
J Pak Mater Soc 2011 5 (1) 

A. Safeen, K. Safeen, S. Naseem and S. Riaz, Magnetic and Optical Properties….. 39 

MAGNETIC AND OPTICAL PROPERTIES OF UNDOPED CO-

EVAPORATED ZnO THIN FILMS 
 

A. Safeen*, K. Safeen, S. Naseem and S. Riaz 

 
Centre of Excellence in Solid State Physics, University of the Punjab, Lahore Pakistan 

*akifsafeen@gmail.com 

 

ABSTRACT 

ZnO thin films have been deposited by co-evaporation at oxygen partial pressure of 5.8×10
-4

 

(sample A) and 7.8×10
-4 

torr (sample B). Vibrating sample magnetometer (VSM) was used to carry 

out magnetic characterization. Room-temperature ferromagnetism (RTFM) is observed in both of 

the samples. Additionally, saturation magnetization enhanced after annealing. For sample A, the 

variable angle spectroscopic ellipsometry (VASE) analysis shows that the post-deposition 

annealing causes a decrease in energy band gap (Eg) from ~3.99 eV to ~3.97 eV, and the refractive 

index from 1.52 to 1.50. The film thickness also decreases in contrast to as-deposited sample. The 

same trend is observed for sample B.  

 

1. INTRODUCTION  

Zinc oxide (ZnO) is a II–VI semiconductor 

with a direct band gap around 3.37 eV
1
. It is a 

semiconducting material that exhibits 

excellent properties such as larger band gap, 

higher breakdown field strength and higher 

electron mobility. Consequently, they are 

suitable for high power, high temperature 

electronic devices and short wavelength 

optoelectronics
2
. Zinc oxide is also a 

piezoelectric material which has a reasonably 

large piezoelectric coefficient. Due to its 

unique conducting mechanism based on 

oxygen vacancies, zinc oxide is also used in 

oxygen gas sensors
3
. 

A variety of techniques have been developed 

for the preparation/synthesis of ZnO thin 

films. These techniques include: sol-gel 

method, spray pyrolysis, metal organic 

chemical vapor deposition, molecular beam 

epitaxy, pulsed laser deposition, thermal 

evaporation method and sputtering
3
. 

A scientifically challenging and 

technologically rewarding approach in the 

field of semiconductor is to explore the 

possibilities of magnetization in materials by 

introducing a small concentration of magnetic 

impurities. For this purpose transition-metal 

(TM) element such as Fe, Co, Ni is doped 

with ZnO or any other nonmagnetic 

semiconductor
4
. Interestingly, in the present 

work we demonstrated Room-temperature 

ferromagnetism (RTFM) is in ZnO films even 

without the doping of intentional magnetic 

element.  

 

2. EXPERIMENTAL 

Two samples of ZnO thin film, at oxygen 

partial pressure of 5.8×10
-4

 (sample A) and 

7.8×10
-4 

torr (sample B) were prepared by 

thermal evaporation method using Edward 

306 coating unit. For this purpose Zn metal 

wire having diameter of 0.25 mm and length 

of 3 cm was taken. The 156 ml diluted 

solution of HCl/H2O having concentration in 

ratio 1:25 was prepared for etching. The Zn 

wire was etched for 30 minutes, and then was 

dip in demonized water for 10 minutes in 



J Pak Mater Soc 2011 5 (1) 

40                                                       A. Safeen, K. Safeen, S. Naseem and S. Riaz, Magnetic and Optical Properties….. 

order to remove HCl. The wire was then air 

dried and placed in tungsten boat for 

evaporation. Glass substrate was used for film 

deposition. To remove the contamination 

from the substrate it was cleaned with acetone 

and isopropyl alcohol (IPA) for 10 minutes 

each in apparatus called Kerry’s ultrasonic 

apparatus. Finally the substrate was air dried 

and then was fixed on substrate holder. The 

coating unit was also cleaned with acetone.  
Vacuum of ~2×10

-5 
torr was created inside 

the chamber with the help of rotary and 

diffusion pumps. Oxygen partial pressure of 

5.8 ×10
-4 

torr was attained when oxygen was 

introduced into the vacuum chamber. 

Meanwhile liquid nitrogen was also 

introduced into the trap to keep the system 

cool. Then the Zn wire was evaporated by 

increasing the current gradually up to 80 A at 

specific rate. Similarly the second sample was 

also prepared by the same procedure but at 

oxygen partial pressure of 7.8×10
-4 

torr. 

At first the characterization of the as 

deposited samples was performed. Then the 

samples were annealed at 300 °C for 1h and 

all the characterizations were again executed. 

Vibrating sample magnetometer (VSM) 

(Lake Shore 7407) was employed for the 

magnetic properties of the samples. Optical 

analysis was executed using variable angel 

spectroscopic ellipsometry (VASE) model J. 

A. Woollam (M-2000 Ellipsometer).  

3. RESULTS AND DISCUSSION 

a. Magnetic analysis 
Room-temperature ferromagnetism (RTFM) 

was observed in both sample A and B of ZnO 

thin film. Figure 1a and 1b shows the M-H 

curve of the as-deposited sample A and B 

respectively.  It shows a usual ferromagnetic 

behavior both for in-plane and out-plane 

magnetic field.  It means that without any 

intentional doping of magnetic element the 

sample is exhibiting a ferromagnetic 

behavior. The in-plane saturation 

magnetization (Ms) is larger than the Ms of 

out-plane applied magnetic field. This 

difference between the Ms of in and out plane 

is because of shape anisotropy
5
. 

When both the samples are annealed at 300 

°C for 1h, again ferromagnetic behavior was 

observed for both types of orientation w.r.t 

plane as shown in Figure 2-c and d. 

Moreover, it is found that upon annealing, the 

value of Ms is enhanced from 0.00130 to 

0.00148 emu for in-plane magnetic field. 

Similarly for out-plane magnetic field the Ms 

value increased from 0.00124 to 0.00130 

emu. The valves of saturation magnetization 

(Ms), remnant magnetization (Mr) and 

coercivity (Hc) for as-deposited and annealed 

sample A and B are listed in Table 1. 

The origin of the ferromagnetism in pure ZnO 

is a debatable issue. Banerje et al.
6
 reported 

that ferromagnetism in pure ZnO is because 

of oxygen vacancies while Hong and co-

workers considered defects on Zn sites as a 

cause of ferromagnetism in un-doped ZnO
7
. 

There is an emerging consensus that 

ferromagnetism in un-doped ZnO is somehow 

linked to poor crystalline quality
8
. 

 Table 1. VSM results as deposited sample A 

and B. 

 

 Sample 

A Ms 

(emu) 

Sample 

A Mr 

(emu) 

Sample 

A Hc 

(G) 

Sample 

B Ms 

(emu) 

Sample 

B Ms 

(emu) 

Sample 

B Hc 

(G) 

In 

plane 

1.48×10-

3 

6.6×10-5 113.3 1.42×10-

3 

9.1×10-5 114.9 

Out 

plane 

1.30×10-

3 

6.6×10-5 123 1.28×10-

3 

9.8 ×10-5 119.4 
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Table 2. VSM results annealed sample A and 

B. 

 Sample 

A Ms 

(emu) 

Sample 

A Mr 

(emu) 

Sample 

A Hc 

(G) 

Sample 

B Ms 

(emu) 

Sample 

B Ms 

(emu) 

Sample 

B Hc 

(G) 

In 

plane 

1.30×10-3 5.5×10-5 108 1.29×10-3 5.6×10-5 109 

Out 

plane 

1.24×10-3 6.8×10-5 113.5 1.17×10-3 8.5×10-5 114.3 

 

b. Optical analysis 

The measured variable angle spectroscopic 

ellipsometry (VASE) data for change in the 

amplitude of polarized light, Ψ and change in 

the phase of polarized light, ∆ in the 

wavelength region of 500–1000 nm under an 

incident angle of 45° for as-deposited sample 

A are plotted in Figures 3 and 4. From the 

experimental data of Ψ and ∆, the refractive 

index and extinction coefficient were 

extracted through a fitting of Ψ and ∆ by 

Cauchy parameters
9-10

. The refractive index 

and extinction coefficient against wavelength 

are shown in Figure 5.  

We also did the same exercise for annealed 

(at  

300°C for 1h) sample A and for both as-

deposited and annealed sample B (figures not 

shown here). The values of the optical 

constants; thickness (t), refractive index (n), 

extinction coefficient (k), reflection and 

transmission for Sample A and B are shown 

in Table 3. For samples A and B the thickness 

and refractive index decreases upon 

annealing, also reported by Aly
 [11]

. The 

increase in transmission and decrease in 

refractive index  

  

 

 

 
Figure 1. M-H curves of the as deposited a) sample A, 

b) sample B, c) annealed sample A and annealed 

sample B. 

a 

b 

c 

d 
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Figure 2. Graphs between wavelength and Ψ for as 

deposited sample A. 

 
Figure 3. Graphs between wavelength and ∆ for as 

deposited sample A. 

 
Figure 4. Optical constants obtained from Figure 3 for 

as deposited sample A. 

 
and reflection may be due to decrease in 

porosity of the films upon annealing 
[12]

. 

Figures 5a and 5b show the transmission 

curve of the as deposited and annealed 

sample A in the wavelength range of 250-

1600 nm. A sharp ultraviolet cut-off is 

present at ≈ 294 nm. The band gap of the as 

deposited and annealed sample A was 

determined by plotting the graph between 

square of absorption coefficient, α
2
 and 

energy. The absorption coefficient α was 

calculated by
12-13 

Table 3. Optical constants of as-depositted 

(AD) and annealed (A) sample A and B. 
Sampl

e 

Thicknes

s (nm) 

refractiv

e index 

(n) 

coefficien

t (k) 

Reflectio

n (%) 

Transmissio

n (%) 

AD- 

Sample-

A 

250 1.52 0.0011 4.2 95.8 

A-

Sample-

A 

113.34 1.50 .0021 4.0 96.0 

AD 

Sample-

B 

147.27 1.53 .0003 4.3 95.6 

A- 

Sample-

B 

143.45 1.52 0 4.2 95.8 

 

 

where  

 is thickness,  is transmission and  is 

reflection of the material and is given by 

R (E) =  

The data for calculating the band gap is taken 

from the transmission against wavelength 

curve. The graph between (hvα)
2
 and energy 

of the incident photon (E=h) against a 

specific wavelength range are plotted for the 

as-deposited and annealed sample A as shown 

in Figure 6-a and b. ZnO is a direct band gap 

material as the graph between (hvα)
2
 and 

energy is nearly straight line 
[12-13]

. The band 

gap for as-deposited sample A is calculated 

from the plot and is ≈ 3.99 eV. Upon 

annealing the bang gap slightly decreased to 

≈ 3.97 eV. This may be due to the effect of 

lattice vibrations on the band structure and 

energy gap with temperature
 [14]

. 
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Figure 5. Transmittance spectra of sample A, a) as-

deposited and b) annealed. 

 

 

 
 

Figure 6. Plot of α
2
 vs. E for sample A: a) as deposited 

b) annealed. 

4. CONCLUSIONS 

Two samples of ZnO thin film at oxygen 

partial pressure of 5.8×10
-4

 (sample A) and 

7.8×10
-4 

torr (sample B) were prepared. 

Thermal evaporation method was used for 

thin film preparation. From optical analysis it 

is deduced that after annealing the refractive 

index for sample A, decreased from 1.52 to 

1.50 and for sample B it decreased from 1.53 

to 1.52. Upon annealing energy band gap (Eg) 

for sample A decreased from ≈ 3.99 eV to ≈ 

3.97 eV and for sample B decreased from ≈ 

4.01 eV to ≈ 3.95 eV. The film thickness also 

decreased after annealing, showing that the 

annealing has a major effect on the optical 

constants. From magnetic analysis it was 

concluded that at room-temperature 

ferromagnetic behavior was observed, before 

and after annealing, in both sample A and B. 

Moreover, the saturation magnetization was 

enhanced after annealing at 300 °C for 1. 

Hence it can be deduced that the annealing 

has a prominent effect on the optical and 

magnetic properties of ZnO thin film. 
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