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Midgap traps related to compensation processes in CdTe alloys
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We study, by cathodoluminescence and junction spectroscopy methods, the deep traps located near midgap
in semiconducting and semi-insulating II-VI compounds, namely, undoped CdTe, CdTe:Cl, ggghgde.
In order to understand the role such deep levels play in the control of the electrical properties of the material,
it appears necessary to determine their character, donor, or acceptor, in addition to their activation energy and
capture cross section. Photoinduced-current transient spectroscopy and photo deep-level transient spectroscopy
are used to investigate the semi-insulatif®)) samples, and a comparison of the complementary results
obtained allows us to identify an acceptor trap, labélecind an electron trap, label&d LevelH is common
to all investigated compounds, whike is present only in CdTe:Cl samples. This provides clear experimental
evidence of the presence of a deep trap in CdTe:Cl, which could be a good candidate for the deep donor level
needed to explain the compensation process of SI CdTESOL63-1827)08944-3

The interest in Cd-based binary and ternary II-VI com-sphere fort=5h, and CdeZng.Te (p> 10t Q cm). The
pounds arises from their promising applicationsjasand  CdTe samples were grown with the traveling heater method,
x-ray detectors and in electro-optic devices. The high resiswhile the CggZny,Te ones have been grown by the high-
tivity of the material p=10% Q cm) is one of the most pressure Bridgman method. The undoped CdTe material is
stringent requirements, together with a high mobility-lifetime semiconducting and the CdTe:Cl and the ogZh,,Te
product. Semi-insulatingSl) CdTe can be obtained by grow- samples are semi-insulating. While CdTe:Cl is made semi-
ing impurity-free stoichiometric crystals or, more easily, by insulating by the presence of Cl via a compensation process,
introducing during growth group-Ill or -VII donors. The Cd, gZng oTe is intrinsically hlgh_ly resistive. Schottky diodes
dopants thus introduced act as shallow donors which corl@ve been prepared by depositing a Au or In barrier on one
pensate for the native acceptors, the cadmium vacancigad® Of the sample, while the backside Ohmic contact has
(Veo), generated during the growth in Te-rich conditions. een obtained by electroless Au deposition. Junction spec-

: ) : _ troscopy analyses have been carried out with a SULA Tech.
Thle resulting complex\(c,Doryg) is the so-called center system. The DLTS method has been applied to the semicon-
A,” which acts as a single acceptor located By

2_4 g ducting undoped CdTe samples, while PICTS and PDLTS
+0.15 eV lts energy _Ievel IS too shaII(_)w to account for have been utilized to study the semi-insulating CdTe:Cl and
the pinning of the Fermi Iev_el observed in compensated SCdO_BZnO_ZTe samples. These last two methods are comple-
II-VI compounds, and the existence of a deep donor has begfentary, as PICTS reveals both majority and minority carrier
suggested to explain the compensation protéshile the  raps without reliably allowing one to distinguish between
introduction of group-V impurities is known to directly in- them, and PDLTS reveals only majority carrier trdp¥.The
troduce deep levels which play a significant role in the re-heating rate was 0.2 K/s, and the emission rate varied from 5
sulting semi-insulating behavior of the material, group-lll to 2 10* s™%. The excitation wavelength used in PICTS and
impurities do not directly generate deep levels but only in-PDLTS measurements webe=940 and 880 nm, and no
troduce shallow one3ln order to study the electrical activity major differences were observed in the resulting spectra.
of the deep traps, we used electrical spectroscopy methodZathode luminescend€L) analyses have been performed in
which can be applied to SI materials, namely, PICTSa Hitachi S-2500 scanning electron microscope at a tempera-
(photoinduced-current transient spectrosgoppd PDLTS  ture of 80 K with an accelerating voltage of 25 keV. Emis-
(photo deep-level transient spectroscppy® These tech- sion was measured with a North Coast E0-817 germanium
nigues allow the analysis of the deep levels in a wide regionletector.
of the forbidden gap, including those located near midgap, We have focused our attention on an analysis of the car-
i.e., the traps which may intervene in the pinning processtier traps which emit at high temperature, as these are the
Moreover, they can determine the hole or electron charactateep levels located near midgap which mostly affect the op-
of the deep levels. The characterization of the deep leveical and electrical properties of the investigated II-VI com-
optical activity has been carried out with cathodolumines-pounds. Figure 1 shows a CL spectrum of a CdTe:Cl sample,
cence(CL) measurements which also allow us to comparewhere two peaks, labeled and E, are present; the inset
our results to those reported in the literature. reports the CL spectrum of a ggZn, ,Te sample. Figure 2

We have investigated four different sets of samplespall shows two PICTS spectra of a CdTe:@blid line) and a
type: CdTe undoped p=30Q cm), CdTe:Cl p>10’ Cdy ¢Zny »Te (dashed ling sample, and a PDLTS spectrum,
Q cm), CdTe:Cl annealed ak=600 °C in an Ar atmo- obtained in identical experimental conditions, of the CdTe:CI
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gated materials. Experimental data are reported as solid circles; the

FIG. 1. Cathodoluminescence spectrum of a CdTe:Cl sample a{n€S represent the fit to the data sets.

T=280 K and beam energy 25 keV. The inset shows a CL spectrum . . .
of Cch iZny ;Te under identical experimental conditions. Even though thg mv_estlgated II-VI compounds are similar
oo and may have identical traps, we have labeled the levels

sample(dotted ling. The same two peaks observed in CL are?pse{rjve? in DLTS a_rt]d PlC-I;S d'ffef?’?ﬂ%s the re:iultbs ob-
present, but only leveH is common to both materials. CL aned lrom capacitance ransient >) cannot be
gtralghtforwardly compared to those derived from current

peaks may be correlated to PICTS/PDLTS since radiativ 4 i A
transitions occur either at the energy measured in PICT far.‘s'e”‘ analyse®ICTS, PDLTS: the determination of the

PDLTS or at energy values complementary to the materia,[
band gapEy (Eg=1.54 eV for CdTe andy=1.65eV for

Cdy ¢Zng2Te). The PICTS spectrum of the CdTe:Cl samples
after the annealing treatment still shows both pddkendE which we calculated for levell, to beNyo=4 X 102 cm 3,

clearly. The Arrhenius plots of the two traps are shown in__, .~ " 11

Fig. 3 and the resulting activation energy and the apparer;[rﬁ;'g?it'n::%rﬁg(r:otlrjgt;ihg\ if;?:tfraAssir?tﬂ?cf;e?ﬁf acZ:rt]il-y

capture cross section of trapsandE are reported in Table atfon Zner of Iet)/eH .’observedpin undoped CdTe has to

I. The error associated to the activation energy has been c Y'e measurg%j/ from thg valence bafake El)'able )L Con-

culated from a chi-squared fitting procedure to each data Sversely it is not possible to determine the majority/minority
: ; 0 ,

of the Arrhenius plot and resulted to be approximately 5/°character of the traps observed with PICTS in semi-

(£0.04 eV). DLTS measurements, carried out on the un- : . . e
doped CdTe semiconducting material, have also revealed tHgsuIatmg CdTe:Cl and GglZnooTe. To achieve this infor

presence of a dominating deep trap, labetegl (Table ). mation it Is necessary to carry out PDL.TS measurements,
which only reveal majority carrier traps in semi-insulating

materials. The comparison of a PICTS and a PDLTS spec-
25 trum of CdTe:Cl, reported in Fig. 2, shows that the only level
present in PDLTS is level H, which, thus, results to be a hole
trap. Its activation energy has to be measured from the va-
lence band, while the activation energy of le#elwhich is
an electron trap, is calculated from the conduction band
(Table ). The levels found in the four different sets of
samples studied are summarized in Table II.

LevelsH and Hy could be attributed to the same deep
trap, in particular to a level with an activation energy of
approximately 0.8 eV, which has been reported in the litera-
ture for CdTe and Cd ,Zn,Te compounds grown with dif-
ferent methods and dopants. This deep level has been ob-

mission rate results to be different in the two cad<e3on-
rary to PICTS and PDLTS methods, for which the measure-
ments of the trap concentration is quite difficlithe DLTS
method allows us to determine reliably the trap concentration
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TABLE I. Summary of the activation energies and apparent

0.0 zéo ' 360 ' 3;-)0 ' capture cross sections of the levels observed in the investigated
materials.
Temperature (K)
. . E. (eV) o (cnr)
FIG. 2. PICTS(solid line) and PDLTS(dotted ling spectra of a
CdTe:Cl sample obtained with=880 nm ande,=256s . The  H/H, E,+0.76 6x10 18
PICTS spectrum of a G@Zn, ,Te sample under identical experi- E Ec.—-0.79 4x 1074

mental conditions is also reportédashed ling
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TABLE Il. Summary of the levels observed in the various II-VI ducting undoped CdTe. This suggests that lévedould be
compounds investigated. considered the deep donor needed to explain fully the com-
pensation process in CdTe:#1:51"19t is worth noting that
E cannot be due to the thermal emission of electrons from
the recombination centé# both because levét is detected
H/H, yes yes yes yes only in CdTe:Cl samples, and because the thermal activation
E yes yes energy of levelH for electron emission has been calculated
to be lower than that for hole emissidhwhile, in our case,

) 1a17 ] ] g E has a greater activation energy thdn

served both with electricdl™” and optical techniques,®  The role played by the levels detected in this work is
and has been W'delyzi‘tt”b“ted to an acceptor complex ingjfferent for each investigated 11-VI compound. I
volving the nativeVc~ defect and an impurity'*"*°A cq 7n_ Te which is intrinsically semi-insulating, level
deep trap with similar characteristics has be&nﬂdetgcted I8 the only deep trap located near the Fermi level at midgap
DLTS analyses of-type semiconducting CdT&;'**'which  anq it possibly contributes to the pinning of the Fermi level.
reveals only majority carrier traps, i.e., donor traps. It is rea1n cqTe:Cl there are, on the contrary, two deep levels near
sonable to attribute this trap to the same deep complex Okgiggap: the acceptor level, which acts as a recombination
served by us, since it behaves as a recombination center. Thisnier and the electron tref, which possibly acts as a
has been deduced by measuring its thermal emission rates fggnor evel and intervenes in the material compensation pro-
electrolr;s and holes, which results having comparabl@ess The Fermi level is probably located between these two
values. It is important to stress that, as we studigdype  |evels and they both play an active role in its pinning near
samples, we observed the dominating majority carrier traiggap® In undoped CdTe, which is semiconducting, level
behavior of leveH, but this does not imply that the level is [ acts as a deep acceptor center and it has no pinning effect
a pure hole trap, especially when considering the midgagn, the Fermi level which is far from midgap. We calculated
position of the energy level. The activation energy of lédel he position of the Fermi level in our samples at room tem-
measured from the valence band is the same in CdTe ar}ﬂerature and it resulted to be locatedEai— 1.32 eV (the

Cdp &Zng;Te, ' and this confirms its attribution to a Cd sub- pang gap of CdTe i,~1.54 eV at room temperatyrt>?
lattice defect, as the valence baftlated to Cd defecls |, conclusion, we have utilized junction spectroscopy
does not shift in energy with increasing Zn concentrationyechniques, such as DLTS, PICTS, and PDLTS, to study the
with respect to pure CdT®.The acceptor character of level geep traps located near midgap in semiconducting and semi-
H can be inferred from the fact thét is the dominating trap  insy|ating 11-VI compounds. Two deep levels have been ob-
in all samples, semi-insulating and semiconducting, and the¥eryed, labele# andE. The combined application on semi-
all result to bep type. LevelE, on the contrary, is only conducting and semi-insulating samples of PICTS and
observed in CdTe:Cl samplébefore and after annealing  pp|Ts has allowed us to determine thdtis an acceptor
and this strongly suggests its relation 'go the presence of C{rap, and to proposE as a donor level. Leved is common
The presence of Cl make_zs the material semi-insulating by, g investigated materials, and has been attributed to a
compensating for the native acceptor defect, %h@. The  geep acceptor complex related g2~ The electron trap
resulting acceptor complex, the so-called cemerhas an  character of leveE, present only in CdTe:Cl material, is
activation energy of 0.15 eV which is too shallow to accountreported here for the first time, to our knowledge. Leiel

for the high resistivity of the material and to justify the pin- goems to be a good candidate for the deep donor missing in

. . . _4
ning of the Fermi level near midgdp" It has been proposed e fy|| understanding of the compensation process in semi-
in the past that the pinning of the Fermi level observed in insulating CdTe:Cl.

CdTe:Cl is due to its location in the gap between two major

traps, an acceptor and a donor level, but such a donor level, This research was partially supported by the Cooperation
peculiar to Cl-doped CdTe has, to our knowledge, beerProgramme “Azione Integrata” between Italy and Spain and
never reported in the literature. The midgap tEags present by DGICYT (Project No. PB 93-1256 The authors are in-

in high concentrationicomparable to leveH) in compen- debted to Japan Energy Corporation for the undoped and
sated semi-insulating CdTe:Cl, while it is absent in semiconCl-doped samples.

CdTe:Cl CdTe
CdTe:Cl  annealed undoped CglgZng oTe
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