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Abstract

In TFTs, the metal-semiconductor contact links the semiconductor
structure to external influences impacting flat panel display
functionality. However, due to the inherent amorphous nature of the
materials, achieving lower contact resistance and enhanced
conductivity are challenging in thin metal contacts. This research
involved depositing Au thin film layer by DC sputtering technique onto
p-type silicon subsequently annealed using Nd:YAG pulsed laser at
different energy levels. The topology, elemental, electrical and optical
properties of treated Au thin film were examined via Atomic Force
Microscopic (AFM), Scanning Electron Microscopy-Energy Dispersive X-
ray spectroscopy (SEM-EDX), Four Point Probe (4PP), and Ultraviolet-
Visible Spectroscopy (UV-VIS), respectively. The results indicate
annealed gold (Au) thin films exhibit improved conductivity with
increasing laser energy, peaking at 170 m], and shows the lowest
average resisiticity and sheet resistivity with value of 3.19x107*(Q/cm)
and 80.81 (£1/sq). Atomic Force Microscopy (AFM) analysis reveals
higher average and RMS surface roughness at 170 m] with value of 9.17
nm and 11.4 respectively. UV-Vis absorbance measurements
consistently indicate low absorbance levels below 20%, attributing it to
high reflectivity but increasing with laser energy. Elemental
composition analysis using SEM-EDX confirms only Au and Si elements.
Hence, Nd: YAG laser treatment significantly enhances the electrical and
structural properties of Au thin films, evident in conductivity, surface
roughness, absorbance, and elemental composition analyses.

1. Introduction

Flat panel displays, such as LCD and OLED screens, are essential components in modern electronic devices, such
portable gadgets like laptops [1], monitor [2], television [3], and smartphones [4]. These displays generate
images and videos through pixels and rely on thin film transistors (TFTs) to function as switches for individual
pixels [5]. Within each TFT section dedicated to a pixel, components like electrodes, select lines, and data lines
are crucial, with the select and data lines specifically responsible for loading data into pixels and charging
capacitors [6]. Hence, thin metal films are the preferred materials due to their exceptional electrical conductivity
and compatibility with semiconductor materials like silicon found within TFT structures [7].
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The selection of material significantly impacts the efficiency of the electrical conductivity throughout the
TFTs. Therefore, a low data-line resistivity or high conductivity TFTs is required for high resolutions and large
display sizes. A specific type of electrical contact such as gold (Au) thin film layer contact suitable to be
employed to enable efficient electrical conductivity. Au can establish a low resistance electrical connection to the
external circuitry by deposited on substrate materials such as glass or Silicon to facilitate the conduction of
electrical current through the flat panel display.

The deposition technique for this thin layer typically involves sputtering processes, which are favoured for
their inherent advantages. Sputtering processes offer excellent thickness uniformity compared to evaporation.
Moreover, sputtering enables higher deposition rates, ensuring efficient film growth. Subsequently, the
properties of deposited films were enhanced by additional post-treatments such as Nd:YAG pulsed laser
treatment. The laser energy emitted during the treatment is absorbed by the material, inducing structural
rearrangement [8]. This process crucial for recrystallization of the initially amorphous thin film into the
development of crystalline or polycrystalline structure [9].

Overall, the aim of this study is to investigate the impact of Nd:YAG pulsed laser treatments at different
energy levels on the properties of gold (Au) thin films, including aspect such as topology, elemental composition,
electrical and optical properties.

2. Materials and Methods

Initially, Si substrates were cut into 1cm x 1 cm size. Then, the substrates were cleaned by submerged it into
acetone solution and heating it at 60°C for 15 minutes using ultrasonic cleaner to eliminate the contamination on
sample surface. This step was repeated by using isopropyl alcohol. Next, the substrates cleaned with deionized
solution. After cleaning, the samples were inserted inside plasma cleaner and subjected to the Nitrogen gaseous
for 15 minutes to remove impurities including water molecules.

Au was deposited intermittently on Si substrate by using DC sputtering system model Q150R S for 10
minutes two times. The base pressure during the sputtering process was ~1 x 1072 to 1 x 10® mbar with rotation
of sample holder of ~50 rpm. A configuration of deposited thin films consisting of Au metal contacts on Si
substrates is shown in Fig. 1.

Au

Fig. 1 The cross-sectional of Au layer deposited on Si substrate.

Before samples were annealed, the thickness of each deposited Au thin layer was measured by using
ellipsometer which is 39.5 nm. The samples then treated with Nd:YAG pulsed laser with wavelength of 1640 nm
and the laser was set at 90 mJ, 110 mJ, 130 mJ, 150 mJ, 170 m] and 190 m] with 1 cm? of the laser spot size with
radius of 5 mm. This process was aided by a converging lens with focal length of 8 cm from its axis. Three shots
of Nd:YAG pulsed laser were bombard on the samples. Fig. 2 illustrates the setup for the Nd:YAG laser
treatment.

Sample Lens

M Nd:YAG Laser

Fig. 2 [llustration of Nd:YAG laser treatment setup.

The characterization process begins by examining the surface topological properties of the Au thin film
using AFM. This involved assessing film roughness and grain size in a 1 um x 1 pm area, employing non-contact
mode with a force ranging between 10 to 100 nm. AFM images produced, then, were analysed through
Nanoscape software. Subsequently, electrical properties were explored through four-point probe analysis,
evaluating sample contact quality via an IV curve. Using metallic probes, current injection and voltage
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measurement were conducted, and data analysis revealed essential properties such as resistance and resistivity,
critical for conductivity measurement. Next, SEM-EDX was used for individual particle spectra analysis, utilizing
an electron beam for scanning, peak identification, and intensity quantification through a computer program.
Intensity values were then converted into percentage weights to determine elemental composition. Finally, UV-
vis spectroscopy was utilized to examine optical properties, focusing on absorption between 300 nm to 600 nm.
The analysis yields information about absorption characteristics like peak absorption and intensity at specific
wavelengths.

3. Results and Discussion

3.1 Topographical properties

Fig. 2 presents the topography, in 3D, AFM images for thin films of Au deposited on silicon of a 5 nm x 5nm area
scan size for both the as deposited and post-treatment samples. It is apparent that variations in laser annealing
energy have been shown to alter the size and distribution of the grains due to the absorption of laser heat. The
RMS roughness of the treated samples shows a progressive increase from the as-deposited state to the
maximum laser energy setting of 190 m] as the applied laser energy increases. Comparing the post-treatment
sample to the as-deposited sample, the sample treated with 190 m] laser energy had a smoother surface. The
surface area with uniform distribution of grains is referred to as this smoothness.

a) b) c)

Fig. 2 AFM 3D images of Au thin films laser annealed in room temperature at (a) As-deposited, (b) 90 mj, (c) 110
mJ, (d) 130 mj, (e) 150 mj, (f) 170 mj, and (g) 190 mJ.

The graph in Fig. 3 shown the differences of RMS and average roughness according to the distinct laser
energies. Despite the smoothness and uniform surface of thin film, there are the irregularities of this surface
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morphology which represented by both Ra and Rq. There is an increase in Rq and Ra corresponds to an increase
in laser energy in which the highest Rq and Ra shown when sample treated at 170 m] with . This could be
explained by considering the thermal annealing induced coalescence of small grains by grain boundary diffusion
which caused major grain growth [10]. The grain growth mechanism includes the transfer of atoms at grain
boundaries from one grain to another and the final grain depends upon the specific annealing conditions.
However, there are minor fluctuations observed, involving certain points where a decrease in roughness occurs
such at 90 mJ, 150 mJ and 190 m] with Rq and Ra value of 1.35 nm and 1.07 nm, 6.19 nm and 4.61 nm, and, 7.60
nm and 5.93 nm, respectively. Similarly, the grain size exhibits a similar pattern to the RMS roughness [11]. The
grain growth mechanism includes the transfer of atoms at grain boundaries from one grain to another and the
final grain depends upon the specific annealing conditions.
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Fig. 3 Graph of RMS and average roughness of Au thin films against laser energy.

3.2Electrical properties

Fig. 4 shows the average and sheet resistivity at different laser energy. All samples exhibited varying values of
resistivities despite having the same thickness and conditions. Both average and sheet resistivity show a similar
decreasing trend. The observed trend in average resistivity revealed that the sample annealed at 90 m]
displayed the highest resistivity with value 3.58x10™* (Q/cm) compared to as-deposited sample,
3.50x107*(Q/cm) likewise for sheet resistivity with highest value is 90.51 (£/sq) as compared to as-deposited
sample, 88.54 (£1/sq). This heightened resistivity observed post-annealing due to structural modifications
induced by the annealing process [12]. However, as laser energy increases the average and sheet resistivity
become lower especially at 130 m] and 170 m], with value of resistivity, 3.22x107*(Q/cm), 81.45 (Q/sq) and
3.19x107*(Q/cm), 80.81 (Q/sq), respectively. This attributed to the annealing process inducing grain growth in
the thin film enhanced the surface structured as well as reducing the resistivity [13]. This finding aligns with the
research indicating a strong dependence of an Au thin film's resistivity on its morphology, allowing for real-time
monitoring of structural changes within the film [14].
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Fig. 4 The resistivity and sheet resistance observed in Au thin films deposited on silicon in relation to the laser
annealing energy.

Fig. 5 shows the conductivity of each sample at different laser energies. The observed trend contrasts with
the resistivity graph, reflecting the inherent nature of the conductivity equation, which is inversely proportional
to resistivity. The highest conductivity occurs at 170 m] with value of 3.04x103(Q/sq), signifying superior ability
to oppose current flow. However, at 90 m], 150 m], and 190 m], conductivity slightly decreases, likely influenced
by substrate effects [15].
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Fig. 5 The conductivity, o against laser energy, E for Au thin films.
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3.3Elemental Composition

SEM-EDX analysis determined the elemental composition of Au thin films by obtaining spectra of individual
particles after scanning an electron beam onto the surfaces of the samples. Different peaks were identified, and
computer software quantified peak intensities. Analysis performed on samples treated with various laser
energies of 90 mJ, 130 mJ, and 170 m], revealing no foreign element detected other than Au and Si, as illustrated
in Fig. 6. This is corroborated by the scanned images of the thin film surfaces, demonstrating minimal
contamination or anomalous shapes, as evident in the grey images.
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Fig. 6 The EDX spectrum of Au thin film annealed at (a) 90 m], (b) 130 mJ and (c) 170 m].

Table 3 displays converted peak intensities as percentage weights, revealing that higher laser energy
correlates with increased weight percentage of Au element, surpassing Si. Although atomic percentage of Au
rises with laser energy with value of 42.50%, 46.91% and 57.63%, it remains smaller than Si with atomic
percentage of 57.50%, 53.09% and 56.63%, respectively. The short deposition time of 20 minutes, which results
in a film not as thick as the Si substrate, leading to a lower atomic percentage of Au compared to Si in the final
film. Therefore, the overall percentage is determined by the ratio of the number of Au atoms to the total number
of atoms in the film, and with less Au deposited, it naturally makes up a smaller fraction.

Table 3 The composition element presented for each sample

@ 90mJ
Element Weight % Atomic %
Au 83.83 42.50
Si 16.17 57.50
100.00 100.00
(b) 130 mJ
Element Weight % Atomic %
Au 86.10 46.91
Si 13.90 53.09
Total 100.00 100.00
(c) 170 mJ
Element Weight % Atomic %
Au 90.51 57.63
Si 9.49 42.37
Total 100.00 100.00
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3.4 Optical properties

Fig. 7 revealed the absorbance of Au thin films against wavelength at various laser energies using UV-Vis
spectroscopy. Results show consistently lower absorption levels across the UV to visible range (360 nm to 600
nm), with higher laser energy leading to increased absorption. [16] This rise likely occurs due to reduced
reflectance and enhanced surface roughness post-annealing. This can be supported by a study which shown
annealing process has been shown to improve the granular nanostructure of thin films, leading to an increase in
the absorption coefficient [17]. Nonetheless, even after treatment, all analyzed metal films exhibit consistently
low absorbance, remaining below 20%. This suggests the films retain high reflectivity, potentially due to the
inherent opaqueness of Au thin films [18, 19, 20].
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Fig. 7 The absorption spectra of Au thin films from UV to visible range of wavelengths

4. Conclusion

This research explored the effects of Nd:YAG laser radiation at different energy levels on gold (Au) thin films
deposited via DC sputtering onto silicon (Si) substrates. The findings revealed the AFM analysis shows the
highest average and RMS roughness obtained when sample is treated and 170 m] with value 9.17 nm and 11.4
nm, respectively. Similarly, the sample treated at 170 m] exhibited the lowest average and sheet resistivity value,
3.29x107*(Q/cm) and 83.26 (Q/sq), respectively. Likewise, the absorption percentage, which obtained using UV-
Vis, also increases as energy laser increase although its exhibit very low value of absorption, below 20%. Lastly,
SEM-EDX results shows the element consists only Au and Si. To sum up, the investigation revealed that the
optimal laser energy to improve the conductivity of Au thin film for flat panel display application is 170 m].
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