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The present study reports the successful fabrication of CTO/Ag/CTO multilayer thin films with different sandwiched layer 

(Ag) thickness on a glass substrate by the E-beam evaporation Method. The influence of sandwiched layer thickness and 

stacking of layers on electrical and optical properties was investigated. Several analytical tools such as X-ray diffraction, 

Atomic Force microscopy, Hall Effect measurement, and UV-visible spectroscopy were used to investigate the morphological, 

electrical, and optical properties of the multilayer thin film structure. Multilayer thin film with 14nm Ag thickness exhibited a 

good combination of conductivity and transmittance (i.e. 4.64 × 104 Ω-1cm-1, 69.3%). The conduction mechanism can be 

explained on the basis of the islands growth mechanism of Volmer-weber model as Ag film was grown on an amorphous CTO 

surface. The Haacke’s figure of merit was calculated for valuing the overall performance of the transparent conducting film. 

The maximum figure of merit is reported as 8.7 × 10-3 Ω-1 for multilayer thin film having Ag thickness of 14nm.  
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1 Introduction 

The combination of high conductivity and good 

transparency of transparent conducting oxides (TCO) 

has increased interest in the area of optoelectronics 

devices1-3. The Oxide/metal/Oxide multilayer thin 

film structures have been vigorously considered. 

Doped metal oxides such as Aluminium doped ZnO4, 

Indium doped tin Oxide5, and Niobium doped tin 

Oxide6 have been investigated as top and bottom 

layers in multilayer thin film structures because of 

their ease of manufacturing and brilliant properties. In 

the present study, we used Copper doped Tin Oxide 

(CTO) as a top and bottom layer due to its low 

resistivity and high transmittance. Also, it has low-

cost and easy availability. Here, Ag metal was 

favoured for sandwiched layer since it shows low 

sheet resistance and high transmittance in the visible 

region of light7.The thickness of sandwiched layer and 

deposition circumstances can play a significant role in 

achieving the optimal balance between optical and 

electrical properties. 

In the present study, CTO/Ag/CTO multilayer thin 

films were deposited by the E-beam evaporation 

method on a glass substrate at different temperatures. 

A detailed study of the electrical and optical 

properties of single layer, bilayer, tri-layer, and the 

interference among them has been presented. The 

effect of sandwiched layer thickness on the electrical 

and optical properties of multilayer thin film structure 

has also been investigated.  

2 Materials and Methods 

To fabricate CTO/Ag/CTO multilayer thin film 

structure, firstly glass substrates were cleaned with 

liquid soap, distilled water, acetone and isopropyl 

alcohol for 15 min each and dried in an oven. The 

CTO pellet and Ag metal chunks were used as target 

materials for E-beam evaporation. Initially, Cu-doped 

SnO2 powder was prepared by solid state 

reaction method using commercially available SnO2 

(99% pure) and CuO (99% pure) materials. These 

were mixed together in a fixed ratio (98 mol% of 

SnO2 and 2 mol% of Cu) and grinding was done for 

2hrs in a mortar pestle to get fine powder. The CTO 

pellets of 14mm diameter were prepared using a 

hydraulic machine under pressure 50kg/cm2 and 

annealed at 950 ºC. Deposition of CTO and Ag layer 

thin film was done by E-beam evaporation method at 

a pressure of 2×10-5 mbar with a deposition rate of 

0.3Å/sec and substrate rotation rate of 10rpm. For, 
—————— 
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CTO/Ag/CTO multilayer thin film, a layer of CTO was 

initially deposited by keeping the voltage, current and 

substrate temperature at 5 kV, 40mA and 200 ºC, 

respectively. Thereafter, the Ag layer was deposited by 

keeping the voltage, current and substrate temperature at 

5 kV,7mA and 30 ºC, respectively and thereafter CTO 

layer was again deposited. The thicknesses of the films 

were controlled by using a quartz crystal thickness 

monitor fitted within the evaporation chamber. The 

thickness of the top and bottom layer of CTO was fixed 

to 30nm and the thickness of the mid layer i.e., Ag layer 

was varied as 8nm, 10nm, 12nm, and 14nm. The 

samples of CTO single layer, CTO/Ag(10nm) bilayer, 

CTO/Ag(10nm)/CTO tri-layer, CTO/Ag(8nm)/ 

CTO,CTO/Ag(12nm)/CTO, and CTO/Ag(14nm)/ CTO 

are represented as CTO1, CTO2, CTO3, CTO4, CTO5, 

and CTO6, respectively, for simplicity. 

The crystallinity of the multilayer thin film samples 

was confirmed by Bruker D8 Advanced X-ray 

diffractometer taking measurements at a glancing angle 

of 0.2º. The surface topography was studied by Atomic 

Force Microscope (Bruker Multimode-8 AFM) using 

tapping mode. The surface roughness and particle size 

were calculated using Gwyddion software. The optical 

properties were measured by UV-VIS-NIR 

spectroscopy (UV 3600 plus Shimadzu UV-VIS-NIR 

spectrophotometer). The electrical properties were 

determined by the Hall Effect Measurement system 

and four probe method. A 0.5-tesla magnetic field was 

applied normally to the surface of the sample and 

analysis was done using Ecopia software. 

3 Results and Discussion 

The Glancing angle X-ray diffraction patterns are 

shown in Fig. 1. In Fig. 1(a) the CTO1 shows an 

amorphous structure. In the multilayer CTO/Ag/CTO 

thin film X-ray diffraction pattern, the four peaks of 

Ag with different intensities are obtained. A high-

intensity (111) peak of silver at 38.15º and the other 

peaks (200), (220), and (311) of moderate intensity 

corresponding to 44.18º, 64.45º, and 77.6º are 

identified respectively. At 12nm silver layer 

thickness, peaks are of small intensity and one 

additional peak is found that may be due to some 

impurity present in the sample.  

The average crystallite size is calculated using the 

Debye-Scherrer formula8: 

D = 𝐾𝜆 𝛽𝑐𝑜𝑠𝛳  … (1) 

Where β is Full Width Half Maxima (FWHM), λ is 

the wavelength, K is Scherrer constant equal to 0.9, 

and 𝛳 is the diffraction angle. The average crystallite 

size is found to be in the range of 7-10nm.We have 

also calculated the crystallite size and microstrain 

using Williamson–Hall plot method9and the average 

crystallite size of samples is found in the range of 

5-7nm. The strain is observed as negative which

indicates the compressive strain in the film.

The AFM micrographs are used for the analysis of 

surface roughness and particle size of thin films. The 

AFM 3D images of CTO1, CTO2, and CTO3 thin 

films are shown below in Fig. 2. All the films show a 

crack-free surface structure. 

It is clear from Fig. 2(a-c) that with increasing the 

number of layers, RMS roughness increases from 

0.050 nm to 0.162 nm. 

From Fig. 3(a-d) it can be seen that with increasing 

the Ag layer thickness, RMS roughness decreases from 

0.216nm to 0.114nm, hence smoothness increases. A 

smooth surface reduces the scattering of light and 

improves the transparency of the thin film. The particle 

size is also calculated using Gwyddion software and it is 

found to be 78nm, 154nm, 138.4nm and 105.8nm for 

CTO4, CTO3, CTO5, and CTO6, respectively. 

Fig. 1 — Glancing Angle X-ray Diffraction pattern of (a) CTO1, CTO2 and CTO3 samples (b) CTO4, CTO3, CTO5 and CTO6. 



DUTT et al.: Cu-SnO2/Ag/Cu-SnO2 (CTO/Ag/CTO) Multilayer Thin Film 767 

The optical properties are determined by using UV-

VIS-NIR spectroscopy. The optical transmittance 

spectra of the CTO1, CTO2 and CTO3 samples are 

shown in Fig. 4(a) and the value of % transmittance is 

shown in Table 1. Out of three, the CTO1 shows 

maximum transmittance of the order of 82.5% but 

transmittance gets reduced to 40.5% for CTO2 due to 

the highly reflecting silver layer and high scattering 

Fig. 2 — AFM 3D images with scan area 1 × 1 μm2 (a) CTO1 (b) CTO2 (c) CTO3. 

Fig. 3 — AFM 3D images with scan area 1 × 1 μm2 of (a) CTO4 (b) CTO3 (c) CTO5 (d) CTO6. 

Fig. 4 — Optical transmittance spectra of (a) CTO1, CTO2 and CTO3 (b) CTO4, CTO3, CTO5, and CTO6. 
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losses at CTO/Ag interface. For CTO3 the 

transmittance comes to be 61.7%.This variation in 

transmittance from 82.5 to 61.7% could be due to the 

increase in RMS roughness as evident in Fig. 2. 

The transmittance spectra of CTO4, CTO3, CTO5 

and CTO6 are shown in Fig. 4(b). A sharp rise in 

transmittance is observed in the wavelength region 

from 320-370nm for all samples, thereafter, showing 

maxima in the 400 – 500 nm regions and then a slow 

decline with the increasing wavelength. The variation 

in maximum transmittance with Ag layer thickness is 

shown in Table 1. 

With increasing the thickness of Ag layer from 8nm to 

10nm, transmittance decreases from 65.9% to 61.7%, this 

can be attributed to the reflectivity of Ag layer and surface 

plasmon absorption10. But, as Ag layer thickness is 

increased from 10nm to 14nm, the transmittance 

increased up to 69.3%, because the continuous Ag islands 

decreases the scattering of light. These variations can be 

correlated with the variation of surface roughness.  

The electrical properties are investigated using a 

Hall Effect measurement system. It is observed that 

the sheet resistance decreases from 1.03 × 103 to 

7.43 × 101Ω/Sq and resistivity decreases from 

3.08 × 10
-3

 to 5.20 × 10
-4 

Ωcm with increasing the 

stacking of layers and corresponding conductivity 

increases from 3.24 × 102 to 1.92 × 103Ω-1 cm-1 as 

shown in Fig. 5(a). 

The conduction mechanism of the multilayer thin 

film can be described on the basis of islands growth 

mechanism of Volmer-Weber model11, as Ag films 

are grown on amorphous CTO surface. The Ag layer 

grows in the form of islands on the CTO layer, which 

are discontinuous at low Ag thickness. Conduction in 

the discontinuous thin film through metal oxide 

dominates when size of the islands is very small and 

spaces between the islands are very large12. There are 

other modes of conduction for the discontinuous film 

e.g. metal conduction, metal oxide conduction and

quantum tunnelling. As the thickness of Ag layer

increases, these islands become coalesces to form a

continuous layer and then only metal conduction will

be the conduction route as there is the formation of

ohmic contacts between the Ag and CTO layer. Due

to the favourable work function difference between

them, electrons will flow smoothly from Ag layer to

CTO layer13, therefore conductivity increases from

1.90 × 102 to 4.62 × 104Ω-1 cm-1with increase in the

Ag layer thickness from 8 to 14nm as shown in

Fig. 5(b). Quantum tunnelling occurs when there are

larger islands with small gaps between them14. All

samples showed p-type semiconducting behaviour as

hall coefficient (RH) value is found to be positive for

all thin film samples.

A figure of merit15 is calculated for valuing the 

overall performance of the transparent conducting 

electrode as shown in Fig. 6. 
The Haccke’s figure of merit was calculated by the 

formula: 

Φ = 
 𝑇 10

𝑅𝑠ℎ
… (2) 

Where T is the transmittance of multilayer thin film 

and Rsh is the sheet resistance of the thin film. The 

multilayer thin film CTO/Ag/CTO of 14nm of 

Fig. 5 —Variation of conductivity with (a) no. of stacking of layer (b) Ag layer thickness. 

Table 1 — Values of % transmittance CTO1, CTO2, CTO3, 

CTO4, CTO5, and CTO6. 

Sr. No Samples %T 

1 CTO1 82.5 

2 CTO2 40.5 

3 CTO3 61.7 

4 CTO4 65.9 

5 CTO5 64.5 

6 CTO6 69.3 
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Ag thickness shows the best figure of merit i.e., 

8.7 × 10-3 Ω-1. 

4 Conclusion 

The multilayer thin films were successfully 

fabricated on the glass substrate by an electron beam 

evaporation method. It was observed that the large 

thickness of the Ag layer in a multilayer thin film 

improves the crystallinity of the thin film. The 

crystallite size is observed in the order of a few nm 

and the negative value of microstrain indicates the 

compressive strain produced in the film. After a 

critical layer thickness of 10nm, an increase in the 

transmittance with an increase in sandwiched layer 

thickness is observed. The conduction mechanism of 

the discontinuous and continuous multilayer thin film 

is well explained on the basis of Volmer-weber 

model. A good combination of high electrical 

conductivity and high optical transmittance is 

obtained at 14nm Ag layer thickness in CTO/Ag/CTO 

multilayer thin film structure. A continuous multilayer 

thin film has shown the maximum figure of merit 

8.7 × 10-3 Ω-1. 
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