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We report on the temperature-dependent electrical characteristics and deep level transient spectrosco-
py (DLTS) of the Ni/V/n-InP Schottky diodes in the temperature range of 180-420 K. Current density -
voltage (J-V) characteristics of these diodes have been analyzed on the basis of thermionic emission theory
with Gaussian distribution model of barrier height. The calculated Schottky barrier height (#) and ideali-
ty factor (n) of Ni/V Schottky contact is in the range of 0.39 eV and 2.36 at 180 K, and 0.69 eV and 1.27 at
420 K, respectively. It is observed that the zero-bias barrier height increases while ideality factor decreases
with increasing temperature. A ¢ versus q/2kT plot is drawn to obtain evidence of a Gaussian distribution

of the barrier heights, and values of ¢bo =0.95eV and o, =128 eV for the mean barrier height and

g_ﬁbo (7=~ 0-98 eV and Richardson constant

(A") =17.068 A K-2cm-2. The discrepancy between Schottky barrier height (SBHs) estimated from J-V and
C-V measurements is also discussed. Thus, it is concluded that the temperature dependence of J-V charac-
teristics of the SBHs on n-InP can be explained on the basis of themionic emission mechanism with Gauss-
ian distribution of the barrier heights. DLTS results showed that two deep levels are identified (E1 and
E2) in as-grown sample having activation energies of 0.29 + 0.01 and 0.69 + 0.02 with capture cross-section
3.29 x 10-15cm2?and 5.85 X 10-17cm? respectively.

standard deviation. A modified Richardson plot gives
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DLTS measurements.

1. INTRODUCTION

Due to direct transition band gap and high electron
mobility of indium phosphide (InP), it is an attractive
semiconductor material for the fabrication of high-speed
semiconductor devices such as metal-semiconductor field
effect transistors (MESFETS), opto-electronic and high-
speed electronic device applications [1-2]. Determination
of Schottky barrier height and other characteristic param-
eters of Schottky diode, the interface states can play an
important role. These parameters can affect device per-
formance, stability and reliability [3-4]. Due to technologi-
cal importance of Schottky barrier diodes, a full under-
standing of the nature of conduction mechanism is of
great interest [5]. Metal-semiconductor (MS) contact is
one of the most widely used rectifying contacts in the elec-
tronics industry [1, 6-8]. The current density-voltage (J-V)
characteristics of the MS contacts usually deviate from
the ideal thermionic emission (TE) current model [8, 9-10].
Particularly, Schottky diodes (SDs) with low BHs have
found applications in devices operating at cryogenic tem-
perature as infrared detectors and sensors in thermal
imaging [11-12]. Therefore, analysis of the J-V character-
istics of the Schottky barrier diodes (SBDs) at room tem-
perature only does not give detailed information about
their conduction process or the nature of barrier formation
at the M-S interface [13-14]. The temperature dependence
of the J-V characteristics allows us to understand differ-
ent aspects of conduction mechanisms across the met-
al/InP interface and the study of different effects, such as
barrier inhomogeneities and surface state density on car-
rier transport at metal/InP Schottky barrier diode [15].

Most of the experimental and theoretical studies of
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the current flow mechanism in Schottky barriers have
been reported in the literature [16-21]. For examples,
Cetin et al. [16] fabricated Au/n-InP SBDs and studied
the temperature dependent electrical characteristics in
the temperature of 80-320 K. They reported that the
barrier height (BH) and ideality factor (n) varied in the
range of 0.274-0.516 eV and 2.32-1.05, respectively. Ja-
nardhanam et al. [17] studied the electrical transport
characteristics of ruthenium/n-InP Schottky diode by I-
V-T measurements, reported that the BH varied from
0.39 eV (at 200 K) to 0.60 eV (at 400 K). Soylu et al. [18]
investigated the electrical characteristics of the Au
Schottky contact on moderately doped n-type InP
(Auw/MD/n-InP) in the temperature range of 60-300 K.
They found that the ideality factor n of the diode de-
creases while the zero-bias BHs increasing with increase
in temperature. Nanda Kumar Reddy et al. [19] fabricat-
ed the Pt/Au/n-InP Schottky barrier diode and investi-
gated I-V and C-V characteristics in the temperature
range of 210-420 K. They showed that the barrier pa-
rameters vary significantly with temperature. Naik et al.
[20] carried out the temperature dependent current-
voltage and capacitance-voltage characteristics of the
Au/Ni/n-InP SBDs in the temperature range of 210-
420 K. They found that the decrease in ideality factor
and increase in BH with increasing temperature such
behavior had explained on the basis of thermionic emis-
sion (TE) with a Gaussian distribution of the BHs at the
interface. Recently Subba Reddy et al. [21] studied the
Schottky barrier parameters of Pd/Ti contacts on n-type
InP by I-V-T and C-V-T measurements, reported that
the barrier height (¢o), ideality factor (n) and series
resistance (Rs) were strongly temperature dependent.
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The deep level defects play a key role in controlling
electrical properties of semiconductor material. The
quality of the material in terms of device performance
can be beneficial (or) detrimental strongly affected by
deep levels due to impurities and native defects [22].
The nature of deep levels in InP is expected to be an
important research area, especially if their role in the
operation and characterization of semiconductor devic-
es is to be understood. The presence of such deep levels,
depending on the capture cross sections and density,
may cause limitations in the performance and reliabil-
ity of the InP devices. Deep level transient spectroscopy
(DLTS) is an experimental tool for studying electrically
active defects (known as charge carrier traps) in semi-
conductors [23]. DLTS investigates defects present in a
space charge (depletion) region of a simple electronic
device. The most commonly used are Schottky diodes or
p-n junctions [24]. While several deep levels in InP
have reported [25-29], the nature of these defects has
received little attention. Zhao et al [30] studied the an-
nihilation of deep level defects in InP through high
temperature annealing by deep level transient spec-
troscopy (DLTS) and Thermally stimulated current
spectroscopy (TSC) measurements. Recently Ja-
nardhanam et al. [31] investigated the deep level defect
behavior in undoped n-InP after rapid thermal anneal-
ing using DLTS technique. In the present work, we
report on the temperature-dependent electrical charac-
teristics of Ni/V Schottky contacts and deep level de-
fects in InP by DLTS technique. Also, the current
transport mechanism and the nature of the defects are
discussed based on the results.

2. EXPERIMENTAL DETAILS

Liquid Encapsulated Czoralski (LEC) grown un-
doped n-InP having a carrier concentration of 4.9 to
5.0 x 10 cm -3 is used in the present work. The InP
samples are first ultrasonically degreased with warm
trichloroethylene followed by acetone and methanol for
5 minutes each to remove the contaminants. The sam-
ples are then etched with HF (49 %) and H20 (1:10) to
remove the native oxides from the surface of the sub-
strate. Ohmic contact of thickness 700 A is formed by
thermal evaporation of indium (In) on the rough side of
the InP wafer under a pressure of 6 x 10-¢ mbar dur-
ing the deposition. Then the samples are annealed at
350 °C for 1 min in Nz atmosphere. Circular metal con-
tacts of 0.7 mm diameter and 500 A/500 A thickness of
Ni/V are deposited as a Schottky contact by means of
electron beam evaporation on the polished side of the
InP wafer through a stainless steal mask. The current
density-voltage (J-V) and capacitance voltage (C-V)
characteristics are measured in the temperature range
of 180-420 K in steps of 40 K by using Keithly source
measuring unit (2400) and automated deep level spec-
trometer (Semilab, DLS-83D). Also, DLTS measure-
ments are performed in the temperature range 100-
400 K by automated DLTS system (SEMI LAB, DLS-
83D) by placing the sample inside the liquid-nitrogen
cryostat to evaluate trap parameters. The DLS-83D
uses lock-in amplifier and DLTS measurements are
made with different lock-in frequencies of 40, 80 and
120 Hz. DLTS measurements are made with pulse du-
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ration of 100 ps which is long enough to fill traps with a
filling pulse voltage is + 0.5 V and reverse bias is —4 V.

3. RESULTS AND DISCUSSION

3.1 Temperature-Dependent Characteristics of
Ni/V Schottky Contacts

For a Schottky barrier diode, current transport is
due to majority carriers and it may be described by
thermionic emission (TE) over the interface barrier. TE
current at the forward bias can be written as [5]

J=d, exp(’%j{l—exp(—%ﬂ (1)

where Jo is the saturation current derived from the
straight line intercept of InJ at V=0 and is given by

J, = A'T? exp(— ‘if;o j )

where q is the electronic charge, V is the definite for-
ward-bias voltage, A is the effective diode area, k is the
Boltzmann’s constant, 7' is the absolute temperature, A
is the effective Richardson’s constant of 9.4 Acm-2K-2
for n-type InP [32], ¢vo is the zero bias effective barrier
height and n is the ideality factor which is a measure of
conformity of the diode to pure thermionic emission.
The ideality factor n obtained from the slope of the for-
ward bias InJ-V characteristics from Eq.(1) and it can

be written as
ho 4 (_dV ®)
RT \ d(InJ)

The zero-bias barrier height (BH) and the ideality
factor n of the Ni/V/n-InP SBD are calculated using
Eq.(3) and (4) at each temperature respectively. Fig.1
shows the semilog J—V characteristics of the Ni/V/n-InP
Schottky diodes at different temperatures

g
o =kT1n(ATJ @
q Jo

The zero-bias barrier height (BH) ¢, and the ideali-
ty Eq.(3) and (4) at each temperature respectively.
Fig.1 factor n of the Ni/V/n-InP SBD are calculated us-
ing shows the semilog J-V characteristics of the Ni/V/n-
InP Schottky diodes at different temperatures.

The experimental values of n and ¢, are deter-
mined from intercepts and slopes of the forward bias
InJ versus V plot at each temperature, respectively.
Once <Jo is known, the zero bias barrier height can be
computed with the help of Eq. (2). The calculated val-
ues of n and ¢vo for the Ni/V Schottky contact range
from n=2.36 and ¢ =0.39eV at 180 K, and n=1.27
and ¢wo = 0.69 eV at 420 K respectively. The ¢vo and n
determined from semilog-forward J-V plots are found to
be a strong function of temperature. It is observed that
the ideality factor n decreases while the ¢ increases
with increase in temperature. Fig.2 shows the tempera-
ture dependence of the ideality factor n and the zero
bias barrier height ¢r of Ni/V Schottky contact.
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Fig. 1 — Experimental current density-voltage (J-V) charac-

teristics of a Ni/V/n-InP Schottky contact at various tem-
peratures

Such behavior for the ideality factor and the barrier
height are attributed to the particular distribution of
the interface states or an alternative approach to the
lateral inhomogeneities that are found in the Schottky
barrier interfaces. That is, the Schottky barrier con-
sisted of laterally inhomogeneous patches of different
barrier heights. The patch with lower barrier height
yields a larger ideality factor and vice versa. Spatially
inhomogeneous barrier height and the potential fluctu-
ations at the interface that consist of the low and high
barrier heights may cause the deviations in the ideality
factor and barrier heights [18, 33-34]. So, the current
through the diode will flow preferentially through the
lower barriers in the potential distribution. At low
temperatures the current transport across the met-
al/semiconductor interface is a temperature activated
process, the current transport will be dominated by the
current flowing through the patches of lower SBH and
a larger ideality factor [33-34].
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Fig. 2 — Temperature dependence of the ideality factor (the
open circle) and barrier height (the filled circle) for the
Ni/V Schottky contact

According to Eq. (2) (indicated by closed circle), a
plot of conventional activation energies In(Jo/T'2) versus
1/T plot is shown in Fig. 3. At low temperatures, an
experimental In(Jo/T'2) versus 1/T plot shows signifi-
cant deviation from linearity. Bowing of the experi-
mental In(Jo/T'2) versus 1/T curve may be caused by the
temperature dependence of the BH and ideality factor.
This may be due to the existence of the surface inho-
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mogeneities of the n-type InP substrate [35-36]. The
commonly observed deviation in the Richardson plots,
as will be discussed below, by assuming the effects of

224

\ E =052 eV
A*=4.784X10°Acm K>

-234

1000/T (K)"

Fig. 3 — Richardson plots of the In(Jo/T 2) versus 1/T plot
(the closed circles) for Ni/V/n-InP Schottky diode

the image-force, the effect of tunnelling current through
the potential barrier, the effect of recombination in the
space charge region appearing at low voltage and the
variation of the charge distribution near the interface
[37]. From the linear portion of the experimental
In(Jo/T?) versus 1/T plot, the activation energy is deter-
mined and the value is 0.52 eV. The value of A* is ob-
tained from the intercept of the straight line portion of
the ordinate is equal to 4.784 X 10-2 Acm 2K -2 for InP.

The decrease in the BH and the increase in the ide-
ality factor with a decrease in the measurements tem-
perature are indicatives of a deviation from the pure
TE theory and possibly the TFE mechanism may be
considered. If current transport is controlled by TFE
theory, the connection between the current density and
voltage can be expressed by [5, 38]

qV
I=1, -— 5
exp[EJ (5)
with
qEOO nkT
E,=E th =— 6
0 00 CO [ LT } q (6)

where FEoo is the characteristic energy that is related to
the tunnel effect transmission probability

Eoo Zh( Nd jz (7)

dn\ me,

where h=6.626 X 10-34 J.sec, Nqis the donor concen-
tration, & is the semiconductor dielectric constant and
m; is the electron effective mass. In the case of our
Ni/V/n-InP Schottky barrier diode with Ng=4.9—
5.0x101% cm-3, m, =0.077 mo and &=12.4 & [39],
the value of Eoo is found to be about 1.365 mV. When
considering the bias coefficient of the barrier height,
B =0¢,/ 0V Eq. (6) can be written as [40]

Eo

SRTa-p) ®

Nun
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When the current through Schottky junction is dom-
inated by TFE, the variation of the ideality factor with
temperature presented for different characteristic en-
ergy values of Eoo are shown in Fig. 4. The solid lines
(Fig. 4) are obtained by fitting Eq. (6) without consider-
ing the bias coefficient of the barrier height, =0, for
the Ni/V/n-InP SBD. The filled circles in the Fig. 4
shows the temperature dependence values of ideality
factor obtained from the experimental current density-
voltage (J-V) characteristics.
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Fig. 4 — Theoretical temperature dependence of ideality
factor according to Eq. (8), the bias coefficient of barrier
height, 8 =0, the closed circles show the experimental tem-
perature dependence values of ideality factor obtained from
the current density-voltage (J-V) characteristics

From the Fig. 4, it is observed that the experi-
mental temperature dependence of ideality factor is in
agreement with the curve (d) obtained with Foo= 49
mV for the Ni/V/n-InP diode. According to Tung [38],
the behavior usually attributed to the TFE is not nec-
essarily the conduction mechanism even though tunnel-
ing should dominate the electron conduction at heavily
doped metal-semiconductor contacts, whenever an ide-
ality factor dependence like that in Fig. 4 is observed.
Generally varying dependencies of the ideality factor
can originate from the same transport mechanism, e.g.,
thermionic emission when the SBH is inhomogeneous.
These facts do not imply that the conduction mecha-
nism at the Schottky barrier diodes is exclusively
thermionic emission, but rather than the ideality factor
dependency. This cannot be used as the only criterion
for the determination of conduction mechanism.

The theoretically calculated value of 1.365 mV for n-
InP is less than the characteristic energy value Eoo val-
ue. The possible origin of the high characteristic energy
values Eoo, it should be underlined that Eoois connected
with the transmission probability [41-42]. The charac-
teristic energy has been related to several effects such
as the electric field present on the surface of the semi-
conductor [43], the existence of relatively a thick inter-
facial insulating layer between the deposited metal and
semiconductor and the density of states. Therefore, any
mechanism which enhances the electric field or the
density of states at the semiconductor surface will in-
crease the TFE and so the apparent Foo.

According to Song et al [18] and Werner and Guttler
[44], the increase in the barrier height with a increase
in temperature can also be explained by the lateral
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distribution of BH if the barrier height has a Gaussian
distribution of the barrier height values over the
Schottky contact area with the mean barrier height
(¢y,) and standard deviation oso. The Gaussian distri-

bution of the BHs yields the following expression for
the BH [45-46]

_ 2
Bro = by (T = 0)—‘;‘;;2 ©

where ¢,, and o0 are the mean barrier height and its

standard deviation at the zero bias, respectively. The
temperature dependence of o0 is usually small and can
be neglected. The observed variation of ideality factor
with temperature in the model is given by [44]

1 aps3
—=1|=py— 10
(n j P2 kT (10)

ap

where nqp is apparent ideality factor (experimental da-
ta) and the coefficients p2 and ps quantify the voltage
deformation of the BH distribution, namely, the voltage
dependencies of the mean BH and the barrier distribu-
tion widths are given by coefficients p2 and ps, respec-

tively. The Fig.5 shows the plot of ¢,,versus 1/2kT
which is a straight line with the intercept on the ordi-
nate determining the mean barrier height (Ebo and the
slope gives the standard deviationow. The obtained
values are 0.95 eV and 128 mV for ¢,, and ow respec-

tively. The experimental results of (Ebo fit very well

with the theoretical. When comparing the abo and o0
parameters, it is seen that the standard deviation
is~ 14.1 % of the mean barrier height. The standard
deviation is a measure of the barrier homogeneity. The
lower value of oz indicates to more homogenous barrier
height. The obtained value of oz = 128 mV 1is not small
compared to the mean value of ¢,,=0.95 eV and it in-

dicates the presence of larger inhomogeneities at the
interface of Ni/V Schottky contact.
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Fig. 5 — Zero-bias barrier height and ideality factor versus
1/(2kT) curves of the Ni/V/n-InP Schottky diode according
to Gaussian distributions of the barrier height

As stated earlier, the conventional activation energy
In (Jo/T?) versus 1/T plot has showed nonlinearity at
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low temperatures (Fig. 3). To explain these discrepan-
cies, according to the Gaussian distribution of the BH,
we get

Jo q*0g,° * q;bbo
In[ 20| ~In(A*)- 2% 11
H(TJ (Zszz nA) =S 1D

According to Eq.(11), a modified In(Jo/T?)-
(%02, 12k?*T?) versus 103/ T plot can be obtained. The

plot should give a straight line with the slope directly
yielding the mean barrier height (Ebo (T'=0) and the

intercept (InA*) at the ordinate, determining A* for a
given diode area A. As can be seen from Fig. 6, the
modified Richardson plot has a quite good linearity
over the whole temperature range corresponding to
single activation energy around mean BH. The inter-
cept at the ordinate of the modified In(Jo/T?)-

(q2crso2 / 2k2T2) versus 1000/T plot gives the Richard-

son constant (A*) as 7.068 AK-2cm-2, respectively,
without using the temperature coefficient of the barrier
height. The obtained Richardson constant value is in
close agreement with the known value of 9.4 AK-2cm —2
for n-type InP. The mean BH value of 0.98 eV deter-
mined from the slope of the Richardson plot is regard
as the effective barrier height. This value of

abo (T'=0)=0.98 €V is approximately the same as the
value of ¢,, (T'=0)=0.95¢eV from the plot of ¢, ver-
sus (1/2kT) given in Fig. 5.

-22

y = -11.4021x-3.6052
P A* =7.068 Acm’K*
X 24+
<
< 261

= -30 1
C
-
-32 T T T T T y T T T
24 3.2 4.0 4.8 5.6
10%T (K)"
Fig. 6 — Modified Richardson plot In(Jo/T 2) -

(q 20 2,,/2k 2T 2) versus 1/T plot for the Ni/V Schottky
contact according to Gaussian distribution of the barrier
heights

The experimental reverse bias C~2-V characteristics
of the Ni/V Schottky contacts over the temperature
range 180 — 420 K in steps of 40 K are shown in Fig. 7.
The junction capacitance has been measured at a fre-
quency of 1 MHz. In Schottky diodes, the depletion lay-
er capacitance is given as [3]

1 9 kT
L2 |y, H_y 12
c (ssquAzj( g j (12

where & is the permittivity of the semiconductor
(es=12.4 g0), Vis the applied voltage. The x-intercept of
the plot of (1/C?) versus V gives Vo and it is related to the
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built in potential Vi by the equation V= Vo+ kTlq,
where T is the absolute temperature. The barrier height
is given by the equation ¢c.v)=Vo+ Vu+ kTlq, here

V= (kTIq)In(IN/Nq). The density of states in the con-
duction band edge is given by N.=22am*kT/h2)32,
where m*=0.078 m, and its value is 5.7x107%cm3 for
InP at room temperature [38]. The temperature de-
pendence of the experimental donor concentration (Ng)
is calculated from the slope of reverse bias C-2-V char-
acteristics (Fig. 8). The calculated values of Ny are in
the range 4.129 X 1075 to 4.999 X 10> cm -3 in the tem-
perature range of 180 — 420 K. It is noted that the do-
nor concentration of the Ni/V Schottky contact decreas-
es with decrease in temperature. The estimated
Schottky barrier height of Ni/V Schottky contact is in
the range of 0.96 ¢V at 180 K to 0.71 eV at 420 K re-
spectively (The calculated BHs and ideality factor
shown in Table 1).

As pointed out by Zhu et al [47], due to the square
dependence of ¢c.vyon 1/C compared to the logarithmic
dependence of ¢v on the current, ¢c.vis more sensitive
to the experimental errors of the measured data than
Mo. It 1s seen from Fig.7 that the barrier height ¢c.v)
increases with decrease in temperature.
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Fig. 7 — The reverse bias C ~ 2-V characteristics of the Ni/V
Schottky contact at different temperatures in the range
180-420 K

Table 1 — The experimentally obtained electrical parameters
of Ni/V Schottky contacts on n-type InP in the temperature
range 180 — 420 K

Tempera- SBHs (eV) Ideality
ture (K) J-V C-V | Factor
(n)

180 K 0.39 0.96 | 2.36

220 K 0.47 0.93 | 1.97

260 K 0.54 0.89 | 1.70

300 K 0.59 0.83 | 1.56

340 K 0.64 0.78 | 1.43

380 K 0.67 0.73 | 1.33

420 K 0.69 0.71 | 1.27

The temperature dependence of ¢c.v)is expressed as

dc-vy =dcv) (T =0)+aT (13)
where ¢gc.v) (T=0K) is the barrier height extrapolated
to zero temperature and « is the temperature coefficient
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of the barrier height. Fitting of the experimental data
from in Fig. 9 into Eq. (13) gives a=1.15x 10-3eV/K
which is temperature coefficient of the InP band gap
[48] and éevy (T=0K)=1.107 eV. As can be seen in
Fig. 9, it is noted that the ¢c.v values are seen to be
higher than the ¢v values in investigated temperature
range.

1.0+

] $,,(CV) = -0.000115T+1.10738 eV
0.9

0.8
0.7 1
0.6 4 -
1 )
0.5 / ¢bo(JV)
0.4 4 -
03 4—7——T 7T T T
160 200 240 280 320 360 400 440
Temperature (K)

Barrier height (eV)

Fig. 8 — Variation of the zero-bias barrier height and C-V
barrier height of Ni/V/n-InP Schottky diode

For the differences in BH values, some authors have
been mentioned general reasons in the literature such
as surface contamination at the interface, deep impuri-
ty levels, an intervening insulating layer, image force
lowering and edge leakage currents [38, 49]. By assum-
ing a Gaussian distribution of BHs with mean value
#,o and standard deviation oso can also be used to ex-

plain the difference between ¢u.v) and ¢c.v) as well as
the strong temperature dependence of ¢w.v) and n at
low temperature.
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_ e
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Fig. 9 — Temperature dependence of the donor concentration
from reverse-bias C ~ 2-V characteristics for Ni/V Schottky
contacts on n-InP

The capacitance depends only on the mean band
bending and is insensitive to the standard deviation oso
of the barrier distribution [44]. The relation between
#c-v) and @u.vis given by
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qoo® L 9%
2kT 2k

bc-vy — vy = (14)

where «, is attributed to the temperature depend-
ence of ov.

According to Eq. (14), the experimental (¢c-v) — ¢-v))
versus 1/2kT plot is shown in Fig. 10. The plot must give
a straight line of slope ov*2k and y-axis intercept a2k
from which the parameters op and «, can be determined.
The slope and y-axis intercept of the plot gives the val-
ues of oo =157 mV and a,=—5.3904 x 10-5 V2K-1,

0.6 y=0.03106 x -0.38632

10 15 20 25 30 35
(112KT) eV"

Fig. 10 — Barrier height difference between values as de-
rived from the conventional evaluation of J-V and C-V data
as a function of inverse temperature

respectively. This value of ovis in close agreement with
the value of w0 =128 mV from the plot of ¢, versus

1/2kT drawn according to Eq. (9). Therefore, the spatial
inhomogeneity of the Schottky barrier heights is not
neglected in the analysis of electrical measurements.

3.2 Deep Level Transient Spectroscopy of Ni/V/n-
InP Schottky Diode

In order to characterize the deep level defects, DLTS
measurements are performed over the temperature
range 100-400 K using automated DLTS system. Typi-
cally, a quiescent reverse bias of V, =—4 V was employed
with filling — pulse voltage V, =+ 0.5V and filling pulse
width ¢, = 100 ps. Any deep level can be experienced as
either capture or emission of carrier, with transition
probabilities per unit time depending on the free carrier
concentrations, capture cross section of the trap, ioniza-
tion energy and temperature. According to the value of
applied voltage for the electron trap studied here in the
space charge zone of Schottky diode on n-type InP, either
emission or capture of electrons toward or from the bot-
tom Ec of the conduction band is relevant. When the
Fermi level just coincides with the trap level Er, the cap-
ture coefficient equals the emission rate en resulting at
equilibrium which is given by [50]

ET—ECJ_ 1

kT 7, (15)

€p = Gn‘/tth exp(

Te

here o is the capture cross-section, v is the thermal
velocity of an electron defined as Vin = (3RT/mef)*, Nc is
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the effective density of states at the bottom of the con-
duction band, %k is the Boltzmann’s constant and 7 is
the absolute temperature and 7. is the emission time
constant which is the reciprocal of the emission time en.
Fig. 11 shows DLTS spectrum measured with lock-
in frequency of 120 Hz. Two prominent deep levels are

E)
L
T E1=0.29 eV
2
(2]
o
'—
-
a
E2=0.69 eV

g T g T g T 0 T g
150 200 250 300 350 400
Temperature (K)

Fig. 11 — DLTS spectrum for Ni/V/n-InP Schottky diode.
The rate window is 8.8 ms ~ 1 and the filling pulse duration

was 100 us

observed in the as-grown InP that peaked at 281 K and
327 K and labeled as E1 and E2. The thermal activation
energy for electron emission from each deep level is de-
termined from an Arrhenius analysis of the emission
time constant. From several such spectra, the product
e~ 1,wmNc can be calculated and plotted as function of
1000/T, leading usually to the straight line in an Arrhe-
nius plot. An Arrhenious plot for two deep levels (281 K
and 327 K) is shown in Fig. 12. The activation energies
are determined from Fig. 12 for E1 and E2 are
0.29+0.01 eV and 0.69 + 0.02. We interpreted the E1 as
corresponding to defect level with activation energy of
0.29 eV which is fairly similar to that reported by Lim et
al [51], showing a defect level at 0.33 eV in undoped va-
por phase epitaxy grown InP, McAfee et al. [52] shown a
defect level at 0.35 eV in LEC grown InP under different
diffusion conditions. The trap observed at E1 (0.29 eV)
may be identified with trap RT2 (0.31 eV) reported by
Kadoun et al. [53] using photo induced current spectros-
copy. They suggest that this trap is attributed to Vp
related intrinsic donor level.

E1=0.29 eV

T E2=069 eV

-8.8 T T T T T T T T T T
24 26 28 30 32 34
1000/T [K]

Fig. 12 — Arrhenius plots of the emission rate and tempera-
ture for Ni/V/n-InP Schottky diode
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Similarly is our deep level E2 (0.69 eV) as correspond-
ing to the 0.65 eV level reported by Zhao et al [54] by
photocurrent spectroscopy in undoped LEC grown InP
and attributed it to phosphorus antisite Pm defect. Shi
et al [55] observed a deep level C (0.675 eV) in the room
temperature metal/n-InP Schottky interfaces, which
could be due to interface state trap. From these reports,
the trap E2 (0.69 eV) observed in as-deposited Ni/V/n-
InP Schottky contact, may be attributed to the phos-
phorus antisite defect Pm.

The carrier capture cross-section of semiconductor
deep level defect contains useful information on the
nature of the defect.

(a) E1 level —— 5uSec
—— 10uSec
15uSec

—— 20uSec

DLS signal (a.u)

AR T
100 1000 10000 100000

10
Frequency (Hz)
(b) E2 level —— 5pSec
—— 10uSec
15uSec
——20uSec

DLS signal (a.u)

T L s |
10 100 1000 10000 100000

Frequency (Hz)

Fig. 13 — Capture cross-section measurement of DLTS spec-
tra for Ni/V/n-InP Schottky diode

This parameter directly determined by measuring
the capture time constant 7. of the deep level [56]
1
I =

[ B
Ol

(16)

where 0, is the cross-section, vi is the thermal velocity
of electron and n is the free carrier concentration at the
measurement temperature. 7. is often measured by
monitoring the deep level transient spectroscopy
(DLTS) peak height as a function of filling pulse width
tp [67] as shown in Fig. 13(a)-(b), respectively.

The slope of the plot In(1 — N(tp) / N1) versus tp, giv-
ing 7.~ 1, where N(ty)/Nr is the peak amplitude. Fig. 14
(a)-(b) show the plot In(1 — N(tp)/N1) versus t, corre-
sponding to E1 and E2 levels. Usually these plots
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-0.0015
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Fig. 14 — The capture cross-section plot of In(1 — N(#,)/N7)
versus pulse width (¢,) for the E1 and E2 defects in n-InP

should give straight line corresponding to the capture
rate, however, the curve is found to be non-linear due to
the different capture rates of the free carrier tail extend-
ing into the depletion region. The initial part of the plot,
which is fairly linear, gives a reliable estimate of the 7.
[68]. The capture rate apparently decreases with time.
The possible explanation for this behaviour is the rela-
tively high trap concentration which significantly de
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