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The electrical characteristics of the Mo-MoO./p-CdTe/MoO:-Mo heterostructures, manufactured by
magnetron sputtering of molybdenum oxide thin films on CdTe semi-insulating crystals produced by
Acrorad Co. Ltd were studied. Optimization of substrate conditions pretreatment and contacts deposition
allowed to reduce the dark current of the detectors compared with earlier analogs and, consequently, to
improve its spectrometric characteristics. The charge transport mechanisms for ensuring the low values of
reverse currents in the structures were determined: the generation-recombination in the space charge re-
gion (SCR) at relatively low voltages and currents limited by the space charge at high voltages. It is shown
that the heterostructure Mo-MoO./p-CdTe/MoO.-Mo can be used for practical applications in the X- and

y-ray detectors.
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1. INTRODUCTION

The potential of X- and yray (X/7) detectors based on
cadmium telluride (CdTe) is now recognized in security
systems, space industry, medicine and other fields. The
high atomic number of the materials gives a high quan-
tum efficiency suitable for a detector operating in the
energy range above 30-50 keV. A large band-gap energy
allows us to operate these detectors at room tempera-
tures without cryogenic cooling [1, 2]. The significant
progress in the technology of producing high quality
semi-insulating CdTe crystals with high lifetime and
mobility of electrons and holes has achieved [3].

The full charge collection during the absorption of
high-energy photons provides the operating of CdTe-
detector in spectrometric mode. Therefore in order to
avoid trapping of charge carriers in the CdTe detector, a
high bias voltage is required. However a rapid growth of
the leakage current with increasing bias is often ob-
served due to the currents limited by the space charge.
The origin of the excess charge carriers can be either
tunneling of charge carriers through a thin insulating
film between the crystal and the metal contact [4] or
injection of minority carriers from imperfect Ohmic con-
tact on the opposite face of the crystal [5]. Therefore, the
problem of forming noninjecting contacts to CdTe is ac-
tual scientific and technical problem.

Commercially available p-CdTe detectors use high
work-function metal such as Au or Pt to form Ohmic
contacts. A low work-function metal such as In or Al are
usually used for obtaining a high Schottky barrier to p-
CdTe [6 —9]. As high concentration of surface states af-
fects on the bands bending it is possible to modify prop-
erties of the surface of a CdTe crystal by varying techno-
logical conditions and to use the same metal (Ni) for both
Schottky and near Ohmic contacts [10].

Nevertheless, despite the progress in technology,
some issues concerning the physics of the processes gov-
erning the detection efficiency in semi-insulating CdTe
crystals with a Schottky diode remain unrevealed. In
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particular, CdTe-detectors with high energy resolution
demonstrate time instability at prolonged voltage apply-
ing. It is known as a polarization effect. This phenome-
non is mainly related to the accumulation of negative
charge on deep acceptor levels during the application of
the bias voltage [11, 12]. Polarization effect can be
avoided either changing contact barrier or periodically
removing the applied bias voltage [11]. This is the rea-
son that the study of the detectors characteristics and
the search for the new contact materials remains rele-
vant scientific and technical problem. In this work we
continue the investigation of the gamma response of
MoOu/p-CdTe/MoOx-Mo detectors studied in Ref. [5].
Using different methods of ion etching of CdTe crystals
prior deposition of MoOx contacts the dark current of the
detectors has reduced and, as a consequence, its spec-
trometric properties have significantly improved.

2. EXPERIMENTAL DETAILS

2.1 Samples Preparation and Spectra Measure-
ments

The single-crystalline CdTe(Cl) (111) wafers pro-
duced by Acrorad Co. Ltd. [3] of the area of 5 X 5 mm?2
and thickness of 0.5 mm were used for the heterostruc-
tures fabrication. The crystals showed weak p-type
conduction of the material with a resistivity p = (1.4 —
2) x 102 Ohm-cm at room temperature, i.e. p is close to
the wvalue in CdTe with intrinsic conductivity
pi =4 x 10° Ohm cm. The procedure of formation of both
Ohmic and Schottky contacts included chemical etching
of the crystals in the solution for 20-30 s. The MoOx
films were deposited on the heated surface of CdTe
substrates in a Leybold-Heraeus L560 universal vacu-
um system by means of DC reactive magnetron sput-
tering of a pure molybdenum target in the atmosphere
of a mixture of argon and oxygen. During the deposi-
tion process, the partial pressures of argon and oxygen
in the vacuum chamber were 0.24 and 0.034 Pa, re-
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spectively. The magnetron power was ~ 120 W.

The spectra were measured at room temperature
and the bias voltage — up to 60V using a charge-
sensitive amplifier in combination with a multichannel
analyzer MCA527L.

3. RESULTS AND DISCUSSION
3.1 Characterization of Detectors

Fig. 1 shows the current-voltage (J-V) characteris-
tics of a Mo-MoO./p-CdTe/MoOx-Mo heterostructure
fabricated by reactive magnetron sputtering of molyb-
denum oxide for ~300s at substrate temperature of
~ 373 K (detector 1). After the deposition of the MoOx
layer, the oxygen supply was closed and the deposition
of the pure molybdenum film was carried out for ~ 60 s.
Prior the deposition of the MoOx film the surface of the
p-CdTe substrates were subjected to the long term
bombardment by argon ions (ion beam intensity
~ 15 mA/cm2, the processing time ~ 10 min) to form a
pt-layer, which improves the quality of the Ohmic con-
tact. Due to the optimal ratio of the work function p-
CdTe and MoOx, as well as the presence of p +—layer
with an increased concentration of uncompensated ac-
ceptors the Mo-MoO./p-CdTe/MoO.-Mo heterostructure
with a minimum potential barrier was formed. As seen,
J-V characteristic of the detector 1 is linear at both
polarities of applied voltage from 1 to 80 V (filled and
blank circles respectively).
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Fig. 1 — J-V characteristics of the Mo-MoO./p-CdTe/ MoO, -Mo
detector 1 (with two Ohmic contacts) at both polarities of ap-
plied voltage (filled and blank circles) and reverse branches of
J-V characteristics of detector 2 and detector 3 (with Schottky
contact)

However, detecting characteristics of the Mo-
MoO./p-CdTe/MoO.-Mo detector were so poor that the
emission spectra of isotopes 137Cs (662 keV) and 241Am
(59 keV) were hardly detected against the background
of electrical noise (Fig. 2, detector 1).

Changing in conditions of argon ions bombardment of
the CdTe wafer from the A(Cd) face (the intensity of the
ion beam was about ~ 5 mA/cm?2, the processing time
~ 300 s) led to obtain the structures with lower reverse
current density at bias voltage of 40-60 V (more than an
order of magnitude compared to heterostructure with
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two Ohmic contacts) (Fig. 1, detector 2). Due to such
lowering of the dark current of detector 2 24Am
(59.5 keV) isotope spectra were taken (Fig. 2, detector 2).
The full width at half maximum (FWHM) of the peak
amounts to 6.58 keV, which corresponds to 11.05 % of
the photon energy of radiation emitted with a 241Am iso-
tope [5].
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Fig. 2 - Spectra of the 24/Am isotope taken with the Mo-
MoO./p-CdTe/MoOx-Mo detector 1 (with two Ohmic contacts)
and detector 2 (with Schottky contact).

Further optimization of the MoO; film deposition
conditions, namely, changing the stoichiometric compo-
sition of the film and the sputtering time (partial pres-
sure of argon and oxygen in the vacuum chamber were
0.24 and 0.024 Pa, respectively, and the processing
time of ~ 60 s), led to a decrease by an order of magni-
tude the reverse current density at bias voltage of 40 —
60 V (Fig. 1, detector 3). It has allowed to measure the
isotope 137Cs (662 keV) spectra. The FWHM of the 137Cs
peak presented at Fig. 3 amounts ~ 6 %.
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Fig. 3 — Spectra of the 137Cs (662 keV) isotope taken with the
Mo-MoO./p-CdTe/MoO.-Mo detector 3 (with Schottky contact)

3.2 Charge Transport Mechanisms
As can be seen (Fig. 1) J-V characteristic of the de-
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tector 1 in double logarithmic coordinates is linear and
symmetric in the entire range of the voltage which con-
firms the formation of a high quality MoOx Ohmic con-
tact to p-CdTe. One can see that a root dependence is
clearly observed in the dependence J(V) at the bias
voltages 0.02< V<50V for the detector 2 and at
0.02< V<100V for the detector 3. It is quite clear,
because, according to the Sah-Noyce-Shockley theory of
generation-recombination in the space-charge region, if
the reverse voltage satisfies the condition ¢V > kT, the
multiplier [exp(qV/2kT) — 1] does not reveal itself and
the dependence of J on V becomes root-like (J ~ V1/2)
[13, 14]. However, at further increase of reverse bias
voltage the mechanism of conductivity in heterostruc-
tures with Schottky diode changes. The dependences
J(V) in the detectors 2 and 3 become proportional to the
squared voltage (I ~V?2), i.e. the Mott-Gurney law is
obeyed, which is typical for semi-insulating material
[15]. The observed rapid increasing of current can be
explained by the peculiarities of the charge transport
at high voltage when intensive injection of electrons
from the "Ohmic" contact occurs, and their concentra-
tion is much greater than the equilibrium concentra-
tion in the conduction band. In addition, at V> 125V
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dependence J(V) in the detector 3 becomes I~ V36 i.e.
according to the Mott-Gurney theory trap-filled limit
regime with a presence of deep carrier trap in the crys-
tal occurs [15, 16].

4. CONCLUSIONS

The current-voltage characteristics of the Mo-
MoO./p-CdTe/MoOx-Mo heterostructures fabricated by
magnetron sputtering of molybdenum oxide thin films
onto semi-insulating p-like CdTe crystals (p=(1.4—
2)-109 Ohm cm). The distinction of electric and spec-
trometric properties of Mo-MoO./p-CdTe/MoOx-Mo de-
tectors is caused by different regimes of treatment of
CdTe crystals prior to deposition MoOx contacts. The
charge transport mechanisms in the Mo-MoO./p-
CdTe/MoOx-Mo structures are well described in the
framework of the well-known theoretical models.
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UccmenoBaHbl aJIeKTPUUECKHE XaPAKTEPUCTUKHN TeTepocTpykTyp Mo-MoO./p-CdTe/MoO.-Mo, maro-
TOBJIEHHBIX METOJI0OM MATHETPOHHOT'O HAIBLJIEHUS IJIEHOK OKCHA MOJIMOIeHA Ha IO0JIyH30JIHPYIONINe KPH-
crayuter CdTe mpomsBoacrea Acrorad Co. Ltd. Onrumusarust ycioBuil IpeBapuTeIbHON 00paboTKY I10/1-
JIOJKEeK VM HAHECEHWsI KOHTAKTOB I03BOJIMJIA YMEHBIIUTH TEMHOBOM TOK JIETEKTOpA 10 CPABHEHWIO C paHee
MOJIyYeHHBIMU AHAJOTaMH M, KaK CJIeJICTBHE, YJIYYIIUTh €ro CIeKTPOMEeTPHYECKHEe XapaKTepucTuKu. [Ipo-
aHAJIM3UPOBAHBI MEXaHU3MBI IIePeHOCcA 3aps/a, 00ecIeunBaloIie HU3KNe 3HAUYeHNsI 00PATHBIX TOKOB B HC-
CJIeTyeMbIX CTPYKTypax: reHepalus-peKoMonHams B obactu mpocrpancrserHoro dapsama (OII3) mpu ot-
HOCHUTEJIbHO HU3KHX HAIIPAKEHUAX U TOKH, OTPDaHUYE€HHbIE Oﬁ’beMHLIM 3apdAa0oM, IIPU BBICOKUX HAIIPAKEHU-
six. [lorasano, uro rerepoctpykTypsl Mo-MoO./p-CdTe/MoO,-Mo MoryT GBITH MCIIOJIE30BAHEI JIJIST TIPAKTHYE-

CKOI'0 IIPUMEHEHHS B IeTeKTOpax X-u J-A3JIyIeHUd.

Kmouessie ciiosa: CdTe, MoOx, lerexropsr uanyuenust, Jluomaer [llorTru, [lepenoc 3apsana, Toxku orpanwu-

YEeHHBIEe IIPOCTPAHCTBEHHBIM 3apPAI0M.

CdTe nerexropu X/y eunpominwoepauua 3 MoOx KOHTaAaKTaMU
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JlocmimxeHO eJIeKTPUYHI XapaKTepPUCTUKH reTepocTpyKTyp Mo-MoO./p-CdTe/MoOs-Mo, Burorosse-
HUX METOJIOM MArHEeTPOHHOIO HAUJICHHS IUUTIBOK OKCH/IY MOJIiOmeHy Ha HamiBizosooul kpucranu CdTe su-
pobuunnTBa Acrorad Co. Ltd. OnruMisaliia yMoB momepeaHboi 00poOKH IMAKIAIMHOK 1 HAHECeHH KOHTAKTIB
IO3BOJIMJIA 3MEHIINTH TEMHOBHN CTPYM HETEKTOpA y MOPIBHAHHI 3 PaHille OTPUMAHMMU AHAJIOTAMH 1, AK
HACJIJOK, HOKPAIIMTH MOr0 CIIEKTPOMETPHYHI XapakTepucTuku. [IpoaHamizoBaHO MexXaHI3MU IIepPeHoCy 3a-
pamy, Akl 3a0esnedyoTh HU3bKI 3HAYEHHS 3BOPOTHOIO CTPYMY B HOCJIIKYBAHHX CTPYKTypax: eHepallis-
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peroMOiHaIA B obsacti mpocroposoro 3apsany (OI13) mpu BigHOCHO HM3BKUX HAIIPYTax 1 CTPYMHU, 0OMesKeH1
IIPOCTOPOBUM 3apPsIOM, IIPH BUCOKHX Hampyrax. Ilokasano, 1o rerepoctpykrypu Mo-MoO./p-CdTe/MoOx-Mo
MOSKYTb OyTH BUKOPHCTAHI ISl IPAKTUYHOTO 3aCTOCYBAHHSA B JETEKTOpax X- ¥ y-BUIIPOMIHIOBAHHS.

Knrouosi cnosa: CdTe, MoO., Jerexropu Bunpomiuosanus, iogu orrki, [Tepenoc 3apsmy, Crpymu 06-

MesKeH1 IIPOCTOPOBUM 3aPSIZIOM.
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