
Journal of Physics: Conference
Series

     

OPEN ACCESS

Optical and electrical properties of very thin
chromium films for optoelectronic devices
To cite this article: V Lozanova et al 2014 J. Phys.: Conf. Ser. 514 012003

 

View the article online for updates and enhancements.

You may also like
Influence of DC electric field on sheet
resistance of thin tin and chromium films
M A Angadi and L A Udachan

-

The Role of a Photoresist Film on Reverse
Gas Plasma Etching of Chromium Films
Teruhiko Yamazaki, Yoshiki Suzuki, Jun
Uno et al.

-

Microfeature edge quality enhancement in
excimer laser micromachining of metal
films by coating with a sacrificial polymer
layer
Syed Nadeem Akhtar, Shashank Sharma,
Govind Dayal et al.

-

This content was downloaded from IP address 18.191.88.249 on 02/05/2024 at 14:20

https://doi.org/10.1088/1742-6596/514/1/012003
https://iopscience.iop.org/article/10.1088/0022-3727/14/5/005
https://iopscience.iop.org/article/10.1088/0022-3727/14/5/005
https://iopscience.iop.org/article/10.1143/JJAP.19.1371
https://iopscience.iop.org/article/10.1143/JJAP.19.1371
https://iopscience.iop.org/article/10.1088/0960-1317/25/6/065001
https://iopscience.iop.org/article/10.1088/0960-1317/25/6/065001
https://iopscience.iop.org/article/10.1088/0960-1317/25/6/065001
https://iopscience.iop.org/article/10.1088/0960-1317/25/6/065001
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjst0EswAAXwSfWFb8jldwe3kW6A5MMgcBH2DIrInDZratufvh5gJO3duUkNIHrCFum-e0pAVLttIwEq2KW3TTPX5V9AviOekaz-f18Yx8WP0t5cRRhXpqqD0gsV-TzUOb09hMZ9Gepmbos6KntWgT7cJni2DRdQnacp1k4j57mN70bTj0xO0R6_tp2nqRsUd_zit2HT2zNugA6T6Tcooecj0c4DBcr5yUGbnONQqprm-r13ttm812_s2pJXuWaBj57E624bTmVR7aOTHxBrjh85ckQahamr5m9-FEBWGcDa7Zeq49KKWsw2ZhecbIS9ZBfdfq0GHgcdoGEPMdjiHUKCU9Yjr6w&sig=Cg0ArKJSzHZFfU_xTDQ4&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://iopscience.iop.org/partner/ecs%3Futm_source%3DIOP%26utm_medium%3Ddigital%26utm_campaign%3DIOP_tia%26utm_id%3DIOP%2BTIA


 
 
 
 
 
 

Optical and electrical properties of very thin chromium films 
for optoelectronic devices 

V Lozanova, A Lalova, L Soserov and R Todorov1 
 
Acad. J. Malinowski Institute of Optical Materials and Technologies, 
Bulgarian Academy of Sciences, Acad. G. Bonchev Str., Bl. 109, 1113 Sofia, Bulgaria 
 
E-mail: rossen@iomt.bas.bg 
 
Abstract. Establishing the optimal experimental conditions for the development of transparent 
metal contacts to be used in optoelectronic devices, such as organic light-emitting diodes and 
solar cells, is an important task. In this paper we present an overview of the development of 
very thin e-beam-deposited chromium films with high optical transparency. The surface 
morphology is investigated by scanning electron microscopy. The variation is examined of the 
films’ electrical and optical properties (transmittance and complex refractive index) with the 
variation of the thickness and deposition rate. We observed that, for a given thickness of the 
chromium films, the absorption coefficient increases when the deposition rate is decreased. We 
also found that the thin films with a thickness of less than 10 nm show an average 
transmittance exceeding 60 % in the spectral range 400 – 1500 nm. The films’ resistivity, ρ, is 
determined by the four-point probe method. The value of ρ varies in the range of 10-3 − 
10−4 Ω cm for chromium coatings in the thickness interval 5 − 100 nm. The results obtained 
show that very thin metal films could be an alternative to the transparent conductive oxides. 

1.  Introduction 
Thin chromium films have found many applications, for example as layers for improvement of the 
adhesion to transparent substrates [1], in mask production [2] and as transparent electrodes [3]. 
Recently, it has been demonstrated that the ultrathin transparent metal contacts provide a number of 
advantages over the more commonly used conductive transparent metal oxides, such as indium tin 
oxide (ITO) [4]. According to [5], chromium and nickel thin films possess optical transparency 
comparable to that of the ITO in the visible and near-infrared range (0.4 − 2.5 μm), while it can be 
significantly higher in the ultraviolet (175 − 400 nm) and mid-infrared (2.5 − 25 μm) regions. 

The conditions of deposition, as deposition rate, temperature of substrate, etc., influence very 
strongly the properties of the metal coating [6]. It has been shown that the deposition rate and argon 
partial pressure in the case of cathode sputtering strongly affect the microstructure and electrical 
properties of thin chromium films [7, 8]. Metal films deposited by ion-beam sputtering display 
exceptionally low surface roughness, the films being as thin as about 20 Å [3]. 

The goal of the present work is the investigation of the optical and electrical properties of very thin 
chromium films deposited by an electron-beam technique. 
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2.  Experimental details 
Thin films of chromium were deposited by the e-beam technique in a Leybold-Heraeus A 702 Q thin 
films deposition system. The e-beam evaporation was performed in vacuum p ~ 3×10-3 Pa at a 
deposition rate of 0.2 nm/s and controlled by a quartz monitoring technique. The thickness of the thin 
films was also cross-checked ex-situ by a Talystep profilometer. 

The surface of the thin films was observed by a Joel Superprobe 733 (Japan) scanning electron 
microscope. The film’s resistivity, ρ, was determined by the four-point probe method. The 
transmittance (T) and reflectance (R) were measured by a Cary 5E (Australia) UV–VIS–NIR 
spectrophotometer in the range 350 – 2000 nm to an accuracy of ΔT = ±0,1% and ΔR = ±0,5%. 
 
3.  Results and discussion 
The SEM image of a 15-nm thick chromium 
film is presented in figure 1. A smooth surface 
was observed for all thin films. 

The transmittance spectra of thin chromium 
films deposited by e-beam evaporation are 
shown in figure 2. The values of T are lower at 
the shorter wavelengths and increase at higher 
λ. It is seen that the films’ transmittance is 
above 65 % for thin films with a thickness of 
10 nm. The thin film with a thickness of 5 nm 
exhibited transmittance in the range of          
67 − 80 % in the visible spectral range and 
transmittance higher than 80 % in the near 
infrared range. 

The refractive index, n, the extinction 
coefficient, k, and the film thickness, d, were 
calculated from the transmittance or 
reflectance spectra as described in [9]. The 
method is based on minimization of the 
discrepancy between the theoretically 
calculated (T(n(λ), k(λ), d) and R(n(λ), k(λ), d) 
and the experimentally measured values Texp. 
and Rexp. of the transmittance and reflectance at 
normal incidence until the difference becomes 
lower than the accuracy of the measurements, 
∆T and ∆R [10-11]. 

 

 
 

Figure 1. SEM image of a thin chromium 
film deposited by e-beam evaporation. 
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Figure 2. Transmittance spectra of thin Cr 
films deposited by e-beam evaporation. 

 

T(n(λ), k(λ), d) – Texp. = ∆T 
R(n(λ), k(λ), d) – Rexp. = ∆R 

(1) 

 

Discontinuities appear in the solution for n and k due to the requirement for an accurate film 
thickness value, while there is loss of solutions at the critical points [12]. The thickness d is not 
computed from set (1), but is introduced as a parameter. For an initial approximation for the thickness 
we used the value measured by a profilometer with an accuracy of ±1 nm. Hence, by varying the 
thickness slightly around the approximate one, we chose the value yielding the smallest discontinuities 
in the solution for n and k. The accuracy in the determination of the refractive index, n, was better than 
±0.005 and that for the absorption coefficient, k, around the absorption edge was about ±0.01 [11, 13].  

The real and imaginary parts of the complex permittivity, ε = ε’+iε” can be calculated from the 
refractive index and extinction coefficient by the following equations: 
 

ε’ = n2 – k2 and  ε” = 2nk (2) 
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Figure 3. Dispersions of the refractive index, the extinction coefficient, and the real and 
imaginary parts of the complex permittivity of thin chromium films. 

 
The results for the refractive index, the extinction coefficient, and the real and imaginary parts of 

permittivity are given in figure 3. The decrease of the films’ thickness leads to a drop of the refractive 
index. The values of n are in the range of 2.5 − 3.5 for thin films with thickness 16 and 35 nm, while n 
varies from 1.47 to 1.64 for the 5-nm coating in the 400 − 1500 nm spectral range. 

The trends  in the  variation  of  the  imaginary and real part of the permittivity relative to the films’  
thickness are similar to those of the refractive 
index. As is seen in figure 3d, the imaginary part of 
the complex permittivity, ε”, decreases as the 
films’ thickness is decreased. 

The variation of the film’s resistivity, ρ, is given 
in table 1. It can be observed that the value of the 
resistivity decreases for thicker films. A sharp 
increase of the values of the resistivity is observed 
for films thinner than 22 nm. The results for ρ are 
in the same order of magnitude as for the thin films 
deposited by cathode magnetron sputtering       
[14]. According to [15], the sheet resistance, Rs, of     
ITO films with thickness 50 − 100 nm is in the 
range 2 − 6 kΩ/sq. 

  
Table 1. Resistivity of thin chromium 
films, ρ, sheet resistance, Rs and their 
thickness, d. 

Film thickness, 
d [nm] 

ρ 
[Ω cm] 

Rs 
kΩ/sq 

5 6.3×10-3 12.6 
10 2.25×10-3 2.25 
18 2.70×10-3 1.5 
22 2.33×10-4 0.106 
92 2.11×10-4 0.02293 
94 2.16×10-4 0.02298 

110 2.83×10-4 0.03093 
 

 

Taking into account that the relation between the real part of the conductivity, σ’ and ε” is  
 

, (3) 

where σ’=1/ρ is the real part of complex conductivity and ω is the angular frequency. It is seen from 
equation (3) that the imaginary part of the complex permittivity, ε”, is proportional to the conductivity. 
Consequently, the increase of ε” with the thin films’ thickness (see Figure 3d) is related with the 
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increase of σ’ (or the decrease of ρ). This observation indicates that in the interval of thicknesses       
10 − 20 nm we can expect a transition of the film structure from discrete islands to a continuous 
network [14]. 

4.  Conclusions 
In the work presented, the optical and electrical properties of thin chromium films are investigated. It 
is determined that thin films thinner than 10 nm possess a relatively high transmittance (T > 65 %). 
The optical constants and the complex permittivity are calculated. It is found that the imaginary part of 
the permittivity, ε”, decreases with the decrease of the films’ thickness. It is further established that the 
resistivity varies in the range of 6.3×10-3 − 2.83×10-4 Ω cm and is comparable with that of ITO films. 

References 
[1] Vial A and Laroche T 2007 J. Phys. D: Appl. Phys. 40 7152 
[2] Shy S-L, Lei T F, Chu C H, Chang C Y, Lee S H and Loong W A 1994 Proc. SPIE 2194 287 
[3] Rajani K V, Daniels S, McNally P J, Olabanji Lucas F and Alam M M 2010 Phys. Status Solidi  

A 207 1586 
[4] Klauk H, Huang J-R, Nichols J A and Jackson T N 2000 Thin Solid Films 366 272 
[5] Ghosh D S, Martinez L, Giurgola S, Vergani P and Pruneri V 2009 Opt. Lett. 34/3 325 
[6] Kawagoe T and Mizoguchi T 1993 Jpn. J. Appl. Phys.32 935 
[7] Li H-T, Jiang B-L and Yang B 2011 Appl. Surf. Sci. 258 935 
[8] Foroughi-Abari A, Xu C and Cadien K C 2012 Thin Solid Films 520 1762 
[9] Todorov R, Lalova A, Petkov K and Tasseva J 2012 Semicond. Sci. Technol. 27/11 115014 
[10] Laaziz Y, Bennouna A, Chahboun N, Outzourhit A and Ameziane E L 2000 Thin Solid Films 

372 149 
[11] Todorov R, Tasseva J, Babeva Tz and Petkov K 2010 J. Phys. D: Appl. Phys. 43 505103 
[12] Del Pozo J M and Diaz L 1992 Thin Solid Films 209 137 
[13] Todorov R and Petkov K 2001 J. Optoelectron. Adv. Mater.3 311 
[14] Lin J-P, Lin L-M, Guan G-Q, Wu Y-W and Lai Fa-Ch 2012 Acta Photonica Sinica 41 8 
[15] Kulkarni A K, Schulz K H, Lim T-S and Khan M 1997 Thin Solid Films 308-309 1 
 

18th International Summer School on Vacuum, Electron and Ion Technologies IOP Publishing
Journal of Physics: Conference Series 514 (2014) 012003 doi:10.1088/1742-6596/514/1/012003

4




