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Abstract: Infrared focal plane array technology is a detector manufacturing technology that
integrates a two-dimensional detector array on a focal plane with a multiplexed readout
circuit. This research mainly discusses the high thermal sensitivity performance of the
ferroelectric vanadium oxide hybrid process in thermal imaging monitoring. The choice of
vanadium oxide as the material for the microbolometer is due to its high electrical
resistivity, high electrical resistivity, easy manufacturing, etc., especially compatibility
with silicon technology, easy mass production and low cost. In this study, a direct current
magnetron sputtering technique was used to prepare undoped and Fe-doped vanadium
oxide films on a glass substrate. By controlling the process parameters of magnetron
sputtering, the purpose of controlling the square resistance value and resistance
temperature sensitivity of the film is achieved. The vanadium target is a disc of metallic
vanadium with a purity of 99.99%, a diameter of 80 mm, and a thickness of 4 mm. The
specification of the patch used for doping is an Fe sheet with 99.99% purity and a size of
2mmx2.5mmx1mm. Place Fe flakes on the vanadium target, and control the concentration
of doped Fe by the number of Fe flakes placed. In order to obtain high performance, the
thermal array should be packaged in a vacuum envelope with an infrared emission window.
Sensitive elements should not be connected to the sensitive elements of neighboring pixels
to avoid thermal diffusion and loss of image resolution. When the rapid heat treatment
temperature is increased to 500°C, the binding energy of the characteristic peak of V(2p3/2)
drops to 516.03eV, which is in the range of VO2 binding energy (515.7-516.2eV). This
research will promote the application of VO2 in thermal imaging monitoring.

1. Introduction

The excellent performance of the vanadium oxide thin film with high temperature resistivity
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(absolute value of about 3%/K), low thermal conductivity, appropriate resistance and its preparation
technology compatible with silicon process, makes the device, low noise, high frame, and
temperature detection The circuit is not affected by the low damage technology of vanadium oxide
heat-sensitive materials, and vanadium oxide thin film materials are widely used in the fields of
infrared detectors and infrared imaging.

Since the phase transition temperature of VO, is the closest to room temperature among
vanadium oxides, it has received extensive attention from researchers. VO, single crystals often
break into powder when the phase changes occur, but if it is made into a thin film, it will This
problem can be solved well, the film can also undergo repeated reversible phase changes, and the
film will not be damaged during the phase change.

Ferroelectrics are expected to be used in non-volatile memory. However, difficulties in making
ferroelectric layers and integrating them into complementary metal oxide semiconductor (CMQS)
devices prevent rapid scaling. Mikolajick T considers hafnium oxide to be the standard material
available in CMOS processes. He first reported ferroelectric properties in Si doped hafnium in 2011,
reigniting interest in using ferroelectric memory for a variety of applications. Ferroelectric hafnium
with mature atomic layer deposition technology is compatible with THREE-DIMENSIONAL
capacitors and can solve the scaling limitation of 1-transistor-1-capacitor (1T-1C) ferroelectric
random access memory (FeERAM). For ferroelectric field effect transistors (FEFETs), the low
dielectric constant and high coercive field E-C of hafnium ferroelectrics are beneficial. However,
the much higher e-C of ferroelectric hafnium makes high endurance a challenge. He summarized
the current state of hafnium dioxide ferroelectric and explained how the material system could be
used to solve the major problems of 1T-1C FeERAM and FeFET [1]. Singh D P dispersed a small
amount of graphene oxide (GO) in ferroelectric liquid crystal (FLC) and has studied the effect of
GO in ferroelectric liquid crystal (FLC) on the electro-optical parameters of FLC-GO composites
using various techniques. Examples include Raman spectroscopy, UV-visible absorbance, XRD and
polarizing microscopy. The electro-optical parameters were significantly modified, and he found
that the effect was strongly dependent on cell thickness. The interlaminar electron-phonon coupling
and relative orientation between GO and FLC guides are responsible for these effects. The existence
of GO mainly induced the local orientation of FLC molecules at the interface, which was confirmed
by X-ray diffraction results. The variation of uv absorptivity of composites is mainly due to the
scattering of incident photon radiation through GO, near-crystal layer and multi-domain. His
research has shown that in cases where nanomaterials are dispersed in mesocrystalline systems, cell
thickness is optimized to improve the suitability of their devices, such as uv filters, and material
parameters are customized by changing cell thickness [2]. Takahashi R investigated the use of
thermally stabilized Sr,RuQ, electrodes in high-temperature synthesis of oxide heterostructures. He
grew atomically smooth Sr,RuO, films on SrTiO 3 (001) substrates by pulsed laser deposition and
used them as the bottom electrodes of ferroelectric BaTiO3 capacitors at temperatures up to 1000°C.
The thermal stability of Sr,RuO, electrodes was verified by structural and electrical measurements
of ferroelectric BaTiO3 films. It is found that the optimum growth temperature of BaTiO3 films is
900 “C, which shows the maximum spontaneous polarization, dielectric constant and thermoelectric
response. Sr,RuO, membranes are suitable for use as heat stable electrodes in heterostructures
synthesized at temperatures up to at least 1000°C and oxygen pressures of 10-6 to 10-1 Torr. This
range of growth film conditions is much wider than other common oxide electrode materials, such
as SrRuOs, and his research has thus widened the window of available processes for optimizing the
performance of oxide electronics [3]. Song C believes that the emerging surface/edge electron
phases driven by the effect of breaking symmetry have aroused great concern in low-dimensional
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electronic systems. However, experimental evidence for their presence at the atomic scale in
ferroelectric oxides is still missing. In this work, he observed the state of the metal surface on
layered Bi<sub>2</sub>WO<sub>6</sub> by scanning tunneling microscopy/spectroscopy. The
differential conductance near the edge of the step is significantly enhanced compared with that of
the platform, forming a one-dimensional edge state. DFT calculations confirm that the surface
symmetry break determines the electron structure, and the O,P orbital contributes most to the
density of states around the Fermi level. His findings provide a new strategy for hidden phases on
the surfaces of other related oxides [4]. Yang Y believes that hole transport material (HTM) free
carbon-based perovskite solar cells (C-PSC) are highly anticipated due to their simple
manufacturing, but currently their power conversion efficiency (PCE) is low, mainly due to voltage
loss. He reports on a new strategy to increase PCE by adding an ultra-thin layer of ferroelectric
oxide PbTiO3; between the electron transport material and halide perovskite. The resulting C-PSC
achieved a PCE of up to 16.37%, a record to date without HTM C-PSC, mainly due to the
ferroelectric layer enhanced open-circuit voltage. Detailed measurement and analysis showed that
due to the incorporation of ferroelectric PbTiO3 layer, the built-in potential in C-PSC was enhanced
and non-radiative recombination was inhibited, thus improving v-OC and photovoltaic performance
[5]. Liu W believes that the explosive development of the Internet of Things and wearable
electronics has greatly promoted the development of diversified sensors, among which non-contact
proximity sensing is of great significance for sensing various information from the environment and
human body without physical contact. In theory, any remote interaction could be developed to
implement proximity sensing. In recent years, proximity sensors based on field-effect transistors
have been implemented, in which charged objects can be treated as grids to modulate the drain
current of the transistor. However, the low carrier mobility and threshold voltage offset of organic
transistors limit their sensing performance. Here, he reports an oxide semiconductor transistor
approach sensor with enhanced polarization of iron electrode. The polarization state in ferroelectric
layer can be adjusted well by polarization pulse of different width. Therefore, the optimal operating
point of the transistor sensor is precisely controlled by the threshold voltage shift caused by iron
electrode polarization. This ferroelectric-modulated oxide semiconductor transistor shows
significant sensing performance against several common methods [6].Ferroelectrics are a hot topic
of research nowadays, but their research lacks data, which makes the research not rigorous enough
and lacks necessary data.

This research refers to the existing preparation technology of vanadium oxide photonic crystals,
combined with commonly used synthetic instruments and methods in the laboratory, to prepare
ordinary vanadium oxide thin films (vanadium pentoxide thin films, vanadium dioxide thin films)
and vanadium oxide thin films with ordered microstructures (Vanadium pentoxide film, vanadium
dioxide film). The process parameters and annealing treatment conditions optimization during the
preparation process are studied specifically, and some properties of the thin film materials are tested,
characterized and theoretically analyzed. The vanadium pentoxide film was fabricated on a clean
glass substrate by vertical pulling method and spin coating method, and heat treatment under
different atmospheres and temperatures was carried out. The composition of the annealed film was
determined by XRD, XPS and other phase characterization methods.

2. Thermal Imaging Monitoring Method
2.1. Preparation of Vanadium Dioxide

(1) Preparation of V,05 Sol
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First, weigh a certain amount of V,0s powder and dopant according to the ratio of the amount of
doping element to vanadium element, grind and mix them uniformly, and place them in a porcelain
crucible. Then heat at 810°C in a temperature muffle furnace for 20-30 minutes to melt the mixture
in the crucible. By quickly pouring the molten V,0Os in the crucible into deionized water under rapid
stirring, a reddish brown V,0s sol is formed after water quenching, and a dark brown V,0s gel is
formed after standing for a period of time [7].

(2) Preparation of doped VO, powder

V,0sxerogel is obtained by drying the V,0s gel in a blast drying oven for 24h. The xerogel is
heat-treated in a temperature-controlled muffle furnace at 500°C for 2h to obtain crystalline V,0s.
After grinding, a yellow doped V,Ospowder is obtained. Put the doped V,Os powder into a
porcelain boat and place it in a tubular resistance furnace. After a constant temperature of 500<C, a
mixed gas of N, and NH3 is introduced, and the flow rate of N is controlled to 210mL/min, and the
flow rate of NH3 is 15mL/min. Reduce under the above conditions for 1h, and then anneal the
powder at 700°C for 5h under N, atmosphere. Finally, it was taken out after the N, protection
dropped to room temperature, and the doped VO, obtained was a blue-black powder [8-9].

The calculation formula of stress S is:

S =(Aa)ATE (1)

Aa is the difference between the linear thermal expansion coefficient of the substrate and the
film [10].

2.2. Thermal Imaging Monitoring

All thermal infrared detectors show changes with the temperature of the pixels. The pixels as the
sensor absorb infrared radiation, and the changes in some measurable characteristics are obvious.
Therefore, the analysis of various infrared detectors must start with the heat flow equation
representing the temperature rise caused by the radiation power. The performance of the
temperature rise depends on the detection mechanism. The most common type of probe is a
pyroelectric detector resistance pyranometer that works without bias. It is called a strong dielectric
coulometer or electric field enhanced pyroelectric detector and thermal neel detector. Also known as
thermal radiation electronic was coupling.

Consider a focal plane array composed of two-dimensional thermal pixel components. Each
pixel is composed of a sensitive area connected to the substrate, which corresponds to the infrared
rays of the pixel being absorbed by the sensitive area, and the temperature rises. Heat flows from
the sensitive area to its surroundings. Heat conduction has three mechanisms: conduction,
convection and radiation. Conduction occurs in 3 methods within the array. Heat will flow into the
substrate from the sensitive area along the support. When the sensitive areas are adjacent, heat may
directly enter the adjacent pixels from the sensitive area of a specific pixel. This is called lateral
heat flow. This process direction will reduce the image resolution, so it needs to be avoided.

The splash coating is based on the splash effect when charged ions hit the target, and the entire
splash process is based on glow discharge. In other words, sputtering ions are generated by gas
discharge. Different sputtering technologies use different glow discharge modes. Diode tripolar
sputtering uses DC glow discharge. Tripolar sputtering is a glow discharge supported by a hot
cathode. RF sputtering uses RF glow discharge. Magnetron sputtering is a glow discharge
controlled by a circular magnetic field [11].

The change of Gibbs free energy caused by the same phase transition can be defined as [12-13]:
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AG = AT.AS, (2)

Among them, AT, is the offset of the phase transition temperature, and AS, is the change of

entropy between the two phases before and after the phase transition [14].

The strength of the AC signal output by the test circuit is not only determined by the
performance of the pyroelectric array thermal unit, but also amplified by the impedance conversion
MOS tube. Since the area of the area array unit is usually tens of micrometers by tens of
micrometers, and the thermal signal is small, it is usually necessary to perform a high
signal-to-noise ratio pre-amplification on the output signal in practical applications. The critical size
R of a steady-state nucleus can be defined as [15]:

R=2/(AT,AS,) 3)

The development of infrared imaging array and signal readout and detection are important
contents of uncooled infrared imaging technology. According to the characteristics of high
impedance of inorganic nano-ceramics and polyvinylidene fluoride-trifluoroethylene composite
sensitive film capacitive elements, the MOS field effect tube is designed as the sensitive element for
impedance conversion, and the unidirectional conduction characteristic of the same integrated diode
is used to meet the sensitivity of the imaging array. The on-chip polarization requirements of the
components can improve the readout sensitivity. The series MOS tube is used for the on-off
isolation of each element, and the dual 16-stage shift register is used for the addressing control of
the integrated pyroelectric array in the X and Y directions to ensure the reliable readout of the
16X16 area array infrared imaging signal. Phase speed ratio [16]:

V =Avexp—d/kT 4)
Among them, is the activation energy of the @ barrier, defined as:
® =KkT, ®)

Where k is Boltzmann's constant and TR is the phase transition temperature [17].

Adding certain metal or non-metal elements to the VO, film can change the phase transition
temperature of the VO, film. The influence factors of different doping ions on the phase transition
temperature are shown in Table 1. In addition, the phase variable of the phase transition temperature
is proportional to the amount of doping elements added.

Table 1. Influence factors of different doping ions on phase transition temperature

Doped elements

6+ 6+ 5+ 5+
(atomic ratio at%) w Mo Tat Nb
Phase transition
temperature change -23 -15 -5~-10 -7.8
(<)
Doped elements AR G Fe3s crt

(atomic ratio at%)
Phase transition
temperature change +9 +6.5 +3 +3

(€)
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2.3. Preparation of Fe-Doped Vanadium Oxide Film

This experiment uses DC magnetron sputtering technology to prepare undoped and Fe-doped
vanadium oxide thin films on a glass substrate. The vanadium target is a disc of metallic vanadium
with a purity of 99.99%, a diameter of 80 mm, and a thickness of 4 mm.

Compared with other coating methods, sputtering coating method has the following
advantages:

(1) The thickness of the film is better controlled, and a film with better uniformity can be
obtained on a larger area. The particles of the film are relatively uniform and the distribution is
relatively dense, which is easy to obtain a high-quality film;

(2) The film has good repeatability. Since the film deposition process is all automated processes,
as long as the process parameters are strictly controlled, a reproducible film can be obtained;

(3) Strong adhesion between the film and the substrate. During the sputtering process, the energy
of the atom is very high. When it is deposited on the substrate, the energy it carries generates a large
amount of heat energy to increase the temperature of the substrate, and a higher substrate
temperature will increase the adhesion of the film to the substrate. At the same time, part of the
sputtered atoms hit the surface of the substrate to cause injection, thereby forming a
pseudo-diffusion layer on the substrate where the sputtered atoms and the substrate atoms are fused
with each other. In addition, during the film deposition process, the substrate is always cleaned and
activated in the plasma area, which not only removes the sputtered atoms with weak adhesion, but
also allows the surface of the substrate to be continuously purified, thereby enhancing the adhesion
of the film.

(4) High film purity. Since other impurities are not introduced in the sputtering method, the
purity of the film obtained by sputtering is very high. But the sputtering method also has its own
shortcomings, such as low deposition rate, high substrate temperature, strict working gas
requirements, complex equipment structure, and large equipment investment. However, due to the
improvement of the technological level in recent years and the continuous increase of research
efforts, the radio frequency sputtering and magnetron sputtering technology has been greatly
developed, which has made improvements in increasing the sputtering speed and reducing the
substrate temperature. The sputtering coating equipment is shown in Figure 1.

Substrate

heating system — %
Substrate | " High purity s\

oxygen

High
——  purity
argon

Magnet

ﬂ%@f

\ < @

Figure 1. Sputtering coating equipment
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Patch method: Using the principle of the damascene method, the doping material is directly
placed on the metal target for sputtering, and the doping concentration is controlled by controlling
the coverage area of the doping material on the metal target. The operation is simple and the metal
is avoided. Therefore, in this study, the patch method was used to prepare doped vanadium oxide
films. The names, specifications and purity of the main raw materials and drugs used in the
experiment are shown in Table 2.

Table 2. The name, specification and purity of the main raw materials and drugs used in the

experiment
Raw material/reagent Chemical Molecular Specification and
name formula weight purity
Vanadium pentoxide V205 181.88 500g/4N
Oxalic acid C,H,04-2H,0 126.07 500g/AR
Hydrochloric acid HCI 36.46 500mlI/AR
Hydrazine _
Hydrochloride N2H4-2HCI 104.9 100g/AR
Ammonium Carbonate NH4HCO, 79.06 5009/AR
Sodium Tungstate Na,WO,-2H,0 329.86 5009/AR
Nitric acid HNO 63.01 500mI/AR
Hydrazine hydrate
(85%) N,HsH,O 50.06 500m/AR
Absolute ethanol C,Hs0H 46.07 500m/AR
Anhydrous ether C4H100 74.15 500mlI/AR
Carbon dioxide CO2 44 99.99%
High purity nitrogen N2 34 99.99%

The specification of the patch used for doping is an Fe sheet with 99.99% purity and a size of
2mm>2.5mm>1mm. Place Fe flakes on the vanadium target, and control the concentration of doped
Fe by the number of Fe flakes placed. Before the sputtering experiment, the cleaned glass slides
were taken out from the absolute ethanol solution, dried with high-pressure nitrogen (N2) and
placed in the reaction chamber quickly. During the sputtering process, high-purity working gas
argon (Ar) and reaction gas oxygen (O,) are introduced into the chamber through their respective
mass flow meters. After the pressure in the reaction chamber reached 18x103Pa, the sputtering
experiment was started. The current used for sputtering was 0.34A, and the substrate temperature
was kept at 60°C during the sputtering process. The vanadium target will be pre-sputtered for 15
minutes in an argon (Ar) atmosphere to remove residual oxides on the surface of the vanadium
target. During the formal sputtering, the Ar/O, flow ratio is 98:1, and the sputtering current remains
unchanged. Other experimental conditions for preparing vanadium oxide thin films and the Fe
doping concentration measured by XPS (X-ray photoelectron spectrometer) are shown in Table 3.
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Table 3. Other experimental conditions for preparing vanadium oxide thin films and the Fe doping

concentration measured by XPS (X-ray photoelectron spectrometer)

Sampl Spu'gterin Annealing Ann_ealin Ag)r(ljgggg Numbe | Fe doping
g time temperature g time r of Fe | concentratio
¢ (min) () (min) flow slices n (at%)
(SCCM)
S1 15 450 30 15 0 0
S2 15 450 30 15 1 32
S3 15 450 30 15 2 6.9
S4 15 450 30 15 3 9.8
S5 15 450 30 15 4 12.0

The integral transmittance is used to calculate the visible light transmittance of the VO2
thermochromic smart window, the formula is as follows [18]:

Tum = [ @A (A)d2/ [ @y (2112 (6)

®lum()) is the human vision function, and T(A1) is the transmittance value of VO2 at the
wavelength A [19]. The integral transmittance can be used to calculate the solar transmittance T, of
VO2 in the entire solar spectrum (250-2600nm):

T = [ BATT (A)AIT(2)dA (7)

Among them, 4(4) is the solar radiation spectrum when the air quality is 1.5 [20].
The difference between the low temperature sunlight transmittance Tg, o and the high

temperature sunlight transmittance Ty, , [21]:

ATSOL :TSOL,G _TSOL,D (8)

In fact, actual infrared detectors, especially integrated sensors, cannot use a large area: not only
the dielectric loss of the sensitive film, but also the heat loss caused by conduction and convection;
the absorption coefficient of the absorption layer can only It is less than 1 and the temperature
change of the sensitive film caused by infrared radiation will have a gradient distribution: in order
to detect, the sensitive element must be impedance matched and signal amplified. Therefore, the
detection rate value of the ideal detector mentioned above is only the theoretical limit value.

2.4. Characterization Techniques Required for Experiments

(1) X-ray powder diffraction (XRD)

This article uses the X-ray diffractometer model DMax-2200 provided by Rigaku, and is
equipped with a high temperature accessory (normal temperature 1000 °‘C) for experimental
observation. Its main technical specifications are: copper target (Cu-Ka, 1.54056A); tube pressure
40KV, tube flow 80mA: scanning speed 0.390/s.

(2) Transmission electron microscope (TEM)

This article uses the transmission electron microscope model JEM 0200CX provided by JEOL.
Its main technical specifications are: dot resolution 0.19nm; magnification>60~1500000;
acceleration voltage 80-200kV.
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(3) X-ray photoelectron spectroscopy (XPS)

This article uses Perkin-Elmer’s PHI 5000C ESCA system photoelectron spectrometer. Its main
technical parameters are: The background pressure of the system is better than 1x<10-7 Pa, Al and
Ka rays (hv=1486.6eV), power 250W, The working voltage is 14.0 kV, and the binding energy is
based on the C1x binding energy of surface pollution carbon (BE=284.5eV).

(4) Energy Dispersive X Fluorescence Spectroscopy (EDX)

This paper uses the EDX attached to the JSM 6460 SEM produced by JEOL for analysis. The
instrument's low vacuum mode resolution is 4.0nm, the acceleration voltage is 30KV, the
magnification is >300000, and the sample stage is: X=125mm, Y=100mm.

(5) Thermogravimetric-differential thermal analysis method (TG-DTA)

This paper uses the American Perkin-Elmer Pyris Diamond TG-DTA thermal analyzer, N2
atmosphere protection, nitrogen flow rate 20ml/min, heating rate 5 ‘C/min.

3. Process Research Results

However, strictly speaking, the preparation of VO, films by the method of low-temperature
deposition followed by high-temperature annealing is not a true "low-temperature preparation”
method. Although the film is deposited at a relatively low temperature, it still needs a follow-up
high-temperature annealing process. In addition, this process requires one more annealing process
than direct deposition, which increases the possibility of film contamination. The parameters of the
high-temperature annealing process are shown in Figure 2.
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1 2
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8| 16
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1013161922252831343740434649525558 fagIggreyaowro
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Figure 2. High temperature annealing process parameters

It is worth noting that the optical properties of the single-layer VO, film obtained at a high
temperature of 450°C are T=36.4% and ATs, =7.8%. Therefore, the 40nmCr,03/VO; film prepared
at a low temperature of 275°C has an improved visible light transmittance and solar light regulation
efficiency compared with a single-layer VO2 film prepared at a high temperature of 450°C. The
changes of different parameters are shown in Table 4.
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Table 4. Variations of different parameters

Sample B(L) TV Tsop | Tsoue | ATsoL
V0O,-4509°C 36.4 37.3 421 34.3 7.8
V0O,-275C 42 .4 42 .6 36.3 35.9 0.4
20nm Cr205/VO,
975°C 39.5 38.8 36.2 329 5.1
40nm
Cr,04/V0,-2759°C 43.9 42.3 39.1 33.8 6.2
60nm 478 432 421 348 83

CI’zOg/VOg-275°C

Figure 3 shows the DSC of VO2 with different Na,WQO, doping levels. It can be clearly seen
from that the phase transition temperatures corresponding to Na,WO, doping from 0.5% to 2.0%
are 49.0°C, 31.8°C, and 15.4°C, respectively. And 4.3<C, the corresponding enthalpy values are
15.2J/g, 13.2)/g, 9.1J/g and 4.4J/g, respectively. It shows that Na,WO, as a dopant has a very
obvious effect on reducing the phase transition temperature. Fitting the above iron doping amount
to the phase transition temperature data, it is found that as the iron doping amount increases, the
phase transition temperature decreases linearly, and the average doping lat.%Na,WO,, phase
transition temperature of VO, is reduced by about 32°C. This is much better than using W as the
dopant to decrease the phase transition temperature by 26K/at.%.

t=39C t=31.8°C W{=154C ®t=4.3C
25 45
40 +
20 35
=) =0
&8s £
2 325 |
E S0
Qo O |
a MW a5 |
5 | 10
|
O ||||||||||||||||||||||||||||| O |
1 35 7 911131517192123252729 1 357 911131517192123252729
T(C) T(C)

Figure 3. DSC of VO2 with different Na2WO4oping levels

It can be seen from Figure 4 that the diffraction peaks of all doped samples and the
low-temperature monoclinic phase VO»(M) (space group: P21/c, a=5.752A, b=4.538A, ¢=5.383A,
JCPDS Card: 43-1051) is basically corresponding, indicating that the prepared powders are all
homogeneous VO,(M) powders, and there is no vanadium oxide phase of other valence states. The
diffraction peaks and low-temperature monoclinic of the sample are shown in Figure 4.
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Figure 4. Diffraction peak and low-temperature monoclinic of the sample

The TG-DTA thermal analysis method is used to make its thermal weight loss (TG) and
differential thermal analysis (DTA) curves to determine the thermal decomposition conditions of the
powder. The thermogravimetric and differential thermal (TG-DTA) curve of the precursor in a N2
atmosphere at a heating rate of 5°C/min is shown in Figure 5.

During the thermal decomposition process at 50-350°C, 4 intermediates S1, S2, S3 and S4
appeared, until the target product VO, was formed at 346.5°C. Different thermal decomposition
reactions took place in 4 stages. Each decomposition process corresponding to the TG curve will
lose a certain amount of quality. When the temperature is 85.9<C, the TG curve loses 12.3% of the
weight. This process involves the evaporation of water and the release of carbon dioxide: When the
temperature is 164.1<C, the TG curve loses 20.2% of the weight, indicating that the mass loss in this
process may be caused by decomposition of excess oxalic acid in the precursor and the loss of
crystal water of vanadyl (IV) basic ammonium carbonate: When the temperature is 273.2 C, the
weight loss of TG curve is 10.0%, indicating that this process is vanadyl (IV) basic carbonic acid
The process of thermal decomposition of ammonium. The broad peak corresponding to 301.1°C
corresponds to the final product VO,. The exothermic peak at 346.5°C is attributed to the
exothermic effect of VO, crystallization.
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Figure 5. Thermogravimetric and differential heating (TG-DTA) curve under the condition of
5 C/min heating rate

The samples before and after the rapid heat treatment were also analyzed by XPS high-resolution
spectroscopy. As shown in Figure 6, the binding energy of the characteristic peak of V(2p3/2)
decreased from 517.15eV before heat treatment to 516.57eV after rapid heat treatment at 350°C/30s.
The VOx film under these two conditions is still dominated by the high valence state V content.
When the rapid heat treatment temperature is increased to 500°C, the binding energy of the
characteristic peak of V(2p3/2) drops to 516.03eV, which is at the VO, binding energy. In the
interval (515.7-516.2eV), the film is dominated by V4+.

V+3 V+4 V+5 V+3 V+4 V+5
8 7
7 6 |
’$6 ~5r
5 =}
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24 =
[%2] [%2]
c c 3t
23+ 2 /\/\/\
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O 1 1 1 1 1 1 O 1 1 1 1 1 1
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Bindingenergy(eV) Bindingenergy(eV)

Figure 6. The same XPS high-resolution atlas analysis of samples before and after rapid heat
treatment

4. Discussion

In the structure of vanadium dioxide, there is an oxygen atom that is closer to the vanadium atom,
and the other oxygen atoms are farther away from the vanadium atom, so there is a bond similar to
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V=0. When the VO, film undergoes a phase transition from low temperature to high temperature, it
changes from a monoclinic symmetrical distortion rutile structure to a tetragonal rutile structure.
The phase transition temperature is inconsistent [22-23].

After the VO, film is heated, the resistance of the film gradually decreases as the temperature
increases, but the rate of decrease is very slow. If the temperature continues to rise to the phase
transition temperature region, the resistance of the film decreases sharply as the temperature rises.
In addition, if the temperature rises to a certain extent, the resistance of the film decreases as the
temperature rises. At this time, if the film cools, the resistance of the film increases. When the
temperature drops to near the phase transition temperature, the resistance of the film increases was
rapidly with the decrease in temperature. If the temperature drops, the rate of increase in resistance
will start to slow down. If the temperature drops, the resistance value may return to the original low
temperature value. The manufacturing process of the vanadium oxide film has a great influence on
the performance of the film. By choosing an appropriate preparation process, not only can the
performance of the film be improved, but also the cost and efficiency can be reduced. Among them,
reactive sputtering and heat treatment are one of the most widely used methods for preparing
vanadium oxide thin films. The film produced by this method has high purity, good compactness,
and good bonding with the substrate, but there are many limiting parameters, such as the ratio of
argon and oxygen directly affecting the characteristics of the film, and the production process is
relatively complicated. The article studies new methods. First, the vanadium metal thin film is
directly produced by sputtering. Then, a rapid thermal oxidation treatment was performed in a pure
oxygen environment through a rapid thermal treatment device. After that, in order to improve the
phase transformation characteristics, a rapid annealing treatment in a pure nitrogen environment
was used. There is only one gas used in each heat treatment process, and the preparation process is
relatively simple. On this basis, the effects of heat treatment conditions and substrates on the phase
transition characteristics of vanadium oxide thin films include 4 detection and test techniques, THz
time-domain spectroscopy system, atomic force microscope, X-ray diffractometer, and X-ray
photoelectron spectroscopy [24].

Among a variety of vanadium oxides, at least 8 have thermally induced phase transition
properties, but due to the different atomic arrangement and lattice structure of each oxide, they have
unique phase transition properties and also have optical and electrical properties caused by phase
transition properties. The development of mechanical optical switches is very mature. The
traditional mechanical optical switches have low insertion loss and high insulation, but the
switching time is long. The further development of a large number of new types of mechanical
types that are not compatible with microelectronics technology is greatly restricted. Optical
switches based on microelectronics technology not only combine the advantages of traditional
mechanical optical switches, but also have the advantages of small capacity. Non-mechanical
optical switches use thermo-optic, electro-optic, and acousto-optic effects to change the waveguide
refractive index of the switching medium. Due to the excitation of heat and light, the internal
structure of vanadium oxide changes, and the light transmittance also changes significantly. This is
a non-mechanical optical switch material with huge possibilities hidden [25-26].

The vanadium metal film is produced by magnetron spraying method, using high-purity argon
gas, and the experimental control of other process conditions remains unchanged. Only by changing
the spraying time, the thickness of the vanadium metal film can be changed to produce metal
vanadium. Because the film is easy to oxidize, the splash deposition time is not long, so the splash
time is selected as 10 minutes of the metal film for further research. The effect of heat treatment
process conditions on film properties. The highly oriented V,0s film can be made on the Si/SiO,
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substrate by the sol-gel method, but the substrate must have good hydrophilicity. Unlike other
methods such as thermal evaporation, if the concentration of the sol is not high and the film is not
too thick at one time, the film can be crystallized at various temperatures and various atmospheres
[27].

Traditional ion beam enhanced evaporation (IBED) is the physical process of the interaction
between the main implanted ions and the target atoms. This physical process is mainly reflected in
the doping effect and damage effect of the implanted ions on the impacted target, and the mixing of
the interface between the deposited film and the substrate due to the influence of the implanted
target atom's ions. The argon injection beam mainly reflects physical effects. In other words, due to
the damage effect of argon injection, the V-O bond of the V,0s film deposited by spattering is
destroyed, so O can be reduced by hydrogen injection at a lower temperature. Since argon does not
combine with other atoms, the doping effect of argon will only introduce stress in the deposited film.
As a result, the heat resistance curve of the VO, film becomes larger, and the temperature
coefficient of the thermal resistance of the film at room temperature will also increase. At the same
time, the high-dose argon impact also densifies the film deposited by sputtering, greatly improving
the adhesion between the film and the substrate. The purpose of hydrogen ion implantation is
mainly to reflect chemical effects. The injected hydrogen combines with the oxygen precipitated by
the argon impact damage, reducing the order of the deposited V,Osfilm, and finally generates a VO,
film. In order to reduce the sputtering deposition of V,0s film, the correlation between physical
interaction and chemical interaction must be strictly controlled to adjust the relationship with the
impact of the argon-hydrogen mixed ion beam. In other words, the sputtering deposition rate and
injection conditions must be strictly controlled [28].

In the case of ion beam enhanced accumulation, the injected argon ions cannot become
replacement atoms and have no valence, but can only exist in the form of intermittent atoms in the
crystal or in the form of free radicals (bubbles) in the particle boundary. Therefore, the description
of the size of the atom and the high or low valence of the atom does not apply. However, due to the
presence of argon, stress will be generated at the intermittent position and the position of the grain
boundary, and the atomic arrangement of the VO, structure will be deformed. Therefore, the energy
band overlap of the D electron in the outer layer of the VV atom may occur at a low temperature. This
needs to change from semiconductor to metallic phase. The output signal of the infrared imaging
array uses an absolute black body as an infrared source, converts it into an AC signal incident on the
array, uses a switch to detect the output signal, and uses a phase lock-in amplifier to measure the
output signal. As a heat source, infrared rays can also be obtained by heating the silicate rod as a
filter. Because this array is three-dimensional integration, the incidence of a laser source will induce
photoelectric effect and change the working state of the MOS device in the readout circuit, so laser
measurement cannot be used.

5. Conclusion

VO, can undergo phase transition characteristics of semiconductors and metals, and cause
sudden changes in properties such as optics, electricity, and magnetism. Its phase transition
temperature is very close to room temperature, so it has a wide range of applications. How to
prepare a VOx film with obvious phase change characteristics and study its phase change
characteristics has become an academic hotspot in recent years. In this study, VOx films were
prepared by magnetron sputtering on SiO2/Si and Fe substrates. By changing the sputtering time,
Ar/O; ratio, and changing the rapid heat treatment process, the VOx film with excellent phase
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change characteristics was studied. The preparation process of VOx was film. In the study, SEM,
AFM, XRD, XPS and other modern microscopic analysis methods were used to analyze the surface
morphology, microstructure, crystalline state of vanadium oxide in the film and the valence state of
V in the VOx film. (011) VO, with crystal orientation is the main component in the film, which is
the main reason for the phase change of the film. Under the currently known process conditions,
further study the effect of the heating rate, working gas flow rate and other process conditions in the
heat treatment process on the properties of the vanadium oxide film. Reduce the thin film
preparation process, and study how to prepare vanadium oxide thin films with high phase change
characteristics through rapid heat treatment in a pure oxygen environment.
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