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A theoretical model on the barrier height of anisotype hetero junction is proposed
considering the presence of both the interface states and the deep level impurities.
The Fermi level pinning in these structure is found to be dependent on the interface
state density, the shallow and deep impurity concentrations and the characteristics
energy of the two crystallites originally proposed by Tersoff [16-18]. 1t is seen that,
in addition to the interface states, the barrier height of the system is sensitive to
the deep level impurities.

1. Introduction

The barrier height is a parameter which plays an important role in the electrical char-
acteristics of various heterojunction devices such as switching devices [1-5], solar cells
[6,7] and Junction Field Effect Transistors [8]. Although extensive works have been
carried out in the past to realize the mechanism of barrier formation in terms of work
function difference and band discontinuties, the present state of knowledge seems to be
inadequate when localized states are present in the device. These localized states may
be present at the interface of the two crystallites forming from the junction and within
the individual crystallites in the form of deep levels. The capacitance-voltage charac-
teristics of CuyS/CdS heterojunctions reveal distinct effects of bulk defects [9,10]. The
role of deep centres on the barrier height and the open circuit voltage of MIS-devices
has been discussed recently by Chattopadhyay and Das [11,12). Therefore, for any re-
alistic analysis of the barrier height, a combined effect of the above two types of states
must be considered. In this communication a theoretical model of the barrier height is
proposed by taking into account the above nonidealities in the system.
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ig. 1. Energy band diagrams of anisotype hetero junction before (A) and after (B) the align-
ent of Fermi levels of the two crystallites,

2. Space charge density

le calculation of the Potential and field distributions in Junction devices requires solu-
n of Poisson’s equation with appropriate boundary conditions. The analysis seems to
intricate if deep level Impurities are present. We adopt here the approach of Ref. 11
Investigate how the device properties are influenced by donor like deep centres. Fig.
hows the energy band and charge density diagrams of a i > heterojunction in
sence of deep donors, where AFEq and AFEy are the band &moo_E:ESQm and XL.R
the electron affinities of the two crystallites. We have used the subscripts [ and
o diflerentiate the crystallites on the left and right. The Presence of deep levels
irates the depletion layers width of the two crystallites into two regions of djfferent
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charge densities for the
h densities. For the crystallite on the left, the space charg

space charge .. :

two regions can be written as:
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By, = Ncrexp(Erpr — Ecr)/kT — me.qﬁ
By = (Npr+ Nrpr)exp(Erpr — Egr)/kT,
Nww = ZQN.Q.

3. Interface state charge density
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of the heterojunction. However, in this case, the modification of the space charge
density comeg through an indirect Wway namely, due to charge conservation of the whole

of neutra] energy and interface states and proposed possibility of Fermj level pinning
at the neutra) energy. m:vmmocm::.ﬁ Tejedor et al [15] discussed the significance of
the neutraj €nergy in their Interface state model. Recently, there has been further
progress in the Interpretation of Bardeen pinning in metal-semiconductor contact and
rmﬁmnoh.::nnmo: mainly due to 5 series of works published by Tersoff [16-18]. According

assuming that, dye to Fermi level alignment, the states between the Tersoff’s mid gap
energy and the Fermj cnergy are filled with electrons and 5 net negative charge density
at the junction. One can apply the rule that Epp = Epr + AEy where Eg; and
LR are the miq 8ap energies associated with the two semiconductors ang AEy is the
valence band &moo:r.::_.@. The charge density at the Interface can be calculated witp,

Qrre = gDy (Ysr + Vp - Epr/q] 4 (7)
with respect 1o semiconductor op the left and
g Qrrr = ~¢*Dypp, [Ecr/q— gy — VN ~ Egr/q] (8)

vith respect to-the semiconductor on the right, where Dirp g Trepresents densities of
nterface states defined in cp~2 eVl The equivalence of the quantities Qrr; and
JITR can be proved no:mam:.:w the correlation between the potentials g, ang Vsr
an be obtained from an analysis of the energy band diagram given by

Usp+ Wy, = XL+ Eap —p — - V. (9)

ne can also obtajp from the bang diagrams

XL=Xxr+ AF. (10)
d
@QEHDQO.ITDN‘H.\ATN‘\J:\ ::

stituting eqn. (10} in (9) one obtains

Vsp+Wg, = A et By =V — V. (12}

BARRIER HEIGHT $g ¢ lev )
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rmmm_;Omnrm m%mﬁm:g@mh_mﬂ Vsyp+ Ve n as a function of interface state density at
temperature T' = 300 I\. The results of the calculation are plotted in Fig. 2 as a function
of interface state density for two cases when (i) the doping of the two crystallites are
same (N4 = Np = § x 1016 em ™3, represented by continuous line curves) and (ii) for
different doping (N, = 5 x 1016 am™3 Np = 1 x 1016 cm™3, represented by dashed
line curves). The effect of Nrp on the barrier height is also shown in Fig. 2.

5. Discussion

Fig. 2 shows the variation of barrier heights of Ge-Si systems as a function of interface
state density. When the doping concentrations of the two crystallites are the same, the
variation of ®5; and ®pr are opposite. At low value of Dyy, the Fermi levels of the
two crystallites are not pinned. However, as the density of states Increases, the barrier
height ®55 gradually increases until it becomes pinned at the characteristic energy
Eggr. The barrier height of the other crystallite on the left decreases with D7 and
ultimately becomes fixed at Epr. As apparent from the figure that the barrier heights
®51.r for unequal doping concentration also exhibit opposite nature of variation with
interface state density, but with certain changes in their absolute values compared to
the case when the doping concentrations are equal. The deep level Impurities in effect
decrease the barrier for the crystallite on the right while they increase the barrier {or
the crystallite on the left. It may be mentioned, that in calculating barrier height we
have considered two specific values of Epp L and Eppp. These values may depend on
the impurities actually present in the host crystal. The type of the Impurity states and

their energetic location in the band gap are available in the literature [19]. Therefore,
1o enable the mode] calculation in a realistic case, the prior knowledge on the deep level
parameters is required. In fact, these parameters can be measured directly by DLTS
technique.

The calculated values of the barrier height may be used to obtain the saturation
current density of Ge-Sj system. Depending on the potential barrier and the band
&mnoziccamm‘ the current transport across a Ge-Sj system may be either due to flow of
electrons from Si to Ge or holes from Ge to Si side. Under thermoionic emission model,
the saturation current density can be represented by Jor p = A*T? exp—(¢®pr r/kT).
With A*= 190 A cm~2 K2, T" = 300 K and Pgr = 0.628 eV, the value of Jor
comes out to be 3.43 x 10* A cm-2. Such a value is consistent with the observed
experimental I-V characteristics of Ge(p)-Si(n) heterojunction at T — 298 K [20]. Note
that the above value of barrier height can be realized through interface states and
doping levels of the system. With reference to Fig. 2, it may be concluded that, the
value of interface state charge density required to fix a value of ®pp = 0.628 eV is
nearly 3.2 x 10~7 C ¢m—2. |t may be mentioned that the density of states under the
present interface state model is much different from that of dangling bond concept. For
Ge-5i system the density of dangling bonds have been estimated to be 1.1 x 10 em =2
[20] and the corresponding value of trapped charge density is about 1.76 x 107° Cem—2.
The mismatch in the quantitative values of trapped charge densities results from the
basic definitions of the density of states, of the respective interface s
resent case, it s defined per unit energy interval per unit area. §
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