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Abstract 
In this work, we explore immaculate and doped ZnO films with Ti for CO gas detecting. 

Immaculate and doped ZnO layers have been manufactured by puls Laser deposition procedure 

(PLD) with different doping proportion. Structure and morphological properties have been 

studied by XRD and AFM to concentrate on the parameters that enhance the gas detecting. Pure 

ZnO films and Low doping with Ti at room temperature indicating low affectability. Expanding 

the working temperature and dopant proportion prompts expanding the responsively and 

lessening stall the reaction time and recuperation time. 
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 الخلاصة : 
.  COلكشف غاس أوكسيذ الكاربىى  Tiبٌسب هخخلفت لعٌصز  ZnOبخطعين أغشيت الوزكب  حبيي لٌافي هذا العول البسيط 

حزسيب الليشر  الٌبضي( وبٌسب وسًيه هخخلفت هي  PLDبىاسطت جهاس ) ZnO قذ حن حطعن الاغشيت الزقيقتللوزكب

لوعزفت الخصائص الخزكيبيت   AFMو كذلك فحىصاث  XRD, اجزيج فحىصاث حيىد الاشعت السيٌيت  Tiعٌصزالخيخاًيىم 

على الاغشيت الٌقيت والوطعوت وبذرجاث حزارة هخخلفت والخي أسهوج في حعشيش الكشف على الغاس , كاًج الاسخجابه ضعيفت 

للاغشيت الٌقيت وكذلك الوٌخفضت الخزكيش بيٌوا أسدادث الاسخجابت وًقصاى وقج رد الفعل وكذلك ًقصاى وقج الاسخعادة عٌذ 

 Tiطعين بعٌصز سيادة الخ
 

Introduction 
The straightforward operation gadget, solidness and high affectability, chemiresistors taking 

into account metal-oxides such ZnO, SnO2 are utilized as gas sensors for different applications
. [1, 2]

 

In resent years, there is a magnificent excitement for assembling recognizing contraptions to 

push protection from the risk of used gasses as a piece of industry. Slight movies gas sensor broadly 

utilized in light of the fact that its quick reaction, and ease
[3]

. A gas detecting instrument 

incorporates semiconducting materials resistivity changes by chemisorbed of gas particles on its 

surface in light of the fact that the adjustment in control bearer fixation. In n-sort semiconductor the 

collaboration with a lessening gas prompts an expansion in conductivity happens. While, an 

oxidizing gas brought on an exhaust in control conveying, bringing about a lessening in 

conductivity. In p-sort semiconductor inverse impacts are seen with the material in light of the fact 

that the gaps being the dominant part charge transporters 
[4]

. Beat laser statement (PLD) technique 

used to get ready flimsy films by the removal of one or more targets lit up by a centered beat laser 

shaft 
[5]

. Zinc oxide (ZnO) is an important electronic and photonic material because of its wide-bind 

semiconductor with a band gap of about to 3.37eV and large exciton binding energy of 60meV of 

excitons at room temperature 
[6-8]

.   

ZnO can exist in three phases (a) hexagonal (wurtzite) 
[9] 

(b) zinc-blend  
[10]

 (c) rock salt [10]. 

The most stability ZnO structure is hexagonal (wurtzite) as shown in figure (1-2) with lattice 

parameters a=0.325nm and c=0.521nm 

 
 

https://www.google.iq/url?url=http://scholar.google.com/scholar_url%3Furl%3Dhttp://www.sciencedirect.com/science/article/pii/S0167577X03005822%26hl%3Dar%26sa%3DX%26scisig%3DAAGBfm1FGK4ro3QJKNWRUOitqZcKIaWtWQ%26nossl%3D1%26oi%3Dscholarr&rct=j&q=&esrc=s&sa=X&ved=0ahUKEwiL-LL30-rMAhUBWSwKHZUNDB8QgAMIGigBMAA&usg=AFQjCNH5cjrWjC7Ip-DjJ4bv8j7kSOv7EQ
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Experimental  
The set-up for PLD is appeared in Fig. 1. At (10-2) mbar vacuum chamber, ZnO focuses with 

various doping proportion with Ti are barrage by a beat laser shaft with 45◦. The removed 

molecules are kept on glass substrates parallel to the objective.  
 

 

Fig. (1) Schematic for PLD set-up  
 

All films were inspected by X-ray diffraction and nuclear power microscopy. The front 

contacts were saved with Aluminum (Al) by means of metal veil by warm vanishing procedure.  

The Schematic for utilized set-up to test the chemo resistive of gas sensor is appeared in Fig.(2) 

to test the responsively of the examples to CO gas. The example was stacked in a shut chamber and 

the electrical resistance of the sensor was measured by a multi-meter associated with PC when an 

around 10% of target gas was stream with air into the load in (on) and (off) instance of target gas 

stream. 
 

 
 

Fig. (2) Schematic for used setup of Gas sensor system.  
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Results and discussion  
Fig.(3) Demonstrates the XRD for unadulterated and doped ZnO films, this figure demonstrates 

that all films have poly crystalline ZnO structure. Table (1) demonstrates the information for the 

first three crests situated at  2θ = 31.760⁰, 34.430⁰ and 36.272⁰ relating to (100), (002) and (101) 

directions. The doping prompts little move into crest position toward high values as an aftereffect of 

diminishing the cross section separating because of present Ti particles inside it. We can likewise 

see that the doping prompts expanding in full width half greatest for tops, i.e. diminishing the 

crystal size for precious stones. 

 
 

 
 

Fig. (3) X-ray diffraction designs for immaculate and doped ZnO films with various 

 dopant proportion  wth Ti. 
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Table (1) X-ray diffraction information for the initial three crests for immaculate and doped ZnO 

films with various dopant proportion with Ti. 
 

Ti 

% 

2θ 

(Deg.) 

FWHM 

(Deg.) 

dhkl 

Exp.(Å) 

G.S 

(nm) 
hkl 

dhkl 

Std.(Å) 
Phase Card No. 

  31.760 0.700 2.8152 11.8 (100) 2.8137 ZnO 96-901-1663 

0 34.430 0.643 2.6027 12.9 (002) 2.6035 ZnO 96-901-1663 

  36.272 0.782 2.4747 10.7 (101) 2.4754 ZnO 96-901-1663 

  31.812 0.770 2.8107 10.7 (100) 2.8137 ZnO 96-901-1663 

2 34.482 0.707 2.5989 11.8 (002) 2.6035 ZnO 96-901-1663 

  36.324 0.860 2.4712 9.7 (101) 2.4754 ZnO 96-901-1663 

4 31.874 0.847 2.8054 9.8 (100) 2.8137 ZnO 96-901-1663 

  34.544 0.778 2.5944 10.7 (002) 2.6035 ZnO 96-901-1663 

  36.436 0.946 2.4639 8.8 (101) 2.4754 ZnO 96-901-1663 

  31.939 0.932 2.7998 8.9 (100) 2.8137 ZnO 96-901-1663 

6 34.609 0.856 2.5897 9.7 (002) 2.6035 ZnO 96-901-1663 

  36.501 1.041 2.4597 8.0 (101) 2.4754 ZnO 96-901-1663 
 

 

Fig. (4) Shows the three dimensional atomic force microscopy images. The calculated diameter for 

particles arranged in table (2). This table shows that the average diameter decrease with increasing 

doping ratio. 

 

 

Fig. (4) AFM image for pure and doped ZnO films with different dopant ratio wth Ti. 
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Table (2) AFM parameters for pure and doped ZnO films with different dopant ratio wth Ti. 
 

Sample Avg. Diameter (nm) RMS roughness (nm) Peak-peak (nm) 

Pure ZnO 105.78 0.15 0.8 

2% Ti 95.43 2.84 12.0 

4% Ti 90.12 3.90 19.3 

6% Ti 89.54 4.16 22.5 

 

Fig. (5) shows the variation of sample resistivity for pure ZnO film, with time in case of (ON) 

and (OFF) of target gas flow at different temperature. This figure shows that the variation of 

resistivity increase with increasing temperature as result of increasing of gas adsorbed on sample 

surface. The values of Responsivity,  response time and recovery time were arranged in both tables 

(3) and (4) with different concentration Ti and temperature respectively. 

 

 

Fig. (5) Variation of sample resistance in case of CO gas on and gas off for pure ZnO sample at 

different temperature.   
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Table (3) Responsivity, response time and recovery time for pure ZnO sample to CO gas at 

different temperature. 

Temperature(⁰C) Responsivity% response time (s) recovery time(s) 

RT 9.821 33 27 

50 15.486 32 29 

100 14.583 32 22 

150 18.181 34 23 

200 22.907 32 28 

250 45.606 18 26 

 

Fig. (6) Shows the variation of sample resistivity for pure and doped ZnO films, with time in case of 

(ON) and (OFF) of target gas flow. 
 

 
Fig. (6) Variation of sample resistance in case of CO gas on and gas off for pure and doped ZnO 

with Ti.   

 

Table (4) Responsivity, response time and recovery time for for pure and doped ZnO with Ti. 
 

Doping ratio responsivity response time (s) recovery time(s) 

Pure 45.75464 23 30 

2% 58.24745 21 29 

4% 66.98115 19 28 

6% 79.27921 20 33 
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Conclusions 
The responsivity for immaculate ZnO thin film to CO gas increment with expanding 

temperature. It has been enhanced the ZnO sensor by doping with Ti, where unmistakably 

demonstrates an expansion of responsivity to CO gas and lessening reaction time and recuperation 

time with expansion doping proportion with Ti 
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