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Figure 4.14: (ahv) > vs hv plots for YDH films deposited at different thickness and
deposition time. Extrapolating the linear region of the plot to hv=0 provides the band gap
value as indicated with an arrow.
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Figure 4.16: (ahv) ? vs hv plots for YDH films deposited at variable RF power for 60min.
Extrapolating the linear region of the plot to hv=0 provides the band gap value as indicated
with an arrow.
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4.5 Electrical Properties

To study the electrical properties of YDH films, a set of films with a constant thickness
of ~90 nm were deposited at various temperatures and at a constant power of 100 W. The XRD
patterns of YDH films are shown in Figure 4.18 as a function of growth temperature (T). The
XRD curves of YDH films exhibit the peaks corresponding to cubic structure of HfO,. It is
evident (Fig. 4.18) that the peak at ~29° which corresponds to diffraction from (111) planes is
rather broad at T=RT-200 °C indicating the presence of nanocrystalline particles embedded in
amorphous matrix. The intensity and the width of the peak at (111) peak increases with
increasing Ts. This is an indicative of an increase in the average crystallite-size and preferred
orientation of the film along (111). The lattice parameter determined from XRD curves exhibit a
decreasing trend from 5.15 to 5.10 A with T (RT to 400 °C). We attribute this decrease in lattice
parameter to the changes in lattice-strain and crystallite size in nanocrystalline YDH films with
increasing T,. Most remarkable feature is the fact that the lattice constant obtained for YDH
films is larger compared to that of pure HfO, (5.09 A). This lattice expansion in YDH compared
to pure HfO, is caused by the addition of 7.5% Y,03 and can be understood as follows. The ionic
radii of Y™(0.96 A) is larger than that of Hf" * which introduces lattice distortion and enforce the
elongation of bond with oxygen in close proximity. Monoclinic and tetragonal phases consist of
several shorter Hf-O bonds length (2.0-2.1 A) compared to cubic HfO, (2.37 A). As a
consequence, the strain energy because of the size mismatch becomes significant in monoclinic
and tetragonal phases. On the other hand, the distortion is quite less in cubic phase with the
oversized Y dopant, which makes cubic HfO, stable even at low temperature. Furthermore, the
structural relaxation plays another role in the stabilization of cubic phase of HfO, by Y,03

dopant.
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Figure 4.18 XRD patterns of YDH films at Ts=RT-400 C deposited at 100 W

The variation of electrical resistivity measured at room temperature for selected set of
YDH samples is shown in Fig. 4.19. The data shown are for set of samples deposited at variable
growth temperature. The frequency dependence of the electrical resistivity p,. of the YDH films

is shown in the Fig. 4.20. The conductivity of the films is expressed by the relationship [60][61]:
Otot = 00 + (@, T) ceevrr v v v e v (11)

The first term on the right hand side of the equation is the dc conductivity of the frequency
independent band conduction. The second term of the equation is purely a representation of ac
conductivity due to e hopping between the Hf'" and Y** ions. The hopping mechanism in the
Hafnia films is attributed to the presence of Oxygen vacancies, which is formed below the

conduction band. This can trap two or more electrons [62]. And a trapped electron causes the
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distortion in an adjacent Hf ion, pulling down a singly degenerate B1 state from the conduction

band.

Resistivity decreased by three orders of magnitude with increase in frequency from 100
Hz to 1 MHz. This is due to the hopping mechanism in the YDH thin films. The ac resistivity,
Pac, at low frequencies (100 Hz) was ~1 Q-m. The ac resistivity decreased to 10™ Q-cm at higher
frequencies (1 MHz). At low frequencies, the hopping of electrons between the localized Hf or Y
ions increase. This results in decrease of resistivity. At high frequencies, the hopping of electron
could not follow the applied filed and hence becomes almost constant. The frequency variation

of electrical resistivity data was fit to the following equation

(Po—Poo)

p = W (12)

Where p. is the resistivity value at 1 MHz, p, is the resistivity value at 20 Hz; ¢ is the mean

relaxation time and a is the spreading factor about the mean relaxation time.
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Figure 4.19 AC resistivity values of YDH thin films at room temperature.

63



1.2F
| v =« RT
o e 200°C
Tl oaw + 300°C
- 400 °C
g 08F “y *
a @
z 06 %v
2z oL Vv
ﬁ 04 W_ V
g L m
& 02l 'QVV'
0.0- [ C—
10° 10° 10' 10° 10°

Frequency (Hz)

Figure 4.20 Frequency dependent AC resistivity of YDH thin films

300 - T T T T T T T
= ¢'(1kHz)
240 | * ¢'(10 kHz) » 4
4 ¢/(100 kHz) ?
v ¢'(1 MHz) 3
o+ i
180 t+ K]
120 + * 7
[
60 T
" 1 M 1 L 1 " | L 1 " 1 "
0 100 200 300 400 500 600 700

Temperature °C

Figure 4.21 Temperature dependent dielectric constant at different frequencies

64



1500 T T T T T
—a— ¢ (1kHz) | !
o ¢ (10 kHz) i
4 ¢ (100 kHz) |
1000 v ¢ (1 MHz) | . 1
| J
:’“} - .
[ ] |
500 - Lo
]
- - - .
[ 7
——————-—-d
| ]
" 1 1 i 1 N 1 n 1 " 1 L
400 500 600 700

100 200 300
Temperature (C)

Figure 4.22 Temperature dependent dielectric energy loss.

The dielectric constant and dielectric loss for the YDH nanopowder were determined

using the following formulas:

11.29><C,,><t
gf=—
A
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Where C, is the capacitance, t is the thickness of the sample,
A is the area of the sample.
Tan 9 is the dielectric energy loss
¢’ is the real part of the dielectric constant

¢'' is the imaginary part of the dielectric constant

It is observed from the Fig. 4.21 and Fig. 4.22 that the dielectric constant of the material
decreased with increasing frequency and increased with temperature for monoclinic Hafnia.
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Chapter 5: Summary and Conclusion

YDH thin films were produced by sputter deposition by varying the substrate temperature
in a wide range (Ts=25-500 °C), RF power (80-120 W) and thickness of the YDH coating (200-
7500 A"). The structural, optical and electrical properties of YDH films were evaluated. XRD,
SEM results show that the effect of growth temperature on YDH thin films is significant. YDH
films grown at lower temperatures were amorphous while those grown at Ts>400 °C were
nanocrystalline. The grain sizes of the films grown for 30 minutes varied from 20-25 nm with the
increase in T from 25°C to 500°C. The YDH films with less thickness exhibited the monoclinic
phase whereas the films with relatively higher thickness crystallized in the cubic phase. This
crystallization of cubic phase has been achieved by doping Yttria into Hafnia. The spectral
transmission of the films increased with increasing temperature, RF power and thickness. The
band gap of the films deposited for 30 minutes to 2 hours varied from 5.61 eV to 6.03 eV at T,
=400°C, whereas the band gap for the thicker films was 6.20 ¢V deposited at RF powers of 100
W and 120 W. It was observed that the dielectric constant of monoclinic Hafnia increased with
increasing temperature and decreased with respect to frequency from 1 kHz to 1 MHz.
Resistivity decreased (by three orders of magnitude) with increasing frequency from 100 Hz to 1
MHz, attributed due to the hopping mechanism in YDH films. Whereas, while p,. ~1Q-m at low
frequencies of 100 Hz, the resistivity decreased to ~107* Q-cm at higher frequencies (1 MHz). A

relationship between phase, growth structure and optical properties is derived and discussed.
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Chapter 6: Future Work

The scope of the future work and some directions are listed below.

1. The optimized conditions from this work can be used to develop YDH-based thin film
capacitors.

2. YDH films can be tested for their capacitance and other electrical properties. The
parameters related to capacitor performance can be derived.

3. Developing the films with varying flow rates of Argon to study the characteristics of
these films.

4. Developing a thin film capacitor from these films and comparing the results with the
films grown above.

5. Optimizing the best conditions for developing a thin film capacitor.

6. Testing of the thus developed thin film capacitor in semiconductor applications.
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