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CHAPTER 1

1.1 Thesis mo

At presentgfthereds aw ongoi ' _- for : oD g the technique to mea-
sure the gas concentration fon de Tange .‘-‘ = ' s such as agricultural
industries, biotechnological and » in domestic and industrial
environmental poliuta IV asfwell agle o otive 3

cultural field carbon diox e%ﬁg‘ " fa

v
improvement in growth rate ofplants A1

For example, in agri-
“plant growth. Namely, the
ed by controlling CO5 concen-

\

tration. Moreover, CO, is ! aging in biotechnological process

to extent Storage life of m d” s m ’{_r able and fruits. Contrastively,

high CO; concen : _r_r espiration system.

The increasi ._1 ’gg pletion resulting in

i
s

global warming.-

wost 0 are bad on optical measure-
ment. It has beenl known that COy molecules absorb spectra in range of infrared

at wavelengths of 4% ﬂ Moreover 0
ing thﬁfr de th ﬂ

spectra, %ﬂected or transmltted hght intensity and surface plasmon resonance

51 . WR KAkt ﬁﬁﬁ:ﬂ]ﬁ Tel

ased on semiconducting metal oxide could be a good candidate due to their low

ical as sensors can OEerate by detect-

g interference

cost, small size, the ease to integrate in electronic device, simplicity for fabrication

and measurement as well as durability. The working principle of semiconducting



gas sensor device is simple. It functions by measuring the change in electrical
resistance of sensor as it exposes to target gas concentration. Metal oxides such as

Sn0Oy, TiOy, ZnO and WOj3 are conventional gas sensor which have been widely

used for detecting NOg, HoS, NH3 and ethanol vapor [5, 6, 7]. However, utilization

is not widespread due to their poor
sensitivity. Many researche \f ma f o improve their sensitivity and
selectivity. Stankova et al. m  ‘ ¢ : ifferent materials (Pt, Au,

Ag, Ti, SnO, ZnO a

of these materials for monitoring €O

tering technique to study
the gas sensing propertie var s at low operating temperature in the
range of 110-260°°C |5 .+ ey : | that pu not respond to CO in
the range of 1000 ) ' hile w . ~as H,S, NO,, CHy and

ium titanate (BaTiO3 or BTO) and strontium titanate (SrTiOz or STO) have
received attention for fabxiggﬁdﬁgéi
gases such asg%z,, Co as well as O

“to detect toxic and combustible

ing temperature and

stability in micr e and chemical at-

mosphere [8, 9, ﬁas sensing properties
of CuO-BaTiOj3 in various gases including Hy, CH,, CO, COs as well as HyO

(humidj ryed, t showed sens-
ing res 0 sﬂ ﬁamg‘ w gﬁgﬁﬁ i sensitivity to

CO, was pproxunately 40 at the operatmg temperature of 425 °C, Whereas the

T R 2t Yp 18 ok (112N AR

Sensor under the other four types of gases at same operating conditions. Their
work pointed out that the sensor made from Ag added CuO-BaTiO3 has selectiv-

ity to COq detection. However, the mechanisms for CO, selectivity obtained by



adding Ag into CuO-BaTiO3 are not clear. Herran et al. used sputtering tech-
nique to prepare CuO-BaTiO3 films and studied the sensing characteristic under
COq atmosphere [12]. They observed that the sensor quickly responded to COs

of which the response and recovery times are around 2 and 3 min, respectively

and the sensitivity is approximatel operating at 300 °C. For SrTiOs, most

researchers have taken an er . ‘ | ‘ ng property. Hu et al. investi-
gated O, sensing charac ‘ SrTiO3 fabricated by high
energy ball milling a niques [13]. They found
that the highest sensitivi temperature of 40 °C which
is near the hum Lysftens - / A Work | . reported the oxygen

sensing performané . hin~ repar 1 omic layer deposition

sitivity was in the 1-1.6 de 1 operating temperature and the maximum
! -f“f?@p iy N
sensitivity cairﬁe obtained at tﬁ‘é oﬂgrat"

room temperat".-'t high temp he esing characteristics
of BaTiO; andLETiOg in a variety of gases atmospheressuch as H,S [10, 16],
H, [17 NH; 18] diquid petroleum gas @LPG) [19], hydrocarbon [20] and ace-
tone | @ gea %n%]iw&% w ﬂ ,Jwﬁl many research
groups 1West1gate on ethanal sensing performance for BaTiO3 and SrTiO3; ma-
terials. From literature review nfiterlals mostly @ised for detecting ethanol vapor
AU KT KN Gtk L TiaFow T
‘properties of WO3 and SnO, grown by ion-assisted electron beam evaporation
[22]. The sensors were tested with CO at concentration of 1000 ppm and ethanol

vapor at concentration of 1% in the temperature range between 200 and 350 °C.



Their results showed that the SnO, thin film has higher sensitivity to both CO
and ethanol vapor than the WOj3 thin film. In comparison between two types of
testing gases, both sensors showed the best gas sensing performance to ethanol

vapor. The sensitivity of SnO, exposed to CO and ethanol vapor was about 5

and 7 operating at 300 °C, respectiv 1ereas that of WO3 presented in CO and

reported a new-alc edSor sing ultrathis single crystalline WO; nanoplate

prepared by a topocheun; Sf. tion process.on the basis of intercalation

covery times of the sensqr;yafj@im%ﬁ‘w 15 second for all the test alcohols.
A £

Jige

SOors was smalleiﬂ those W03 ﬁoplate. The obtained

sensitivities of 3 nanoparticle sensors operating at 300 °C were about 13 for

for but met, 7 f nol.at 200 ppm and
5 for isopro 20 ip en 1: al gtle e ement in alco-

hol sensﬂ% properties of WOg naéloplate can be attrlbuted to ultrathm platelike

91“3&2’1 ANnSAAT N T

10n to alcohol sensing was done by Wang et al. [26]. The sensors were fabricated

Moreover, the&)mpared the gas sensing anoparticle sensor

3 nanoparticle sen-

from Fe-doped SnO, nanofibers synthesized by an electrospinning method. They
observed that the Fe-doped SnO, nanofiber sensors had a high sensitivity to al-



cohol of which the sensitivity was found to be about 7, 15, 30 and 125 as the
sensors exposed to alcohol concentrations of 50, 100, 200 and 1000 ppm, respec-
tively which measured at the temperature of 300 °C. On comparing to sensitivity
of the sensor with and without nanostructure at same operating conditions, for ex-

ample SnO,, it has been seen that nsors with nanostructure had outstanding
structure. The improvement in
' ﬂe to the increase in surface

.@cture gas sensor is that
forme high temperature leading to

ation indicating that

itivity, response time
), recovery time (the

, selectivity and long

are based on reac-

d be took place on
the film surface [30, 31]. grain size or the presence of

porosity in the materials is one of the essential factors to improve the sensitivity

of gas Ba,Sr;_TiO3
matenﬁaﬁig %:gﬂ Wguﬁaﬁ i?) 34]. Several

approac have been employed to enhance the surface to volume ratio through va-

TRIRIIN IR

apply to any film preparation, especially with a sol-gel technique which was used
to prepare BaTiO3 and SrTiOj films in this thesis work. It has been suggested
that not only with metal such as Fe, Au, W and Al [28, 24, 29, 37| but also metal



oxide like CuO, CeOy [38, 39] can decrease that ratio. Chaudhari et al. stud-
ied the effect of three dopants including CuO, CdO and Pd on liquid petroleum
(LPG) sensitivity for BaTiOj3 films as well as optimal operating temperature [19].
They compared the sensitivity for four types of films (pure BaTiO3, CdO-doped
BaTiO3, CuO/CdO-doped BaTiO; Pd/CdO/CuO-doped BaTiOj3). Their

work presented that sensitivity ¢ ‘ G concentration of 1000 ppm
increased from 0.45 { .. ‘\‘ @CuO/CdO—dOped BaTiO3
whereas the optimaw - s also decreased from 300
°C for pure BaTiO3 to ' L Pdy/Cd -' i aTiOs. Work by Tianshu

et al. reported

sensitivity of which the

icentration of 80 ppm operating

\ with Cd doping the

sensitivity value

resistive oxygen sen ) ication in' i1 ar under real driving con-

ditions. The sensors ¥ T u. s powder prepared by self

ting high-t ture hes ] t ball-milling treat t.
propagating hig emperi, Wb? g sequen all-milling treatmen
ip.4Fege 2 o compared to that

Oxygen sensi&%performance of Sr'T
o —

of Bosch b_— ----------------- or. The signal out i: ted that their sen-

sor responded qGDk y to oxyg 0 s the Bosch probe. In
addition, Fe-do A BaTiO3 and Fe-doped SrTiOs are multiferroic materials that

exhibit ferroelectrid’cwd ferromagnetism _under the same physical conditions.

Recenﬂt r : %r %g])rﬁjjw e ew ﬁk‘e‘]ﬂﬂgﬁmemraﬁon in
BaTiO3 “d SrTi03 on room'terﬁperature erromagnetism (42, 43|. By modifying
SrTiO5 with Fe ions, the ferroelecfric Curie tempefature (T.) could méve to higher

ok fabaRkrak EVCTLT fakak T ek Y i
8rTiO3 doped with low Fe concentration [43]. 7 | |

Ethanol or ethyl alcohol is one type of alcohol faced in our daily life. Ethanol

sensor have been widely used in many applications such as alcohol gas checker in



breath of car driver, wide making process, food and chemical industries. Espe-
cially in the field of driver alcohol checking, alcohol detector is very necessary due
to the fact that many occurred accidents at present are mostly caused by drivers

consuming alcohol and driving. Thus, the way to fabricate alcohol detector hav-

ing high efficiency and low cos ]:i n ired to reduce accidents. From the
literature reviews we read including nowledge, there was no report
on ethanal sensor for I3 ; .- 'STIO films. Moreover, based on
assumption meta W _' n size leading to enhance-
ment in surface to vo : in th , we studied the ethanol
sensing charact [103'a oc SrTi03 multilayer films

for different Fe ¢

random access memories (DR ) and tunable microwave component. The di-

electric constant of BaTW‘a?

while the dle,l;;’lrlc constant of BaTiOs

10000 at temperature 393 K
000-3000 range by

varying temperafiu K .lectric constant of

SrTiO3 readily rﬁ onds to perature than that of

BaTiOs3. In other words, the dielectric constant of SrTi(')gv bulk is approximately

30000 emper ‘;'(ﬂ hile the_di ic constant of SrTiOs thin films is
|

in the m %Oﬂn@a fr WQJF} . Because the

dlelectrl&onstant of both types r'gsponds to an electrlc field in dlfferent tempera—

LRIAN MU TN T8

propertles is to add stress and strain into the lattice through two ways of film
preparation [48, 49, 50, 51]. First way is done by growing film in combined form
of Ba;_,Sr,TiO3 compound [48, 52]. Second way is to fabricate artificial film by



means of superlattice of BaTiO3 and Sr'TiO3 which have a good lattice matching
49, 50, 51]. The first BaTiO3/SrTiO; artificial superlattice was successfully made
in 1992 by lijima et al. using reactive evaporation [53]. After that several tech-

niques such as pulse laser deposition [54, 55|, sputtering [50, 56], metal organic

laser [58], screen printing method

ved to deposit BaTiO3/SrTiO;

chemical vapor deposition [57],
[59] and sol-gel method

multilayer films.

where the x value ragiied 10 the ¢ It ir experiment showed

that the capacitan hel chane U values of x which the

compared the value of d;dgmfﬂ'éonﬁt' etween Baj o1, TiO3 and artificial

SrTiO3/ BaTl.gﬁsuperlattlces Kim e position technique

_ BaTiO3 multilayer
film [54]. They (1- erve vah_l- f multilayer films was
higher than that of Bao 591051103 films of which the value was about 520 whereas
the diel tan 80 at 100 kHz
measuﬁ ﬁg ﬁﬂlgj m gwg of ﬁ ﬁp roperties ob-

served quultllayer films was also confirmed in work by Hu et al. [55]. They pre-

qm&mf‘rmmimm P

sented that the films with homolayered structure (Bag 5Sro5TiO3/Bag55r05Ti03)
showed a tiny enhancement in dielectric constant compared with Bag5Srg5TiO3

while that of heterolayered structure (BaTiO3/SrTiO3) could drastically increase.



They pointed out that the enhancement in dielectric constant of the films with
heterolayered structure is due to the mechanical strain developed in the structure
because of the lattice mismatch between the adjacent layer. The strain induced by

lattice mismatch in this BaTiO3/SrTiO3 superlattice was also investigated by us-

/Ihas been additionally proposed that

; / strain distortion could be intro-
7 improvement in the dielectric

“effect of layer number (n)
i

constant and tunabi i
of (SrTiO3/BaTiOs), A tric properties which operated
at room temper i multilayer films were

grown by a dou sputtering technique

with various layer ickness of all films was
fixed at 450 nms The (SrTiO3/BaTiO3),
multilayer films i e layer number of film
growth increases fro - r,'they also noticed that
the tunability of m till T ﬁlm&n ¢ INCL¢ increasing the number of
layers. The improvem oﬁl:i_%i_gj_ﬁc_? berti o ved in SrTiO3/BaTiO3 mul-
tilayer films by increasing t@ _ - lso reported in work by Guigues

.--i'_",,#.iv' iy o
et al [66]. Tlllfﬁ results shovved":chafr th

increases froni SostostO2-as-the-stackn 1g period Ineres sesdron 1 to 5 with the film

-
i
15% for 1 period anil increases up to 37% for 5 periods. This increment of dielec-

AL AN

of stacki% period generating an improvement in dielectric constant of multilayer

films. In this thesis work, four tfes of films incliding uniform BaTiO4, uniform

QYR b TRtathE ks T

fabricated as a capacitor to compare their dielectric constant.

thickness in the ran; increasing the layer

m
Jic tunability enhances of which tuna

of number, diel y was approximately

Furthermore, a number of authors reported the influence of high energy

electromagnetic radiation such as gamma rays and X-rays on optical properties
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of these materials. Kongwut et al. discussed the effect of gamma irradiation on
optical properties of BaTiO3 and Fe-doped BaTiOj3 thin films [67]. They observed
the change in transmittance spectra of the films after exposure to gamma irradia-
tion at 15 kGy of which the transmittance decreased by 4% for undoped films but
by 11% for Fe-doped BaTiOj3 filins. gi ;e Fe-doped films was more effective

‘ 7 / , they further studied influence

r@ped BaTiO3. Their work

reported that thz@ex a extmnt of the films also in-

creased after irradiation et g 7 5. Lhey did not report the change
)8 n general, n

C.

in electrical prop | nly optical properties

could be changed lectrical properties of

as the films were irgadiaged iina ith t] p to 27 kGy [68]. How-

investigated electrical p sifies bismuth germinate films, they found that ca-
it 1 f films had ¢ cnhamnce 2.97 pF up to 7.09 pF as th
pacitance values of films hagkErHgH l,ly. onl e rom pF up to pF as the

il T ‘(i}"'ti' =
films were expﬁd to gamma ray at dose ot

et al., they indicated-that-each-of-materiais=d: issimitar

different doses. influence of gamma

- S d

I il
irradiation on dj;tric characteristics of SnO, thin fil ' 70]. They found that
capacitance-voltagef(G=V) curve moves towards the positive voltage with increas-

ing thﬁaﬁi%]ﬂo? %dﬁo”h?ow:%]tﬂ ﬂdﬁec’cric constant
of the ms gradﬁélly ecreased from 6.94 to 5.97 as the gamma dose increased

to 500 kGy. The variation of dielgctric constant ofF1Sn0O, single cr effected
oX GEREE IR T TiaTat 7T TioE Y T
Tesults presented that the dielectrric constant of TlSnOz sample rapidly increased
from 12 to 32 when the gamma dose increased to 1x10* rad (1 rad = 0.01 Gy)

and beyond the gamma dose of 1x10* rad the dielectric constant gradually de-
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creased from 32 to 22 for the dose of 225x10* rad. Nevertheless, this reduced
value of dielectric constant observed as the samples exposed to high gamma dose
remained higher than that for unirradiation T1SnO, sample. Tugluoglu et al. also

reported that the dielectric constant of Au/ SnO,y/n-Si (MOS) structures increased

with increasing gamma ¢ also ) ' i Tataroglu et al. of which

the dielectric COHW _. diodes rose from 0.015 to
0.019 with increasing gamimasd e to 500 1 . As mentioned earlier,
gamma irradiation has.stron v olect ties of the materials.

However, based o ackfof gxist a for el trical properties of BaTiO3

(FPD) comprising of the h&_@?@f&%%ﬁ ctrode/phosphor /insulator /transparent
electrode/ glas&as recently been reporte ) reported that the

optical propertics s . by defects, impu-
rity and grain b(l) ndary. epor F on optical, electrical

(dielectric or ferroelectrlc ) properties of these types of films, which are affected by

many f; at , the type
of subséjjﬂbgr 1 emﬂm w ﬁ] ﬁeﬂpﬁ [82] as well as

mlcrostthure [83]. Also, relatively few works dealt with the optical propertles of

LIIANILIEE WTIMYTa Y

In the first stage of this thesis work due to the ease of experimental set
up, we focused on optical properties of SrTiO3/BaTiO3 multilayered thin films

deposited on a substrate made of optical transparent conducting indium tin oxide
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(ITO) on glass. The annealing temperature was varied to achieve the optimal tem-
perature for crystallinity. The temperature was changed from 300 °C and limited
to 650 °C to avoid softening and deformation of the glass substrate. The effect of
the annealing temperature SrTiO3/BaTiOs multilayered thin films with different

i and | . fractive index of the films was also
investigated. After that, ize the ethanol sensing proper-
ties of Fe-doped SrTiO { ' s deposited on insulating

he influence of Fe dop-
ing concentrations on sfal urfa

The last stage, the di Etri A4 shx i

S$1TiOs, SrTiO, | Fol R ~ |

investigated. In addit -of ga 2 irradiation on dielectric properties

N

e morphology of the films.

luding uniform BaTiOs,

0n

Itilayered films were

D1

In this thesis varie ypplicatio 7 the same material by
adjusting the param Wi that t \ rk is no resemblance with
most research in recent . e s ;L ase of dielectric measurement, which

FY -ﬂ_l - J 4 .
mostly carried out in the h1 hefrequenc " ran GHz and wide temperature range.

Nevertheless, due to techuical c;E;,« é}ﬂ g out measurements in the high
frequency rangelan also interested in other
their applicat ﬁ‘. 3 SUC

.

1.2 The aims, of this them.s are:

ﬂ‘ prelgrje :;rlujnfl tlgr!ate and st ron‘mm titanate tEl films using a

sol-gel spin coating technique.

o mmmm UAIANLNALL..

g temperature and metal doping on crystal structure, surface morphology and

optical properties of the films.

3. To fabricate capacitors and gas-sensing devices.
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4. To analyze gas sensing properties of barium titanate and strontium ti-
tanate gas sensors.

5. To study the dielectric properties of barium titanate and strontium ti-

tanate capacitors.

This thesis( : org N L' _q», udes introduction, mo-

tivation and obje ’ Tes ) TR '-a ["describes the necessary
background for e ystal struct A '

fo

and SrTiO5; materials of sol gel process, interference conditions in a thin

properties of BaTiO3

film, dielectric a for characterizations

which include X-raydiffgaction, X-ray 4 )seopy, field emission scan-

ning electron microscol , ato forc \’k violet-visible spectroscopy

as well as determination of re J in ! tl ickness, energy gap and Ur-
bach energy from trans f & are<e n chapter I1I. In chapter IV, film

preparation including the r,r.'ij;n—-' yosition is presented. In addition,

i

fabrication of deyice ensigg and electrical prop-

-:F-‘im__i—_: i

erties are ned. Chapter V de g '- which dedicate to
LY N
three main propeetie 18k roperties). Finally, in

chapter VI, the B cions of | —— presentode
AU INENTNYINS
RIAINIUNRIINYIAL



CHAPTER II

In this cha nd in this work will be presented
beginning with theWdetailstof ghe ! ‘ture of barium titanate and strontium

titanate materials as"well@s ghelyinterésting properties: Next, sol-gel spin coating
process used to for il I escribed. In th section of this chapter,

the background & \ )

j , O \ L
and gas sensor mechanism will | b6 presented \
L ‘- & -_- ‘, L &

ns, dielectric properties

2.1 BaTiOs |

Barium titanate (Badil e family of perovskite oxides

structure with. the

The larger di ’_f‘i

iop ith different sizes.
1§ awted at four corners
of the cube. T catio ’ ent ions (Ti*") is coordinated at

center position surrounded with 6 oxygen ions. The Ti*" ion is fit into octahedral

I 3008 11 [ied (1117 e R

BaTiOj3 has ferroelectric behavior. At temperature below a trapsition tem-

IRIRTRHN TN
are displacei with O*~ ions resulting in distortion of octahedral which generates a

tetragonal structure with the lattice constants a and ¢ as presented in Fig. 2.2(a).
Because of asymmetry in the unit cell, a hugely spontaneous polarization is took

place which gives a net dipole moment along to c-axis ([001] direction). The ma-
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...........

ructure.

terial in this configtra i af f ric. At ab temperature (T>T.),

there is enough thezinal ¢ : kP 1 a’ e Ti*! ions to move randomly

leading to have d agymmetry. s formed perfectly cubic structure
: foffa iy ;
with the lattice pa er as illustrate )). The material does not
- b

araelectric phase.

=4 v/
ama\ﬂﬂmwn AR,

Figure 2.2: The crystal structure of BaTiOs; (a) below T, the structure is tetra-

U‘

gonal and (b) above T, the structure is cubic.

The polarization behavior as a function of electric field in paraelectric and
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ferroelectric material is demonstrated in Fig. 2.3(a) and (b), respectively. For
paraelectric material, there is no net dipole moment when an electric field equal
to zero whereas in the case of ferroelectric material, the hysteresis loop of polar-

ization can be obtained. On the other hand, a net dipole moment is still remain

Polarization
A

Electric field

(a) Paraelec V

Figure 2.3: Polarlzatlon behavior as a function of electric field in ferroelectric

WIS NN

Bmuse of its ferroelectric property, BaTiO3 has been used in wide range
ii lications such as dynamic gndom access niemories (DRAMS) ‘hen-volatile

QPR ETE (L oL Lo FAY ] e

ch as insulating layer in flat panel screen due to its excellent optical properties.
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Table 2.1: The physical properties of bulk BaTiOs.

Physical properties

Crystal structure Cubic ( , Tetragonal (5 °C<T<120 °C),

'<5 °C) and Rhombohedral (T<-70 °C)
Lattice parameters fragonal structure)
Density

Melting point

2.2 SrTiQf mater -1,,;‘_

Strontiu tandte (Sr ‘ﬁ_ F‘p i
huge dielectric congfant or atlv o 1v1t

induced at a low temperat rl-l } .n-

SrTiO3 has pseudo-cubi

erroelectric with a very
A * rroelectric phase can be

I.,| stress and external strain.

structure - - e co stant of 3.905 A at room tem-

perature [87]. At the temp ratin o 58 °C, it undergoes a tetragonal
structure [88, 89]. Some phys .‘F} & SrTiO3 are presented in Table
=loreiperd

2.2.

7

Physical proﬁties

Crystal structu1€ #2% Cubic (T > -16 and Tetragonal ( T< -168 °C)
Pi a4 K HRGTHHTNS

Fig. 2.4 illustrates temperature dependence of dielectric permittivity of bulk
SrTiO; for at an applied DC electric field of 0, 5 V/pum and 10 V/um [90]. At near

phase transition temperature (Curie temperature of 105 K), the value of ¢, is very
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large which is in the order of 10? with no DC bias field and decreases to around 900
and 600 at DC bias field of 5 V/pum and 10 V/um, respectively. Above this phase
transition temperature, dielectric permittivity abruptly decreases as temperature

increases which obeys Curie-Weiss law [91]:

, é’ (2.1)
Sﬁs the Curie temperature.

The change in die - : POSCC [':‘7 DC bias electric field is more

where C is a const

sensitive at a low peratiize. JAY Curie temperatureshowever, the permittivity

of SrTiO; film matesial i illéy thanfthat of bulk O3 single crystal (g,~900

for films and ~1200 foi'b e permittivity of both

materials has rathier sam " ounC 1t near room femperature [92, 93].

AUBInanIngIN
AP R T

Figure 2.4: Permittivity versus temperature of bulk Sr'TiO3 for at DC bias electric
field of 0, 5 V/pm and 10 V/um [90].
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Since SrTiO3 has not only prominently dielectric constant but also low di-
electric loss tangent even at high frequency (> 1 GHz), it has been widely used
for RF and microwave tuning applications such as harmonic generators, tuneable

resonators, high density capacitors and microelectromechanical (MEM) switches

as buffer layer or substrate for epi-

/ etecting at high temperature,
ing point, stability in surface
%&tmosphere 13, 101, 102].

tion method for preparing ce-
: =‘h A\ Y This sol-gel technique
i can be alternative to con-
‘emical vapor deposition,
. depositing thin material coating.
1als which include large compound
groups of metal oxide merous utility for depositing

such material Th 1opit g metal and mod-

W,

ifying the composit
into the films. ’@deseibe - sol-gel process, the term

on (Fe) for doping
-gel is essential to in-
troduce. Sol-gel is rlved from two components of the reaction that are sol and
gel. T ally formed in
a soluﬁ n&ﬂ mﬁﬁﬁw ﬂtﬂlnjafter continual
growth w1th in the solution. Tl‘ starting matelgls used in the prwratlon of

and condensation as the following:
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1) Hydrolysis of metal alkoxides
M — OR + H,O —+ M — OH + ROH. (2.2)

Hydrolysis reaction occurs when the metal alkoxides (M — OR) is mixed with
H50. The reaction will be complete en OR (alkyl group) is replaced by OH
(hydroxyl functional grou p) 1:1“. |n’ e y ROH, is alcohol which is removed
by volatilization. As soon asreactive hydroxyl functional group is acquired, two

partially hydrolyzed molecules link tethGWdensation reaction that

releases ROH through aleoholysis.

2) Condensatio

(2.3)

As the reaction e bounds multiply during
such process called ) ' eri : .~- - K1 :' he p -‘t solution is prepared, vari-
ous techniques can be ‘ = y. spin, dip or spray coating.
Among these techniques, spi °]) ‘Widekly used to deposit thin films
onto the smooth subs = ages including uniformity,
ability to contr -;-;"":;—;’:';.:,:‘T":;;:;“r:':“;r ring concentration,
reproducibilit wellas the theory behind

such coating |!;I que will be d ibed in the next section.

¢ a LY
M UNINYING
Spﬂ coating is a method foi' producing the film with thickness in the range
AEARLNSTRN AR R
is eld by vacuum chuck. e spin coating process can ¢ broken down onto
four stages which are deposition, spin up and spin off that occur sequentially and

evaporation stage which takes place throughout the process. Figure 2.5 illustrates

the four stages of spin coating process.
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%o

Figure 2.5: The four stages offspinicoat acess (a) deposition, (b) spin up, (c)
spin off and (d) evaporat :

The deposition stage beginning ¢ excessive mount of liquid is de-
posited onto the center o ﬁ" [ONAry ing a nozzle. The excessive
amount of lig -.—-—--—-----—---—----———----——--——-—--—----—---~-:f~ i1

g g ities due to the fact
that the front ?_ g

P

)
i ‘ bstrate edge.

he substrate is-accelerated to very high

I
In the spin.

I p and spin off stages,
angular velocities (‘zﬂ 10000 rpm). Ce@fugal force causes the excess liquid
spreadﬁ xﬂﬂ vl ﬁ w Hs’]‘aﬂtﬁ physics behind
this coaqg met is related to equilibrium between the centrifugal force and
viscous force which is defined b viscosity of th@dliquid [103]. In §pih coating

AR QA TN B By B
me and viscosity of the precursor solution. It has been experimentally observed

that the relationship between the film thickness (t) and the spinning speed or
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angular velocity (w) is given below:

t o —. (2.4)

The evapora cess liquid is volatilized

which can be oc 7 The defect can take
\ on happens before time, which

so id skin obstructs the

3\ \ o he coating defect.

ﬂh..i‘

After the gel film'is dep P2 _4_:«- ed com it remains an excess amount of

water and many porosities A‘L{-' the stru > Prior to the pore closed through-

out densification progce epel the solvent which is held

in the pore. ercover, the elimuination of the solventins 1—"3-: e pore can reduce

-

the stress built-iip v nsification process.

]j b

2.3.3 Sol-gelidensification

AUHANENINEING. .

form a tight films. When the gel film is heated, it undergoes three stagesincluding
IRIFIA T RNV IR g
an annealing stages, the structure of the films is chan to more denseness
producing stresses and strains in gel films due to it constraint on the substrate. In
addition, in such stages thermal stress could be generated because of the difference

in thermal expansion coefficient between the film and substrate and fluctuation
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in temperature. However, it has been observed that the stresses which occur due
to the difference in thermal expansion coefficient much smaller than that due to
densification [104]. Thus, densification is the main cause producing the stress in
the stages of heating up and anneahng The overview of the steps in a sol-gel

process including the aim in each of step i8 given in Table 2.3.

Step

Preparation of
Deposition of
Drying 1 and prevent cracking
Annealing chemical properties

sification)

-——

Interfe !w-Illl-lllIllll-Ilr-IlIHllI-‘ WARKSIaE IIT"E"-' 7 A e a,t diﬁerent pOSi—
tions overlap.’ 7 VC wavelength are out
of phase 180°, t 1' amplitudes cancel and net result is ero. The interference is

destructive. If twoiwaves are perfectly i —p ase, the amphtude is double. The

interfe f]e ave can inter-
fere wﬂ.ﬂ ﬂa\a ‘na;jjj “ gj“ di eﬁ?faces (air-film,
ﬁlm substrate). This interferencefcan also cause ﬂecrease or 1ncreagn the re-
@ Qﬁnﬂfi wegrill ig q ﬂnodel

r air/thin film/substrate structure. In this study, the multilayer SrTiO3/BaTiO;
films used to characterize the optical properties were deposited on I'TO coated on a

glass substrate which is transparency. The thickness of ITO is about 80 nm which

is smaller than that of glass substrate with thickness of 1.2 mm. The refractive
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index of ITO and glass substrate (n3) is approximately 2 and 1.47 at wavelength
of 450 nm, respectively. The thickness (d) and refractive index (ns) of the film are
about 250 nm and 2.08 at 450 nm, respectively. There are two events occurring as

light ray incidents at each interface, reflection and refraction. When incident ray

of light SA hits on the film where . » reflected and partially refracted at
interface between air and t ~ fil (0} ' eflected ray AR, of light under-
goes 180° phase change 1-.4, \ ident ray) due to the higher

index of air, whereas the

part of refracted ray e : 7 ; i; m and substrate at point
B where genera ansn 1, sflected along BC and
then refracted alofig CRRo (se u act \. ay CR, has no phase

change since BC isgref] jow=den ‘- edium. Interferences can occur
both refracted and transmitte l£;Ly duefto t "f; at tl - originate from same
incident ray and ag g s cO| ereﬁ V4

ir,n ~1

1TO m~ 2) coated on

glass (n ~ 1.5)substrate, n,

Flgure 2.6: Schematic of optlcﬁ model for air/hin film/substrate Mcture

Q RARSNAM I VEAAEL.

—A N and S-A-B-C-R, is given by:

A = path ABC in film — path AN in air, (2.5)
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A = ny(AB + BC) — AN. (2.6)

Using right angle triangles AOB, COB and ANC as well as Snell’s law, the path
difference can be expressed as:

A = 2n,d

(2.7)

: Ak 737 fir the gath difference A\/2, actually

/\_-

Since AR; has phase chang .
path difference becomes:.

(2.8)
As the light ray in€idents ) 7 : ?‘:‘&WH‘ \\ os T =1), the condition

for constructive i r | n b ‘ \
AL 5 (2.9)
H\\ (2.10)

and the condition ford _

(2.11)
(2.12)

where m = 0}

i-“'

The interfetence fringes obtaining from reflectance ot ransmittance give the

information about iﬁ‘nﬂlckness as well as optical parameters such as refractive in-
dex, e

U P B FPRESIE

of such 1ca1 parameters is glven in section 3. 4

QW']ﬁﬂﬂ‘iﬂJﬂJiﬂ’]’mEl']ﬂﬂ
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2.5 Dielectric properties

2.5.1 Dielectric materials in electric field

Dielectric materials are an electrical i ulting substance because of having

low the number of free charge carriers s due to the fact that these elec-

trons are defined in microseor i k¥ ' oi'molecules) in the material.

very weak current (leak-

age current) and € a long period inducing

electrical energ 1 can be not found in

B

electrical insulatox of : 2 dielect: Y‘ erties is beneficial in ca-
arl

p.jcxcitor 'and opt.oele 4 - -v '.,| .

derstand what occurs to

an atom is placed im the elg : L pe S161VE E ‘ arge (+q) and negative charge

an illustration. When

(-q) are separated enters of them as exhibited in

on, ¢ ;;_‘ ift in
Fig. 2.7(a). The separaion b‘@ﬂ otk s of \-v

to an applied external . cu' J’ feld .,pr,q : es creating induced electric field

and negative charge due

(electric field generated by di ical dipole moment (D) is defined

r 7_..-"34!-,-‘

in the term of.tl nce of-separation between

the charges: = - -
g - - y ‘

qﬁ | (2.13)
where center of the
ﬁ LAR (TN [} | bahA) G

1zat10n . Figure 2.7(b 1llustrates the electric ﬂuX line of dlpole line)

i ﬂ&“’lﬁ\i ARIE YRR IR ﬁ o

generated by dipole is very slight compared with external electric field.

_>
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(a)

++++++4++++++

- - = = = = - - = = = - - = = = = =

Figure 2.7: (a) Di o teér of | Jsitive a d negative charge due to

dipole (solid line) and

According to Gauss’s laws M

1at ich fre > charge (prree) produces dielec-
—) | -
tric displacement (D) P - )

ARSI
A VD= s k. (2.14)
\>F Y

where D is d¢ v d 3 ‘

b | it

J F= BT ] (2.15)
The constant &, ist@i the permittivity of free space which has the value of
8.85x1 W’?eﬂeﬂcﬂ%w Ejes’c]nﬂ i?w terms, e, F
refers togthe electric field related in free space and another one, P represents the
IRIaSHt N Inenar
As mention earlier, electric field induces polarization pointing in the same

direction with the electric field. In isotropic medium, or homogeneous medium,
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the polarization is directly relative to the electric field as follow:
_>
P =c o F (2.16)

where Y, is the electric susceptibility. This value refers to the ability of matter to

(2.17)
here, the constant ¢ i e dielectric constant (&)
is defined in te matter to that of free
space:

(2.18)
The dielectric constant i ,..-,,‘ od reld Yo nittivity. Because of having po-
larization, a dielectric ma used as, or, an electrical device be capable
of storage charge from curr  dielectric between two conducting

plates. A schematic of ated - Fig. 2.8. When the

(77

P

Conductlng plate

f et

Conductlng plate

RN TUNY Y

Figure 2.8: A parallel-plate capacitor inserting with dielectric materlal

voltage (V) is applied across the conducting plates, the dielectric material polar-

izes yield the charge (Q) which can be stored in the capacitor. The capacitance
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(C) of capacitor is given the meaning as the property that can allow the charge
stored when the voltage is applied. The relationships between capacitance, charge
and voltage are:

(2.19)

For parallel-plate capacitor,
(2.20)

dj ance between the insu-

¢. From equation 2.20, the
J \u ) tant and depends upon
the shape of the'plates : .‘ S’ .-'_j_ between them. Tn this thesis work, the
films were fabricat fngérdigita o 1 ~' 20! ﬁguration of interdig-

itated electrode 1s shiow: » li 1electr10 constant which

relates to polarizat olig ternal field. Generally, the total
polarization of dieleg Tic | ‘components as depicted in Fig.
2.9.
The four contribution 1 u:"-‘-‘f ompose of:
JA TN
1. Ele t nic 1 ct ic field is applied to
dielectric mat * Is, the displacement of o1 . the nucleus occurs.

2. lonic polarization: ii atd ne%ve ions in crystal are

separated from thelr equlhbrlum posmons

permarle elec kes electric dipoles
rotating in direction of the field. f

AR a‘lrﬂ ﬁ @J NMQZZJ ‘VlaEJ .«

harge developing at interface such as grain boundaries within the materials.

Each source of polarizations does not response to electric field at all frequen-

cies. Figure 2.10 illustrates frequency dependence of various polarizations. At a
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Polarization Unpolarized state Polarized state

mechanism (E=0) (E£0 —»)

Electronic

Tonic

Dipolar

Space charge

Vv A

FiguﬁZ.Q: e 72 onmachanisms.

very low frequency ‘&E less than 102 HWH the four polarizations response to

(
applieﬁﬁg Ej ﬁé tﬂﬁwﬁeﬂﬁ &Tﬁﬁm 102 10° Hz
(radio uency), space charge polarization is u e to follo e field. At the
frequency range 108- 102 Hz (mfrowave frequengys), both dipolar arid.électronic
R b
‘eat to warm food because it operates at the relaxation frequency of molecules

of water. At high frequency beyond 10 Hz, there is only electronic polarization.

This is due to an electron having small mass. In other word, it has tiny inertial
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resulting in only free electron responded to electric field at high frequency or short

time taken to change in the field.

Relaxations Resonances

=

= BN

o

k=

o

m —————
ool |\

10° 10 10, v q*r.r " 2 014 1016 108
Pt
Flgure 2. 10 ace of polarizability.
From ; omag . dielectric constant (e,)

-
in high frequ g lative permeability

(i) according tﬂlax ¢

AuAnandwenns -
Waefm@ﬂﬂ‘iﬁu (NANYINY”

ctive index values are measured at a stan optical frequency, nor-

¢ expression [106]:
1

mally at visible light range which is hundreds of THz. From equation 2.22, if the
dielectric constant was measured in optical frequency range, it would be in the

range of 2.89-4.41.
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In this section, the dielectric constant of the films was determined by con-
verting the capacitance obtained from a commercial LF impedance analyzer. The
dielectric measurement was carried out in the radio frequency range, which the

frequency used in this work is in the range of 10-1000 kHz. We noted that the

radio frequency range can.n t be compared 6 t the obtained values from re-
fractive index which isin the eptical noe. This is how the discrepancy

As a.c. volta i a‘perfect ir r (& between two conduct-
ing plates), the ¢ Is fhe voltage phase angle 90° as presented in Fig.
2.11(a) resulted in ion,0f enegy (pc onsumption, P = IV(cos90°)

shown in Fig. 2.11(b) ﬁ:*'ﬂ Tre r, it has both parts of real and

imaginary. The loss current; Iy, is ponent of current whereas the

il

S o
charging current

s Aneninends
RANTUNAINYIAY

Figure 2.11: Phasor diagram of (a) an air capacitor and (b) capacitor filled with

dielectric.
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Since the current does not lead the voltage exactly 90°, there is a consump-
tion of a certain amount of energy for which is absorbed by the electric material
and dispersed in the form of heat. Such dissipation of energy is so called dielectric

loss. Thus, the dielectric loss is an 1mportant parameter that indicates the quality

of the dielectric material. The di

a complex function:

(2.23)

omponent whereas the
value of e, determifcs i 5€ gurre Ompor antitative dissipation

of energy is describéd infthé terin of 46ss tange : factor (tand) which is

(2.24)
For this purpose, the ma Fwith ' iclectric constant and low value of
dielectric loss is demanded fortabricating \citor in the smallest physical space.

2.6 Gasgensor =

Gas sensorEa device which transforms the chemicaﬂformation to electrical

signal. It comprises 0% main parts incliiding receptor and transducer functions
R Tt s

part is b ed on the reaction, i.e. adsorptlon or electrochemmal react1on between

R NHAPEY R INIAN 13 1

ulk properties or work function. For another part, transducer has an obligation
to convert the effects taken place in the former section into electrical signal such

as resistance. For semiconductor gas sensor, the change in work function due
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to having oxide surface plays a role as receptor function and the change in its

resistance is output signal [27].

Gas sensor

Gas molecules Z> ransducer Z> Electrical signal
Figure 2.12: Sche(

s sensor having reactor and trans-

ducer.
2.6.1 Mec

The electrical . '.‘-"‘ oxid gas sensor is displayed
by means of variatio s ane  to two given gas species,
one is target gas which i . wed with p wify air. The changes in resis-

tance may be increasing or’ ,;.'i'r:‘i 'rc.'ﬁ: g on the kind of sensor materials

(n-type or p-type semiconductor) d thet sf gases (reducing or oxidizing gas).

Here, we will give y ' ’ nce of a p-type semicon-
- -

ductor. Figu * 3 s “typical t lent ‘uﬁ made from p-type

semiconductor uﬂer ed i ctim
time is defined as'the time that it takes sensor signal to Teach 90% of its steady
state [lﬁ The re£\@ time is the time'tak mi the sensor to be with in 10% of

W BRIV § oo

is much orter than recovery tlme The A in Fi 1g 2.13 represents the difference

SN R FYsieb 11011

can covert the chemical information into electrical resistance, the energy band

of time. The response

the ini

diagram of semiconductor needs to be mentioned. In this work, however, the gold

was deposited onto our film surface as to be electrode, a metal-semiconductor
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<— Initial gas —»———Target gas——s«—Switch to initial gas

> O
(=) oS O
+ + +

Sensor signal (%)
[y} W N (9] N J
(e () (e (e} (]

—_—
(e

[e)

Figure 2.13: Typical

contact, called Schot’q; ctio?
structure of metal and p-ty

depicted in Fig. 2.14(a

Time

las function of time.

e atic diagrams of the band

tion before and after contact are

AU INENTNYINS
ARIAINTUNNINGAY
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Vacuum level

E;

Figure 2.14: Energy band g
6o > O () b

pe_semiconductor junction for

d
e irl' higher than that in p-

Before maﬂg O 7
type semiconduc The parameters ¢, and ¢, are the W kK function of metal and

semiconductor comparéd with vacuum levelyrespectively. y is called the electron
PN E NIRRT ETENECTT ek a1 SN

Fermi le equahzatlon across mterface the flow of electrons from metal into the

YT STy Ay

yer or space charge layer (W) along with the potential barrier having a height
of eVy; = e(¢s — ¢m) due to downward band bending. This barrier impedes the

electron movement from the semiconductor into the metal. Reversely, potential
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barrier with height of e¢, = e(¢, — X), also known as Schottky barrier, prevents
the electron transfer from the metal into the semiconductor. The gas sensing
properties are based on the interaction between gas molecule and sensor surface.
When the sensor is heated under air atmosphere, the oxygen acts as trap sites
(2.25)
(2.26)

(2.27)

(2.28)

Usually, O is formed-at fer 00 °C whereas O~ and O?~ can
be generated athig SR Owing to the removal of
such electronar the film surface
decreases resul — ba TT:. Hence, the sensor

resistance falls under air atmosphere. Here, ethanol (C2H- H) which is a reducing

gas was used as tesﬂ'nﬁas It acts as elec‘gn donating species reacting with the

oxyge gab% w %} ?nductor. This
results 1Mncrease in potential barrier again yield the resistance of the sensor ups

under ethanol atmosphere. Fi ng 2.15 illustratesthe concept of potensial barrier
TRARHH AT R

‘atmosphere.

At high operating temperatures, the adsorbed ethanol molecules can be

decomposed into ethylene vapor (CoHy4) and water vapor (HaoO (vapor)) (see equation
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: -

qin b OU]

R .

i e

, g ‘ )
Figure 2.15: Sche ntial-ba sensor at a grain boundary.
| A7 |

2.29), or can also be ¢ ppsed-to t de (CH3CHO (aasorbed)) and water
vapor (HyO(vapor)) as describ .‘-_:_—‘.;..,;w 30. Then acetaldehyde can become
a vapor of acetic acid (CH COOH (vapés) ) on_desorbed from the sensor

. y:._» |
)

CHSCH2OH(ads) — C2H4(vapor +H20(r)

(2.29)
HQOH (ads) +O(ads0rbed) CI_IEICHO(adsorbed +H20(vapor +e 2 30
CH?’CHO(adSOTbed)+O(adsorbed) — CH3COOH Vapor)-l—e 2 31
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As discussed above, the immediately change in resistance of the sensor occurs
when it reveals gases. A quantitative definition of the change to evaluate the sensor
performance is given in the term of sensor sensitivity. Sensitivity (S,) of sensor is

defined by the rate of the resistance changes when it contacts with a target gas

compared with the resistance f ts in a reference gas as the following:

: , ' , (2.32)
for p-type semicon qng gas such as ethanol
(CoH50H), ' e ONO: , and for n-type

semiconductor gasensop@xposed bk \ \ chras nitrogen dioxide (NOy)

\ nsor presenting in an

and ammonia (NH case of p-type ser

oxidizing gas, the sc

(2.33)

where R, and R, Setis 1re 1 bsed to gases and air, re-
spectively. Equation 2:33 : ; .ase of n-type semiconductor gas
sensor presenting in a reducilif-gas. Tz ny case, the sensitivity values reported in

7 Y]
2.6.2 The inf 2] rain size of film

From earlier inscussmn the gas senw properties are grounded on chemi-

cal intﬂ Tq Eir ected by many
param mﬁer a ﬁ ﬂaﬁ ﬂ qrs]:je size, agglom-
eration, area of inter-grain as well as porosity a&mternal factors ueometrlc
PRI RHNAQ NI B
omposmon sical properties of additives and effect of uncontrolled impurities

are classified as external factor of gas sensing properties [111]. It was empirically

found that the geometric factors have an enormous impact on gas sensing charac-

teristics [112, 113]. This is due to two reasons, one is microstructure dominating



40

on distribution of absorption area and another is that the microstructure has an
influence on the mobility of free charge carriers. It has been observed that the
resistance of a sensor links to many components including the resistance of contact
between grain and electrode (R.), grain boundary contact (R), inter-agglomerate

contact (Rag) and bulk resistance (R ich can be schematically depicted in

Fig. 2.16. N ‘x\

Figure 2.16: Schyatic of agglomerated polycrystalline ﬁl@ showing contribution

of different componints of resistances.

il HANUNIHUINT

inant. exper1mental observ%mon gas sen51t1v1ty is associated Wlth the rela-

LTSI ViR (R I

81ze on gas sensitivity as illustrated in Fig. 2.17 [13, 114, 115].

1. D > 2W: When grain size is far lager than the depletion width, the grain
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boundary contacts are most resistant to charge transport through grain boundary
(GB) barrier from one grain to another (see Fig. 2.17(a)). Therefore, in this
case the GB barrier is considerable to govern the gas sensing mechanism (grain

boundary control). As GB barrier does not depend on the grain size, the gas

sensitivity is independent of grai e sample with larger grain size.

2. D>2W: As D aj > reduces leading to increase

in depletion width, , which encloses each neck
forms a constricted conduetion channel wi ach of grain (see Fig. 2.17(b)).
In this case necks bege _ eSistanthcolite ling conductivity of sensor
(neck control). Heregthe g /

(D > 2W) withedecreasing ¢

C pared with in first case

3. D < 2 In ghi ade tlerdentetion ‘ T 6x s across the complete

grain. The bulk of ghe d of charge carriers (see Fig.

2.17(c)). The energy bang , Qe smo through entire inter-grain structure.
The electrical resistance ¢ grai -,.JLE 1 sistance of the chain, thus in this
case the conductivity i8 doy ninaged, d'by g bk lves (grain control). It has

been experimentally observed™ {_gas sensitivity could be obtained

for the sample with

.‘yl.*”*ﬁfﬁf =

ﬂ
ﬂ‘lJEJ’JVIEJVI‘iWEJ’]ﬂi
QW']Nﬂ‘ifUﬂJWTW]EI']ﬁH
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(a) D >>2W (grain boundary control)

Grain boundary

Structural model

Band model

low resistance).

q | :
) | o e
TR IR S L ALY RE..
epletion ‘region (high' resist whier unshaded 'area=refers to co egion
( )



CHAPTER III

In this chapter; f eCh s| employeds.tc 7 terize films are briefly
mentioned. X-ray 7 Al ( R : was used Yexamine the crystallinity,
the crystal structure as welliag - 1\ e of th 1. Field emission scan-
ning electron microggl Sy SENI) d ¢ omic icroscope (AFM) used to
investigate the caffh. | >i _ T __' , , size will be described.
The chemical comp Jsitigh of ¢ filnis Awas tained v using energy dispersive
X-ray spectroscopy (DS )& Xaray Wsorphion pec r,py‘(XAS) was utilized to
verify the oxidation stateof Fe ip _ ¢ Baj D, and 1#‘1 103 films. Moreover, optical
properties as well as defer P"?’ IO, oL op rameters such as energy gap and
od. using the spectra obtained from

refractive index of the ﬁlm

ultraviolet-visible

F— = —¢]
3.1 X-ray diffract m

iffr t 0 rize structural
proper e o) Hj rmat rﬁg aifect structure.

The app ent advantage in this ?chmque beyond other techniques i 1s that XRD

qm&a NI AT IN TSR

or such perfect epitaxy films.
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3.1.1 X-ray production

X-rays used in diffraction technique are produced when high energy elec-

tron collides with a metal target which is in an X-ray vacuum tube. There are

I a sented in Fig. 3.1. As incident ener-
/ Ejected electron

various interactions which can o

Incident electrons

40O
Characteristic
discrete energy

Moderate energy

, production.

getic electrons inteaa(lzgvith coulomb ﬁel(icj the nucleus of the target atom re-

Figufe m
sultin tﬂﬁiﬂd lnﬁﬂﬂwﬁ es are changed
to the T " Xeray“photon “(see 'event 1, n ) e rays are called

brehmsstrahlung. The electron ifiteracts with the,nucleus generating maximum
Q(fWene gﬁnﬁtﬂe% WSMS ﬂe’agwlﬂlﬂiﬁaﬁ This

qesults in fehmsstrahlung radiation pro: ucing over all energies. The intensity of
brehmsstrahlung radiation which is outcome from the bombarding electrons inter-

acted with the nuclei in the target material depends on various parameters such as

mass and charge of electron and nucleus of the target as well as the energy of the
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bombarding electrons [116]. If the incident electron has sufficient energy which is
greater than binding energy of the innermost shell, called the K shell, it can knock
an atomic electron out of innermost shell of the target atom (see event 4). Then,

electron from outer shell fills in the vacent shell emitting characteristic X-ray of

which the energy is the difference I binding energies of the two shell. The

bombarding and the ejected electr | ; ' eract further with other target
atoms. Mostly, there a stingui X-ray transition, K and L
series lines. The spectra | sulting electron from outer shell

are several lines i Lgetd bu gest intensities are often
used in diffractio K o K whi . c _u dered that the transition from
L and M shell to K ghell fregpoctive v. Fie ‘. ¢ o de '*‘n..,. schematic of part of
X-ray spectra i ' o s and characteristic

radiation.

Crystals consist of lattice plancs of vhich is separated by a distance
of d, each fa “ 0 nes has a diffefent ) oné another. The Miller
indices (hkl) T;--—---—-—-—-——-—-——-—‘ ' "":"*d planes with respect

t
ﬂﬁﬂ?ﬂ%ﬁﬁﬂﬁﬂﬂ‘i o)
QW']ﬂﬁﬂ‘iflJ UAIINYA Y

or a simple cubic (a=b=c), the equation 3.1 can be simplified as:

; .f'" ore, the spacing, dy,

ed to the lattice geometry can be written as follow:

to the a, b, and

between planes

1 _h2 + k2412
dk21kl a?

(3.2)
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K

/

Characteristi

Intensity (arbitrary unit)

Figure 3.2: Schematic @ I sstrahlung and K, and Kz

characteristic radiation.

and the équat w for the cry onal structure (a=b):

L (33)

{

The incident } ray beam acts as the probe which hits on a crystal, X-ray

diffrac Hﬁ H)my ﬂgH ai to the atomic
planesﬁu aﬂ 5 [:Ifr[ omic planes of

the Cryst will only acquire rise ? constructive mterference produ(n iffracted

RIAIN TRHRING ‘Tﬁ 14

the path difference between radiation scattered from adjacent planes is equal to a

whole number of X-ray wavelengths. The Bragg’s law can be expressed as:
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2dhk] sinf = n\ (34)

where 6 represents the angle between the planes and the incident and diffracted

X-ray beam. A\ refers to X-ray waveleng h.

Atomic plane

Atomic plane

Figure 3.3: Schematic r‘ resel "ﬁ -of ay diffraction from crystal structure

according to Bragg’s law. flﬂe

ﬁ-?,, .r!- J

In X-ray. iffr ing matter within the crystal

is electron dei :,_ ),_generating a characteristic-difiragtion pattern which
T

is obtained from | ity. The observed

intensity, I(s ). I directly propositional to to the square of absolute value of

structure factor, F(f as given below:

ﬂusqwﬂmﬁﬂﬂﬂni N
RRID acgﬁ"%’ﬁ‘ﬂﬁ“ﬂ B B

F(T) = / p(T)e?™ s 17 (3.6)

where T’ is a vector in the direct space unit cell.
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In this work, the crystal structure and crystallite size of all films were char-
acterized by XRD (Model D8 Bruker diffractrometer) using CuK,; with the wave-
length of 1.5406 A. Continuous scan was taken from 20° to 80° in 260 scan mode
at scan speed of 0.5 sec/step and increment rate of 0.02 degree/step operating

ored by VANTEC-1 detector (Su-

at room temperature. The sig al wasm i
per speed detector). d \ imat Eallite size of the films, the well

known Scherrer’s form | was utilized by measuring

(3.7)

ith of X-ray and B rep-
resents a width m Al | nsity ¢ i Y half of the maximum
intensity, fp is |

(k=0.94).

e average crystallite

3.2 Field e tron microscopy

Field emissio SEM) is a type of elec-

tron miCI‘OSC ﬁ"F'Gp‘lll-l-R.Elllilllllil.-IIIIll-lIlllVAilIllllllllil-niriiiiiiw:},!f '1eCtI‘0n miCI‘OSCOpe

(SEM) but in yﬁu 4‘}‘

(FE) electron gun

which is a small scanning probe having high potential more than conventional

electron gun using Wp&en hairpin ﬁlameat,ln other words, FE electron gun can
produ r 0S8 ¢ in he brightness
is a signi ﬁaﬁﬁ;ﬂﬂ‘m;ﬁm&ﬁeﬂh her brightness,
the higher current density, produces smaller beam, spot size leadinw improve

ARARIRTUI R REFRE
qchematic of basic element o S system. Usually, an extremely fine single

crystal tungsten rod tip (100 nm diameter) is used as FE tip. A very high electron
field is generated between the tip and the first anode within high vacuum column.

The electrons are drawn from the tip without filament heating. The potential
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Field emission tip _>

Firstanode —

Second anode —»

OGN : Display cathode

;f,:‘ XX MOX‘. ray tube

First magneti
lens

Figure 3.4: Sche b tal clement of FESEM.

difference between the seco "fc &-and’ ‘accelerates the electrons towards

the anode plate and down mp‘p ‘ e way as in a conventional SEM.
S e

The several magnet ele¢tron beam on sample

- 1—; i
surface. "F-—- - electrons, s Cl éu rons, encounter the
sample, the in '

ttl .ﬁen producing several
signals such as scattered electron, auger electron, characteristic X-ray, contin-

occurr

uous X—rar and sec‘nﬂy electron etc. The'volume that holds such interactions

e T S

volume. ﬂhe size of excitation volume directly depends on energy of electron beam

and inversely depends on_ato ic‘n f imen. Fig hows
Qh ' gta (ﬁr m 51& ) the s aﬁfﬁpl enting the
QXcitation volume for different emission signals. Since the secondary electrons are

produced closing to the sample surface (a depth of 5-50 nm) [117], they are suitable

for observing the morphology of specimen. Intensity of these emitted electrons is
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detected to resolve an image on a cathode ray tube or computer monitor. The

higher signal intensity creates a brighter image.

Primary electron beam

R
Secondary electrons

Backscattered electrons Rl ‘, o
- W..._‘:':: A l_ Characteristic X-rays
N - .

Continuous X-rays

Sample surface

\[
S
N

/

Figure 3.5: The interac % .P"' ary electron beam on sample surface
showing the ex01tat10 ol :.......- duced auger electrons, secondary electrons,
backscattered electrons chéractc cristic- X= 1d continuous X-rays with their
depths within the sample.- * e

As me &c‘i 2 ‘ uger electron and

secondary electron emit du . there is als aracteristic X-rays of

which the energy corresponds to the difference in energy between the uniquely

SR KR ILA8 (o | T2 o

energy o he X-ray, which such ’?Chmque is called energy dispersive X—ray spec-

T ASELER A BTN

second by mean of intensity. This intensity can be converted to atomic percent.
Thus, the chemical composition of each element in the sample can be obtained

from the area under the peaks.
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In this thesis work, surface morphology, cross-section and chemical com-
position of the films were characterized by using FESEM model HITASHI S-4700
operating at a voltage of 50 kV. Since the sample is not electrically conducted, gold

coating and carbon tape were used to avoid electrical charging during analysis.

3.3 X-ray ab: 011 S ' opy

X-ray abso py (XAS : urement of the X-ray ab-
i affhatGrial as s’b&:‘i‘%ﬁ -ray energy. The absorption
tructure surrounding a

spectra provide infg n al e lic and \o\
10 : t is iron (Fe) which was

probed element.
used as a doping e advantages of this
technique include th it ul be ot only solid sample which
is regardless crystallini 0 5, a and gas sample. XAS is mostly taken
with a synchrotron radi: nse; s § .7 g ‘ ates a extensively range
| Synchrotron is a cyclic particle
accelerators with particles u-, -e—m---—x “protons or ionized atoms (usually,

being electrons). When eléetfons are acceler: noving along a curved path to

near speed of | ht, thev emit electromagnetic waves in £l :;,p gion of infrared to

:" pait they travel. XAS

ﬂmtolec ect o1 energy 0 pﬁ@)n is absorbed by core

electron in the atog; of interest, the electron is excited to continuum state (see

R Uy IN EITT eIy -

R

AWIANTLL AAANLA

or edge energy of core electron. Term of hc/\ refers to energy of photon. The

extremely high

is relevant to th

process can occur only if the energy of photon is greater than the binding energy

of electron. When core electron leaves its shell creating hole, the electron from
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upper shell falls into the the vacancy releasing fluorescent X-ray (K,, Kz) or auger
electron (see Fig. 3.6(b) and (c)). Auger electron produces when fluorescent X-ray
kicks out another electron from the same or different shell. Due to an unique of

electron orbital, the fluorescent X-ray are characteristic of each element and can

be utilized for characterization,

Continuum

Auger electron

Continuum

(b%luorescent X-ray relaxat}en (c) Auger electron emission

i BN ‘ﬁﬂw BAINYIN ..

ate emitting fluorescent X-ray and (c) auger electron emission.
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There are two modes often taking in XAS measurement including transmis-
sion and fluorescent mode. Figure 3.7(a) and (b) illustrate the schematic presen-
tation of transmission and fluorescent mode in XAS measurement, respectively.
Transmission mode, the intensity of transmitted beam resulting from the inci-

dent beam intensity absorbed | The intensity of transmitted beam

y\s law:

S ?- ty of transmitted beam,

gradually decreases accor

(3.9)

OI 10 coefficient which is a

L 6.2 o tlon as the energy of
X-ray equals to the iflg ghefgy of ¢ \ ‘ arp is called absorption
edge. The spec Al ; - fon ok he shell in which electron
P’ amg $iced { | k. 0 absorption by the electron
in K shell. Since the o tiox i ' e 7! 4 .\ﬁ (0 the binding energy of the
electron excited to unocgupied.st “ lation state of absorbing atom can be
determined. In other words)ifa n be Oxid ed, it loses valence electron.

oe of nucleus making difficult to

i

The core electron will feel mora e Toctive 1
= T e (P __.-' -

remove and thé hat for unoxidized

Fluorescenmaode, his

the relation:

Autanarsneang o

e I is the intensity of ﬂuorescent X-ray. Nevertheless, no matter what

0 KL R PTOR ik i

ray absorption near edge structure (XANES) and extended X-ray absorption fine

atom.

vy d ctingﬁorescence X-ray using

structure (EXAFS). Figure 3.8 shows energy ranges in X-ray absorption spectrum.
XANES region covers the energy range from slightly below the absorption edge
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(a) (b)

' h\, [118]. XANES contains
information invo _' G fate as well as electronic

state of probed ele . P zegie 5 to XANES starting from 50 eV

up to 1000 eV. The sp N ; S XAFS ypears weak oscillation due to
constructive or destructive Interference be “the outgoing photoelectron wave

and backscattered wave 'f':tﬁ"éi}ri . .1 Fig. 3.9). EXAFS provides the
information conée .

¢ ”} number surround-
ing absorber &l‘:

In our XAExperimen e films were deposited @0 silicon substrate in
dimension of 2x2 c‘n to obtain the ma um intensity of X-ray beam. The
fluores ﬁqi “K ﬂflﬂj’ce. The XAS
spectr@ uﬂm’a ﬁﬁne 8 at arch Institute
Pubhc Organlzatlon ) located ati Nakhon Ratcl&ma Thalland @foﬂ with

qpectr he sam pie was p cej at t foca‘ spot. tEe energles passe 1 rough

and interacted with the sample. In this work, Fe is probed element and the
X-ray absorption energy of Fe?t and Fe3t is approximately 7118 eV and 7123
eV, respectively [119]. Once we know the X-ray absorption edge energy for the



55

A
XANES region
1
[N
= EXAFS region
=
=
.S o
=
Q
7]
o)
<
Pre-edge
region
>

Figure 3.8: XAS spe EXAFS regions and ab-

sorption edge.

probed element, we can € energy scan. Absorption

coefficient pu(E Jdobtained from I;/I, was plotted as a fi ;o of X-ray energy.
The absorptia 'F_ 0 ,!} d e in the films was

obtained by ma; 'i m deriva
i)

AU INENTNYINS
ARIANTAUNNIINGIAY

fter subt :‘ 'ﬂ ting pre-edge baseline.
d
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AN X-ray e S

Figure 3.9: Sch “(solid circles) from an

absorber atom and b ash 1 neighbor atom (a) con-
o

. Aol

structive interference a - _..,..... ctive:

s _3-“ - .l"

3.4 Ultraviolet; sible
et LN

Ultraviole visible (UV=Vis) spectroscor -rption spectroscopy.
The concept in this te sorption spectroscopy which

is discussed in pievious section. However, UV-Vis spectrescopy is relevant to the

absorption spectrofo&m UV-Vis energygrange (200-800 nm). In molecules, the

energl u E\}q ﬁé Wﬂ ’.lﬂtr 1c vibrational
and rotaw)nal energy. The electronic energy is relate he energy of molecule’s

electron. The vibrational energy gssomates with thie vibration of atoriavithin the
TR PR § RN e e
fure 3.10 shows the energy level of molecule. Within electronic states, there are
many possible vibrational energy states in which also have many rotational energy

states. Since the difference between the electronic energy level is higher than the
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energy difference of vibrational and rotational energy, the energies in UV-Vis are
enough to promote outer electrons from one electronic energy level to higher one,
while vibrational and rotational transition need the lower energy just in the range
of infrared and microwave radiations, respectively [120]. At room temperature,

most of electrons are in the ground state. ctrons can move to excited state as

they absorb the UV or Visible light. Theé ions can occur from ground elec-

tronic to any vibrational or rota ‘ owever, there is a certain

wavelength where {I Wnergy required electron
L0 exgitied _sfate o

Rotational
energy states

First excited electronic state

Electronic transitions

\__5 Vibrational

?'i energy states

ﬂround electronic state
FigureﬂOIﬂhﬁﬂeﬁeﬁt?}joﬂﬁe% ﬂwﬁ electronic, vi-
brationaﬁm rotational energy states nd electronic transitions.
g o, o/
WIRNITAE HI ST RTR R
is spect ometer'(J : 6405 is) T range

200-800 nm with the scan step of 1 nm. The detector detects the intensity of light

Energy

passing through the sample (I;) compared with the intensity of light transmitted

through the blank substrate (Ip) which is used as reference. Figure 3.11 shows
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schematic of a double beam UV-Vis spectrophotometer. The beam of UV or
visible light which is usually produced from deuterium lamp for UV radiation and
Halogen lamp for visible radiation is focused on mirror sending the beam hitting a

concave diffraction grating to separate into different wavelengths. Each wavelength

Detector 2 I,

Ratio

; 5
A

i

ﬂﬂﬁ’?%ﬁfﬂﬁﬂﬂﬂﬁﬁm@“

absorbance ) of sa,?ple can be obEned from the reli‘p?nshlp as

Q*W““I‘ﬁ“@ﬂﬁﬁu AR1INEIaE

A = log(

T) (3.11)

where T is transmittance defined as:
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T==2, (3.12)

Optical transmission Y w.j ementsiase carried out to determine the film
thickness and the optical parame ive index, extinction coeffi-

cient and absorptionr ficient nding o the wavelength. In this study, we

plot the percentage of 7 ; ance avelength The optical

parameters can 1 ed by Swannepoel [121].

Swannepoel’s m Im and substrate are
) 7 his SlS work, the multilayer
films of BaTiO ‘ _ ver pOsT ﬂ'f j ,7 oa ed on glass substrate.
Since the refractiy & of B '@' " O, can be comparable (2.15-2.55
for crystallized aTi 3 i lié 2 J_ T _ ¢ 1* éunge [122] and 2.15-2.35
for crystallized Sr'T1 ‘ 7 k idered that their densities are

are nomogeneous, SO we can use

Swannepoel’s method to obtaiied refrac dex and extinction coefficient of

SrTi0O3/BaTiOs 1S, T smittance spectra
'h-' —,,-‘

which are en y ed is presented in Fig. 3 v |

ed of the o ce, the refractive index as a func-

tion of waveleng@(n()\)) can be obtained from the equation below:

NG o

ARSI I A

o 18 the re@actlve index of the substrate, T ,.x and T, are the maximum and

From enve

minimum envelopes of transmittance, respectively (see Fig. 3.12). Ty and Thin
are considered to be continuos functions of wavelength. The extinction coefficient

which refers to absorption length can be determined from:



60

100 + Tmax
80
5}
=
<
=
g 60 -
5
S
~
X
40 -
20 -
0 | b
800
Figure 3.12: A ske ot envelop he optical transmittance.
F— ' (3.15)
. prie
where « is"absorption coefficient calculated from:

(3.16)

here d is the film thicknessg’

q W@l el AN AL

%o two adjacent maxima of transmittance according to wavelengths A; and Ay was

derived from equation 2.10 which we can write:

1
21’11d = (m + 5))\1, (317)
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From equation 3.17 and 3.18, the films thickness can be solved as expressed follow:

(3.19)

Another issue is about the refractiv substrate (ng) in Sawannepoel’s

equation, whether we w 1 ‘use_the 1 - l@lass or the ITO. Actually,

we have to use the' glass substrate as to be
the refractive index of substrate in Sdwar b ) ok equation. However, we do not
know the refracts 7 V ate due to the fact that
it consists of 2 la ut, the thickness of ITO
coated on glass subgtratei , it ‘. tic S\ S1 ‘ “than that of glass substrate
with the thickness 2 g - | \ on . wssume the refractive

index of total subsra | imated cfractive index of glass, 1.47 for

3.4.2 Determinatic ¥, 5 and Urbach energy

The fua ame : on i as excifon transition corre-

sponding to y --------------- st f:;# ion coefficient and
)/

optical band gap- s 1ven by the following

— i
equation: ﬂ

j’l
for direct transitiont F-% /s

AULINENTHLINT o

AN IYPNIINYIAY

where hv is photon energy. Since envelope method is not valid in the strong

3.21)

absorption region, the absorption coefficient is obtained from Lampert-Beer’s law:
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1 1

The energy gap can be determined by plotting (ahv)” (n=2 for direct band gap
and n=1/2 for indirect band gap) versus hr and extrapolating the linear portion

of the plot to (ahv)" =0, in : the energy gap is the photon energy

at the point where (ah

a

The exponenti t with the photon energy

The optical absorption

edge ?*a:\"n- t near the absorption

<) (3.23)

was firstly discowv
spectra show the

edge follows the ex

where o is the stegpness ‘, ara ; ‘and ] ‘\ ach bundle convergence
: and T is the temperature. Ey is
Urbach energy which is ¢ > absor ergy width. By plotting Ina

versus hv near absorption adge, the Urb: rgy can be obtained from inverse

of the slope of straight line, !,#*

edge is due to havi

defect. | y

P

nce of band tail near absorption

dgpending on structural

)

U - g

3.5 Atomige force microscopy

AUEANENINGINS. ...

technique for investigating surfacé morphology ingmicroscopic level. AEFM utilizes

KRN THANRNEIRE

he tip is a to the end of cantilever and beneath the cantilever with a low
spring constant. As a laser beam focuses on the end of cantilever and the sample
is then scanned beneath the tip, the tip is either repelled by sample surface or

attracted to surface leading to the cantilever deflection. The photodetector records
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the changing vertical position of the laser beam reflecting off the cantilever as

shown in Fig. 3.13, which indicates the local height at that location on the sample.

I Laser
=

Photodetector

Cantilever

Sample surface

P RS

Figure 3:13: microscope.

7 T

There are three modesain-A¥'! L ntact mode, non-contact mode

and tapping mede. The interactive force between an atem of the tip and the
A -y

surface in hf_ £ 1’ onstrated in Fig.

3.14. In the co

. . f ‘
ct mode, . ple closing to the sample surface

i i
with a distance of a few angstroms. The tip is pushed against the sample due

g
to repulsive fo y‘gai aining 7 i he tip and the
sample surf: t O'rj km:ﬁ m isjobtai Ecor ﬁﬁooke’s law:

w0 iTnANeNa

placement. Contact mode in AFM is mostly used for high resolution image due to

generating large repulsive force on the surface. Nevertheless, in this mode the sam-

ple can be damaged, non-contact mode is introduced to characterize the sample
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Force

Intermittent contact

~ Repulsive force

|<— Contact ———»|

Distance
ve force
Figure 3.14: interag on : twe | of the tip and an atom
in the sample sturfacg as a e tip and the surface

following Lennard-Jone

having soft surface. n' . r e tip and 1e sample surface are held
in the distance of 2-30 am which is mucl han that in contact mode. When
the sample is scanned undernéath-the tip maintaining distance constant, the

be

attractive force e dete ! ed. In non contact

mode, AFM n —__'_—“_—_——T'._". tuating tip. Since the
"lu

magnitude of fe : .il-f. contact mode, the

. it
data could not be ccuracy 1s, tap ode 1s deve, ed for obtaining more

Y

quality images. Taw)gmode is hybrid b&t}lveen contact and non-contact mode.

e Bl L Bl b T AN ELTEL 0 e o
just ta face e 'has’a ge he two modes

mentioned earlier that the samplé is not damagﬁ by the tip and ﬁlﬂn detector

TRIRIAFRHNTINE 1A E

In this thesis, we used tapping mode of AFM model Veeco Nanoscope V for
investigating the surface morphology of the films. The films were scanned in the

dimension of 0.3x0.3 ym?.



CHAPTER IV

QlatHigs€har we will e details of film deposi-
tion including pre€ursors \ \ on, film growth conditions
as well as the procediire f . u \ \-\_ ating technique. Then,
the details of device ia ' atiornysaclia \x and electrode deposition

will be describegd g “offthi ,', e Measu ent ts for characterizing gas

sensing and dielects a VTS " dielectric constant from

}"‘r .; ey ] ‘ .
4.1 Synthe81s o ~BaTiOg and SrTiO; precursors
grade barium acetate (Ba(CH;C00),)%(99.570)[Aldrich], stron-
tium acetate %Yf, : x1de (Ti(C,Hy0),)
(99%)[Acros org l, 0.7%)
(CH30H) (99.8% Ajax finechem] and lab chemical grade iron (II) sulphate (FeSO,-

"R TS o

SrTiO3 as well as the detail is elaborated as fo@s 0.02 mol bawl acetate

PG RY RS-
acetic acid to obtain a light yellow transparent solution for 103 and

a colorless SrTiOj3 solution. After homogenization, 0.01 mol (3.4378 g) titanium

Analyt

llinckrodt], methanol

n-butoxide was added to the solution and followed by addition of 1.75 ml (1.3884

g) methanol to reduce viscosity and prevent the formation of a precipitate of TiOs.
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0.02 mol
Bacu,coo)| 4
SKCH,C00),

0.01 mol
Ti(C 4H90) h

Figure 4.1: The layout of/ anate or strontium titanate by

sol gel method. j ‘ ﬁ_
W S i s ,
The whole process of synth‘ Srecir s done in an ambient atmosphere

at near 60 °C with stirring.on ol-gel reaction gradually takes

hea

place. For syn 3 110

(II) sulphate was

k S
added to the soln 1 # etate or strontium

acetate in acetic@id. G ing concentrations were varied to
j’l

2 wt%, 4 wt% and 8 wt%, respectively.

RIFIIUNRINY AL

In this study, SrTiO3/BaTiO3 multilayer films were deposited on different

types of substrate depending on their applications. To investigate their optical

properties, indium tin oxide (ITO) coated on a glass substrate with dimension
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2.5x2.5 cm? was used as a substrate. ITO films were prepared by rf-magnetron
sputtering method under argon plasma to a thickness of 100 nm. The ITO films
were post-annealed at 400 °C for 90 min in a argon atmosphere. The ITO de-

position process was done at Department of Physics, Faculty of Science, Mahi-

: g i Ponyachai Learngarunsri and Mr.
Narong Boonyopakorn. "‘z =_. the ITO film was 3x10~* ohm
cm with transparency. a ; ve-90¢ '@ Single side polished sili-
) pla 3 Lensic X 1- was used as a substrate
to examine oxidation stat iroun To characterize their electrical properties in-
cluding dielectrie 7 7 ) lance by mean of the
change in the resi ith dimension of 2x2.5
cm? was selected tg he @ sibgtrate-due 1o its\insul roperty and low cost.

emiconductor Wafer, Inc

(http://www.semiwal gond). Somie ph \ proj >rties of alumina substrate us-

'| ina substrate.

Physical properties

o temperature)

-
‘ 1412 0929 A

Density | "B .
Dielectric comnstant (at 1 MHz) 9.8 at 300 K '

Loss tangent ( aﬁlﬂ{z 0.0002 at 300 K

F%%EJ’NIEJWJWEJ’NW

Thertal expansion (x107° °C

q RANINNUIANGNAY..,

Were then ultrasonically cleaned for 20 min in acetone, methanol and followed by

Crystal strue g

Lattice pa f#--—

deionized water, respectively. Finally, they were dried with a nitrogen blowgun.

As mentioned earlier, the films were investigated in their two main proper-
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ties. One is optical properties and another is electrical properties. The first stage,
we focused on the effect of annealing temperature on their optical properties. The
films with two layers of Sr'TiO3 and BaTiO3 which were alternating deposited were

grown. The reason that only two ﬁlm layers were deposited is to meet the need

SrTiOs. S/B/S/B/S is being SrTiO; grown alternating

with BaTiO3 until five layr SIWELC, ( 5/S/S/S/S refers to the films de-

-*.-f":‘ -

posited by SrTiOs; 1B/B/B, relevaiit to the films grown
by BaTiO3 Fil ve-obtained-the-fitms-with-five i E‘ case of S/B/S/B/S
doped with Fe " 2 1at-of undoped S/B/S/B/S
, to grow 2 wt% Fe-doped S/B/S/B/S%
by 2 wt% SrTiOs depesited alternating with 2 wt% BaTiO; until the films have

ﬁvelaﬂuEJ’J"flEmﬁWEJ']ﬂ'i
@W’Tﬁ“ﬁﬂ‘iﬂﬁgﬁ’]’mma d

In this thesis, the films were grown by using spin coating technique. This

films. For example e first layer was done

technique is simpler and cheaper than others, as well as doping by using such

technique can be done easily. Beside the capability to produce a large surface
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Table 4.2: Deposition conditions for film growth.

Investigated Structure of deposited films Annealing Used substrate

properties temperature (°C)

Optical ,7 lo E:& l’ i/ 300, 400, 500 ITO coated
N ) / 550, 600 and 650 on a glass
Electrical
1000 Alumina
coating, the sp o giteg hiqué! : 2 [ erform e real application in
industrial manufagfures:” F'igu 3:she hotogr ol of the spin coater used

in this thesis (Models >6;

The procedure for" h F;?: ited in Fig. 4.4 is described
by the following. The synthesized precu solutions are undoped SrTiOj3 and
BaTiOs3, Fe-doped SrTiO -—{,,.15:;_;.{5 Q3. l precursor was spun onto the

cleaned substrate with the sp pinning speed of 1000-round p =_ur inute (rpm) for 45

, ~
second. After" f‘f , fedion a hot plate at 120
°C for 20 min to remove the solvent:“Fhey were then he f"j‘ up at rate of 10 °C

per minute from ro&m temperature to des1red temperature in a furnace (Model:

ﬂﬁﬁlﬁ VIRAN I b3
down e procedute was done with
the solutlon until we meet the ﬁlgs with desired Eucture as shown W‘able 4.2.

PRARNTUNNIINEIA Y



70

(b)
(a) <+ BaTiO3
<+ BaTiO3
E— « o,
< BaTiO, <+ BaTTO3
< ITO ' J < BaTlO3

y > ki trate €4 Alumina substrate
‘&f‘ '
—7 = . i —

substrate, (c) SrT103/SrT19-3./‘ﬁ103,/ rTHO; ﬂm T103 film on alumina substrate

'.1.1

and (d) SrTl%B&TIO3/ SITIO3/Ba’f{O3 105 ?\'ﬂina substrate.

Figure 4.3: The photograph of spin coater machine model P6700 series.
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Synthesized precursor solutions

(BaTiO,, BaTiO, doped Fe, StTiO, and StTiO, doped Fe)

l

] l 0 tpm for 45 sec.
W\ _Lyy

ﬂ

[ ITO coated on glass F—ww

,, Z7IVNSESS
[Preheaing P x
[ = 4 // N

Spm 02

Preheating at 120 °C 7 [Preheating at 120 °C]

\ 4

Annealing at 300, 400

Annealing at 1000 °C
500, 550, 600 and 650

2,4 and 8 wt%
Fe-doped S/B film

y

= g
Characterizatioﬂ - ; ,'] Characterization:
- Optical properti ' - Oxidation state of Fe

(%T,E ,nandk) ‘.

gl

(XRD (ch‘ge in the resistance) =y,

AT BRI VYIRY

- Surface morphology and cross-
(XAS)

WEGIME NS

- Gas sensmg properties

Figure 4.4: The flow chart for multilayer film deposition with different growth

conditions by spin coating process.
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Designed temperature
holding for 20 minute
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4.4 Fabrice

In this work, the f rice as a device including capacitor and

e film surface. Many elec-

gas sensor. The electrode ’{"r onto

trode geometries, for insta ace. top /b 0 "_ mediated, transmission line and
interdigitate clec / ' used 3 34126, 127]. Among of
these electro y ““““““ s, interdigi 7 {"f él’ standing advantage

that is allowing a

l rge Elm on the whole small

footprint. It has'been reported that the electrode eonﬁgu ion and its parameter

such as electrode W‘aﬁmd spacing as wéll/as overlapping figure length have an

ol T S WH )

ied the Qect of different electrode configurations on the dielectric properties of

U ARTIRIE ek IL]lavS1 )

1th parallel electrodes under the same technological conditions [131]. This could
be due to the more leakage current in form of parallel electrodes. Another study

by Li et al. showed that the device with interdigitated electrode exhibited higher
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capacitive humidity sensitivity of silicon nanoporous pillar array than that of de-
vice with two-side comb electrodes [132]. In this study, therefore, the electrode

which is designed with interdigitated structure was used for measuring dielectric

constant as well as detecting changes in the electrical properties of sensing films.

ﬁlm surface through a

11 (-off) technique. Such

technique is widely i - ale. The configuration of
%

interdigitated electro s 1{ Flg 4.6. The gab width

and their coincidin ' ' 100 m and 1500 pm, respectively.

i1-1-?“‘:--2-»'-riTW
e iy 3 i
L 4 W F

Figure 4.6: The schematic of conﬁguratlon of interdigitated electrode.

The schematic of photolithography process steps as presented in Fig. 4.7

and detail are expressed by the following;
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1. A stainless steel with 5 mm thickness was used as a substrate. It was
cleaned by detergent and it was then blown to dry with nitrogen stream.

2. Cleaned stainless steel substrate was coated with a positive photo resin

film which is a light sensitive resi

by, using a LAM-150 dryfilm laminator at
temperature about 100 °C. |

3. Interdigitated p t bern whic] i transparent sheet containing
-~ [ #
the Mey were then exposed to

S-put O
ultraviolet light by=UV=800.¢ y? \ magchine In this stage, the image

! "&\\\\

90 pieces of configurati
was created that & pale region; whereas,

the unexposed area

4. Due to solubility DTty '“-‘ ? \ ted by ultraviolet light,

photoresist (region of @xposed resist e developing fluid (devel-
oper) that swells whichiren 1ned£;’ option of the unexposed resist generating

inverse patterning.
|

5. The whole subst ‘_;"V;_s, CPOS] yith Nikle (Ni) material by electro-
plating process. In this proces :- cased according to operating time

as shown in Table 4.3.

6 The w.a--lll_-:llll‘:l.l’ll-"'}'l:.lll’ll(;ii;iiim ----- =.n-n . 1SSOlVe and remove

the remainin osist raph of Ni mask is

shown in Fig. !I | ' L'j

AN
AN TUNNENAY

1.2 3
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~—DPositive resist
-+—Stainless steel substrate

Ultraviolet light

Quart plate
Interdigitated pattern

(c) Dissolving away ¢ D

region in developer

. Nikle 1
(d) Depositingnikle material e fayer

on the :
4

(e) Removing the rq‘h -_F_-t— Nikle mask with

AR IREITITNE TN oo

Flgure 4.7: The schematic of photolithggraphy process steps.»

RININIUNRINTAE
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4 > o &g g ‘
- o
After electroplated masék was obtal@ electrode was applied on the film

surface by using a DC sput;errp 'techmque -‘Mﬁ;uttermg process, we used aligned
several small mggnets to attach the nlckel mask with the ﬁlms closely (see Fig.
-

4.9). Chromlﬁﬁr ) was firstly sputtered on the mrnsﬁvvlffl Jthe thickness about
50 nm and followed by gold (Au) with the thickness about'ZOO nm. The chromium
was utilized to 1mprove the adherence between the surface of films and the gold.
Because e, obtamed t—he films Wlth electrpdel_ln the form arrays of devices, a
dicing saw Model ADT 7101) serles 2 VECT US) Was utihzedl to separate arrays
of deviceés come out as a single of _dev1ce. The dimension of a device as shown in

-l g o 10 Wasabout 2x3 mm R A e B e E u } y



|<— 3mm —

mm-—r""%

L)
L

}

Thin films

[nterdigitated electrode

Figure 4.10: The photograph of a device.

7
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4.5 (Gas sensing property measurement

Gas sensing characterization was carried out at Nanoelectronics and MEMS

Laboratory, National Electronics and Computer Technology Center (NECTEC).

Figure 4.11 shows schematic se s sensing measurement. In the schematic

diagram, it consists of th as owing;;

In this study, ethanol GpOE (o HOF as chosen as examining gas to char-
acterize the gas sensing p ELtiGH f the It was received by flowing purified

air through a véss w of ethanol vapor

and purified air we ] 3 h.ﬁ vapor and purified
air were then m@ in sbtained desired concentrations
which were flowed into the chamber through mass flow controller. For example,

in the ties he films toward ethanol
vapor ﬁ:e of %% % g\;}w e of 1990 sccm

and eth 1 vapor with flow rate of 10 sccm. In this work, the desued ethanol

GI“:W:J AN SN g

50 °C and 350 °C

In order to characterize gas sensing, after the sensors were probed already,

purified air was introduced into the testing chamber with constant rate of 2000
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sccm for 15 min to generate the base line. After that, the sensors were exposed
to desired ethanol vapor concentration for 5 min. After completing 5 min the
ethanol vapor flow was stop whereas the purified air was immediately introduced

to the chamber for 15 min for each concentration. Digital multimeter (Model:

e was utilized to measure the film

] - sy ‘ with DC voltage across the films
8 ,__:. 5 are ba _hange in resistance of the

N

of 10 volt . The sen

Temperature

[ 1] controller

Measuring

circuit

alll

= -

~Theriacouple
Augineninems
RIAINIUNRIINYIAL

Computer
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! / Gas line

" _A testing chamber

X

o

Gas fTow controllers
v
¥

b4

"4
/

%

Wires-eonnected between
sensors-and mulfimeter

heatet

.
@l hermocouple

Figure 4.13: The photograph presenting the stage and probes used for measuring

the resistance of the films .
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4.6 Gamma ray irradiation

A % Co source (Gammacell 220 excll) a dose rate of 10 kGy/hr was used to

expose the capacitors to gamma irradiation. The process for irradiating gamma

ray was done at Office of Aton si,. ) . .We used foam as a stage to mount
em cylinder which is surrounded
eters were used to calibrate
the gamma ray doses: Fo ( od” dosimeters, it is kept the

Institutes secrete. Cet” hows the Red osimeters put near the

capacitors.

Figure 4.14: The ounted on foam sent them

AusIneningany:
RIAINIUNRIINYIAL
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Figure 4.15: The 0 Pw_‘ S used for calibrating the

L L
!

gamma ray doses. FrE. (2 ‘ A"
-"l‘-"lﬂ ,
Table™.4: 8 oses ga r ing for irradiation.

g A
Time (min )i Doses ( f{)m oximately doses (kGy)
35 ”m" 3.~ 1 5

n Lo 10

.'- i e N
( 213 2864 ‘

4.7 Diele@fﬁc renﬁnt
ly. (Model:
4192Aﬁuﬂl§] em m ﬂgﬁﬁ tained capacitance

of the ﬁiﬂs from the impedance analyzer was converted to dielectric constant by

’SIZI;’Im'i SN TN IR

or capacitance measurement. However, in fact this ring resonator does not need

for this work because the capacitance was measured in the low (rf) frequency

range (10 kHz-1 MHz). Regularly, ring resonator was utilized for measuring the
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capacitance in high frequency range of GHz. In high frequency measurement, two
capacitors were connected microwave ports and the transmission measurement on
the device was done by a network analyzer. The quality factor, Q, and resonant

frequency, fy, of lowest mode which depend on ring resonator configuration such

culate the capacitance and dissipation
of the capacitors. The rin . esonator v ' s work was fabricated by Mark
ak 7 ws the schematic diagram
of a ring resonator used apaci : . In my thesis work, only
one capacitor was 1 aeto_do theex er 7 ac1tor was put on a ring
or and ring resonator (see
impedance analyzer as
| ed with Labview software
written by Mr.Surak: & 4 4o > the ‘. itance of the films. For
using this progra e 1 y f’f s well as frequency interval were put in
the unite of kilohertz @heues tlie wpplied volta xed. Before clicking at the

run button, the i asypressed eset fie ne input frequency values.

The output data can

In this study, the cap ;‘5" : easured at room temperature
as a function ofifr \ 7 F uency interval was
"“’ olt range.

J

set at 10 kHZ h

E
ﬂ‘lJEJ’J‘VIEW]‘ﬁWEJ’]ﬂ‘i
QW']ENﬂ‘iEIJ UAIINYAY
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On/off buttom Capacitance measurement

controller

l |
|
Copper ring resonator
LY

Figure 4.16: The schema ] esonator used in capacitance mea-

&
= ar
Sy

surement. Flip chip presented as variab rs.
TR

Figure 4.17: The image of interdigitated capacitor connected to a ring resonator.
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4.7.1 Dielectric constant determination of interdigitated

capacitor

In this work, dielectric constants of film capacitors having interdigitated

ed on an analytical method derived by

Farnell et al. [134]. Farnell’s analysis can d under assumption that both
film and substrate arc_insul: AL figuration is interdigitated

pattern. Farnell et™al" 1ised numerical simulatio o calculate the dielectric

constant of a simp , ditncnsional peric dic inte
semi empirical adevelopaed'b ruell et al.. \o

digitated electrode. The

he expression:

(4.1)
where ¢ and g4 arg it 1 : it e 1 .\‘ nd substrate, respectively.
h is the thickness of ghe fil 5. f AT ATE \x g and width of figure,
respectively. K is a 1t val pF depending on the area and gap of
electrode, which is calg

‘ (4.2)

The C value i$ ap) ng ﬂ which is given by:
f"
3 _;

C=_—2 (4.3)

‘o Ty
where ﬂisw %%Hﬁﬁj&% pﬂaﬁ% . It is the overlap-
ping ﬁglm length in unit m. N is the number of the spacing of figure. All param-

eters of interdigitated electrode gructure used foitealculating dielect¥ié constant
WA I TUHNTINE TN E
9 In our experiment, G = 100 pm, W = 100 pm, thus K = 4.535 pF,
L = 1500 pgm, N = 14 and the film thickness is approximately 600 nm.
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CHAPTER V

RESULTS AN #}i CUSSIONS

—
three main partss®Firstgfwemvill it e etleet o 2aling temperature on
the structural prog ‘ , T v and optical properties of the films.
Second, the effect offFe doy olil \\‘ ‘\" . surface morphology as

i g ; TR - ‘ ' ated. At the end, we

&
L%
DEC

will present the effget offmultila " ms; Fe de it a x he effect of gamma ray

irradiation on diclect erties. 1 Glng i \ er, the result of oxidation

s TR ,
5.1 Effect of amnnealing temperature on struc-

tural 2] properties : 4; phology of

SI‘Tlgg /BaTiC : |
B3 50K |10 i mm::: o

300- 650% is illustrated in Fig. él The XRD results exhibit that %Jthe films

WA TR IR AR

distinct crystalline peaks at higher annealing temperature of 600 and 650 °C which

is indicated the appearance of characteristic peaks of BaTiO3 and SrTiOs;.
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Figure 5.1: X-ray di frac films annealed at different

l;n.i'-i ;JJ o

temperatures on ITO /

.!“ -

We found that the peaks Wﬁ‘e ,

CI"G&Sll’lg annea ng

arper and more intense with in-

by a €enior student named

3 -
Miss Supa Sirina e #’ he effect of anneal-

ing temperatur(eﬂl the s [135). Three types of films
miform BaTiOs, SrTiOs

including BaTi nd SrTiO3 multilayer films as well as

films were grown orﬁlﬁn substrate with different annealing temperatures of 300,

AT ERHT

5.2 shoW“(RD pattern of BaTlO3 and SrTiO3z multilayer films annealed at 800 °C

TR RTATkIb ity LIt ﬁﬁéaii?

1b1ted the most intensity of BaTiO3 and SrTiO3 peaks of XRD pattern. For the
films annealed at 800 °C, she also inverted the order of the film layer. STO/BTO
1:1 refers to the first layer done by BaTiOj3 solution and follows by SrTiO3 solu-
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tion in the second layer. BTO/STO 1:1 represents SrTiOj located in the bottom
layer and BaTiOg3 located in the top layer. By comparing the XRD patterns of
STO/BTO and BTO/STO films, they clearly found that the film located in the
first layer showed higher and narrower peaks. This is due to the fact that the films

located in the first layer was anun

film.

i two times longer than that of the top

st iéRD peaks for BaTiO3 and

SrTiO3 was achieved pethe films an eal 1 at 1000 °C. Thus, in this thesis work,

ing properties. We fixed

\

the annealing te e o 1000 °C e doping ents were varied. Figure
5.4 shows the XRD patt m Al,O3 substrate. The
XRD characteristic NEa » also observed. The XRD

( )
From their con %0

we chose the annealin wing the multilayer films

on alumina (AlyO3

results of the film

A i 4 will > discussed in section 5.4.

ﬂ‘NEJ’J‘VIEJVIﬁWEJ’]ﬂi
QW]Nﬂ‘iﬂJlliﬂ’TJﬂEl']ﬁﬂ
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Ll BTO/STO 1:1

Intensity (a.u.)

O/BTO1:1

70
Figure 5.2: X-ray dlffractl 3/BaT103 films on Si substrate
annealed at temperat
For 'f s of the film depc C 77”1, J on glass substrate,

the weak intens

0 A E‘c 600 and 650 °C was
observed suggesting that the films are not well crystalli In addition, the full

width at half maxn‘ilmf the peaks decredsés as the temperature increases. This

o I PV e o o

peratur he average crystallite size (t) measured in a vertical direction to the

q WA A

naly81s average crystallite size due to no overlapping with ITO peak. The crystal

sizes of BaTiO3 and SrTiOjz films annealed at 600 °C are approximately 2645
nm and 14+5 nm, respectively, whereas that for BaTiO3 and SrTiO3 annealed at
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Figure 5.3: X-ray diff : i — | Ba | i03 and SrTiOj3 films on Si

650 °C are about 4 It has been clearly seen

that the cryst ;__________________________: s T”_{_j ‘creasing annealing

temperature. TME Ve tly larger than that of
SrTiO;. This isbecause the first layer was done with Ba 03 solution which was
annealed for two tiieﬂnger than that ofithe top SrTiOs.

£ BANBIINE I T e

ration o”he BaTiO3 peaks sug%estmg that BaT103 transforms into tetragonal

GT IR I N

or tetragonal phase were calculated using equation 3.2 and 3.3, respectively. The

most intense BaTiO3 (110) and another (111) were chosen for calculating that of

BaTiO3. For SrTiOg, we have chosen (111) plane for calculating lattice parameter
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Figure 5.4: X-raydiffre iq ‘pat,t' 3 Ims on Al,O3 substrate

annealed at tempera ures % ﬁ

due to its most intensity. _;M ¢ 1& ed ameter for BaTiO3; were a =
3.995+5 A and ¢ = 4. 011:|: A —while f] S TiO5 was found to be 3.90545 A
36]. All the films an-

which is close to the ulk BaTiO 6,

nealed at 600 m; -*w y phase transition
did not observe. 1o 'r; O3/BaTiO; films as a
function of annealing temperature. We found that the 4! size of the films also
increases as annealii’gﬂnperature increaweaching near 30 nm at the annealing
tempeﬁ ﬂﬂ 6; ﬁﬂnﬂﬁ w %Jltﬁlﬁ ?pared by Miss
Supa am confirmed that the grain size of the films increases with increasing
anneahng temperature. The reﬁi size for multilayer films annealed.at 800 °C
FRARE DA
ure increased to 1000 °C. The increase in grain size with increasing annealing

temperature was also observed in other literatures [77, 137]. This results can be

explained that increasing temperature enhances atom mobility yield a more ef-
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fective recrystallization of the material of the films leading to larger grain size.

30.0 nm

15.0 nm

‘,‘,',’L” MO 0.1 02 03 um

Figure 5.5: AFM image (0 3 ym s 0 3 /J, §rT10¢;/BaT103 films deposited on

i ri'-.l.a

ITO coated glass annealed at——dfffelent t@eratures (a) 300 °C, (b) 500 °C, (c)
J -

550 °C, (d) 600 °C and(ef 650-°C.
o , 2
\7Z xJ

=1
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5.2 Effect of annealing temperature on optical

properties of SrTiO;/BaTiO; films

films on ITO coated ong cperatures in the 200-800

nm wavelength range the ptlcal spectra of glass

and ITO coated on gléss sibs / films annealed at high
temperature were trau pa ' eﬁ i nsmittance of near 85% in
the visible region #The oscilla he 'f‘. mitts \.u e to interference have
low depths of modulatiox inY '_ ¢ ), ,7 ty of the films across the light.

All the films pres near UV region.

120 =

45
5

Transmittance (%)

300 40@' 500

’Q R Mﬂ‘im AP )5 2

1gure 5.6: Transmittance spectra of SrTiO3/BaTiOj3 films annealed at different
temperatures (a) 300 °C, (b) 500 °C, (c) 550 °C, (d) 600 °C and (e) 650 °C.
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" SrTiO,/BaTiO, /SITiO, /BaTiO,
100 |

D 0
(=) (=)

Transmittance (%)
N
(e}
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Figure 5.7: Transmittance 3aTi05/ i03/BaTiO; films an-
nealed at 600 °C. . ' \

Moreover, we de osi “5 5/ Ba 105/BaTiOs film (4 layers) on

=

ITO coated on glass substrate. Figure rates the optical spectra of

SrTiO3/BaTiOg/SrT e transmission spec-

tra of the mu r,-’&,-_——-----—~-~--—-;—--- '-'_"-'.s lation in transmis-

sion curve and lowe

; f%"‘! at of the films grown
with 2 layers. Fhis is due to the fact that the multilay Im with 4 layers has
more film interfaceﬁe&ng to weaker total interferences. Thus, in this study the

SrTiO;ﬁa% ﬂ‘ 163/ iﬁﬂﬁoﬂa &ﬂaﬁto examine the
refractlv“n ex and extinction coefficient by using Swannepoels method. Never-
theless, work by Ornicha Kon Wﬁ and Assistant®Professor Dr. Satréerat Hodak
Q\aWthaaﬁwﬂt@ mr% %ifo H%awg Eilﬂl@s &lealed
at 800 °C as éhown in Fig. 5.8 [67]. By comparison, the transmissioﬁ spectra

of uniform BaTiOj3 presented more depth of modulation compared with that of

multilayer SrTiO3/BaTiOg films with the same thickness.
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Figure 5.8: Transmittauce spectr

[ ]

Ll
L]

after gamma irradiati : af 2 dose st 157k % OTt: Kongwut et al.
MRS
From the optical anspAissi $50] 'SP‘ e absorption coefficient («) of the
films was determined from equation 3.22. The absorption edge of the films shifts to
: i J""‘ DR : : :
higher wavelengths w ereasing annealing erature. This due to exciton-

lynamic_disorder which isthe-main Jactor contributing to

phonon coup ~e', iE

absorption edg amorphous mate-

and disorder g ating additional adening due to static

rials, imperfecti

disorder. In the ﬁ}ins of smallest grains Change in Urbach-type absorption tail

manlfﬂﬂﬂ“ﬂ“ﬂﬂ‘ﬂfé 130 4
gap which c fie ss ‘of edge|[ he band edge

steepnees Value can be obtalnedd“rom the slope ﬁthe plot of a? a,IWV at the

QJEW@ m 15" 341% éﬁTﬁ ﬁlms
qncreased as t e annealing rature increased indicating tha density of

localized state decreased with heating temperature. Another quantitative mea-
surement of band edge characteristic can be derived from so-called Urbach rule

illustrated in equation 3.23 [125]. The Urbach energy value (Ey = (kT/0)) was
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obtained by plotting In « versus hr in band tail absorption region and taking

inversely slope.

17-0'|'|'|'|'|'|'|'|'|'|

16.5 , » . .

43 44 45

Figure 5.9: Determination Of Urba — : - SrTi03/BaTiO3 films annealed
at 500, 550 and 600 °C fro

§ pefficient.
i -

Figure ,.; f hv for the films

annealed at ‘M ergy was found to
be 0.272, O.ZGBBd 0.220 3 DL %00, 550 and 600 °C,

respectively. As the annealing temperature increases, larger grains are formed

which the reduction
of the su fiuﬂlu mei uj)cahzed states

most hkeﬂ from surface states. Ia-order to determlne energy gap of tvlms the

YNNI RN IR

plotted (ahv)® (n=2 for direct transition and n=1/2 indirect transition) versus
hv. The energy gap was obtained by extrapolating the linear portion of the plot

to zero frequency. We found that the best fit to a straight line was obtained for n
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= 2 indicating that a direct allowed transition occurs at I' point in the Brillouin

zone from the valence band maximum to the conduction band minimum.

1.0
O STO/BTO 300°C
~ ol | © STO/BTO 400°
C\lg . A ),
(‘\l> I
o 0.6
o)
—
)
—
N— =
(@]
~
>
=
3
N—"
0.0 T 3 ,, ——
280 380 B2 ZAT Sk 40 42 44 46
Figure 5.10: Plot of (« AT for SFHO, ‘03 films annealed at various
temperatures.
Figure 5.1( varigus annealing temper-

atures. The sa
[141, 142]. The 'I' d'g calimg temperature is illus-
trated in Fig. 5.HWe found that the value of energy gapﬁ the films annealed at
lower temperature ﬁwoo, 500 and 550 ?C) gradually decreases with increasing
ﬁi%e%}re’ah%sﬁ}%r% ow 9&.}3’6}/ ﬂ\ %uptly decrease
towards hie bulk bandrgap value is observed for the films annealed above 600 °C
yieldi he ener value in the 3.64-3.74 eV . It has been ed that
PIANATAIEATN BT RL.
v [

, respectively [143], whereas those for SrTiO3 are 3.75 and 3.25 eV, respectively

-
L g e optical band gap

anneal

[144, 145]. The band gap of the amorphous phase is about 0.3-0.5 eV larger than
that of the crystalline phase [143, 144, 145]. The abrupt decrease of energy gap
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from around 4 to 3.74 eV is due to obtaining a more crystalline phase when the
films annealed above 600 °C. Similar change in energy gap for BaTiO3 and SrTiO3
has been observed in work by Zhang et al. and Bao et al. [77, 81].

4.3

2l e U/ _

Energy gap (eV)

650 700
L (OC)

Figure 5.11: Temperature depcn > optical band gap energy for

SYTi0s/BaTiOy films. o

=

The ‘y‘};#liﬁ‘i‘iw-in- 0

'—E; efse with increasing

N L)

annealing temperatu oy band gap. The shift of
1. T

optical band gap énergy can be also explained in terms of quantum-size effect in

which therﬁlms with' l{ge crystallites Will&}ve red—shifted absorpt‘iion onsets. By
Ezz]?fﬂ;nﬁsgﬂsﬂhﬂfﬂﬁowgﬂeﬂ1ﬁfor energy gap
ARANATUNBAT RN Yo

272h?
r2p

B, (1)= Ey(bulk) + (5.2)
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where, me, my, p© and r are the effective mass of electron, the effective mass of
hole, the reduce mass and the diameter of nanoparticle, respectively. Normally, if
the particle size is smaller than the corresponding DeBroglie wavelength, the size

quantization effects can be observed in the band gap. The theoretical calculated

471'8 Eqpdl

B (5.3)
where ¢, is the di i s s (1.6x107" C) and h =
v // \\

tEg _
direct Eg

heory indirect Eg
4.0 il
El | '
= 3.8 7
e R I e 4
Q ----------------------
<
b.[)36 — 7
o .
an
(UG W4 7
S 1
:m C? -------------

ﬂuﬂqﬂﬂﬁfﬁ
RO e I ﬁwméfa

iredlctlon of the quantum size effect with adjustable effective mass.

40

Figure 5.12 shows a comparison of theory of quantum confinement model

along with the experiment values for the allowed direct and phonon assisted in-
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direct transitions. In our calculation for BaTiO3, we substituted m, for 0.81m,
(' = R direction), here m, is the mass of a free electron equal to 9.11 x 1073
kg and my, for -2.78m, (R — X direction) for indirect transitions. (u = 0.62m,
assuming the light electron and hole) [146, 147]. The resulting values of direct

band gap energies are larger than > 0 irect band gap energies. As the par-

ticle size gets larger, the band g 5.6 ch the bulk values. For smaller
crystallite size, there is a shi b @ theoretical curve for both
transitions. This Wal . mass of electron and the
effective mass of hole u e tained from bulk assumption

using the first ' I A better ag ent between our data

and the theory ¢ ! Dy ng tk d mass. Such procedure

b

We now turn our a;@@gf/go _j L absorption. The optical parameters

including refr,g&ve index (n), extinction as films thickness

sing the envelope

method derived‘E ‘ ed t!@mess of the films was
found to be 250+ 0 nm determining from the equation 3.19 which is content with
the fil tro e absorption
of our‘ﬁ ﬁ Erﬁ‘w gﬂm gﬁﬁ i the region of
medlumilid weak absorption (« ‘ié 0), the complex refractive mdex n = n — ik,

’Qfﬁ"l RRTARI Y i ﬂmﬁtﬂiﬁi

1sper81on curve of the films with annealing temperature. The refractive index
and the extinction coefficient decrease with the wavelength following a typical

shape of dispersion curve near an electronic interband transition, rising rapidly
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toward shorter wavelength [149]. We found that the refractive index increases
with increasing annealing temperature. It is known that the refractive index of
perovskite thin films is proportional to their electronic polarization per unit volume

which is inversely proportional to distance between atomic planes. This result can

obtained for the filins au 1s due to crystallization
(n = 2.30-2.65) [144]

iz :35) [123] and BTO

of the perovskite phases
and BTO (n~2.3)150f0r ¥ rystall

thin films (n=2.15-2.55)4 fttie-rof H \ r films is lower which
is in the range o '7‘, ’ it 'afﬁ" \ "'».:\\

that crystalline stuictuze ofour !_igr. ilayer ﬁl l0 a relatively low density

Ll v- C DEra
QI § nNparisio

perature. This suggests

[144, 150, 123, 122]. The gktinetion coef ur films is less than 0.05 in the
450-750 nm waveleng h_ i %ﬂ"' ng’ ‘ losses with the film annealed

at 650 °C exhibiting the lowest foss: -

ﬂ‘lJEJ’JVIEJVI‘iWEJ’]ﬂi
QW']Nﬂ‘ifUﬂJWTW]EI']ﬁH
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q of the films as a function of wavelength.
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5.3 Oxidation state and weight percentage of Fe
in SrTiO3/BaTiOj; films

To verify a presence of the Fe i ed films as well as identify the oxidation

state of Fe, the X-ray absorption ne » ucture (XANES) technique and

EDS equipped with field emission s i microscopy are necessary to
be used first for chara , éﬂmt, we planed to add Fe
with concentrations T el ‘ 5 _ and SrTiO5;. The detail of
calculating weight peréentages . i ' en iu A DL 'x B. Nevertheless, the

quantity of Fe contg ' it e Sl ained .‘\ experiment is smaller
than that obtained from lation: The veight, to percentages of Fe in
BaTi;_ Fe, Oz andfSrTiy . Fe, 7' \ine 0] \\, lustrated in Table 5.1

Table 5.1: \

1 BaTi;_Fe, O3 films
mic percentage
X
Fe
2 wt% Fe-doped fi \ 7 0.039 0.039
4 wt% "-;,-i:_;:-:-:—------:— 44.275——4.22 LO22070.076 0.076
| I—— — 1I 4 |

$ wt% Fedop b 14 | 0146

ﬂ : | eight percentage M omic perclentage

Q wt /o, ed film

% | 4 wt% Fe-doped films
8 wt% Fe-doped films
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Figure 5.14(a) demonstrates the XANES spectra of Fe-doped films at Fe
K-edge. Figure 5.14(b) shows an expanded pre-edge region of Fe-doped films with
various Fe contents. All films have exhibited a small absorption peak at pre-edge

region approximately 7114.5 eV which is similar to the value reported for that

Fe doping concentraf — A W the intens ty of the main peak also
increases as Fe dopit fents . ' cases. The absorption edge was obtained by

-

derivative of the X AN [ ra jafter subtracting e-edge baseline. We found

that the absorptioffedgefeneray of Fe in the film s found to be about 7121 eV,

AU INENTNYINS
ARIANTAUNNIINGIAY
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' 1 1 1 1
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= ed wt%
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Flgure 5.14: (a) Fe K-edge XANES spectra of Fe-doped SrTiO3/BaTiO3 multilayer

films with various Fe concentrations (b) pre-edge and absorption regions.
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5.4 Effect of Fe doping on structural properties
and surface morphology of SrTiO3;/BaTiO;

films

Figure 5.15 shows the XRD pattc doped SrTiO;/BaTiOs multilayer
films with different Fe \ \ | ﬁ;mina substrate. Both un-
doped and Fe-doped W 11 qed orientation was ob-
served as illustrat ) )| Be -s 0 rlapping between peak

of 200 planes o o , ‘ | substrate, t \osc o peaks were chosen to

characterize the efl . [ the films. The position
: iii a

7 \ angles with increasing
Fe doping conce i 7 i Fig. 5.15( " his Tmplies that the lattice
parameter decreases as Fe . e at 7 ns ‘ \ lculated lattice param-

. P “ '! b as '\‘ A whereas for Fe-doped
Sr'TiO3 decreased as (s (Fe-doped SrTiO3: 3.900
A for Fe 2 wt%, 3.89 ; 834 A for Fe 8 wt%). We found
similar reduction in the latt G . "" doped BaTiO3 (undoped BaTiOs:
4.009 A, Fe-doped B c 3.A forFe 4 wt% and 4.000

g
S B

A for Fe 8 wt¥i) '_'_-_-..----.-...-.-::—-'-.::':———*——-{- o Ti** (0.68 A) due

to the compatible.rad

with EDS resul f

e inthe film was confirmed
Moreover, the full width at half maximum of the peaks also
increases as Fe dom oncentrations 1ncwe This implies that the crystalline

— IR T AR

usin

ammmm UANINYAY
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films with different Fe concentrations deposited on alumina substrate, (b) the zoom

30

of (200) planes.
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Figure 5.16 illustrates the FESEM images of the films with various con-
centrations of Fe dopant. The FESEM results obviously reveal a distinguishable
surface morphology between undoped and Fe-doped films. In other words, the

undoped films have a mixture of round and facet-shaped morphology while the

surface of Fe-doped films has a te rds porous structure as the contents
of Fe in the films increas ; 1t 7 decrease of facet-shaped mor-

phologies and connectior in size of the films strongly

depends on Fe dowm meefage size of particle de-
creases from 300 1 fo oped f 0200, n nm with the Fe doping
concentrations I’ C .

(a) undoped

500 nm

500 nm

ammnmwnwmaﬂ

1gure 5.16: FESEM images with magnification of 50,000 of SrTiO3/BaTiO3 mul-
tilayer films deposited on alumina substrate (a) undoped, (b) 2 wt%, (c) 4 wt%
and (d) 8wt% Fe doping concentrations.
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The decrease in the average size may due to the fact that the particle surface
of the SrTiO3/BaTiOj3 films was enwrapped by Fe ion which obstructs the crystal
growth. Our results on reduction in grain size with increasing Fe concentrations

are consistent with others [152, 153]. Figure 5.17 shows the cross-section FESEM

Au/Cr electrode

Fe-doped
SrTiO,/BaTiO,

Alumina substrate
500 nm

LT .
-

AUEINENINEINS
AMIAINTAUMIINGIAY
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5.5 Effect of Fe doping on gas sensing properties
of SrTiO;/BaTiO; films

wt% Fe-doped SrTiO3/BaTiOs multilayer
films to study the ethanol sensing abili our films. Figure 5.18(a)-(d) show

the dynamic response 0l pu , itration ranging from 100 to
1000 ppm of SrTiO3/BaTiOswuulti réth Fe 2 wt% and Fe 8 wt%),
. —————

—

respectively. The g changes in resistance of

the films which is caus: ¥ the ad orptio i ion of oxygen molecule

temperature [24 fUnder aitfatmosp Xy lecule were absorbed onto
i W e 1

the films surface t#apping clectronand o6 ing us oxygen ion species (O,

surface which suggest that d -‘ﬁ?m is-a

In this exerlmentab'l‘scﬂ?u'p,-"i-t'lgxl anol removal before the next
ethanol feeding was 15 min. It was diffi to determine t covery time of the
sensors made frotn 1‘“‘ 350 °C because the
resistance did ndd omé back to 90% of t ial value after removal of ethanol

vapor (see Fig. 2. Ill'3 However, we have tried to extend ethanol removal time

e EJZHEI PN 13N 1D (1014 i A

found tha the resistance of ZnOgsensor operatmgmt 300 °C turned yabout 70

Tq ti §1qmﬁ mog jﬁpﬁ)’ﬂ{g lﬁ et al.
ave been observe the ZnO sensor resistance could ¢ back closing to the

initial value as the operating temperature increased. Their results showed that at
operating temperature of 220 °C, the resistance turned to around 70% of initial

value after removal ethanol gas for 18 minute whereas operating temperature
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increased to 280 °C, the resistance came back to almost the initial value [24].
However, the senior project done by Mr. Pornpipat Wongwarakarn [155] under
the supervision of Assistant Prof. Dr. Satreerat K. Hodak have been observed that

the resistance of the sensor based on CaCusTisO1» films can turn to 90% of the

initial value after removal of ethanel min for all operating conditions. For
our dynamic response curyes \ . are somconditions that we can approximate
the response and reco h‘%' he respolise®nd e overy time for the sensors
based on the film doped w '

5.3 while those of the sen e films measuring at 250

and 350 °C are shov

Table 5.3: Response 7 Yy A tin SETION, 3 Ims doped with Fe 2

wt% operating at250 %C

11.7
12.6
12.4
14.7
14.4

: T
Table 5.4: Respme and recovery time of SrTiO3/ BaTiOs flms doped with Fe 8

wt¥% operating at 250 2C. noronc
9 W'] ﬂ‘ﬂﬂ‘im SJV["]’J El’lﬁ d

> 15
1000 2.1 11.8
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Table 5.5: Response and recovery time of SrTiO3/BaTiOj films doped with Fe 8
wt% operating at 350 °C.

Ethanol concentration (ppm) | Response time (min.) | Recovery time (min.)
100 4.8
200 2.7
300 5.7
500 9.5

10N . C 5.8

Our sensorrespo Se shos a{{ nger than the response

time. This couldébe possibly related eI 1cal reaction kinetics

between ethanol moléculgs and ox; ocn_jon$ adsorb the film surface during
the recovery period. If 1 e OxXy ies are depleted, there may be a longer
recovery time. The fg ' n%. hich has the lowest vapor pressure of

all the products, may algo lead*toa- e due to its ability to bind
Y

on surface cations via t e cdrboxylate gron cussed earlier in equation 2.31. In

contrast, at elevated te '—3-5'&"_31-55-3-[{'-{ e ck caction rate is higher causing a
shorter recovery: t sé time for each case is

comparable. | ﬁ’v‘:

the space chargﬁode

ions are explained by

@
Sr=a +hC 5.4)

e BN NGTIS NN s e

could beﬂ/ 2 or 1 depending on o¥ygen species Wthh coverage on the film surface

ARSI TARL

of a and b constants approach 0 and 1, respectively. The sensitivity at different

operating temperatures of the films doped with Fe 2 wt% and 8 wt% are shown

in Fig. 5.19. The insert in each Fig. 5.19 shows a linear relationship between
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In(S,) versus In(C). We found that the values of N were in the 0.16-0.24 range
for the films operating at 250 °C and increase to the range of 0.38-0.44 for the
films operating at higher temperature of 350 °C. Our sensor response at 350 °C

according to N nearby 1/2 indicates that oxygen species coveraged on the film

surface being O?~.
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The sensitivity of our ethanol sensors based on 2 wt% Fe-doped films is in
the 1.96-3.54 range at the operating temperature of 250 °C and increases up to in
the 2.41-6.86 range as the operating temperature increased to 350 °C, and rising

up with ethanol concentrations. A similar trend can be perceived for the sensor

0

made from the film doped with E %. The ethanol sensitivity of Fe 8 wt%

doped film is in the 2.00-2.84 a :

o

noeat operating temperature of 250

s e
°C and 350 °C, respec 'A%E;Q‘ > results showthal the highest sensitivity may be

obtained at the operating temperature of 38 films. This is due to the

fact that the absorbed oxyecnimole on th ce can form in increased
coverage at high*te; _oV' ‘ resistivity variation upon
ethanol exposurcgesulting in an imj ment in sensitivity. At fixed operating

temperature of 350 2C as at the ethanol sensitivity

of sensors made from Fe ¢ ! il S, 1-2 tis s higher than that of the

films doped with Fe2 wt%. W concentrations in the film,

a better sensitivity is bt the surface morphology

of the films doped with

I‘e 1 | 'v: .

which enhance the reaction ﬁ{{ __ )1 gen molecules on the film surface

2 g ‘and more porous structures

and the ethanol gas.

Yy, ,f'

U gl
AU INENTNYINS
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5.6 Effect of multilayer structure film and Fe

dopant on dielectric constant

There are many reports on dielegtric constant properties indicating that the

dielectric constant of films can | e enhan increasing annealed temperature.

ant of BaTiO3 prepared by

metallo-organic solutio 7 lepositic 3 ‘MS from 70 to 255 with in-
crease of annealed e ' W frequency of 100 kHz

carried out at roo Ature i [158]. Quan et al. de-
posited BaO,QSro.l‘Ti 7 io fi en , n‘sputtering technique.
They found that . 99191 Ti03 film and
the films anneale y = 7 work BA7 and 758, respectively
at 1 MHz [48]. The i i "1 7 i ] 1s with the increase in an-
nealing temperatu e is ) incréase 1 X “and improved crystallinity of
structure. As discussed
earlier in section 5.1, atied-—the €-grain Size for the films annealed at

high temperature of 1000 °€ 1 to study the effect of multilayer

i i" ] il .
structure film and Fe dopaﬁt«{sz_-ﬁjel_e’ ric congtant, we kept the annealing tem-

perature Con‘,t;t at 1000 °C. Figure ic constant of BaTiO;

film as functios FMJ ith various applied

of frequency in t
voltages operatifp ' at room ound tha ! he dielectric constant

of BaTiO3 film decreases with increasing applied frequency and high dispersion

of diele ncy below 100
\ﬂ‘ ufﬂqu cyl a Ew ielectric cons aﬁﬁs close to con-

stant vaﬁja This dielectric varlatdpn on frequency can be attributed to dielectric

ﬂnﬂﬂﬁﬂnﬁimMﬁtﬂﬁﬂﬂ TR

as illustrated in Figs 5.21(a) and 5.21(b), respectively indicating the ferroelectric

properties of BaTiO3 at room temperature.
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Figure 5.21: The frequency dependence of dielectric constant of BaTiO3 with
applied voltage at (a) 0 to 25 volt and (b) 0 to -25 volt at room temperature.
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The tunability percentage of dielectric constant of thin films was calculated

by the formula;

%Tunability = ~22— My 100, (5.5)

imum dielectric constant, respec-

ot worky dielectric constants of BaTiOs

ud 2@0, 25, -10, -20 and -25 V,
Ild to be about 7.03%,

f 1, 2 and 2.5 kV/cm,
t under high electric field
tunability of BaTiOg

films are 280, 261, -
respectively and
8.30% and 8.95% e
respectively at 100
of 300 kV/cm and a

R

films is about 35% iy dielectric=¢ stant ve

n
.\x\
5

e comparable to that

in et al. [161] for films

prepared by sol-gel process. The Y dep e of room temperature di-
electric constant of Srl'i . | y fferent ap tages is presented in Fig.
| l o6 in dielectric constant of SrTiO3
d, SrTiO3 capacitor can not tune
with applied electric fie esult confirms that Sr'TiOg
is paraelectriciand the structure is cubic phase at room & cmperature. We found
that the y_a f‘ 1 '- about 188 at 100
kHz which is EI than at of SrTiO; prepared J_:j pulse laser deposition

162].

ﬂ‘lJEJ’JﬂEJVI‘iWEJ’]ﬂ'ﬁ
AR AINIUNRIINYIANY
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220 L SITIO, i
o O at Ovolt
= 1210 O at 10 volt
= I K A at 20volt | |
g ¥ at 25 volt
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)
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Figure 5.22: The frequent n,- ic constant of Sr'TiO3 with ap-

plied voltage from 0 to 25 g 1t ; O_lﬁ_;l’ ¥

LA :
versus freq ehavior has been also observed

Similar dielectri
in SrTiO3 a ;;;i;-----;—------—-----—----:n-un----w!g-!g,—- 23 /1t has been clearly
seen that the M 1 ati ‘ y change with bias
voltages comparﬁ with uniform h{(OF — qen@of 100 kHz, dielectric
constants were found to be about 521, 464, 445, 434, 466, 447 and 437 at 0,

o [RILaR 030 ok | 131 ol i

kV/cm, spectlvely see Fig. 5. 2@ Our results showed that the film wn with

PR SN TIN IR

as a function of applied frequency at zero bias voltage as depicted in Fig. 5.25(a)
and 5.25(b), respectively. All films were grown with 5 layers of deposition for

which the thickness of the films is approximately 600 nm. Deposition conditions
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for the film growth can be seen in Table 4.2. We found that dielectric constant
of multilayer films not only undoped films but also Fe-doped films exhibits high
dielectric constant. The values of room temperature dielectric constant and loss

tangent of all films at 100 kHz are shown in Table 5.6.

L ] ! tangent of all films at 100 kHz

constant | Loss tangent

Table 5.6: The value of d1e1

with no bias voltage.

0.017
0.028
0.049
0.058

ﬂ‘UEJ'WIEW]ﬁWEJ’]ﬂ?
ammnimumaﬂmaﬂ
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films with applied voltage at (a) 0 to 25 volt and (b) 0 to -25 volt at room

temperature.
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Flgure 5.24: The room temperature dielectric constant as a function of (a) applied

electric field and (b) volt of BaTiO3/SrTiO3 multilayer films.
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Figure 5.25: The value of dielectric constant of all the films without applied voltage

measured at room temperature.
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The enhancement of dielectric constant and tunability observed in multilayer
films is due to the fact that strain induces lattice distortion resulting from the mis-
match of lattice parameter between SrTiO3 and BaTiO3. Figure 5.26 depicts the
formation of SrTiO3/BaTiO; superlattices. SrTiOs bulk has cubic structure with

. Due to the fact that

(b)
— SITiO,

fa 901;AJ ' \ — StTiO,/BaTiO,
oo VY %-* AN

N A

ﬂi..u

pitio,

<100>
--BaTiO3

<010> P, i t—te A

| v‘fj‘;:
Figure 5.26: Scammatic presentation of (a) perovskite 'ﬂt cell of SrTiOs and
BaTiO;3 (b formaﬁf)rﬁf SrTiO3/ BaTiOggsuperlattices. The arrows denote the

FT"‘H BN BNTHE T

Ti*t | 10n n tetragonal structure are displaced W11£02 ions, the spoWeous po-

WARSN TR AN INR TR

lattice constant of BaTiOjs, the coherent interface introduces <100>/<010> in-
plane compressive stress into BaTiO3 and tensile stress into the Sr'TiO3 layer as

presented by arrows in Fig. 5.26(b). There are theoretical studies reporting the
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interfacial strain-polarization coupling issues [62]. The reports suggest that the
compressive stress state in the BaTiO3 layer tends to maintain the polarization
component along the <001> direction. Also, this polarization induces aligned

dipoles in the SrTiO3 layer. In addition, the increase of stacking number results

in the development of a dipole ¢
et al. studied the effect of comp

the BaTiOs/SrTiOs superlattice b ples calculation [63]. They

ong <100>/<010> direction. Zhu

the polarization properties of

pointed out that with increasing 1 0.3-1.5% displacement of Ti and O

portional to (grain j = ( . It was known that

stable domain width in . ' ‘materia 3 esult of a balance of energy.

As the width of domain is all energy per volume would be
higher. On thﬁther hand, as domal he energies of electric and
mechanical fi ch on between domain

width and gramj' 3 app oe trlc phase of material

with grain size |the range between 1 and 10 pm. Arlt-et al. investigated the

domain width con ion in BaTiO; ceWm [166]. Their results revealed the

departﬁbyvﬂ @ jﬂmg Wz‘ejow E qnﬁrﬁhc relation for

grain si ey mentioned that at smaller grain size (< 0.5 u

in di-

the 90° domain wall vanished. lﬁ addition, Arlt“ét al. also experimentally and

PR bbb b L) sf
‘ameter as shown in Fig. 5.27. At grain size above 1 pm the dielectric constant
decreased with increasing average grain diameter which matched calculated dielec-

tric constant curve. However, at grain size below 1 pm, the significant decrease
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of dielectric constant was be observed. They pointed out that the reduction in
dielectric constant with decreasing grain diameter below 1 ym was due to grad-
ual changes from tetragonal to pseudocubic structure and by coexistence of both

phase. Many experimental works also reported grain size dependence on permitiv-

red at 25°C
osured at 70°C

alculated with (9]
6000 -
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Lu:o- 7
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1000

Y : LPrRT T T

20 33750_ 0
L Y5
V. Ay

Figure 5.27: L on of average grain

diameter reportediby Arlt el at. {
AU INENTNYINS
ARIANTAUNNIINGIAY
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Figure 5.29 shows the -dispersior l of | 1\ temperature capacitance

\ O
and loss tangent of all fili ithout applied,: olta We observed that the capac-

itance and loss tange Fof the filins are. ] 3141.26 pF and 0.03-0.01 range,

respectively for uniform SrTiOs and in - 52-1.34 pF and 0.04-0.02, respec-

N

[
»

tively for uni orm

o in the range of 1.76-

1.54 pF and e e | multilayer films,

respectlvely aceol 'T- S I gent in the 0.06-0.03

|
.|.|-'

and 0.07-0.04, re; ,;! ectively.

ﬂ‘NEJ’J‘VIEJVIﬁWEJ’]ﬂi
QW]Nﬂ‘iﬂJlliﬂ’TJﬂEl']ﬁﬂ
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Figure 5.29: The frequency dependence of capacitance and loss tangent of all the

films without applied voltage measured at room temperature.
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5.7 Effect of gamma irradiation on dielectric con-

stant

In this thesis work, the capacitors made from SrTiO3 and BaTiO3 multilayer

films were chosen to investigate effect) ma irradiation on their dielectric

constants due to maximum dielectric red with others. %°Co gamma

capacitors to gam i b rradiated at three dose

values of gamma ray.i i 320 10.57 and 28.64 kGy.. However, we estimated

dose, the capacitance of thefilms inc 7 ses. We found that the capacitance of the

PEAT R
film exposed to gamma aﬁ@s&‘&*ﬁ‘ isi

he (.0

the 1.86-1.78 pF range accompanied

As the film irradiated to

.‘uﬂ to 1.93-1.92 pF

with the incra}in loss tangent i
dos e at 10 kGy, th

more radiation

and 0.096-0. 062 r ge, respe y 5 of capacitance reach a maximum

when the film was exposed with 30 kGy of gamma dose, which the capacitance and

loss a enhancement
in capﬂn a res ﬂc ease Eﬁrﬁoﬁ e films. Figure

5.31 comﬂares dielectric constan’p‘,of SrTiO3/ BaT103 multilayer ﬁlms before and

LATRNEIEN. YA T 8

111 the 739-689 range for gamma irradiation at dose of 10 kGy and in the 862-
812 range for gamma irradiation at dose of 30 kGy. The increase in capacitance

and dielectric constant after irradiating to gamma ray were also reported in other
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literatures [69, 72, 171]. Arshak et al. found that bismuth germinate (BisGez0O12)
thin films showed the increase of capacitance from 2.97 pF to 7.09 pF after gamma
irradiation with a small dose of 2.44 mGy [69]. Work done by Tugluoglu et al. has
been observed that the dielectric constant for Au/SnO;/n-Si (MOS) structures was

affected by strong gamma irradiatio ‘ , which dielectric constant increased

in a small range of 1.06-1.18 afte Sp o a ray at a dose of 500 kGy [72].
Sinha et al. reported that the ectric : polyallyldiglycol carbonate

(PADC) increase 0 42 at 1000 kGy gamma

dose [171]. ic constant after exposing to
gamma ray may“be attzibuged _- retic “displacing the atoms
in the crystal duti diggion fTh _ ncies and charge carriers
trapped at that sizes 1 o of a "A ) r molecules. Hence, the
capacitance increa; X | Juen e} bt il e in di ric constant and loss
tangent

We future do in crystal were displaced
by gamma irradiation e heated at temperature of 100 °C
for 30 min and were re-examined - L“ Figure 5.32 presents (a) capac-

nt of SrTi03/BaTiO; films after
0 min. Fig. 5.33 shows
(a) capacita co /(b ent of SrTiO;/BaTiO;
films exposed t‘q-lamm v and Eing at 100 °C for 30

itance, (b) dielectric constdyeg@{{ﬁef '.: ; ;
gamma radiat‘jm dose of 10 kGy and hea

d CO

min. Our results reveal that the capacitance of both fi

ray signi er,.the hat the values
of cap T gamm tion at dose of 10 kGy re-

duced toﬂ 74-1.80 pF and that ggr heated film after gamma 1rrad1at10n at dose

’Sm“’l AT B NETR

lms before gamma irradiation, which was in the range of 1.69-1.78 pF (see Fig.

ms exposed to gamma

5.29(g)). Energetic gamma ray can affect all atoms in crystal regardless of charge

of ions due to gamma has no charge. Nevertheless, in this study we can not in-
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dicate which atoms were displaced but the lighter atom was possible to easily be
displaced. Atomic mass of Ba, Sr, Ti and O is 137.33, 87.62, 47.87 and 16.00
amu, respectively[172]. From XRD experiment done by Ornicha Kongwut and
Dr. Satreerat Hodak showed that there was no observation in shift of XRD peak

of BaTiO3 after gamma irradiation [67], namely, they found no change in lattice
parameter corresponding 0 tetragonal di This might be due to the small
error of XRD fitting lead nt of atoms. By comparing

with Fig. 5.29 and 5. lie e constant_and 16ss tangent of heated films

after irradiating to gamum@ ray at dose of 10 ! ased to in the range of
' i/ \»\\

At A N e e
: 8defrespaciiyelyd Atsimilar Tesult ofreduction in dielectric
constant and lossgta Fa o/r und '\\Xl\ \ s

[ ter irradiating to gamma

ray at dose of 30 kG, ~ oss tangent were in the

range of 581-631 and 0.055-0 , TESP \ e’ ' d reduction in dielec-
tric constant by heat - films fiya i" he'due t that the displaced atoms
by gamma ray come daclcfbo: fc 7 : qﬁ 1 charge carriers trapped

at that size producir g d - rientation of dipole olecules. Thus, the ca-

pacitance decreases as‘a con ﬁ n n in dielectric constant and loss
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Figure 5.30: The frequency dependence of capacitance and loss tangent of

SrTiO3/BaTiOs3 films after exposure to gamma at dose of 5, 10 and 30 kGy.
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Figure 5.32: The (a) capacitance (b) dielectric constant and (c) loss tangent of

SrTiO3/BaTiO3 films exposed to gamma ray at dose of 10 kGy and heating at

100 °C for 30 min.
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Figure 5.33: The (a) capacitance (b) dielectric constant and (c) loss tangent of

SrTiO3/BaTiO3 films exposed to gamma ray at dose of 10 kGy and heating at

100 °C for 30 min.



CHAPTER VI

In this thesis, -doped SrTiO3/BaTiO3
¢ method. The used

substrates were chosen a ling to the desired applications. SrTiO3/BaTiO3

films with multi

multilayer films wegé" deposifed ol 5 ITO coated. on glass substrates to inves-
tigate the opti substrate for growing
SrTi03/BaTiOs, Fesdoped SrTi {.J-" ; 3 as well as ur form BaTiO5 and SrTiO;

films in order to chara thé electricalipropertics cludlng dielectric and gas
sensing properties. : A \

, \

For investigating perating temperature was varied

in the range of 300-650 °C; The maximun ting temperature limited at 650
°C was due 'a.'r : 1g of glass subs s XRD results the films

annealed abo T;_"“‘—---——

£a=

rated mixture oﬁr S A -‘
temperature, thelarge grain size could be obtained. The

the film ¥ere measﬁrﬁn the 200-800 nn%velergijh range. All the films exhib-

FEIRR T B LY Tt ey

can be amed by varying anneahng temperatures. We found that the value of

amammmmﬁﬁﬁ I

as in the 3.64-3.74 eV range. The refractive index of the films was in the range

-
\,ﬁf v with phase sepa-
increasing annealing

ansmission spectra of

ited o

of 1.69-2.10 depending on annealing temperature and the extinction coefficient of

the films was in the order of 1072 which indicate low optical losses with the film
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annealed at 650 °C showing the lowest loss.

Then we moved on to characterize gas sensing properties. The annealing
temperature was kept constant at 1000 °C. It was known that the gas sensing

performance is influenced by grain size and porosity which could be adjusted

4 wt% and 8 wt%, respe noticed Fe ions in the films
being a Fe?* oxidation state. We f %éd the effect of Fe dopant
| — T—

on the microstruct

for Fe-doped S A for 4 wt% and 3.884
A for 8 wt%. )3 . arameter was 4.009 A,
4.008 A, 4.003 A andi4. v 3 ng _' ation of 0, 2, 4 and 8 wt%,

respectively. The, o com l. ant is du]i| toa slightly smaller size of
Fe3t substituting into Ti :'*\ ﬁg’;F’ - results revealed that with increasing
Fe content, the surface ' orphit --,; - i ms had a tendency to more porous
structure and decrease in ;-- size of th ms. The ethanol sensitivity could
be improved jchrough m(;rdgggfﬁk’fé? cont
p-type semiconductor. The sensitivi

at 350 °C. The o j.. ity ] niration in the 100-1000

ent, with our films acting as a

sors performed the best

ppm of the ﬁlmsH oped w - e which is about two
times higher than that of the Fe 2 wt% doped films. Th1s improvement in ethanol
sensin ddi into the films
causm a sﬂ E ﬁ‘% ﬂ]g Wg ﬁ:lﬁ(ie the reaction

betweenmasorbed oxygen molecul ‘es on the film surface and ethanol gases

QSR TN B B
qle ectric properties. We repeated several experiments and compared our results

with many literatures. Our results confirmed that the dielectric constant can be
enhanced through growing the films with heterostructure of BaTiO3 and SrTiO3

of which the dielectric constant as measured at room temperature without applied
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electrical field was approximately 522 at 100 kHz while that of uniform BaTiOj3
and SrTiOj3 films were about 280 and 188, respectively. The significate increase
of dielectric constant observed in heterostructure films is because strain induces

lattice distortion caused by the mismatch of lattice constant between BaTiO3 and

SrTiOs. In addition, the improyveme i g ability also obtained with multilayer

hibited a little lower dielectric con-

films whereas Fe-doped hete S
stant than that of undo --Aa..k__;_b e upplementary research on the
dielectric properties for BaTiOs a1 S L1045 114 , S to explore the influence of
at the dielectric constant

gamma irradiation on di

of multilayer films'Signifi gamma irradiation. For

example, the dielgétric ¢ om temperature with-

out applied voltage ificreas fo 830 cla j' ) 1 dielectric loss of 0.096

after irradiated“fo ga L T8 : 0 kGy." The increase in the values

of dielectric constant a ‘esen o I m1} 1 irradiation can be attributed to
the atoms in the crystal enioved-by on \ ray. This creates the va-

cancies and charge €carri ped at: i ] ling easily orientable dipolar

j":,“‘: ipacitanc ses along with the enhancement

molecules. Consequent

in dielectric constant acco ‘uw ;i' rease in dielectric loss.
o H’r ¥

= e

ﬂ‘lJEJ’JﬂEJVI‘iWEJ’]ﬂ'ﬁ
AR AINIUNRIINYIANY



References

[1] Werle, P., Muecke, R., Ama 1., and Lancia, T. Near-infrared trace-

gas sensors based 1 100 e ol Aire,diode lasers, Appl. Phys. B 67

[2] Marsal, A., Cornelyderand Motante, Jo-ReStudy of the CO and humidity
: . Sensor. Sens. Actuation, B
94 (200 '

[3] Gu, Z. and ser n based on p-polarized
211

refectance.

rrace plasmon resonance

of SnOy/A1 i1 4y crs & sensing pplications. Sens. Actuation,

[5] Stankova, M. et al. Se sttivity and selectivity improvement of rf sputtered
WO; microhotpléte gas-se ation, B 113 (2006): 241-248.

-------------- ‘*‘"i' Mulla, I. Fe-doped

6] Vaisham)

6] Vaishasig
SnO, E .I en sulfide gas sensor.
Mater.~€hem. Phys. 109 (2008): 230-234. g

57k 1b1h oy 114 e
ol SN STy

[9] Fergus, J. W. Perovskite oxides for semiconductor-based gas sensors. Sens.

Actuators, B 123 (2007): 1169-1179.



143

[10] Jain, G. H. and Patil, L. A. Gas sensing properties of Cu and Cr activated
BST thick films. Bull. Mater. Sci. 29 (2006): 403-411.

[11] Ishihara, T., Kometani, K., Nishi, Y., and Takita, Y. Improved sensitivity of

Cu0O-BaTiOj3 capacitive type €O, sensor by additives. Sens. Actuator,

e 0\
[12] Herran, J., Manday . & Wid state gas sensor for fast
carbon . Sens. w (2008): 705-709.

[13] Hu, Y., Tan ow temperature nano-
structured o Ceram. Int. 30 (2004):

1819-
[14] Hara, T. ‘ Xy ger e SrTi0O3 thin film prepared
using atouic la 'ﬁ! ! b .L . B 136 (2009): 489-493.
ccurate sensors offering unre-
stricted recalibratio Add los -; -L for determining high tem-

effects of different gases on metal

24-228.

peratures on

oxides. Sens. Act tafiofl, b He

[]_6] Ja]n e' 5 »'_l-lll-m:;=-P--l-n-llllui;iiiii--m‘nv OIS as H2S gas SEensors.

- =5 ‘

S ens. Letu

[17] More, P. ¢t t al. Unidentified H, gas sensing chara@eristics of BaTiO3:Cu

omposmglﬂater Lett. 61 (2007): 2891-2895.
[18] £ i\

TEANENINEINS....

ated p-type SrTi;_,FeO03_s semmondt@rs for gas sensmvensors 7

AR TN NNTIVIE A E

19] Chaudhari, G., Bambole, D., and Bodade, A. Structural and gas sensing
behavior of nanocrystalline BaTiO3 based liquid petroleum gas sensors.

Vacuum 81 (2006): 251-256.



144

[20] Sahner, K. et al. HC-sensor for exhaust gases based on semiconducting doped

SrTiO; for on-board diagnosis. Sens. Actuators, B 114 (2006): 861-868.

[21] Bene, R., Pinter, Z., Perczel, 1. V., Fleischer, M., and Reti, F. High-
sensors. Vacuum 61 (2001): 275-278.

antra ; settakul, V., Lomas, T., and
5 \\1‘ ﬁted gas sensor for environ-
. Tehnol. @6 (2005): 261-265.

16 | an heng. 7 Selective detection of ethanol

temperature semiconducto

[22] Wisitsoraat, A.,
Chindaudom

d SnOy-based sensors. Sens. Actua-

., Mangkorntong, N.,
/n0O and Au-doped ZnO

[25] Chen, D. et al. sensing response of ultrathin WOz

nanoplates. ' 035501-035512.

[26] Wang, Z. and ing D operties of Fe-doped

Sn ‘ mllr‘_‘l.'l.‘_.l‘._ln_".l.ﬁ.ﬁiii--
‘:’— LY J
27] Aswal, D.E d E
Gas Sensors. New York: Nava Science Pubishers, Inc. 2006.

N “FI NPRIIR 1020 (41 (0 Ve

ens Actuator, B 93 (2003): 396-401.

RELEY FUNBNTAYIALY- .

sol-gel spin-coating. Sens. Actuators, B 93 (2003): 495-502.

logy of Chemiresistor

[30] Thokura, K. and Watson, J.. Stannic Ozide Gas Sensors: Principles and
Applications. Boca Raton: CRC Press, Inc. 2000.



145

[31] Koch, C. C.. Nanostructured Materials: Processing, Properties, and Appli-
cations. New York: William Andrew, Inc. 2007.

[32] Kuwaba, M. Influence of stoichiometry on the PTCR effect in porous barium

titanate ceramics. J. Am. . Soc. 64 (1981): C-170.

CR characteristics in porous

tially oxidized Ti powders.

[35] Pinto, N. Ji& I )jals, RppWva  _, Y ., A. T. J. Electric re-

ers to vapors of aliphatic

[36] Raksa, P. et al. Eth i o i ies ), w0 nanowires prepared by
an oxidation Teactiv ! i (2009): 649-652.

[37] Yang, Z..ct al. Ethianol gas sensof b ped Zn Q nanomaterial with

[38] Mandayo, ﬂd Herran, J. BaTiO3-
I ion. Sens. Actuators,

CuO sputtered thin film for carbon dioxide det
118 QO%ﬂOE) 310.
» f[ Al EJ ohi) ﬂﬁiﬂﬂ M@ 5. ceo,

oped SnO, sensor selective to ethanol i inpresence of CO, LP@and CHy.

ARTRMTTURRTIVIE A E

40] Tianshu, Z., Hing, P., Li, Y., and Jiancheng, Z. Selective detection of ethanol

G., .} U 7]:.

vapor and hydrogen using Cd-doped SnO, based sensors. Sens. Actua-
tors, B 60 (1999): 208-15.



146

[41] Neri, G. et al. FeSrTiOs-based resistive oxygen sensors for application in

diesel engines. Sens. Actuation, B 134 (2008): 647-653.

[42] Lin, F., Jiang, D., Ma, X., and Shi, W. Influence of doping concentration

netism for Fe-doped BaTiO3 ceramics. J.

[43] Kumar, A. S. : Magnetic and#f . ic properties of Fe doped

SrTiO;_s BWE™T Magn. Magn. woy 092010-092014.

[44] Guo, Y., Suzukig'K. away K liki, T .and Kato, K. Dielectric and
| ' en BaTiO3 thin film grown
as a buffer layer. J. Cryst.

[45] Madeswaran g . A NHVa (hai -,: 7 R., Ravi, G., and Jayavel,
601 p L aracteristics of BaTiO3

0 hiod 266 (2004): 481-486.

[46] Dalberth, M. J., Statbor, P C., R
Improved low fre -ﬁ";‘-’% .-*-"*

ogers, C. T., and Galt, D.

dielectric response in strontium

tita ,'r ppl. Phys. Lett. 72
—',- i
(1998) % 4 )

Films anch-Thezr Dielectric Pmp&j@es PhD thesis, University of Col-

ﬂﬁﬁ?‘i”fﬁﬂﬁw 19

[48] Q , Z. et al. Effect of anneahng temperature on microstructure, optical

QR TR Sranedy

[49] Xu, R., Shen, M., Ge, S., Gan, Z., and Cao, W. Dielectric enhancement of
solgel derived BaTiO3/SrTiO3 multilayered thin films. Thin Solid Films
406 (2002): 113-117.



147

[50] Hsi, C. S., Shiao, F. Y., Wu, N. C., and Wang, M. C. Characterization and
dielectric properties of (SrTiO3/BaTiOj), multilayer thin films deposited

on Pt/Ti/SiO4/Si substrates by double rf magnetron sputtering. Solid
State Commaun. 125 (2003): 633-636.

[52] Wang, Y., . (ang, and. D 7. (Ba + Sr/Ti)
ratio onst e kio! ‘%‘\\““t:‘ oriented (Ba,Sr)TiO3

75 (2009): 827-831.

thin filiss f \
[53] Iijima, K., Tefashima T 4 Ban 1o, ﬁ I }% nd Terauchi, H. Atomic

'-.\ pe structure by reactive
L 2 .
a'Ti03 superlattices on Si

substrates using a LilN: uffe : pulsed laser deposition method.

[55] Hu, D., Shex cemen
Bal rgf 3l ;! od laser deposition.

Microeﬁ‘mn. Fng m

[56] Huang, H. H ‘iHSIaO F. Y., Wu, N. C and Wang, M. C. Preparation and

GAIIIPR 1130 L B taY R

Non-Cryst. Solids 351 ﬁ)05 3809- 381&

b BN MY bid s 8Y...

erties in SrTiO3/BaTiOj3 strained superlattice structures prepared by

interface-modified

atomic-layer metal organic chemical vapor deposition. Jpn. J. Appl.

Phys. 38 (1999): 6817-6820.



148

[58] Tong, F., Yu, W., Liu, F., Zuo, Y., and Ge, X. Microstructural study of
BaTiO3/SrTiOs superlattice. Mater. Sci. Eng., B 98 (2003): 6-9.

[59] Pill, S. and Lee, Y. H. The dielectric properties of BaTiO3/SrTiO3 hettero-

layered thick films by scre inting method. Trans. Electr. Electron.

[61] Gim, Y. ctal. ctu {-.V? properties of Ba; _,Sr, TiOs films
b 2000): 1200-1202.

[62] Chaib <ha F d Nafid estigation of sponta-
. BaTiO3/SrTiO3 superlat-

63] Zhu, Z. Y., H. ‘M Zhang, X. H., and Han, J. C. First-
ain in BaTiO3/SrTiO3 superlat-
tices. J. Phys. Dz App _;' 41 15408 215411

[64] Zha,]_’lg’ c’_-Il__’llll-‘Ilrlll._lVl_.‘l CTICDTO ‘I—’ 1es Of ferroe]_ectric
straifed su ) ) Solid Films 375 (2000):
255—25

[65] Li Llﬁ. HuJ., Hsiao and Wang, M. C. Crystal

‘Hu%l’é Tﬁlﬂ%}ﬁ% El’%ﬂ

yer film prepared by radlo frequency magnetron sputtermg Metall.

k Lulgu s, B. et al. ;ﬁlﬂ 103 multﬂayer thin ﬁﬂé for 11@3@"&\% tun-

able capacitors applications. J. Eur. Ceram. Soc. 27 (2007): 3851-3854.



149

[67] Kongwut, O., Kornduangkeaw, A., Jangsawang, N., and Hodak, S. K. In-
fuence of gamma irradiation on the refractive index of Fe-doped barium

titanate thin films. Thin Solid Films 518 (2010): 74077411.

[71] Mustafaeva, SN #Asa & MM A s l A A. Effect of gamma

tiges and electrical conductivity of the

y tate ( 9):

[72] Tugluoglu, N., Altind# .'-' 0g, and Karadeniz, S. Dielectric prop-

erties in Au/SnOy; F‘W}p es irradiated under ®°Co-y rays.
Microeélect

[73] Tataro VA

2269-2273.

16 J nd c-irradiation on
hottky diodes. Nucl. Instrum.
2007): 113-117.

Methods Phys Res. Sect. B 254

U *ﬁJ ﬂﬂ (i) de;;;zi;zzr
Wmmm R TNy

[76] Ouyang, X., Kitai, A. H., and Xiao, T. Electroluminescence of the oxide
thin film phosphors Zn,SiO4 and Y2SiOs. J. Appl. Phys. 79 (1996):
3229-3234.

the dieEtric propert

—~



150

[77] Zhang, H. X. et al. Optical and electrical properties of sol-gel derived BaTiO3
films on ITO coated glass. Mater. Chem. Phys. 63 (2000): 174-177.

[78] Kamalasanan, M. N., Kumar, N. D., and Chandra, S. Structural and mi-
ium titanate thin films deposited by the
): 4603-4609.

crostructural evolution of oY

[79] Huang, W., W 1 properties of ferroelectric

BaTiOs tl on SrTi0s buffered GaAs by laser molecular beam

epitaxy. Appl. ' O Cb\\'\*‘«!ﬁl}:‘:‘ 907.
i, H. N., Li Al 14 \\ 1aracteristics of sputter-deposited
3] sup -\.-"\m sou an'T
. ¥ | yth 28 ﬁi\ \. \
[81] Bao, D. X . WK > N.; SHinoza \l \ Mizutani, N. Bandgap
vt

A\ppl. Phys. Lett. 79 (2001):

aNiOjz-coated Sr'TiOg

energies of sokge @_ fw.-ll
3767-3769

..Mr’* /

‘ ,-F i
[82] Fasasi, A. et al. ffec Z1-do ;'_ structural and optical properties

of BaT103 thin fil ﬂy Dy
516 4*" v

§om— Y

[83] Wang, Nfet a of Ba ‘iO3/SrTi03 super-
ll
latticesgown on SrTiO3 by laser molecular [,h'

ser deposition. Thin Solid Films

epitaxy. Appl. Phys.

Lett. 75 ( ]f9&I 3464.

o BB T S o

ectrlcal properties of hlghly transparent (Bi,Eu),TizOqo ferroelectric

awmﬁﬂﬁmﬂﬁﬁﬂﬂﬁ’pﬂ”’“

[85] Bruno, E. et al. Morphological and electrical investigations of lead zirconium
titanate thin films obtained by sol-gel synthesis on indium tin oxide elec-

trodes. J. Appl. Phys. 103 (2008): 064103-064108.



151

[86] Fatuzzo, E. and Merz, W. J.. Ferroelectricity. John Wiley & Sons, Inc 1967.

[87] Haeni, J. H. et al. Room-temperature ferroelectricity in strained SrTiOs.

nature 430 (2004): 758-760.

., Trepakov, V., and Jastrabik, L.

I phase transition in SrTiOs. Solid

[89] Golovenchits /l"‘ ., arld Babin nlinear dielectric suscep-
. nESSible i _' [ the low temperature state of SrTiOs;.

Ferroelectries 19941

tibility and

evices, Clircuits and System:

Springer 2009.

[90] Govorgian, S.. & Fernroc
Physicsy

[91] Burfoot, J the Physics Principle.

Cananda, D
[92] Prudan, A. M. fet al=Permitti strontium titanate film in a

StTiO3/ALOs structire. Tech - ett. 24 (1998): 332-333.

(93] Ham, Y. 8. ‘ e di erigtics of screen printed
.J*_r;,» ) @T e PCB substrates.

F ermelmm'c 3 :j

[94] Hong, J. S. aad Lancaster, M. J.. Mzcrostmp Filters of RF/Microwave Ap-

AHINENINYINT

95] Saiifos, H. J. D. L.. RF MEMS Clircuit Design for Wireless Communications.

RTRSRE e Y.

grated micromachined RF MEMS capacitive switches. Sens. Actuator,

A 89 (2001): 88-94.



152

[97] Xiang, F., Wang, H., Yang, H., Shen, Z., and Yao, X. Low loss flexible
SrTiO3/POE dielectric composites for microwave application. J. Elec-

troceram. 24 (2010): 20-24.

1. posited ' bstrate by molecular beam
! @‘
[100] Qiu, P. S., Ch o o ':::\ heng, X \a Ding, A. L. Epitaxial
i S by sputtering method.

LS

[101] Hu, Y., Tan; O. ang]. ST Hu 2 V. The effects of anneal-
‘ ow temperature nanosized

SITiOs oxyagh ods sendai (Sens: Walualors, B 103 (2005): 244-249.

[102] Wagner, S. F. of il Enhi crnenit of o Burface kinetics of SrTiOs by
alkaline earth me ‘r"" . Soli ° Ton. 177 (2006): 1607-1612.

[103] Sherwi apman&Hall 1996.

L . .
0 .‘4' aracterization and

[104] Sakka, 'v'- ——————— —
Applicﬂns. icademic Ablishers 2005.
I

[105] Newnham, R‘.E Properties of matemals New york: Oxford University

AHEINENINYINT

[106] Blﬂ(OWSkl S.E.. Photothermal Spectmscopy C’hemzcalAnalyszs John Wiley

IR AL AMNANENAY.

Francis Group 2011.



153

[108] Pokhrel, S., Huo, L., Zhao, H., and Gao, S. Sol-gel derived polycrystalline
Cr1.8Tig 203 thick films for alcohols sensing application. Sens. Actuator,

B 120 (2007): 560-567.

[109] Yude, W., Xiaodan, S., Ya

L., Zhenlai, Z., and Xinghui, W.

Perovskite-type NiSnC thanol sensitive material. Solid-

[111] Korotcenkov, G_Ga fosponse.c atrol throu “ It al and chemical mod-

and approaches.  Sens.

[112] Wang, C., Yi C Gao, R. Metal oxide gas

Sensors: s Sensors 10 (2010): 2088-

2106.

[113] Barsan, N., Koziej, D letal oxide-based gas sensor re-

searchiy b | _‘..{: d.
[114] Butter, ’r— ¢ Ve .. Chemical Sensor

it
IV. Ne l[ ersey: al Soiety, n-L‘J 1999.

[115] Mishra, S. ﬂlyama ai, R., and Bedi, R. Detec-
STy e T

ctuatzon B 97 (2004): 387390

0} Wi@‘ i) nm #h7 YR

[117] Sloog, D. A. and Leary, J. J.. Principles of Intrumental Analysis. United
state of America: Saunders College Publishing Ltd. 1992.



154

[118] O’Connor, D., Sexton, B., and Smart, R. S. C.. Surface Analysis Methods
in Materials Science. Germany: Springer-Verlag Berlin Heidelberg 2003.

[119] Ektessabi, A. 1., Kawakami, T., and Watt, F. Distribution and chemical state
analysis of iron in the Parkinsonian substantia nigra using synchrotron

radiation micro beams. Nucl / Methods Phys. Res. Sect. B 213

wstruments 16 (1983):

[121] Swanepoel; R. ' ' ‘ \‘\ @,\o ical constants of amor-

[122] Zhang, W. F. e, ., Zhang, M. Jiu, Z. G. Nonlinear optical

oped BaTiOg thin films using Z-scan

technique. Appl s E? 2000): *\ ~1005.
. R S 2 '
[123] Hiibert, T., Be u*' -K].e' - Amorphous and nanocrystalline

SrTiO; thin films. J.-Non-Cryst. Solids 196 (1996): 150-154.

[124] Tauc, J. G\ rties of Sol lollafid: Amsterdam 1972.

[125] Urbach,- [ L‘ Sensitivity and of

5

the Electronic Absorption of Selids." Phys. eu@ (1953): 1324-1324.

[126] Matthews, B& Liy J., Sunshine, S.gLerner, L and Judy, J. W. Effects

ﬂ u %’J\F% E} w ?osme chemical
EE Sensors ournal

por sensor performance 160-168.

q RIS IR iny sy

[128] Capone, S. et al. Moisture influence and geometry effect of Au and Pt elec-
trode on CO sensing response of SnO, microsensor based on sol-gel thin

films. Sens. Actuation, B 77 (2001): 503-511.



155

[129] Wang, Y., Cheng, Y. L., Zhang, Y. W., Chan, H. L. W., and Choy, C. L.
Dielectric behaviors of lead zirconate titanate ceramics with coplanar

electrodes. Mater. Sci. Eng., B 99 (2003): 79-82.

L., Chan, H. L. W., and Choy, C. L.

[130] Wang, Y., Chong, N., Cheng

[131] Hong, L., X., and Jianguo, Z. The

effect ¢ 7 he dielectric properties of
lanthanumicdopéd lead fitana rroelectric films. Front. Mater.

Sci. China | (200

[132] Li, L. Y. et al ffoe Fotecth ¢ _ rationon capacitive humidity sen-

D

sitivity of silighn ganoportus pilla '..1\;‘. E 41 (2009): 621-625.

[133] Lai, L. et al. ca 7 . ' ¥Ba,C 7* hin films using microstrip
ring resonators teg r‘gﬁff ,PJ?, 43 (2006): 9-17.

[134] Farnell, G. W., Cer n»?'?"'{[ . Capacitance and field distri-
but ons

17 Cyf-

i T. Son. Ultrason.

<

and surface m@)hology of BaTls and
SrTi0s prared by sol-gel mrthob Seniors project Chulalongkorn Uni-

AUBINYNINYINS

[136] Yoneda, Y., Okabe, T., Sakaue K., and Terauchi, H. Growth of ultrathin

QW’TMﬁﬁﬂiWﬁﬁﬁWﬂ%

[137] Thomas, R., Dube, D., Kamalasanan, M., and Chandra, S. Optical and

[135] Sirinam, ﬁ Structural propertie:

electrical properties of BaTiO3 thin films prepared by chemical solution

deposition. Thin Solid Films 346 (1999): 212-225.



156

[138] Dejneka, A. et al. Atmospheric barrier-torch discharge deposited ZnO films:

optical properties, doping and grain size effects. J. Nanosci. Nanotechnol.

9 (2009): 4094-4097.

[141] Wang, J. et a ctric properties of composi-
, RF magnetron sputter-

sonate titanate amor-

phous fer ke thio fills. Jprs . ppl Phys. 39 (2000): 1180
1183. ' =) | |
[143] Onton, A., Marre , VAR .;‘. rand C eeeer, F. L.. Ferroelectrics.
. o '
New York: A f‘E 197

= Rl A
. Or properties anc e of

[144] Cardona TiO5 and BaTiOs;.

Ph c‘ﬁLlI--hllﬂ-_lﬂ.Elﬂﬂﬁ

: A l
[145] Benthemlg. V., 1, RUH. B Ik electronic structure
of SrTiO;: experiment and theory J. Appl. Phy 90 (2001): 6156-6164.

‘@11 i 0 Ih3N 10 1 )am 1w
2005): 2081-2082. ¢

AIRHEGE W Eldbt ANUNA .

and optical calculations in cubic ferroelectric perovskites. Ferroelectrics

111 (1990): 23-32.



157

[148] Trepakov, V. A. et al. SrTiO3:Cr nanocrystalline powders: size effects and
optical properties. J. Phys.: Condens. Matter 21 (2009): 375303-375307.

[149] Wohlecke, M., Marrello, V., and Onton, A. O. Retractive index of BaTiO3
and SrTiO; films. J. Appl s. 48 (1977): 1748-1750.
Y

[150] Wemple, S. H. Optical oscillator » d excitation energies in solids,
lect ' 77): 2151-2168.

) structural environment
of iron in_sili€atesglasses: ¢ O 1~  od h‘ﬁ pectroscopy, molecular
ryst. Solids 344 (2004):

[152] Wei, X. el . ze-gongr ] < S B 103 manocrystals via a hy-

[153] Ye, Y. and Gugs T 4Diélectri ;‘ opettic e loped Bag 551035 TiO3 thin
‘ sl get 1 Ceram. Int. 35 (2009): 2761-2765.

[154] Ling, Z., Leach, C., ch e He junction gas sensors for environmen-

tal NQ, and«€Oj mionitoring: J. oc. 21.(2001): 1977-1980.

[155] Wongw P.. The ethanol ld oped and Fe doped

COTomms. %rsity 2010.

[156] Williams, D. i} Semiconducting ox1des as gas-sensitive resistors. Sens. Ac-

ﬂ'li"ﬂ’mﬁﬁlﬁw g1

[157] Ndisbitt, S., Pratt, K. Wllhams D., and Parkin, I. A microstructural model

QAT ST A e

Sens. Actuation, B 114 (2006): 969-977.

[158] Joshi, P. and Desu, S. Structural, electrical, and optical studies on rapid
thermally processed ferroelectric BaTiO3 thin films prepared by metallo-



158

organic solution deposition technique. Thin Solid Films 300 (1997): 289—
294.

[159] Xu, J., Zhai, J., and Yao, X. Structure and dielectric nonlinear characteris-

tics of BaTiOg3 thin films p red by low temperature process. J. Alloys

[161] Liu, Z., Deng toelectric properties of

Fe-dope v, 5i substrate by sol-gel

[162] Krupanidhi, S - &\ 1\\. 0 -\ on of strontium titanate

\\ applications. Thin Solid

nsformations in Solids. John

[164] Salje, E.. lodlastic Crystals. Cam-

;@-’_’:———’—‘f” Y |

ure of Ro@lle Salt and KH5PO,.

[165] Mitsui, T. Hd Furuichi, J.- Domain
Phys. Re'u 90 (1953): 193-202.

AUHINY 4 ir] PHUARG
IR

[168] Frey, M. H., Xu, Z., Han, P., and Payne, D. A. The role of interfaces on

[166]

an apparent grain size effect on the dielectric properties for ferroelectric

barium titanate ceramics. Ferroelectrics 206 (1998): 337-353.



159

[169] Hoshina, T. et al. Size Effect and Domain Wall Contribution of Barium
Titanate Ceramics. Ferroelectrics 402 (2010): 29-36.

[170] Kongwut, O.. Effects of gamma ray irradiation on fundamental properties

of perovskite thin films prepared by a sol-gel technique. Masters thesis

N !
Chulalongkorn University 2010.

[171] Sinha, D., Ph H pathy ﬁ i and Dwivedi, K. Optical

and elect cal"pro ..u-} of ml -—-s- PADC detector. Radiat.
Meas. 34 (200 L) 09 P

[172] Gammon,E.. Geneydl @ ifflin company. 2009.

A

AULININTNEINS
AR TUNNINGAY



AULINENTNEINS
AR TUAMINYAE



161

Appendix A

XRD database

(ICDD) for assuring )
ICDD databases for BaTi€ 1 SrTi0; a e following:
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Pattern : 00-005-0626 Radiation = 1.540598 Quality : High
BaTiO3 2th i| h| k ]
22.039| 12 0
22.263 25 1
31.498 | 100 1
Barium Titanium Oxide 31.647 | 100 1
38.888 | 46 1
44856 | 12 0
45.378 2
50.614 1
2
2
1
2
2
2
Lattice : Tetragonal 2
3
S.G.: P4mm  (99) 1
a = 3.99400
¢ = 4.03800

Color: Colorless 4 "l
Additionnal diffraction line, *lus dditional reflectiol
Sample source or locality: ple fi National Lead Col
Sample preparation: Al ed at 1 Cin Q
Analysis: Spectroscopic analysis: % B

Si; <0.001% Mn, Sn. i

SN

OW=_2=220O0=2=2NNOOON=_2ANOON_2A22000=_2NO 222000022000
P2 WL, WPRPONWAOR_2NWONWN_2AWO_2WONON_2NO-_2NON-_O-=20=

General comments: Inverts to ¢ fori 1 . 2
Temperature of data collection: X-ray ern at 26
General comments: Merck Index, 8th p. 122.

Data collection flag: Ambient.

Swanson, Fuyat., Natl. Bur. S?d (US) Circ. 539, volume 3, page 45 (1954)

AT INENINY
1INYNAS

Lambda : 1.54050 d-sp : Not given

SS/FOM : F30=19(0.0490,32)
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Pattern : 00-035-0734 Radiation = 1.540598 Quality : High
SrTiOs 2th i h k 1
22.783| 12 1 0 0
32.424| 100 1 1 0
39.985| 30 1 1 1
Strontium Titanium Oxide 46.485| 50 2 0 0
Tausonite, syn 52.358 3 2 1 0
i 2 1 1
2 2 0
3 0 0
3 1 0
3 1 1
2 2 2
3 2 1
4 0 0
4 1 1
Lattice : Cubic 3 3 1
4 2 0
S.G.: Pm-3m (221) 3 3 2
4 2 2

a= 3.90500

Sample source or locality: Sar
Analysis: Spectrographic al
Temperature of data colle :
Additional pattern: To re 005-0634
Data collection flag: Ambient. r

Swanson, H., Fuyat., Natl. Burs#Stand. (U S.), Circ. 539, volume 3, page
(1954)

ﬂuﬂqwaw§Wﬂw
AINYNAY

Radiation : CuKa1
Lambda : 1.54050 d-sp : Diffractometer

SS/FOM : F18=47(0.0182,21)
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Appendix B

Weight percentage calculating of

trations

,_/.-—l‘
In this work, ¥ qng as 3, 5 and 10% by
it percentage Fe doping for BaTiOg3

weight. The formula for ce

is presented in

o a.,_ x100 (1)
(1) S phate and barium, re-

= £ 5
¥ Bal O3
ctively

Fe doping concentratio a§ T , \- j replaced the the value of gg, to

be 2.558 g (see subsectiog._ N 'r ‘ r

ium and bar'il n 3,327 and 233.240 g/mol,

where greso 11,0 ¢

spectively. MWgeso, ; 2 ' molecular weight of iron (IT)

sulphate, barium and b or example, for obtaining

eight of iron (II) sulphate, bar-

- g
respectively. § the weight ot iron (1) sulp! 357 ‘; However, our EDS

results showed t s was found to be 8,

; 3 ﬁ‘
4 and 2% by Wﬂlt whereas the Fe concentrations obtaming from our calcula-
tion were 10, 5 amffiﬁ)y weight. The sthdller obtained Fe concentrations may

LTI TRt

synthe51 rocess. For calculating Fe doping concentration of Sr'TiOg, the symbols

PRSI Ty

olecular weight of strontium titanate (183.497 g/mol), respectively.
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Appendix C

Conference presentations

@ . Boonyopakorn, A. Wisit-

soraat and S.K. Hodak. 4 pical Studies on BaTiO3/SrTiO3 Mul-
tilayer Films Prepared " Sal#Gel ] ] ""a,thematics and Physical
Science Gradua s ANA Univers ity © f Si gapore, Singapore (19-20

2009, T. dak. Ethanol Sensor Based
on BaTiO3/SrTiOs

2009, Imperial Queens

0l- , 1 Technique, Asiasense

v 2009)

2009, T. Supasai, A. W A K .“Hodak. Characterization of Fe-
Doped SrTiO3/BaTiO 7 [ithanol Applications. The
5% Mathematics_and Physical Sciences Graduate CongressFaculty of Science,
Chulalongkorii-Univ ; ‘

2010, T. Su;‘qﬁA. Wisitsoraat dnd S.K. Hodak. Microstructure and

B RS B Py v o

pared bﬂol—Gel Spin Coating Technique. The 16" International Conference on

Crystal Growth, Beijing Tnternational ConventiéiCenter Bejing, @n‘ma (8-13
PRI NTIETRE

Local Presentations:

2008, T. Supasai, S. Dangtip, P. Learngarunsri, N. Boonyopakorn, A. Wisit-
soraat and S.K. Hodak. Structure and Optical Properties of Sol-Gel Derived
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BaTiO3/SrTiO3 Film with Multilayer on ITO Coated Glass. The Science Forum

2008, Faculty of Science, Chulalongkorn University, Bangkok (13-14 March 2008)

2008, T. Supasai, S. Dangtip, P. Learngarunsri, N. Boonyopakorn, A. Wisit-

fthanol Sensor Based on

BaTiO3/SrTiO;
Congress 2009, Mg

echnique. Siam Physics

'~'1Nmmhmmm

" ‘*.

2010, T. Supasai. 7 ak. Characterization of Fe-
Doped SrTiO3/BaTiO 3 Multi T - F1lms ] o thanol Applications. Siam
Physics Congress 201( River Kwa 11 el, Kanchanaburi (25-27 March

2010)

FWEJ’JVIEWI?WEJ’]ﬂ?
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Appendix D

Publications

T. Supasai, 5. Dangtip,
and S. K. Hodak, Influence
SrTiO3/BaTiO3 Mu
ence 256 (2010)

N. Boonyopakorn, A. Wisitsoraat

aling on Optical Properties of

i1"Oxide, Applied Surface Sci-

S. K. Hodak, T. s A Wisitsoraaf, e lodak, Design of Low

Cost Gas Sensor Bai i0; and BaTiOg Films, Journal of Nanoscience and
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Appendix E

Research award

Tt  l' ¥ (The Science ‘P_ ) 2008 ' 723 wédo

clences

AY |
(fﬁﬁmﬂm ww gR UGN S (i el )
i mqeﬁﬁwf o,

ﬂuEJ’JVIEmﬁWEJ’lﬂﬁ
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