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ABSTRACT 

 

 

 

 

 This research was conducted to prepare copper nitride thin films on 
glass substrates by reactive DC sputtering technique using a copper plate 
and nitrogen gas  at 20 Pa as source.  The Argon pressure 1x 10-1 mbar and 
DC voltage of  0.5 kV at room temperature. The deposition time varies from 
1.0 hour to 3.5 hours at interval of 0.5 hour. The thickness of films was 
measured  using Ellisopmeter, UV-VIS 3101 Spectrophotometer to measure 
the optical properties  of refractive index,n, transmittance, absorbance and 
reflectance in the visible light region and  the photoluminescence property 
using Luminescence Spectrometer LS55.The films obtained were yellow to 
reddish-brown depending on the deposition time. For longer deposition 
time, the thin films turned thicker reddish-brown colour. Thickness of films 
obtained were in the range 1219.4 nm to 1227.0 nm and the refractive index, 
n, was about 3.80, constant for all samples.  The transmittance increased but 
absorbance and reflectance decreased as the thickness increased over the 
wavelength range.. The avaege optical band gap energy, Eg  obtained in 
range of 1.65 to 1.94 eV. The averange emmission peak for maximum 
intensity was about 419.0 nm obtained in the photoluminescence emission 
for all samples. This shows that the luminescence light is that of violet light. 
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ABSTRAK 

 

 

 

 

Penyelidikan ini dijalankan untuk menyediakan saput filem nipis 
kuprum nitrat  pada substrat kaca dengan  teknik “reactive DC sputtering”  
yang menggunakan plat kuprum tulin  dan gas nitrogen pada tekanan 20Pa 
sebagai sumber.  Tekanan Argon iaitu 1x10-1 mbar dan voltan arus terus , 
DC  0.5 kV pada  suhu bilik dengan jangka masa 1 jam ke 3.5 jam dalam 
selang 0.5 jam. Ketebalan filem, d diukur menggunakan Ellisopmeter,, UV-
VIS 3101 Spectrophotometer  untuk menentukan sifat-sifat optik seperti  
indeks bias, n, penghantaran, penyerapan dn pantulan dengan julat panjang 
gelombang cahaya nampak. Sifat  luminisene saput filem tipis ditentukan 
menggunaan Luminescence Spectrometer  LS55. Saput filem tipis ang 
terhasil  adalah berwarna kuning kepada  coklat kemerahan  dan semakin 
meningkat  masa deposit filem cenderung kepada coklat kemerahn. 
Ketebalan filem, d yang terhasil dengan julat antara 1219.4 nm ke 1227.0 
nm  dan indeks  bias, n, adalah 3.80 yang malar untuk semua sampel  yang 
disediakan. Sifat  penghantaran  meningkat  tetapi sifat  penyerapan dan 
pantulan  berkurangan apabila ketebalan saput filem tipis, d meningkat. 
Ketiga-tiga sifat ini berkurangan dalam julat panjang gelombang cahaya 
nampak.  Purata jurang tenaga optik, Eg  saput filem tipis ini antara 1.65 ke 
1.94 eV. Purata  panjang gelombang puncak  pancaran foto luminisense  
yang paling  maksimum  untuk semua sampel ialah 419.0 nm yang 
memberikan warna cahaya violet.  
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CHAPTER 1  

 

 

 

 

INTRODUCTION 

 

 

 

 

1.1 Introduction 

 

 

This chapter of introduction introduces on some general information about 

background of research, problem statement, research objectives and the scope of the 

research. 
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1.2 Background of Research 

 

  

 Thin films technology is important due to miniaturization of mainly electrical 

appliances such as hard disk, hand phone, home appliances and car electronics. The 

characteristics of thin films are almost the same with material in bulk form. Experts 

keep study ways to improve the characteristics of thin films. Thin films technology is 

used for coatings and decorative parts too. Among advantages of thin films devices 

are low power consumption, relatively small and reduction occupied space and 

higher speed performance (Sakrani, 2004 ).   

 

 

 In recent years, copper nitride (Cu3N) thin film has been attracting 

considerable attention as a new material applicable for optical storage devices and 

high-speed integrated circuits. Copper nitride is semiconductor and its optical 

reflectivity in the visible and infrared range is far smaller than that of pure Cu 

(Murayama et al 1996 & Dorranian et al , 2010). It is known that copper nitride, 

Cu3N is stable at room temperature but starts to decompose into Cu and N2 above 

300˚C. The low decomposition temperature and discriminating optical properties of 

the compound compared to those of Cu are applicable for optical read-only memory 

disks by generating microscopic Cu-metal spots on copper nitride, Cu3N film under 

local laser heating (Asano, 1985). Copper nitride is one of the important covalent 

metal nitride compounds and has been scarcely studied. Copper nitride, Cu3N films 

can also be used as buffer layers for depositing Cu-metal lines on Si wafers to 

achieve higher signal speed than existing Al-metal lines in integrated-circuit 

fabrication processes. The crystal structure of copper nitride, Cu3N is also interesting 

as it has the cubic anti-ReO3 structure in which Cu atoms do not occupy the fcc (face 

centered cubic) close-packing sites. Hence another metallic atom can be inserted into 

the body center of the cubic unit cell to induce significant changes in the electrical 
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properties (Moreno et al, Fan et al & Pierson et al, 2007). Furthermore, the 

photoluminescence property has been scarcely studied for references now. 

 

 

Maya (1993) developed the film by Direct Current (DC) sputtering and have 

shown its potential use in maskless laser writing (Maya, 1993). Copper nitride will 

be prepared by reactive DC sputtering as this technique has the following 

advantages. First, deposition rate is very high compared with RF magnetron 

sputtering using ceramic target by about 10 times (Ko and et al ,2008 & Li,X et al , 

2003). Second, the deposition area can be enlarged by means of using large 

sputtering target. Third, the deposition technique uses a low priced metallic target 

compared with PLD or RF magnetron sputtering. By virtue of above advantages, 

reactive DC sputtering is suitable for commercial use (Kim et al,2009 ). Furthermore, 

reactive sputtering with a metal cathode has received the most attention because of 

the opportunity for high rate, controlled deposition, as well as the ability to use DC 

rather than RF power. 

 

 

 

 

1.3  Problem Statement 

 

 

 It is important and interesting to study the optical properties for copper nitride 

thin films (Asano, 1990 & Borsa, 2002). Examples are refractive index, the 

transmittance, absorbance, reflectance and optical band gap. Furthermore, there is 

scarcely references regarding the photoluminescence property of the copper nitride 

thin films as alternative material   for example as safety warning that very useful for 

field of technology, industry and etc nowadays. 
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1.4  Research Objectives 

 

            

Main objectives are: 

 

 

1. To prepare copper nitride thin films at different deposition time by reactive 

DC sputtering technique. 

2. To investigate the optical properties of copper nitride thin films. 

3. To investigate the photoluminescence property of copper nitride thin films. 

 

 

 

 

 

1.5  Research Scope 

 

 

 This research involve the preparation of copper nitride thin films using 

reactive DC sputtering technique at the room temperature and pressure of chamber at 

1 x 10-1 mbar with present of nitrogen gas at 20 Pa as the reactive gas into chamber 

during deposition process. The interests of this research to investigate the optical and 

photoluminescence properties of copper nitride thin films. 

 

 



89 

 

REFERENCES 

Asano M, Umeda K, Tasaki A. Cu3N thin film for a new light recording media. 

     Japanese Journal of Applied Physics 1990;29(10):1985e6. 

 

Bart Van Zeghbroeck, 1997, http://ecee.colorado.edu/~ecen4375/tools/ellipsom.htm 

 

 Borsa DM, Boerma DO. Surf Sci 2004;548:95. 

 

 Borsa DM, Grachev S, Boerma DO. IEEE Trans Magn 2002;38:2709. 

 

 

D. M. Manos and D. L. Flamm, etc. Plasma Etching, , Academic Press (1989) 

 

D.M. Borsa, D.O. Boerma, Surf. Sci. 548 (2004) 95–1 

 

D.M. Borsa, S. Grachev, C. Presura, D.O. Boerma, Appl. Phys. Lett. 80 (2002) 1823 

 

Dorranian D, Dejam L, Sari AH, Hojabri A. Structural and optical properties of  

      copper nitride thin films in a reactive Ar/N2 magnetron sputtering system. 

     European Physical Journal Applied Physics 2010;50:20503. 

 

D.Y. Wang, N. Nakamine, Y. Hayashi, J. Vac. Sci. Technol. A 16 (1998) 2084-2092. 

 

 Du Y, Ji AL, Ma LB, Wang YQ, Cao ZX. J Cryst Growth 2005;280:490. 

 

Fan XY, Wu ZG, Zhang GA, Li C, Geng BS, Li HJ, et al. Ti-doped copper nitride 

     films deposited by cylindrical magnetron sputtering. Journal of Alloys and 

     Compounds 2007;440:254e8. 

 

F. Zeng, F. Pan, J. Alloys Compd. 335 (2002) 181–187 

 

Gallardo-Vega C, de la Cruz W. Appl Surf Sci 2006;252:8001. 



90 

 

 

 George,Joy (1992). Preparation of Thin Films. New York : Marcel Dekker, Inc. 

 

Gordillo N, Gonzalez-Arrabal R, Alvarez-Herrero A, Agullo-Lopez F. J Phys DAppl 

Phys 2009;42:165101. 

 

 H. Kurz, Mikro. Acta 133 (2000) 299. 

 

I.M Odeh (2008). Fabrication and optical constants of amorphous copper nitride 

thin films prepared by ion beam assisted dc magnetron reactive  sputtering. Journal 

of Alloys and Compounds 454.102–105 

 

J. Tauc, R. Grigorovici, A. Vancu, Phys. Status Solidi 15 (1966) 627 

 

J. Wang, etc al.. Copper Nitride (Cu3 N) Thin Films Depostited by RF Magnegtron  

      Sputtering. Journal of Crystal Growth 286 (2006) 407-412 

 

L. Maya, J. Vac. Sci. Technol. A 11 Ž1993. 604. 

 

L. Maya, Mater. Res. Soc. Symp. Proc. 282 Ž1993. 203. 

 

Li XA, Yang JP, Zuo AY, Yuan ZB, Liu ZL, Yao KL. Study on La-doped copper 

     nitride films prepared by reactive magnetron sputtering. Journal of Materials 

    Science & Technology 2009;25(2):233e6. 

 

K.J. Kim, J.H. Kim, J.H. Kang, J. Cryst. Growth 222 (2001) 767–772 

 

M. Mikula, D. B´uc, E. Pinˇc´ık, Acta Physica Slovaca 51 (1) (2001) 35–43. 

 

Maruyama T, Morishita T. Copper nitride and tin nitride thin films for writeonce 

      optical recording media. Applied Physical Letters 1996;69(7):890e1. 

 

Maruyama T, Morishita T. Copper Nitride (Cu3 N) Thin Films prepared  by RF  



91 

 

       Reactive Sputtering. J Appl Phys 1995;78:4104. 

  

Mattox.D.M.(1998).Handbook of Physical Vapor Deposition (PVD)  

     Processing Films Formation, Adhesion, Surface Preparation and Contamination  

    Control . New     Mexico: William Andrew Inc.  

 

Moreno-Armenta Ma Guadalupe, Perez1 William Lopez, Takeuchi Noboru. 

        First- principles calculations of the structural and electronic properties of 

       Cu3MN compounds with M = Ni, Cu, Zn, Pd, Ag, and Cd. Solid State Sciences 

      2007;9:166e72. 

  

Navio C, Capitan MJ, Alvarez J, Yndurain F, Miranda R. Phys Rev B 07;76:085105. 

 

Nosaka T, Yoshitake M, Okamoto A, Ogawa S, Nakayama Y. Appl Surf 

Sci2001;169:358. 

 

Nurliyana, A.R.(2011). Optical Properties of Copper Nitride Thin Films Prepared  

      By reactive DC Sputtering. Universiti Teknologi Malaysia, Skudai. 

 

Ohring. M,(2002).  Materials Science of Thin Films (Second Edition)  Deposition  

    and Structure. Elsevier Inc.  

 

Pierson J.F., Vacuum 66 (2002) 59–64. 

 

Pierson JF, Horwat D. Addition of silver in copper nitride films deposited by 

      reactive magnetron sputtering. Scripta Materialia 2008;58:568e70. 

 

R. Cremer,M.Witthaut, D. Neuschutz, C.Trappe, M. Laurenzis, O.Winkle, Reddy  

      KVS, Reddy AS, Reddy PS, Uthana S. J Mater Sci: Mater Electron  

     2007;28:1003. 

 

Sakrani.S,(20040 “Lecture Note: Thin Films Technology,” Universiti Teknologi 

     Malaysia,Skudai. 



92 

 

 

Soto G, Diaz JA, de la Cruz W. Mater Lett 2003;57:4130. 

 

Torndahl T. PhD thesis, ISBN 91-554-6081-X; 2004. 

 

U. Hahn, W. Weber, Phys. Rev. B 53 (1996) 12684. 

 

Wang J, Chen JT, Yuan XM, Wu ZG, Miao BB, Yan PX. J Cryst Growth   

     2006;286:407. 

 

 Wehner,G.K., Advances in Electronic and electron Physics, vol VII. New York, NY: 

        Academic Press;1955. 

  

Yue GH, Yan PX, Liu JZ, Wang MX, Li M, Yuan XM. J Appl Phys 

2005;98:103506. 

 

Zhengou Ji, et al. Reactive DC Magnetron Deposition of Copper Nitride Films For 

Write-Once Optical Recording, Material Letters 60(2006):3758-3760 

 

Z.Q. Liu, W.J. Wang, T.M. Wang, S. Chao, S.K. Zheng, Thin 

Solid Films 325 Ž1998. 55. 

 

 

 




