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ABSTRACT. In the present study, the calcium copper titanate (CCTO) thin layer has been coated onto Si wafer 

at 300°C using a CCTO target by Radio Frequency (RF) magnetron sputtering in argon atmosphere. The 

surface morphology crystal structure was examined by X-ray diffraction (XRD), atomic force microscopy 

(AFM), scanning electron microscopy (SEM) and energy dispersive X-ray spectroscopy (EDX), respectively. 

The CCTO layer revealed polycrystalline nature with characteristic peaks of (0 2 2), (2 2 4), and (0 2 4) at 

34.19°, 54.75° and 61.29°. The average grain size and pore size of porous sputtered CCTO were determined as 

20 nm and 15.70 nm, respectively. 
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1. INTRODUCTION 

CaCu3Ti4O12 (CCTO) is perovskite-like compound, which possesses high dielectric constant (ɛr≤ 105) over a 

wide range of temperature from 100 to 600 K. This unprecedented characteristic makes it suitable for 

microelectronic applications. There are several methods for the deposition of CCTO thin including sol-gel 

process [1-2], pulsed laser deposition (PLD) [3-6], sputtering [7], and metal organic chemical vapor 

deposition (MOCVD) [8,9]. The RF magnetron sputtering has noticeable advantages over the other methods; 

it needs a very simple apparatus, high deposition rate, as well asdeposition on a large area. Most of the CCTO 

studies have focused on the preparation of bulk materials such as ceramics or single crystals using chemical 

methods and the identification of the possible mechanism regarding to its unique properties [10,11] 

However, thin layer have shown advantages over the bulk material for electronic applications [12-14]. The 

CCTO porous thin layer has been fabricated for different application such as humidity and gas sensor, 

dielectric constant applications [13,14]. It was reported that the properties of CCTO is dependent on the 

synthesis method as well as experimental conditions [15,16]. 

There are few studies available in the literature focusing on the fabrication of CCTO thin layer via RF 

magnetron sputtering process [12-14] to study the dielectric constant of gas sensors. However, the structural 

and physical properties of RF sputtered CCTO thin layer on Si wafer has not been discovered. The aim of this 

study is primary investigation of the crystallite structure and surface morphology of CCTO thin layer on Si 

wafer via RF magnetron sputtering. 

2. MATERIALS AND METHODS 
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CCTO thin layerpreparation. The CCTO thin layer with the 400 nm thickness have been coated on Si wafer 

via RF magnetron sputtering technique with the target (CCTO, 99.9% purity) (76 mm in diameter and 5 mm 

in thickness). The Si wafer carefully washed by hydrocholoric acid (HCl), hydrogen peroxide (H2O2) and 

deionized water prior to coating process in order to eliminate surface impurities. The base pressure was set 

as 30×10-5 mbar in the coating chamber and CCTO target was pre-sputtered for ∼300 s at 30 WRF power to 

eliminate pollution on the surface. The layer was coated at 1.23×10-2 mbar pressure, 10 sccm argon gas flow 

rate, and 150 W of RF power. The temperature of the substrate was retained at 300°C during coating process 

to enhance the layer crystallinity [17]. In order to analysis phase, surface topography and morphology of the 

CCTO thin layer, X-ray diffraction (XRD Bruker, D8 Advance system, Cu Kα irradiation, λ = 1.5405 Å), atomic 

force microscope (AFM) (Nano Navi, SPA 400) and scanning electron microscope linked with energy 

dispersive X-ray spectroscopy (SEM-EDX, Zeiss SupraTM35VP) was used.  

3. RESULTS AND DISCUSSION 

Fig.1 shows the XRD pattern of the RF sputtered CCTO thin layer on the silicon wafer with 400 nm 

thickness. The characteristic peaks indicated body centered cubic perovskite structures (ICDD data card no. 

98-006-9415) with space group of Im-3 [18]. Five peaks centered at 2θ = 34.19°, 54.75° and 61.29°were 

matched to diffraction planes of (0 2 2), (2 2 4) and (0 2 4), respectively. The characteristic peaks at 

2θ=47.21°, 56.27°, 69.23°and 76.61°confirmed the crystalline structure of Si wafer (ICDD data card no. 98-

002-2990). The peak at 69.14° of high intensity was ascribed to reflection lines of silicon wafer. Nevertheless, 

not all of the expected peaks for CCTO thin layer were observed in the XRD pattern. This may be attributed to 

the small quantity of deposited CCTO thin layer on the substrate. 

 

Fig. 1 XRD patterns of the sputtered CCTO thin layer on silicon wafer  

The surface characteristic and size distribution of the CCTO thin layer was investigated by AFM analysis 

(tapping mode) at ambient condition. Fig. 2 depicts the 2D and 3D topography images of the porous CCTO 

thin layer with the 400 nm thickness. The roughness (Ra) and root mean square (RMS) of the roughness were 

calculated by using the scan area of 10 × 10 µm2. Ra and RMS values obtained were 5.6 nm and 7.1 nm, 

respectively. The microstructure of CCTO layer consisted of small and large grains. The pore size was 

estimated around 15.7 nm by variations of surface profile as shown in Fig. 2(c). 
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Fig. 2. Atomic force micrographs of CCTO thin layer (a) 3D image, (b) 2D image and (c) the corresponding 

average profile line  

 

Fig. 3 SEM micrographs of CCTO thin layer (a) topside, (b) cross sectionand (c) EDX analysis 
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The surface morphology of the CCTO thin layeris shown in Fig. 3.The SEM images of CCTO thin layer 

exhibited a uniform surface morphology. The average distributed grain size on the layer surface was nearly 

20 nm as shown in Fig. 3(a). It is obvious that CCTO thin layer have a porous intergranular structure. The 

cross-section of thickness related to CCTO thin layer is shown in Fig. 3(b). In addition, the chemical 

composition was quantitatively determined from EDX as in Fig. 3(c). The observed Si peak in the EDX table 

was belonged to the substrate. 

4. SUMMARY 

The CCTO thin layer with the 400 nm thickness was successfully coated on the surface of Si wafer via RF 

magnetron sputtering process at substrate temperature of 300 °C with 150 Wpower. The surface morphology 

and crystal structure were evaluated by X-ray diffraction (XRD), atomic force microscopy (AFM), scanning 

electron microscopy (SEM) and energy dispersive X-ray spectroscopy (EDX). The results demonstrated the 

uniform intergranular porous microstructure of CCTO thin layer. The average grain size and pore size were 

also found to be 20 nm and 15.70 nm, respectively. 

ACKNOWLEDGMENTS 

This research has been supported by the UniversitiSains Malaysia (USM) fellowship (APEX 

91002/JHEA/ATSG4001) and fundamental research grant scheme (FRGS) under grant number of 

203/PBAHAN/6071263. 

REFERENCES 

[1] R. Jime´nez, M.L. Calzada, I. Bretos, J.C. Goes,A.S.B. Sombra, Dielectric properties of sol-gel derived 

CaCu3Ti4O12 thin films onto Pt/TiO2/Si(1 0 0) substrates, J. Eur. Ceram. Soc., 27 (2007)3829-3833. 

[2] Y.S. Shen, B.S. Chiou, C.C. Ho, Effects of annealing temperature on the resistance switching behavior of 

CaCu3Ti4O12 films,Thin Solid Films, 517 (2008) 1209-1213. 

[3] K. Cho, N. Wu, A. Ignatiev,Dielectric properties of CaCu3Ti4O12 thin films, 13th IEEE International 

Symposium on Applications of Ferroelectrics, (2002)187-190. 

[4] L. Fang, M.R. Shen, Deposition and dielectric properties of CaCu3Ti4O12 thin films on Pt/Ti/SiO2/Si 

substrates using pulsed-laser deposition,  Thin Solid Films, 440(2003) 60-65. 

[5]  Y.L. Zhao, G.W. Pan, Q.B. Ren, Y.G. Cao, L.X. Feng, Z.K. Jiao, High dielectric constant in CaCu3Ti4O12 thin 

film prepared by pulsed laser deposition, Thin Solid Films, 445(2003) 7-13. 

[6] G. Deng, T. Yamada, P. Muralt, Evidence for the existence of a metal-insulator-semiconductor junction 

at the electrode interfaces of CaCu3Ti4O12 thin film capacitors, Appl. Phys. Lett., 91(2007) 202903-3. 

[7] M. Ahmadipour, M.F. Ain, Z.A. Ahmad, Effects of annealing temperature on the structural, 

morphology, optical properties and resistivity of sputtered CCTO thin film,J.Mater. Sci- Mater. El., 28 

(2017) 12458-12466. 

[8] R.L. Nigro, R.G. Toro, G. Malandrino, I.L. Fragala, P. Fiorenza, V. Raineri, Effects of high temperature 

annealing on MOCVD grown CaCu3Ti4O12 films on LaAlO3 substrates, Surf. Coat. Technol. 201(2007) 

9243-9247. 

[9] R.L. Nigro, R.G. Toro, G. Malandrino, I.L. Fragala`, P. Fiorenza, V. Raineri, Chemical stability of 

CaCu3Ti4O12 thin films grown by MOCVD on different substrates, Thin Solid Films, 515(2007) 6470-

6473. 

[10]A.P. Ramirez, M.A. Subramanian, M. Gardel, G. Blumberg, D. Li, T. Vogt, S.M. Shapiro, Giant dielectric 

constant response in a copper-titanate, Solid State Commun., 115(2000) 217-220. 

[11] C.C. Homes, T. Vogt, S.M. Shapiro, S. Wakimoto, A.P. Ramirez, Optical response of high-dielectric-

constant perovskite-related oxide, Science, 293(2001) 673-676. 

http://www.sciencedirect.com/science/article/pii/S0955221907000891
http://www.sciencedirect.com/science/article/pii/S0955221907000891
http://www.sciencedirect.com/science/article/pii/S0040609008006421
http://www.sciencedirect.com/science/article/pii/S0040609008006421
http://www.sciencedirect.com/science/article/pii/S0040609003008253
http://www.sciencedirect.com/science/article/pii/S0040609003008253
http://www.sciencedirect.com/science/article/pii/S0040609003006667
http://www.sciencedirect.com/science/article/pii/S0040609003006667
http://scitation.aip.org/content/aip/journal/apl/91/20/10.1063/1.2814043
http://scitation.aip.org/content/aip/journal/apl/91/20/10.1063/1.2814043
https://link.springer.com/journal/10854
http://www.sciencedirect.com/science/article/pii/S0257897207005324
http://www.sciencedirect.com/science/article/pii/S0257897207005324
http://www.sciencedirect.com/science/article/pii/S0040609006014040
http://www.sciencedirect.com/science/article/pii/S0040609006014040
http://www.sciencedirect.com/science/article/pii/S0038109800001824
http://www.sciencedirect.com/science/article/pii/S0038109800001824


 
Int. J. Cur. Res. Eng. Sci. Tech. 2018, 1(S1): 591-595                                                                    AMCT 2017 | Special Issue 

 

 

 
595 Mohsen Ahmadipour et al., 2018 

 
 

[12] M.Ahmadipour, S.N. Ayub, M.F. Ain, Z.A. Ahmad, Structural, surface morphology and optical properties 

of sputter-coatedCaCu3Ti4O12 thin film: Influence of RF magnetron sputtering power, Mat. Sci. Semicon. 

Proc., 66 (2017) 157-161.  

[13] M. Ahmadipour, M.F. Ain, Z.A. Ahmad, Effect of thickness on surface morphology, optical and humidity 

sensing properties of RF magnetron sputtered CCTO thin films, Appl. Surf. Sci., 385 (2016)182-190. 

[14] M. Ahmadipour, M.F. Ain, Z.A. AhmadEffect of Thickness on Humidity Sensing Properties of RF 

Magnetron Sputtered CaCu3Ti4O12 Thin Films on Alumina Substrate, IEEE Sens. J., 17 (2017) 3224-

3230. 

[15]M.Ahmadipour, W.K. Cheah, M.F. Ain, K.V. Rao, Z.A. Ahmad,  Effects of deposition temperatures and 

substrates on microstructure and optical properties of sputtered CCTO thin film, Mater. Lett., 210 

(2018) 4-7. 

[16] M. Ahmadipour, M.F. Ain, Z.A. Ahmad,A short review on copper calcium titanate (CCTO) 

electroceramic: synthesis, dielectric properties, film deposition, and sensing application,Nano- Micro. 

Lett.,8 (2016) 291-311. 

[17] S.F. Shao, J.L. Zhang, P. Zheng, W.L. Zhong, C.L. Wang, Microstructure and electrical properties 

ofCaCu3Ti4O12 ceramics, J. Appl. Phys., 99 (2006)084106-084111. 

[18] M. Ahmadipour, M.J. Abu, M.F.A. Rahman, M.F. Ain, Z.A. Ahmad, Assessment of crystallite size and strain 

of CaCu3Ti4O12prepared via conventional solid-state reaction, Micro Nano Lett.,11 (2016) 147-150. 

javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=A0aQN_8AAAAJ&sortby=pubdate&citation_for_view=A0aQN_8AAAAJ:qxL8FJ1GzNcC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=A0aQN_8AAAAJ&sortby=pubdate&citation_for_view=A0aQN_8AAAAJ:qxL8FJ1GzNcC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=A0aQN_8AAAAJ&sortby=pubdate&citation_for_view=A0aQN_8AAAAJ:KlAtU1dfN6UC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=A0aQN_8AAAAJ&sortby=pubdate&citation_for_view=A0aQN_8AAAAJ:KlAtU1dfN6UC

