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Abstract The current–voltage (I–V) and capacitance–

voltage (C–V) characteristics of Ag/n-InP/In Schottky

diodes have been studied in a wide temperature range by

steps of 10 K. A decrease in the apparent barrier height

(BH), Ubo, an increase in the ideality factor, n and a non-

linearity in the activation energy plot with a decrease in

temperature have been seen. The experimental values of

BH and ideality factor for the devices were calculated as

0.61 eV and 1.18 at 320 K, 0.48 eV and 1.52 at 200 K,

and 0.20 eV and 3.89 at 70 K, respectively. An abnormal

decrease in the experimental BH Ub and an increase in the

ideality factor n with a decrease in temperature have

been explained by the barrier inhomogeneities at the

metal–semiconductor (MS) interface. From the temperature

dependent I–V characteristics of the Ag/n-InP contact, that

is, Ubo and A* as 0.79 and 0.55 eV, and 7.96 and

8:18 A/cm2K2, respectively, have been calculated from a

modified lnðI0=T2Þ � q2r2
s=2k2T2 vs. 1/T plot for the two

temperature regions. The Richardson constant values are in

close agreement with the value of 9:8 A/cm2K2 known for

n-type InP. Moreover, the difference between the apparent

BHs obtained from the I–V and C–V characteristics has been

attributed to the existence of Schottky BH inhomogeneity.

1 Introduction

The wide band-gap III–V compound semiconductors due to

the fabrication of various electronic and optoelectronic

devices have important applications in the last years.

Metal film deposition on InP substrates semiconductor has

received much attention for the fabrication of optoelec-

tronics, microwave devices, and integrated circuits used in

modern high-speed optical communication system [1–5].

Metal–semiconductor (MS) contact is one of the most

widely used rectifying contacts in the electronics industry

[2–8]. The current–voltage (I–V) characteristics of the MS

contacts usually deviate from the ideal thermionic emission

(TE) current model [6–18]. Therefore, analysis of the I–V

characteristics of the Schottky Barrier Diodes (SBDs) at

room temperature only does not give detailed information

about their conduction process or the nature of barrier

formation at the MS interface. The temperature depen-

dence of the I–V characteristics allows us to understand

different aspects of conduction mechanisms [18–40].

Analysis of the I–V characteristics of SBDs based on TE

theory usually reveals an abnormal decrease in the barrier

height (BH), Ub and an increase in the ideality factor n with

temperature decrease [24–39]. The decrease in the BH at

low temperatures leads to nonlinearity in the activation

energy lnðI0=T2Þ vs. 1/T plot.

The nature and origin of the decrease in the BH and

increase in ideality factor with a decrease in temperature

and all of the electrical anomalies in the SBDs may be

attributed to the presence of Schottky barrier height (SBH)

inhomogeneity [25–35]. An idea has been developed, that

non-ideal behavior in the SBDs could be quantitatively

explained by assuming specific distribution of nanometer-

scale interfacial patches (small regions) with lower BH

than the junction’s main BH. In such cases, the current

F. E. Cimilli � M. Sağlam � A. Türüt (&)

Faculty of Sciences and Arts, Department of Physics, Atatürk

University, 25240 Erzurum, Turkey

e-mail: aturut@atauni.edu.tr

H. Efeoğlu
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across the MS contact may be greatly influenced by the

presence of the SBH inhomogeneity [33–40]. Tung and

coworkers [37, 38] have modeled imperfect Schottky

contacts by assuming lateral variations of the BH. They

[37, 38] found larger ideality factors and smaller effective

BHs when they increased the inhomogeneity of barriers.

Apart from the roughness of the interface due to thickness

modulations of the metal as well as atomic steps, disloca-

tions, and grain boundaries in the metal, these potential

fluctuations may also originate from a local effective bar-

rier lowering due to field emission at metallic diffusion

spikes with narrow radii of curvature [27, 37, 38].

Consequently, two different approaches are adopted by

researchers to describe the inhomogeneities [25–38]. One

approach assumes a continuous distribution of the potential

and the total current across a Schottky diode is simply

calculated by integrating the current determined by the TE

model with an individual BH and weighed by using the

Gaussian distribution function [31–33]. This approach

[31–33] does not address the lateral length scale of the

inhomogeneity, the bias dependence of the SBH, namely,

potential pinch-off, as stated in Refs. [37, 38]. The other

approach [37, 38] assumes that small patches of low SBH

are embedded in the uniform SBH area. In the present

study, the I–V and C–V characteristics of Ag Schottky

contacts on n-InP substrate were measured over the

temperature range of 20–320 K by steps of 10 K. The

temperature-dependent barrier characteristics of the diodes

have been interpreted on the basis of a TE mechanism with

Gaussian spatial distribution of BHs around a mean value

due to barrier height inhomogeneities prevailing at the MS

interface [31–33].

2 Experimental procedure

The Schottky barrier diodes were prepared using n-type InP

(100) wafer. The carrier concentration values of 1.22 9 1015

and 1:32� 1015 cm�3 for the n-type InP wafer were found

from the experimental C–V data at 20 and 320 K, respec-

tively. The wafer was degreased consecutively in trichlo-

roethylene, acetone, and methanol for 5 min. The degreased

wafer was etched with H2SO4:H2O2:H2O (5:1:1) for 1 min

to remove the surface damages and undesirable impurities.

The back side ohmic contact was made by evaporating In and

annealing at 320 �C under N2 atmosphere for 3 min. The

Schottky contacts with 1 mm diameter were formed on the

front face of sample using a shadow mask. All evaporation

processes were carried out in a vacuum coating unit at about

10-5 mbar. The I–V and C–V characteristics of the devices

were measured in the temperature range of 20–320 K using a

temperature controlled ARS Closed Cycle 4 K He cryostat,

Temperature stability for each run was better than 0.1 K.

Keithley 6514 electrometer and 2400 sourcemeter used for

I–V measurements and Keithley 2400 sourcemeter and

Boonton 72B capacitance meter used for C–V measurements.

3 Results and discussion

3.1 Temperature dependence of the forward bias I–V

characteristics

We analyze the experimental I–V characteristics by the

forward bias TE theory given as follows [2]

I ¼ Io exp
qðV � IRsÞ

nkT

� �
1� exp � qðV � IRsÞ

kT

� �� �
; ð1Þ

where Io is the saturation current derived from the straight

line intercept of lnI at V = 0 and is given by

Io ¼ AA� T2 exp � qUeff

kT

� �
ð2Þ

where q is the electron charge, V is the forward-bias

voltage, Rs is the series resistance of the neutral region of

the semiconductor bulk (between the depletion region and

ohmic contact), IRs is the voltage drop across the series

resistance, A is the effective diode area, k is the Boltzman

constant, T is the absolute temperature, A* is the effective

Richardson constant of 9:8 Acm�2 K�2 for n-type InP [4],

Ueff is the experimental zero bias BH (apparent barrier

height) and n is the ideality factor. From Eq. 1, ideality

factor n can be written as

n ¼ q

kT

dV

d ln I

� �
ð3Þ

The semilog-forward and reverse bias I–V characteristics

of the Au/n-InP SBDs are shown in the temperature range of

30–320 K by the steps of 10 K in Fig. 1. The forward bias I–V

characteristics from 30 K to 200 K show a double slope

structure whose reason will be discussed later. The saturation

of the current at high biases in the forward bias is due to the

series resistance of the neutral region of the device. The

current at low temperatures consists of two regions indicating

two parallel phases of Schottky barrier with different BHs [27,

41, 42]. The experimental values of Ueff (apparent barrier

height) and n have been determined from intercepts and slopes

of the forward-bias lnI vs. V plot at each temperature using the

TE theory, respectively. The experimental forward bias I–V

data in the temperature range of 200–320 K were fitted quite

well over the whole bias by TE model (Eq. 1) taking Ueff , n

and the series resistance Rs as adjustable parameters.

However, the low temperature I–V characteristics show a

double slope structure and cannot be fitted by Eq. 1 at the

whole bias region, as seen in Fig. 1. That is, Ueff and n have

been evaluated from the upper part with higher BH of the
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temperature-dependent forward bias I–V characteristics from

30 K to 200 K. For example, the experimental values of Ueff

and n for the device were calculated as 0.61 eV and 1.18 at

320 K, 0.48 eV and 1.52 at 200 K, and 0.20 eV and 3.89

at 70 K, respectively. n and Ueff plots as a function of

temperature are presented in Figs. 2 and 3, respectively. As

can be seen, both parameters exhibit strong temperature

dependence. That is, the apparent barrier height (BH)

decreased and n increased with a decrease in temperature.

The values of n of 1.21 and 1.18 at 300 and 320 K,

respectively, for this Ag/n-InP/In SBD indicate that the

device obey a metal-interfacial layer-semiconductor (MIS)

configuration rather than ideal Schottky diode. If the

semiconductor surfaces are prepared by the usual polishing

and chemical etching, and the evaporation of metal is

carried out in a conventional vacuum system having a

pressure of around 10-5 torr, their surfaces are inevitably

covered with an undesirable native oxide film [1–6, 43].

Metal–semiconductor contacts formed under these condi-

tions are not intimate contact because an interfacial layer of

atomic dimensions inevitably separates them. Song et al.

[31] have also suggested that the barrier inhomogeneities

can occur as a result of inhomogeneities in the interfacial

oxide layer composition, non-uniformity of the interfacial

charges and interfacial oxide layer thickness. In such

cases, the current across the MS contact may be greatly

influenced by the presence of the SBH inhomogeneity [28–

40]. Furthermore, some authors have mentioned that the

ideality factor and the I–V BH (the saturation current) and
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Fig. 1 Experimental reverse and forward bias current–voltage char-

acteristics of an Ag/n-InP/In Schottky contact at various temperatures
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Fig. 2 Temperature dependence of the ideality factor (the open

triangles) for Ag/n-InP/In Schottky diode. The continuous curves

show estimated values of ideality factor using Eq. 9 for two Gaussian

distributions of BHs with q2 = -0.128, q3 = -0.016 V in 150–

320 K (the curve 1) and q2 = 0.246, q3 = -0.006 V in 80–140 K (the

curve 2)
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Fig. 3 Temperature dependence of and barrier height (the open

triangles) for Ag/n-InP/In Schottky diode. The continuous curve

related to the filled circles represents estimated values of Uap using

Eq. 8 for two Gaussian distributions of barrier heights with

Ubo ¼ 0:79 eV and rs = 104 mV in 150–320 K (the curve 1) and

Ubo ¼ 0:55 eV and rs = 68 mV in 70–150 K (the curve 2)
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all functions derived from them can also be explained and

connected with the lateral distribution of BH due to local

enhancement of electric field which can also yield a local

reduction of the BH [27, 37, 42, 44].

The slope of the activation energy lnðI0=T2Þ vs. 1/kT

plot allows the determination of the effective SBH

according to Eq. 2. This plot is indicated by the closed

circles in Fig. 4. Bowing of the experimental lnðI0=T2Þ vs.

1/T plot at low temperatures in Fig. 4 demonstrates that the

fit of the experimental data is impossible for the determi-

nation of the effective SBH. Bowing of the experimental

lnðI0=T2Þ vs. 1/T curve is caused by the temperature

dependence of the BH and ideality factor. As will be dis-

cussed below, the deviation in the Richardson plots may be

due to the presence of the spatially inhomogeneous BHs

and potential fluctuations at the interface that consist of low

and high barrier areas (located as patches in MS interface)

[27, 35–39], that is, the current through the diode will flow

preferentially through the lower barriers in the potential

distribution [27, 36–40]. This lateral potential distribution of

BH can be due to local enhancement of electric field which

can also yield a local reduction of the BH [27, 36–40].

Likewise, the activation energy lnðI0=T2Þ vs. 1/nkT plot

(open triangles) with the ideality factors was drawn, and this

plot yielded a straight line with an activation energy value of

0.75 eV.

If the current transport is controlled by the thermionic

field emission (TFE) theory, the relationship between the

current and voltage can be expressed by [2, 3, 27]

I ¼ I0 exp
qV

E0

� �
ð4Þ

with

ntun ¼
E00

kT
coth

E00

kT

� �
¼ E0

kT
ð5Þ

where E00 is the characteristic tunneling energy that is

related to the tunnel effect transmission probability:

E00 ¼
h

4p
Na

m�es

� �1=2

; ð6Þ

where h ¼ 6:626� 10�34 J.s; in the case of our n-type InP

with 1:315� 1015 cm�3, m* = 0.077mo and es = 12.4eo, and

E00 was found to be about 0.69 meV. When considering the

bias coefficient of the BH, b ¼ oUb=oV , Eq. 5 can be written

as [27, 44].

ntun ¼
E0

kTð1� bÞ ð7Þ

Figure 5 represents the theoretical temperature

dependence of ideality factor for the case when the current

through Schottky junction is dominated by the TFE. The

solid lines in Fig. 5 was obtained by fitting Eq. 7 to the

experimental temperature dependence values of ideality

factor presented for different values of the characteristic

energy E00, without considering the bias coefficient of the

BH, b = 0. The open squares in the figure show the

temperature dependence values of ideality factor obtained

from the experimental current–voltage characteristics in

Fig. 1. As can be seen from the figure, the experimental

temperature dependence of ideality factor is in agreement

with the curve (e) with E00 = 23 meV over the whole

temperature range. This value of the characteristic energy

value E00 is much higher than the theoretical value of

0.69 meV. This value seems unrealistically high for two

reasons: first of all the theoretical value is 33 times smaller

and secondly a study of Ag/n-InP Schottky diodes [42] gives

an E00 of only 12 meV (roughly 1.2 times larger than the

theoretical value) even though the net doping density is with

about 2� 1017 cm�3 100 times larger than in the sample

investigated in the present study. The net doping density of

the InP sample is only 1:3� 1015 cm�3, which means

that tunnelling should not be highly relevant due to the

width of the space charge region. Therefore, to analyze

the temperature dependence of the BH and the ideality

factor, let us apply the model of inhomogeneous BHs

[31–34, 45].

The commonly observed deviation from classical TE

theory, as will be discussed below, can be explained by a
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Fig. 4 Richardson plots of the lnðI0=T2Þ vs. 1/T (the filled circles)

and lnðI0=T2Þ vs. 1/nT for the (the open triangles) for Ag/n-InP/In

Schottky diode

108 J Mater Sci: Mater Electron (2009) 20:105–112

123



recent model based on the assumption of a spatial fluctu-

ation of the BH at interface [6–8, 19–35]. The continuous

curves in Figs. 2, 3 and 6 and the linearity of the apparent

BH and ideality factor versus 1/T curves in Fig. 6 show that

the temperature dependence experimental data of the Ag/n-

InP Schottky contact are in agreement with the recent

model [31–34] which is the related to TE over a Gaussian

BH distribution. The barrier height has a Gaussian distri-

bution with the mean BH Ub [8, 10, 15–17]. The Gaussian

distribution of the BH yields the following expression for

the BH: [31–33]:

Uap ¼ Ub �
qr2

s

2kT
; ð8Þ

where Uap is the apparent BH measured experimentally and

rs is the standard deviation of the BH distribution. The

temperature dependence of rs is usually small and can be

neglected. The standard deviation is a measure of the barrier

homogeneity. The above expression for the apparent BH

construction was used already by Song et al. [31] and also by

Werner and Güttler [32]. The observed variation of ideality

factor with temperature in the model is given by [32]

1

nap
� 1

� �
¼ �q2 þ

qq3

2kT
; ð9Þ

where nap is apparent ideality factor and q2 and q3 quantify

the voltage deformation of the BH distribution.

The experimental Uap vs. 1/T and nap vs. 1/T plots

(Fig. 6) drawn by means of the data obtained from Fig. 1

respond to two lines instead of a single straight line with

transition occurring at 150 K. The linearity of the apparent

BH or ideality factor versus 1/T curves in Fig. 6, and the

continuous curves in Figs. 2 and 3 show that the temper-

ature-dependent experimental data of the Ag/n-InP/In

Schottky contact are in agreement with the recent model

which is the related to thermionic emission over a Gaussian

BH distribution [12–17]. Thus, the plot of Uap vs. 1/T

(Fig. 6) should be a straight line with the intercept at the

ordinate determining the zero bias mean BH Ubo and a

slope giving the zero bias standard deviation rs. The above

observations indicate the presence of two Gaussian distri-

butions of BHs in the contact area. The intercept and slope

of the straight line given two sets of values of Ubo and rs as

0.79 eV and 105 mV in the temperature range of 150–

320 K (the distribution 1), and as 0.55 eV and 68 mV in

the temperature range of 70–150 K (the distribution 2).

Furthermore, the Uap values estimated from Eq. 8 over the

entire temperature range of 70–320 K using the two Ubo

and rs are shown by the continuous curves 1 and 2 in

Fig. 3. That is, the continuous solid lines related to the

open triangles in Fig. 3 represent the data estimated using

Eq. 8.

The existence of a double Gaussian in Schottky diodes

was already experimentally proven by BEEM [46, 47].

These changes were also ascribed to the chemical treatment

of the semiconductor surface [48–50]. Likewise, as indi-

cated also by Chand and Kumar [51], the existence of a

double Gaussian in the metal/semiconductor contacts can

be attributed to the nature of the inhomogeneities them-

selves in the two cases. This may involve variation in the
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interface composition/phase, interface quality, electrical

charges and non stoichiometry, etc. They are important

enough to electrically influence the I–V characteristics of

the Schottky diodes, at particularly low temperatures. Thus,

I–V measurements at very low temperatures are capable of

revealing the nature of barrier inhomogeneities present in

the contact area. Furthermore, the temperature range cov-

ered by each straight line suggests the regime where the

corresponding distribution is effective [51].

Moreover, as can be clearly seen from Fig. 6, the plot of

nap vs. 1/T should also possess different characteristics in

the two temperature ranges because the diode contains two

BH distributions. The values of q2 obtained from the

intercepts of the experimental nap vs. 1/T plot are -0.128

in 150–320 K range (the distribution 1) and 0.246 in 70–

150 K range (the distribution 2), whereas the values of q3

from the slopes are -0.016 V in 150–320 K range and

-0.006 V in 70–150 K range. The linear behavior of this

plot demonstrates that the ideality factor indeed expresses

the voltage deformation of the Gaussian distribution of the

Schottky BH. The continuous solid lines in Fig. 2 represent

data estimated with the above values of q2 and q3 using

Eq. 9. As can be seen, the computed values exactly coin-

cide with the experimental results in the respective

temperature ranges for two different distributions. As can

be seen from the nap vs. 1/T plot, q3 value or the slope of

the distribution 1 is larger than that of the distribution 2,

therefore we may point out that the distribution 1 has wider

and relatively higher BH. This is actually clear from the

determined values of the mean BH and the standard devi-

ation of distribution 1 and 2 which are given above. In

additional to the explanations above, the regions with two

different mean BHs exist for all temperatures investigated by

us. The point is now that these two regions have different area

ratio. From the data it seems clearly that the total area of

regions with the lower mean BH (distribution 2) must be

lower than that of the regions with higher mean BH (distri-

bution 1). Therefore, we have found that the region with

higher barrier height is dominant for higher temperatures

(which would be impossible if the area ratio of regions with

different barrier height was 1, in that case, the region with

lower BH would dominate current transport).

The conventional activation energy lnðIo=T2Þ vs. 1/T

plot has showed nonlinearity at low temperatures. To

explain these discrepancies, according to the Gaussian

distribution of the BH, we can be rewritten as

ln
I0

T2

� �
� q2r2

s

2k2T2

� �
¼ ln ðAA�Þ � qUbo

kT
; ð10Þ

and a modified activation energy plot from this expression

is obtained. Using the experimental I0 data, a modified

lnðI0=T2Þ � q2r2
s=2k2T2 vs. 1/T plot can be obtained

according to Eq. 10 and should give a straight line with

slope directly yielding the mean Ubo and the intercept

ð¼ lnAA�Þ at the ordinate determining A* for a given

diode area A. The lnðI0=T2Þ � q2r2
s=2k2T2 values were

calculated for both two values of r obtained for the

temperature ranges of 70–150 K and 150–320 K. Thus,

the open triangles and open squares in Fig. 7 have given

the modified lnðI0=T2Þ � q2r2
s=2k2T2 vs. 1/T plots for

both two values of r. The best linear fitting to these

modified experimental data are depicted by solid lines in

Fig. 7 which represent the true activation energy plots in

respective temperature ranges. The calculations yielded

zero bias mean BHUbo of 0.55 eV (in the range of 70–

150 K) and 0.79 eV (in the range of 150–320 K). These

values match exactly with the mean BHs obtained from

the Uap vs. 1/T plot in Fig. 6. The intercepts at the ordi-

nate give the Richardson constant A* as 8:18 A/cm2K2 (in

70–150 K range) and 7:96 A/cm2K2 (in 150–320 K range)

without using the temperature coefficient of the BHs. The

obtained Richardson constant values are in close agree-

ment with the known value of 9:8 A/cm2K2 for n-type InP.

Figure 8 shows the reverse bias C-2–V characteristics in

the temperature range of 20–320 K by the steps of 20 K.

Figure 9 shows UC�V (indicated by open triangles) values
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Fig. 7 Richardson plot of the lnðI0=T2Þ vs. 1/T plot (the open

triangles) and modified Richardson lnðI0=T2Þ � q2r2
s=2k2T2 vs. 1/T

plot for the Ag/n-InP/In Schottky diode according to two Gaussian

distributions of barrier heights. The open squares represent the plot

calculated for rs = 68 mV and the open triangles represent the plot

calculated for rs = 104 mV. The straight lines 1 and 2 indicate the

best fitting of the data in temperature ranges of 150–320 K and 70–

150 K, respectively
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obtained from the reverse bias C-2–V characteristics (Fig. 8)

depending on the temperature. The experimentalUC�V vs. T plot

yields UC�V (T = 0) = 1.24 eV and a = -0.582 meV/K,

where a is the temperature coefficient of the BH. Fur-

thermore, the experimental values of UC�V for the device

were calculated as 1.05 eV at 320 K, 1.13 eV at 200 K, and

1.22 eV and at 20 K, respectively. Moreover, the temper-

ature dependence of the experimental carrier concentration

was calculated from the reverse bias C-2–V characteristics

in Fig. 8 and this plot is given in Fig. 10. For example,

these values were 1.224 9 1015 and 1:315� 1015 cm�3 for

the n-type InP wafer at 20 and 320 K. As can be seen from

Fig. 10, the carrier concentration of the n-InP slightly

decreased with a decrease in temperature in the range of

20–200 K while it more decreased with decreasing tem-

perature in the range of 200–320 K. The solid lines are

used for fits to the experimental data.

The difference between the BH values from the C-2–V

and I–V characteristics is larger than the image force

lowering value of 0.014 eV for this device. The image

force lowering value for the BH was determined by using

Eq. 1.26a in Ref. [2]. Although this discrepancy could be

explained by the existence of an interfacial layer or of trap

states in the semiconductor [32, 37, 38], the existence of

Schottky BH inhomogeneity offers another explanation

[32, 37, 38]. The capacitance C is insensitive to potential

fluctuations on a length scale of less than the space-charge

width and the C–V method averages over the whole area.

The dc current I across the interface depends exponentially

on Ub and thus sensitively the detailed barrier distribution

at the interface. Any spatial variation in the barriers causes

the current I to flow preferentially through the barrier

minima. That is, the current in the I–V measurement is

dominated by the current which flows through the region of

low SBH. Since the low-SBH patch is pinched-off, the

effective SBH of the patch is the potential at the saddle

point [37, 38]. Consequently, for an inhomogeneous

interface, the spatial variation of the band bending results

in different BH for the current and capacitance, and the

capacitances are expected to measure only the mean BH

value [32, 37, 38]

In conclusion, the apparent BH, Ubo, from the current–

voltage (I–V) characteristics of the Ag/n-InP/In Schottky

contact decreases while the ideality factor n increases with

0.25
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2.0x10-4

2.5x10-4

3.0x10-4
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2- 20 K

320 K

∆T = 20 K

 Ag/n-InP/In
Schottky Diode
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Fig. 8 Experimental reverse bias C-2–V characteristics of a typical

Ag/n-InP/In Schottky diode at various temperatures
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)
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H r eirra
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Fig. 9 Temperature dependence of the C–V barrier height from

experimental reverse bias C-2–V characteristics (Fig. 8) for a typical

Ag/n-InP/In Schottky diode
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Fig. 10 Temperature dependence of the carrier concentration from

experimental reverse bias C-2–V characteristics (Fig. 8) for typical

Ag/n-InP/In Schottky diode
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a decrease in temperature due to the barrier inhomogeneity

or to local enhancement of electric field which can also

yield a local reduction of the BH. The activation energy

lnðI0=T2Þ vs. 1/nkT plot yielded a straight line with an

effective BH value of 0.75 eV. The modified lnðI0=T2Þ �
q2r2

s=2k2T2 vs. 1/T plots yielded zero bias mean BHUbo of

0.55 eV (in the range of 70–150 K) and 0.79 eV (in the

range of 150–320 K). These values match exactly with the

mean BHs obtained from the Uap vs. 1/T plot. The modified

activation energy plot from the barrier inhomogeneity

model have given the Richardson constant A* as

8:18 A/cm2K2 and 7:96 A/cm2K2. It has been seen that he

obtained Richardson constant values are in close agreement

with the known value of 9:8 A/cm2K2 for n-type InP.

Acknowledgments This work was supported by The Turkish Sci-

entific and Technological Research Council of Turkey (TUBITAK)

(Project No: 105T487) and Atatürk University (Project No: BAP

2006/51). The Authors wish to thank to TUBITAK and Atatürk

University.

References

1. M. Oztas, M. Bedir, R. Kayalı, F. Aksoy, Mater. Sci. Eng. B 131,

94 (2006)

2. E.H. Rhoderick, R.H. Williams, Metal–Semiconductor Contacts
(Clarandon Press, Oxford University Press, 1988)

3. R.H. Williams, G.Y. Robinson, in Physics and Chemistry of III–V
Compound Semiconductor Interfaces, ed. by C.W. Wilmsen

(Plenum Press, New York 1985)

4. H. Cetin, E. Ayyildiz, Semicond. Sci.Technol. 20, 625 (2005);

Appl. Surf. Sci. 253, 5961 (2007); H. Cetin, E. Ayyildiz, A.

Turut, J. Vac. Sci. Technol. B 23, 2436 (2005)

5. R.L. Van Meirhaeghe, W.H. Laflére, F. Cardon, J. Appl. Phys.
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