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The homogeneit ard luminescene properties of undopa@ bulk Ga$h hawe been studied by the

cathodoluminescerdCL) technique in the scanniry electron microscopeCL images hawe revealed
a nonunifom distribution of native defect in Ga$ wafers prepare from as-grow single crystals.

Postgrowh annealig in vacuum gallium, and antimory atmospherghas been performel to obtain

more accurag¢ information abou the defed structue in this material In general on annealing,
homogeneasidistribution of impurities is observe throughot the wafers CL specta shav that a

luminescene bard (centere at 756 meV) is enhancd by annealiig in a gallium atmosphere,
suggestig tha Ga atons play an importart role in the formation of this accepto cente. The 756

meV pe&k has bea attributal to a transition from conductia bard to an accepto cente comprised
of Gag, or a related complex Interestingy, localized crystallization at the subgran boundaries
seens to occu by annealiig in Ga atmosphere© 19% American Institute of Physics.

Recenty, ZrF,-basel fluoride glas opticd fibers have
been predicta to hawe intrinsic minimum losses one or two
ordess of magnitua lower than those of conventionsilica
fibers! The loss minima for the nex generatia fibers are

expecte to occu in the 2—4 um wavelength regime. These

estimatiors hawe stimulatel consideral# interes on materi-
als for mid-IR source and detectorsGa is the mod suit-
able substra¢ materid for various lattice-matchd optoelec-
tronic devices in the range of 0.3 eV (InGaAsSh-1.58 eV

(AlGaAsShH.>™* There are severh repors on the growth of

buk Ga% singke crystab employirg various tech-
niques>~’ Howeve, there are very few repors on the cha-

acterizatio of defectin the grown crystals For defed cha-

acterization the cathodoluminescerc(CL) techniqe has
been found to be highly sensitiv ard is extensivey usal for

the spatid defe¢ mapping To the beg of our knowledge CL

microscojy has nat been applied to defecs studied in GaSh.
In this letter, we presem the resuls of CL investigation of

defecs in bulkk GaS generatd during growth and post-
growth annealiig treatments.

The Ga$ sampls usel in our studies were vertical
Bridgman grown single crystals® Undopel Ga% is always p
type in natue with the accepto concentratia of approxi-
mately 1017 cm 2 at room temperatureThe accepto is in-
trinsic and is due to a vacar gallium site (Vgo) ard gallium
antisie (Gagp). The accepto concentratia can be reduced
eithe by nonstoichiometd mek growth or by employing
low-temperatue growth techniques:'° In this work we have
performel postgrowh annealilg in vacuum gallium, and an-
timony atmosphergto examire the evolution ard natue of
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the native acceptorsThe wafers were prepare by conven-
tiond chemomechanitapolishing Prior to annealing the
sample were etchal in CH;COOH:HNO;:HF (20:9:1) to re-

move ary damage layer left behird after polishing dipped
in HCI, and rinsed in methanol Thermd annealig of the
sample was carried out by placing the wafers in a quartz
ampoué unde vacuum For the gallium annealing 6N pure
gallium was sprea on the wafer surfae at room tempera-
ture After annealingthe gallium sticking to the surfae was
removel by rinsing in HCI. For annealiig in antimory atmo-
sphere 6N pure antimory balls were kept along with the
wafe. Othe wafers were anneald unde a vacuun of

107° Torr. The annealig temperatue ard time were kept
constamn at 500 °C ard 12 h, respectivey, for all the cases.
The CL measuremestwere carried out using a Hitachi

S-25@® scannimg electroy microsco in the emissive and CL

modes at 77 k. A liquid-nitrogen-coold North Coa$ EO-817
germaniun detecto was usal for the signd detection The
detaik of the experimenthsetyp for spectrd ard panchro-
matic CL measuremestare presentd elsewheré?

The broad CL specta of various sample hawe been de-
convolutel using the Gaussia functiors with well-known
luminescene ped positiors in GaSh From the beg fits, the
presene of various peals has been inferred Figure 1 shows
the CL spectrun of the as-growmm Ga$ sample The domi-
nart emissia band are at 796 and 775 meV. We&k transi-
tions at 756 and 830 meV can al be seen The 796 meV
correspond to the bard—bard transition ard the 775 meV
(commony known as bard A) to a transitian from the con-
duction bard to the neutrd stak of the native accepto level
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FIG. 1. CL spectrun at 77 K of an as-grow undop& Ga$ sample.

Vs Gasp 27 The pe at 756 meV (designatd as bard B)
has bee previousy attributed to a transition from conduc-
tion bard to atriple native accepto compl Vg GaspVaa,
arising from an exces of Ga vacancies® Howeve, the ori-
gin of this transiticn has not been clearly resolvel until
now.!® The above-band-gapek at 830 meV is an (e,h)
transitin including tail states ard shallav acceptor¥ ard is
observe here due to high excitatin intensities in CL.

On annealig unde differert ambients the bard—band
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FIG. 2. CL spectaat 77 K of (a) vacuum; antimony; ard gallium-annealed
GaS at 500 °C, 12 h, ard (b) CL specta from differert positiors of the
gallium-anneald sample.
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(796 meV) ard the above-band-ga (830 meV) transitions
totally disappen[see Fig. 2(a)]. This implies tha the 796
meV bard may be due to a transitian from the indired free
electran to the valene bard tails, create@ by the inhomoge-
neots impurity distribution It has been confirmel from CL
imaging tha annealig leads to homogenizatio of defects.
Therefore the 796 meV transiti is no longe seen in the
anneald samplesApar from the homogeneit effect, some
changs in the natue of luminescene band are alo ob-
served The anneald sample exhibit only the 775 and 756
meV transitions but with a differene in relative intensities
dependig on the annealilg conditions In general the rela-
tive intensily of the 775 meV with respet to the 756 meV
transition decreasgafter annealingThis can be eithe due to
the decreasin 775 meV or increag in 756 meV pe inten-
sity. The vacuum and Sh-anneal@ samples shav a similar
CL spectrum Moreove, the relative intensiyy of the 775
meV with respet to the 756 meV transitian is less in the
Sh-rich samplesFrom the CL spectrun of the Ga-annealed
sample one can infer abou the possibé origin of the 756
meV transition In the Ga-annealé sample the 756 meV
transitiors enhane drasticaly and at certah locatiors of the
sample it is even more than the 775 meV pe&k as shown in
Fig. 2(b). Thus the bard B transiti is associaté with a
defed involving exces gallium and can be due to a gallium
antisie or a related complex Hencee the decreas in relative
intensity of the 775 meV pe& compard to the 756 meV in
the Sb- and vacuum-anneatesample can be explainal by
consideriiy the reductio of the native acceptos on anneal-
ing, which shifts the Ferni levd position towards the con-
duction bard and hene the intensily of the 756 meV transi-
tion (which is weakly presen in the as-grown sample
increasesAlso, the native defed concentratia islessin Sb-
anneald sampls than in the vacuum-anneateones On the
othea hand gallium atons enhane the formation of the cen-
tersresponsibd for the bard B emissiam at the sane time that
induces the rupture of the native defed associatd with band
A. Furthe, it has bean observd tha the absolué CL inten-
sity also decreasgafter annealilg in a Sb atmosphereThis

FIG. 3. CL image of as-grow undope GaSb.
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FIG. 4. CL images of (a) antimony and (b) gallium-anneald samples.

can be due to the generatia of nonradiatie recombination
centers To explore suct a possibiliy ard achiee a better

understandig of the defed centerswe hawe complemented
the spectra study with CL images recordel at various loca-

tions on all the samples.

The CL image of as-grom Ga shows a daik contrast
related to the presene of a subboundayr in the materid (Fig.
3). The inner portion of the grairs appeas uniformly bright.
The CL images of the Sb-annealé sampé revealel dark
precipitatelile defecs which contribue to the reductio of
luminescene emissia [Fig. 4(a)]. Thex defecs are not seen
in as-grown or vacuum-anneatesamples The defed struc-
ture in the vacuum-anneatesampe is similar to tha of the
untreatel ones The Ga-annealg sampék exhibits a uniform
CL image [see Fig. 4(b)]. Taking into accoun that the emis-
sion is dominatel by bard B, this observatio suggest that
the associatd centes are uniformly distributel in the an-
nealel wafer. The possibé origin of contrasin the as-grown
samplesis due to the presene of exces interstitid Sb which
occupies the subboundarig after volatilization during the
growth of crystals The vacar Sb site in the bulk would then
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lead to the formation of the doubly ionizabke native defect
comple Vg Gag, By annealig in a Ga solution localized
crystallization at the subboundarig can take place to form

GaSb This would eliminatk the exces Sb at the subbound-
aries and the defed centes are uniformly generated The
proces is similar to the growth of GaS from liquid pha at

low temperatue from a Ga-rich melt After annealing the

sampe exhibits uniform defed distribution with no contrast.
Sud alocalizad crystallization proces is not possibé during

annealig in vacuum or Sh ambiens and hene the CL im-

ages are similar to tha of the as-grown sample Thus post-
growth annealilg in Ga bath can be technologicalf impor-

tart for preparig Ga$ wafers with uniform properties for

optoelectront applications.

In conclusion we hawe performal CL measuremeston
bulk Ga® wafers Nonuniform defed distribution is re-
vealal in the as-grown undop& samplesAfter annealilg in
vacuum Ga ard Sb-atmospherhomogenizatio of defects
in the bulk occurs Even thouch annealilg in Sb atmosphere
reduce the native defe¢ concentrationprecipitae formation
takes place due to which the overal luminescene intensity
reducesOn the othea hand Ga-annealg sample exhibit fea-
tureles CL images suggestig the highly uniform natue of
the defed distribution Furthermoreit is proved tha the 756
meV transition (bard B) is relatal to exces Ga in the
sample For large scak technologichapplications annealing
of as-grow Ga® wafersin Gabath can be employel for the
production of high quality device grace substrates.
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