JOURNAL OF APPLIED PHYSICS VOLUME 92, NUMBER 10 15 NOVEMBER 2002

Transmission electron microscopy of the induced damage by argon
implantation in  (111) HgCdTe at room temperature
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HgCdTe (MCT) is an important semiconductor material used for infrared photovoltaic detectors.
Although ion implantation is a widely used technigue in the manufacture of devices based on MCT
to obtainn/p junctions, a detailed understanding of tiréype behavior of the unannealed damage
region has not yet been established. In this wark, junctions were formed by Ar™ implantation

on MCT (111) grown by the isothermal vapor phase epitaxy method. Structural damage after
implantation for different implantation doses ¢£010*, and 18° Ar* */cn?) was evaluated by
transmission electron microscopy. At high doses, damage distribution exhibits a double region of
defects. These were mainly vacancy dislocation loops and lines in the first region, whereas the
second zone exhibited small dislocation loops. The obsamtggde behavior after implantation was
attributed to the generation and diffusion of Hg from the damaged region20@2 American
Institute of Physics.[DOI: 10.1063/1.1512695

INTRODUCTION Ar** was implanted at room temperature, with energies

3
The semiconductor Hg ,Cd,Te (MCT) is widely used tl)gltgvzef + /222 ang _300 ke\/,t ((jjose_f_ betweenih 1o 10
in infrared detector technology for imaging arrays in both r-_fenr, and ion currént densiies lower than L.

scanning and staring configurations. The energy gap of thié‘A/Cm j Table I summarizes the specimen stoichiometry and
material is a function of Cd concentratia®).* Advanced Implantation conditions. All samples showpdype conduc-

arrays of Hg _,Cd,Te require an implantation technique ca- tiorr before irnplantation anc-type cqnduction after ir.nplan.-
pable of a precise control for semiconductor junction forma-ation- Specimens for TEM were thinned by a precision ion
tion. Implantation typically causes a lattice disorder as in_polrshrng system, Gatan 691 model, opera’red art very low
duced by defect formation which, in turn, influencesVOItage NAT<4kV)'.The samples were exermmed N ?JEOL
structural and electrical characteristicé. 2000 FX electron microscope, equipped with a Lanitter

A common way to formn/p junctions in MCT-based an_d operating at 200 kV. An energy dispersive spectrometer
photovoltaic devices is ion implantation. Unlike conven- (Link Pentafet 5947 Model, Oxforq Mrcroanal){sls Group
tional implantation, the electrical activity of the implanted was employed to analyze the chemical composition of mate-
ion is not the most important factdThe purpose of implant- rial during TEM observations. Hall me_arsqrements by the Van
ing is to create a source of mobile Hg interstitials. Thesel€" Pauw method were performed atliquid nitrogen tempera-
interstitials diffuse into the material and annihilate Hg vacan-tw?' Sheet electron concentrations were calculated by Pet-
cies (single or double acceptgrshat are present in large fitz’s double layer model.
concentrations ip-type MCT grown at high temperature. If
the acceptor concentration falls below that of donors, theRESULTS
region is converted to-type?

In this work, Ar"" implantation was onp-type TEM analysis of implanted samples exhibited disloca-
Hg, «Cd,Te, at a composition between 0.16 and 0.22, withtion loops in every case. A few dislocation lines were ob-
implantation doses ranging from ¥0to 10" Ar**/cn?®.  served at high doses. Loops with increasing diameter were
The defect generation was characterized by transmissiopbserved by increasing doses fromt b 10" Ar* */cn?.
electron microscopyTEM) in planar view and cross section This fact was corroborated by comparison of micrographs for
geometries. implanted samplegFigs. 1-4, in both types of geometry,

planar view, and cross section. The evolution of loop diam-

eter is summarized in Table II.
EXPERIMENTAL PROCEDURE For the lowest doses (Y¥DAr* */cn?), the loop diam-

Undopedp-type MCT was grown ont¢111) CdTe sub- eters were small+,+ranging from 90 to 500Fg. 1(@)]. _For
strates at PRINSO, using the isothermal vapor phase epitaX§PSes 0f 18'Ar*/cn?, the loop diameters were in the
(ISOVPE methoc® The eV Products Division provided the 'angé of 100 to 1300 Awith an average size oD
(111) CdTe substrates. Prior to growth, the substrates werg 800 A). Also at these doses, some dislocation loops join-

chemically polished with a 2% bromine-methanol solution. "9 into larger loops or irregular dislocation lines were ob-
served Fig. 2a)]. Loops withb= 3{110 were observed with

perfect dislocations, whereas partial Frank loops were not
dElectronic address: canepa@citefa.gov.ar detected.
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TABLE I. Description of specimen and implantation conditiopgype measurements before implantation and
n-type measurements after implantation.

Bulk Sheet
carrier electron
density density

Doses Energy Hg loss
Specimen X (Art*/cm?) (keV) % p (cm™3) n(cm™?)
VPE 91 A 0.16-0.17 1063 200 6 2.0 10" 7.15< 101
VPE 89 0.16-0.17 164 200 5 7.46<10Y 4.08<10%
VPE 91 B 0.16-0.17 16° 200 9 2.0% 10" 1.01x 10*
VPE 40 0.22 1% 300 8 1.1 10" 2.15x 10

For doses of 18 Ar* */cn?, at implantation energies of shape were not observed for two different implantation ener-
200 and 300 ke\fFigs. 3a) and 4a)] the loops overlap, gies.
increasing their diameters. Loop interaction generates en- Studying the samples in the cross-section geometry
tanglement of the dislocation lines. Differences in dislocationshows that the damaged region also changes with implanta-

FIG. 1. VPE 91(111) A specimen implanted with #® Ar* */cn? at 200  FIG. 2. VPE 89(111) specimen implanted with #OAr" */cn? at 200 keV.
keV (a) Planar view, axis zone- [111] andg=[022]. (b) Cross section, @& Planar view, axis zong¢111l] and g=[022]. (b) Cross section, axis
axis zone-[110] andg= —[220]. zone~[112] andg~[220].
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'

FIG. 3. VPE 91(111) B specimen implanted with D Ar* */cm? at 200

keV. (a) Planar view, axis zongl11] and g~[§02]. (b) Cross section, axis  FIG. 4. VPE 40(111) specimen implanted with 3dAr* */cn? at 300 keV.
zone[110] andg~[111]. Micrographs are on planar view, axis zofid 1].

tion dose, with an increase in damage size as the dose {small dislocation loops At higher doses 10" Ar* ™/

increased. Fig. (b), shows that for a specimen implanted at cn?), implantation produced a double zone of defect distri-

the lowest dose (28 Ar* */cn?), a single uniform damaged bution. The first region could be attributed to vacancy dislo-

region is visible. This was not the case for higher implantacation loops and lines coexisting with a thin surface subre-

tion doses under TEM observation. gion with a very low defect density or with no defects. The
For samples implanted at ¥0Ar* */cn?, a double de- second region is predominantly formed of interstitial dislo-

fect region appears. The first one is formed by large dislocacation loops. These results were corroborated by TEM

tion loops and lines, whereas the second exhibits small dignternal—external contrast method.

location loops. This double defect distribution was easily

observed in samples implanted at3@r* */cn? [Fig. 3b)].

Also, at the highest implantation doses, a thin surface regioﬁABLE Il. Loop size and damaged region size as a function of implantation

(0-500 A was also observed, exhibiting a low defect den-993°S

sity or no defects at all. Loop Diameter '
Doses Damaged Region
Art*/cm?  Planar View Cross Section Cross Section
DISCUSSION 200 keV (A) AR) A)
1013 90-500 80-175 [0-180Q+ 200

~ Defect distribution was quite dllffercirlt for low and high 7. 120-1300 190-500 [0-2500 200
observation exhibits a region of uniformly distributed defects:
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TABLE Ill. Atomic percent of MCT components as a function of depth in CONCLUSION
cross sectional analysis by EDS in TEM situ observationsAat. %=
+15 andAr==250A. Structural damage in Ar-implanted epitaxially grown
48506000 A MCT has been described. TEM observations corroborates
that the predominant defects produced by implantation are
Cd 9.94 10.59 7-55 10.90 dislocation loops, identified in the first region of defects as
;e 54.40 53.61 5442 >4.63 vacancy-type. Loop diameter increases proportionally to im-
g 35.65 35.80 38.03 34.47 : T .
plantation dose. The second defect region is formed by inter-
stitial dislocation loops.
The n-type behavior observed after implantation could
A possible explanation for this defect distribution could be attributed to generation and diffusion of Hg during im-
be at high implantation, a high density of Hg interstitials is plantation from the damaged region inside the crystal. Hg
generated, diffusing deeply into the crystal and leaving Hgnterstitials annihilate Hg vacancies and the conduction type
vacanciedand Cd vacancies in a lesser quantiy the sur-  conversion ensues when the donor concentration results
face, which collapsed into vacancy dislocation loops anchigher than the acceptor density. The junction extends much
lines. This fact was corroborated by mono-energetic positrogleeper into the crystal, compared the doped Féyéuue to
beam measurements by Uedoretal® and by TRIM Hg diffusion.
calculations that showed a vacancy distribution around
0-2000 A.
Table | reports a decreasing Hg percentage at increasing
implantation doses in the region of 0—2000 A in planar viewACKNOWLEDGMENTS
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