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t. INTRoDUCfloN

th€ semicondwts oxide mst€rials e.g ZnO and
TiQ have rccrived considerable much sttention in
r€cent years due to their unique advantages: stable,
inexpensive, widc band gap etc. Among thern, ZnO
is a unique mat€rial thal. exhibits both
semiconducting properties which 8re istensivcly
sbdied ad applied in various applicatiqrs such as
gas sensor, dyc sensitizcd solsr ccll, lss€r diodes
(LDs) and ligh qniuing diodes (LEDS) [l].

ZnO is an incganic compound which that often
called a II - Vl semiconductor because zinc and
oxygen belong to th€ 2nd snd 6th goups of the
periodic table resp€ctively. This metal oxide
semiconduc{ors with a wide dirEct bandgap otergy
of 3.3?eV and a larger free-exciton binding eaergy

of 6OmoV al rcom t€mpsralure[2]. The property of
ZrO is dcpend€nt psdly on the crystallinity,
crystallographic orientatioru crygsllite size and
mqpholos/. Due to vorious a+rplications in
electronic fiel4 research has been focuscd to
prepared ZnO thin films which are not only good in
the optoclectronic sn structural properties, non-
loxicity, high lumineous transmittsnc€, low cost

[3,4] but also good in electrical properties.

There are many tcchniques to fabricate ZnO such
as R.F. magneton sputtering [5,6], rEsctive
magnetron sputtering chemical vapor depocition
I1,El, ion-beam evaporaliur, electron-beam
€vaporation, spray pyolysis [9,10], laier ablalion
and sol-gel process [1,12]. Among of th€m, the
chcrnical vapor deposition tedrnique have
advantage$ in gro*1h on large ares substrat6 ard
mass produclion with a continous systqtr, Howsv€r,
the deposition of zinc oxide by chemical vapor
deposition has seen increased research activity over
the past s€veral years as the need for high quality
zirrc oxide ftin film has incr€ased [3,l4l.Post
anncaliog trea[nent is a cooventional and elfective
technique to r€duce intrinsic defec{s and to improve
the crystallinity in thin films [5].

Ablrad- Thh study focu!.i otr ttc prcp.r.lintr
ZDo thir filr!.!d Grfcct o! (h.3urfic. ltorphoh8
..d clcctri..l proFnis of ZiO tlin 6ti|. Thc laadcd
ZeO .rt lyit *ar pltl.rtd by rpiHo.ti.S a.chriqu.
llsirg zirc r..trt dclydrlac (ZoAc) ri st.rtiot
rtrrt.rirl 2-mclhoxy.tt.Dol Mlvcnt, .lEfiirioln
oilr.lc (A(NOlbqHrO) .s dop.lt .nd
morotlhaohrnbc (MF-A) .! 3lrlilL.r ao co.t onto
iilicon rrb.tr.t6. Tb. 7nO ltiD filmt r.It dcpo.ia.d
by lhcrnrl .hcrric.l v.por d.poritioD (rCVD)
6atM using dra acLtaaa dalydratc ai a pnarunbr
aEd oitrogcr t! lha c.rriar g.!.Thc ZDO f.BDlrta s-
dcpoiil.d rnd poct-.nnc.Ld thin fil|rrr rrr d.po.it.d
.ad .trtr.d.d .t vrrion3 t rEp.r.tlrfi froln ,o(FC to
6fir''C. Thc cfL.t of tbc sorfrcc morplolo6r rrd
cbcrricel propcrtir of ZoO tbir lilln wcrr
irvcaaigrt.d. Fi{d lun cDilnion s.uDing Glcctrco
mi.ro6.opy (FESf,nO rr! d to vicr ah. 3urf..c
EorpioloB/ of thc a.lrph& Thc iurfrc. lllorpholosi
oblrlncd from FESEM rt ults show.d tf,. fthtiorrlip
tatwaar dapcition tcdlpat.rtc.t! for B-dapoaitad ard
p6l-.o.c.lcd ttl! filmr lo lb. cryc.l strudrrc rnd
it .ko ltrnu.rc.d tbc ahctricrl proFni.r of abc ZrO
tlir lilltta Tt. cLctrkrl propcrlir .rr .trrrct.riz.d
osiag solrr lillruhlor Era3[]Elnala roit Tiir
indi..tca th.a tL .l.ctdcrl pmprticr trt impmvcd io
tcrmr of cordmaivity for rs{.!Glt d thio lllnl.

ln this study, rherrnal CVD h8s b€sn used
becausc of its relativ€ly low cost and simple
method [16]. The seeded hO caralyst w€re
pepared by the spin-mting method Zinc acetate
dehydrate(Zn(CH3COO)22H2O).2m€thoxyelhanol,a
luminium nit ale (A(Nqh.gHrO) and
monoethanolamine (MEA) w€re used as starting
material, $lwnt, dopant and stabilizer;espectively,
to c@t onto silicon substrates. The ZnO thin film
was deposited by thermal chemical vapor
deposition (TCVD) technique where zinc acetate
dehydratss (ZnAc) was use/ as a prccursor and
nitogen as tie carricr gas. The experimentBl resull
of the effect on the surfsc€ morphology and
electrical propcrties of Zno thin films will be

discussed
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lt M'ErroDor.ocy

Cenerally this project consists of six stcps which
are sublrat€s prepar8tioo, solution prepsratioo,
templst€ prEparation, thin film prepqatiorL film
annealing and chararteriz&tion. The whole process

of this project is simplified in the flow chart shown
in Fig. l.

fig. I : Flow chrn ofzno rfiin film experinEnr.

A. Sabstrate Cleanitg Pn*ess
The substrsl.e pr€paration involves 2 processes

which are cutting and cleaning process The
substrale is cut using diamond wafer blade with the
desircd scale of lcm x lcm. The cleaning praess is
one of the important steps in this project because it
affe€ts the sub$ral.e properties and is performance.

In this process, all the contaminaots qr the $b6trate
ar€ r€rnoved, Diffeacnt sub6&ate may hav€ differEnt
cleaning terhnique so it is important to use the right
clesning technique to ensure th€ subst ato is fi€e
fiom contamination. Silicon sub6lrates are
imm€Ned with acetone and followed by ultra sonic
cleaning method for 20 minutes. Then thc accionc
is disc.arded and replac€d by nev acetone- This step

is repeated by rcplacing acetone with mahanol and
deionized (DI) watef,. Then the silicoo suhr8les
werr etclr€d with hydrogen fluoride (HF: HrO at
ratio l: l0) for 5 minutes 8nd th€ process is repested
twice in ordct to remove the rrsistive nalive oxide
layer fcmed over the surface [l7]. Nitrogen gasses

are then blown !o the glass substrate to dry iL

B. Spin Coaring Techniqw

Tho solution prcparation stago involvod four
steps which are &errnination of matEial use4
wcighing mixing and solulion stirring sl to"C and
ageing 24 hours al room temperaufe. The matedal
used !o Foduc€ 0.4M ZnO solution is zinp a(f,,l'lq
(ZnAc) as starting material, 2-methoxyethanol ss

solvent, aluminium nitrate (Al(NO3)r'9HrO) as

dopant and monoethanolmine (MEA) as stabiliz€r.

ZnAc is dissolved in 2-mahoxyethanol,
aluminium nitrate and MEA for l00ml solution.2-
m€thoxyethanol is used to dissolved reactants and
reagents and provides temperature conEol, either to
increase ercrg5r of the colliding particles or to
absorb heat that is generaled during an exolhermic
reaction, while MEA is used !o pr€vent colloids
from aggregding ard aluminium niu'ate to incrcase
the conductivity of the thin film. Solution are rhen
stined and heated af EO"C for 3 hours to incrcase
r€action process between all the materials in the
solution. The solution is ther aged for 24 hours at
room temperature to rcinforc€ gel network atld
yield clear solution I l8l.

In the thin film peperation process, ZnO
solutioo is depositcd on the silicon substrate using
spin coaling technique. 'fhe solutions are dropped
onto subshate while it is spun at the rate of 3000
rpm for I minute. Then the substrates underSo
drying pocess. ln this process the substralas is
heated at 150"C for l0 minutes to evapo!'ate solvent
and €liminate orSanic component in the film [l8].
This drop and dry process is rspeated fo! 5 tim€s to
yield requircd rhickness, The process is
summarized in Fig.2.

Fi8. 2 : Flow chsn ofz() lEmplate prepdr8tioo.
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c. Ttvrnal CYD Methd
Thc growth of Zno thin film was obtsined by

thcrmal CVD method which is performcd in a
horizontal firnacc as shown in Fig.3.

Fig. I : Thernal CVD (TCVD) apFarslus

The furnce holds a prqhea&d qusrtz tube with a
trcated length of 7ocm.Gase. are taken ft,om high
pressurr Bas tanks without fufthcr purification and
fed into the hot zone ofthe first furnac€ (Fumac€ I)
through gos inlet,Nitrogen is used as the carrier gas

and also a dop8nl A fraction of the carrier flow
transport the ZnAc vapor into the s€cond furnace
(Fumac€ 2) A watcr in g,es bubbl€r cools the

exhaust gas and s€rves as a conderrer for gas phase

reEclion products,

D. Thin Fil,n Depo$ition Pntcess

ZnO thin films were carried out l'|sing a double
fumace s€tup, me fa heating the source marerial
(presursor) and another fq cooaolliog the
deposition t€rnperature of Oe substrate, using
nibogen gas. Firsly, the quartz tube was cleaned
\yith acetone and ahsnol to ensur€ lhe tube is fiee
ftom contamination. Secondly, the tempcfature is
s€t for fumacc I 8t 45dC (fixed tsrnper8turc) 8nd
for furnace 2 lhe temperature is v8riod fiom 40O t
to 600 "C. ln this process, zinc adsre dehydmtr
werc choosen as s procursor. Afrer the desired
temperaturc is achieve4 the subotrates and

Fr€cursor werE placed in the lamina boa and both
were inserted into qu8rtz tub€ to be heared togetlEr
with nitrogeo gas fc I hour. The nitrogen gas

prtssuc was selected at 0.4 bars 8t 0.001 LPM flow
ralc condition.

The last stage of thin film pr€paratioo is film
snnealing. ln this slBge the film was annealed in
Pmterm Furnace equivalcnt to th€ dcposition
tcmpsraturE ranging fiom 40OoC to 6O0oC. As-
dsposited was slso prcpq€d !o compar€ th€ €ff€ct
of surfac,€ morpholoSy and electrical propertics of
ZnO thin film. As-deposit€d means the ssmple
that do€s not experience annealing process aftai the
TCVD proc€ss.

The film charact€f,iution stage involves surfac€
morpholos/ and electricsl properties. The surfsce
of the film were observed with field emission gun

scanning eleclron microscopy (FESEM and the
ele€lrical pop€rties arc charactErized using Solar
Simulator measurment unit.

lll REsuLrs  ND DrscussroN

A. Surf.re Morpholog) Analysis

Fig.4 and Fi&5 below show the images for 5

differnt tempcrature samples of as-d€positcd and
post annealed r€spectively using FESEM and
SEM.Fi&4 shows thal the sizc of ball for as-

deposited is decreased from l.52um to l.20um
while in Fig.5 for post-annealed the sizr also
decreased from l.3lum to l.2lum when the
tempcrature is increased.The thom size increased
from 40nm to 200om for as-deposited and for post-

annealed also increased from 27nm to 200nm with
increased of ternperaturp as shown.

Fi8. 4 : lrrllSes of the gurfee of m drin filrns at
rrli8nificlin of 5K 6r adercit d l8ing FESEM .) 40trC, b)
45m c)55(rt rrd uling SEM d) 50{PC, c) 60Ot.
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Fig. 5 : tmlgas of ltE sut6c. of ZnO 6in 6ljns at
I|ugnificstrll of 5K for po6t-s El.d using FF-SEM s)440rc,
b) 450rc ctss$C lrd using SEM d) sffi't, c)taoqc

From Fig. 4 and l'ig.s ebove shows that the

microstructure become more smooth and more

uniformity obtained in terms of particle ditribution
al incrcasing temp€ralure. lt dernonstrales thal the

quality of ZnO thin films was improved due to re-

distributed of crystalline grain island has been

join€d into gtar crystalline surface[ l9l.

Fig. 6 : tmagca of lhc $d.at of zto dtin lilns 8t

m.glrific{tin of mK for .snf?osi&d .) 4dft. b) 600[ ard
polt-nrEl€d cxofc, d) 6OtrC.

The obvious chang€ is lhat the thqn bccomes

more rough 8nd bigger with incressing temperatur€

€specially for the post annealed ZnO thin film.This
situation was shown in Fig. 6.

Post snnealed temp€!-ature affe€ls thc psrticle

ioterconnection i.e the inkrc-onn€clion betwe€n the

balls incrcased when the tempeiature is

increased.The size of ball ard thorn had been

simplify in Fig. 7 and Fig.8 below.

Fig. 7 : DiuncEr boll ofzro thin film vcrsB TemPeEru€
fG a) tu+pcitrd &n b) Pcl-Annealed

al

F

b)

e

c)

d)

a

s

Fig. 8 : DirrD€tEr $orn ofzio thin film veBus Tcmpertture
for !) As{.pcit d end b)P6t-AflEalcd
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B. Elechical Propenies

Fig 9: Stru.1urr ofzno thin film d(,6itEd on siliul sutslrsle

E

"t

E

-d
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t

Fig-10 : Thc I-V cbsadariaric of &rO tJrin film tor &e
depGited &Dd pct-€nrEh€d udcr a) ard b) dak ooiditior\ c)
ard d)illumin&ior csditkn.

t
I

The I-V measurEment of ZnO thin films grown
on silicon substrales werc carried out by using Solar
Simulalor Tes:t- The test \^,as measured al room
temperatue under dark and illumination condition.
Palladium (Pd) deposited ooto ZnO thin film act as

an electrode, Thc layer of ZnO thin films oo the
silicon substrate is as shown in Fig. 9. Two probes

were tapped on the coated polladium in cder to
m€ssuft it clec'trical properties.

Fig. l0 shows the l-V characteristic ofzno thin
{ilms for both as-dcpositcd and post-annealed under

dart and illuminalion condition. When voltag€ is
applie4 both eleclroo urd holes in the n-rype and p
type material is prshed toward the junction. Th€

holes recombine with electron at the junction hence
increase the number of negative ion. This will leave

the o-junction with less number of positive ions

[20l.Hence, decreasing the ntrmber of positive and

negalive ion al pn junction. It rcsuhs in th6
shrinking of the @lerion rcgion. As the applied
voltage exceeds the intemal ele€lrical imbalance,

current carriqs of both types can c'ross the junction

into the oppocile ends of the crystal. The electrons

in the pt$)€ side attracted to the positive applied
voltage, while holes in the n-type side arc attract€d

to the negative applicd voltage. This will genff&le a

complete cunent path through th€ junction [20]-
The current will flow and increase rcccdingly to
the magnitude of the voltage applied to the circuit
as in cquation ( I )

V=lR ( l)

Rosistivity of ZnO thin films decre3sed when the

resistance decreased (Refer to equation (2).

p=RA/L (2)

A = film thickness x lenglh ofpalladium (m2)

L = length between palladium and palladium (m)
p = rssistivity (fh)

Ir

V = voltage (V)
I = curcnt (A)
R = resistarc€ (O)
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fi& I l: The glsph of resisbnce v(fsls lt npe,uure of ZnO
din film for arjeposited srd post-snrtled under a) dart ard
b) illuminstioo cqdition

Fig, I I shows the plotted rcsult resistEnce versus

temp€raturc for both as{eposited and post-

annealed. The pardmeter of A and I- in equation 2

arc assumed to be constant. Resistivity is d€creas€d

as resistan(x decreased. It can be corcluded that

r€sistivity of ZnO thin films decrcased st higher

temp€rature and post-annealed resistan€ is beuer

then as-deposited. The number of Zn interstitial

decreases with increosing temperatue becaus€ the

effect of Zn evaporation. ZnO contains numerous

vacsncies within crystal structure &nd it can

accommdate interstitial atorns easily I l9l. At
above absolul,c zero, th€ lsttic€ aloms are not

always found in their lattice silcs, it might
participate and interfere with rhe direclional

€lectron movemenl Thermal anergr causes the

atoms to vibrate about their equilibrium posirions.

At any moment in time many individ!8l lauice

atoms will be away fiom their p€rfect lettic€ siles

and this interferEs with electron movemcnt [211.

(i:l/R (3)

R=lectrical rcsistance (O)
C=conductanc€ (mho,S)

P -ll <t

a)

6
E

hL,,

E

I

p = resistivity (Qrn)

p- I /qFN (s)

Fi& t2: Thc griph of co{dtff&ce ver$8 tcmperlorc ofzno
thin film for e3trep6ibd aod po6t-6ntEal€d under s) datt tM
b) illumin trcn conditioo

Fig.l2 above shows the grsph for conduct2ncc

which is the reciprocal of ele€ldcsl resistance
(R€f6 to €guation (3)). The graph shows eleclricity
flows along a certain psth through thc ZoO thin
film. It can b€ concluded that the conductanc€ for
as-deposited ZnO thin film under dark and

illumination condition is increased while for post-

annealed the conductance is decreased as the

tqmperalure incr€ascd- In other word, the

conductanc€ for as-deposited is hter than posl-

annealed Zno thin film. But there is a sliSht

increased in 450"C for post-annealed ZnO thin
film.lt shows that the resistivity is low but gives

best conductivity.

The colductivity of Zno thin films also reflects

the carrier mobility of the film. That means when

the condurlivity is increased the resistivity is
o = conductivity (flm) -r

(4)

F-{q.rI . !.n{m.Ir

-.-._

p = resistivity (Cln)
q = charge ( 1.602 x lGl9) (C)

! = carrisr mobility (cm -r )
N = carrier d€nsity (crE/s)

l+ E{.Fa-
I. ]*..iE ft

l=@
| . p..f.d-n

User
Pencil



decreased (Refer to equation (4)). Thercfore, carier
mobility of the film is also increased when the
resistivity is decreascd (Refer to equation (5)).

IV. CoNCLUSION

ln conclusion, the surface morphology and

ol€ctrical properti$ of ZnO thin films deposited on

silicon sub,slmte by using TCVD technique at
various temperalurcE were studiei by using
8ESE[,i/SEM snd Solar Simulator Tes( From the

struclural properties, there are correlalion b€tween

the depositior/anneded tempeElure and the surface

morphologr. The high rcsolution FESEM and SEM
showed that svolution of deposition/annealed

tempcratue fiom 400'C ro 6OO"C influenced tlre
crystalline st uctu€ of ZnO. Besides, thc nano

sructued of thom grovrn on ZnO $in film for
both as-deposited and post-annealed wan

dernonstrared. The &position/annealed tfrnpemturE
also influenc€d to the el€ctrical properties of the
Zno thin films. From I graph of l-v curve it can be

concluded that all films deposited/annealcd on

silicon suhate exhibited ohmic cortae The I-v
clrves show decressed in the resisrance for post

annealed (dark frorn 56l.6lkfi to 0.02kn,
illumination: 473.93kO to 0.01 kO) while incr€ased

in the conduc'tance for as depocited (&rk from

2.70E{ mho to 32.52E{ mho, illumination: 5.10E-

6 mho to 63,948-6 mho) Ls temperahf€ is

incrcased. This indicates thd as the tomperdaur€ is

increased ftom 40O"C to 6O0'C the resistivity of
zno films is decreased and the condrrctivity is

increased. The conductrnc€ fG aedepooit€d is

bettsr than trxt-annealed ZnO thin film.

V. FI]TURE DE\'ELOPMSNT

A dopant of aluminium nitrate will be added 1o

enhance the crnductivity of the ZnO thin film by

using tllree reaclor lirrnac€ method insead of sol-

gel mahod.
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