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This paper reports the results of an investigation of the electrical properties of graphite/n-Cd; -.Zn,Te
Schottky diodes prepared by the transfer of dry drawn graphite films on Cdi-xZn,Te substrates. The
Cd:-+Zn,Te solid solution with low Zn content was grown by the Bridgman method at low cadmium vapor
pressure and had a low resistivity p~ 102 Ohm-cm. The values of the series Rs and shunt R resistances of
graphite/n-Cd:-.Zn,Te and graphite/NaCl/n-Cd:-.Zn,Te Schottky diodes were determined from the de-
pendence of their differential resistance Rui. The height of the potential barrier of graphite/n-Cd: -.Zn,Te
and graphite/NaCl/n-Cd: -.Zn,Te Schottky diodes was determined by the extrapolation of the linear seg-
ments of the I-V characteristics at room temperature toward the interception with the voltage axis and was
equal 0.63 eV and 1.12 eV, respectively. The largest value of the potential barrier height for the sample
graphite/NaCl/n-Cd; - .Zn,Te was achieved by the presence of the NaCl dielectric layer. The dominant
mechanisms of charge transport through graphite/n-Cdi - xZn,Te and graphite/NaCl/n-Cd: -.Zn.Te Schottky
diodes were described in the scope of generation-recombination and tunneling models (for forward and re-
verse bias, respectively).
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1. INTRODUCTION

The use of unique physicochemical properties of
graphite thin films (high electrical and thermal conduc-
tivity, transparency in the visible light emission, inert-
ness to chemical action [1-3]) is a good prospect for
creating new nanomaterials and electronic devices
based on them [4].

Cadmium telluride (CdTe) and solid solutions based
on it, in particular Cdi-.ZnyTe, are widely used for the
fabrication of photodetectors, solar cells and detectors for
X- and pradiation operating at room temperature and
are widely used in medicine, industry, space and other
fields [5]. The large atomic number of the components
of cadmium telluride provides high quantum efficiency
of detectors in the range of 30-500 keV and above. The
large band gap allows these detectors to operate at
room temperatures without additional cooling [6, 7].
Significant progress has been made in the technology of
obtaining high-quality semi-insulating CdTe crystals
with a long service life and high values of the mobility
of electrons and holes and their lifetime [8]. However,
during storage in air, semiconductor substrates are
oxidized, and thin films are formed on their surface,
usually with dielectric properties [9, 10]. Also, during the
technological process when creating electronic devices,
these films with dielectric properties can remain at the
interface between two materials, which will change the
electrical properties of the manufactured devices. The
purpose of this work is to show the effect of the NaCl
dielectric layer on the electrical properties of graphite/
n-Cdi - xZn,Te Schottky diodes manufactured by trans-
ferring a drawn graphite film on a substrate.

In recent years, vacuum-free methods for producing
thin films have attracted the attention of scientists,
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since they are cheaper. The cheapest of them for the
fabrication of graphite films is the "pencil-on-semicon-
ductor" method. In this method, a drawn graphite film
is transferred onto a quartz substrate. A graphite film
is first drawn on a soluble substrate (NaCl), and then
transferred to a smooth surface of a quartz substrate,
and a high-quality optical contact is formed [11].

2. EXPERIMENTAL PART

For the fabrication of heterostructures, Cdi - xZnsTe
crystals with low Zn content were used, which were
grown by the Bridgman method and had a low specific
resistivity p~ 102 Ohm-cm.

In accordance with the "pencil-on-semiconductor”
method, substrates 15 x 15 x 2 mm in size were first
cleaved from a NaCl single crystal. One of the surfaces
of the NaCl substrate was mechanically polished using
a mixture of diamond powder with alcohol in order to
create a rough surface for applying a graphite film.

Using a pristine graphite cylinder 1 mm in diame-
ter, a homogeneous graphite film was drawn on the
prepared surface of the salt substrate with a constant
pressing force. Afterwards, the sample was carefully
placed on the surface of distilled water so that the
graphite film floated on top. In order to remove all
residual salt, the film was transferred twice to new
glasses of fresh distilled water. A floating film of graph-
ite was transferred onto glass and quartz substrates
(with a standard size of 10 x 10 x 0.5 mm) to study the
optical and electrical properties, and CdZnTe (with a
standard size of 5 x 5 x 0.3 mm) for the fabrication of
Schottky diodes. The transferred film must be dried at
50 °C to remove the remaining water. As a conse-
quence, a high-quality optical contact is formed be-
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tween the graphite film and the semiconductor surface
due to van der Waal interaction.

The resulting graphite films possessed n-type con-
ductivity (determined using a thermal probe), and their
average thickness was 150 nm (measured using an
MII-4 microinterferometer), they possessed an optical
transmittance of 26.6 % at 550 nm (measured by a
spectrophotometer CF-2000). The surface resistance of
the obtained graphite films was 350 Ohm/o at 300 K
(measured using the four-probe method).

The current-voltage characteristics of the hetero-
structures were measured according to the standard
method using a Keysight B2985A precision femto/pico-
ampermeter in combination with a voltmeter Agilent
34410A.

3. RESULTS AND DISCUSSION

Fig. 1 shows the dark current-voltage characteris-
tics of graphite/n-Cdi-+Zn.Te Schottky diodes on a
semilogarithmic scale. The investigated Schottky di-
odes have pronounced diode characteristics.

The intermediate layer of NaCl dielectric in the
graphite/NaCl/n-Cd1-+Zn,Te structure remained after
the dissolution of the NaCl salt substrate in distilled
water. In a solution of water with salt, on the surface of
which a graphite film was floating, n-Cdi -«ZnsTe sub-
strates were dropped to transfer it. In all other cases, a
graphite film was transferred several times into pure
distilled water to rinse it from salt residues.

The values of the series and shunt resistances of
Schottky diodes Rs and Rsn can be found from the volt-
age dependence of their differential resistance Rair [12]
(Fig. 2). It is seen that at low voltages, the differential
resistance decreases linearly in semilogarithmic coor-
dinates with increasing voltage. If the voltage increases
further, the Raif(V) curves become saturated. The value
of the series resistance Rs of heterojunctions can be
determined by extrapolating the saturated segments of
the Raif(V) curves toward the interception with the axis
of the differential resistance.

The inset of Fig. 2 shows the forward branches of the
current-voltage characteristic of graphite/n-Cdi - «Zn,Te
Schottky diodes.
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Fig. 1 — Dark current-voltage characteristics of graphite/
n-Cdi-xZnTe Schottky diodes on a semilogarithmic scale:
sample No. 1 — graphite/n-Cd: -Zn.Te; sample No. 2 — graphite/
NaCl/n-Cdi - xZn,Te
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Fig. 2 — Voltage dependence of the differential resistance of
Schottky diodes: sample No. 1 — graphite/n-Cd: -.Zn,Te; sam-
ple No. 2 — graphite/NaCl/n-Cd: - »Zn,Te

The height of the potential barrier is determined by
extrapolating the linear segments of the I-V character-
istics toward the interception with the voltage axis (see
inset of Fig. 2). It should be noted that the potential
barrier height for samples No.1 and No.2 at room
temperature is equal to 0.63 eV and 1.12 eV, respec-
tively. A greater value of the potential barrier height
for sample No. 2 is achieved by using the NaCl dielec-
tric layer. Analysis of the measured current-voltage
characteristics of structures of the MIS (metal-insu-
lator-semiconductor) type graphite/NaCl/n-Cdi-xZn,Te
shows a significant increase in the height of the poten-
tial barrier in comparison with the electrical transition
graphite/n-Cd1 - xZn,Te.

The value of the potential barrier height ¢o=1.12V
at a temperature of 295K of graphite/NaCl/
n-Cdi - +Zn,Te structures indicates the possibility of
their application as heterodiodes for operation at ele-
vated temperatures and high loads.

Analysis of the forward branches of the I-V charac-
teristics of graphite/n-Cdi-+Zn.Te structures, built in
a semilogarithmic scale with the effect of series and
shunt resistances, shows that the dependence
In[I— (V- IRs)/Rsr] = (V- IRs) consists of linear seg-
ments, indicating the exponential dependence of cur-
rent on voltage. The values of the ideality factor
(AIn[I — (V= IRs)/Rsh]IA(V — IRs) = elnkT, where n is the
ideality factor) for both structures (Fig. 3 and Fig. 4)
are determined. For sample No. 1, n=2.3 in the volt-
age range 3 kT/le < V< 0.2V and n=5.7 in the voltage
range 0.2 <V <0.6V. For sample No. 2, n=6.5 in the
voltage range 3kT/e < V< 0.7V and n = 3.1 in the volt-
agerange 0.7<V<1.1V.

Analysis of the forward passage of charge carriers
through the energy barrier for sample No. 1 at forward
bias (3kT/e < V< 0.2 V) shows that the values of the
ideality factor n = 2.3, determined from the linear seg-
ment of the I-V characteristic 3kT/e < V< 0.2 V (Fig. 3),
indicate that the dominant mechanism of current
transfer is generation-recombination processes in the
space charge region via deep energy levels located in
the middle of the band gap with the participation of
energetically active surface traps located at the metal-
lurgical interface of Schottky diodes [11, 13].

In the region of the forward bias (0.2 < V< 0.6 V), a
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constant slope of the dependences Inl = f(V) and a large
value of the ideality factor n = 5.7 can be considered as
evidence of the tunneling nature of the dominant cur-
rent mechanism. Therefore, tunneling-recombination
processes with the participation of surface states at the
graphite/n-CdZnTe interface can be considered as the
dominant mechanism of current transfer [11, 13].
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Fig. 3 — Forward branches of the I-V characteristics of hetero-
junction No. 1 — graphite/n-Cdi-.Zn,Te on a semilogarithmic
scale
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Fig. 4 — Forward branches of the I-V characteristics of hetero-
junction No. 2 — graphite/NaCl/n-Cd; -+Zn,Te on a semiloga-
rithmic scale

For sample No. 2 determined from the linear seg-
ment (3kT/e <V <0.7V) of the dependence Inl=f(V),
the ideality factor is equal to n = 6.5, which can also be
considered as evidence of the tunneling nature of the
current transport mechanism. Therefore, we can as-
sume that the dominant mechanism of current transfer
in the voltage range 3k7T/e < V< 0.7V is the model of
multistep tunnelling recombination via surface states.

In the voltage range 0.7 < V< 1.1V, the values of the
ideality factor n = 3.1 determined for the experimental
dependences In(l) = f(V) can be considered as evidence
of the tunneling nature of the current transport mech-
anism, since a large value of the ideality factor is ob-
served at sufficiently large forward bias, at which the
space charge region is thin enough for direct tunneling,
which is described by the Numen formula for the tun-
neling mechanism of current transfer.

In the case of an abrupt heterojunction, the tunnel-
ing current at reverse bias is governed by the following
equation (1) [13]:
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Fig. 5 — The tunneling mechanism of current transport through
heterojunction No. 1 — graphite/n-Cd: -.Zn.Te at reverse bias
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Fig. 6 — The tunneling mechanism of current transport through
heterojunction No. 2 — graphite/NaCl/n-Cdi - »Zn.Te at reverse
bias
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According to equation (1), the linear I-V character-
istics in the coordinates In(Zre) — (po—eV)~1/2 (see
Fig. 5 and Fig. 6) prove the dominance of the tunneling
mechanism of charge carrier transport at reverse bias
| VI >3kTle [13, 14].

4. CONCLUSIONS

Graphite/n-Cdi - ZnsTe Schottky diode was fabri-
cated using the "pencil-on-semiconductor" technology.

The height of the potential barrier for graphite/
n-Cdi-xZnsTe and graphite/NaCl/n-Cdi-+Zn,Te sam-
ples (at room temperature) was determined to be
0.63 eV and 1.12 eV, respectively. It was found that a
larger value of the potential barrier height for the
graphite/NaCl/n-Cd1 - »ZnsTe sample was achieved by
using the NaCl dielectric layer.

It was established that the mechanisms of current
transport through graphite/n-Cd: - xZn.Te and graphite/
NaCl/n-Cd: - xZn,Te Schottky diodes at forward bias are
well described in the scope of the generation-recombi-
nation models. The main mechanism of charge carrier
transport through heterojunctions at reverse bias is the
tunneling through the space charge region via energy
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levels created by surface states.

It was found that the fabricated structures of the

MIS type graphite/NaCl/n-Cdi-+ZnsTe, which have a
built-in potential o =1.12 V at a temperature of 295 K,

[y
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Brune gienexrpuunoro mapy NaCl ma enexrpuuni Baacrusocri giogis IITorrki
rpadgit/n-Cdi - xZn<Te, BUTOTOB/IEHUX NIJIAXOM MEPEHECEHHA HAPHUCOBAHOI
miaiBku rpadity Ha migkaagku

M.M. Conosanl, I'.Il. [Tapxomenxo?!, B.B. Bpyc2, A.I. Mocrosuiil, I1.JI. Map'aauyx!
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VY crarTi mpezcTaBieHl pe3yJIbTATH JOCIUKEHHS eJeKTpudyHux BiactuBocTedt mioxie lorrki rpadit/
n-Cdi-+Zn,Te, oTpuMaHNX NIJIAXOM IepeHeceHHs cyxux rpadiroBux ok Ha migkiaankn Cdi-.Zn.Te.
Teepmuit posunu Cdi-.Zn,Te 3 Hu3bkuM BmicToM Zn OyB BHpoOIIeHHN MeTonoM BpimkmeHa mpu HU3BKOMY
THCKY IIapiB KaaMioo 1 MaB Hu3bkwmii omip p~ 102 Om-cm. 3HavenHs mociimoBHOro Rs ta mryHTyoodoro Rsh
omnopie A monis [orrki rpadir/n-Cd: -Zn.Te ta rpadit/NaCl/n-Cd: - »Zn,Te Busnauanu i3 3amemHOCT iX
nudepenitiaabHoro onopy Raiy. Bucora morenmianpaoro 6ap'epy miist mionis llorTri rpadit/n-Cd - «Zn.Te ta
rpadit/NaCl/n-Cdi -Zn,Te BuU3HAUAIACA IIIAXOM EKCTPAIOJIAIIl JNHIHHUX AUIsHOK BAX mo meperwHy 3
Biccro HanpyTu i crasoBmiia 0,63 eB rta 1,12 eB BignmosinHo. Besmke 3HaueHHs BHCOTH MOTEHITIAIBLHOTO Oap'-
epy nuis 3paska rpadit/NaCl/n-Cd: - Zn,Te symosiene HasBHicTIO mienexrpuynoro mapy NaCl. Jomiryoui
MexaHiamu crpymonepenocy uepes mioau HlorTri rpadir/n-Cdi - »Zn.Te ta rpadit/NaCl/n-Cd: - »Zn.Te nobpe
OIHCYIOTHCSI B paMKax FeHepaIiiffHO-PeKOMOIHAINIHHOI Ta TYHEJIBHOI Mojesel (Isi IIPSIMOTo Ta 3BOPOTHOTO

3MIIIEeHHS BIITOBIIHO).

Kmiouori ciiosa: I'padiit, Crpyrrypu, CdZnTe, I-V xapakTeprcTUKH.
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