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ABSTRACT

In this study, the temperature dependence of the dielectric properties, conductivity and resistivity of
metal-insulator-semiconductor (MIS) structures have been investigated using capacitance (C) and con-
ductance (G/w) measurements in wide temperature range of 120-400 K at 1 MHz. Calculation of the
dielectric constant (¢'), dielectric loss (¢&”), loss tangent (tan §), ac conductivity (g,¢), ac resistivity (pac)
and the real and imaginary parts of electric modulus (M’ and M”) were given in the studied temperature
range. The values of the ¢, ¢” and o, increase exponentially with the increasing temperature between
280 K and 400 K. On the other hand, these values remain almost constant between 120 K and 240 K. In
addition, the experimental dielectric data have been analyzed by considering electric modulus formalism.
The Ino,. vs. 1000/T plot shows two linear regions with different slopes which correspond to low (120-
240 K) and high (280-400 K) temperature ranges. The values of activation energy for two different con-
duction mechanisms were found as 4 meV and 201 meV for low and high temperature ranges,

respectively.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

In metal-insulator-semiconductor (MIS) and metal-oxide-
semiconductor (MOS) structures, metal and semiconductor remain
separated by an interfacial insulator layer such as SiO,, SisN4 and
TiO, and at metal/insulator interfaces there is continuous distribu-
tion of surface states with energies located in the band gap of semi-
conductor. Such an interfacial insulator layer cannot only prevent
inter-diffusion between metal and semiconductor, but also allevi-
ate the electric field reduction in MIS structure. Also, semiconduc-
tor device parameters such as performance, stability and reliability
are highly dependent on the interfacial properties of the interface
insulator layer between metal and semiconductor. Because compo-
sition and stability of the interface insulator layers is not com-
pletely understood, the quality of devices with an interfacial
insulator layer is still not satisfactory [1-3].

The existence of such an insulator layer which converts metal-
semiconductor (MS) structures into MIS and MOS structures can
have a strong influence on the device characteristics as well as
the interface states (Nss), and series resistance (Rs) that can modify
the electrical properties of MIS structure [4-6].

These interface states usually cause a bias shift in the measured
capacitance-voltage (C-V) and conductance-voltage (G/w-V)
curves [7,8]. Series resistance is an important parameter which
causes the electrical characteristics of these structures to be non-
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ideal especially at high bias voltages [9-11]. Therefore, the param-
eter R; is only effective in the accumulation region or at sufficiently
high bias voltages of the C-V and G/w-V characteristics at high fre-
quency, whereas the interface states are effective especially in the
depletion and weak inversion regions at low frequency. To elimi-
nate the effect of interface states C-V and G/w-V characteristics
were carried out at sufficiently high frequency (1 MHz).

Besides the interfacial insulator layer, the electrical and dielec-
tric properties of MS, MIS and MOS structures are also dependent
on some other parameters, such as the process of surface prepara-
tion, formation of barrier height at MS interface and its homogene-
ity, impurity concentration of a semiconductor, density of interface
states and dislocations between insulator layer and semiconductor,
series resistance of device, applied bias voltage and device temper-
ature. Among them, device temperature is another important
parameters which influence both the electrical and dielectric prop-
erties of these devices. Therefore, the analysis of electric and
dielectric parameters of these devices only at room temperature
does not give detailed information about conduction processes.
Moreover, the temperature dependence of the C-V and G/w-V
characteristics allows us to understand different aspects of conduc-
tion mechanism in these devices.

In our previous studies [12-14], in the first study, we investi-
gated the frequency dispersion in capacitance and conductance
in terms of the density of interface states and series resistance in
Au/Si0,/n-Si (MOS) capacitors with 58 A interfacial insulator layer
thickness at room temperature. In the second study, the effect of
the frequency and gate bias voltage on dielectric properties of
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Au/SiO,/n-Si (MIS) structures with 25 A interfacial insulator layer
thickness was investigated at room temperature. In addition, in
the third study, we investigated the analysis of energy density dis-
tribution profile of interface states in Au/SiO,/n-Si (MOS) capaci-
tors with 500 A interfacial insulator layer thickness by using
admittance method at room temperature.

Therefore, in this study, we aimed to investigated the tempera-
ture effect on dielectric properties of Au/SiO,/n-Si (MIS) structure
such as the dielectric constant (¢’), dielectric loss (¢”) and loss tan-
gent (tan J) and ac conductivity (o,c), ac resistivity (pac) and elec-
tric modulus in the wide temperature range of 120-400K at
1 MHz. Experimental results show that knows both the electrical
and dielectric properties of MIS structure significantly changes
with temperature.

2. Experimental detail

The metal-insulator-semiconductor Au/SiO./n-Si structures
with 79 A insulator layer (SiO,) thickness were fabricated on n-type
(P-doped) single crystals silicon wafer with (100) surface orienta-
tion, having thickness of 350 pum, 2” diameter and 1 Qcm resistiv-
ity. For the fabrication process, the Si wafer was degreased in
organic solutions of CHCICCl,, CH3COCH3 and CH30OH, then etched
in a sequence of H,SO, and H,0,, 20% HF, a solution of
6HNO3:1HF:35H,0, 20% HF and finally quenched in de-ionized
water with resistivity of 18 MQcm for a prolonged time. High pur-
ity (99.999%) gold (Au) layer with a thickness of ~1500 A was ther-
mally evaporated from the tungsten filament onto the whole
backside of Si wafer at a pressure of ~2 x 107 Torr in oil vacuum
pump system. The ohmic contact was prepared by sintering the
evaporated Au back contact at 650 °C for 60 min in flowing dry
nitrogen ambient at rate of 2 1/min. This process served both to
the sinter the Au and to form the required insulator layer (SiO)
on the upper surface of the Si wafer. Finally, circular dots of 1 mm
diameter Au with a thickness of ~1500 A were deposited in order
to form the rectifier contacts on the oxidized surface of the Si wafer
through a Cu shadow mask in the same vacuum system. The thick-
ness of metal layers and the deposition rates were monitored with
the help of quartz crystal thickness monitor. The interfacial layer
thickness was estimated to be about 79 A from high frequency
(1 MHz) C-V measurement of the oxide capacitance in the strong
accumulation region. In order to carry out C-V and G/w-V measure-
ments, the electrical contacts are made onto the upper electrode on
the oxide with the help of fine phosphor-bronze spring probe.

The capacitance-voltage (C-V) and conductance-voltage (G/w-
V) measurements were carried out in the temperature range of
120-400 K at 1 MHz, by using a HP 4192A LF impedance analyser
(5 Hz-13 MHz) and a small ac test signal 50 mV,,s from the exter-
nal pulse generator was applied to the sample in order to meet the
requirement. All measurements were controlled by Janes vpf-475
cryostat, which enables us to make measurements in the temper-
ature range of 77-450K. The sample temperature was always
monitored by using a copper—constantan thermocouple close to
the sample and by measuring with a dmm/scanner Keithley model
199 and a Lake Shore model 321 auto-tuning temperature control-
lers with sensitivity better than +0.1 K. In addition, all measure-
ments were carried out with the help of a microcomputer
through an IEEE-488 ac/dc converter card.

3. Results and discussion

3.1. Temperature dependence of capacitance and conductance at
1 MHz

The conductance technique, which consists of C-V and G/w-V
measurements [7,15], is based on the conductance losses resulting

from the exchange of majority carriers at the metal/semiconductor
interface and the majority carrier band of the semiconductor when
a small ac test signal is applied to the MIS structure.

The variation of the capacitance and conductance with temper-
ature at high frequency (1 MHz) are shown in Fig. 1(a) and (b) for
MIS structure, respectively. As shown in Fig. 1(a) and (b), both the
C-V and G/w-V curves increase with the increasing temperature.
The capacitance and conductance values are quite sensitive espe-
cially at high temperatures. The increase in capacitance and con-
ductance towards high temperature may be due to interfacial
space charge formation [16,17].

The existence of interface states at the metal/semiconductor
interface acts as recombination centers and create dispersion in
capacitance. This interface states can follow the ac signal and yield
an excess capacitance, which depends on the temperature and fre-
quency. But, in the high frequency limit (f > 500 kHz), the inter-
face states cannot follow the ac signal. This makes the
contribution of interface state capacitance to the total capacitance
negligibly small [18]. In this case, the temperature effects become
more dominate on the values of C-V and G/w-V.

3.2. Temperature dependence of dielectric parameters at 1 MHz

The complex permittivity can be defined in the following com-
plex form [19,20]
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Fig. 1. Variation of the (a) capacitance (C) and (b) conductance (G/w) with
temperature at 1 MHz for MIS structure.
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