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Abstract — Nanostructured Zn,.,Ag,O, films have been deposited using a chemical solutiosynthesis
method. The as-deposited nanostructured films wersubjected to thermal annealing in furnace and rapid
thermal annealing, for different temperatures and dirations of treatment. The morphological, structurd,
vibrational and chemical proprieties were investigted by scanning electron microscopy (SEM), X-ray
diffraction (XRD), micro-Raman spectroscopy and enegy dispersive X-ray spectroscopy (EDS) techniques.
Effect of silver doping in Zn,,,AgO, nanostructured films on gas response was investigal. The influence of
the thermal annealing, duration and operation tempeature on selectivity of sensors was studied and diad
that annealing at 500 °C for 60 s forms most sensie nanostructured films.

Index Terms— Chemical synthesis, Nanostructures, Sensor, ZpAg,O,.

[. INTRODUCTION IIl. EXPERIMENTAL

Present renewable sources of energy like solarggner 1 chemical solution synthesis of nanostructured films of
wind energy, geothermal energy and others, recgiatc Ag- doped ZnO

system of conversion without or reduced portability The glass substrate were cleaned in HCI solutiorl@
limiting certain applications. Hydrogen {Hs expected 0 min, rinsed in deionized (DI) water, cleaned RSBy
supplant hydrocarbons and becomes “the commondtiel sojution for 10 min, rinsed in DI water, cleanedHNO;
the future” [1]. Hydrogen is high in energy, yet@ngine sojution for 10 min, rinsed in DI water and driedl &
that burns pure hydrogen produces almost no pofiuh  stream of hot air. The aqueous zinc complex saiutio
fuel cell combines hydrogen and oxygen to producgmprises a mixture of zinc sulfate (Zn(@@H,0), silver
electricity, heat and water. Fuel cells are oftempared to pitrate (AgNQ) and sodium hydroxide (NaOH) mixed
batteries. Both convert the energy produced byemital yntil complete dissolution. The concentration ofe th
reaction into usable electric power. However, thel €ell  complex solution was diluted to obtain 0.05 — OM&inc
will produce electricity as long as fuel (hydrogeis) concentration for deposition by adding respectivarities
supplied, never losing its charge. At standard mapre  of gejonized (DI) water [3].
and pressure, hydrogen is a colorless, odorlesgléas,  The SCS technique is based on the adsorption and
non-toxic, nonmetallic gas that forms explosive Wi&s reaction of the zinc complex ions from the agueous
with air if it is 4-74% concentrated. Thus, theed#ibn of = gojytion, which were kept at room temperature. The
hydrogen gas becomes an essential step in industiymersion of the wet substrate in the anions soiuti
biomedical system, fuel system and others.

ZnO is one of the most interesting semiconductixige
materials for H gas detection applications. It has the banlept at 95 — 98°C during deposition. The as-deposited
gap energy of 3.37 eV at room temperature, a e
exciton binding energy 60 meV [2] and sensibility H,
gas. Un-doped ZzZnO films shown-type electrical
conductivity and have poor stability in humid emviment
or corrosive medium and proprieties are altered hyanostructured films were dried in air at 180for 5 min.
adsorption of @ CO, and water. The gas response of the
ZnO bulk material is not sufficiently high, thus
nanostructures are of major interest because daitger Finally, nanostructured films were subjected torriie
surface area to volume ratio. Operating temperatu@n annealing in furnace (TA) and rapid thermal anmegli
important parameter to be considered in produatfazost- (RTA) for different temperatures and durations.
effective gas sensors, because requires less ieddctrNanostructured films with thicknesses of 1.5 um 2rsl
energy and devices are more stable during time. pm were investigated in details.

In this work, we investigate the nanostructurechdilof
ZnO and Ag-doped ZnO deposited using SCS method. 2. Characterization
Decrease in operating temperature and increassponse The samples of Ag-doped ZnO nanostructured films
time to 100 ppm kLl was observed with doping in films were analyzed by X-ray diffraction (XRD) using agRky
after rapid thermal annealing (RTA). “DB/MAX" powder diffractometer with a nickel-filtexd

CuKa radiation sourcel(= 1.54178 A) and a scanning rate
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of 0.02 °/s in the @ range from 10 to 80 °. The diffraction peaks was decreased as compared wietbf

compositional analysis of Ag- doped ZnO nanostmgztu pure ZnO. From Figure 1b was observed a shift limaeer

films was carried out using energy-dispersive X-ragf angle value of the XRD diffraction peaks for doped

spectroscopy (EDX), in combination with SEM. Thesamples as compared with those of pure ZnO. Stitibela

different characterization techniques confirmedt tiiee  deformation might be result of Agatoms incorporation in

nanostructured films are crystalline material. lattice of ZnO, which have greater ion radiugAg'") =
Information on vibrational modes in pure and Ag-€dp 0.126 nm) than that of Zh(r(Zn”) 0.074 nm) [4].

ZnO nanostructured films was obtained from Raman y :

backscattering experiments in a micro-Raman seibidor i(@a)

Jobin Yvon LabRam IR spectrometer with a charge- 3

coupled detector (CCD). Raman spectra were exedu

photons from a Helium Neon lasex ¢ 633 nm). Gas

sensing experiments were performed as reportedefih

I1l. RESULTSAND DISCUSSIONS @

In this work were investigated structural, vibratd, gas 1 _0
response and selectivity to ,Hof Ag-doped ZnO WEL“«MUL,_A__AA**
nanostructured films and compared effect of twoesypf 20 40 60 80
treatments: thermal annealing (TA) and rapid thérma 20 (degree)
annealing (RTA) in air. Also were investigated m@spe ] 1) Zn0 pure. N j
(t,) time and recoveryt() time of the sensor structures. 1 (b) —@zoma)

(3) Zn0:Ag(3)
1 ZnO PDF 036-1451 T

XRD Intensity (a.u.)

(002)

1. Morphological Characterization

To examine the surface morphology of nanostructured
films, SEM has been used. The typical SEM image of
Zn,,Ag,O, samples is represented in inset of Figure la. It
was observed that nanocrystallites growth in
agglomerations with different sizes, but with hexaa
shapes, which is typical Wurtzite structure. Radialsie of
nanocrystallites is estimated in the range 1006-r28 and 3t %2 38 3 35 36

. . L 20 (degree)
dependent on Ag-doplng concentration in ZnO. Fig. 1. XRD diffractograms of the ZnO and 14AgxOy nanostructured

films: (@) Thermal annealed at 450 °C for 2 h and doping eatnation
2. Chemical characterization (1) and (3);(b) Thermal annealed at 450 °C for 2 h and doping

For chemical characterization were performed EDS&°ncentration1and 3 in the range 31-37 degrees.
measurements (not shown) from which the O:Zn rats
found to be 50.72:49.28 atomic ratio in pure Zn@ves
content in as-grown ZnO nanostructured films wamiébto
be about 0.5Wt%Ag noted as concentration (1), abou
0.95W1t%Ag noted as (2) and 1.3Wt%Ag noted
concentration (3).

XRD Intensity (a.u.)

4. Micro-Raman studies

In order to investigate the influence of Ag-dopinf
pO films on the micro-Raman spectra, room tempeeat
easurements of samples were performed. ZnO with a
wurtzite structure belongs to the,£(P&mc) space group,
and there are 12 degrees of freedom since therg atiems

per primitive cell. There are 9 optical phonon modeO)
and six transverse-optical (TO) branches, one tadial-
acoustic (LA), and two transvers-acoustic (TA) [4].

In Figure 2a are compared micro-Raman spectra of no
doped ZnO nanostructured films with 4Ag,O, doped
with concentration (1) after RTA treated at 500f6€60 s.
Dominant peaks at 99 and 437 trare attributed to the
low- and high-E modes (&~ and E") of nonpolar optical

honons, peak at 330 &nis attributed to second order
aman processes involving acoustic phonons. It lman
observed a LVM at value 416.5 ¢m

Figure 2b shows Micro-Raman spectra of,.&g,.0,
samples annealed at 650 °C for 2 h. Besides the don
high-E; mode (§ and E") and second order Raman
rocesses involving acoustic phonons were detgutedts
at 382 crt that is attributed to A(TO) mode. Peaks at
334 cm" and 381 cm are attributed to A(TO) mode and
to E;-E;. (multi phonon). As well as was detected a LVM
at 416.5 cnt. LVM of doped ZnO are considered to be

3. Sructural analysis

Figure 1 shows the XRD diffractogram of pure and Ag
doped ZnO nanostructured films (doping concentnagtio
(1), (2) and (3)) thermal annealed in furnace & %45 for 2
hours recorded in the range of 10-80° with scanstaeg of
0.02°. All diffraction peaks can be attributed tgstalline
ZnO with the hexagonal wurtzite structure (spaceugr
P6;mc(186); a = 0.3249 nmg = 0.5206 nm). The data are
in agreement with the Joint Committee on Powd
Diffraction Standards (JCPDS) card for ZnO (JCPI38-0
1451). In Figure 1(a) the detectelkl] peaks are atf2
values correspond to lattice planes: (100), (0@2p1),
(102), (110), (103), (112) and (004), respectively.

To study effect of doping on the crystallinity diet
Zn;,AgO, nanostructured films, the intensities of the’
(100), (002) and (101) diffraction peaks were muongitl.
For Ag-doped ZnO samples intensity of (002) diffiawc
peaks and full width at half-maximum (FWHM) was
increased, while intensity and FWHM for (100) ad@X)
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induced by dopant species, and this is considesedna conservation of the wave vector. Therefore scaifeby
indication of dopant incorporation [4]. One of thessible phonons in ZnO that have wave vectors far fromziee
mechanisms of the LVM is that the impurity centersak center [4] can occur.

the translational symmetry of the crystal thus xielg the

(a)
~ T —— ne-dopat
il —— (1) RTA 500°C
2 : f summarized in form of diagrams in Figure 3. To tist
2 ER E selectivity to H gas of structures, the response to ethanol
E | 2 = g and CH has been investigated. The gas response of the
g A sensors is given by the resistance rafUR [1]. In Figure
S 3a are shown dependences of gas responses to OB;pp

of Zn,AgxO, nanostructured films with thickness 1.5 um
versus different temperatures of thermal annedtng@ h.
As well as, in Figure 3a are compared differenticgp

100 200 300 400 500

Frequency [cm"]

——ZnO0:Ag (1)
——ZnO:Ag (2)

— Zn0:Ag G3) concentrations at operating temperature (OPT) @&f 80
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z
=
=

¥, (high)

415 cm™ LVM

_A(LO)

conc. (3)

In Figure 3b is shown effect of thermal annealingations
on gas response to hydrogen. It can be observedydisa
response to Hwas improved after doping nanostructured
films of ZnO with Ag impurities. Also, it was obsexd that

conc. (2)

,.\
Raman Instensity (a.u.) o

conc. (1)

100 200 300 400 500 600 700 800 900

Frequency [em™ .
, , _ q Y lemT] ~after 300 °C TA treatment of samples doped with
Fig. 2. Micro-Raman scattering spectra of the:daje and doped with

concentration (1) zinc oxide nanostructured filmeated RTA at 500 °C
for 60 s; (b) Thermal annealed at 650 °C sampleth wdoped

concentration of (1), (2) and (3). concentration (3) the gas response is highestréowever,
it was found that by further increasing temperatwird A
5. Gas Response treatment, the gas response te id decreasing. From
a
@ [h00 ppm H, no-doped (b)3 | 100 ppm H, ,(-f)‘“" 100 ppm H;
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Gas response of £pAg,O, nanostructured films were Figure 3a-c can be concluded that optimal time Tér
investigated in dependence of type of thermal tneat treatment is 2 h and optimal operating temperatore
(TA and RTA), temperature, duration of annealingl anobtain highest gas response of Ag-doped ZnO santples
operating temperature. Detailed experimental resuk

Fig. 3. Dependence of gas response to 100 pprortZn...,AgxOy nanostructured films versus: (a) thermal annealiAgemperature for 2 h and

doping concentration at 30Q operating temperature; (b) time for thermal ane@dlA samples treated at 480 with concentration (3) at 30T
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H, is 300°C. According to results presented in Figure 300 °C RTA for 60 s was decreased to 20Q in

can be observed that optimal RTA treatment temperas

comparison with the optimal regime of TA treated
500 °C for 60 s. Based on our experimental observations

can be concluded that gas response for RTA tredtmen

samples of Zp,Ag,Oy nanostructured films is higher in samples (300 °C for 2 h). For RTA treatment was
comparison to TA treated samples. From Figure 3ebea

observed that optimal time for RTA treatment iss6@Iso

from Figure 3f can be concluded that optimal opegat

temperature for 1.5 um thick ZgAg,O, films exposed to

(a) - = =(1) 100 ppm H, @ Tas00°c2h ©pt300C) (b) —— () RTAS00’C2h ——(2) TA300°C2 h (c) ()am mmmmm e == =(1) 100 ppm H,

60+ ——(3) RTA500°C 60 s (OPT 200°C) 00d - “G100ppmH, o 804 j ' RTA 500°C, 605, (3)
\’: --- (5 Q) \ | | v | \’? @) ——(2) OPT 300°C
K K H : e — — (3)OPT 200°C
S > | o 601 RTA 650°C, 605, (2)
z 40 2 60 z —— (4) OPT 400°C
4 S S 404 — = (5)0PT300°C
= = o
g g g
[ 204 & 30- & 20
2 @ @
< < <
o ] CEN

0 . - 04 oL ; L . T T T
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Fig. 4. Comparison of gas response to 100 ppmersus time for ZnAg,O, samples doped with concentration (3) grown wigh):thickness of 1.5 pm

and treated at optimal regimes: RTA 5@for 60 s at OPT 20€C (#1) and TA 300C for 2 h at OPT 300C (#2); (b) thickness of 2.6 um treated at

optimal regimes: RTA 500C for 60 s at OPT 30€C (#3) and TA 300C (#4) for 2 h at OPT 308€C; (c) Comparison of gas response to 100 ppm H

versus time for 2 sets of ZpAg«O, samples with 2.6 um thickness: (1) set — RTA 8D060s doped with concentration (3) at OPT 300rf¢€ 200 °C;
(2) set - RTA 650 °C, 60s doped with concentrat®)rat OPT 400 °C and 300 °C;

observed high selectivity of samples, because wnete
optimal regimes: RTA 500C for 60 s at OPT 200°C

observed any gas response to ethanol ang &r00°C

operating temperature. It indicates on good sefiggtof (#01) and TA 300°C for 2 h at OPT 300°C (#02). It can

developed sensor structures.

From our experlm_ental results can be concludedithat o ohoeoreq that are the same for both type of treatments,
RTA treatment was increased gas response and OFJOat while 7 is higher for RTA treated sample.

°C to 300 °C. Also was observed that with incremse In Figure 4b is demonstrated comparison of gasores®

thickness of nanostructured films for TA treatedh®s 5 100 ppm H versus time for ZpAg,O, samples doped
was decreased selectivity at highest operating ¢éeatpres. \.ith concentration (3) and thickness 2.6 pm treaied
Comparison of optimal TA and RTA treatment regimes

In Figure 4 is demonstrated comparison of gas respto

100 ppm H versus time for ZpAg.O, samples doped gptimal regimes: RTA 500C for 60 s at OPT 300°C
with concentration (3) with thickness 1.5 um treat
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For thermal annealed TA samples was obtained faster
sensors but with lower gas response (32 % for in3hick

(#03) and TA 300°C (#04) for 2 h at OPT 30CC. It can

samples). With increase in thickness of nanostradtu

films was observed decrease of selectivity.

be observed that with increase in deposition cyelas
increased response time and recovery time; for TA
treated sample. For RTA sampleremain the same, while
¢ is comparable te: of TA sample.

Comparison of OPT for RTA treatment

In Figure 4c was compared gas response tovéisus
time of two sets of samples RTA treated for 6013:5et —
samples treated at 500 °C at OPT 200 °C (#05) 6@
(#06); (2) set — samples treated at 650 °C at CBUT°8
(#07) and 400 °C (#08). It's can be observed thialh w
increase OPT is decreageandr; time and decrease gas[ ]
response for both temperature of RTA treatment lzott
doping concentrations, namely (2) and (3).

[1]

3]
VI. CONCLUSION
In summary, Zn,Ag,O, nanostructured films with high
crystallinity were grown on glass substrate usin@@S 4]
method. SEM, EDX, micro-Raman and X-ray diffraction[
has been used to characterize the morphology, claémi
composition and structure of the samples. XRD
measurements indicate that synthesized ,..&0,Oy
nanostructured films are in the hexagonal phasemF

[5]

XRD pattern was observed deformation in latticeZof.
«AgxOy due to incorporation of Ag atoms.

Were fabricated sensors with rapid response timk an
80 % gas response to 100 ppm based on 2.6 pum [6]
thickness 1.3wt%Ag doped ZnO nanostructured fill#R
treated at 500 °C for 60 s and at OPT of 300 °€1Fopum [7]
thickness was obtained 50 % gas response to 100H3pm
at OPT 200 °C.
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