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Research Article Arastirma Makalesi

Statistical investigation of characteristic parameters
for Au/p-TlInS2/n-InP pseudo Schottky junctions

produced under the same conditions

Ayni kosullar altinda tretilen Au/p-TlInS2/n-InP pseudo Schottky
eklemlerin karakteristik parametrelerinin istatistiksel
incelenmesi

Abstract

Pseudo-Schottky junctions (PSJs) on moderately doped (MD) n-InP were fabricated by introducing a thin p-TlInS;
counter layer before the assembly of gold rectifying contact. Successively annealing treatment was applied to
create a stable inversion layer at the metal-semiconductor (MS) interface. PSJs were made with a significant
barrier height (BH) enhancement, typically by the value of 0.260 eV for gold Schottky gate, after the second
annealing process at 200 °C in a nitrogen atmosphere for 5 minutes. Junction parameters such as BH, ideality
factor (n) and serial resistance (Rs) of identically fabricated (18 dots) Au/p-TlInS;/n-InP PSJs have been computed
by thermionic emission (TE) theory from current-voltage (/-V) and capacitance-voltage (C-V) characteristics, at
room temperature and in the dark. BHs derived from /-V and C-V characteristics varied from 0.620 to 0.844 eV
and 0.669 to 0.973 eV, respectively. In addition, the values of n varied from 1.023 to 1.706 and the serial
resistances Rs varied from 28.3 to 131 Q. Since all parameters of PSJs differ from one junction to another, even if
they are prepared under the same conditions, a statistical study was made on the junction parameters using
Tung’s model. The mean values of the experimental BH, the ideality factor, and the series resistance data, which
were fitted by the Gaussian function, were found to be ¢;_,, = (0.755+0.059) eV, ¢._y = (0.803 +0.078)
eV,n=(1.384+0.152) and R; = (88.4 + 28.0)2, respectively. The lateral homogeneous BH (¢m.) value of
0.800 eV for the Au/p-TlInSy/n-InP junctions has been obtained from the ¢, - n plot by using n;,r. = 1.006
and A¢y. = 18.0 meV It has been seen that the mean BH obtained from the C-V measurements correlates well
with the value of ¢ ,,,.. The good agreement in these parameters indicates that the BH inhomogeneity observed
in the Au/p-TlInS,/n-InP PJ can be described by considering the spatial distribution hypothesis of BH put forward

by Tung.

Keywords: n-InP, p-TlinS,, pseudo-Schottky junction, I-V and C-V measurement, barrier inhomogeneities, Tung’s
model

Oz

Au/p-TlInS,/n-InP Ps6do-Schottky (PS) eklemleri, 6n yiiziine omik kontak yapilmis n-InP althgin arka ylzeyine altin
(Au) dogrultucu kontak imalatindan 6nce ince p-TlInS; inversiyon tabakasi blyutulerek tretildi. Metal-yari iletken
arayuzeyinin kararhhg icin ardisik tavlama islemi uygulandi. Azot gazi atmosferinde 200 °C'de 5 dakika sureli
ardisik ikinci tavlama isleminden sonra engel yiiksekliginde (EY) yaklasik 0,260 eV’luk bir artis gozlemlendi. Ayni
sartlarda Uretilmis (18 nokta) Au/p-TIInSy/n-InP PS eklemlerinin EY, idealite faktéri (n) ve seri direnc (Rs)
parametreleri Termiyonik Emisyon (TE) teorisi kullanilarak oda sicakligi ve karanlikta 6l¢lilmus akim-voltaj (/-V) ve
kapasite-voltaj (C-V) karakteristiklerinden hesaplandi. /-V ve C-V karakteristiklerinden hesaplanan EY sirasiyla
(0.620-0.844) eV ve (0.669-0.973) eV, idealite faktorii n (1.023-1.706) ve R; seri direng degerleri ise (28.3-131) Q
araliginda degisim sergilemektedir. Ayni kosullar altinda hazirlanmalarina ragmen PS eklemlerin karakteristik
parametreleri kendileri arasinda farklilik gosterdiginden, eklem parametreleri tizerinde Tung modeli kullanilarak
istatistiksel bir ¢calisma yapildi. Gauss fonksiyonu ile fit edilen EY, n ve Rs verilerinin ortalama degerleri sirasiyla
¢y = (0.755+0.059) eV, ¢po_y = (0.803+0.078) eV, n =(1.384+0.152) andR, = (88.4+ 28.0).2
olarak elde edildi. Au/p-TlInSy/n-InP PS eklemi icin yanal homojen EY (@rom.), Mims. = 1.006 ve Adipy =
18.0 meV degerleri kullanilarak ¢ s - 1 giziminden ¢y, =0.800 eV olarak elde edilmistir. C-V 6lglimlerinden
elde edilen ortalama EY degeri ¢yom. ile olduk¢a uyum icindedir. Parametrelerdeki bu uyum, Au/p-TlInS,/n-InP
PS ekleminde g6zlenen EY inhomojenliginin Tung tarafindan ileri stirilen EY'nin uzaysal dagilimi hipotezi dikkate
alinarak agiklanabilecegini gosterir.

Anahtar Kelimeler: n-InP, p-TlInS,, pseudo Schottky eklem, I-V and C-V él¢timi, engel inhomojenligi, Tung
modeli

Journal of Anatolian Physics and Astronomy



Introduction

Indium Phosphide (InP) is one of the significant materials for high-speed and low-power device applications.
Effective Schottky BH, in general, is restricted to within 0.3-0.5 eV range for n-InP independently from the contact metal
and the performance of n-InP based microelectronic devices has been severely hindered (Brillson & Brucker, 1982; Hudait
et al., 2001a; Hudait & Krupanidhi, 2001b; McCafferty et al., 1996). The reason for this is a high density of surface states
existing at the metal/semiconductor interface. Therefore, these low barriers result a large reverse leakage current and bad
electrical performance for Schottky barrier diodes (SBDs) made on n-InP. So, one of the essentialities for the InP-based
devices is forming a high-quality junction with a high BH and a low ideality factor.

One of the methods for improving the effective BH is to fabricate a metal-insulator-semiconductor (MIS) structure
(Sugino et al., 1990), while another one is to release the surface Fermi level pinning and use a gate metal with high work
function for rectifying contact (Sugino et al., 1993). An enhancement of the BH up to 0.7-0.8 eV has been achieved by
fabricating MIS Schottky junctions based on InP (Sugino et al., 1990). Assuming that the surface Fermi level pinning is
pondered by high surface state density, passivation procedures by using various organic molecules have been applied to
reduce the surface states of InP too (Cakar et al., 2002; Gupta & Singh, 2005; Kaya et al., 2007; Maeda et al., 1998;
Schvartzman et al., 2001; Soylu et al., 2011). On the other hand, to enhance the effective BH of the n-InP based device, new
energy levels in the semiconductor have been introduced to modify the band bending near the metal-semiconductor (MS)
interface. This procedure is performed by creating a thin layer having opposite type doping to that of the substrate material
between the substrate and the contact metal. The device, which has a hybrid structure between the p-n junction and the
Schottky diode, is called pseudo-Schottky junction (PSJ) (Campbell et al., 1996; Clausen & Leistiko, 1993; Osvald & Horvath,
2004; Rhoderick & Williams, 1988; Sze, 1981). Therefore, with an increment as 4¢,, compared to the initial BH oo of typical

SBDs, PSJs can have new functions not realized by a conventional Schottky device.

Thermionic emission (TE) theory is used to extract the SBD parameters (Rhoderick & Williams, 1988; Sze, 1981).
Generally, non-ideal current-voltage (/-V) characteristics of a MS interface show itself with a double diode behavior (knee
effect) and a slight curvature in the semi-log I-V plot. Double diode property is defined by an abnormal high current at low
forward bias values and modeled as considering low barrier (LB) patches embedded within a homogeneous high barrier
(HB) region. The laterally nanoscale variations of the BH, i.e. patchy interfaces, lead to small BHs/high ideality factors, or
vice versa (Tung, 1992; Sullivan et al., 1998). Recently, a plot of effective BH versus ideality factors n that evaluated from
the /-V characteristic of a set of identically fabricated diodes on a substrate has been used to explain the BH inhomogeneities
(Kampen & Moénch, 1995; Leroy et al., 2005).

The layered ternary crystals with chemical formula TIBX;, B=Ga or In and X=S, Se or Te, have attracted increasing interest
due to their 2D structural properties and great potential applications in nanoelectronics (Abay et al., 2000a; Abay et al.,
2001a; Abay et al., 2001b; Abay et al., 2001c; Abay et al., 2003; Lee, 1976; Cankaya & Abay, 2006; Glider et al 2001; Leith,
1977). 2D layers are joined to each other along the c-axis, i.e. perpendicular to layers, by weak interlayer Van der Waals-
like interactions (Abay et al., 2000b). Crystals can easily be cleaved across this van der Waals gap resulting in mirror-like
outer surfaces that closely resemble inner surfaces. The van der Waals planes are free of dangling bonds and very inert to
chemical reactions, and hence the layered compounds can be considered as most suitable materials to investigate the basic
features of surface or interface interactions (Lang et al., 1998). 2D TlInS; is a dichalcogenide p-type semiconductor with a
direct band gap of about 2.27-2.47 eV at room temperature (Gasanly, 2010). As mentioned above, although a number of
methods such as oxidation, passivation, and low-temperature deposition methods, etc., (Campbell et al., 1996; Cakar et
al., 2002; Gupta & Singh, 2005; Kaya et al., 2007; Maeda et al., 1998; Osvald & Horvath, 2004; Schvartzman et al., 2001;
Soylu et al., 2011; Sugino et al., 1990; Sugino et al., 1993) have been attempted for improving the characteristic parameters
of devices fabricated on n-InP, to our knowledge, p-TlinS,/n-InP system has not been tested yet. In this work, we
investigated experimentally whether the p-TlInS; layered ternary compound behaves as an opposite counter layer on n-InP
for producing a PSJ or not. For this purpose, p-TlInS,/n-InP PSJs were fabricated by introducing a thin p-TlInS, counter layer
on the moderately doped (MD) n-InP substrate before the assembly of rectifying contact. Electrical characterization of the
PSJs prepared has been investigated by /-V and capacitance-voltage (C-V) measurement at room temperature and in the
dark. Our main aim is to investigate statistically whether or not the effective BHs, ideality factors n, and serial resistance
(Rs) obtained from the electrical characterization differ from one to the other even if the PSJs were identically prepared, by
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using Tung’s model.
Material and Methods

Single crystals of TlInS; compound were grown by the directional freezing technique, from stoichiometric high-purity
elements sealed in an evacuated and carbon-coated tubular quartz ampoule with a special tip at the bottom. Details of the
crystal growth procedure are reported elsewhere (Abay, 1994). The PSJs have been prepared on 12x8 mm? substrate sliced
from a 2 in. moderately S-doped (1.2x10% cm3) one-side polished n-type InP (100) wafer. The substrate was successively
cleaned with trichloroethylene/acetone/methanol and then rinsed in deionized water for 5 minutes after each step. The
native oxide on the surface was then etched in sequence with acid solutions (H,SO,:H,0,:H,0=3:1:1) and
(HF (49%): H,0 =1:1) for one minute, respectively. The substrate was blow-dried with pure nitrogen gas after a rinse in

deionized water and then transferred to the vacuum chamber immediately for metalizing. High-quality ohmic contact was
produced by evaporating of Au:Ge eutectic alloy (88 % Au: 12 % Ge) on the unpolished (back) side of the substrate, followed
by annealing at 400 °C for 3 minutes in the pure nitrogen ambient. The substrate with ohmic contact was sliced into two
pieces and p-TlInS; compound was deposited onto the front surface of one of the pieces to produce a counter layer. Ex-situ
annealing has been carried out at 200 °C for 5 minutes in nitrogen flow to serve as an inversion layer. After all this, Au upper
contacts as 600 um diameter circular dots were deposited on the surfaces of the untreated and the opposite doping layered
i.e., contoured, substrates to form Au/n-InP (control device) and Au/p-TlInS,/n-InP PSJs through a molybdenum mask at the
same stage. All of the deposition processes were performed under a pressure of less than 2x10® mbar in the Leybold-
Heraeus Univex 300 vacuum-coating unit. Substrates contain 15 or more Au/n-InP and Au/p-TlInSy/n-InP devices.
Successively annealing treatment was applied for improving the Au/p-TlInS,/n-InP device characteristics. PSls were
achieved with a significant BH, typically by the value of 0.260 eV for Au Schottky gate, after second annealing process at
200 °C in nitrogen ambient for 5 minutes. /-V and C-V measurements were performed by a computer-controlled Keithley
487 picoammeter-voltage source and an HP 4192A LF impedance analyzer at room temperature and in the dark.

Results and Discussion

The characteristic parameters of the devices were investigated using the /-V and C-V characteristics. The current (/)
through a device a forward bias (V), according to thermionic emission (TE) theory, is given by (Rhoderick & Williams, 1998;

Sze, 1981)
qVv qVv 1
=1, exp(—nk j{l—exp(— _k ﬂ (1)

where g, V, n, k, and T, are the electronic charge, the applied bias voltage, the ideality factor, the Boltzmann constant, and
the absolute temperature in Kelvin, respectively, and | is the saturation current derived from the straight-line intercept

of | I(l)-V pIot at zero-bias defined by
ly= AA*l 2 exp — 270 1, (2)
° ( T j

where A (= 2.83x107 m?) is the effective diode area, A" (= 9.40 AKZ%m? for n-type InP) is the effective Richardson
constant, ¢, , is the zero-bias current-BH (apparent or measured BH) which can be obtained using the following equation

by using the determined value of |;:

(3)

AA'T?
o
The ideality factor (n) of a Schottky barrier diode is described the deviation of experimental /-V data from the TE
theory. Considering the deviation of the experimental /-V data from the ideal TE theory a slop parameter (ideality factor n)
Journal of Anatolian Physics and Astronomy
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is introduced to Eq. (1). Using the definition, ideality factor can be expressed as:

n= % (d I(:LV(I)) (4)

On the other hand, by neglecting the image-force barrier lowering ( A¢;; ), capacitance-voltage BH ( ¢\, ) for a MS
device fabricated on an n-type semiconductor can be expressed as (Rhoderick & Williams, 1998; Sze, 1981):

K
ey = Vi + |1+ In ] (5)
q N;
where, Vi is the built-in voltage determined from the extrapolation of the C%-V plot to the voltage axis, N. (=5.47x10Y cm’
%) is the effective density of states in the conduction band for n-InP at 300 K (Donald, 1982; Singh, 2001) and N; is the

concentration of the non-compensated ionized donors, respectively.

Fig. 1 shows typically experimental semilog forward and reverse bias /-V characteristics for Au/n-InP SBD and Au/p-
TlInSy/n-InP PSJ at room temperature and in the dark. As can be seen from Fig. 1, the forward /-V characteristic of the Au/p-
TlInSy/n-InP PSJ also shows the rectifying behavior and the reverse curve exhibits slightly soft behavior in which the current
does not saturate to a constant value. The apparent BHs of the devices were calculated from the y-axis intercepts of the
semilog forward bias /-V characteristics according to Eq. (3). The values of n were calculated from the slope of the linear
regions of the forward /-V characteristics according to Eq. (4).

1x102
1x107

1x10™

g
[

4 i
-
llllmTl llllmll llllmTl llllmTl llllmTl llllmTl T 1T

Current (A)

—_ — —
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— — —

(e} (e (e}
=

1x10*

1X10‘9 O Au/n-InP A
A Au/p-TiInS,/n-InP

1x10™ ' DR R S T N
-1.2 -0.8 -0.4 0.0 0.4 0.8

Voltage (V)

Figure 1. |-V characteristics for typical Au/n-InP SBD and Au/p-TlInS,/n-InP PSJ at room temperature

The extrapolation of the I-V curves to zero-bias yields the value of saturation current as 1.09x10* and 4.26x10° A
for the reference Au/n-InP SBD and Au/p-TlInS,/n-InP PSJ, respectively. As can be seen from these data, the presence of an
intentionally grown opposite-type counter layer on the n-InP reduces the value of saturation current by about four orders
of magnitude, indicating an increase in the BH. The values of current BH for the reference and Au/p-TlInS;/n-InP PSJ were

calculated as 0.429 and 0.687 eV, respectively. The values of ¢, are the effective values and do not consider the image-

force lowering. The apparent BH of 0.429 eV for the reference diode is in close agreement with the previously published
data (Brillson & Brucker, 1982; Campbell et al., 1996; Shi et al., 1991; Chou et al., 1998; Cakar et al., 2002; Gupta & Singh,
2005; Hokelek & Robinson, 1981; Hudait et al., 2001a; Hudait & Krupanidhi, 2001b; ismail et al., 1987; Kaya et al., 2007;
Maeda et al., 1998; McCafferty et al., 1996; Schvartzman et al., 2001; Soylu et al., 2011; Soylu & Abay, 2009; Sugino et al.,
1990; Sugino et al., 1993).
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From the slope of the /-V curves, the ideality factors were obtained as 1.002 and 1.066 for the reference and Au/p-
TlinS2/n-InP PSJ, respectively. The low ideality factors (n<1.10) indicate that TE is the dominant transport mechanism for
all devices. As can be seen, the leakage current has been reduced after the surface modification of n-InP by TlInS;

deposition, effectively giving an increased BH, accompanied by a little departure of the ideality factor (1.066) from unity.
The increase in the BH was about 260 meV.

The effective BH and n values were obtained as many as 18 Au/p-TlInS,/n-InP PSJ, from individual /-V characteristics
via Eq. (3) and (4), respectively (Fig. 2). The BHs for the diodes varied from 0.620 to 0.844 eV while, the values of ideality
factor n varied from 1.023 to 1.706. It is seen clearly that our PSJs have significantly larger ideality factors.
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Figure 2. Experimental forward and reverse bias I-V characteristic for eighteen Au/p-TlInS,/n-InP PSJs at room
temperature

The results showed that both parameters of SBDs differ from one device to another even if they are identically
prepared. Therefore, the first and common practice comes to mind to average these values. However, it is highly important
to understand both the physical origin of such differences in the conventional parameters of SBDs and of non-ideal behavior
in |-V characteristics for improving future device applications. Tung's inhomogeneity model proposes that this non-ideal
behavior could be explained quantitatively by considering the specific distribution of nanometer-scale interfacial patches
of reduced BH (Tung, 1992). The inhomogeneity model is based on small local regions or patches on the lateral contact
area. Non-uniformity of the interfacial charges, interfacial oxide layer thickness, grain boundaries, multiple phases, facets,
defects mixing phases, etc. causes this inhomogeneity offered by a vast of researchers (Im et al., 2001; Kampen & Méonch,
1995; Leroy et al., 2005; Mdnch, 1999; Ménch, 2001; Schmitsdorf et al., 1998; Sze, 1981; Sullivan et al., 1998; Tung, 1992).

The ideality factor (n) of a MS device represents a direct measure of the interface uniformity. In general, the values
of n greater than unity sign to the presence of a lateral inhomogeneous distribution of BHs at the MS interface. To date,
the existence of a linear correlation between the effective BH and the ideality factor n in different diode sets prepared on
various semiconductor substrates has been reported in many studies (Im et al., 2001; Ménch, 1999; Monch, 2001;
Schmitsdorf et al., 1998).

In Fig. 3, effective BHs versus ideality factory values (¢, vsn plot) are given. As can be seen from this figure, the

BHs become smaller mutually as the ideality factors increase and there is a linear relationship between the experimental
effective BHs and the experimental ideality factors for the Au/p-TlInSy/n-InP PSJs that have been explained by lateral
inhomogeneities of the BHs (Im et al., 2001; Kampen & Modnch, 1995; Leroy et al., 2005; Ménch, 1999; Mdnch, 2001;
Schmitsdorf et al., 1998; Sullivan et al., 1998; Sze, 1981; Tung, 1992).
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Figure 3. Effective BHs versus ideality factors (¢, vsn) of the identically prepared eighteen Au/p-TlInSy/n-InP PSJs

It has been mentioned in the related studies that (Im et al., 2001; Kampen & Ménch, 1995; Leroy et al., 2005;
Monch, 1999; Monch, 2001; Schmitsdorf et al., 1998; Sullivan et al., 1998; Sze, 1981; Tung, 1992) the higher values of n
among identically prepared diodes were often found to accompany lower BHs. The straight line in Fig. 3 is least square
fitting curve to the experimental data. Therefore, it can be concluded that our Au/p-TlInS,/n-InP PSJ are patchy (Im et al.,
2001; Ménch, 1999; Ménch, 2001; Schmitsdorf et al., 1998). The lateral homogeneous BH (¢, ., ) value of 0.800 eV for the

Au/p-TlInS/n-InP junctions has been obtained from the @ - N plot by using N, =1.006 and A4¢,, =18.0 meV.

The capacitance-voltage (C-V) characteristics of the Au/p-TlInS,/n-InP PSJ under 1.00 MHz operation frequency
were also performed to get detailed information about the junction parameters. Capacitance BH ¢\, for a Schottky-type

junction with the interfacial layer can be defined as the following relation (Donald, 1982; Rhoderick & Williams, 1988; Singh,
2001; Sze, 1981; Van der Ziel, 1968):

pov =YVyi +V, +KT/g. (6)

where, Y is the reciprocal of the ideality factor n which gives rise to voltage drop across an interfacial layer (Abay, 2015;
Chand & Bala, 2007; Chattopadhyay & Daw, 1986). If v is equal to unity, in that case, the device shows an ideal behavior.

V

obtained using the intercept voltage values (Vp,;) determined from the reverse bias C*-V curves (not shown in here) and

. is the energy difference between the Fermi level and the bottom of the conduction band. The ¢¢,, values have been

the values of y (=1/n) for each Au/p-TlInS,/n-InP PSJ via Eq. (6). Details for calculating procedure for the ¢\, values have
been given by Abay (2015).

Figs. 4 and 5 show the statistical distribution of BHs evaluated from forward bias /-V and reverse bias C-V
characteristics of the Au/p-TlInS,/n-InP PSJs (18 dots), respectively. The experimental values of the effective BHs were fitted
by a Gaussian function. Mean BH values were obtained as Zol_v =(0.755+0.059) eV and ¢._, =(0.803+0.078) eV,

respectively from the statistical analysis.

In Figs. 6 and 7, the statistical distribution of ideality factors and serial resistance values evaluated from the forward
bias I-V characteristics of the Au/p-TlInS,/n-InP PS) were given, respectively. The experimental values of the n and Rs were
fitted by a Gaussian function too. From the statistical analysis of this fit the values of the mean ideality factor and serial
resistance were obtained as n =(1.384 £0.152) and R, = (88.4+28.0) Q, respectively.
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Figure 4. Gaussian distribution of effective BHs for the Au/p-TlInS,/n-InP PSJs evaluated from forward bias /-V
characteristics
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Figure 5. Gaussian distribution of BH for the Au/p-TlInS,/n-InP PSJs evaluated from reverse bias C-V characteristics.

—

It has been seen that the mean BH obtained from the C-V measurements is correlated well with the value of ¢,
. The good agreement of these parameters indicates that the BH inhomogeneity of the Au/p-TlInS,/n-InP pseudo junction
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can be well described by spatial distributions of BH, that is, electron transport at the MS interface is significantly affected
by nanoscale spatial variations.

8
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Figure 6. Gaussian distribution of the ideality factors for the Au/p-TlInS,/n-InP PSJs evaluated from forward bias I-V
characteristics
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Figure 7. Gaussian distribution of the serial resistance for the Au/p-TlInS;/n-InP PSJs evaluated from Cheung’s functions
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Conclusion

e Au/p-TlInS,/n-InP PSJs have been fabricated by introducing a thin chalcogenide ternary compound counter layer of
p-TlInS; on the MD n-InP substrate, for the first time.

e Room temperature electrical characterizations of the Au/p-TlInS,/n-InP PSJs have been investigated by /-V and C-V
measurements at and in the dark.

e Fabricated Au/p-TlInS,/n-InP PSJs have good rectifying properties. The leakage current value of Au/p-TlInS;/n-InP
PSJ was reduced by four orders compared to the unmodified Au/n-InP structure, effectively giving an increased BH,
accompanied by a little departure of the ideality factor (n=1.066) from unity. The increase in the BH was about 260
meV.

e Statistical investigations, by using Tung’s model, showed that all parameters of PSJs differ from one junction to
another even if they are identically prepared. The experimental values of BH, ideality factor, and serial resistance
are fitted by a Gaussian function, and their mean values were found to be @, ,, =(0.755+0.059) eV,

Py =(0.803+0.078) eV, n=(1.384+0.152) and R, =(88.4+28.0) Q, respectively. A lateral homogeneous BH

(@nom ) value of 0.800 eV for the Au/p-TlInS,/n-InP junctions has been obtained from the @ VS. N plot by using
nimf_ =1.006 and A(pmf 218.0 mEV.

From the good agreement with the values of ¢, and &cfv it has been concluded that BH inhomogeneity of Au/p-
TlInSy/n-InP junction can be well described by spatial distributions of BH considering based on the TE mechanisms.
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