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ABSTRACT

In this study, the spray pyrolysis system has been selected to grow ZnO
crystals of different thicknesses. The existence of a critical thickness has
been already conjectured on the bases of optothermal and mechanical
investigations. Energy levels shifts within ZnO forbidden band along
with Urbach tailing perturbed evolution have been analyzed in order to
explain and justify the already conjectured thickness-related optimality.
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INTRODUCTION

ZnOisall-VI crystal semiconductor with band
wide gap energy of 3.37 eV, Itsdirect band struc-
tureissuitablefor optoel ectronic devicessuch aslight
emitting diode (LED) and laser diode (LD) usedinul-
traviolet and blueregion. Duetoitslow cost aswell as
itsfavorabl e opto-e ectronic and e ectro-luminescent
properties, this oxide hasbeen successfully incorpo-
rated in fluid sensing devices¥, acoustic devices,
transparent el ectrodes¥, and solar cellg*#%1, During
thelast decades, ZnO compound have been prepared
through several methods*-8 including pul sed laser
depogition (PLD), chemica vapour deposition (CVD),
RF magnetron sputtering, direct current (DC) magne-
tron reactive sputtering,co-e ectro-deposition and sol -
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gel technique.

Inthiswork, the spray pyrolysissystem, with the
advantages of low cost, s mple processing and practi-
caly controllablegrowthrate, hasbeen sl ected to pre-
pare ZnO crystal susing, asmain precursor, asolution
of zincacetate dissolvedin de-ionized water. Thethick-
ness-dependent performanceof thedifferent as-grown
crystalslayershasbeeninvestigated interms of mor-
phological, opto-thermal and micro-hardness
behaviours. Additiond investigationsof theinduced red
shift and Urbach tailing evol ution confirmed trendsto-
ward existence of athickness-related optimality.

EXPERIMENTAL DETAILSPURE

Zinc oxidecrysta shave been prepared by thetech-
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nique of chemical reactivetechniqueinliquid phase
spray. Theobtained layers’ structural and morphologi-
cd properties, aswell assynthessingdetails, havebeen
detailedin recent publicationg?,

ZnO crystals layers were fabricated at different
thicknesses(samples S| _, , withthicknessesd=0.16,
0.4, 0.58, 0.64, 0.84 and 1.03 um respectively) on
glasssubstrates. Precursor solution and gasflow rates
werekept constant at 2 cmi.mintand 4.01.min* re-
spectively. The substrate temperature wasfixed at the
optimal value (T =460°C). The optimality of this tem-
perature hasbeen verified in previous studies®2.

RESULTSAND DISCUSSION

A synopsisof XRD, mechanical and opto-thermal
char acterization

XRD, mechanica and opto-thermal characteriza-
tion of the as-grown crystals have been previously
achieved®2, XRD patternsof the deposited ZnO lay-

ers(Figurel) showedi. e that thethinner layers S| _,

monitored apreferred orientation of thecrystdliteswith
respect to the (002) reflection. Differently, thethicker
ones: S, and S, presented two additional XRD peaks.
(101) and (100) besidesthe existent (002) with aloss
of crystalinity in concordancewith resultsrecorded by
Tnehetal.®¥, Herklotz et al.*3, Ryu et al 1%,
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Figurel: XRD patternsof thedeposited ZnO crystalslay-
ers
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Thicknessdependent red shift and Urbach tailing

Urbach energy E, has been determined through the
equations

Ln(a(hv)) = Ln(a0)+2—v

u

B dlaw) ' [d T
Eu—a(hv)( dhv] ) —h[ e (Lna(V))]

Where «a (hv) representsthe experimental ly deduced
optical absorption profile.

Thewidth of thelocalized states (band tail energy
or Urbach energy E ) has been estimated from the

dopesof (Lna(V)) vsenergy hv plotsof thefilms S | _,
(Figure2).

Energy
Figure2: Of Lnaversusenergy hv plotsasguidestodeter-
mine Urbach energy

Energy band analyses

Likedemental semiconductors, binary ZnO prop-
ertieshavetheir genesisinbothintrinsgcand extrinsc
effects. Intring c transitions occur between e ectronsin
the conduction band (CB) and holesinthe vaenceband
(VB), whileextrinsic properties depend on point de-
fectsandimpurities. In ZnO crystallinestructure, the
main nativedefectslikeZincvacancy (V, )JACC, inter-
gtitial Zinc (Zn) and Oxygenvacancies(V ), oftencre-
ate supplementary dectronic statesin thebandgap (Fig-
ure 3) resultingin Urbachtailing at both conduction and
vaenceedgesvicinity.

Amongthendaivedefects, interstitial Zinc(Zn)and
Oxygenvacancies(V ) havebeen particularly pointed
by Van de Vall€3¥ aslow-energy native point defects
that causedifficulties of making p-typeZnO. Severd
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photol uminescence studies®*7 showed that undoped
ZnO yielded red photoluminescenceisoriginatedina
trangtionfromashdlow state (SL) toadeepleve (DL).
Caoetal.® andLinet al.* identified these states as
Zn for SL andV  for DL while Look.?, Jinet al.*9,
Poppl et al.[“¥ attributed to both entitiestherole of SL
shallow donor.
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Figure3: ZnO energy level diagram

Accordingtorecent investigationsof Zhang et al .14
and F. Kohan et al .*4 who verified that interdtitia zinc
hasno deep levelsinside ZnO gap!**131, and therefore
actsasshallow effective-massdoubledonor,, it seems
that unanimity on Zn statusisreached.

From another point of view, it has been
proven344344 that deviation from ordinary stoichiom-
etry (Zn excess) causesinterstitial Zn?* (radius~0.78A)
to occupy ether ordered positionscausingtail decrease,
or random positionsinsidethecrystal, resulting inthe
recorded over-limit Urbach tailing. Inthiscontext, we
tried to cal culate Urbach energy of the samplesfrom
dataof Figure 2. Thethickness-dependent valuesof E,
arepresentedin Figure4.
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Figure4: Of Lnaversussenergy hvplotsasguidesto deter-
mine Urbach energy
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A simple comparison between Figures 3 and 4
showsthat thedecrease of E  recorded for the thinner

layers Si|._, , isequivalent tothelack of Zn resultingin

maintained val ues of the bandgap along with apro-
nounced blueshift. Thisphenomenonisin perfect con-
cordancewith XRD patterns of these sampleswhich
show an unperturbed (002) direction trend. For thicker
layers S, and S, thered-shift caused by increasing E
toward vauescloseto Zn-CB gap (=0.150€V) means
that beyond agiven thicknessinterstitial Zincismore
and more predominant.

A second ook to these samples XRD patternsal-
lows confirming that peaks other than (002) appear.
Sinceno new materia hasbeen supplied, these peaks
can beattributed to diffusion of Zn. insidethewiirtzite
matrix causing therecordedlossof crystalinity (§3.1).

A conjectured, critical thickness(d, ~0.656 pm)
has been proposed in a study concerning the same
samples. Thevaluesobtained from Eq. 1 and theen-
ergy leve diagram confirm therange of thisthikness
(Figure3, detail (A)).

Concerning the second donor candidateV , stud-
ies published by Vlasenko!*®, Mass*! and
Gavryushin“®l confirm the uncertainty about thesha-
lownessof itsenergy level. It hasbeen shownthat dis-
persed values of 0.94, 1.6, 1.82 and 2.48 meV be-
yond VB have beenrecorded. In our study, E values
did not exceed 200 meV, however some measurements
effectuated ona2.1 pm ZnO sample yielded high val-
uesof E, (~.82 €V) along with amorphousness fea-
tures. Theselast results confirm precedent analyses**
%1 the recorded increasing contribution of V  to the
bandgaptailinginreatively thick ZnOlayers(i. e. O,
sensing layers).

CONCLUSION

Inthisstudy, we haveinvestigated thethickness-de-
pendent evolution of un-doped ZnO layered crystals
deposited by alow cost technique. Thed ready discussd
notion of critica thicknesshasbeen discussedintermsof
behavioursof intring ¢ native shallow and degp donors
energy levelswithin the val ence-conduction bandgap.
Blue-shift and red-shift recordsa ongwith Urbach tailing
evolution presented averifiable explanation tothemor-
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phologica changesobserved beyond agiven thickness.
Comparison with dready proposed positioningand in-
terpretation of somenative pont defectsoutlinedtherole
of intergtitial zincZn asashdlow donor inthe pogt-criti-
cality phase. Moreinvestigationsare needed in order to
evauaeZincvacancy (V,,) and Oxygenvacancies(V )
contributionto Urbachtallingamplitude.
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