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Abstract 

Recently, the growth of perovskite oxide film has attracted a lot of attentions due to its 

physical property[1]. Among perovskite oxide thin films, there are many studies on BaBiO3 

(BBO) to adjust the characteristic of BBO. However, SrBiO3 (SBO) is not attracting attention 

even though it has similar properties to BBO. There was only one case in which SBO thin films 

were grown using Molecular Beam Epitaxy (MBE) in 2019[2].  

Here, I grew (Sr,K)BiO3 (SKBO) thin films (bulk Tc ~ 12 K) doped with Potassium (K) to 

SBO. The Oxygen vacancy was reduced using the in-situ post-annealing method. Temperature, 

oxygen pressure, and laser fluence were changed to see different properties of SKBO films. I 

also controlled the post-annealing conditions to show the importance of the post-annealing 

method. The properties of SKBO thin films were investigated through X-ray Diffraction, 

Ellipsometer, and Transport measurements. I grew a new kind of bismuthate film, and it 

provides a new way to study bismuthate thin films.  
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List of Figure 

 

Fig. 1-1 The schematic of perovskite structure (ABO3). (a) is the schematic of BaBiO3 (BBO) 

and (b) is the schematic of SrBiO3 (SBO). The difference of BBO and SBO is the atoms which 

is located at A-site. 

 

Fig. 2-1 The schematic of procedure of acid treatment.  

Fig. 2-2 AFM image of SrTiO3 substrate after acid treatment 

Fig. 2-3 The schematic of Pulsed Laser Deposition (PLD) system 

 

Fig. 3-1 X-ray Diffraction 2θ-θ scan without post-annealing method by varying laser fluence. 

The temperature and oxygen pressure are fixed at 700℃ and 100 mtorr. The scan range is from 

(a) 7° to 107° and (b) 38° to 50°.  

Fig. 3-2 X-ray Diffraction 2θ-θ scan with SrTiO3 (STO) capping layer. The capping layer and 

film growth condition is that temperature, laser fluence and oxygen pressure are 700℃, 1.0 

J/cm2 and 100 mtorr. The black one is data immediately after growth (As-grown). The red one 

is data after 24 hours (24 h later). The scan range is from (a) 7° to 107° and (b) 38° to 55°.  

Fig. 3-3 X-ray Diffraction 2θ-θ scan with post-annealing method. The Temperature, laser 

fluence and oxygen pressure are 700℃, 1.0 J/cm2 and 100 mtorr. The post annealing condition 

is that temperature is 700℃ Oxygen pressure is 400 torr for 40 minutes. The black one is data 

immediately after growth (As-grown). The red one is data after 24 hours (24 h later). The blue 



2 

 

one is data after 168 hours (168 h later). The scan range is from (a) 7° to 107° and (b) 15° to 

55°.  

Fig. 3-4 X-ray Diffraction 2θ-θ scan with post-annealing method by varying temperature. The 

laser fluence and oxygen pressure are fixed at 1.1 J/cm2 and 100 mtorr. The post annealing 

condition is that temperature is 700℃ Oxygen pressure is 400 torr for 40 minutes. The scan 

range is from (a) 7° to 107° and (b) 15° to 55°.  

Fig. 3-5 X-ray Diffraction 2θ-θ scan with post-annealing method by varying laser fluence. The 

temperature and oxygen pressure are fixed at 700℃ and 100 mtorr. The post annealing 

condition is that temperature is 700℃ Oxygen pressure is 400 torr for 40 minutes. The scan 

range is from (a) 7° to 107° and (b) 15° to 55°.  

Fig. 3-6 X-ray Diffraction 2θ-θ scan with post-annealing method by varying oxygen pressure. 

The laser fluence and temperature are fixed at 0.9 J/cm2 and 700℃. The post annealing 

condition is that temperature is 700℃, Oxygen pressure is 400 torr for 40 minutes. The scan 

range is from (a) 7° to 107° and (b) 15° to 55°  

Fig. 3-7 The SKBO/STO samples. Post-annealing temperature and time are varied. Post-

annealing oxygen pressure is fixed at 400 torr. All samples have the same films growth 

condition (T = 700℃, Oxygen pressure = 100 mtorr, Laser fluence = 0.9 J/cm2) 

Fig. 3-8 X-ray Diffraction 2θ-θ scan of changing post-annealing time. The scan range is from 

(a) 7° to 107° and (b) 18° to 60° 

Fig. 3-9 X-ray Diffraction 2θ-θ scan of changing post-annealing temperature. The scan range 

is from (a) 7° to 107° and (b) 38° to 50° 
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Fig. 3-10 The Reciprocal Space Mapping (RSM) around the STO (103) peak for a SKBO film. 

Film growth condition is that T = 700℃, Oxygen pressure = 100 mtorr and Laser fluence = 0.9 

J/cm2. Post-annealing condition is that T = 700℃, Oxygen pressure = 400 torr for 40 minutes. 

Fig. 3-11 Ellipsometer data of SKBO films. All samples have the same growth condition 

(optimized growth condition) except from laser fluence. The laser fluence is varied from 0.5 

J/cm2 to 1.1 J/cm2. 

Fig. 3-12 Ellipsometer data of SKBO films. All samples have the same growth condition 

(optimized growth condition) except from post-annealing time. The post-annealing time is 

varied from 40 minutes to 160 minutes. 

Fig. 3-13 The transport measurement data of SKBO film. The SKBO films are grown under 

optimized condition and only changes laser fluence. The laser fluence is (a) 0.9 J/cm2 and (b) 

from 0.5 J/cm2 to 1.1 J/cm2. 
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Chapter 1 

Introduction 

Perovskite Oxide heterostructures have emergent physical properties such as superconducting 

behavior[1,3] and two-dimensional electronic gas[4]. Recently, many researchers have focused 

on the interface and junction of oxide heterostructure to create quantum devices[5-9]. In the 

perovskite oxide heterostructure, the bismuthate heterostructure is attracting attention because 

it is useful for investigating superconductivity[7]. So, there have been many attempts to grow 

bismuthate thin films[10-16].  

BaBiO3 (BBO) has a perovskite ABO3 structure. Ba is located on A-site, and Bi and Oxygen 

are located inside(Fig. 1-1(a)). BBO is an interesting material. According to Hund’s rule, BBO 

should show metallic behavior. But in fact, BBO shows insulating behavior. It is a widely 

known that BBO has Charge Density Wave (CDW) and it makes BBO to show insulating 

behavior[10,11]. Superconductivity (Ba,K)BiO3 (BKBO) (Tc ~ 30K) and Ba(Pb,Bi)O3 (BPBO) 

(Tc ~ 12 K) appear when holes are doped into BBO, such as potassium (K) or lead (Pb)[13-15]. 

There have been attempts to grow BKBO and BPBO thin films. The films of BKBO and BPBO 

also exhibit superconductivity although the critical temperature is lower[16-23].  

However, the BBO family has large lattice constants (a BBO ~ 4.33 Å, a BKBO ~ 4.28 Å, a BPBO 

~ 4.30 Å), and these makes large lattice mismatches on commercially available substrates (e.g. 

SrTiO3; a ~ 3.905 Å). To reduce lattice mismatch, it is a good idea to grow other bismuthate 

films that have similar properties to BBO but have small lattice constants. The SrBiO3 (SBO) 

family is one of the candidates. 
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There is SrBiO3 (SBO) (a SBO ~ 4.25 Å) material that have similar properties to BBO. 

Comparing SBO and BBO, Sr is in A-site instead of Ba(Fig. 1-1(b)). SBO also has a CDW 

and shows insulating behavior[24]. SBO is the parent compound of a high Tc superconductor. 

(Sr,K)BiO3 (SKBO) is one of the SBO family made of potassium doped into SBO. When the 

potassium ratio is 0.45 to 0.6, a superconductivity phenomenon occurs, and the critical 

temperature Tc is almost 12 K in bulk state[25].  

In general, the SBO family has a small lattice constant (a SBO ~ 4.25 Å, a SKBO ~ 4.22 Å) than 

BBO family. So, it can reduce lattice mismatch when growing SBO family on the STO 

substrate. However, despite these advantages, SBO has not been noticed. Only one case of 

SBO thin films were grown using Molecular Beam Epitaxy (MBE) in 2019[2], and there is no 

report on SKBO thin films.   
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Fig. 1-1 The schematic of perovskite structure (ABO3). (a) is the schematic of BaBiO3 (BBO) 

and (b) is the schematic of SrBiO3 (SBO). The difference of BBO and SBO is the atoms which 

is located at A-site. 
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I grew SKBO films on SrTiO3 (STO) (001) substrates using Pulsed Laser Deposition (PLD). 

The growth of SKBO thin films has a problem of oxygen vacancy. BKBO is a similar to SKBO, 

and the growth of BKBO films has the same problem. In BKBO thin films growth, an in-situ 

post-annealing method was performed to reduce oxygen vacancy[20]. So, I used the same 

method. When using the in-situ post-annealing method, the SKBO thin films grow epitaxially 

on the STO substrate. After that, I changed the film growth conditions and post-annealing 

conditions to see how each condition affects the properties of SKBO films. To verify that the 

SKBO film has epitaxially grown, High resolution X-ray Diffraction (XRD) was used to 

perform 2θ-θ scans and Reciprocal Space Mapping (RSM) measurements of the SKBO films. 

To distinguish the optical conductivity of the SKBO, ellipsometer was used. I performed the 

transport measurement to see the resistance of the SKBO films. From these data, it can be seen 

that the in-situ post-annealing method is important for growing a thin film and affects the 

properties of the SKBO thin films. 
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Chapter 2 

Experimental Section 

2.1 Pulsed Laser Deposition : Growth of (Sr, K)BiO3 film 

SKBO films were grown using SrTiO3 (STO) (001) substrate (Crystec. Germany). Before 

growing the films, the STO substrate was treated with acid. First, soak the STO substrate in 

Deionized water (DI water) for 10 seconds. Next, the STO substrate is immersed in Buffered 

Hydrofluoric acid (BHF) for 30 seconds and then immersed in DI water for 120 seconds 

again(Fig. 2-1). The STO substrate was then annealed in ambient atmosphere at 1000℃ for 3 

hours[26]. This treatment has flattened the surface of the STO substrate. After treatment, the 

STO substrate shows a clean step-and-terrace surface(Fig. 2-2). 
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Fig. 2-1 The schematic of procedure of acid treatment.  

 

 

 

Fig. 2-2 AFM image of SrTiO3 substrate after acid treatment 
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SKBO thin films were grown using Pulsed Laser Deposition (PLD). Fig. 2-3 shows a 

schematic of PLD system. The STO substrate was heated by laser diode heater. The KrF 

excimer laser enters the main chamber through the viewport and hits the target. The laser has 

a high energy, so it evaporates target when laser ablates target and as a result, plume is made. 

The plume approaches the STO substrate, and the films grows. SKBO has potassium (K) in A-

site. K is volatile and could cause deficiency. To avoid this problem, it is common method to 

use a K over-doped target to compensate for possible K deficiency[16,17,20]. To grow the 

SKBO thin film, I used the Sr0.4K0.8BiO3 target that was over-doped with K. Temperature, 

Oxygen pressure, and laser fluence are important parameters for film growth. The growth 

temperature changed from 600℃ to 800℃. The oxygen pressure varied from 50 mtorr to 200 

mtorr. The laser fluence changed from 0.5 J/cm2 to 1.1 J/cm2. The beam size of the KrF excimer 

laser was 1.8 x 1.2 mm2, and the repetition rate was fixed at 3 Hz. After growing the SKBO 

thin film, I perform an in-situ post-annealing method to reduce oxygen vacancy. During the 

post-annealing method, the oxygen pressure is fixed at 400 torr. The temperature of the post-

annealing varied from 600℃ to 700℃ and the time varied from 40 minutes to 160 minutes. 
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Fig. 2-3 The schematic of Pulsed Laser Deposition (PLD) system 

 

 

 

 

 

 

2.2 Characterization of the thin film properties. 
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I used High-Resolution X-Ray Diffraction (XRD; Bruker, Germany). XRD is a powerful 

equipment that provides a lot of information about samples. The basic principle of XRD is 

Bragg’s law. XRD uses Bragg’s law to show information such as the lattice constant of the 

sample. XRD emits CuK-α X-ray (λ = 0.15406 nm) to the sample, and it diffracts the emitted 

X-ray. The detector absorbs the diffracted X-ray to show the data. By using XRD, I perform a 

2θ-θ scan, Reciprocal Space Mapping (RSM) measurement, and X-ray Reflectivity (XRR) 

measurement. The 2θ-θ scan show the peaks of the substrate and the film. From the peak, the 

lattice constants for the substrate and the film could be calculated. In the RSM measurement, 

it is possible to see that the substrate and film (103) peak and to distinguish whether the film 

has grown epitaxially. XRR measurement was also performed. XRR is a useful method for 

determining the thickness of SKBO films.  

I use ellipsometer (J. A. Woollam, USA) to see optical conductivity of the film. The 

ellipsometer uses light to determine the dielectric constant of the sample. The source emits 

linearly polarized light. This light is reflected by the sample, and the reflected light causes 

amplitude and phase changes. From this change, I can measure the optical properties of the 

sample. The ellipsometer shows the dielectric constant of the sample. The dielectric constant 

correlates with the light conductivity, so I can see the behavior of the light conductivity in the 

ellipsometer data. The film thickness is important in this experiment, so I check the film 

thickness before measuring the ellipsometer.  

Physical Property Measurement System (PPMS; Quantum Design) is used to perform 

transport measurement. PPMS is a useful tool for identifying electrical properties. It uses liquid 

Helium, so it can cool down to 2 K. Therefore, I can see that the electrical properties of the 

samples change from low temperature to high temperature. A magnetic field could be applied 

to the sample to confirm the change in the electrical properties of the sample according to the 
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external magnetic field. I measure the resistivity of the film at various temperature from 2 K to 

300 K. I use the 4-probe method to check the resistivity of the film. Au 50 nm was deposited 

on the film using E-beam and Thermal Evaporator to create a 4-contact. 
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Chapter3  

Results and Discussion  

3.1 SKBO films growth without post-annealing method  

I grew SKBO films on STO substrate without post-annealing method. The growth temperature 

was fixed at 700℃ and the oxygen pressure was fixed at 100 mtorr. Only the laser fluence 

changed from 0.4 J/cm2 to 0.8 J/cm2. After growth, XRD was used to determine how the SKBO 

film grew on the STO substrate. Fig. 3-1 shows the results of a 2θ-θ scan of the SKBO film. 

Fig. 3-1(a) shows that there is only a substrate peak and no film peak According to Bragg’s 

law, the peak of SKBO (002) is theoretically located at 2θ ~ 42.8°. There was a possibility that 

the XRD detector could not find the SKBO peak because it was too weak. So, I changed the 

scan range from 7° ~ 107° to 38° ~ 50° to reduce noise and accurately measure it. Fig. 3-1(b) 

shows the reduced scan range data. However, there was still no SKBO (002) peak. I assume 

that the volatility of potassium was so great that the peak of the SKBO film disappeared. So, I 

used capping layer to protect SKBO film. 
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Fig. 3-1 X-ray Diffraction 2θ-θ scan without post-annealing method by varying laser fluence. 

The temperature and oxygen pressure are fixed at 700℃ and 100 mtorr. The scan range is from 

(a) 7° to 107° and (b) 38° to 50°.  
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Using capping layer is a common way to protect films. I used the STO capping layer, which 

is the same as the substrate, to prevent the capping layer from being confused with the film 

peak. The STO capping layer grew 10 nm. This time, SKBO growth conditions were 

temperature 700℃, oxygen pressure 100 mtorr, and laser fluence 1.0 J/cm2. The STO capping 

layer has a growth condition of temperature 700℃, oxygen pressurem100 mtorr, and laser 

fluence 1.0 J/cm2. Fig. 3-2 shows the XRD 2θ-θ results. The peak of the SKBO film appears. 

However, there are two big problems. The first is the disappearance of the peak. In Fig. 3-2, 

black line is the SKBO sample immediately after growth(As-growth) and red line is the same 

sample after 24 hours(24 h later). The peak of the SKBO film disappears after 24 hours. The 

second is the location of the peak. In Fig. 3-2(b), the main (002) peak is located at 2θ ~ 41°. 

However, as mentioned earlier, the peak of SKBO (002) is theoretically located at 2θ ~ 42.8°. 

Therefore, I verify that the main peak in Fig. 3-2(b) is not the SKBO (002) peak. There was 

also a problem that SKBO samples could not be reproducible. The same growth conditions 

were used, but the same sample could not be grown. Based on these results, I came to think 

that it was not a volatile problem with potassium, but the oxygen vacancy problem. So, I need 

to find a way to reduce the oxygen vacancy.  
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Fig. 3-2 X-ray Diffraction 2θ-θ scan with SrTiO3 (STO) capping layer. The capping layer and 

film growth condition is that temperature, laser fluence and oxygen pressure are 700℃, 1.0 

J/cm2 and 100 mtorr. The black one is data immediately after growth (As-grown). The red one 

is data after 24 hours (24 h later). The scan range is from (a) 7° to 107° and (b) 38° to 55°. 
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3.2 SKBO films growth with post-annealing method 

When the BKBO thin film was grown on the STO substrate, a post-annealing method was 

used to reduce oxygen vacancy[20]. Since SKBO is similar to BKBO, I expected that the 

oxygen vacancy of SKBO film would be reduced by using the same method. The post-

annealing temperature was fixed at 700℃ and oxygen pressure was 400 torr to compensate the 

oxygen vacancy.  

 Before optimizing the growth conditions, I checked whether the post-annealing method 

actually worked. SKBO growth conditions were temperature 700℃, oxygen pressure 100 

mtorr, laser fluence 1.0 J/cm2. The post-annealing temperature and oxygen pressure were fixed 

at 700℃ and 400 torr. The SKBO film was in these condition for 40 minutes. Fig. 3-3 shows 

the post-annealing results. Fig. 3-3 shows that the peak does not disappear after 168 hours. 

Therefore, the post-annealing method is a useful tool to reduce the oxygen vacancy, and as a 

result, it is confirmed that the main peak does not disappear over time. In Fig. 3-3, I could see 

that there are additional peaks around 2θ ~ 30°. Therefore, it is necessary to find optimized 

growth conditions to eliminate additional peaks.  
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Fig. 3-3 X-ray Diffraction 2θ-θ scan with post-annealing method. The Temperature, laser 

fluence and oxygen pressure are 700℃, 1.0 J/cm2 and 100 mtorr. The post annealing condition 

is that temperature is 700℃ Oxygen pressure is 400 torr for 40 minutes. The black one is data 

immediately after growth (As-grown). The red one is data after 24 hours (24 h later). The blue 

one is data after 168 hours (168 h later). The scan range is from (a) 7° to 107° and (b) 15° to 

55°. 
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First, the growth temperature was changed from 600℃ to 800℃. Fig. 3-4 shows the results 

of a 2θ-θ scan of the SKBO film according to temperature changes with post-annealing. The 

main (002) peak is located at 2θ ~ 42.78° (Fig. 3-4). Theoretically, the SKBO film (002) peak 

is located at 2θ ~ 42.8°. Therefore, it is confirmed that the main peak is the SKBO (002) peak. 

However, there are additional peaks around 2θ ~ 26°, 31°, 51°. Since 2θ ~ 26° is (Sr,K)5Bi3O12 

and 2θ ~ 31°, 51° are (Sr,K)3Bi2O7 peaks [27,28]. So, SKBO film does not have a single phase 

under this condition. 
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Fig. 3-4 X-ray Diffraction 2θ-θ scan with post-annealing method by varying temperature. The 

laser fluence and oxygen pressure are fixed at 1.1 J/cm2 and 100 mtorr. The post annealing 

condition is that temperature is 700℃ Oxygen pressure is 400 torr for 40 minutes. The scan 

range is from (a) 7° to 107° and (b) 15° to 55°.  
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Second, I changed the laser fluence among the growth conditions. Fig. 3-5 shows the results 

of the 2θ-θ scan of the SKBO film by changing the laser fluence with post-annealing. When 

the laser fluence is 1.1 J/cm2, it is observed that an extra peak is present (Fig. 3-5). The peak is 

located at 2θ ~ 51°, but SKBO has no peak at 2θ ~ 51°. The peak located at 2θ ~ 51° is 

(Sr,K)3Bi2O7 peak[28]. Apart from the laser fluence 1.1 J/cm2 XRD data, SKBO film shows 

that the lower the laser fluence, the weaker the SKBO (002) peak. Therefore, the optimized 

laser fluence is 0.9 J/cm2.  
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 Fig. 3-5 X-ray Diffraction 2θ-θ scan with post-annealing method by varying laser fluence. 

The temperature and oxygen pressure are fixed at 700℃ and 100 mtorr. The post annealing 

condition is that temperature is 700℃ Oxygen pressure is 400 torr for 40 minutes. The scan 

range is from (a) 7° to 107° and (b) 38° to 55°.  
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The next step is to change the oxygen pressure. Fig. 3-6 shows the results of a 2θ-θ scan of 

the SKBO film by varying the oxygen pressure with post-annealing. There is an additional peak 

around 2θ ~ 51° at 50 mtorr, and at 200 mtorr, there is an additional peak around 2θ ~ 41°. As 

mentioned earlier, 2θ ~ 51° and 2θ ~ 41° are the (Sr,K)3Bi2O7 peak[28]. Therefore, 100 mtorr 

oxygen pressure with no additional peak is the optimized growth condition.  
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Fig. 3-6 X-ray Diffraction 2θ-θ scan with post-annealing method by varying oxygen pressure. 

The laser fluence and temperature are fixed at 0.9 J/cm2 and 700℃. The post annealing 

condition is that temperature is 700℃ Oxygen pressure is 400 torr for 40 minutes. The scan 

range is from (a) 7° to 107° and (b) 15° to 55°.  
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I confirmed that the optimized growth conditions found by changing the growth conditions 

were T = 700℃, oxygen pressure = 100 mtorr, laser fleuce = 0.9 J/cm2. However, this is a 

condition for the film growth. I used a fixed post-annealing condition, so there is no information 

about the post-annealing condition. Therefore, I have grown new SKBO samples to find the 

optimized post-annealing condition(Fig. 3-7). 
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Fig. 3-7 The SKBO/STO samples. Post-annealing temperature and time are varied. Post-

annealing oxygen pressure is fixed at 400 torr. All samples have the same films growth 

condition (T = 700℃, Oxygen pressure = 100 mtorr, Laser fluence = 0.9 J/cm2).  
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First, I change the post-annealing time. Fig. 3-8 shows the results of the 2θ-θ scan of SKBO 

films according to the post-annealing time. In Fig. 3-8(b), there is an additional peak between 

30° ~ 40°. These peaks are also (Sr,K)3Bi2O7 peak[28]. Therefore, SKBO films have additional 

peaks after 40 minutes of post-annealing.   
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Fig. 3-8 X-ray Diffraction 2θ-θ scan of changing post-annealing time. The scan range is from 

(a) 7° to 107° and (b) 18° to 60° 
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Second, I change the post-annealing temperature. In BKBO films, the change in post-

annealing temperature affects the electrical properties of the film, resulting in a change in the 

critical temperature[20]. Since SKBO is a similar material to BKBO, I expect it to affect the 

properties of the film. Fig.3-9 shows the results of the 2θ-θ scan of the SKBO film according 

to the post-annealing temperature change. In Fig. 3-9(b), there is an additional peak around the 

SKBO (002) peak. Unlike when the post-annealing time was changed, the additional peak 

exists between 40° and 50°. This peak corresponds to the (Sr,K)3Bi2O7 peak[28], indicating 

that SKBO does not grow in a single phase on the STO substrate under the post-annealing 

temperature of T = 700℃. By changing the post-annealing condition, I verify that the optimized 

post-annealing condition is T = 700℃ and oxygen pressure = 400 torr for 40 minutes. 
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Fig. 3-9 X-ray Diffraction 2θ-θ scan of changing post-annealing temperature. The scan range 

is from (a) 7° to 107° and (b) 38° to 50° 
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The 2θ-θ scan shows that the SKBO film has a single phase on the STO substrate under 

optimized growth conditions. However, a 2θ-θ scan is not enough to confirm that SKBO film 

grows epitaxially on the STO substrate. Therefore, I performed a Reciprocal Space Mapping 

(RSM) measurement using XRD (Fig. 3-10). SKBO/STO samples grew under optimized 

growth conditions. Fig. 3-10 shows only STO (103) and SKBO (103) peaks, no additional 

peaks found. Therefore, XRD 2θ-θ scan data and RSM measurements confirm that SKBO has 

grown epitaxially on the STO substrate under optimized growth conditions.  
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Fig. 3-10 The Reciprocal Space Mapping (RSM) around the STO (103) peak for a SKBO 

film. Film growth condition is that T = 700℃, Oxygen pressure = 100 mtorr and Laser fluence 

= 0.9 J/cm2. Post-annealing condition is that T = 700℃, Oxygen pressure = 400 torr for 40 

minutes. 
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3.3 Optical conductivity of SKBO films 

I perform an ellipsometer measurement to see how the growth parameter affects the SKBO 

film. Through the measurement of the ellipsometer, I can know the dielectric constant of the 

sample. The tendency of optical conductivity can be determined through the dielectric constant 

because the dielectric constant is associated with optical conductivity. In here, I change laser 

fluence and post-annealing time.  

Fig. 3-11 shows the change in the dielectric constant (ε2) of the SKBO film when the laser 

fluence is varied. The change is particularly noticeable from 1 eV to 3 eV. There is no peak 

around 1 eV to 3 eV when the laser fluence is 0.5 J/cm2. However, as the laser fluence increases, 

a peak appears. When the laser fluence is 1.1 J/cm2, the peak is sharp and located at high 

position.  
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Fig. 3-11 Ellipsometer data of SKBO films. All samples have the same growth condition 

(optimized growth condition) except from laser fluence. The laser fluence is varied from 0.5 

J/cm2 to 1.1 J/cm2. 
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Fig. 3-12 shows the dielectric constant (ε2) of the SKBO film according to the post-annealing 

time. In Fig. 3-12, it can be seen that the post-annealing time affects the dielectric constant of 

the SKBO film. Changing the post-annealing time from 40 minutes to 80minutes increases the 

dielectric constant but changing the time from 80 minutes to 160 minutes decreases the 

dielectric constant and is placed below the 40 minutes sample.  

The ellipsometer measurement confirmed that the laser fluence and post-annealing time affect 

the growth of SKBO films and make optical properties different.  
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Fig. 3-12 Ellipsometer data of SKBO films. All samples have the same growth condition 

(optimized growth condition) except from post-annealing time. The post-annealing time is 

varied from 40 minutes to 160 minutes. 
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3.4 Electronic properties of SKBO films 

I perform transport measurements of SKBO films (Fig. 3-13(a)). Since superconductivity has 

appeared in bulk SKBO, the SKBO film should have appeared the superconductivity. However, 

there is no superconducting phenomenon on the SKBO film. Under optimized growth 

conditions, the SKBO film shows only metallic behavior. In bulk state, Sr1-xKxBiO3 shows 

superconductivity only when the potassium ratio x is in the range of 0.45 to 0.6. Therefore, I 

assume that the ratio of potassium is outside the range of superconductivity, so that SKBO 

films shows metallic behavior. The reason for this is that SKBO film growth used an over-

doped potassium target with potassium ratio x of 0.8 to compensate for the K deficiency. 

However, during film growth, K in not deficient, and as a result, SKBO films are over doped 

with K. Since it is important to reduce the K ratio in the SKBO film, I tried to adjust the K ratio 

through laser fluence. In BKBO film, it is confirmed that the ratio of K varies through laser 

fluence[20]. Since SKBO is similar to BKBO, I assume that laser fluence could affect the K 

ratio of SKBO film. Therefore, transport measurements are performed with SKBO films that 

have changed the laser fluence. Fig. 3-13(b) is the transport measurement data obtained by 

changing the laser fluence. In Fig. 3-13(b), the resistivity of the SKBO film increases as the 

laser fluence decreases. Therefore, I have confirmed that laser fluence affects the stoichiometry 

of SKBO films. However, there is still no superconductivity, only metallic behavior.  
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Fig. 3-13 The transport measurement data of SKBO film. The SKBO films are grown under 

optimized condition and only changes laser fluence. The laser fluence is (a) 0.9 J/cm2 and (b) 

from 0.5 J/cm2 to 1.1 J/cm2. 
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Future Work 

In this research, SKBO films show metallic behavior. Similar to BKBO, SKBO also affects 

the K ratio depending on the laser fluence. In fact, a decreasing in the laser fluence increases 

the resistivity, which could be attributed to the K ratio(Fig. 3-13(b)). However, all samples 

show metallic behavior. The BKBO film shows superconductor-to-insulator transition[20]. If 

the SKBO film shows superconducting behavior, the SKBO should show superconductor-to-

insulator transition, just like BKBO. I want to lower the laser fluence to see the insulating 

behavior of the SKBO film at room temperature. However, SKBO films do not grow on the 

SKBO substrate under laser fluence 0.5 J/cm2. It is concluded that it is difficult to grow a 

superconducting film using Sr0.4K0.8BiO3 target. Therefore, I will use another target with a 

smaller K ratio. I will grow a new sample with a new target by change the laser fluence. I will 

perform transport measurement and Rutherford Backscattering Spectrometry (RBS) 

measurement. RBS is a useful tool for determining the composition of thin films. I could see 

the K ratio of samples growing under different growth conditions. As a result, I could control 

the K ratio on the SKBO films and adjust the K ratio to see the superconductivity on the SKBO 

film.  
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Conclusion 

In summary, the SKBO thin film was grown on the STO substrate using Pulsed Laser 

Deposition. Initially, SKBO films grow on STO substrates without a post-annealing method. 

However, there were many problems, and the cause was determined to be oxygen vacancy. To 

solve this problem, I focused on the BKBO thin film. In the growth of BKBO thin films, post-

annealing method is used to reduce oxygen vacancy. So, I used the same method. Using post-

annealing method, SKBO films were grown well on STO substrate. XRD 2θ-θ data and RSM 

measurements confirmed that SKBO has a single phase when using the post-annealing method. 

By changing the growth conditions, I found the optimized growth conditions for SKBO film. 

While changing the post-annealing condition, it was confirmed that the post-annealing 

condition affects the SKBO film, and the optimized post-annealing condition was found. 

Ellipsometer and transport measurement were performed to investigate how growth and post-

annealing condition affect the properties of SKBO films. In bulk state, SKBO shows 

superconductivity, and the critical temperature Tc is almost 12 K. At first, I expected SKBO 

films to show superconductivity. However, the experiment confirmed that the SKBO film 

showed metallic behavior. I thought that the reason for this tendency was that potassium was 

over-doped. So, I changed the laser fluence, and grew SKBO samples with different potassium 

ratio, and performed transport measurement again. Transport measurement data showed that 

the resistivity of the SKBO film increased when the laser fluence decreased. However, SKBO 

films still showed metallic behavior. In the future work, I will use less potassium doped target 

to grow SKBO films. Using less potassium doped target, I expect SKBO film to show 

superconductivity.  
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국문 초록 (Korean Abstract) 

최근에 비스무스 산화물 박막에 관해서 많은 관심이 생겨났다[1]. 비스무스 산화물 얇은 

박막 중에서 BaBiO3 (BBO)의 물성을 조절하기 위해서 많은 연구들이 진행되었다. 그러나 

BBO 와 유사한 성질을 지니고 있음에도 불구하고 SrBiO3 (SBO)는 많은 관심을 받지 

못하였다. SBO 를 박막으로 만든 연구는 2019 년에 분자선 결정 성장 시스템 (MBE)를 

이용해서 박막으로 만든 것이 유일하다[2]. 

여기서 나는 SBO 에 칼륨을 넣은 (Sr,K)BiO3 (SKBO) (Tc ~ 12 K) 박막을 길렀다. 나는 

산소원자 결함을 제거하기 위해서 포스트 어닐링 방법을 사용하였다. 온도, 산소 압력, 

레이저 세기를 변화시켜 가면서 SKBO 박막의 성질이 어떻게 달라지는지 확인해보았다. 

게다가, 포스트 어닐링이 중요하다는 것을 보이기 위해서 포스트 어닐링 조건도 

조절하였다. 엑스레이 회절, 타원계측법, 그리고 전기전도도 측정을 통해서 SKBO 박막의 

특성을 관찰할 수 있었다. 이 연구를 통해서 새로운 종류의 비스무스 산화물 박막을 

길렀다. 이를 통해서 비스무스 산화물 박막 연구를 할 수 있는 새로운 길을 제공한다.  
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