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Abstract

The aim of this study is to reduce the oxide and interface-trap charges and also improve the stability at the oxide—semicon-
ductor interface by growing a SiO, interface layer on a Si wafer then depositing Al,O; thin film. Effective oxide charges
density (N,,), border trap charges density (,,), interface states density (), diffusion potential (V}), donor concentration
(Np), and barrier height (@y) were calculated using the capacitance—voltage (C-V) and conductance—voltage (G/w—V) meas-
urements at different annealing temperatures. The flat-band voltage (V) changed with annealing temperature and the Vi
value for the 450 °C annealed sample was closest to the ideal Vy,. The sample also possessed a high dielectric constant. For
these reasons, C—V and G/w-V values of this sample at different frequencies were obtained. Compared to previous studies,
very low N, values (~ 10° eV™' cm™), low N, values (~ 10'° eV~ cm™2) and high @, values for the annealed samples were

obtained due to the SiO, interface layer.

1 Introduction

The metal-oxide—semiconductor (MOS) capacitors have
been the foundation for microelectronic and optoelectronic
devices since the 1960s [1]. The oxide plays a major role in
charge and energy storage due to its significant dielectric
constant (k). This has made the MOS capacitor be used in
MOS-based technology such as new-generation biosensors,
radiation sensors, and charged-coupled devices [2, 3]. The
oxide properties together with its stability on semiconduc-
tor materials affect the electrical characteristics of the entire
MOS structure. These electrical characteristics determine
the applicability of the structure in different technologies
[4] and are usually investigated by taking capacitance—volt-
age (C-V) and conductance—voltage (G/w—V) measure-
ments. The conductance (G/w) measurement is based on the
exchange of majority charge carriers between the majority
charge carrier band of silicon and the interface states. This
exchange results in conductance losses [4].
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Initially, SiO, was solely used as the oxide in MOS capac-
itors because of its good electrical and material properties
such as excellent insulation and interfacial bonding espe-
cially with Si [5, 6]. However, later on, researchers sug-
gested a need to replace SiO, since it was associated with
high current leakage especially for thicknesses less than
2 nm [7]. Another reason for the replacement was that SiO,
led to the poor performance of devices functioning at high
temperatures or high electric fields. The investigated alter-
natives included high-k materials such as Al,O3, HfO, and
Sm,0; [5]. The deposition of these high-k materials directly
on Si results in the formation of uncontrollable silicate or
oxide layers in the high-4/Si interface which causes a decline
in the effective dielectric constant, device performance, and
channel mobility. Therefore, since SiO, is highly stable with
Si, researchers suggested growing a SiO, layer on Si then
depositing a high-k dielectric on it to reduce the lattice mis-
match at the high-4/Si interface [8—11].

Previously, a study [12] on the Al/Al,05/Si MOS capac-
itor was done at our laboratory. Interface-trapped charges
density, effective oxide charge density, series resistance,
and flat-band shifts were the main electrical parameters
analyzed. These electrical parameters were obtained by
the aid of C-V and G/w-V) measurements for samples
annealed at different temperatures. However, some elec-
trical parameters were unsatisfactory which indicated that
the quality of the fabricated Al/Al,05/Si MOS capacitor


http://orcid.org/0000-0002-6652-4662
http://crossmark.crossref.org/dialog/?doi=10.1007/s10854-020-03783-z&domain=pdf

Journal of Materials Science: Materials in Electronics (2020) 31:12372-12381

12373

needs improvement. For example, we obtained big flat-
band shifts, high series resistance (R,) values, and the flat-
band voltages were not close to the ideal one.

Here, we focus on improving the quality of the MOS
capacitor by introducing a SiO, layer in between the
Al,04/Si interface and also investigating the effects of
SiO, on the electrical characteristics of the newly fab-
ricated Al/Al,05/Si0,/n-Si MOS capacitor. In order to
investigate the electrical characteristics, we take C-V
and G/w-V measurements at different frequencies for Al/
Al,05/Si0,/n-Si MOS samples annealed at different tem-
peratures. The effect of the SiO, layer is thoroughly ana-
lyzed by using the obtained electrical parameters including
the barrier height which is a good parameter in determin-
ing electron injection or current leakage.

2 Experiments

An n-type (100) wafer with thickness of 500 pm and
resistivity of 2-4 Q cm was dried using nitrogen just
after undergoing the standard RCA (Radio Corporation
of America) cleaning process [13]. SiO, films were then
grown on the Si wafer by dry oxidation in the diffusion
furnace at 1000 °C; afterwards, the Al,O; thin film (of
purity 99.99%) was deposited on the wafer by electron
beam (E-beam) evaporator for 10 min, at substrate temper-
ature of 200 °C and starting base pressure of 4.8 X 107* Pa.
The thicknesses of SiO, and Al,O; films measured by
Angstrom Sun Spectroscopic reflectometer were 20 nm
and 140 nm, respectively. The wafer was then divided
into 4 samples; 1 was left as-deposited; 3 were annealed
separately at temperatures of 250 °C, 450 °C, and 750 °C
in an N, ambient for 30 min with each sample annealed at
1 temperature value. A shadow mask with circular dots of
diameter 1.5 mm was placed on the Al,05/SiO,/n-Si sam-
ples, and the front aluminum contacts were deposited at
200 W by RF magnetron sputtering. The whole back con-
tact was deposited without the shadow mask. The entire
fabrication process was performed in the Class-100 clean-
room laboratories in Centre for Nuclear Radiation Detec-
tor Applications and Research Center, Bolu Abant Izzet
Baysal University. DC electrodes were connected to the
HIOKI 3250 LCR meter from which the C-V and G/w-V
measurements of the MOS capacitors were obtained. This
was done in the voltage range of — 10 V to 10 V and in the
frequency range of 100 kHz to 1 MHz. In order to elimi-
nate the series resistance (R,) from the obtained measure-
ments, corrections were done on both capacitance and con-
ductance values. The first step in correction was to obtain
R, values from Eq. 1 using the measured conductance (G,,)
and capacitance (C,,) values in strong accumulation [13]

Gm

R =—"—,
G2 + (WC,,)

S

ey

where w is the angular frequency. Then, by using the R,
values we obtained the corrected capacitance (C,) and con-
ductance (G/w) as shown in Egs. 2 and 3 [14, 15].

[(Ga)” + (wew)’] G
C.= S @
a + (wCy)

|(Gn)” + (wC,)|a
G, = . 3)
a2+ (wCy,)

where a = (Gy,) = [(Gu)” + (wG,,)*|Ro
The border trap charges density (V) is used to estimate
the oxide quality and it was calculated from Eq. 4 [16, 17].

_ Cox (A Vfb,hys )

= 4
bt qA ’ ()

where AVy, 1, is the flat-band voltage shift obtained from
the forward—backward C-V hysteresis. Its values at different
annealing temperatures are shown in Table 1. The oxide trap
charges density (V,,) was calculated from Eq. 5 [18, 19].

Cox (cbms - Vﬂ))
=T ®)
gA
where ¢ is the charge of an electron, A is the area of the
capacitor plate (front contact), and C_ is the effective capac-
itance of the oxides. The values of C,, were obtained from
the strong accumulation region in the C-V curve.
The interface-trap charges density (V,,) values were cal-
culated from Eq. 6 [4, 20, 21].

2 GC,m’dX/W
Ny = gA 2 21’ 6)
[(Gc,max/wcox) + (1 - Cc/Cox) ]
where G, ,.../w is the peak value of the corrected conduct-

ance and C, is the corresponding corrected capacitance to
G max/W-

The built-in voltage or diffusion potential (Vp), the
energy difference between the bulk Fermi level and con-
duction band edge (Eg), and barrier height (@ ) were
attained by the aid of the linear regions of the 1/C*-V
graph that will be explained in the Results and discus-
sion section. Best fits for the linear regions were done
using OriginLab program from which the slopes and the
intercepts were obtained. The relation between C, and V
is given in Eqs. 7 and 8 [4, 15, 22].
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Table 1 Electrical parameters for the Al/Al,04/SiO,/n-Si MOS capacitor with Al,04/SiO,/n-Si films annealed at different temperatures and those left as-deposited obtained at 1 MHz

Vo (V) Ep(eV) Np(x10Bem™) Agg(eV) ¢ V) R, (Q)

C.(x107°F) N,
(x 1071 x10" eV~ em™)

F)

Vo (V) Ny (10" em™) Gy

(x10° cm™?)

AVy (V) Ny,

T(°C)

28.39
146.07

3.47
4.89
4.17

7.25

3.67
3.30
3.23
5.02

-2.29
—0.136
—0.186

-0.569

—-0.16 0.363
—-2.03 0436
—-1.36 0.428
—-2.63 0.399

3.82

3.36
2.35
2.64

5.30
0.56
0.88
0.55

2.56
1.62

—-0.80 0.799

-1.75
—-1.41
-2.19

3.11

As deposited 0.18

250

0.225

0.19
0.14
0.44

0.013

54.79

0.417

0.009

450

33.72

0.100

1.28E

1.08

0.077

750

2(Vy+V)

-2 _

€= £.E09A2Ny @
d(¢?) 2

dV T e.60qA2N, Slope. ©
where € is the dielectric constant of the semiconductor, £ is
the permittivity of free space, A is the front contact area of
the capacitor, V is the applied bias, Ny, is the donor concen-
tration, and V|, is where the lines intercept with the voltage
axis is given in Eq. 9 [23, 24].

kg T

Vo=V,
0 D q

(€))
where T is the room temperature and kgis the Boltzmann

constant. Equation 10 was used to obtain the barrier height
(@p) [22]

Py c_y) = Vp + Ep — Ay, (10)

where Ef; is the energy difference between the bulk Fermi
level and conduction band and is obtained from Eq. 11.

ksT (N,
Ep = —ln<—>. an

N_is the effective density of traps in Si conduction band
given by Eq. 12 [22].

N, =2 (12)

C

27rme*mOkB T %
h? ’

my is the rest mass of the electron, m? = 0.55m is the
effective mass of the electron, and # is the Planck’s constant.
The image barrier lowering is A@ gand was calculated from
Eq. 13 [4].

1

I

Ady = |Tm | (13)
4reg,

E,, is the maximum electric field and was calculated from
Eq. 14 [4].

1
E = [M] g (14)
Es€p

The values of Vy,, Ep, Np, A®g, and @y are listed in
Table 1.

The effective capacitance for low frequencies (Cyp) is
obtained from Eq. 15 [25].

1 1 1
— = — 4+ ,
Cir Coo (Cy + (Cy/(1 +wP72)) (15)




Journal of Materials Science: Materials in Electronics (2020) 31:12372-12381

where w (w = 2zf) is the angular frequency, C;is the excess
capacitance due to interface traps, Cis the capacitance in
the semiconductor, and t is the life-time of the interface
traps and is equal to CyR,. The effective capacitance for
high frequencies (Cyy) is obtained from Eq. 16 [26, 27].
As shown in Fig. 1 C;, disappears in a high frequency limit.

CHF Cox Csc

3 Results and discussion

C-V measurements reveal reliable information about the
oxide layer and the oxide—semiconductor interface in the
MOS structure [25]. With the deposition of Al contact on the
front and backside, the MOS structure is complete and these
measurements can be done. Apart from the metal-semicon-
ductor work difference (@), the MOS capacitor is affected
by electrical charges in the oxide and traps at the interface.
These charges are distributed as shown in Fig. 2: surface
charges (Qg) depend on the band bending due to applied
bias and doping; interface-trapped charges (Q;,) are charges
that fill the empty traps at the interface [20, 25], the filling
and emptying of traps enables the measurement of interface
state density (V) using the C-V and G/w—V measurements
as will be discussed later; mobile ionic charges are the metal
ions that escape into the oxide at high bias and at high tem-
peratures; oxide-trapped charges are charges captured by the
traps located inside the oxide layers, these traps can be elimi-
nated by low-temperature annealing; fixed oxide charges are
well established within the oxide layers about 3 nm from the

Fig. 1 Effective capacitance of (a)
the circuit in a low- and b high-
frequency limits '
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Fig.2 Distribution of charges in the Al,0,/SiO,/n-Si multilayer

oxide—semiconductor interface and cannot be eliminated or
reduced even when large potentials are applied [20, 25, 28].
The effective oxide charge (Q.g) is the sum of Qy, Q,,, and
0,[28].

The C-V and G/w-V curves obtained from the Al/Al,O5/
Si0,/n-Si MOS capacitors annealed at temperatures 250 °C,
450 °C and 750 °C for high frequency (1 MHz) are shown in
Fig. 3a, b. The distortions and shifts in the C-V and G/o-V
stem from the interface states, border traps, dielectric con-
stant of the interfacial layer, and series resistance (R,) which

ot

(b)
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Ci:

- Cu«
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Fig.3 Variations in a the measured capacitance (C), b measured
conductance (G/w), ¢ the corrected capacitance (C,), and d corrected
conductance (G J/w) of the Al/Al,O5/SiO,/n-Si MOS capacitor with

occurs between the contacts and the substrate. Therefore
much attention should be paid to these parameters in order
to improve the performance of microelectronic and opto-
electronic devices [28].

The oxidation of Si leads to growth of an oxide that has
very few fixed oxide charges and less than 10'° interface
states eV~! cm™2. A significant amount of such interface
states (especially those that are as a result of Si dangling
bonds) are passivated by annealing at temperatures around
400 °C. Passivation does not ultimately eliminate the inter-
facial defects as they can emerge again after ionizing irradia-
tion or energetic electron injection occurs across the SiO,/Si
interface [29]. As shown in Table 1, the effective oxide trap
density (N,,) and interface traps density (V) decreased for
samples annealed at temperatures 250 °C and 450 °C. The

@ Springer
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sample annealed at 450 °C is seen to even possess the lowest
border trap density (0.44 x 10'° cm™). A low trap density
signifies low electron injection or current leakage which is a
significant problem in MOS field effect transistors. At high
annealing temperature in an inert ambient both electron and
hole traps are generated. It also results in the generation
of a low field self-healing breakdown [29]. Hickmott [29]
improved the speculation that a decrease of SiO, at the SiO,/
Si interface may occur due to the reaction:

Si+ Si0, — 2Si0 1, an

where the SiO is a volatile gas presumed to move away from
the interface leaving behind a deficiency in oxygen. Evi-
dence given by a number of papers showed that SiO can
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diffuse through the oxide network and the activation energy
required for the process is in the range of 4.2—4.4 eV. This
value is close to 4.7 €V, which is the estimated value for O
to diffuse through the oxide [29]. So, the oxygen deficiency
defects due to the Si—O destruction [29, 30] at high tempera-
tures (700-1060 °C) cause a reduction in the quality of the
dielectric layer which drastically decreases the charge stor-
ing capability. This is the reason why the sample annealed
at 750 °C had a very low accumulation region capacitance
as observed in Fig. 3c. Unlike the G /w curves in Fig. 3d,
a negligible change is observed between the C—V and C .~V
curves in Fig. 3a and c, respectively, this indicates that the
effect of series resistance on capacitance is negligibly small.
However, a kink is observed in the C~V curve of the as-
deposited sample at the depletion-inversion region, this
kink is as a result of the electrically active defects at the
oxide—semiconductor interface and it fades as the annealing
temperature increases [9]. There are shifts in the C .~V curve
for different annealing temperatures both in the accumula-
tion region and the mid-gap. In an earlier study on the Al/
Al,05/Si MOS capacitor [12], it was proved that post-depo-
sition annealing reduces the oxide traps that are as a result of
nonstoichiometric and weak bonds that form after growth of
the thin films. These traps are the major reason for the flat-
band voltage (V) shifts. In this study, the SiO, layer led to
the formation of stronger bonds because it is highly stable
with silicon and as a result the border traps decreased. The
border trap charges density (&V,,) for the as-deposited MOS
capacitor is 3.11 x 10'° cm~2 which is about 10 times lower
than that (7.47 x 10" cm™2) in the previous study [12].

In Fig. 3a, it is observed that annealing at 250 °C caused
the flat-band voltage (V) to shift to the right. Again, for
450 °C, the Vy, extended farther to the right, closer to the
ideal Vg, (=0.27 V). These shifts were as a result of the
decrease in the effective oxide charge density (V,,) which
comprises of border trap density (V,,) as shown in Table 1.
An increase in annealing temperature leads to the formation
of bonds; hence, the trap densities are reduced; the nitrogen
used in the annealing process may also reduce these traps
when the dangling bonds are chemically active [31-33]. At
750 °C, the Vy shifted to the left because the bonds become
weak or broken at very high temperatures leaving more traps
in the oxides and at the Al,05/Si0, and SiO,/Si interfaces.
The as-deposited sample had the highest capacitance in the
accumulation region, this may be due to the interface traps
that form layers in the SiO,/n-Si and Al,0,/SiO, surface
which cause an extra capacitance (C;,) that increases the
effective capacitance. Annealing improves the surfaces by
eliminating or reducing the interface traps density (V,,), this
is why at 250 °C a significant decrease in the capacitance
occurred in the accumulation region [8]. For the 450 °C
annealed sample, an improvement of the dielectric constant
occurred since farther annealing enables atoms to settle in

their lattices [32], this sample had the lowest flat-band shift
as shown in Fig. 4 and Table 1. This is the reason why its
border trap density was the lowest compared to the other
samples. At high annealing temperatures possible parasitic
Si0,/AlSiO, layers are formed, these layers degrade the
effective dielectric constant and increase the total thick-
ness of the oxides which results into a huge decline in the
capacitance [12]. This explains why the accumulation region
capacitance at 750 °C was very low compared to others.

The conductance is essential in investigating the interface
quality of MOS structure, conductance is a result of interac-
tions between interface traps and majority carrier densities
in the Si [12]. Interface-trap density (&) is calculated by
using either the conductance method [34] or the high-low
frequency capacitance method [25]. In this study, the con-
ductance method by Goetzberger and Nicollian [15] was
used since measurements were taken for only one frequency
(1 MHz). According to Fig. 3d, the peaks of the corrected
conductance curves are highest for the as-deposited sam-
ple, this is because it had the highest interface-trap density
(N, value, and the lowest was with the sample annealed at
750 °C as shown in Table 1. We noticed that after anneal-
ing, the N, values decreased from~ 10" to~10"eV~' cm™.
These N, values of the annealed samples in this study (dou-
ble gate oxide layer Al,05/SiO, MOS capacitor) are 10 times
lower than those in the previous study (single oxide layer
Al,0; MOS capacitor) [12]; therefore, the stronger bond
between SiO, and Si results in a decrease in the traps as the
atoms settle in their lattices after annealing.

In Fig. 5b there is an intersection of the lines because of
the capacitance variations in the depletion region. The N,
values in Table 1 only represent the total density of both the
donor and acceptor interface traps. This means that these

—— As deposited

5.0x107°

4.0x10™

3.0x10™°

Capacitance (F)

2.0x10™°

Voltage (V)

Fig.4 The hysteresis of the capacitance of the Al/Al,0,/SiO,/n-Si
MOS capacitor with Al,05/SiO,/n-Si films annealed at 450 °C and
those left as-deposited taken at 1| MHz
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Fig.5 a C 2V plots of the Al/A1,0,/SiO,/n-Si MOS capacitor with
Al,05/Si0,/n-Si films annealed at different temperatures and those
left as-deposited taken at 1 MHz. b C~2-V plots of linear region of
the Al/Al,05/Si0,/n-Si MOS capacitor with Al,05/SiO,/n-Si films
annealed at different temperatures and those left as-deposited taken
at 1 MHz

values cannot be used to determine the polarity of the inter-
face traps separately. On the other hand, the barrier height
(@g) can give us a hint on the polarity of the interface traps.
For the n-type semiconductor, while the negatively charged
interface traps (acceptor-like) increase the barrier height,
the positively charged interface traps (donor-like) decrease
the barrier height. Therefore, the variation in @y is caused
by the existing and newly formed traps with a change in
annealing temperature. Another cause of change in the bar-
rier height is the internal electric field caused by the traps in
the low quality oxide and interface [35]. A low barrier height
results in high electron injection which means high tunneling

@ Springer

ing conductance (G/w) of the 450 °C annealed Al/Al,05/SiO,/n-Si
MOS capacitor measured at different frequencies

possibility for electrons; therefore, a high barrier height
reduces electron injection (leakage current). In Table 1, all
barrier heights were high compared to the usual @ values in
the literature which range from 0.56 to 3.68 eV [22, 32, 36].

The frequency-dependent electrical characteristics of
the Al/A1,05/Si0,/n-Si MOS capacitor were studied with
the aid of the C-V and G/w-V measurements as shown in
Fig. 6a, b. These measurements were taken for only the
450 °C annealed MOS capacitor because of its high C,
related to a high dielectric constant (e.,), and its flat-band
voltage (— 0.8 V) was the closest to the ideal flat-band volt-
age (~—0.27 V) compared to the other samples. Again, cor-
rection was performed in order to eliminate series resistance.
Figure 7a, b contains the corrected capacitance (C,) and cor-
rected conductance (G./w) curves, while there was almost
no difference between C-V and C.~V curves, the difference
between G/w—-V and G /w-V was significant. This explains
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Al/Al,04/Si0,/n-Si MOS capacitor at different frequencies. b Vary-
ing corrected conductance (G/w) of the 450 °C annealed Al/Al,O,/
Si0O,/n-Si MOS capacitor at different frequencies

that series resistance greatly affected conductance. As
observed in Fig. 8a, the capacitance values decreased with
increasing frequency due to time-dependent surface traps,
particularly interface traps [26, 37, 38]. In Eq. 15, 7 is the
life-time of the interface traps and is equal to C;R,, values of
7 in the literature are in the range (10~ to 1077 s) [17]. So, w
7 is extremely small for low frequencies (<500 kHz). w?z?
is therefore neglected in Eq. 12. That is to say, an excess
capacitance C;, evolves as a result of the interface-trapped
charges which can follow the AC signal at low frequencies.
Equation 15 then becomes Eq. 16 [26]. For high frequencies
(> 500 kHz), w?z2 is quite higher compared to C,,, meaning
that the interface-trapped charges can no longer follow the
AC signal.

After correction, the conductance—voltage (G /w-V)
peaks appeared for all frequencies. This means that series
resistance (R,) had a strong influence on the conductance.
As observed in Fig. 9, maximum values of R are obtained
in the depletion region and the amplitude of the peaks
decreases with an increase in frequency. This indicates

Frequency (kHz)

Fig.8 Graph of a corrected capacitance (C,) and b corrected con-
ductance (G/w) with frequency for the Al/Al,0,/SiO,/n-Si MOS
capacitor annealed at 450 °C
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Fig.9 R~V plots for the 450 °C annealed Al/Al,05/SiO,/n-Si MOS
capacitor measured at different frequencies
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Fig. 10 Variations in the effective oxide density (N,,) of the 450 °C
annealed Al/Al,05/Si0,/n-Si MOS capacitor at different frequencies

that R, depends on the frequency-dependent charges such
as interface charges and oxide-trapped charges [37, 39].
From these behaviors it can be evaluated that carriers pos-
sess sufficient energy to break free from their traps found
between metal and silicon in the semiconductor band gap
[37]. Furthermore, there was a significant deviation of the
curves for low frequencies (<500 kHz), while for high
frequencies the deviations were too small. This is also
because at high frequencies the charges in the traps found
at the metal/Si interface acquire sufficient energy to leave
these traps [4, 37].

A rare case in this study was that the effective oxide
density as shown in Fig. 10 and Table 2 decreased with
increasing frequency. A possible reason for this behav-
ior is that the border trap charges were also affected by

frequency. In the oxide, border traps are located near the
interface, and carriers in the semiconductor can be cap-
tured in these traps after tunneling. The frequency affects
these charges since an increase in the time constant for
tunneling exponentially increases with the distance
between interface and border traps [40].

4 Conclusion

The Al/Al1,05/Si0,/n-Si MOS capacitor was fabricated and
the effect of the SiO, on the electrical characteristics was
analyzed. C-V and G/w-V curves obtained from the Al/
Al,05/S10,/n-Si MOS capacitors annealed at temperatures
250 °C, 450 °C, and 750 °C for high frequency (1 MHz).
These curves distorted and shifted from the ideal ones
due to presence of interface states density (&;,), border
trap density (V,,), effective oxide charge density (N,,), and
series resistance (R,). The closest flat-band voltage (Vj,) to
the ideal one was with the sample annealed at 450 °C, this
sample also had a high capacitance (C,,) which was related
to its high dielectric constant (g, ). Corrections were made
for the C-V and G/w—V measurements, and it was noticed
that the effect of R on capacitance was negligible but that
on conductance was significant. N, and N;, values were
very low (~10° eV~! cm™ and ~ 10'° eV~! cm™2, respec-
tively) indicating reduced lattice mismatches due to the
highly stable SiO,.

A rare case in this study was that the effective oxide
density decreased with increasing frequency. A possible
reason for this behavior was that the border trap charges
were also affected by frequency. So, in general, the SiO,
layer played a major role in improving the quality of both
the oxide layers and the interfaces.

Table 2 Electrical parameters

for the 450 °C annealed Al/ Frequency (kHz) Vio (V)

Al,05/Si0,/n-Si MOS capacitor

obtained at different frequencies 100 ~1.00
200 -9.77
300 —-0.96
400 —-0.94
500 -0.93
600 -0.92
700 —-091
800 -0.92
900 —0.895
1000 —0.890

ox Gemax C.(x107°F) N
(x 10" em™) (x 10711 F) (x10%ev-tem™)
1.17 1.07 2.34 3.26
1.11 1.05 227 3.09
1.07 1.01 2.23 2.93
1.04 0.97 221 277
1.02 0.92 2.19 2.61
1.00 0.88 2.17 2.49
0.99 0.86 2.67 4.12
0.97 0.87 2.66 4.13
0.95 0.89 2.65 4.18
0.94 0.88 2.64 4.18
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