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Abstract 
This research investigates the effect of Pt and Pd decoration on the structure of SnO2 slant nanorods 

(SNRs) films produced using DC magnetron sputtering with Oblique Angle Deposition (OAD), as well as 
their impact on the films' physical properties and gas sensing applications. Pt and Pd were deposited 
onto the SnO2 SNRs for the same duration of 20 s each. Following deposition, all the films were heat-
treated temperature at 400℃ for 2 h. The characterization of both as-deposited and annealed films 
involved analyzing the physical morphology using FE-SEM and the crystal structure using GI-XRD. 
It was observed that the structure of the SnO2 SNRs showed no significant differences before and after 
decoration. XRD analysis identified the crystalline structure of SnO2 at the (110), (101), and (211) planes. 
After decoration, additional peaks corresponding to Pt at (111) and (200) and Pd at (111) were detected. 
Additionally, TEM mapping revealed that most of the deposited particles were largely concentrated 
on the top surface of the nanorods. Finally, testing for CO gas sensing performance revealed that the 
SnO2 SNRs decorated with Pt demonstrated the highest sensitivity, detecting CO gas at concentrations 
as low as 50 ppm. 

1. Introduction

Global warming has become a pressing issue in recent years, mainly
due to the release of pollutants into the atmosphere, such as ozone (O3), 
nitrogen dioxide (NOx, NO2), sulfur dioxide (SO2), volatile organic 
compounds (VOCs), and carbon monoxide/dioxide (CO, CO2) [1,2]. 
Consequently, the demand for energy-efficient and highly sensitive 
gas sensors has grown to help monitor and manage emissions in various 
settings. This is particularly important for indoor environments, including 
homes, schools, and offices, where pollutant levels can be 2 time to 
5 time higher than those outdoors, and individuals spend nearly 90% 
of their time [3]. The current gas sensor market provides a diverse range 
of metal oxide semiconductor (MOS) based gas sensors for monitoring 
various gases. These sensors are highly favored due to their low cost, 
ease of fabrication, high electron mobility, excellent conductivity, and 
robust physical, mechanical, and chemical stability [4,5]. Several 
methods have been developed to improve the performance of MOS 
gas sensors, such as noble metal modification [6], doping [7], and 
nanostructuring [8]. These techniques play a crucial role in optimizing 
sensor performance for various applications [9,10]. 

Nanostructures of widely studied MOS gas-sensing materials, 
such as WO3 [11,12], ZnO [13,14], TiO2 [15,16], and SnO2 [17,18], 
have demonstrated enhanced sensitivity and faster response times at 

low gas concentrations compared to conventional thin films. Among 
these, SnO2 nanostructure films, a wide bandgap n-type semiconductor, 
are highly popular due to their excellent conductivity, rapid response, 
low operating temperature, and high stability [19-22]. A prominent 
method for fabricating SnO2 nanostructures is reactive magnetron 
sputtering combined with oblique angle deposition (OAD) and glancing-
angle deposition (GLAD). This technique involves tilting the substrate 
holder at an angle greater than 80° relative to the coating material flux 
from the sputtering cathode and precisely controlling substrate rotation. 
Such an approach enables the production of nanostructured thin films 
with adjustable porosity and shapes by utilizing the self-shadowing 
effect and surface diffusion during deposition [23,24]. This method 
facilitates the creation of various nanostructures, including nanorods, 
slant nanorods, zigzag, and spiral configurations [25,26]. It is a cost-
effective, single-step process that eliminates chemical residues, provides 
precise control over deposition conditions, supports direct growth on 
substrates, and is easily scalable for mass production [17,27]. 

Despite advancements in MOS nanostructures for gas sensing, 
their sensitivity may still be inadequate for detecting gases at low 
concentrations. To address this limitation, noble metals such as Pt, Pd, 
Ag, and Au are often integrated into the sensors to enhance catalytic 
efficiency [7,28,29]. This improvement is attributed to their synergistic 
and catalytic effects, as noble metals promote both electronic and 
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chemical sensitization. Specifically, they lower the activation energy 
by expanding the electron depletion layer and catalyzing gas reactions 
[30-32]. Previous studies have compared noble metal nanoparticles 
for enhancing the sensitivity of SnO2 octahedra-based VOC gas 
sensors [33] However, the preparation of such structures involves 
chemical synthesis processes, which generate chemical waste and 
pose challenges for large-scale production. Moreover, these studies 
did not include testing for CO gas, a critical atmospheric pollutant 
produced by incomplete combustion. 

This study focuses on comparing the effects of Pt and Pd decoration 
on SnO2 slant nanorods (SNRs) films, fabricated via reactive DC 
magnetron sputtering using the oblique angle deposition (OAD) 
technique. The sputtering duration for decoration was kept identical 
for both materials. After film preparation, studies were conducted on 
the physical properties, crystallinity, and the adhesion and distribution 
of the elemental/compound composition. Furthermore, the films were 
prepared on interdigitated electrodes fabricated on a low-temperature 
co-fired ceramic (LTCC) substrate to evaluate their performance in 
detecting CO gas in a concentration range of 50 ppm to 1000 ppm. 

2. Experimental

The SnO2 SNRs films were fabricated using DC magnetron
sputtering with oblique angle deposition (OAD) onto silicon (Si) and 
electrode substrates. A 3 inch tin (Sn) metal target with a purity of 
99.99% (provided by Kurt J. Lesker Company) was utilized for the 
deposition process. Before deposition, the substrates were thoroughly 
cleaned with deionized water and ethanol to ensure surface cleanliness 
before being placed inside the sputtering chamber. The sputtering 
process was conducted under a gas mixture of argon (Ar, 99.999%) 
and oxygen (O2, 99.999%) with flow rates of 20 sccm and 60 sccm, 
respectively. The base pressure was maintained at 5 × 10‒6 mbar, and 
the working pressure was set to 3.0 × 10‒3 mbar. The substrate was tilted 
at an angle of 85° degrees relative to the vapor flux, as illustrated in 
the schematic diagram in Figure 1. During the deposition process, 
DC power was set to 150 W for 30 min. After deposition, the as-
deposited SnO2 SNRs films were subjected to decorate noble metal 
(Pd and Pt) in magnetron sputtering by DC power set to 100 W for 
20 s. The decorated films were then annealed in ambient air at 400℃ 
for 2 h under all conditions. 

The physical morphology of all prepared SnO2 SNRs films was 
characterized using a field-emission scanning electron microscope 
(FE-SEM; Hitachi High Tech. SU8030). Their crystal structure was 
analyzed via grazing incidence X-ray diffraction (GIXRD, Rigaku). 
Detailed morphology and elemental/compound composition analyses 
were conducted on a single SnO2 SNRs sample in its annealed state. 
For this, the nanorods were scraped onto a copper grid and examined 
using a transmission electron microscope (TEM; JEOL, JEM-2100 Plus). 
Energy dispersive spectroscopy (EDS) was also used to map the elements 
Sn, O, Pd, and Pt. High-resolution transmission electron microscopy 
(HR-TEM) images and selective area electron diffraction (SAED) 
patterns were also specifically analyzed at the tips of the nanorods. 

For CO gas detection, the gas sensor in this study employed 
interdigitated electrodes fabricated on a micro-bridge-type micro-
hotplate integrated onto a low-temperature co-fired ceramic (LTCC) 
substrate. This micro-hotplate was developed by the National Electronics 

and Computer Technology Center (NECTEC) as part of the “GAS 
Sensing with Easy-effective Technology (GASSET)” project. The 
LTCC-based version, referred to as LTCC-GASSET, is detailed in 
Thai Patent No. 2301005878, titled “Gas sensing device, its fabrication, 
and signal analysis process thereof. The main structure of the LTCC 
bridge featured a width of 130 µm and a length of 800 µm, with a 
thickness of approximately 46 µm. Platinum interdigitated electrodes 
(200 µm long) were coated on the top surface of the bridge, while 
the bottom surface was equipped with a micro-heater. According to 
the manufacturer's specifications, the bridge is capable of achieving 
a working temperature exceeding 400℃ while consuming approximately 
70 mW of heating power. When the SnO2 SNRs films are coated 
onto the electrodes, they are subjected to heat treatment at the same 
temperature mentioned during the sample preparation process. For 
the electrical connection to the gas sensor chip, the LTCC gas sensor 
chip is directly soldered onto a PCB base using a standard soldering 
iron. Notably, the direct soldering capability between the LTCC chip 
and the PCB is a key feature of the LTCC-GASSET gas sensor. This 
eliminates the need for the high-cost wire-bonding process typically 
required in microelectronic devices. 

3. Results and discussion

The experimental results of this study begin with the physical
characterization of SnO2 SNRs, both in their as-deposited state and 
after decoration with Pd and Pt, using a Field Emission Scanning 
Electron Microscope (FE-SEM). As shown in Figure 1(a-f), the surface 
and cross-sectional images indicate that the surface features remain 
nearly identical before and after decoration, exhibiting no significant 
differences. The cross-sectional analysis highlights the SNRs structure 
of the film, with a thickness of 727 nm and a nanorod length of 978 nm, 
neither of which are impacted by the decoration process. Following 
post-annealing at 400℃, the film maintains its overall appearance, 
but the thickness and nanorod length decrease to 689 nm and 944 nm, 
respectively. This reduction is characteristic of films undergoing thermal 
treatment, where atomic diffusion promotes structural reorganization, 
leading to reduced porosity and increased density [34]. 

The crystallinity of all samples was examined using a GI-XRD 
instrument. The XRD pattern analysis reveals that the as-deposited 
SnO2 SNRs, as shown in Figure 2(a), exhibit crystallinity in the (110), 
(101), (200), (211), and (220) planes. This is consistent with the 
tetragonal rutile phase (JCPDS #01-075-2893) [35]. The Pd-decorated 
film exhibited a peak corresponding to the (111) plane of Pd at 39.94° 
(JCPDS #01-087-0643) [36]. Additionally, the Pt-decorated film 
displayed peaks at the (111) and (200) planes of Pt, located at 39.88° 
and 46.28°, respectively (JCPDS #01-085-5676) [37]. The crystallinity 
of the SnO2 SNRs films and Pt-decorated films slightly improved 
upon post-annealing. This improvement is due to the movement and 
rearrangement of atoms in the material, which facilitates the formation 
of larger and more ordered crystals [38]. However, in the Pd-decorated 
film, the (111) plane disappeared, while peaks corresponding to the 
(101) and (110) planes emerged at 34.24° and 42.02°, respectively,
indicating the formation of PdO (JCPDS #04-005-4230) [39]. This
result confirms that Pd oxidizes with oxygen in the ambient after
post-annealing. This observation aligns with previous studies, which
report that Pd readily transforms into the PdO phase when subjected
to post-annealing in atmospheric [40,41].
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Figure 1. Top-view and cross-sectional FE-SEM images of the SnO2 SNRs are presented for (a-f) the as-deposited (ASD) samples and (g-l) the annealed 
samples treated at 400°C for 2 hours. The images correspond to different decoration conditions: pure SnO2, Pd-decorated, and Pt-decorated samples. 

 

 

Figure 2. GI-XRD spectra of (a) as-deposited (ASD) and (b) annealed SnO2 SNRs with different decorations: pure SnO2, Pd-decorated, and Pt-decorated samples. 
 

The typical EDS spectra of all films are presented in Figure 3(a-b), 
clearly indicating the dispersive energy peaks of Sn and O. Additionally, 
C peaks are observed, which are attributed to partial contamination 
and surface formation on the films. Furthermore, the spectra of the 
decorated SnO2 SNRs films distinctly show the presence of Pd and Pt. 
The Si peak, originating from the silicon substrate, was observed in 
all thin films. After heat treatment, a slight increase in the O composition 
was detected, suggesting improved film properties [42]. In addition, 
Pd and Pt remain integrated within the SnO2 SNRs films, with their 
atomic compositions remaining nearly constant. This is evident from 
the percentage of atomic composition for Sn, O, Pd, and Pt, as presented 
in the inserted table within the EDS spectra graph.  

This observation aligns well with the XRD pattern results and 
HR-TEM analysis, including the selected area electron diffraction 
(SAED) patterns, as shown in Figure 4. The SnO2 phase exhibited inter-

planar d-spacing values of 0.335 nm and 0.264 nm, with the SAED 
patterns clearly reflecting the main peaks of SnO2, corresponding to 
the (110) and (101) planes. Additionally, for samples decorated with 
Pd, an inter-planar d-spacing of 0.263 nm, attributed to PdO, was 
observed along with the SAED pattern in the (101) plane, confirming 
the XRD results. Similarly, for SnO2 SNRs films decorated with Pt, 
the SAED pattern displayed diffraction at the (111) plane of Pt, with 
an inter-planar d-spacing of 0.226 nm. Moreover, the elemental 
distribution of SnO2 SNRs films under all post-annealing conditions 
was analyzed using TEM-EDS mapping, as illustrated in Figure 5. 
The slant nanorod mapping images of all samples reveal a uniform 
distribution of Sn and O. Interestingly, the SnO2 SNRs films decorated 
with Pd and Pt for 20 s exhibit a consistent pattern, with the decorations 
primarily located at the top of the nanorods, highlighted in the blue 
regions of the mapping images. 
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Figure 3. EDS spectra of (a) as-deposited (ASD) and (b) annealed SnO2 SNRs with different decorations: pure SnO2, Pd-decorated, and Pt-decorated samples. 
 

 

Figure 4.  Associated HR-TEM images and SAED patterns of annealed SnO2 SNRs with different decorations: pure SnO2, Pd-decorated, and Pt-decorated samples. 
 

 

Figure 5.  TEM-EDS mapping images of annealed SnO2 SNRs with different decorations: pure SnO2, Pd-decorated, and Pt-decorated samples. 
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The performance of the fabricated sensor for CO gas detection 
was tested under a controlled atmosphere in a chamber constructed 
using 3D printing as shown in Figure 6(a). The gas flow consisted 
of a mixture of CO and air zero (dry air) within the system, with the 
total flow rate maintained at 200 sccm. The flow rates were precisely 
controlled using a computer-controlled multi-channel mass flow 
controller. The resistance of the electrode was measured under a heating 
voltage (HV) ranging from 2.7 V to 3.2 V, corresponding to a power 
consumption of 37 mW to 50 mW, with CO concentrations varying 
between 50 ppm to 1000 ppm. The sensor response (S) for CO gas 
was defined according to the standard convention for reducing 
gases as: S = Rair/Rgas where Rair and Rgas represent the stable electrical 
resistance of the sensor in air and in the presence of the target gas, 
respectively. It was observed that the SnO2 SNRs films exhibited a 
lower response compared to the films decorated with Pd and Pt across 
all heating voltage ranges, as shown in Figure 6(b). This highlights 

the catalytic effect of Pd and Pt attached to the surface of the nano-
rods, which enhances gas response. The catalytic properties of noble 
metals facilitate the dissociation of O2 molecules and increase oxygen 
adsorption on the SnO2 surface, resulting in improved sensitivity and 
faster response to CO gas [43,44]. However, in this study, it was observed 
that the gas response increased with an increase in operating temperature, 
which contrasts with findings from previous research [43,45]. The 
relatively large thickness of the nanorod structure causes a delay in 
achieving uniform heating throughout the entire rod. Furthermore, 
noble metal particles are only located at the tips of the nanorods. As 
a result, a relatively high operating temperature is still required to 
increase the density of chemisorbed oxygen species (O‒ and O2‒) 
[17,46]. The maximum response was observed at a heating voltage of 
3.1 V (equivalent to 48 mW), corresponding to an operating temperature 
of approximately 270℃. 
 

 

 

Figure 6. (a) Gas sensing test system with interdigitated electrode and (b) sensor response to 1000 ppm CO for the heating voltage of the annealed SnO2 SNRs 
with different decorations: pure SnO2, Pd-decorated, and Pt-decorated samples. 

 

 

Figure 7. (a) Dynamic response of the gas sensor, (b) sensor response, (c) response time, and (d) recovery time as a function of the CO concentration at the 
optimal heating voltage of 3.1V. 
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Table 1. Summary of CO gas sensing performance based on SnO₂ prepared by various synthesis methods. 
 
S.No. Materials Systhesis methods Operate temp.  

[℃] 
Conc.  
[ppm] 

Resp. 
Ra/Rg 

Ref. 

1 Ca-SnO2 nanocrystals Magnetron sputtering 350 30 1.50 [50] 
2 Pd-SnO2 nanowires Thermal evaporation 400 200 6.80 [51] 
6 Pd-SnO2 nannoflakes Microwave assisted 100 200 7.00 [43] 
7 Pd-SnO2 nanorods PECVD 250 1000 24.00 [52] 
8 Pd-SnO2 nanoparticles Flame-spray 200 50 1.50 [53] 
9 Pd-SnO2 nanofibers Electrospinning 160 100 1.10 [54] 
11 Pt-SnO2 nanoneedles Hydrothermal 250 100 23.18 [55] 
10 Pt-SnO2 slant nanorods Magnetron sputtering 270 50 1.02 This work 
 

Figure 7(a) illustrates the current response signal of the sensor 
to varying concentrations of CO gas, demonstrating that SnO2 SNRs 
decorated with Pd and Pt effectively respond to CO concentrations 
ranging from 50 ppm to 1000 ppm. It is noteworthy that the initial 
resistance of Pd/SnO2 SNRs is higher than that of Pt/SnO2 SNRs 
films, indicating the behavior of Pd transitioning into PdO phase [47]. 
When considering the response to CO gas at all concentrations, it is 
evident that Pt-decorated SnO2 SNRs exhibit better gas response 
compared to Pd-decorated SnO2 SNRs, as shown in Figure 7(b). The 
mechanism of CO and O2 adsorption on the Pt/SnO2 catalyst can be 
explained by the Langmuir-Hinshelwood (LH) model, consistent with 
findings reported in the literature [48]. In contrast, the XRD results 
confirmed that Pd in Pd/SnO2 was oxidized to PdO, which acts as a 
catalyst to enhance the reaction. Consequently, the gas response of 
Pd/SnO2 remains higher than that of pure SnO2 SNRs films without  
noble metal decoration [47,49]. Additionally, the response and recovery 
times improved across various gas concentrations with the decoration 
of noble metals on SnO2 SNRs films, as illustrated in Figure 7(c-d). 
At a CO concentration of 1000 ppm, the films demonstrated a moderate 
response time of approximately 13.5 min and a recovery time of 18 min. 
The gas detection results highlight the catalytic effect of noble metals 
in enhancing gas detection performance. This study demonstrates that 
Pt/SnO2 SNRs films exhibit the highest efficiency in detecting CO gas. 

Table 1 shows that the gas response observed in this study is lower 
than values reported in the literature, which may be attributed to the 
limited distribution of noble metal nanoparticles, primarily located on 
the top surfaces of the nanorods. This non-uniform coverage may 
lead to incomplete coverage of active sites and limit the effectiveness 
of the spillover effect, thereby reducing CO detection efficiency. It 
also likely hinders the formation of effective Schottky junctions. To 
address this, future work could focus on tailoring nanorod morphology, 
such as increasing inter-rod spacing, and optimizing the deposition 
conditions of noble metal sputtering, such as deposition time, operating 
pressure, and sputtering power, to improve the uniformity and density 
of nanoparticle distribution, especially along the sidewalls. These 
improvements would promote better electron transfer, extend the 
depletion region, and ultimately enhance gas-sensing performance [11]. 

 
4. Conclusions 

 
This research successfully prepared SnO2 SNRs decorated with 

Pd and Pt using DC reactive magnetron sputtering combined with the 
OAD technique. FE-SEM and TEM mapping results clearly showed 
that the noble metal particles, Pd and Pt, were uniformly distributed 

on the top regions of the nanorods. This uniform distribution makes 
them well-suited for a comparative evaluation of their gas detection 
performance. XRD analysis revealed a slight increase in crystallinity 
of the films after annealing at 400℃, demonstrating the high quality 
of SnO2 SNRs films produced by the magnetron sputtering technique. 
Furthermore, the phase transformation of Pd to PdO due to oxidation was 
observed and confirmed by SAED patterns. Gas-sensing measurements 
showed that Pt/SnO2 SNRs exhibited a higher response to CO gas than 
Pd/SnO2 SNRs and undoped SnO2 SNRs films, with the capability to 
detect gas concentrations as low as 50 ppm. While the gas response values 
reported in this study are relatively low compared to other research, 
optimization of Pt deposition sputtering time or improved interdigitated 
electrode designs could enhance performance. Despite this, the study 
successfully demonstrated a comparative evaluation of CO gas detection 
performance, underscoring the superior effectiveness of Pt for gas 
sensing. These findings provide valuable insights for advancing the 
development of CO gas detection devices. 
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