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We have fabricated the Ti/n-type GaAs Schottky diodes (SDs) by the DC magnetron deposition
and thermal evaporation, cut from the same GaAs substrates, and we have made a comparative
study of the current–voltage (I–V ) measurements of both SDs in the measurement temperature
range of 160–300K with steps of 10K. The barrier height (BH) values of about 0.82 and 0.76 eV at
300K have been obtained for the sputtered and evaporated SDs, respectively. It has been seen that
the apparent BH value for the diodes has decreased with decreasing temperature obeying the single-
Gaussian distribution (GD) for the evaporated diode and the double-GD for the sputtered diode
over the whole measurement temperature range. The increment in BH and observed discrepancies in
the sputtered diode have been attributed to the reduction in the native oxide layer present on the
substrate surface by the high energy of the sputtered atoms and to sputtering-induced defects
present in the near-surface region. We conclude that the thermal evaporation technique yields better
quality Schottky contacts for use in electronic devices compared to the DC magnetron deposition
technique.

Keywords: Schottky diode; barrier inhomogeneity; GaAs; current-voltage characteristics; Gaussian
distribution.

1. Introduction

The electrical properties of metal-semiconductor

contacts are widely studied due to their basic physical

properties and their technological applications.

Schottky diodes (SDs) are the basis of large number

of compound semiconductor electronic devices, in-

cluding microwave diodes, ¯eld-e®ect transistors

(FETs), metal-semiconductor ¯eld e®ect transistors

(MESFETs), metal-insulator semiconductor ¯eld

e®ect transistors (MISFETs), semiconductor detec-

tors, varactors, switching devices, microwave devices,

light emitting diodes (LEDs), solar cells and photo

detectors.1–10

High quality GaAs-based Schottky contacts are

very important for devices such as MESFETs and

high-electron mobility transistors (HEMTs) which
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are used in digital, microwave, and optical detection

systems.4,6 It is well-known that the Schottky barrier

height (SBH) depends, amongst others, upon the

quality of the semiconductor material, the method of

surface preparation prior to metallization and the

metallization itself.1,11,12 The interface quality be-

tween a semiconductor and a deposited metal has

considerable in°uence on the electrical properties of a

SD. Therefore, to what degree this dependence holds

varies considerably depending on the metallization

technique of the contacts and the crystal quality of

the GaAs itself. Particularly, native defects such as

EL2 can also be a factor for the crystal quality.13,14 It

has been reported in the literature that di®erent

metal deposition techniques may introduce varying

levels of damage into a semiconductor surface region

during metal deposition.8,15,16

Di Dio et al.9 have investigated temperature-de-

pendent forward and reverse current–voltage (I–V )

characteristics of Ti/GaAs diodes prepared by ion

beam sputtering. They have discussed the correlation

between the di®erent sputtering preparation condi-

tions and current transport mechanism. They have

reported that the thermionic emission (TE) is the

main current-transport mechanism for all the sam-

ples, but the diodes show a deviation from this be-

havior at low temperatures. Arulkumaran et al.10

have analyzed electrical characteristics of Ti/n-GaAs

SDs formed by the physical vapor evaporation tech-

nique and obtained a barrier height (BH) of 0.78 eV

and an ideality factor of 1.25 for these diodes.

Ayyildiz and Türüt17 have studied the e®ect of ther-

mal treatment on the characteristic parameters of

Ni/-, Ti/- and NiTi alloy/n-GaAs SDs formed by the

physical vapor evaporation technique. The values of

the ideality factor and BH of as-deposited Ti/n-GaAs

SDs were found to be 1.08 and 0.64 eV, respectively.

Sehgal et al.18 have investigated the electrical char-

acteristics of Ti/Pt/Au/n-GaAs Schottky contacts

prepared by electron beam (EB) deposition and RF

sputtering. The values of current BH were found to be

0.85 eV and 0.67 eV for the EB and RF3 Schottky

contacts, respectively. In the literature,8,15,16 the

electrical properties of semiconductor devices are

reported to be strongly in°uenced by the presence of

electrically active defects introduced during metal

deposition.

Our purpose is to compare the characteristic diode

parameters of the Ti/n-GaAs SDs prepared by DC

magnetron sputtering deposition with those of the

SDs prepared by the thermal evaporation techniques.

The analysis of the I–V characteristics of the MS

rectifying contacts at only one measurement tem-

perature does not give us enough information about

di®erent aspects of the temperature-dependent con-

duction mechanisms. Therefore, the I–V measure-

ments of the SDs were made in the measurement

temperature range of 160–300K with steps of

10K. The values of the apparent BH and the ideality

factor were obtained from the forward biased I–V

curves by using the TE theory. To the best of our

knowledge, a comparative study of sample tempera-

ture-dependent I–V characteristics of the sputtered

and evaporated Ti/n-GaAs SDs have not been

reported over a wide temperature range of 160–300K

in literature so far. The temperature dependence of

the SBH of the fabricated diodes was interpreted on

the basis of the existence of the GD of the SBHs

around mean values due to SBH inhomogeneities at

the MS interface.

2. Experimental Procedure

The Te-doped n-GaAs substrate with a carrier

concentration of 2-5� 1017 cm�3 grown by the liquid-

encapsulated Czochralski (LEC) method was cleaned

consecutively with acetone, methanol, trichlo-

roethylene, deionised water (18M�) 5min using ul-

trasonic agitation in each step to remove organic

contaminations. Then, the substrate was immersed in

an HCl:H2O (1:1) solution to get rid of the native

oxide on the GaAs surface, washed with de-ionized

water and dried with high-purity nitrogen gas. The

substrate was inserted into the deposition chamber

immediately after the etching process. The ohmic

contacts were formed by thermal evaporation of Au–

Ge (88% Au, 12% Ge) on unpolished sample at 5�
10�6 Torr base pressure and annealed at 450�C for

3min in °owing high purity (6N) argon gas in a

quartz tube furnace. The sample was cut into two

pieces of 10� 10mm2. One of them was immediately

inserted into the evaporation chamber to form

Schottky contacts by DC magnetron sputter tech-

nique. Sputtering conditions were °ow of Ar (5N

purity) with a 12 ccm/min (maintained by a digital

mass °ow controller), sputter head with a power

density of 3W/cm2, current was a 0.2A and the

background pressure was 14mTorr. Also, before
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30 nm Ti deposition process, a pre-sputtering of the Ti

target (4N purity) was carried out to remove surface

contamination. Deposition rate of Ti was a 0.5�A/s.

Next, 50 nmAu (4Npurity)was evaporated thermally,

deposition rate was 1.0�A/s and background pressure

was better than 1� 10�6 Torr. The Schottky contacts

were formed by evaporating the titanium and gold

metal dots with diameter of about 1.0mm.

In second piece of GaAs, Schottky metallization

was performed as follows: Ti (5N purity) ¯lament was

used to 30 nm Ti deposition. Deposition rate of Ti was

0.4�A/s and background pressure were better than

1� 10�6 Torr. Next, 50 nm Au (4N purity) was

evaporated thermally with the same conditions in

sample MS. Background pressure, gas °ow rate, de-

position rate and other metallization process were

kindly controlled with vacuum gauges, digital mass

°ow controller and QCM thickness monitor. All

contact metals were deposited in the same environ-

ment without breaking the vacuum using a high

vacuum metallization system (NANOVAK-

NVTS400).

The I–V measurements of the Ti/n-GaAs SCs

were accomplished by employing a computer-con-

trolled HP 4140B picoamperemeter and liquid nitro-

gen cooled cryostat in the temperature range of

160–300K by the steps of 10K in the dark. The

temperature accuracy is better than �1K during

each temperature point of measurement.

3. Results and Discussion

Figure 1 shows a comparison of the I–V character-

istics at some measurement temperatures for the Ti/

n-GaAs SBD prepared by the DC magnetron sput-

tering deposition with those for the Ti/n-GaAs SBD

prepared by the thermal evaporation deposition.

Table 1 shows some diode parameters from the for-

ward bias I–V characteristics for both diodes at these

temperatures, where RS is the series resistance, �b is

zero bias BH, n is ideality factor which introduces

a measure of the deviation of the experimental

I–V data from the ideal TE model. When the linear

portions of the forward bias I–V curves in Fig. 1

are considered at each temperature, the thermal

evaporated diode (TED) exhibits a higher forward

current compared to the DC magnetron sputtered

diode (MSD). Recent investigations have shown that

the sputtering deposition generates defects into the

semiconductor substrate.15,16 The generated states in

the surface region of the GaAs substrate during

bombardment may be responsible for the observed
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Fig. 1. (Color online) Comparison of the current–voltage
characteristics at some measurement temperatures for the
Ti/n-GaAs SDs prepared by the DC magnetron sputtering
and thermal evaporation deposition.

Table 1. Some diode parameters from the current–voltage
characteristics for both diodes at these temperatures, RS(Q): the
series resistance, �b (eV): zero bias BH, n: ideality factor.

Thermal evaporation DC magnetron sputtering

T(K) n �b (eV) RS (�) n �b(eV) RS(�)

300 1.104 0.756 159.44 1.102 0.817 15.76
250 1.152 0.763 155.65 1.129 0.817 24.26
200 1.214 0.731 167.03 1.245 0.773 25.84
160 1.294 0.690 174.01 1.474 0.676 22.28

Comparison of the Ti/GaAs Schottky Contacts' Parameters
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electrical behavior.12,19 In spite of this, as can be seen

from Fig. 1, the forward bias I–V curves of the TED

device shows more downward curvature than those of

the MSD device in high bias voltage region. As well-

known, the downward curvature region in the for-

ward bias I–V curves at high bias voltage arises from

the series resistance, RS, of the neutral region of the

semiconductor bulk between the depletion region and

ohmic contact. The series resistance values were cal-

culated using a method developed by Cheung and

Cheung20 obtained from the following forward bias

TE current equation.1–3 As can be seen from Table 1,

the TED device has the RS values of 159.44 � and

174.01�, while the MSD device has the RS values of

15.76� and 22.28� at 300K and 160K, respectively.

The series resistance of an intimate MS contact

without interfacial layer must only come from the

semiconductor bulk. The larger value than that

expected for RS may be supplied from the contribu-

tion of the imperfect ohmic contact plus native oxide

layer on the semiconductor surface to the neutral

region series resistance.

It has been reported that the preparation of clean

surfaces takes place during sputter deposition because

of the chemical reactivity of the high energy of the

sputtered atoms.12,19 This process may have a very

large e®ect on the native oxide layer exist on semi-

conductor surface and thus, on the mechanism of

current transport. Therefore, as stated in,12,19 the

sputtering can help to remove the native oxide layer

and to increase the diode quality. Thereby, it can be

said that the high RS value arises from the native

oxide layer plus semiconductor bulk and imperfect

ohmic contact resistances. The contribution of the

ohmic contact resistance to the series resistance must

be too small to change the series resistance of the

device.1–3 The series resistance of the device should

only come from the neutral region of the semicon-

ductor substrate. The series resistance of the GaAs

bulk substrate can be calculated from RB ¼ ð�LÞ/A,

where � ¼ 0:0075�-cm and L ¼ 450� 25�m and

A ¼ 7:85� 10�3 cm2 are the resistivity and bulk

thickness of the GaAs and the area of the Schottky

contact. A value of about 0:435� 0:025� for RB was

obtained. Thus, it can be said that the contribution of

the ohmic contact resistance to the series resistance

of both diodes is about 15:325� 0:025� because

the series resistance value of the MSD device without

the native oxide layer was about 15.76�.

Using the TE current equation, the e®ective or

apparent BH and ideality factor n values can be

calculated from the intercept and slope of the linear

portion of the forward bias I–V curves at each tem-

perature in Fig. 1. The TE I–V equation for a forward

biased SD is given as follows.1–3

I ¼ IS exp � qðV � IRsÞ
nkT

� �
� 1

� �
; ð1Þ

where IS is the saturation current and is written as

IS ¼ AA�T 2exp � �b0

kT

� �
ð2Þ

and A� is the e®ective Richardson constant of

8.16Acm�2K�2 for n-type GaAs, A is the diode area.

RS is the series resistance of the neutral region of the

semiconductor substrate between the depletion re-

gion and ohmic contact. ðV � IRSÞ and IRS are the

voltage drop across the depletion region and series

resistance, respectively. From Eqs. (1) and (2), re-

spectively, the ideality factor n and the e®ective BH

�b0 at zero bias are written as

n ¼ q

kT
ln

dV

d ln I

� �
ð3Þ

and

�ap ¼ kT

q
ln

AA�T 2

I0

� �
: ð4Þ

The ideality factor n accounts for the departure of the

current transport mechanisms from the ideal TE

model. The ideality factor and BH values for both

diodes were calculated using Eqs. (3) and (4) at each

measurement temperature, respectively. The values

at some temperature are given in Table 1. The BH for

the sputtered and evaporated SDs has taken the

values of 0.817 eV and 0.756 eV at 300K and 0.773 eV

and 0.731 eV at 170K and 0.639 eV and 0.676 eV at

160K, respectively. The ideality factor for the sput-

tered and evaporated SDs has been obtained as 1.102

and 1.104 at 300K and 1.129 and 1.152 at 170K and

1.474 and 1.294 at 160K, respectively. Ejderha

et al.19 have obtained a BH value of 0.80 eV with an

ideality factor value of 1.04 (300K) for the DC

magnetron sputtered Ti/n-GaAs which is in close

agreement with the value of 0.817 eV obtained for the

sputtered diode by us.

As can be seen, the BH due to sputtering increases

at each temperature except for 160K. That is, the

O. Kahveci et al.
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sputtered Ti/n-GaAs diode exhibited a higher BH

compared to the evaporated Ti/n-GaAs diode, as can

be seen in Table 1. It is supposed that the surface

states in the surface of the GaAs substrate region

during bombardment are responsible for this electri-

cal behavior.12,19 The sputtering may cause to defect-

induced interface states within the band gap of the

semiconductor at metal-semiconductor interfaces.

The space charge change in the underlying semicon-

ductor substrate and thus BH change depend on the

presence of the positive or negative charges in the

interface states between the rectifying contact metal

and semiconductor substrate.2,3,19 For n-type semi-

conductor substrates, the presence of negatively

charged acceptors in the interface states at the rec-

tifying MS contact interface increases the BH com-

pared to the case when no interface defects are

present because the positive space charges in the de-

pletion region of the metal/n-type semiconductor

rectifying contact will increase and thus the BH.2,3,19

It is shown experimentally in the literature that

the ideality factor of a SD increases when the mea-

surement temperature is decreased, and thus, there

are many di®erent temperature dependences of the

ideality factor. Therefore, the deduced BH and

ideality factors are found to vary with change of

the measurement temperature. This case generally is

known as the T0 anomaly.2,3,21–24 In such a case,

for qðV � IRsÞ � 3 kT , Eq. (1) can be organized as

follows2,3,21–24

I ¼ AA�T 2exp � �b0

kðT þ T0Þ
� �

exp
qðV � IRsÞ
kðT þ T0Þ

� �� �
;

ð5Þ
where T0 is a constant. When considering Eqs. (1) and

(5), it arises as nT ¼ ðT þ T0Þ. It has been stated in

the literature2,21,22 that nT vs T plot related to the T0

anomaly is used to determine the dominant conduc-

tion mechanism across the device, the TE or the

thermionic ¯eld emission (TFE). Nevertheless, some

authors3,21,22 state that BH inhomogeneity o®ers an

excellent explanation of the T0 anomaly. Figure 2

shows nT vs T plots, according to the equation

nT ¼ ðT þ T0Þ, for the evaporated SD (closed circles)

and the sputtered SD (closed squares)in the temper-

ature range of 160–300K with steps of 10K. The

dashed straight lines show the ideal behavior line

obeying TE current mechanism and the ¯t straight

line to experimental data. The experimental data of

the considering device should lie parallel to the ideal

behavior line. The dashed line ¯tted to the experi-

mental data of the thermal evaporated SD is parallel

to the ideal behavior line and gives a T0 value of

35.46K. As can be seen from Fig. 2, the shape of the

experimental nT vs T curve of the sputtered SD is

usually attributed to the possibility TFE current

mechanism over whole temperature range. This may

be related to the doping level and the distribution of

the apparent BH.21–26 As mentioned above, the

sputtering may cause the defect-induced interface

states at the GaAs surface. The presence of negatively

charged acceptor-like interface states at the rectifying

MS contact increases the positive space charges in

the depletion region compared to the case when no

interface defects are present.2,3,21,22,27 In spite of this

explanation by us, as mentioned also by some

authors,21,22,27 even though tunneling should domi-

nate the carrier conduction in diodes heavily doped

semiconductor substrate, the temperature depen-

dence of the ideality factor does not provide a deter-

mination for the conduction mechanism. By

considering explanations above related to the barrier

inhomogeneity, we can say that the barrier inhomo-

geneity o®ers an excellent explanation of the T0

anomaly.

Figure 3 shows the Richardson plots, in the mea-

surement temperature range of 160–300K with steps

120 160 200 240 280 320
T (K)

160

200

240

280

320

360

nT
 (

K
)

DC Magnetron Sputtering 

Thermal Evaporation

T0 = 35.46 K

Ideal Line n = 1

Fig. 2. (Color online) nT vs T plots in the measurement
temperature range of 160–300K with steps of 10K, for the
Ti/n-GaAs SDs prepared by the DC magnetron sputtering
and thermal evaporation deposition. The dashed line ¯tted
to experimental data is parallel to the ideal behavior line
and gives a value T0 of 35.46K.
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of 10K, for the sputtered (closed squares) and ther-

mal evaporated (closed triangles) Ti/n-GaAs SDs.

The e®ective BH value of about 0.81 eV and 0.67 eV

for the sputtered and thermal evaporated SDs was

obtained from the ¯t to the linear portion of the ex-

perimental ln(I0/T
2) vs (kT)�1 curves of both diodes

at high temperatures. An e®ective BH of 0.81 eV for

the sputtered SD forms the experimental ln(I0/T
2) vs

(kT)�1 is the such as value of 0.817 eV at 300K. The

deviation in the Richardson curves, ln(I0/T
2) vs

(kT)�1, of both diodes at low temperatures may be

due to the spatially inhomogeneous BHs and poten-

tial °uctuations at the interface, that is, the current

through the diode will °ow preferentially through the

lower barriers in the potential distribution. The

closed circles in Fig. 4 represent the modi¯ed

Richardson plot for the thermal evaporated SD,

according to T0 anomaly, that is, the experimental ln

(I0/T
2) vs ½kðT þ T0Þ��1 plot using Eq. (5) for

ðV � IRSÞ ¼ 0. The values of about 0.82 eV and

1.91A/cm2K2 for the e®ective BH and Richardson

constant, respectively, were calculated from the

modi¯ed Richardson plot (Fig. 4) for the evaporated

SD. The value of 1.91A/cm2K2 is 4.27 times lower

than the value of 8.16A/K2cm2 given for n-type

GaAs in the literature. The ½kðT þ T0Þ��1 instead of

ðkT Þ�1 in the Richardson plot is used to modify the

experimental data and thus to obtain values close to

expected Richardson constant and e®ective BH

values. Therefore, it has been seen that the e®ective

BH value of 0.82 eV from this plot for the evaporated

SD is in close agreement with the value of 0.81 eV

from the ln(I0/T
2) vs (kT)�1 plot and value of

0.817 eV at 300K for the sputtered SD which gives

nearly ideal I–V characteristics at 300K, because the

sputtering process removes the native oxide layer on

the GaAs substrate and forms a clean substrate sur-

face to increase the diode quality. The evaporated SD

can be accepted as a nearly ideal diode with the BH of

0.817 eV and ideality factor of 1.102 at 300K.

Furthermore, the BH value decreases while the

ideality factor value increases with a decrease in

temperature because the current preferentially °ows

through the lowest BH with decreasing temperature

due to the BH inhomogeneities.21–25,27,28 Figure 5

shows the experimental e®ective BHs as a function of

the ideality factors for both diodes in the measure-

ment temperature range of 160–300K, the dashed

lines represent the linear least-squares ¯ts to experi-

mental data for each diode. As can be seen from the

¯gure, there is a linear relationship between the ef-

fective BHs and ideality factors. Such a dependency is

attributed to the lateral inhomogeneity of the BH in

the devices.21–25,27,28
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Fig. 4. (Color online) The closed circles represent modi¯ed
Richardson plot according to single GD and the closed
triangles circles represent modi¯ed Richardson plot
according to T0 anomaly, in the measurement temperature
range of 160–300K with steps of 10K, for the Ti/n-GaAs
SD prepared by the thermal evaporation deposition. The
dashed lines represent the ¯ts to experimental data.
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Fig. 3. (Color online) Richardson plots in the measure-
ment temperature range of 160–300K with steps of 10K,
for the Ti/n-GaAs SDs prepared by the DC magnetron
sputtering and thermal evaporation deposition.
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The reduction in the BHs and the increment in the

ideality factor with decreasing measurement tem-

perature have been explained by the lateral distri-

bution of the BH.24,25,28–50 In such cases, the decrease

in the BH with decreasing measurement temperature

may obey GD with the mean BH ��b.
32–34 Figure 6

shows that the apparent BH for the sputtered SD

decreases obeying a double GD in the measurement

temperature range of 160–300K. To describe the BH

inhomogeneity, the double GD from the multi-GD

expression suggested by Jiang et al.32 can be written

as

�ap ¼ �kT ln a1 exp �
��1

kT
þ �2

1

2ðkT Þ2
� ��

þ a2 exp �
��2

kT
þ �2

2

2ðkT Þ2
� ��

ð6Þ

The solid line in Fig. 6 represents the ¯t of Eq. (6) to

experimental data. In Eq. (6) and a1, a2, (a2 ¼ 1� a1),

�1, �2, and ��1, ��2 are the weight, standard deviation,

and mean value of two Gaussian functions,

respectively. ��1 ¼ 0:640 eV, ��2 ¼ 0:855 eV, a2 ¼
1:20� 10�7, �1 ¼ 70mV and �2 ¼ 41mV were

obtained for the sputtered diode. The obtained para-

meters are given in Fig. 6.

The single GD expression is given by43–46

�ap ¼ ��b0 �
q�2

s0

2kT
; ð7Þ

where �ap is the zero bias apparent BH or e®ective

BH. The �ap vs (2kT)�1 plot according to this ex-

pression should be a straight line, whose intercept

with the ordinate determines the zero bias mean

BH ��b0 and slope gives the zero bias standard devi-

ation �s0. Figure 7 shows the �ap vs (2kT)�1 and

ðn�1 � 1Þ vs (2kT)�1 plots by means of the single for

Fig. 6. (Color online) Barrier height vs temperature plot by
means of the double GD, in the measurement temperature
range of 160–300Kwith steps of 10K, for the Ti/n-GaAs SD
prepared by DC magnetron sputtering deposition, the solid
line represents the ¯ts to experimental data.
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(n
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(n-1-1) = 0.0534 - 0.00784(2kT)-1

Φb(T) = 0.863 - 0.00464(2kT)-1 eV

σ(0) = 68 mV

Fig. 7. (Color online) BH vs (2kT)�1 and ðn�1 � 1Þ vs
(2kT)�1 plots by means of the single GD, in the measure-
ment temperature range of 160–300K with steps of 10K,
Ti/n-GaAs SD prepared by thermal evaporation deposi-
tion, the solid lines represent the ¯ts to experimental data.

Fig. 5. (Color online) E®ective BHs as a function of the
ideality factors for both diodes in the measurement tem-
perature range of 160–300K with steps of 10K, the dashed
line represents the linear least-squares ¯ts to experimental
data for each diode.
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the evaporated SD, in the measurement temperature

range of 160–300K. The intercept and slope of the

solid straight line in the �ap vs (2kT)�1 plot in Fig. 7

gives ��b0 and �s0 values as 0.86 eV and 68mV for the

evaporated SD, respectively.

The linear behavior of ðn�1 � 1Þ vs (2kT)�1 plot in

Fig. 7 demonstrates that the ideality factor expresses

the voltage-dependent of the GD of the Schottky

BHs. The observed single GD of ideality factor with

temperature in the model is given by44

1

nap

� 1

� �
¼ ��2 þ

q�3
2kT

; ð8Þ

where nap is apparent ideality factor and the coe±-

cients �2 and �3 quantify the voltage dependence of

the BH distribution at the inhomogeneous interface.

�2 is the voltage coe±cient of the mean BH, and �3 is

the voltage coe±cient of the standard deviation

which are stated by

���bðV ;T Þ ¼ ��bðV ;T Þ � ��bð0;T Þ ¼ �2V ; ð9Þ
��2ðV Þ ¼ �2ðV Þ � �2ð0Þ ¼ �3V : ð10Þ

Thus, it can be said that this special case where the

ideality factor is independent of the bias voltage is

valid if the mean BH ��b as well as the square of the

standard deviation �2 vary linearly with the bias.

Thus, �2 ¼ �0:0544mV and �3 ¼ �7:84mV values

are obtained from the intercept and slope of the

straight line of the experimental ðn�1 � 1Þ vs (2kT)�1

plot in Fig. 7, respectively.

The discrepancies unexpected in the conventional

ln(I0/T
2) vs (kT)�1 plot may be explained according

to the GD of the BH. Using Eq. (7) in Eq. (2), it can

be rewritten as a modi¯ed activation energy expres-

sion as follows

ln
I0
T 2

� �
� q2�2

s

2k2T 2

� �
¼ lnðAA�Þ � q��b0

kT
: ð11Þ

The closed circles in Fig. 4 represent a modi¯ed

ln(I0/T
2)−q2�2

s0/2(kT)
2 vs (kT)�1 plot for the evap-

orated SD. The modi¯ed experimental data according

to Eq. (11) should give a straight line with the slope

directly yielding the mean ��b0 and the intercept de-

termining the Richardson constant A*. The best

linear ¯t of the dashed line to the modi¯ed experi-

mental data has given a mean BH ��b0 of 0.86 eV and

a Richardson constant A* of 7.23Acm�2K�2 for the

evaporated Ti/n-type GaAs SD. This ��b0 has the

same value as the mean BHs obtained from the �ap vs

(kT)�1 plot in Fig. 7. The e®ective Richardson con-

stant of 7.23Acm�2K�2 is in close agreement with

the value of 8.16Acm�2K�2.

4. Conclusion

The sputtered and evaporated Ti/n-type GaAs SDs

were made by DC magnetron deposition and by

thermal evaporation of Ti on the same n-type GaAs

substrates with the ohmic back contact. Information

about the electrical behavior of these diodes was

obtained from temperature-dependent I–V measure-

ments. The BH and ideality factor values were

0.817 eV and 1.104 for sputtered SDs and 0.756 eV

and 1.102 evaporated SDs at 300K, respectively.

It has been seen that the apparent BH values for the

diodes have decreased with decreasing temperature,

obeying the single-GD for the evaporated diode and

the double-GD for the sputtered diode over the whole

measurement temperature range. The fact that the

BHs distribution for the sputtered diode becomes the

double GD may be originated from the sputtering

generates defects present in the near-surface region of

the semiconductor substrate. We conclude that the

thermal evaporation technique yields better quality

Schottky contacts for use in electronic devices com-

pared to the DC magnetron deposition technique.
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