VIK: 53.043, 53.023.539.234

THE MECHANISM OF CURRENT TRANSPORT IN THE STRUCTURE
Al-p-CdTe-Mo WITH DIFFERENT THICKNESS OF THE BASE

Sh. A. Mirsagatov', A. K. Uteniyazov>
'Physical technical institute of the Academy of Sciences of Uzbekistan,
Tashkent,
’Karakalpak State University, Nukus,
Received 08.07.2015

In this paper the mechanism of current’s transport in the structure Al-p-CdTe-Mo is studied, when
the thickness of the base w < 10 um. The results of study of current-voltage characteristics of the
structure Al-p-Cd-Te-Mo with different thicknesses of the base and the influence of the thickness
of the base on the mechanism of current’s transport are given. The above results at current densities
~8.62:10%-4.36-10° A/cm? and ~5.08-107-2,44-10° A/cm? for samples No. 1 and No. 2, respectively,
were obtained by the theory that takes into account only duffusion components of the current and the
applied voltage to the base of the diode structures. At high current densities ~4.36:10°-1.95 A/cm?
and ~2.44-10°-3.98 A/cm? for samples No. 1 and No. 2, respectively, results were obtained by the
theory of the drift current transport mechanism, taking into account the possibility exchange of free
carriers inside the recombination complex.
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MEXAHWUW3M NEPEHOCA TOKA B CTPYKTYPE Al-p-CdTe-Mo

C PA3JIMYHOM TOJIIIMHOM BA3BI
L. A. Mupcararos, A. K. Yrenusizo

B pabore uccrnemyercss MexaHu3M epeHoca Toka B cTpykrype Al-p-CdTe-Mo, korma Tommaa 6a3bl
w < 10 um. IlpuBeneHsl pe3ynbTaThl UCCIEIOBAHMH BOJIBT-aMIIEPHBIX XapaKTEPUCTUK CTPYKTYPHI
Al-p-CdTe-Mo ¢ pa3HpIMU TONIIKMHAMK 0a3bl M BIMSIHUS TOJIIMHBI 0a3bl HA MEXaHHU3M IepeHoca
toka. CooTBeTCTBEHHO 15t 00pa3oB Ne 1 u Ne 2 mpu miaoTHOCTSX TokKa ~8,62:10%-4,36-10°A/cm?
u ~5,08-107-2,44-10°A/cm? pe3ynbrarhl MOIYYCHBI IO TEOPHH, B KOTOPOH yYHTBIBAIOTCS TOJBKO
T dy3nOHHBIE COCTABISIONIME TOKA M NaJIeHHE MPIIOKEHHBIX HAMPSIKCHUH Ha TONIIMHE 0a3bl
B JIUOIHBIX CTpyKTypaX. IIpm GOmBIINX IIOTHOCTAX Toka ~4,36:10°-1,95 A/em? n ~2,44-107°—
3,98 A/cm?, cooTBeTCTBEHHO JUTst 00pa3ioB Ne 1 u Ne 2, pe3ynbTarhl HOTYyYEHBI IO TEOPUH Apei(o-
BOTO MEXaHM3Ma MepeHOca TOKA, YUUTHIBAIOIIEH BO3MOKHOCTH OOMEHa CBOOOAHBIMU HOCHUTEISIMU
BHYTPH PEKOMOMHAIIMOHHOTO KOMILJIEKCA.

KuroueBble ciioBa: mieHka, 6apoep LLloTTku, quonHas CTpyKTypa.

MEXAHI3M IIEPEHECEHHSA CTPYMY B CTPYKTYPI Al-p-CdTe-Mo

3 PI3HOIO TOBIHINMHOIO BA3U

III. A. Mipcararos, A. K. YTenisizoB
Y poGOTi JOCTIIKYEThCS MEXaHi3M MEepEeHECeHHs CTpyMY B cTpyKTypi Al-p-CdTe-Mo, ko ToBIIH-
Ha 0a3u w < 10 um. HaBezieHO pe3yabTarTu TOCIiIKeHb BOJIBT-aMIICPHUX XapaKTEPUCTHK CTPYKTYpH
Al-p-CdTe-Mo 3 pi3HEMH TOBHIMHAMH 0a3W Ta BIUIMBY TOBIIUHHM 0a3uW Ha MEXaHI3M NEPEHECEeH-
HA cTpyMy. BimmosigHo mis 3paskiB Ne 1 i Ne 2 mpu miimsHOCTI cTpymy ~8,62:108-4,36-10°A/cm?
1~5,08-107-2,44-10°A/cm? pe3ynbTaTi OTPUMaHI o Teopii, B sIKiif BpaXOBYIOThCS TIIbKH AU(Y3iliHI
CKJIaJIOBI CTPYMYy 1 MaAiHHS NPUKIAJCHUX HANpyr Ha TOBLIMHI 0a3u B HiOAHUX CTpyKTypax. llpm
BEJIHKIH MIMBHOCTI cTpyMy ~4,36-10°-1,95 A/em? i ~2,44-10°-3,98 A/cm?, BIAMOBITHO JIJIsT 3pa3KiB
Ne 11 Ne2, pesynbsraru oTpuMaHi 3 Teopii ApeihoBOro MexaHi3mMy MEPEHECCHHS CTPYMY, 1110 BPaXOBYE
MOKJIMBICTh OOMIHY BUTBHUMH HOCISIMU BCEPEAMHI PEKOMOIHAIIITHOTO KOMIIIEKCY.
KurouoBi ciioBa: miiBka, 6ap’ep IllorTki, miomHa CTPyKTypa.
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INTRODUCTION

Cadmium telluride is widely used to create X-ray
detectors and those of y-radiation. The mono-
crystal CdTe and Cd, Zn Te-detectors have
already demonstrated their advantage over Si
and GaAs-detectors and have been successfully
used for spectrometry and y-radiation. In the
last years, detectors with Schottky barrier
[1-3], based on CdTe and Cd, Zn Te began in-
tensively developed. The essential advantage
of such detectors are small reverse currents
(~107A) and high operating temperature
(T > 300 °K). In addition, detectors based
on the diodes with Schottky barrier can de-
tect high-energy photons with energies
up to 1 MeV and higher within energy limit
[4].

For the first time we obtained in [5] injec-
tion photodetector based on p-type conductivity
coarse-film cadmium telluride with the thick-
ness of the base d > 50 um, and in [6] current
transport mechanism of injection of photodetec-
tors was examined. Resistance of the base of
these photodetectors was close to the intrinsic
conductivity.

The aim of this study is to investigate the in-
fluence of the thickness of the base on the cur-
rent transport mechanism.

The studied film structures were prepared
using formerly developed technology described
in [7].

Current-voltage characteristics were studied
at the forward (when the «+» was applied to
Mo) and reverse (where «—» was applied to Mo)
directions at the wide range of current and
voltage changes. Total analysis of the current-
voltage characteristics shows that they possess
rectifying properties and their rectification co-
efficient defined as the ratio of forward current
and reverse one at the fixed voltage (5 V), is
more than four orders of magnitude. Figure 1
shows the dependence of current-voltage char-
acteristics for direct current in semi-log scale
for the two types of samples. Current-voltage
characteristics of these samples fit well into
direct lines of fig. 2. Consequently, they are
described by dependence of type J ~ AV*. Seg-
uence of the current-voltage characteristics’
parts of the sample are different at forward cur-
rent and at reverse one.
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Fig. 1. Direct branch of the CVC for typical Schottky
barrier diodes (Al-p-CdTe-Mo) in semi-log scale in the
dark at 7= 300 K. The area of Al-contact S = 0.07 cm?,
(a—w =8 pum, p=2-10° Q-cm, base — sample No. 1,
b—w =10 um, p = 2-107 Q-cm, base — sample No. 2)
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Fig. 2. Direct branch of the CVC for typical Schottky di-
odes (Al-p-CdTe-Mo) in double logarithmic scale in the
dark at 7= 300 K. The area of Al-contact S = 0.07 cm?,
(a—w =8 um, p=2-10® Q-cm, base — sample No. 1,
b—w =10 um, p = 2-107” Q-cm, base — sample No. 2)
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EXPERIMENTAL RESULTS AND
DISCUSSION

Direct branch of CVC measured in the dark
at room temperature is shown in Fig.1. As the
figure shows the direct branch of the CVC
consists mainly of four parts, which are
described by the following exponential
functions:

NI1=1, I:exp(qV/clkT)—l:l,where ¢ =1

and [ =2.61-107A;
2) I=I,[exp(qV/c,kT)-1], where

c,=4.05u1,=1.59-10°A;
3) I=I,[exp(qV/ckT)-1], where

c,=23.98and [,=1.96-10°A;

4) I=IO4[exp(qV/c4kT)—1] , where
c,=73.62 and [ ,= 1.93-10° A for the sample
No. 1 and

1) I=1,[exp(qV /ckT)—1], where ¢, =1

and [ = 3.32-107A;
2) I=I,[exp(qV/c,kT)-1], where

¢,=4.08 and I ,= 6.43- 10 A;
3) I=Iy|exp(qV/ckT)-1], where

¢,=16.96 and I ;= 6.72-10° A,

4) I=IO4[eXp(qV/c4kT)—1], where

c,=78.96 and [ ,= 3.86-10° A for the sample
No. 2.

In the first part of the CVC the current is
probably limited by the thermal electron emis-
sion [8]. Since ideal factor for both samples is

equal to one, C = 1 and the potential barrier’s
height is calculated as it is described in [6],
equal respectively to W= 0,84 eV and W = 0,83
eV for samples No. 1 and No. 2.

The second part of the characteristic
(see. Figure 1) is probably described as in [6] by
the theory of V. I. Stafeev [9], because in it value
of the exponent (c¢) more than 2 and it is equal
to 4.05 and 4.08 for samples No. 1 and No. 2
respectively. Current-voltage characteristics is

described [9]:
qv
I :10 (eCkT _lj’ (1)
2+bChL1+b
where C=——1
b+1
and
chK
7 - kT S L, 5
"T2q(b0pL, ((w ) 2)
|lar,

here b = “n/“p_ the ratio of electron’s and
hole’s mobilities. At the second part have been
also identified the pre-exponential factors, they
are 1.59-10°A and 6.43-10*A. Using the above
mentioned experimental data and formulas (1)
and (2) values of the diffusion length of minor-
ity carriers-electron L , mobility product for the
lifetime of the electron — p, -t and the resistiv-
ity of the base — p, were determined for the
values w = 8 um, w = 10 um for samples No. 1
and number 2, respectively, b = p / =10 [8]
and 7= 300 K. Table 1 gives also the param-
eters calculated from the third and fourth parts
of CVC from formulas (1) and (2) to compare
the results.

Table 1
Parameters, determined from the first parts of the CYVC
Number -
of sample C WIL L ,pm pnt,em*vV! T,S I, A p, Q-cm
4.05 1.87 4.27 7.01-10°¢ 7.01-108 1.59-10°8 2.48 10'°
1 23.98 3.91 2.04 1.6:10° 1.6:10°% 1.96:107 1.53-108
73.62 5.07 1.57 9.56-107 9.56:10° 1.93-10° 4.95-10°
4.08 1.88 53 1.08-10° 1.08-10°8 6.43-108 4.86:10°
2 16.96 3.55 2.81 3.04-10° 3.04:-108 6.72:10°7 2.55-107
78.96 5.14 1.94 1.45-10°¢ 1.45-108 3.86:107 2.15-10°
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Results of Table 1 shows that at increas-
ing current density the diffusion length of mi-
nority carriers (electrons) L decreases and,
accordingly, mobility product for the lifetime of
electrons — p -1 , decreases. This experimen-
tal result is explained by rechanging recombina-
tion centers and as a result, decreasing lifetime
of minority nonequilibrium carriers too.
Researhed diode structure at high current den-
sities transforms to the diode structure with
a thick base. If it is so, the current—voltage char-
acteristic of this diode structure at high current
densities should be described well by depen-
dence of the current on voltage of type J ~ V*
voltage. Indeed, built in double logarithmic
current-voltage characteristics at current den-
sities ~4.36:10°-1.95 A/cm? and ~2.44-10°—
3.98 A/cm?, respectively, for samples No. 1 and
No. 2, 3 and 4 parts (See Figure 2) are described
well by the dependence of the current on the
voltage of type J ~ V*. According to the theory
[10], CVC’s part with a sharp increasing cur-
rent appears when together with point impurities
and defect-impurity centers complex recom-
bination systems involve in recombination
processes. They can be such complexes as «neg-
atively charged acceptor + positively charged
intercenter» or «positively charged donor +
negatively charged vacancy», causing by
recombination-stimulated processes [11,
12], «small donor + vacancy» appearing
from the decay of complex systems [13, 14] and
SO on.

So in highly compensated p-CdTe film, to-
gether with simple point defects complex recom-
bination systems are too.

In this case, the rate of recombination is de-
scribed by [10]:

Uon c.c, (np—nf)
R (n+m)+c,(p+p)+atnp’

€)

where N, — concentration of recombination
centers (complexes); n, p — concentration
of electrons and holes; n, — intrinic con-
centration in the semiconductor; c , ¢, —
coefficients of capture of electrons and holes;
n,, p, — equilibrium concentrations of electrons
and holes on conditions when Fermi level co-
incides with the level of impurities (so-called

statistical Shockley-Read factors); 1, —
time taking into account the inertia of those
or other processes of electronic exchange
within the recombination complex; a-coeffi-
cient depending on the specific type of impu-
rity or defect-impurity complexes (see [10]).
According to the theory [10], CVC’s parts of
type J ~ V*, where a > 2, are realized when
the recombination of nonequilibrium carri-
ers is delayed, that is, involving complexes
in which the electronic exchange takes place.
In this case, in the denominator of (3)
inequality
cn(n+n1)+cp(p+pl)<a‘cinp 4)
is realised and CVC has the following analytic
expression:

_(b+1)w'N, wI
N qun(b+1)c
2(b+1) W’ Nyc D
"= A+BJT L. 5
Nt cT V-5 O

In this case, N,— the concentration of

shallow acceptor centers and the parameter C is
related to the concentration of electrons [10, 15]:

n(0)=C+/J . (6)

From (5) we can determine such parameters

as N, /1,,n(0),

(t,— delay time within the

cn
ar,

complex, N, the concentration of complexes).

Equating straight line for two given data points
(J,, V,mJ, V), we define the value of the
voltage

VI_V2J

V:K_Jz—Jl 1°

(7)

which then equate to the value

(b+1)W’N,
NAunTi
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of the formula (5). To determine the param-
eters of the sharp increase of current we
choose three experimental points (V, J)),
V,, J,), (V,, J,) and then we compose two
equation for them to determine coefficients B
and D

D=

EEHE
)

which can be equated to their analytical
value from the formula (5). Using the formula
(5) u,C is determined, and using the formula
(6) we can estimate the concentration of
injected electrons n(0) at the beginning and at
the end of these parts of CVC. All parameters
calculated from the parts of CVC are given in
Table 2.

Experimental results show that at changing
current density concentration of recombination
centers taking part in the processes of current
transport is changed. This implies that at low
current densities CVC is described well by
current-voltage characteristics, which takes into
account the diffusion component of the current.
At the same time for large current densities CVC
is described well by drift current component. Jf
we could have the theory of the current-voltage
characteristics, taking into account both the
diffusion and drift current components, we
would get the full dynamics of the current’s
dependence on voltage.
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Table 2
Parameters determined from the CVC’s parts of type J ~ V*
Number of Branchesd CVC | N, /1, cm’s™! n(0), cm3 N, cm™ C lat, cm™
sample R i A n i

1 J~ Ve 1.72-10% 7.6:10°-1.12-10" 3.12-108 2.21-10°

J~ P 4.65-101 8.39-10'2-1.22-10" 2.41-10"

2 J~ V33 2.21-10' 3.17-10°-1.33-10" 6.25-10° 6-10%

J~ 9.6-10'¢ 6.74-10"-8.6-10"2 4.65-10"
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