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Abstract

Pulse laser deposition was used in this research by Nd:YAG laser with (A=1064
nm average frequency 6 Hz and pulls duration 10 nm) to deposit an adoped ZnO thin
films with 0.02 CuO with thickness (100) nm. X-ray diffraction pattern for Zinc oxide
films with doping ratio of CuO shows that these films have polycrystalline hexagonal
structure, and the X-ray diffraction patterns of porous silicon showed a broadening in
the FHWM with increasing etching time. .From atomic force microscope of prepared
samples show an average diameter of PS nanostructure. The operation temperature of
gas sensor was studied for different temperature and found that the maximum
sensitivity is (67.55) at T=350 c°.
Keywords: metal oxide, gas sensor, Porous silicon.

@mmﬁ&: ol G gdiall Cpna JAT) Al oY s g ailed) S (uaala
g il clasalt

Laval)

@2 ) NA:YAG  _od daul s (ol )5l s il 48 5k alodin) Gaalll a4 o
aad ) ael Gl (110ns A sy 6 Hz S5 Jazars A=1064 nM 54l J skl
5 pana) 20383 5ia 5l 100 s Slass 5 0,020 daiy 5 (elanilly 4 siall aea Al 2008 Y
sda (b ulailly ddline iy Csdiall (pea A 2S5l BpEe Y Al 4BV s G
Alliad alosall ¢ sSiliadl Zindl 28V dgm ol s skl damle e S 5 cllia Lpke !
g Al ) e B [0 (e 5 el e 40 LS die Al Chalic (i (i el
Sl 5 aball (o Sladl il aaall G Gt 403 ) ene ddaud g dpGe Y
da 50 die (65.55) dpsnill Aad o) ol x5 5 W) Guniall Jaaeill 550 s dual 2 5,5 )
oM 350 3
- oabsall () sSalnd), ol Had) uaie (olaal) 20lS): Agalidal) cilalsl)

INTRODUCTION
etal oxide semiconductors such as ZnO [1,2], In,05[3], , TiO,[4] , SbiOy [5] .
have attracted significant attention towards gas sensing due to their simple
implementation, low cost, and good reliability for real-time control systems
with respect to other gas sensors. The gas sensing properties of metal oxide
semiconductors are influenced by many factors such as their operating temperatures,
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morphology and chemical composition of the films [6] . In such gas sensors the
change in the electrical conductivity is due to the interaction of the targeted gas
molecules (chemi or physisorption ) with the surface of the metal oxide grains.
Consequently, metal oxide sensors show changes in the resistance under exposure to
oxidizing or reducing gases. [7,8] Since the majority of these sensitive layers are n-
type , p-type semiconductors sensitive to gases are highly demanded for gas sensing
applications such as sensor arrays for electronic nose.

In 1990, Yamazoe [9,10] reported that, in a gas sensitive material, the reduction of
size of grains to nanostructure dimensions can largely enhance gas sensor
performance. By engineering and tuning the morphology of grains the sensitivity can
also be increased [11]. The electrical properties of such materials change due to grain
coalescence, porosity and grain-boundary alteration [12,13].

In addition, the usage of nanostructures increases the surface to volume ratio which

generally enhances the sensor response. The increase in the surface of nanostructured
materials can also lead to increase in catalytic activity or surface adsorption [12].
Nowadays, nanostructured materials such as semiconducting metal oxide
nanoparticles, nanowires and nanorods have been widely used for gas sensing
applications. Examples of such materials include: ZnO nanobelt for NO,, H, and
hydrocarbon [14], SnO, nanobelts for CO and NO, [15], In,O3 nanowires for NO2
[16],WO3 nanowires for NO, [17], TiO, nanotubes for H, [18] and many others.
The diffusion of Cu into ZnO can cause the formation of complex centres (Cuz,, Cu;).
It is possible that Cu atoms can replace either substitution or interstitial Zn atoms in
the ZnO lattice creating structural deformations [19,20] . CuO significantly affects the
electrical , chemical, structural and optical properties of ZnO , and the study of the
electronic state of Cu in ZnO has been the subject of interest for a long time[21].

Experimental

Zinc Oxide powder with doping concentrations for CuO at 0.02 CuO pressing it
under 5 Ton to formed a target with 2.5 cm diameter and 0.2 cm thickness. It should
be as dense and homogenous as possible to ensure a good quality of the deposit ZnO
with doping rate 0.02 CuO thin films were prepared by PLD technique. The pulsed
laser deposition experiment is carried out inside a vacuum chamber generally at (107
Torr) vacuum conditions. The focused Nd:YAG Q-switching laser beam coming
through a window is incident on the target surface making an angle of 45° with it.
The substrate is placed in front of the target with its surface parallel to that of the
target.
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Figure (1) Schematic of PLD system.
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Porous silicon prepared by electrochemical Etching were The silicon wafer serves as
the anode. The cathode is made of platinum. Si wafer p-type was used as a starting
substrate in the photochemical etching. The samples were cut from the wafer and
rinsed with acetone and methanol to remove dirt. In order to remove the native oxide
layer on the samples, they were etched in diluted HF acid (1:1) with current density
40 mA and etching time 10 min .
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Figure (2) porous silicon experiment set up

In order to study the structural properties, the crystal structure is analyzed with a
SHIMADZU 6000 X-ray diffractometer system which records the intensity as a
function of Bragg's angle. The source of radiation is Cu (k,) with wavelength
A=1.5406A.

The morphological surface analysis is carried out employing an atomic force
microscope (AA3000 Scanning Probe Microscope SPM, tip NSC35/AIBS from
Angstrom Ad-Vance Inc. The morphological features scanning electron microscopy
of the various films are investigated with a JEOL JSM-6360 equipped with a EDAX
detector.

Result and discussion
X-ray diffraction results

Fig. (3) shows the X-ray diffraction patterns for ZnO with doping ratio 0.02
CuO on a Si (111) substrate . thin films prepared by pulse laser deposition ( PLD)
technique . We can noticed from x-ray pattern that the peaks (20=31.8485, 34.5580,
36.3490) referred to {(100),(002),(101)} direction , respectively . the x-ray diffraction
data of thin films coincides with that of known hexagonal structure, Table (3.1)
shows the experiment of standard peaks from International Centre for Diffraction
(card No. 96-900-8878) . We can observe the peak of Si located at 2 6=28 which
related to Si (111) . The preferred peak for ZnO film doped with 0.02 CuO ratio
appear at 20 =36.3490 for (101) plane this results coincide with M.Rahmani[22].
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Figure (3) X-ray diffraction patterns of deposited ZnO doped with 0.02 % CuO.

Table (1) Structural parameters: 20, dy, (hkl), FWHM ad G.S of deposited ZnO
films at doping ratio 0.02% CuO.

FWHM dhi

Cu % 20 (Deg.) (Deg) EXp(A)

G.S(m) | duStd.(R) | hKl

31.8944 | 05511 2.804 15.0 28137 | (100)
2 345350 | 0.2985 2,595 27.9 26035 | (002)
36.3720 | 0.4363 2.468 19.2 24754 | (101)

Figure (4) shows the porous of p-type Si (111) at current density 40 mA and
etching time 10 min . XRD shows the different between Si wafer and porous silicon
where. The strong peak of Si fresh appear at 26 = 28.3721 along the (111) direction
is observed confirming the monocrystalline structure of the Si layer which belongs to
the (111) reflecting plane of Si cubic structure according to ( card NO.96-901-3109).
The Table (2) shows the effect of etching time ,this peak becomes broad with varying
full-width at half maximum as shown in fig. (2),The additional peak at the lower
angle at 20=28.3120 may be attributed to a lattice expansion of the porous layers.
The presences of this peaks of PS structures shows that the cubic structure of the
crystalline silicon is retained even after the pore formation. This observation agrees
well with M.Q. Zayer [23]. The thickness of the porous structure is decreasing with
increase etching time; the reduction in the crystallite size can be inferred through the
increase in broadening of the X-ray diffraction spectra.

1096



(el A o I LeU] g FURAY/o] IR ST () R\ R epA0iE>| Hydrogen Gas Sensor of ZnO Doping with
CuO/PS Nanocomposite

—10 min

Intensity (arbitrary unit)

50 - N\ ——Si wafer
0-'lllllllllllllIlllllllllIllllIllllIllllI
25 30 35 40 45 50 55 60
20 (Degree)
Figure (4) X-ray diffraction patterns of porous silicon at current 40 mA and
time 10min

Table (2) Structural parameters: 20, d,q, (hkl), FWHM ad G.S of porous silicon
at 1I=40mA and time (10 min ,50 min ).

FWHM hi Ohia
Sample 20 (Deg.) (Deg.) Exp.(A) G.S (nm) Std.(A) hkl
Si wafer 28.3721 0.1860 3.1432 44.0 3.1474 (111)
10 min 28.3120 0.5130 3.1497 16.0 3.1474 (111)

Atomic Force Microscopy (AFM):

The morphological surface analysis is carried out employing an atomic force
microscope (AA3000 Scanning Probe Microscope SPM, tip NSC35/AIBS from
Angstrom Ad-Vance Inc). Figure (5) shows AFM 3D images of ZnO doped with 0.02
CuO where deposited on glass substrate .AFM parameters (average diameter =83.17,
average roughness =6.11 and peak —peak=24.8).
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Figure (5) Atomic force microscopy pictures for doped ZnO with 0.02 CuO
deposited on glass
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Figure (6) shows AFM images of porous silicon at current density 40 mA and
etching time 10 min . AFM parameters, average diameter =29.29, average roughness
=0.559 and average peak —peak =3.47.
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Figure (6) Atomic force microscopy picture for Porous Si wafer with constant
current 1=40 mA and etching time 10 min.

Scanning electron microscopy (SEM)
Figure (7) show scanning electron microscopy of ZnO doped with 0.02 CuO on
silicon (111) substrate by pulse laser deposition technique.

SEmM HV: 30.00 kW WVD: 11.68 mm P S Y VEGAW TESCAN
iew field: 21.67 pm Det: BSE 2
SEM MAG: 10.00 kx u

Figure(7) SEM images for ZnO doped with 0.02 CuO thin films

Gas sensor

Figure (8) shows the sensitivity as a function of operation temperature in the range
(Rt-350 "C) for ZnO doping with 0.02 CuO which are deposited on porous Si wafer
(111) for 10min etching time. It can be seen in Figure (8) that the sensitivity of the
films increases with the increasing in the operating temperature, reaching a maximum
value corresponding to an optimum operating temperature which is 350°C for the
sample. The high temperature operation of the sensor make the life time of the sensor
become shorter and increasing resistance thus required more electricity for operation .
It is believed that the oxygen could be removed or lost from the bulk of the metal
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oxide materials at high temperatures. This suggests that the response of the sensor
may decrease at higher temperatures since there will be more oxygen vacancies
which led to less occurrence of hydrogen oxygen reaction.
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Figure (8) The variation of sensitivity with the operating temperature for 10
Etching time on porous silicon.

Figure (9) exhibits the transient response as a function of hydrogen gas concentration
for the ZnO doping with 0.02 CuO which are deposited on porous Si wafer (111)
sensing element at 300° C. The sensitivity of the gas sensor increases as the hydrogen
gas concentration is increased from 5% , 10%, 15% and 20% , and it drops relatively
rapidly when the testing gas is removed , indicating that the gas sensor has a good
response for different hydrogen concentrations. Besides, it takes almost the same time
for the sensor to reach the maximum sensitivity for different hydrogen
concentrations. This result is consistent with the conclusion for the dominance of
operation temperature for the response time [64]. As it is apparent from the figures,
the sensor sensitivity to hydrogen gas was increases linearly with test gas mixing ratio
up to 15% at which the lowest response and recovery times of 20.7s and 2.7s. The
maximum sensitivity record (67.55%) for the sample prepared at 10min etching time.
The gas sensor system is designed and testing in thin-film laboratory — department of
physics-college of science- university of Baghdad.
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Figure (7) The variation resistance with time for different hydrogen gas
concentration for the porous silicon gas sensor.
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Conclusions

1. A polycrystalline structure for CuO doped ZnO prepared successfully by
PLD.

2. A topography of porous Si shows an decrease in average diameter with
increase etching time.

3. PL emission spectrum has abroad blue range with increasing porosity time.
4. Sensitivity of Hydrogen gas sensor increasing with increase operation
temperature
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