!
Thes infrared peals are also sea in GaAs:SiO but at lower
energies? The intensities of thee peals increag with the
amourn of oxygen incorporatedThe intensity of thes peaks
also increag with excitation power, with the highe energy
pe& increasimy at a faste rate.

IV. DISCUSSION

The oxygen incorporation from DEAIO during GaAs
growth has been studie in detail’l*® From previous
as pha® decompositia studies the gas phag decompo-
sition of DEAIO proceed through the sequentih loss of
C,H, via a p-hydride elimination reaction, forming
(C,Hs) 5 \H,AIOC,Hs in the gas phaset! Sud specis can
form gas pha® adducs with Lewis basesi.e, PH; and
AsH,, which arein exces in the gas phase The formation of
this gas pha® adduc preservs the oxygen-containig com-
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FIG. 7. Nea visible photoluminescerespecta for (a) GaAs, Py 1 and (b)

GaAg g 17 sample which containe eithe no oxygen or varying amounts
of incorporaté oxygen The bard edge emissia is reducel with the incor-

poratin of oxygen in all case with the appearane of additiond lower
enery luminescene peaks.

pound from additiona decompositionresultirg in enhanced
transpot to the growth front. This mechanim has been used
to explain the dependeneof both the aluminun and oxygen
incorporation into GaAsO from DEAIO ard explairs the
strorg V/Il 1 ratio dependenge previousy sea in the oxygen
doping of GaAs!! Similar reactiors are expecte in the
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FIG. 8. Dee infrared photoluminescerespecta for (a) GaAs) oP 1 ard (b)
GaAg g, 17 indicae severd deg luminescene features clearly associated
with oxygen incorporation Similar peals hawe been found in GaAs:O
samples (Ref. 21).

presen ca® where ther is a gred excessin the gas phase,
of both PH; and AsH;. The oxygen incorporatia efficiency
into GaAs _ P, from DEAIO is different, in detail from the
ca® of GaAs:Q Sone generatrends of nonlinea incorpo-
ration of oxygen and aluminum with increasiig DEAIO mole
fraction are observe indicating tha the gener& features of

the gas pha® chemisty shoull be unchangedIt shoutl be

noted that ther is a competirg proces in oxygen doping
with DEAIO which is the formation of H,O from the H,

carrig gas and hydride sources a the growth front, that
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FIG. 9. The oxygen relatal defed energy levels are presentd as afunction
of the alloy composition assumig the GaAs valene bard as the energy
reference The valene bard discontinuiy betwee& GaAs and GaP is as-
sumel to be linear with values obtainel from Ref. 30. Major features of
bard structue are plotted for the reference The solid curve a high
P-conters represetdaia from the previows work of Wolford, et al. (Ref. 6).
The dat presentd for GaAsO were obtaina from the work of Huang,
et al. (Ref. 7).

subsequenyl can desorh leaving aluminum on the surface.
The complexities of the competig gas pha® reactiors pre-
vert the determinatio of the specift maja reaction pathway
in this combinal AsH;—PH; systen leadirg to the incorpo-
ration of oxygen.

The effed of misfit dislocatiors on the electrica proper-
ties of semiconductahas been investigatedand it is known
tha they can introduce states within the enery gap?* Since
GaAs P, is nat lattice matchel to the GaAs substrate,
thes dislocation-relatd defecs are presehin our samples.
The defed E1 in GaAg, g, 1718 attributed to misfit disloca-
tions This assignmenis supporté by the compositio de-
pendene of the defed concentratio measurd by DLTS and
the fact tha the defed¢ concentratios are independen of
oxygen concentratia within the uncertainy of our measure-
ments.

As mentionel above the defecst introducel into GaAs
by DEAIO hawe bee studied in depth Five defed leveks are
reportal for GaAs dopeal with a comparabd amoun of
oxygen! Only two of the five defect detectd in GaAs:Si:O
were detectel in GaAs P, Si:O within the measurement
sensitivity Levd E2 is believed to be the 0.75 eV level
detectd in GaAs This is deducd from its position in the
temperatue spectrum and its comparal# captue cross sec-
tion (o). As phosphorais addal to the crystal this levd is
pushel furthe down in the bard gap going from an average
value of 0.80 eV in GaAg Py 110 0.8 eV in GaAs) g 17-
Anothe levd is detectel in DEAIO-dopeal sample with an
enery position varying from an averag of 0.34 eV for
GaAg 1 to 0.26 eV for GaAg g1 This shallower
levd is also more localized as indicatad from the estimated
captue cross section of 0.15x 10 # cn? for GaAs, g0 17
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This levd may be related to the 0.24 eV levd see in GaAs,
which has acaptue cross sectio of 0.15x 10 ** cn?.” The
presene of multiple PL and DLTS peaks may indicatk that
oxygen is presem in severa atomic configurations Oxygen
is paired with one or more aluminun atoms and the number
of nearesneighbe aluminum atorrs may chang the ioniza-
tion energ of the defect?® Unlike the GaAs casether is the
possibility of a variation in the second-nearéseighbao shell
surroundiig the defect This is due to the possibé statistical
variation in the averag humbe of As ard P atons in this
shell Since this shel is composd of 12 atoms the primary
influence of the variation fromy=0100.17 in GaAs, _ P, is
expecté to be the chang in the overal bard structue of the
hog materid since the site-to-sie variation of the oxygen
shout be small.

A large discrepang exist betwea the amoun of com-
pensatio as observe by EC—V ard the calculatel trap con-
centrationsIn GaAs:Si:Q a de@ levd is sea at 0.8 eV.
An additiona) deepe trap in GaAs_,P,, outsice of our
measuremenrange would explan this observe discrep-
ancy.

The oxygen-inducd energ levels determine by DLTS
are plotted as afunction of compositio in Fig. 9. The energy
position deduced from the PL peak position for
phosphorous-ritGaAs P, (y>0.65 implanted with oxy-
gen is plotted along with a proposeé linear extrapolatia to
the position of the oxygen-relatd defed in GaAs® The prin-
cipd levels determiné in this study agree quite well with
this simple linear extrapolatio from the previousy reported
values Deviation from this linear extrapolatim may be at-
tributed to the variation in the energ levd position of oxy-
gen due to the coincorporatio of Al. Previots studies on
dee levels hawe propose differernt theories concernig the
relationshp of the specift bard structue features to the de-
fect dee levd enery ard electrone structure?®2 It has
been propose tha localized defects like oxygen are linked
to the bulk of the electront states’’ In Fig. 9, the centroi of
the conduction bard densiy of states is plotted assumig a
linear interpolation with compositior?® Defed E2 appeas to
track the bulk of the electronc states not the vacuun level
or a particula bard edge as proposd for sone deeg impu-
rities.

This presemh study has determine severa de@ levels
associaté with the presene of oxygen in GaAs P, . The
position of these oxygen-relatd electronc states qualita-
tively agree with the previows extrapolatin of the oxygen
defed in high phosphorus-cont¢iGaAs P, .> When com-
bined with the® previols measurementshis presemn study
completa the determinatio of the oxygen defed throughout
this technologicaly importan alloy system.

V. CONCLUSIONS

This study has investigate the incorporatio of oxygen-
related defecs into GaAs P, using the oxygen-containing
precursor DEAIO. The study indicates tha the amoun of
oxygen incorporaté into the alloy is reducel as compare to
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GaAs for the same gas phag DEAIO mole fraction DLTS

has bea usal to measue the position of the oxygen related
defecs in approximatet the uppe haf of the bard gap.

Compariso of the resuls with data taken for the high phos-
phorots contert GaAs P, indicat tha the oxygen-related
defed may follow the bulk of the conductio bard states and

not a vacuun referene level. PL measuremestshow that

the incorporation of oxygen reduce band-to-bad lumines-
cene ard introduces new features in the infrared region.
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