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Abstract Sm,0; was formed by anodization of sputtered
Sm thin film on Si substrate at 20 V for different durations
(10-25 min). In this study, Sm,O;5 thin film formed at
anodisation duration of 10 min exhibited the best electrical
properties with smallest Q. value (2.78 x 10% cm ™),
lowest STD (2.91 x 10?*> cm™2), minimum D,y value
(1.98 x 10** cm™2) and k-value of 1.33 in capacitance—
voltage (C—V) measurement. From leakage current density
electric field (J-E) measurement, Sm,O5 thin film formed
at anodisation duration of 10 min consisted of two break-
downs, whereby the first breakdown was 3.48 MV/cm at
107> A/cm? and the second breakdown was 9.39 MV/cm
at 10~* A/cm?. This sample showed the highest breakdown
electric field among all the samples. This type of oxide may
be served as possible candidate as gate dielectric in metal—
oxide—semiconductor-based devices.

1 Introduction

SiO, has been widely used in semiconductor technology
due to its excellent insulator for decades [1]. This type of
oxide can be grown directly from Si semiconductor sub-
strate by thermal oxidation and is typically amorphous with
a small number of electronic defects thus perfectly lattice-
matched with Si substrate without formation of interfacial
layer (IL) in between the semiconductor and the oxide [2].
This type of oxide has low dielectric constant (k) and was
developed in the commercial ultra-large-scale-integrated
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(ULSI)-based devices and has good adhesion property
between various substrates [1, 2]. The first integration of
low-x dielectric into 90-nm logic devices with K value of
2.9 1in 1999 [1, 2]. However, due to the challenge of device
miniaturization, according to the International Technology
Roadmap for semiconductors (ITRS) 2012 [3, 4], fabrica-
tion of next-generation 10-nm logic devices with optimized
intermediary dielectric layers of lower effective dielectric
constants (<2.5) are needed.

Dielectric isolation with low-k materials in between the
interconnect lines or intermetallic dielectrics (IMD) with
minimum capacitive coupling is necessary in order to
fabricate devices with multilevel dielectrics thus producing
a device with high circuit density, low power consumption,
and high thermal conductivity properties [5]. Furthermore,
low-x materials with minimum possible thickness are also
introduced [6].

SiO, has been applied as the ILD surrounding metallic
and/or semiconducting wires [7], as it has demonstrated its
advantages such as thermal and chemical stability and
moisture-absorption resistance up to the process tempera-
ture of integrated circuits [7]. However, the drawbacks of
SiO, outweighed its advantages. SiO, would face parasitic
capacitance delays, crosstalk noise across layers, high
power consumption, and resistance—capacitance (RC)
delay [7]. A signal propagating through interconnects
would experience RC delay [8]. In order to overcome the
aforementioned problem, materials of reduced dielectric
constant with high crystallinity and reduced dipole strength
in the polar chemical bonds or the dipoles number could be
a possible solution. In other words, this could be achieved
by introducing material with lower polarizability than Si—
O, such as Si—F and Si—C bonds; or lower density materials
by adding porosity [constitutive (1 nm in diameter) and
subtractive (>2 nm in diameter)] in the material [9].
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Lanthanide oxide materials may be a possible replace-
ment for SiO, [2, 10]. Of lanthanide oxide materials,
Sm,0; is an attractive material to attain the comparable
dielectric properties as SiO, and is thermodynamically
stable on the underlying Si surface [2, 10]. However, Sm
atoms would present in different oxidation state, while the
coordination number of Sm(II) atoms with respect to
oxygen varies from 4 to 12 and coordination number of
Sm(I) is 5, 7, or 9, which will vary the stoichiometry of
Sm, Oy [10]. Therefore, this study was aimed to control the
stoichiometry to form only Sm,0O;. Hypothesis stated that
stoichiometry of the oxide may improve the electrical
properties by increasing the n-type conductivity and field-
effect mobility [11]. According to the previous researches
[12—15], it is reported that the oxide stoichiometry could be
controlled by sputtering of metallic layer followed by
formation of oxide. To date, there is no report on the for-
mation of Sm,0O3 by sputtering of metallic Sm layer fol-
lowed by anodization technique. Hence, in this study, it is
aimed to report the effects of anodization durations of a
sputtered Sm/n-Si system on their structural, physical, and
electrical properties.

2 Experimental procedure
2.1 Preparation of Si substrate

n-type and 100-oriented Si was used as starting substrate.
The Si substrate was cleaned using standard RCA cleaning
method and treated with diluted HF solution (1 HF: 50
H,0) to eliminate native oxide before proceeded with
sputtering process.

2.2 Sputtering process

Si substrates were placed under the samarium target in the
RF magnetron sputtering system of Cesar RF Power Gen-
erator and SG Control Engineering Vacuum System to
deposit 20 nm of samarium thin film, under low vacuum
system of 3 x 107> torr pressure and 170 W power.
Sputtering process was carried out under pure argon
medium with the flow rate of 25 cm®*/min at room tem-
perature. Prior to sputtering process, a pre-sputtering was
undergo for 2 min to remove native oxide on the target
surface and proceeded with 150 s of plasma-sputter to
allow Sm to form thin film on Si. Then the confirmation of
thickness for Sm/Si material was measured under Kla
Tencor P-6 Stylus Profiler by comparing the optical path
difference between a coated Sm surface and original Si
substrate to give the accurate thickness of every point on
the surface instead of taking the average thickness. Sm
thicknesses deposited on Si were in the range of 21-22 nm.

2.3 Formation of samarium oxide gate dielectric

Anodising is the process of growing an oxide layer on the
metal in the electrolyte medium, and the metal would lose
electrons during the oxidation process.

2Sm + 3NaOH — Sm,0; + 3H" + 3Na™ + 6e~

Sm/Si material was taped on the copper holder and
connected to the negative terminal of GW Instek GPS-
30300, DC power supplies; whereas the positive terminal is
connected to a platinum wire. The electrolyte used is 1 M
of NaOH (pH = 14). Electroplating enables oxidation of
Sm to form Sm,05 on the Si substrate.

The anodisation voltage is fixed at 20 V and the
anodisation times are varied from 10 to 25 min to obtain
the desired electrical properties. Research showed that the
activation energy for oxidation of Sm in required
90 kJ/mol (Nogami et al. [16]), and 10 min of anodisation
duration is able to produce higher than 90 kJ/mol of energy
to oxidised Sm metal. Hence 10 min is set as the starting
point of anodisation duration to ensure complete anodisa-
tion of Sm to Sm,05.

2.4 Metallization and photolithography process

Then, Sm layer was anodised using GW Instek GPS-30300
DC power supplies in 1 M of NaOH electrolyte. The
parameters were varied from 10 to 25 V and 10-25 min to
obtain the best characteristic among the combined param-
eters. Before carrying out the electrical characterization,
the oxidised Sm films were fabricated into MOS. Al layer
of 100 nm was thermally evaporated on the top of the film
as gate electrode by using thermal evaporator under vac-
uum system of 3 x 107° mbar to avoid disturbance of Al
deposition and 20 A of current was applied to the system.
3 mm diameter of Al electrode was deposited on the
sample using shadow mask for electrical characterisation.

2.5 Physical characterization

Properties of the Si/Sm,05 film were evaluated by PAN-
alytical XRD X’Pert HighScore using low glancing angle
X-ray diffraction (GAXRD) to identify crystalline surface
phases and grain size of Sm,0O5 with angle sweep from 6 to
20 with the scan speed of 0.026 0/s. Besides that, trans-
mission electron microscopy (TEM) TECNAI G2 F20
using accelerating voltage from 20 to 200 kV of electron
beam and standard magnification from 22 x to 930 kx in an
ultimate pressure camber of 2.7 x 107> Pa to observe the
cross-section of MOS thin film and determine the presence
of IL and the crystalline/semi-crystalline structure of
Sm,03. Prior to this, a Pt protective layer of resist was
deposited on the top most layer of the sample to prevent
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surface damage due to ion bombardment and it was ion-
milled by a focused ion beam system [15].

2.6 Electrical characterization

The electrical properties of MOS capacitors were charac-
terised through C—V and I-V measurement. In C—V mea-
surement, high frequency (1 MHz) and applied DC voltage
of 24 mV were introduced to MOS capacitance measured
by Hewlett Packard 4194A Impedance/Gain-Phase Ana-
lyzer. Bias sweep was done in forward and backward cycle
ranging from —5 to +1 V. I-V measurement at the fre-
quency of 50 Hz and sweep mode was set at the range from
0 to 20 V using Keithley Instruments Model 236 Source
Measure Unit to obtain the leakage current density against
voltage (J-V) and leakage current density electric field (J-
E) curves. From this measurement, current densities at
different gate voltage and at various electric fields could be
determined.

3 Results and discussion

The anodisation voltage was fixed at 20 V and the anodi-
sation times were varied from 10 to 25 min to obtain the
desired electrical properties. Research showed that the
activation energy for oxidation of Sm in required
90 kJ/mol [16], and 10 min of anodisation duration was
able to produce higher than 90 kJ/mol of energy to oxi-
dised Sm metal. Hence 10 min was set as the starting point
of anodisation duration to ensure complete anodisation of
Sm to Sm,05.

3.1 XRD analysis

Figure 1 displayed the XRD pattern of Sm anodised at var-
ious time (10-25 min) on Si substrate. According to
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Fig. 1 XRD pattern of anodised Sm,Oj; at various time (10-25 min)
on Si substrate
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International Centre for Diffraction Data (ICDD) card
number 98-003-3650, cubic-Sm,05 appeared at 20 = 27.8°,
33.0°, 47.8°, 49.5°, 54.5°, 56.4°, 61.7°, and 75.6° in small
concentration (relative intensity ~ 0.01-0.25 %) as com-
pared to the strong Si substrate peak at 69.2° in Fig. 1 [17-
19].

Besides that, the two diffraction peaks at 260 = 47.8°
and 54.5° were associated with hexagonal-Sm,O5; and
monoclinic-Sm,03 respectively [20]. Paper of Yang et al.
[21] also stated that Sm,05 exists in three types of crystal
structures at room temperature: cubic, hexagonal and
monoclinic. Furthermore, two humps which was located at
20 = 30.0° and 61.7° could be observed in the XRD pro-
file, which might be belonged to the amorphous phase of IL
which required further clarification.

Figure 2 showed the grain size and intensity of cubic-
Sm,O5 at various time (10-25 min), based on the three
highest peak, 20 = 33.0°, 61.7° and 75.6°. While Fig. 3
showed the grain size and intensity of mixture hexagonal
and cubic-Sm,05 (20 = 47.8°) and monoclinic and cubic-
Sm,05 (20 = 54.5°) at various time (10-25 min).

The grain size of the cubic-Sm,0O3 could be obtained
through Scherrer equation [22]

KA
b= Pcost (1)

where, D was the grain size, K was the shape factor, also
equal to 0.9, A was the X-ray wavelength, B was the line
broadening at full width at half maximum (FWHM) and 6
was the Bragg angle. In XRD analysis, instrumental
broadening which might be contributed by source of radi-
ation (X-ray) with finite physical size [23], should be
subtracted from the observed line broadening to give the
accurate 20 and hence predicted the grain size more
accurately.

XRD intensity peaks of cubic-Sm,Oj5 in Fig. 2 showed
the intensities were in the range of 18,000-20,000 a.u. over
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Fig. 2 Grain size and intensity of cubic-Sm,0O; at various time
(10-25 min)
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Fig. 3 Grain size and intensity of hexagonal-Sm,03; (20 = 47.8°)
and monoclinic-Sm,03 (20 = 54.5°) at various time (10-25 min)

the time of anodisation and with the highest mean peak
intensity of 10 min anodisation (I =~ 196379 a.u.).
Besides that, Sm,0O5 thin film anodised for 10 min exhib-
ited the smallest grain size (1.55 A), which would have
more grain boundaries thus contributed to electromigration
effects and resulted in decreasing current density [24].

Moreover, the intensity profile of Fig. 3 showed almost
similar trend as Fig. 2, as Sm,0j3 thin film anodised for
10 min has the highest intensity of mixture hexagonal-cu-
bic-Sm,0O5; and monoclinic-cubic-Sm,05 peaks (4080.69
a.u.) and the lowest peaks intensity was 25 min anodisation
(3778.41 a.u.). However, the grain size of 10 min Sm,0O5
anodisation (2.40 A) was slightly higher than 15 min
anodisation (2.28 A), this might be due to lower mono-
clinic concentration present in 15 min anodisation Sm;0O3
as the peak of 20 = 54.5° were hardly observed in Fig. 1.
Theoretically, monoclinic crystal structure was less closely
packed as compared to cubic and hexagonal structure.

Furthermore, the grain size of mixture hexagonal and
cubic-Sm,03; (20 = 47.8°) and monoclinic and cubic-
Sm,03 (20 = 54.5°) were averagely 2.50 A for four sam-
ples as showed in Fig. 3, which was comparably bigger
than cubic-Sm,05; (averagely 1.69 10\). Thus, the peaks
20 = 47.8° and 54.5° were highly possibly mixture of
polycrystalline structure.

Paper of Yori and Parera discussed the influence of
crystalline structure on the metallic properties. Monoclinic-
semiconductor lost its metallic properties while tetragonal-
semiconductor would enhanced the metallic properties
[25]. Ideally, metallic properties should be minimised to
reduce the current density in the MOS system. Hence,
monoclinic structure would improve the electrical proper-
ties and dielectric constant as showed in 10 min anodisa-
tion with the highest peak of 20 = 54.5° (4074.77 a.u.).

On the other hand, cubic-semiconductor has a narrower
bandgap which aided to improve the electrical properties as
compared to the hexagonal-semiconductor [26] and Fig. 1

showed the 10 min anodisation has the highest cubic-
Sm,03 peaks intensity. Furthermore, cubic-Sm,03 exhib-
ited better properties as compared to monoclinic and
hexagonal structure as it was the most stable phase at
atmospheric pressure and room temperature [21].

3.2 TEM analysis

Figure 4 showed the TEM images of the MOS layer of Si—
Sm,03 which undergo 20 V of anodisation voltage and
various anodisation durations: (a) 10 min and (b) 15 min.
The t,, of 10 min and 15 min anodisation were 19.8 £ 0.6
and 23.0 &+ 0.3 nm respectively. The thickness increased
as the anodisation time increased because longer oxidation
process was able to carry out at deeper depth to ensure fully
oxidation.

The Sm,O; XRD pattern appeared to be sharp peaks,
which suggested to be exhibiting crystallinity property and
polycrystalline structure of bulk oxide could be observed in
TEM images as patches of lattice fringes with interplanar
spacing, d range from 0.242 to 0.254 nm was measured
using ImageJ software. The measured values were matched
with the XRD cubic-Sm,05 peaks. However, the grain size
observed in TEM images was bigger than the calculated
values according to the XRD peaks, this could be the

Fig. 4 TEM images of the MOS of Sm,0;-Si layer undergo 20 V
anodisation voltage and various anodisation durations: a 10 min and
b 15 min
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reason due to the crystal alignment. In TEM images were
obtained through the side-view, while the XRD measure-
ments were observed through the top view of the samples,
which provided dissimilar in grain size values [15].

The existence of SiO, IL would limit the gate stack
capacitance and reduced the EOT value [27]. However, the
region near to the IL with different crystal alignment, was
suspected to be Sm,Si,O,, which required further verifi-
cation. For efficient operation of a device, the IL should be
minimized during the etching process during RCA-clean-
ing to lessen the interfacial charge and improved the
channel mobility [28]. The presence of IL was observed by
TEM analysis as result showed 10 min of anodisation time
would provide the smallest IL which ranged from 3.3 to
3.4 nm and as resulted it exhibited better electrical prop-
erties as shown in C-V measurement as compared to
15 min anodisation.

3.3 Electrical properties
3.3.1 C-V measurements

C-V measurement was introduced by Frankl in 1961 for
MOS characterization. High frequency (1 MHz) C-V
curves measured at room temperature were shown in the
Fig. 5 at various anodisation duration from 10 to 25 min.
The gate bias sweep was done forward and backward cycle
ranging from —5to +1 V.

Figure 5 showed hysteresis curve of 10 min and 20 min
anodisation have less positively charge accumulated in the
Sm, 035 thin film, while 20 min of anodisation displayed the
highest capacitance of 4444.36 pF. However, 10 min of
anodisation exhibited the smallest different between the
forward bias and reverse bias, AV = 0.0839 V.

Figure 6 presented the dielectric constant of Sm;0;-Si
MOS at various time (10-25 min) with 20 V of anodisa-
tion. Dielectric constant of Sm,Oj5 thin film in Fig. 6 was
obtained from the formula
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Fig. 5 C-V characteristics of Sm,0;-Si MOS at various time
(10-25 min) with 20 V of anodisation

@ Springer

Cox = (2)

where, C,, represented the capacitance of Sm,05 in different
MOS sample, ¢, was the permittivity of free space
(8.85 x 1072 F/m), A was the area of Al metal gate
(0.07069 sz) and t,, was the average of thickness between
IL and Sm,Oj3 (21.4 nm), obtained from TEM image mea-
sured using ImagelJ software from the TEM images.

The dielectric constant of Sm,0O5 thin layer was highest
in 20 min anodisation duration sample, k-value ~ 1.52.
The low Kk-value (0.93-1.52) displayed in Fig. 6 might due
to the x-value of Sm,Si,O, governed the bulk k-value of
Sm,03, instead of obtaining the theoretical x-value of
9-13.

Figure 7 showed the Q. of Sm,03—Si MOS at various
time (10-25 min) with 20 V of anodisation. The Vg was
shifted negatively which indicated the present of positive
Qetr- Qefr Was the summation of oxide fixed charge (Qy),
mobile ionic charge (Q,,) and oxide trapped charge (Q,)
[29].

Qeff = Qf + Qm + Qot (3)

Qr was the charges accumulated near the SiO,/Si interface,
and Q. was due to charges trapped in the oxide, while Q,,
was negligible as ionic impurities was removed during
RCA-cleaning to eliminate the mobile charges [30]. The
Qegr of Sm,0O;5 thin film in Fig. 7 was calculated from the
formula

(AVFB ) Cox

Qer = A

(4)
where, q was the electric charge, approximately equal to
1.602 x 107" C [15].

Figure 8 displayed the STD of Sm,0;-Si MOS at var-
ious time (10-25 min) with 20 V of anodisation. The STD
was the charges trapped in Sm,Oj3 thin film and was plotted
from the formula [15].
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Fig. 6 Dielectric constant of Sm,0;-Si MOS at various time
(10-25 min) with 20 V of anodisation
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(AV)Cox

STD == (5)

25 min anodisation achieved the lowest Q. (1.97 %
102 cm™?) but highest STD value (7.56 x 10%? cm™2).
STD occurred at the oxide of MOS which was the gov-
erning factor, should be kept as low as possible. Figure 8
showed 10 min anodisation had the lowest STD
(2.91 x 10** cm™?) as it had the smallest AV (0.0839 V)
as shown in Fig. 5.

Figure 9 was the plot of average D;, of Sm,05-Si MOS
at various time (10-25 min) with 20 V of anodisation and
the formula was given as

AV,Coy

D = oveox
" QA

(6)
where ¢, was the surface potential of Si at specific gate
voltage, V, [15]. The value of D; obtained in this work
was ~10** eV 'em® at ¢, in the range of
0.039-0.273 eV. Interface traps were distributed randomly
in the energy across the band gap. D;, in a device should
be maintained at low quantity to avoid the electron car-
riers accumulated at the interface and reduced the con-
duction current [31].
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Fig. 8 Slow trap density of Sm,0;—Si MOS at various time
(10-25 min) with 20 V of anodisation
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Fig. 9 Average interface—trap density of Sm,0O3;-Si MOS at various
time (10-25 min) with 20 V of anodisation

Figure 10 was the total interface—trap density, Dyya Of
Sm,03-Si MOS at various time (10-25 min) with 20 V of
anodisation. Dy, Was calculated from the area under the Dj;
curve in Fig. 9. Dy sometimes also known as structural
imperfection, Si—Si were stably bonded in tetrahedral
structure, but oxidation of Si would reduce the closely
packed structure at IL due to bonding between Si and oxygen
was tangled out at the surface and also lattice mismatched of
the Sm-Si bond, which increased the IL thickness [30].

Smaller D,y value indicated the thinner IL and allowed
more charges/carriers transferred in the MOS system, this
property was exhibited by 10 and 20 min anodisation
duration of Sm,03-Si MOS, which were 1.98 and
1.97 x 10** cm ™ respectively.

3.3.2 J-E measurement

Figure 11 was the J-E measurement of Sm,0;-Si MOS at
various time (10-25 min) with 20 V of anodisation. The J—
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Fig. 10 Total interface—trap density of Sm,03;—Si MOS at various
time (10-25 min) with 20 V of anodisation
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Fig. 11 J-E measurement of Sm,03-Si MOS at various time
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Fig. 12 FN tunneling linear regression plot [In(J/E*)-1/E] of Sm,O5—
Si MOS at various time (10-25 min) with 20 V of anodisation

E measurement in Fig. 4.11 was derivate from the I-V
measurement. Electric field (E) was defined as first deter-
mining the Vgg from the V, and divided by the summation
of Sm,05 and IL thicknesses (t.x) measured by TEM [32].

V, -V
E— e 'FB (7)

tOX

Dielectric breakdown was occurred in insulating material
becoming electrically conducting when exposed to a strong
electric field or voltage applied. The material lost its insulator
properties when exceeded its breakdown voltage, resulting in
sudden increased or “jump” in current density, showed in
Fig. 11. The breakdown might be due to surface flashover and
semiconductor bulk breakdown, which was contributed by the
defect distribution and contact between the IL.

The existence of two-steps breakdown was due to the
presence of IL and Sm,0s3, where the first breakdown at the
lower field was contributed by IL between Si and Sm,0s3,
followed by second breakdown due to Sm,Oj3 [32]. The

@ Springer
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Fig. 13 Barrier height values as function of anodisation duration

concentration of the carrier increased until the layer was
electrically broken down at higher electric field. Besides
that, first breakdown of 10 and 20 min anodisation duration
were having larger instantaneous increment of current
density compared to the second breakdown, also known as
hard breakdown and was governed by IL. However, 10 min
of anodisation duration broken down at first breakdown
was 3.48 MV/cm at 107> A/cm? and the second break-
down, also the highest breakdown electric field among four
samples, which was 9.39 MV/cm at 10~* A/em?.

Barrier height (¢g) of conduction band edge between Si
and the IL was extracted from Fowler—-Nordheim (FN)
tunneling model. FN tunneling was referred to the flow of
electron through a triangular potential barrier into con-
duction band of an insulator. The J attributed to FN tun-
neling (Jgn) can be defined as follow:

B
Jin = AE%exp ( E> (8)
_ -6 m
A=154x10 (mox%) (9)
3\ 1/2
B = 6.83 x 10 (m—%> (10)
m

Figure 12 showed a linear FN plot of In (JFN/Ez) versus
1/E, and thus ¢p was obtained from the intercept of the plot
yields A and gradient of the slope yields B. m* was the
effective electron mass in the oxide, where, m* = 0.3 m,,
in which, m, was the free electron mass [12]. The calcu-
lated ¢p values for the samples as a function of measured
anodisation duration was presented in Fig. 13. The highest
barrier height was exhibited by 20 min anodisation sam-
ples (0.255 eV).

4 Conclusion
Sm thin films were successfully deposited on the Si sub-

strates by RF magnetron sputtering and oxidised to Sm,0O3
with various anodisation duration (10-25 min) and voltage
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(10-25 V). The Si-Sm,0; MOS was then underwent
chemical and electrical characterisation to determine the
phase analysis and best electrical properties for capacitor.
The average cubic-Sm,03 of XRD peak intensity of Sm,03
sample anodised at 20 V was the highest (16564.8 a.u.)
with all the cubic-Sm,Oj3 could be observed distinctively in
Fig. 1. Besides that, Sm,0O; thin film anodised for 10 min
exhibited the smallest grain size (1.55 A). On the other
hand, Sm,05 thin film anodised for 10 min has the highest
XRD peaks intensity of mixture hexagonal-cubic-Sm,03
and monoclinic-cubic-Sm,03 peaks at 20 = 47.8° and
54.5° (4080.69 a.u.) and with the grain size of 10 min
Sm,0O5 anodisation (2.40 10\). TEM images showed the
polycrystalline structure of Sm,0; with lattice fringes of
interplanar spacing range from 0.242 to 0.254 nm and
average to, of 21.4 nm.

The low «x-value (0.93-1.52) exhibited by anodised
Sm,03 thin film instead of obtaining the theoretical k-value
of 9-13 was due to high concentration of charges was
trapped at the IL, which can be overcome by introducing
nitration process during sputtering or anodisation. As the
vacant in IL is filled by nitrogen atom and hence reduced
the Qeffa STD and Dit'

As conclusion, 10 min of anodisation duration was
preferable as obtained the highest breakdown current
density (9.39 MV/cm at 10~* A/ecm?) in J-E characteristic.
From the C-V characteristic analysis, 10 min anodisation
duration also showed the smallest AV (0.0839 V), lowest
STD (291 x 10 cm™2) and smallest D, value
(1.98 x 10** cm™2) which was the main governed factors.
Although the recorded STD and Dyy, of SmyO; were
higher than that of SiO, [2], this type of oxide was able to
reduce the leakage current density. Therefore, Sm,0O; was
suitable was replace SiO, as it was able to overcome par-
asitic capacitance delays, crosstalk noise across layers,
high power consumption and RC delay.

Acknowledgments This work was financially supported by
Universiti Malaya Research Grant (UMRG) (RP024A-13AET),
Fundamental Research Grant Scheme (FRGS) (FP010-2013B), and
ScienceFund (SFO11-2015).

References

1. C.J. Forst, C.A. Ashman, K. Schwarz, P.E. Blochl, Modelling of
growth of high-k oxides on semiconductors, in Advanced
Microelectronic Series, vol. 27, ed. by T.H.L.K. Itoh, T. Sakurai,
W.M.C. Sanse, D. Schmitt-Landsiedel, K. Chun (Springer, Ber-
lin, Heidelberg, 2007), p. 165

2. J. Robertson, Rep. Prog. Phys. 69, 327 (2006)

3. L. Peters, Making Low-k Dielectrics Work, vol. 29 (Semicon-
ductor International, 2006), p. 63

10.

11.

12.

13.

14.

15.
16.

17.

18.
19.

20.
21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

. ML.R. Baklanov, K. Maex, Philos. Trans. R. Soc. Lond. A 364,

201 (2006)

. R.K. Ulrich, R. Singh, J. Electrochem. Soc. 8, 26 (1999)
. J. Vieregge, Mechanical characterization of ultra low-x dielectric

films. in Mineapolis (Hysitron Inc., 2004), https://www.hysitron.
com/media/1530/memO7an-r1f.pdf. Accessed 2015

. J.P. Gambinom, J. Electrochem. Soc. 11, 687 (2011)
. K. Lanskron, B.D. Hatton, W.J. Hunks, M.R. Bennett, D. Shu-

karis, D.D. Perovic, G.A. Ozin, Mater. Today 9, 22 (2006)

. T. Abell, D. Shamiryan, F. Lacopi, K. Maex, Mater. Today 7, 34

(2004)

A.V. Vologzhanina, V.N. Serezhkin, Rus. J. Coord. Chem. 28,
801 (2002)

V.K. Sangwan, LS. Kim, D. Jariwala, J.D. Wood, S. Park, K.S.
Chen, F. Shi, ACS Nano 8, 10551 (2014)

Y.H. Wong, K.Y. Cheong, J. Electrochem. Soc. 158, H1270
(2011)

M.R. Baklanov, K. Maex, D. Shamiryan, F. Lacopi, S.H. Bron-
gersma, Z.S. Yanovitskaya, J. Appl. Phys. 93, 8793 (2003)
W.C. Chin, K.Y. Cheong, J. Mater. Sci.: Mater. Electron. 22,
1816 (2011). doi:10.1007/s10854-011-0368-z

Y.H. Wong, K.Y. Cheong, J. Electrochem. Soc. 159, H293 (2012)
T. Hagiwara, M. Nogami, G. Kawamura, E.S. Ghaith, T. Haya-
kawa, J. Lumin. 124, 291 (2007)

C.R. Michel, A.H. Martinez-Preciado, R. Parra, C.M. Aldao,
M.A. Ponce, Sens. Actuator B-Chem. 202, 1220 (2014)

H. Bommer, Z. Anorg. Allg. Chem. 241, 273 (1939)

N.A. Ragimli, S.A. Semiletov, RM. Imamov, A.A. Zav’yalova,
Sov. Phy.: Crystallogr. 21, 411 (1976)

Y.H. Wong, K.Y. Cheong, J. Alloy Compd. 509, 8728 (2011)
H. Wang, H. Yang, HM. Luo, D.M. Feldmann, P.C. Dowden,
R.F. DePaula, Q.X. Jia, Appl. Phys. Lett. 92, 062905 (2008)
M.R. Foroughi, A. Monshi, M.R. Monshi, J. Nano Sci. Eng. 2,
154 (2012)

S. Jacques, M. Vickers, P. Barnes, Sources of Peak Broadening,
in Powder Diffraction on the Web (Birkbeck College, University
of London, 2006), http://pd.chem.ucl.ac.uk/pdnn/peaks/broad.
htm. Accessed 2015

V. Fiori, F. Cacho, C. Chappaz, C. Tavernier, H. Jaouen. in
COMSOL Users Conference 2007 Grenoble (2007)

J.C. Yori, J.M. Parera, Catal. Lett. 65, 205 (2000). doi:10.1023/A:
1019050228894

J. Shaw, Growth of cubic gallium nitride on silicon wafers by
MOCVD offers promise of lower cost, more efficient LEDs. in
Anvil Semiconductors (Cambridge, England, 2014), http://www.
anvil-semi.co.uk/growth-cubic-gallium-nitride-silicon-wafers-
mocvd-offers-promise-lower-cost-efficient-leds/. Accessed 2015
S. Kar, Adv. Microelectron. 43, 512 (2013)

T.K. Gupta (ed.), Dielectric materials, in Copper Interconnect
Technology (Springer, New York, 2009), p. 667

Keithley Application Notes, C-V Characterization of MOS
Capacitors Using the Model 4200-SCS Semiconductor Charac-
terization System. (Keithley Instruments, Inc., Cleveland, 2007)
D. K. Schroder, in Defects in Microelectronic Materials and
Devices, ed. by S.T.P.AR.D.S.D.M. Fleetwood (CRC Press,
United States, 2008), p. 120

B. Tjondromihardjo, Study of Interface Trap Density Extraction
and Mobility Extraction in Silicon Carbide Device. (Lehigh
Preserve, Lehigh University, Bethlehem, 2002)

Y.H. Wong, K.Y. Cheong, Nanoscale Res. Lett. 6, 489 (2011)

@ Springer


https://www.hysitron.com/media/1530/mem07an-r1f.pdf
https://www.hysitron.com/media/1530/mem07an-r1f.pdf
http://dx.doi.org/10.1007/s10854-011-0368-z
http://pd.chem.ucl.ac.uk/pdnn/peaks/broad.htm
http://pd.chem.ucl.ac.uk/pdnn/peaks/broad.htm
http://dx.doi.org/10.1023/A:1019050228894
http://dx.doi.org/10.1023/A:1019050228894
http://www.anvil-semi.co.uk/growth-cubic-gallium-nitride-silicon-wafers-mocvd-offers-promise-lower-cost-efficient-leds/
http://www.anvil-semi.co.uk/growth-cubic-gallium-nitride-silicon-wafers-mocvd-offers-promise-lower-cost-efficient-leds/
http://www.anvil-semi.co.uk/growth-cubic-gallium-nitride-silicon-wafers-mocvd-offers-promise-lower-cost-efficient-leds/

	Effects of anodization duration on the properties of sputtered samarium thin films on silicon substrate
	Abstract
	Introduction
	Experimental procedure
	Preparation of Si substrate
	Sputtering process
	Formation of samarium oxide gate dielectric
	Metallization and photolithography process
	Physical characterization
	Electrical characterization

	Results and discussion
	XRD analysis
	TEM analysis
	Electrical properties
	C--V measurements
	J--E measurement


	Conclusion
	Acknowledgments
	References




