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ABSTRACT  

The effects of Ca content (x) on the crystalline phases and thermoelectric properties of the (CaxSr1-

x)Si2 films were investigated. The solubility limit of the cubic phase was found to be narrow, with 

x = 0.08, compared to that of arc-melted samples. For x ≥ 0.17, a mixed phase was observed, which 

included a layered structure not previously reported in the arc-melted samples. In both the single 

cubic-phase region and the mixed-phase regions, the electrical resistivity and Seebeck coefficient 

varied systematically with x at 323 K. Consequently, a high power factor of approximately 1000 

μWm-1K2 was achieved over a wide composition range (x = 0.03 to 0.17) at 323 K. The wide 

compositional tolerance for a high power factor is advantageous for practical fabrication and offers 

robustness against compositional fluctuations. In addition, the power factor remained above 850 

μWm-1K-2 within the temperature range of 223 K to 373 K for x = 0.04 to 0.13. These results 

highlight that (CaxSr1-x)Si2 films with a predominantly cubic phase are promising candidates for 

thermoelectric applications near room temperature due to their high power factor across a broad 

range of compositions and temperatures. Furthermore, the highest power factor of 2000 μWm-1K-

2 was achieved at 210 K for the film with x = 0.04, which consisted solely of the cubic phase. The 

value exceeds that of previously reported SrSi2 films prepared using the same sputtering method. 
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Introduction 

With the proliferation of Internet of Things (IoT) devices, edge computing is expected to 

experience significant growth in the near future1. There are two main power supply methods for 

such devices: power outlets and batteries. When using power outlets, device placement is limited 

by outlet locations, and power is often supplied more than actual requirements. Conversely, 

battery-powered devices contribute to increased battery disposal, raising environmental 

concerns. To deploy IoT devices in an eco-friendly manner, alternative power supply methods 

such as energy-harvesting should be considered. Thermoelectric systems represent one 

promising solution to these power supply challenges2. They offer advantages such as compact 

design, high conversion efficiency for small-scale heat sources, solid-state operation, and 

extended operational lifetimes with minimal maintenance requirements3. It is also expected to be 

used as a Peltier device for cooling. Cooling devices are more promising applications in the case 

of TE thin films. The low efficiency of these thermoelectric devices restricts their practical 

application, particularly for operations near room temperature4. Furthermore, materials with 

good thermoelectric properties often contain rare and toxic elements. For example, the Bi-Te-Se 

system is one of the most widely investigated thermoelectric materials for use near room 

temperature5. Therefore, it is necessary to develop alternative materials that exhibit good 

thermoelectric performance near room temperature while comprising nontoxic and widely 

available elements. The efficiency of thermoelectric materials is directly related to the 

dimensionless figure of merit (ZT), defined as ZT = S2ρ-1κ-1T = S2σ κ-1T, where S, ρ, σ, κ, and T 

are the Seebeck coefficient, the electrical resistivity, the electrical conductivity, the thermal 

conductivity, and the absolute temperature, respectively4. The electrical property term (S2ρ-1) in 

ZT, is known as the power factor, is critical for achieving high thermoelectric performance. It is 
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worth noting that thermal conductivity has been reported to decrease when nanostructures are 

introduced3,6–10. This suggests that once a material with a high power factor is discovered, its 

overall ZT can be further improved through microstructural engineering aimed at reducing 

thermal conductivity.  

Considering both thermoelectric performance and environmental impact, silicide-based 

compounds have emerged as promising candidates for thermoelectric applications11. These 

compounds offer advantages such as low environmental impact, abundant constituent elements 

in the Earth’s crust, and excellent compatibility with Si-based fabrication processes. This 

compatibility is especially beneficial given the increasing heat generation in computing systems 

driven by rising energy consumption12,13. 

 Among silicides, SrSi2 with a cubic structure, (space group P4332, hereafter described as the 

cubic phase) has shown particular promise as a thermoelectric material. It has been reported to 

exhibit a high power factor near room temperature, alongside eco-friendly characteristics6,14–18. 

Another form of SrSi2 is a metastable layered structure (space group P-3m1, hereafter described 

as the layer phase), which exhibits lower electrical resistivity and higher carrier density than the 

cubic phase at temperatures below room temperature19–21. In our study of the layer phase of 

CaxSr1-xSi2, regardless of composition, the layer phase exhibited metallic behavior with low and 

electrical resistivity that increased with increasing temperature.23 Our previous work 

demonstrated that thermoelectric properties can be improved by combining the layered and cubic 

phases22. The optimal power factor was observed when the electrical resistivity and Seebeck 

coefficient were lower than those of SrSi2 alone. The mixed-phase film was achieved by precise 

control of the deposition temperature, as the phase composition of the film is highly sensitive to 

deposition conditions22. The band structure of CaxSr1-xSi2 was investigated, and it was suggested 
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that as Ca was solid-solvated, the intersection between the minimum of the conduction bands and 

the maximum of the valence bands along the Γ−X direction, and the density of states near the 

Fermi level increased.36 An increase in the density of states near the Fermi level may lower the 

electrical resistivity and Seebeck coefficient compared to SrSi2. Therefore, CaxSr1-xSi2 has 

optimal lower electrical resistivity and Seebeck coefficient than SrSi2 and may have improved 

power factor. Furthermore, we have confirmed that the layer phase becomes the main phase 

when the Ca content is high in (CaxSr1-x)Si2 thin films.23 This suggests that an optimal two-phase 

coexistence film with high thermoelectric properties can be realized by controlling both the 

deposition temperature and the x value in (CaxSr1-x)Si2. Additionally, Ca-substituted (CaxSr1-x)Si2 

has been reported to exhibit improved thermoelectric properties. Specifically, power factor 

enhancement has been observed upon substituting Sr with Ca.24 However, systematic research on 

(CaxSr1-x)Si2 over a wide range of x values remains limited.  

In this study, we investigate the effect of the Ca content (x) on the constituent phase and 

electrical properties of (CaxSr1-x)Si2 thin films deposited on (001) Al2O3 substrates using the RF 

magnetron sputtering method. As a result, the films with thermoelectric power factors exceeding 

1000 μWm-1K-2 at 373 K were obtained over a wide composition range (x = 0.03-0.17), 

encompassing both the single cubic-phase region and the mixed phase region comprising cubic 

and layered structures. These power factors surpass those reported for the Bi-Te-Se system, 

including Bi0.99-xSnxTe0.4Se0.6, and Bi0.99Te1-xSex5.  

Furthermore, the highest power factor of 2000 μWm-1K-2 was achieved at 210 K for the film with 

x = 0.04, which consisted solely of the cubic phase. The value exceeds that of previously 

reported SrSi2 films prepared using the same sputtering method22,23,25,26. Moreover, the power 

factor for x = 0.04 to 0.13 remained above 850 μWm-1K-2 across a wide temperature range from 
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223 K to 373 K, encompassing near room temperature conditions. These findings indicate that 

(CaxSr1-x)Si2 films with a predominantly cubic phase are promising candidates for thermoelectric 

applications near room temperature, due to their high and stable power factor across both 

composition and temperature ranges.  

 

Methods 

(CaxSr1-x)Si2 films with thicknesses ranging from 0.75–1.4 μm were prepared on (0001) Al2O3 

substrates using the RF magnetron co-sputtering method in an Ar atmosphere containing 5% H2. 

Arc-melted samples of SrSi2 and CaSi2 were used as co-sputtering targets. The deposition 

temperature, deposition pressure, and target-substrate distance were set to 973 K, 100 m Torr, 

and 60 mm, respectively. To control the Ca content (x value), the RF power applied to the CaSi2 

target was varied from 0 to 50 W, while the power applied to the SrSi2 target was maintained at 

50 W.  

The x values of the deposited films were measured using X-ray fluorescence spectrometry (XRF; 

PANalytical, PW4400). The (Ca+Sr)/Si ratio in all films was approximately 0.5. The constituent 

phases of the films were characterized using X-ray diffraction (XRD; Bruker AXS, D8 

DISCOVER). XRD 2θ-θ scans were conducted by changing the sample inclination angle (ψ), 

with continuous sample rotation. Integrated 2θ-θ scans were obtained by integrating the 

diffraction intensities along the ψ direction27.   

The temperature dependence of electrical resistivity was measured using the 4-point method, 

while the Seebeck coefficient was measured in a helium (He) atmosphere under reduced pressure 
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over the temperature range of 323 K to 673 K using a ULVAC ZEM-3 system. For 

measurements below room temperature (10 K to 300 K), resistivity and Hall effect 

measurements were performed using the Van der Pauw 4-probe method, while the Seebeck 

coefficient was measured under steady-state conditions in a vacuum (pressure < 1×10-5 Pa). The 

thermoelectromotive force (ΔV) and temperature difference (ΔT) were measured simultaneously 

by applying a ΔT of up to 2.0 K in the in-plane direction. It must be noted that the discontinuity 

of the obtained data were observed at 300K. This is considered to be mainly due to the 

measurement setups for these two temperature regions. The size of the sample for the 

measurement is different; the low-temperature side measurement used 10 mm × 10 mm, while 

the high-temperature side used 15 mm × 5 mm. Imperfection in the shape of the measurement 

samples and inhomogeneity of the film thickness and the film composition affect the 

discontinuity in the measured data at 300 K. Imperfection of the sample shape may also affect 

the obtained results. The Seebeck coefficient was then calculated from the slope of the ΔV−ΔT 

plots28. Due to the different sample geometries required for measurements below and above room 

temperature, two sets of films were deposited simultaneously. The identical x values of these 

films were confirmed by XRF analysis. 

 

Results and discussion 

Ca content dependence of constituent phases in (CaxSr1-x)Si2 films 

Figure 1(a) and (b) shows the integrated XRD 2θ-θ scan results for films with different x 

values. The XRD patterns for films with 0 ≤ x ≤ 0.13 indicate the presence of a single cubic 

phase, which corresponds to the stable phase in SrSi218. As the x value increases beyond this 
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range, the layered phase begins to emerge; however, the cubic phase remains dominant in films 

with x = 0.17. At x = 0.20, the layer phase becomes the major constituent. Thus, in the 

composition range x = 0.17–0.20, the films consist of mixed phases comprising both cubic and 

layered structures.  

 

Figure 1. Integrated XRD profiles of (a) 2θ = 20-40°and (b) 2θ = 28-35°for (CaxSr1-x)Si2 films 

with various x values deposited at 923 K. Inverted triangles show the peaks from the Al2O3 

substrates.  
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Figure 2 shows the lattice constants of (CaxSr1-x)Si2 as a function of x. The lattice constants were 

calculated by integrating the value of ψ over the range from 0 to 30°. In this range, only the cubic 

crystal peak (210) exists. In the range from ψ = 30° to 40°, the layer phase peak (101) exists, so it 

was excluded. For comparison, previously reported data for (CaxSr1-x)Si2 prepared by annealing 

arc-melted samples at 1073 K in vacuum-sealed quartz tubes for three days are also plotted (Figure 

2)24. The lattice constant decreases with increasing x up to x = 0.08, after which it remains nearly 

constant up to x = 0.17. Since all films were deposited at the same temperature, it is assumed that 

the effect of the thermal stress is independent of the x value of the films. Nevertheless, the fact that 

the lattice constant of the cubic phase decreases proportionally with the x value up to x = 0.08 is 

due to the effect of the substitution of Ca, which has a smaller ion radius, being substituted for Sr 

sites following the Vegard's law. When x > 0.08, the fact that the lattice constant does not change 

with x value means that Ca was not substituted for Sr sites. In contrast, earlier reports demonstrated 

a monotonic decrease in lattice constant up to x = 0.15, as shown in Fig. 224. This difference 

indicates that the Ca solubility in the present study is lower than that of the arc-melted samples, 

despite the absence of identifiable XRD peaks corresponding to the layer phase (see Fig. 1). A 

minor fraction of the layered phase may suppress peak observation in the film with x = 0.1324. 

Furthermore, the volume fractions of the cubic and layered phases might be varied in the films 

with x = 0.13 and 0.17, as inferred from changes in the XRD patterns shown in Fig. 1. Cubic in a 

mixed phase is independent of the second layer phase because its lattice constant does not change 

even when its volume decreases. In this composition region, lattice parameter of cubic phase does 

not change because the composition of cubic phase keep almost onstant within this region. 
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According to our previous study for SrSi2 thin films, form a cubic phase and a layer phase 

(trigonal structures) coexisting between 873 and 973 K22. On the other hand, when CaSi2 is 

deposited under the same conditions, we have confirmed that a rhombohedral structure (layer, 

but stacking is different) is formed at 973 K and a layer phase (trigonal structures) is formed at 

873 K.23 This observation suggests that the difference in formation free energy between the layer 

and cubic phase of SrSi2 is smaller in the thin films than in arc-melted samples. In contrast, the 

difference in formation free energy between cubic and layer phase of CaSi2 is at least larger than 

that in SrSi₂ because the cubic phase cannot be confirmed under the same deposition conditions. 

In addition, density functional theory (DFT) calculations show that for SrSi2, the cubic phase is 

slightly more stable than the layer phase, whereas for CaSi2, the layer phase is more stable than 

the cubic phase.[31] Therefore, it can be assumed that increasing the Ca content per unit cell 

improves the stability of the layer phase. In thin films, this results in the layered phase becoming 

more stable than the cubic phase at lower Ca concentrations than in the arc-melted samples, 

narrowing the solid-solution region in the thin film, as shown in Fig. 2. In other words, the 

constituent phases of films with compositions above x = 0.08 would separate into a cubic phase 

with x = 0.08 and a layered phase with x ~ 0.20. As shown in Fig.2, the lattice constant of the 

(CaxSr1–x)Si2 thin film is smaller than the value reported for arc-melted samples24. Since the 

linear thermal expansion coefficient of (001) Al2O3 is smaller than that of SrSi2, an in-plane 

tensile strain is imposed on the film during the cooling process, causing the lattice constant of the 

film to expand in-plane and contract out-of-plane relative to the arc-melted samples. 
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Figure 2. x value dependence of the lattice constant for the cubic phase, calculated from the peak 

position of 210 integrated over the range of ψ = 0–30°. Closed circles and triangles indicate data 

from this study and from Ref. 24, respectively. 

 

Electrical and thermoelectric properties 

Figure 3(a) shows the dependence of the electrical resistivity on the x value, measured at room 

temperature. For comparison, data from the arc-melted samples in Ref. 24 are shown in Figure 

3(a). The electrical resistivity continuously decreases with increasing x value, deviating from the 

previous findings, where resistivity remained nearly constant across different x values24. In the 

single cubic phase region (x ≤ 0.08), the electrical resistivity decreases and tends to saturate with 
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increasing x. The electrical resistivity in the mixed phase region consisting of cubic and layer 

phases (0.08 < x < 0.17) continuously decreases with increasing x, and the film with x = 0.20 (layer 

phase being the major phase), showed almost one order of magnitude lower resistivity than non-

doped SrSi2 (x = 0).  According to our previous report on the layer phase of CaxSr1-xSi2, the layer 

phase is found to be a metallic phase because the resistivity of this film with x=0.19 shows a low 

value on the order of 100-200 µΩcm for the temperature range of 15-300K and monotonously 

increased with increasing temperature.23 Therefore, the electrical resistivity is expected to decrease 

as the volume fraction of the layer phase increases. 

Figure 3(b) presents the temperature dependence of the electrical resistivity for (CaxSr1-x)Si2 

films with x values up to 0.13. The discontinuity of the obtained data were observed at 300K. 

This is considered to be mainly due to the measurement setups for these two temperature regions, 

as mentioned in the Method section. This composition region exhibits only a single diffraction 

peak corresponding to the 210 reflection of the cubic phase, as shown in Fig. 1. Films with x ≤ 

0.08 exhibited lower resistivity than non-doped SrSi2 (x = 0) over the entire measured 

temperature range. Electrical resistivity of SrSi2 film (x=0) rised with increasing the temperature 

below 100 K. This trend was confirmed in previous paper and is a characteristic feature of the 

cubic phase. This trend is consistent with the previous cubic phase trend, and the behavior with 

inflection points appears to be characteristic of the cubic phase. The shift of inflection points to 

lower temperatures indicates the formation of a solid solution up to x = 0.08. In contrast, this 

hump of the resistivity is not observed for film with x=0.13. This can be explained by the 

coexistence of a layer phase with low resistivity. This is one evidence that layer phase is coexist 

with cubic phase for the film with x = 0.13.  



 13 

 

Figure 3. (a) x value dependence of electrical resistivity and conductivity measured at room 

temperature for (CaxSr1-x)Si2 films (red circles). The closed blue triangles indicate previously 

reported data from Ref. 24. (b) Temperature dependence of electrical resistivity and conductivity 
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for the (CaxSr1-x)Si2 films with (1) x = 0 (SrSi2) (closed circles), (2) x = 0.04 (closed squares), (3) 

x = 0.08 (closed triangles), and (4) x = 0.13 (closed diamonds). 

 

Figure 4 shows the temperature dependence of the logarithm of carrier density below room 

temperature for the same (CaxSr1-x)Si2 films presented in Fig. 3(b).  An inflection point in carrier 

concentration is observed around 90 K for SrSi2, and for Ca-substituted films with x = 0.04 and 

0.08. In contrast, this inflection point is absent in the film with x = 0.13. This variation in carrier 

concentration is reflected in the change in electrical resistivity. Furthermore, the decreasing 

electrical resistivity at temperatures ranging from 90 to 300 K in Figure 3(b) is mainly due to the 

increase in carrier density with increasing temperature. Moreover, the carrier concentration 

increases with increasing x value across the entire temperature range. Notably, the absolute 

carrier concentration of the film with x = 0.13 is more than twice that of the other film 

compositions across the measured range. According to previous study, the carrier concentration 

in the layer phase is 100 times higher than that in the cubic phase. Therefore, one possibility is 

that the carrier concentration may increase in the mixed phase compared to the single cubic 

phase.  
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Figure 4. Temperature dependence of carrier density for (CaxSr1-x)Si2 films with (1) x = 0 (SrSi2) 

(closed circles), (2) x = 0.04 (closed squares), (3) x = 0.08 (closed triangles), and (4) x = 0.13 

(closed diamonds).  

 

Figure 5(a) shows the temperature dependence of Hall mobility below room temperature for the 

same films shown in Figures 3(b) and 4. A continuous decrease in Hall mobility was observed 

with increasing temperature over the entire temperature range for all films, except for the film 

with x = 0.13. Moreover, the mobility decreases with increasing x for all temperatures. It must be 

noted that the film with x = 0.13 exhibits the lowest mobility among the samples. 

Figure 5(b) presents the data shown in Fig. 5(a) on a logarithmic scale of the horizontal axis to 

investigate the effects of acoustic phonon scattering and impurity scattering on Hall mobility32. 

The slope of all the films above 100 K is approximately -3/2, indicating that mobility depends on 
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acoustic phonon scattering32. Therefore, no noticeable impurity scattering was detected in these 

films, regardless of the constituent phase. However, impurity scattering appears to dominate 

below 100 K, as the Hall mobility in the low temperature limit decreases with increasing x.33,34 

The reduced mobility in the film with x = 0.13 may be attributed to the presence of mixed 

phases, which can introduce additional scattering centers. 

 

Figure 5. Temperature (T) dependences of Hall mobility (μ) of the (CaxSr1-x)Si2 films with (1) x 

= 0 (SrSi2) (closed circles), (2) x = 0.04 (closed squares), (3) x = 0.08 (closed triangles), and (4) x 

= 0.13 (closed diamonds). The vertical and horizontal axes of the graphs were changed for the 

following considerations: (a) log(μ)-T, (b)log (μ)-Log(T), where T refers to “Temperature”.  
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Figure 6(a) shows the dependence of the Seebeck coefficient on x at 323 K. This temperature 

was selected to ensure a stable measurement environment with the equipment employed in this 

study. The positive Seebeck coefficient suggests p-type conduction for films up to x = 0.17, 

where the cubic phase is the majority phase. Within the x range up to 0.08, where a single cubic 

phase can be obtained, the Seebeck coefficient hardly changes with the x value. This value is 

almost the same as the reported data for arc-melted (CaxSr1-x)Si2, except for the anomalous data 

point at x = 0.10 in Fig. 6(a). On the other hand, it decreased with increasing x values for the 

films consisting of the mixed phase (x = 0.08–0.20). Our previously reported SrSi2 films with a 

cubic phase deposited at 923 K exhibited p-type conduction24. Therefore, in this region, the 

absolute value of the Seebeck coefficient decreased with x in response to the decrease in the 

volume fraction of the cubic phase. In contrast, the Seebeck coefficient of the film with x = 0.20 

became negative, which is consistent with the n-type conduction observed in a previous study for 

the layer phase deposited at 823 K23.  

Figure 6(b) presents the temperature dependence of the Seebeck coefficients of the films shown 

in Figures 3(b), 4, and 5. A monotonic decrease in the Seebeck coefficient with increasing 

temperature, along with minimal variation across the compositions, was observed above 323 K 

across the entire temperature range. In contrast, all (CaxSr1-x)Si2 films exhibited a maximum 

Seebeck coefficient below 300 K, with a clear composition dependence on the temperature at 

which the maximum value was observed. This temperature also coincides with the location of 

the inflection point of the temperature dependence of Hall mobility. As the temperature 

increased, the peak became less sharp as the x value increased. The largest Seebeck coefficient 

value, around 200 μVK-1, was observed for the film with x = 0.04. It must be noted that the 

absolute value of the Seebeck coefficient for the films with x = 0.13 is smaller than that of x = 
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0.08. This can be explained by the coexistence of the layered phase, as discussed in Section 1. 

The simple Seebeck-coefficient mixing model is represented by |S|obsd. = (σA|S|A + σB|S|B)/(σA + 

σB)35. Therefore, a mixture of a cubic phase with a high Seebeck coefficient and a layered phase 

with a low Seebeck coefficient exhibits a lower Seebeck coefficient than a single cubic phase. 
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Figure 6. (a) x value dependence of the Seebeck coefficient. The closed red circles and closed 

blue triangles indicate the present data and the data reported in Ref. 24, respectively. (b) 

Temperature dependence of the Seebeck coefficient of the (CaxSr1-x)Si2 films with (1) x = 0 



 20 

(SrSi2) (closed circles), (2) x = 0.04 (closed squares), (3) x = 0.08 (closed triangles), and (4) x = 

0.13 (closed diamonds).  

 

Figure 7(a) summarizes the x-value dependence of power factors at 323 K. The maximum value 

near room temperature was observed for the films with x = 0.04. In previous studies, the optimal 

power factor was established by reducing the resistivity and Seebeck coefficient of the mixed 

phase. In this case, the solid solution of Ca into the Sr sites reduced the electrical resistivity and 

Seebeck coefficient of the single cubic phase, resulting in the optimal power factor for the entire 

thin film in the single-phase region. However, it was confirmed that the effect of the x value on 

the power factor is not significant. The films with a wide composition range (x = 0.03 to 0.17) 

exhibited a high value of around 1000 μWm-1K-2. This power factor is higher than that of the 

(BaxSr1-x)Si2 films reported in our previous study and is comparable to the reported value for the 

Bi-Te-Se system, which has been extensively investigated in room temperature range5. The high 

power factor maintained over a wide composition range is advantageous for device fabrication, 

owing to its tolerance to compositional fluctuations. Furthermore, considering that thermal 

conductivity generally decreases due to solid solution effects and the presence of multiple 

phases, these films are expected to show an enhanced figure of merit across a wide composition 

range.  

Figure 7(b) shows the temperature dependence of the power factor of (CaxSr1-x)Si2 films. All 

(CaxSr1-x)Si2 films exhibited the maximum value of power factor below 300 K. Especially, the 

film with x = 0.04 achieved the maximum power factor of approximately 2000 μWm-1K-2 at 210 

K, which surpasses the maximum values reported in our previous study for pure SrSi2 films 
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prepared by sputtering method22,23,25,26. However, for films with x = 0.08 and 0.13, the 

temperature dependence of the power factor was nearly identical over the entire temperature 

range.  In the (CaxSr1-x)Si2 system, an increase in x value increases the electrical conductivity, 

while the Seebeck coefficient decreases. As a result, the overall power factor does not vary 

significantly. The power factor for films with x ranging between 0.04 - 0.13 also reached above 

850 μWm-1K-2 in the temperature range of 223 K- 373 K (near room temperature). Overall, 

(CaxSr1-x)Si2 films with a predominantly cubic phase demonstrate significant potential for 

thermoelectric applications around room temperature, owing to their high and compositionally 

stable power factor above 850 μWm-1K-2 across a wide temperature range. 
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Figure 7. (a) x value dependence of the power factor. The closed red circles and blue triangles 

indicate the present data and those reported in Ref. 24, respectively. (b) Temperature dependence 
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of the power factor of the (CaxSr1-x)Si2 films with (1) x = 0 (SrSi2) (closed circles), (2) x = 0.04 

(closed squares), (3) x = 0.08 (closed triangles), and (4) x = 0.13 (closed diamonds).  
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Conclusions 

We investigated the constituent phases and thermoelectric properties of Ca-substituted SrSi2, 

(CaxSr1-x)Si2, films as a function of Ca content. The solubility limit of Ca in the cubic phase was 

found to be lower in thin films (x = 0.08) compared to arc-melted samples, and a coexistence of 

cubic and layered phases was observed above x = 0.17, a feature not previously reported in the 

bulk materials. In both the single-cubic-phase and mixed-phase regions, the electrical resistivity 

and Seebeck coefficient at 323 K systematically changed with x. As a result, the power factor at 

323 K reached around 1000 μWm-1K-2 over a wide composition range of x = 0.03 to 0.17. This 

value was larger than that of our previously reported (BaxSr1-x)Si2 films, and is comparable to 

that of the widely studied Bi-Te-Se thermoelectric system near room temperature. Furthermore, a 

compositionally stable high power factor is advantageous for fabrication, due to its insensitivity 

to compositional fluctuations. In addition, the power factor for films with x = 0.04-0.13 remained 

above 850 μWm-1K-2 over the temperature range of 223 K-373 K, which covers near room 

temperature conditions. These findings suggest that (CaxSr1-x)Si2 films with a predominantly 

cubic phase are promising candidates for thermoelectric applications near room temperature, 

owing to their compositionally and temperature stable high power factor above 850 μWm-1K-2. 
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