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CdT4100/GaAg100 ard CdTg111)/CdTg€11]) layers grown by metalorgargs vapa phase
epitayy (MOVPE) were investigatedThe layers were recrystallizel to improve their morphology by
scanniig the surfa@ with a 100 um diameter spot from an Ar ion laser beam=514.4 nm).
Cathodoluminescerspecta from both as-grow ard recrystallizel CdTe MOVPE layers are used
to monita the effed of the recrystallizatim procedure The lase recrystallizatio resuls in
importart changs on the spectra distribution of luminescenceDeep-levé band associaté to
different defecs are shown to be very sensitie to the lase recrystallization procedure The effect
of the differert substrate on the defed structue of the layersis als related to the changs observed

in the cathodoluminescercspectra © 1997 American Institute of Physics.
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Metalorgant vapa pha® epitayy (MOVPE) is a tech-
nique commony usal to grow CdTe layers on different lat-
tice mismatche substrate like Si, GaAs sapphire etc!
The layers are usal as substrate for subsequenepitaxial
growth of Hg, _,Cd,Te layers for infrared applicatiors (for
recen examplessee Refs 2-5). It is widely acceptd that
the properties of CdTe MOVPE layers are strongy depen-
dert on severatechnologichfactors amorg which the sub-
strak natue is one of the mog important® In particular,
previows studies of CdTe/sapphe ard CdTe/Gass layers
grown by a low-temperatue MOVPE hawe shown tha the
as-grow layers hawe alow quality, rough surfae due to
stran raisel from the large lattice mismatch® 8 To overcome
this problem postgrowh lase recrystallizatio has been re-
cently proposd as a methal to improve the surfa@ morphol-
ogy of CdTe MOVPE layers® Neverthelesst is still an open
guestim how the lase recrystallizatio procedue affects
othe properties of the layers beside surfae morphology.

CathodoluminescerdCL) microscoly has been shown
to be avery usefu tod to characterie CdTe bulk crystals
submittel to differert technologichtreatmend like thermal
annealing ™! doping?? or epitaxid overgrowth'® The capa-
bility to obtan both spectréard spatiad resolution allows us
to gain quite valuabk information abou the defed structure
of the material Thouch bulk crystak hawe bee extensively
studied by luminescene techniquesnat so muc work has
bee doreto characterie CdTe epitaxid layers In thisletter,
we repot the resuls on cathodoluminescesecstudies of as-
grown ard lase recrystallizel CdTe/Gas and CdTe/CdTe
MOVPE layers ard shawv the effed of the lase recrystalli-
zation on the radiative defecs contributirg to the CL emis-
sion of the layers The influence of the substrag on the be-
haviar of the epilayes unde lase irradiation is also
reported.

The samples investigated were CdTg100 and
CdTg111]) layers grown on GaAg100) ard CdTg111) sub-
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strates by MOVPE. The layer thicknesse were in the range
4-10 um. The MOVPE growth was carried out at 340 °C for
3-5 h using dimethylcadmim and diisopropiy tellurium as
precursorsThe recrystallizatio was carried out by scanning
the layer surfae with a spd of 100 um diameter from an Ar
ion lase bean (A=5144 nm). The lase powe ard time of
irradiation were varied in the ranges 200—400 mW and 30—
120 s, respectively Furthe experimenthdetaik on the laser
recrystallizatio procedue have been reportel elsewheré.

CL specta were recordel in a Hitach S25@® scanning
electran microscop at 80 K using an ADC Ge detector from
both as-grow and recrystallizel epilayers The detaik of the
experimenthsetip for CL hawe been describe elsewheré?
As describd in this latter work, CL specta were recorded
unde differert excitatian conditiors of the electra bean to
accoun for the radiative centes presen in a lower concen-
tration Two different diffraction gratings were usel to cover
the spectrarange from 0.6 to 1.6 eV.

Figure 1 shows the effed of the lase recrystallization
procedue on the surfae microrelig of the CdTe/GaAs
MOVPE layer. As shown in Fig. 1(a), the as-grow surface
has a rough microrelid with features of 0.5—-1 um height,
which is typicd for the= layers® After the recrystallization
[Fig. 1(b)], the surfa@ morpholoy improves uniformly
within the entire layer area and the surfa@ roughnes de-
creass by afacta of 10. The recrystallizel surfa@ exhibits
submicromete steps which are similar to those observed
early on the surfae of lase recrystallizel CdTe/sapphire
MOVPE layers®

CL specta recordel from the as-grow ard recrystal-
lized CdTe/Gass MOVPE layers are shown in Fig. 2. Figure
2 shows the specta recordel unde high excitation density
conditions The as-grow sample exhibit band-edg emis-
sion (1.52 eV) along with sever& broadband associaté to
the differernt deg levelsrelatal to the defed structure These
luminescene band peakel at abou 1.4, 0.93 0.82 0.77,
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FIG. 1. Surfa@ microrelid of a CdTe MOVPE layer grown on a GaAs
substrate (a) as-grow ard (b) after lase recrystallization.

ard 0.66 eV, hawe bee previousy studied in CdTe bulk
crystab ard attributel to differert defed centers->%-18 The
highes relative intensiy correspond to the band peakel at
14 ard 0.66 eV. After lase recrystallization a bright region
surroundiig the irradiation spos are observe in the CL im-
ages The mog significart changs occurral in the spectral
distribution of cathodoluminescerconsis of an increag of
the relative intensiy of the 1.4 eV bard attributed to acceptor
levels related to cadmium vacancis (V) .'® Beside these
changs in the intensiy of the 1.4 eV band an increag of
the relative intensity of the 1.15 eV bard attributed to V.
(Ref. 18) is als observedThis lag effed is more apparent
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FIG. 2. CL spectarecorde unde high excitation conditiors of the electron
bean from the as-grow ard recrystallizel CdTe/Gas MOVPE layers in

the spectrarange of (a) 0.6—1.0 eV (1300-2000 nm) ard (b) 1.0-1.6 eV

(800—1300 nm). The inset shows the spectrun recordel after lase treatment
unde low excitation conditiors of the electron bean for the high-energy
region.
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FIG. 3. Surfa@ microrelid of a CdTe MOVPE layer grown on a CdTe
substrate (a) as-grow and (b) after lase recrystallization.

when the specta are recordel unde low excitation density
conditiors of the electro bean (Fig. 2, inse}.

In the low-enery region of the spectrum an intensity
decreas of the band peakel at 0.66 0.82 ard 0.93 eV is
accompanié by the quenchiig of the 0.77 eV band A simi-
lar quenchimg effed has alread/ been reportel for CdTe bulk
crystak submittel to ion-bean irradiation!® The mechanism
proposd in tha work to explan the changs induced by ion
irradiation involves cadmiun vacancis as well as extended
defects Cd atons displacel from their sites by the incident
ions would be forced to diffuse searchig for a new equilib-
rium position at a cadmiun vacancy The extende defects
presemin the materid would constitue afavorabk hopping
pah for Cd atoms As suggestd in Ref. 15, a plausibk can-
didatke to explan the 0.77 eV emissim is a cente involving
some impurity in the Cd site Hence partid filling of Cd
vacancis would hampe the formation of thes centes with
the subsequendecreas in the emission Also, impurity get-
tering at the interfacee during the recrystallizati process
would lead to alower concentratia of impuritiesin the layer
ard then to alower probability of formation of thes centers.
In our case CL images record@ from nonirradiaté as well
as irradiatad area revea the existene of dak spd features
associatd with the presene of dislocations which would
sene as preferenti diffusion paths Additionally, diffusion
of Cd atorrs would be enhancd by the lase irradiation.

To bring out the substrag effect CdTe/Cde MOVPE
epitaxid layers were also investigated Thoudch no lattice
mismatd is present the surfa@ roughnes is even higher
then that observe for CdTe/Ga/s epilayes [Fig. 3(a)]. This
rough surfa@ might be cause by therma strairs at the sub-
strak area due to the low therma conductiviy of CdTe,
which would magnify any temperatue inhomogeneit in the
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FIG. 4. CL spectarecordel unde high excitation conditiors of the electron
bean from the as-grow ard recrystallizel CdTe/Cde MOVPE layers in
the spectrarange of (a) 0.6—-1.0 eV (1300—2000 nm) ard (b) 1.0-1.6 eV
(800—1300 nm). In both casesthe inses shav the specta recorde after
lase irradiation by decreasig the excitatian densiy of the electra beam.

MOVPE reactor® The presene of Te precipitats already
reportel for this materiaf could also play an importart role

in the apparitian of the mentione strains® As shown in Fig.

3(b), lase irradiation in the sane conditiors describe for

CdTe/Gas epilayes causs astrorg damag in the CdTe/
CdTe epilayers while outsice the irradiated area the relief

remairs unchangedThe differences are also evidert from

the CL spectra Figure 4 shows the specta recorda under
high excitation densiy conditiors of the electrax beam both

before and after lase treatment Only two peaks 0.77 eV

ard band-edg emission are observableln nonirradiate ar-

eas no additiond band were reveal@l by decreasig the

excitation density suggestig a very low intensiy of any
otha emission However after irradiation the different
deep-leve bands alread observe for the CdTe/GaAs
sampeé becone apparehwhen low excitation conditiors are
usel (Fig. 4, insets. The irradiation causé astrorg increase
of the 0.8—1.0 eV emissionswhile no V¢4 related pe&k (1.4

eV) is observedAlso, the quenchimg of the 0.77 eV is nat so

dramatt as in the layers depositel onto GaAs Thes results
resembd those obtainel for CdTe bulk crystak anneald in

cadmium vapor, in which the relative intensiy of the 1.4 eV

bard is very low while the band in the 0.8-1.0 eV range
exhibit the highes intensity?® This similarity betwea the

specta from irradiated CdTe/CdE layers and Cd vapa an-

nealal CdTe bulk crystab reinforces our hypothess about
the relation of the 0.77 €V emissio with impurity atoms
eithe as substitutionhatons or as complex centes involv-

ing cadmiun vacancies The fact tha the intensiy of the

0.77 eV bard does nat change drastically in contras to the

observatios mace in CdTe/Ga#s layers could be explained
by the partid fillin g of Cd vacancis with Cd atorrs hopping
from the substratesince patt of the favorabk sites for Cd

diffusion are already occupied subsequenlase irradiation
would not enhane Cd diffusion significantyy and no drastic
changsin the 0.77 eV emissia shoul be expected.

In summary we hawe shown that unde similar laser
irradiation conditions surfa@ morpholoy and luminescence
properties of the epitaxid layers grown on GaAs chang dra-
matically, while the properties of the layers grown on CdTe
maintah practicaly unmodified excep in severey damaged
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regions The striking differences observe in both kinds of
sample are explainal by differences in the thermd conduc-
tivity of the substratesLase induced recrystallizatio seems
to be agoad procedue to improve the surfae quality of
epilayes when the therma conductiviy of the substrag is
moderate} high (as GaAs in this work). However when low
thermad conductiviy substrate (e.g, CdTe are used the
locd damag induced by the lase irradiation is too severe,
ard no betterirg of the surfae is achieved.

Cathodoluminescercspecta enabk us to study the ef-
fect of lase recrystallization as well as the influence of the
substrag on the defed structue of CdTe layers To account
for it, mechanism involving diffusion of cadmium atoms
ard partid filling of cadmiun vacancis are suggested.
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