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Abstract The electrical, structural, and surface morpho-
logical properties of Ni/V Schottky contacts have been
investigated as a function of annealing. The Schottky
barrier height value from /-V and C-V measurements for
as-deposited Ni/V/n-InP diode is 0.61 eV (I-V) and
0.91 eV (C-V), respectively. It has been observed that the
Schottky barrier height decreases with increasing annealing
temperature as compared to the as-deposited contact. For
the contact annealed at 200 °C, the obtained barrier height
decreased to 0.52 eV (I-V) and 0.78 eV (C-V). Further, the
annealing temperature increased to 300 and 400 °C, the
barrier height slightly increased to 0.58 eV (I-V), 0.82 eV
(C-V) and 0.59 eV (I-V), 0.88 eV (C-V). However, after
annealing at 500 °C, results then decrease in barrier height
to 0.51 eV (I-V) and 0.76 eV (C-V), which is lower than
the value obtained for the sample annealed at 200 °C. The
Norde method is also employed to extract the barrier height
of Ni/V/InP Schottky diode, and the values are 0.68 eV for
the as-deposited and 0.56 eV for the contact annealed at
500 °C, which are in good agreement with those obtained
by I~V technique. Based on the results of AES and XRD
studies, it is concluded that the formation of indium phases
at the Ni/V/n-InP interface may be the reason for the
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increase in the barrier height for the as-deposited contact.
The decrease in the barrier height upon annealing at 500 °C
may be due to the formation of phosphide phases at the
interface. The AFM results showed that there is no sig-
nificant degradation in the surface morphology (RMS
roughness of 0.61 nm) of the contact even after annealing
at 500 °C.

Introduction

A large effort has been made on the study of metal-InP
interfaces in the last few years. This interest is to deal the
growing technical application of the InP-based devices, as
well as form a basic interest in the physical mechanisms
responsible for Schottky barrier formation. Metal film
deposition on InP substrates has received much attention for
many years because of interest to develop fabrication
technology for high-speed devices. Schottky barrier con-
tacts based on n-InP are of considerable interest on account
of their potential applications in gate electrode of a
field-effect transistor (MESFET), microwave devices, high-
speed charge-coupled devices, and solar cells [1-3]. Metal—
semiconductor (MS) contacts are one of the most widely
used rectifying contacts in electronic industry [4-6].
Schottky contacts play an important role in controlling the
electrical performance of semiconductor device and Scho-
ttky barrier height (SBH). The SBH is highly sensitive to
thermal treatment of the metal-semiconductor interfaces.
Normally, InP Schottky diode shows low barrier heights
than desirable due to many reasons. One reason may be the
out-diffusion of InP atoms into the adjoining metal films
leaving vacancies or more complex defects within the band
gap pinning the Fermi level [7]. Another possibility is that
the chemical reactions and/or out-diffusion occurring at the
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metal-InP interface produce interfacial layers, which con-
tribute to the barrier by local charge redistribution and/or
effective work function change at the interface [8]. More-
over the realization of n-InP Schottky diodes is hindered by
low barrier heights, unstable ohmic contacts with moderate
resistivity, poor surface morphology, and large reverse
current [9], even though Schottky barrier diodes with low
barrier heights have found applications as infrared detec-
tors in devices operating at cryogenic temperatures and as
sensors in thermal imaging [10]. In order to make metal
contacts with improved thermal and electrical stability as
well as desirable morphologies, it is important to have a
good understanding of the reactions of the contact metals
with InP, as the performance and reliability of Schottky
barrier diodes are drastically influenced by the quality of
interface between the deposited metal and the semicon-
ductor surface. Hence, formation and characterization of
metal/InP devices have been the subject of vast number of
fundamental studies. Formation of semiconductor devices
involves annealing at various temperatures. Therefore, it is
necessary to understood what happens to the metal contacts
during the annealing process.

Various metals have used for the formation of Schottky
contacts on n-InP by many research groups [11-20]. Cetin
et al. [11] fabricated Au and Cu/n-InP Schottky barrier
diodes and reported that the effective barrier height of the
Au and Cu Schottky contacts are 0.480, 0.404 and
0.524 eV, 0.453 eV from -V and C-V measurements.
Miyazaki et al. [12] investigated the electrical properties of
Ni/Al Schottky contacts on n-InP and reported that the
barrier height was enhanced after thermal annealing. Chen
and Chou [13] investigated the hydrogen sensing perfor-
mance of Pd/n-InP Schottky diodes. They found that the
changes in the Schottky barrier height and ideality factor
are increased with the increase of hydrogen concentration.
Haung et al. [14] prepared a high performance double
metal structure using Pt and Al as Schottky contacts on
n-InP and reported an effective barrier height of 0.74 eV.
Cetin and Ayyildiz [15] fabricated Au, Al, and Cu/n-InP
(100) Schottky barrier diodes on n-InP surfaces and
investigated the influence of the air-grown oxide on the
electrical performance. Janardhanam et al. [16] fabricated
Mo Schottky diode on n-InP and investigated the electrical,
structural, and surface morphological properties as a
function of annealing temperature. They reported that the
decrease in barrier height after annealing at 500 °C may be
due to the formation of phosphide phases at the interface.
Recently, Bhaskar Reddy et al. [17] investigated the effect
of rapid thermal annealing on the electrical and structural
properties of Ni/Au Schottky contacts to n-InP. They
reported that the barrier height of as-deposited was high.
They concluded that it may be due to the formation of
indium interface products at the interface. In this study,

vanadium (V) is selected as the first Schottky layer because
it has low work function as well as to provide the lowest
forward voltage drop. The transition metal nickel (Ni) is
used as the second Schottky metal layer because it has a
high metal work function, high reliability, and high reac-
tivity with InP. In this article, we investigate the electrical,
structural, and surface morphological properties of Ni/V
Schottky contacts on n-type InP as a function of annealing
temperature.

Experimental details

The samples used in this study are liquid encapsulated
Czochralski grown undoped n-type InP (100) having a
carrier concentration of 4.9-5.0 x 10'> cm™>. InP wafer is
initially degreased with warm organic solvents like tri-
chloroethylene, acetone, and methanol by means of ultra-
sonic agitation for 5 min each step, to remove
contaminants followed by rinsing in deionized (DI) water
and then dried in N, flow. The InP samples are then etched
with HF (49%) and H,0 (1:10) to remove the native oxides
from the substrate. Ohmic contacts of thickness 500 A are
formed with indium on the rough side of the InP wafer
prior to Schottky contact fabrication under the pressure of
7 x 107® mbar during deposition. The contacts are then
annealed at 350 °C for 60 s in N, atmosphere. A metalli-
zation scheme of Ni/V thickness of 300 A of each with a
diameter of 0.7 mm is deposited on the polished side of the
InP wafer through a stainless steel mask under a vacuum
pressure of 6 x 107° mbar. The Schottky contacts are
annealed in the temperature range 200-500 °C for duration
of 1 min in N, flow using rapid thermal annealing (RTA)
system. The current—voltage (/I-V) and the capacitance—
voltage (C-V) characteristics of Ni/V Schottky contacts
have been measured using Keithly source measuring unit
(Model No 2400) and DLS-83D spectrometer at room
temperature. Auger electron spectroscopy (AES: UG:
micro lab 350) depth profile has been performed to
examine the intermixing of the metal and InP before and
after annealing. X-ray diffraction (Siefert XRD PW 3710
using Cu Ko radiation) has been carried out to characterize
the interfacial reactions between the metal and InP layers.
Atomic force microscopy (AFM) has also been carried out
to characterize surface morphology of Ni/V Schottky
contacts before and after annealing.

Results and discussion
Figure 1 shows the current density—voltage (J-V) charac-

teristics of the Ni/V Schottky contacts to n-InP which are
annealed at temperature in the range 200-500 °C. It is
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Fig. 1 The reverse and forward J-V characteristics of the Ni/V
Schottky contact on n-type InP as a function of annealing temperature

observed that the electrical characteristics of Ni/V/n-InP
Schottky diodes are uniform over different diodes. The
Schottky barrier height ‘@, and ideality factor ‘n’ are
estimated using the following expression based on the
thermionic emission (TE) theory and is given by [21]

)
Jo = A™T exp (_(Z;))") 2)

where Jj is the saturation current density, @y, is the Scho-
ttky barrier height, g is the charge of electron, V is the
applied voltage, k is the Boltzmann’s constant, n is the
ideality factor, T is the temperature in Kelvin, and A** is
the effective Richardson’s constant. The theoretical value
of A** is 9.4 Acm 2k based on the effective mass
(m* = 0.078 myg) of InP and is used here to deduce @y [3].
The value of ‘@ can also be deduced directly from the
J-V curves if the effective Richardson’s constant A** is
known. The plot of In(J) versus V is a straight line with a
slope of g/(nkT) and the intercept on y-axis yields Jy. The
barrier height is calculated using Eq. 2. The measured
leakage current densities at —1 V are 1.61 x 10~* and
3.73 x 107 A for the as-deposited and 400 °C annealed
samples. However, the leakage current density is increased
to 7.13 x 1072 A at —1 V when the contact is annealed at
temperature 500 °C. Calculations showed that the SBH is
0.61 eV for the as-deposited contact which agrees with the
reported value for the Ru/InP Schottky diode by Barnard
et al. [9]. The estimated Schottky barrier height for the
samples annealed at 200, 300, 400, and 500 °C are 0.52,
0.58, 0.59, and 0.51 eV, respectively. Further, it is
observed that the barrier height slightly decreased with
increase of annealing temperature. The ideality factor ‘n’ is
calculated from the forward characteristics using the
relation n = (¢/kT)(dV/d(InJ)). The ideality factor is
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determined from a plot of natural log of current density
versus forward bias voltage for small forward current
where the effect of series resistance is small. The ideality
factor of the as-deposited Ni/V/n-InP Schottky diode has
been found to be 1.6. The ideality factor is increased to 2.3
upon annealing at 500 °C for 1 min in nitrogen ambient.
The higher values of ideality factor are probably due to
potential drop in the interface layer, presence of excess
current and the recombination current through the interfa-
cial states between the semiconductor/insulator layers.

If the current transport is controlled by the thermionic
field emission (TFE) theory due to the local enhancement
of electric field which can also yield a local reduction of
the barrier height, the J-V characteristic in the presence of
tunneling can be described by the relation [22, 23]

qV
J=1 - 3
0exXP [Eoo coth(Egp /kT)} 3)
o AT \/1Ewq(®y — V — &)
0 K coth(Egy/kT)
q¢ q
(D, — 4
% eXp|: kT E()() COth(Eoo/kT)( b é):l ’ ( )
gh | Nq
Ep = -—
0 4n esm* (5)

where J is the observed current density of Schottky diodes
under forward bias condition, m* is the effective mass of
the semiconductor, Ny is the doping concentration, & is the
permittivity of the semiconductor (g5 = 11gy), Egg is the
tunneling parameter, V is the voltage, ¢ is the electron
charge, and ¢ is equal toEF;
maximum and Ef is the position of the Fermi level. The
Schottky barrier height and the tunneling parameter of the
as-deposited sample are determined to be 0.67 eV and
1.19 meV, respectively, by using Egs. 3-5. For the con-
tacts are annealed at 200, 300, 400, and 500 °C, the
Schottky barrier height (®y,) and the tunneling parameters
(Ego) are found to be 0.57, 0.63, 0.64, and 0.53 eV and
1.38, 1.34, 1.27, and 1.40 meV, respectively. The ideality
factor of the Schottky contacts is determined usingn =
%coth (%) The ideality factor is obtained as 1.2 and 2.0
for the as-deposited contact and annealed at 500 °C,
respectively. Under the physical point of view, the TFE
mechanism involves the electrons which do not have suf-
ficient thermal energy to over come the barrier, as in the
case of classic thermionic emission, but their thermal
energy is sufficient to tunnel at an energy than the Fermi
level, i.e., where the barrier is thinner. The results of the TE
and TFE calculations are summarized in Table 1. The
values of ideality factor n are fairly similar to those
obtained by the TE conduction, indicating that our calcu-
lation is valid.

Ev Ey is the valence band
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Table 1 Summary of the electrical characteristics of Ni/V Schottky contact on n-type InP using the TE and TFE relations as a function of

annealing temperature

Sample ( °C) Leakage current TE conduction TFE conduction SBH (eV) Series resistance
density at —1 V R, (Q)
SBH (eV) n BH (eV) n Eyo (meV) Norde c-v
As-dep 1.62 x 1074 0.61 1.6 0.67 1.2 1.905 0.68 0.91 59
200 259 x 1072 0.52 2.2 0.57 1.9 2.506 0.58 0.78 312
300 7.59 x 1073 0.58 2.0 0.63 1.7 2.576 0.62 0.82 149
400 373 x 1073 0.59 1.9 0.64 1.5 1.998 0.63 0.88 98
500 7.14 x 1072 0.51 2.3 0.53 2.0 2.578 0.56 0.76 405

The series resistance R, of the diode is calculated from 1.6
I-V measurement, using a method developed by Cheung 1.5 o
and Cheung [24]. In this method the forward bias current— 1.4+ L %
voltage characteristics due to thermionic emission of a 1.3 _.-;’xf
Schottky contact with the series resistance can be expres- 1.2+ __.';'!,!-x
sed as Cheung’s function given by, dV/d(Inl) = IR, + nkT/ =y 11 .-"-!!’!

q. The plots experimental dV/d(Inl) versus I for different u?'.' Lol __.-'x:y” —
temperatures are shown in Fig. 2. The estimated series 0.9 ..';';!' .

: - 08 ey —e—200°C
resistance is in the range R; = 59-405 Q for the as- 073 __-'1!;! 300 °C
deposited and the contact annealed at 500 °C Ni/V/n-InP ’ ‘.'---;vzﬁ

. . . . . 0.6 -F¥3e% —v—400°C
Schottky diode. As high series resistance can hinder an 0 5_—"" .
accurate evolution of barrier height from the standard In 0' 4] RS
(D-V plot, the Norde method [25] is also employed to 0.0 0!5 1'_0 1!5 20
compare the barrier heights of the Ni/V Schottky contacts. Voltage (V)

In this method, a function F(V) is plotted against V. F(V) is
given by

vV kT I(V)
F(V)=—-—-—1I 6
v =5~ ) ©
The effective Schottky barrier height is given by
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Fig. 2 Plots of dV/dIn(/) versus [ for the Ni/V/n-InP Schottky diode
as a function of annealing temperature

Fig. 3 Plot of F(V) against V for Ni/V Schottky contacts annealed at
different temperatures

where F(V,;n) is the minimum value of F(V), and V,;, is
the corresponding voltage. A plot of F(V) versus V for the
sample annealed at different temperatures is shown in
Fig. 3. The extracted Schottky barrier heights are 0.68 eV
for the as-deposited, 0.58 eV at 200 °C, 0.62 eV at 300 °C,
0.63 eV at 400 °C, and 0.56 eV at 500 °C, respectively. It
is noted that these values are in good agreement with those
obtained by /-V method.

Figure 4 shows the plot of 1/C* as a function of reverse
bias voltage for the as-deposited and annealed Ni/V/n-InP
Schottky diodes. The junction capacitance has been mea-
sured at a frequency of 1 MHz. The C-V relationship for
Schottky diode is given by [26]

1 [ 2 yo kT -
2 \egNdAZ)\ '™ g

where & is the permittivity of the semiconductor (¢, = 11¢),
Vis the applied voltage, A is the surface area of the diode, Ny
is the donor concentration, and Vy; is the flat band voltage.
The x-intercept of the plot of (1/C?) versus V gives V,, where
Vy is related to the built-in potential V,; by the equation
Vi = Vo +%, where T is the absolute temperature. The
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Fig. 4 Plot of 1/C* against V for the Ni/V/n-InP Schottky contacts
annealed at different temperatures

barrier height is given by the equation ¢y = Vi + V,,
where V, = (%) In (%d) The density of states in the con-

duction band edge is given byN, = 2(2Hm*’%) 3/ 2, where
m* = 0.078 myg, and its value is 5.7 x 10" ¢m™3 for InP
[27]. The calculated carrier concentration of Ni/V Schottky
contacts are 3.27 x 10" cm™ for the as-deposited
and 437 x 10", 4.09 x 10'%, 3.71 x 10'°, and 4.51 x
10" cm™? for the contacts annealed at 200, 300, 400, and
500 °C, respectively, as determined from the slope of the
curves. The measured Schottky barrier heights of Ni/V
Schottky contact from these plot are 0.91 eV for as-depos-
ited, 0.78, 0.82, 0.88, and 0.76 eV for samples annealed at
200, 300, 400, and 500 °C, respectively. Table 1 shows the
value of leakage current densities, series resistance, Schottky
barrier heights, and ideality factors at different annealing
temperatures.

In order to compare the barrier heights which are
obtained from different methods (I-V, Norde, C-V), a plot
drawn between the barrier heights and annealing temper-
ature is shown in Fig. 5. It is observed that the barrier
height of the Ni/V Schottky contact decreases upon
annealing from 0.61 eV for the as-deposited to 0.52 eV for
the contact annealed at 200 °C, respectively. However, the
barrier height slightly increases to 0.59 eV when the con-
tact is annealed at 400 °C. Further, increase in annealing
temperature up to 500 °C, the Schottky barrier height
(SBH) decreases to 0.51 eV as compared to the as-depos-
ited and annealed contacts. It is evident from Fig. 5 that the
barrier heights obtained from /-V measurements (®;y) are
lower than those obtained from C-V measurements (®cy).
The existence of barrier height inhomogeneity at the
interface may play an important role in the difference
between barrier heights measured by I-V and C-V meth-
ods. Since the interfacial capacitance and capacitance due
to depletion layer are in series, the total capacitance
decreases and as a result C~2 increases. This increases the
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Fig. 5 Plot of barrier heights against annealing temperatures for the
Ni/V Schottky contacts on n-type InP

intercept of C~2 versus V plot which causes the barrier
height high. Since the I~V method involves the flow of
electrons from semiconductor to metal, the barrier height
determined from this method will yield lower barrier
heights. This is known as parallel [28] (or) mixed-phase [8]
contact. Another possibility is the difference in the barrier
height values obtained from the /-V and C-V measure-
ments that may be due to the presence of an insulating
layer (or) charges existing at the metal-semiconductor
interface, the impurity levels, image force barrier lowering,
and edge leakage currents [1, 21, 29].

The AES depth profiles of the Ni/V Schottky contacts on
InP are shown in Fig. 6. Peak-to-peak intensities are
recorded as a function of sputtering time and the results
will be discussed only in the qualitative way. Comparison
of the depth profile before and after annealing temperature,
obtained in the same conditions, show that the main effect
of thermal treatment is a strong diffusion at the metal—
semiconductor interface. The as-deposited layer (Ni and
V), Fig. 6a, exhibits a relative sharp interface, indicating
the absence of significant interdiffusion into InP. It is noted
that some amount of indium (In) is out-diffused into the
metal layers. This is indicative of possible reactions
between Ni/V layers and In, which would lead to the for-
mation of the Ni— and V-In interfacial phases at the
interface. However, for the sample annealed at 400 °C
(Fig. 6b), a small amount of indium (In) is out-diffused
into the metal layers, indicating possibility that In reacts
with V to form V-In intermetallic compound during
annealing temperature. Further, it is noted that some
amount of phosphide is also out-diffused into the metal
layers, indicating the formation of phosphate phases at the
metal/semiconductor. However, it is observed that for the
contact annealed at 500 °C, a large amount of In is out-
diffused into the metal layers. The profile illustrates that a
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Fig. 6 AES depth profile analysis of the Ni/V Schottky contacts on
n-type InP: a as-deposited, b annealed at 400 °C, and ¢ annealed at
500 °C

small amount of phosphate (P) is also out-diffused in the
metal layer, which indicates the formation of N- and V-P
interfacial phases at the interface as shown in Fig. 6c.

In order to investigate the interfacial reactions between
metal and InP, XRD studies were carried out before and
after annealing at 500 °C. Figure 7a shows the XRD plot of
the as-deposited contact. In addition to the characteristic
peaks of InP (111) (222), extra peaks are observed. These
peaks are identified as InNi, (100), InNi (101), In3Ni,
(003), InNi (211), and NiyP5 (602). Figure 7b shows the
XRD plot of contact annealed at 400 °C. As can be seen
from the plot, in addition to the peaks which are observed
in the as-deposited contact, there is an additional peak,
indicating the formation of new interfacial phases, which is
identified as V,P (004). When the contact is annealed at
500 °C, Fig. 7c, there is an extra peak, which is identified
as NiP, (110) in addition to the peaks observed in the as-
deposited and 400 °C annealed contacts. The peaks cor-
responding to In3Ni, (003), InNi, (100), and InNi (101),
(211) had disappeared in the 500 °C annealed contact,
which were observed in the as-deposited and 400 °C
annealed contacts.

To characterize the surface morphology of the contacts,
atomic force microscopy (AFM) measurement is per-
formed. Figure 8 shows the AFM images of the contacts
before and after annealing at 500 °C for 1 min in N,
atmosphere. The surface morphology of as-deposited Ni/V
contact is fairly smooth with a root mean square (RMS)
roughness of 0.71 nm, as shown in Fig. 8a. When the
contact is annealed at 400 °C, Fig. 8b, the surface mor-
phology of the Ni/V Schottky contact is slightly improved
with RMS roughness of 0.69 nm. However, for the contact
annealed at 500 °C, the surface morphology became even
smoother with an RMS roughness of 0.61 nm (Fig. 8c) as
compared to the as-deposited and annealed at 400 °C
samples. These results indicate that the Ni/V Schottky
contact does not suffer from the thermal degradation during
annealing temperature.

The interface states and chemical reactions between the
metals and semiconductor interfaces play an important role
in determining the electrical behavior of devices. The
change in barrier height of the Ni/V Schottky contact with
annealing temperature could be explained based on AES
and XRD results. The AES and XRD results showed that
for the Ni/V Schottky contacts, the diffusion of Ni and V
and its reaction with InP form interfacial phases at the
interfaces. Depending on these interfacial compounds the
barrier heights may increase or decrease with increase in
annealing temperature. The as-deposited Schottky contact
shows the higher barrier height as compared to the
annealed contacts. This may be due to the out-diffusion of
In resulting in the formation of interfacial phases such as
InNi, (100) and In3;Ni, (003) at the interface as evidenced
from XRD results. The increase in barrier height may be
due to increase in negative charges at the interface that

@ Springer



J Mater Sci (2011) 46:558-565

564
(a) = N
- (]
= )
bl o
T =
=) =
© o
& =
= =
2 [=
jo] —
‘ Q ~— ———
= |2 gz &
= o | & D
c DN = o
- = c (ol
oy — ]
L AN Z
L)
T T T T ¥ T T 1 T T T
20 30 40 50 60 70 80
Diffraction angle, 2o
) [ = =
— o™
= oL
o o
(= £
El
5, —_
= O
2} =
[ —
2 = T
c o= o — o
S S |2 o
— = pag w
— o, || & %
= > = o
= L
= E =
-m..b I o et 4
T T T T T T T T 1 T T
20 30 40 50 60 70 80
Diffraction angle, 26
© GZ1= N
— — o
= || o
af | =
=
E)
5,
=
®
jy —
z g
o —
o
(v
= %
[
[oman et l. ‘Z
T T T T T T T T T T

20 30 40 50 60 70 80
Diffraction angle, 2e

Fig. 7 The XRD plot of the Ni/V Schottky contacts on n-type InP:
a as-deposited, b annealed at 400 °C, and ¢ annealed at 500 °C

probably arises due to electron traps localized at the InP
surface and associated with In vacancies created near the
surface [30]. However, the increase of Schottky barrier
height may also be due to the reduction of nonstoichio-
metric defects in metallurgical interface [7]. The reason
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Fig. 8 AFM micrographs of the Ni/V Schottky contacts on n-type
InP: a as-deposited, b annealed at 400 °C, and ¢ annealed at 500 °C

involving the defects can be reduced due to the interdif-
fusion of metals into InP. The decrease of barrier height
upon annealing at 500 °C could be attributed to the reac-
tion of Ni and V with the phosphorous resulting in the
formation of NiP, (110) and V,P (004) phases at the
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interface. These interfacial phases may have different work
functions than Ni and V contact layers, which is respon-
sible for the variation of the barrier heights [21]. The
presence of these phases at the interface causes the varia-
tion in leakage current. The formation of phosphorous
phases may create phosphorous vacancies in InP layer near
the junction and the phosphorus vacancies in InP act as
donors, which reduce the barrier height after annealing as
well as increase the ideality factor [31]. Similar findings
are also observed by Reddy et al. [32] in GaN-related
material. They observed that the barrier height would be
influenced by interfacial products. Duboz et al. [33] also
found that the Fermi level at metal/GaN interfaces is pin-
ned by defects and a modification of the defect density on
annealing could change the pinning, resulting in change in
the barrier height. Van de Walle et al. [34] have also
explained the barrier height change for annealed metal/n-
GaAs Schottky barrier diodes by the relation between the
equilibrium interface charge and barrier heights.

Conclusions

Rapid thermal annealing effects on the electrical and
structural properties of Ni/V Schottky contacts on n-type
InP have been investigated using I-V, C-V, AES, and XRD
measurements. The barrier height of the as-deposited
Schottky diode is found to be 0.61 eV (/I-V) and 0.91 eV
(C-V). It is observed that the extracted barrier height of the
as-deposited of Ni/V Schottky contact is high as compared
to the annealed contacts. However, the barrier height is
decreased to 0.52 eV (I-V) and 0.78 eV (C-V) after
annealing at 200 °C for 1 min in N, ambient. Further, the
barrier height is slightly increased to 0.58, 0.59 eV (I-V),
and 0.82, 0.88 eV (C-V) when contacts are annealed at 300
and 400 °C, respectively. Moreover, with an increase in
annealing temperature up to 500 °C, the SBH decreased to
0.51 eV (I-V) and 0.76 eV (C-V). The estimated the series
resistance (R;) of Ni/V/n-InP Schottky diode is in the range
59405 Q for the as-deposited and annealed at 500 °C
contacts. The AES and XRD results showed that InNi,
(100) and In3Ni, (003) interfacial phases are formed at the
metal/InP. This may be the reason for increase in the
barrier height for as-deposited contact. The formation of
phosphide phases at the interface after annealing at 500 °C
may be the reason for decrease in the barrier height of Ni/V
Schottky contacts as evidenced from the AES and XRD
results. The atomic force microscopy (AFM) results
showed that there is no significant degradation in the sur-
face morphology (RMS roughness of 0.61 nm) of the Ni/V
Schottky contact during annealed at 500 °C as compared

with that of the as-deposited sample (RMS roughness of
0.71 nm).
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