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FEATURES of VOLT - FARAD DEPENDENCE of NONIDEAL
HETEROJUNCTIONS BARRIER CAPACITY

Abnormal dependence of wvolt-farad characteristics of "nonideal”
heterojunctin barrier capacity is investigated. It is shown that in heterojunctions
with the big concentration and non-uniform distribution of defects tunnel currents
essentially influence on the barrier capacity size.

The model for an explanation of abnormal barrier capacity dependence on
the voltage, using tunneling-recombination mechanism of carriers carry through the
area of a spatial charge is offered. The put forward assumptions put in a model

basis, are confirmed experimentally.

At selection of semiconductor
substances for heterojunction (HJ)
creation the semiconductor "ideal™ pairs
are considered those which crystal
lattices constants differ on the tenth part
of percent. However at the majority of
the semiconductor compounds suitable
to manufacturing HJ with necessary
properties, crystal lattices constants
differ in some percents. Such lattices
discrepancy creates on the interface high
density of states (~ 10%* sm?) [15], being
the centres through which recombination
and tunneling can be carried out. These
phenomena usually degrade the HJ
work, nevertheless some 'nonideal”
heteropairs are perspective. Classical

type of "nonideal” HJ is pair CdS -
Cu,S, used as a photo cell with
efficiency of 7... 9 %.

In the present work cadmium
sulfide — cupper sulfide HJ, received in a
aninted vacuum cycle on a glass
substrate with the transparent SnO,
conducting layer were investigated. The
technology of HJ obtaining is based on
consecutive thermal evaporation of
cadmium sulfide and copper chloride in
vacuum.

Formation of heterojunction CdS-
Cu,S occurs as a result of solid-state
substitution reaction by ions Cu * ions
Cd?* on a surface of cadmium sulfide at
heating of the CdS-CuCl structure in
vacuum [2].
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Crystal lattices constants of CdS
and Cu,S differ on 4 % [3] that is the
reason of occurrence of the big
concentration of mismatch dislocation
which can serve as centres of
recombination, and also centres of
capture for holes and electrons. These
centres play the important role in
processes of current transport and
charges separation and are located in the
spatial charge region (SCR), completely
laying in volume of cadmium sulfide,
because of heterojunction asymmetry.

Data on these centre parameters
and on donor concentration distribution
in SCR can be received, by investigating
the barrier capacity dependences on
voltage. Measurement of volt-farad
characteristics of "nonideal” HJ usually
gives in coordinates C2..U a straight
line with one or several breaks (fig. 1,
curve o). These sections testify the
presence of areas with various charge
concentration amounts in SCR [1].

For CdS-Cu,S heterojunctions,
received on the described technology,
volt-farad characteristic had more
complex character shown in abnormal
behaviour of curve c2.U
dependence at small negative and
positive voltages (fig. 1, curve b).
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Fig. 1. Dependence of C2 amount on a
voltage for heterojunction with the step
distribution of charge concentration in base:
a - theoretical dependence;

b - experimental curve

Presence of two linear sections 1
and 3 on the experimental curve is
connected to existence of two layers
with various charge carrier
concentrations. These layer extents L;
and L, were calculated under the
formula:
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Where ¢, - absolute dielectric
permeability; ¢ - relative dielectric
permeability of of cadmium sulfide; e -
electron charge; U - the voltage biased
to heterojunction; ¢ - the barrier height
determined on a cut-off voltage: ¢; =
0,27 eV, g2 = 1,05 eV. Concentration of
a charge in layers is determined by
expression
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where S — HJ area.

For layer Ly = 0,51 microns, N; =
4,1-10% cm?3. For layer L, = 0,12
microns,  N»=2,2:10%cm3.  Smaller
values of concentration N; of boundary
layer L; are connected to copper
diffusion into cadmium sulfide volume
at heterojunction formation. Copper
atoms are acceptors in cadmium sulfide
and, lower the charge density by
compensating donor centres.

On fig. 2 the band diagram
constructed on calculated values Nj, N
and Li, L, is given. However, such
model allows to explain only volt-farad
dependence submitted by the curve a on
fig. 1.
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Fig. 2. The band diagram of heterojunction,
constructed on the data of the
experimental volt-farad dependence

As it is obvious from fig. 1 (curve
b), the experimental curve has an
abnormal section on which the capacity
grows with reduction of a direct voltage.

The behaviour of the volt-farad
dependence curve on a section 2 does
not find an explanation within the
framework of model [ 1 ].

The observable trend of curve can
be the consequence of a field
devastation of the electronic capture
levels located in volume of cadmium
sulfide near to HJ border. Intensity of an
electric field necessary for this process
is realized in SCR at negative and small
positive biases. The competition of the
deep electronic traps filling processes
and their full devastation results in
increase or reduction of SCR width.
Change of the barrier capacity amount in
this case should be accompanied by a
current relaxation at change of bias
polarity. However the experiment which
has been carried out in a wide range of
frequencies, has not found out current
relaxation that does not allow using the
described mechanism.

For interpretation of abnormal
course experimental volt-farad
characteristics the assumption that
conductivity G; of layer L; is much
more than conductivity G, of layer L; is
made. The assumption is made contrary
to inequalities: L1 > Ly, n1 < ny, however
Is justified as conductivity in barrier
areas of nonideal HJ can be connected to
the tunnel mechanism.

For more information on the
current transport mechanism
temperature dependences of
heterojunction conductivity  were
investigated. Temperature dependence
of samples conductivity at positive bias
on junction in an interval of



temperatures from nitrogen up to room
is badly straightened in InG...T*
coordinates. The average amount of
activation energy, determined on the
specified dependence, is equal 0,012 eV.
However the measured temperature
dependence is well straightened in G...T-
Y4 coordinates. According to Mott-Devis
theory [6] such dependence observing in
homogeneously - disorderly
semiconductor substance what the area
of heterojunction CdS-Cu,S spatial
charge is, and also the abnormal low
energy of thermal activation of
conductivity, specify on jumping
mechanism of current transport on local
states. This is specified with observing
frequency  dependence of active
component of conductivity G...0%% in a
range of frequencies 5 < ®- <200 kHz.
Conductivity of barrier areas of
researched samples in the greater degree
is determined by a tunnel transparency,
than the carrier concentration. At cupper
diffusion into CdS boundary layer arise
a plenty of failures of a crystal lattice
that provides multistage process of
tunneling through rather extended area
I—l G, mS [7]
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Fig. 3. Dependence of dark
conductivity on positive bias
on heterojunction (frequency
of a measuring signal is equal
10 kHz)

capacity, measured experimentally, is
connected to a layer of the lowest
electroconductivity. At negative bias on
junction when SCR has the big extent,
and at performance of inequality G; >>
G, the capacity of only layer L, is
measured, and layer L; is perceived by
the measuring device as series
connection resistance.

At the apply on HJ positive bias
thickness of L, layer decreases and it
should result in increase of measured
capacity. Simultaneously there is a
redistribution of measuring signal
voltage: it grows on L; and decreases on
Lo.

Under these conditions, the
capacity of both layers is measured and
the abnormal behavior of volt-farad
dependence is observed. Reduction of
capacity proceeds until SCR does not
become equal to layer L; thickness. At
the further increase of positive bias
capacity SCR, laying only in layer L; is
measured, as now this area has the
lowest conduction. In these conditions,
the normal section of volt-farad
characteristic is again observed.

The confirmation of the offered
model is the measured dependence
G=f(U) submitted in fig. 3. Really, at the
voltages appropriate to an abnormal
section of a curve C? = f (U) and to
redistribution of decline in potential
between areas L, and L;. sharp increase
of heterojunction electroconductivity is
observed.

It is typical for the given band



diagram, that he position of L; border
has "biographic” character while the
width of L, layer depends on the bias
voltage or other influences. At excitation
of heterojunction by light the space
charge region has smaller extent as a
result of the capture level filling by
photoexcited holes [4]. In such
conditions at zero bias on heterojunction
the space charge region is placed only in
the compensated layer, characterized, as
it was shown above, by tunnel-
recombination mechanism of
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conductivity.

Thus, on the example of classical
nonideal structure on the basis of
semiconductor compounds cadmium
sulfide — cupper sulfide it is shown, that
in  heterojunctions with the big
concentration and non-uniform
distribution of defects in boundary
region tunnel currents essentially change
dependence of barrier capacity on a
voltage.
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Abstract.

Abnormal dependence of volt-farad characteristics of "nonideal” heterojunction barrier
capacity is investigated. It is shown that in heterojunctions with the big concentration and non-uniform
distribution of defects tunnel currents essentially influence on the barrier capacity size.

The model for an explanation of abnormal barrier capacity dependence on the voltage, using
tunneling-recombination mechanism of carriers carry through the area of a spatial charge is offered.
The put forward assumptions put in a model basis, are confirmed experimentally.
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OCOBJIUBOCTI BOJbT-®APAJTHOI 3AJIEXKHOCTI BAP'€PHOI €MHOCTI

HEIIEAJIBHUX TI'ETEPOIIEPEXO/IIB

Pesrome.

JloCTiPKEHO aHOMaJIbHY 3aJIeXKHICTh BOJBT-(hapaHOi XapaKTepUCTUKU Oap'epHOI €MHOCTI
«HelneanbHUX» rerepornepexoi. Iloka3aHo 1o B rereponepexosiax 3 BEIMKOIO KOHIEHTpAI€ 1
HEOJTHOPITHUM PO3MOJUIOM Je(EeKTIB TyHElIbHI CTPYMH ICTOTHO BIUIMBAIOTh Ha BEIUYMHY Oap'epHOT
€MHOCTI.



3anpornoHOBaHO MOJENb IS TMOSICHEHHS aHOMAIbHOI 3aJeKHOCTI Oap'epHOT €MHOCTI Bif
HaNpyry, 0 BUKOPUCTOBYE TYHEIBbHO-PEKOMOIHAIIMHUN MEXaHIi3M IepeHoCy HOCIIB uepe3 o00aacTh
MIPOCTOPOBOTO 3apsiny. BUCYHYTI mnpumyiieHHs, MOKIaJeHI B OCHOBY MOJIENi, MiITBEpIKEHI
CKCIIEPUMEHTAIIBHO.

KiroueBi ciioBa: HeigeanpbHH TeTeponepexil, BOJbT-(hapagHa XapaKTepHCTHKA, CTPHOKOBA
MIPOBITHICTH
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OCOBEHHOCTU BOJIbT-®APAJTHOM 3ABUCUMOCTU BAPLEPHOI EMKOCTU
HENAEAJIbHBIX T'ETEPOITIEPEXO/I0OB

Pesrome.

HccnenoBana aHomanbHas 3aBUCUMOCTh BOJIBT-(apagHOM XapaKTEpUCTUKH OapbepHOIl
€MKOCTH «HEUJCAIbHBIX» rereponepexonoB. Iloka3zaHo dro B rerepomepexofax ¢ OOJBIION
KOHHGHTpaHHefI U HCOOAHOPOAHBIM pacnpeaCICHUEM )Ie(beKTOB TYHHCJIBHBIC TOKH CYHICCTBECHHO
BIIUSFOT Ha BEJTMYHHY OapbepHON EMKOCTH.

[Ipennoxxena Mozens A OOBSICHEHHS AaHOMAJbHOW 3aBUCHMOCTH OapbepHOW E€MKOCTH OT
HaMpsHKEHUS, UCTIOJb3YIONIasi TYHHEIbHO-PEKOMOMHAIIMOHHBIM MEXaHU3M NepeHOca HOCUTENEH Yepes
00J1acTh IMPOCTPAHCTBCHHOI'O 3apsAaa. BI)IJIBI/IHYTBIG MMPECAIIOJIO0XKEHUA, MTOJIOKCHHBIC B OCHOBY MOJICIIN,
MOJITBEPAKI€HBI HIKCIIEPUMEHTAIIBHO.

KnroueBble cioBa: HeuJeanbHBIH  reTeponepexosl, BoJbT-(hapagHas  XapaKTepUCTHKa,
IPBDKKOBAs IPOBOIUMOCTb
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