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The effect of improving on the electrical properties of electro-
materials for the development to used in electronic devices

application.
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Research Title: The effect of improving on the electrical properties of electro-materials for

the development to used in electronic devices application.

Researcher: Dr. Worawut Makcharoen , Miss Kamonwan Boonpira
Faculty: College of data storage Innovation Department:
ABSTRACT

The influences of SnO, doping on the dielectric properties of CaCu;TisO;, (CCTO)
ceramics were investigated. The ceramics undoped CCTO and SnO,, doping CCTO were
prepared by a solid-state reaction method. The characterization of the samples was carried
out by using scanning electron microscopy (SEM) and x-ray diffraction (XRD). The metal oxide
powders were mixed by using a vibratory milling for 6 hours and sintered at 1000°C for 4
hours. The phase formation of the sintered ceramic samples was examined by X-ray
diffraction technique (XRD). The microstructure was examined by scanning electron
microscopy (SEM). SnO, doping decreased a sintering temperature and produced the grain
growth inhibition on CCTO samples. An average values of grain size, as measure by the linear
intercept method. The electrical properties of the samples also have been studied on the

loss tangent decreased from 0.14 for undoped sample to 0.04 for Sn doped sample.

Keywords : dielectric constant, CaCusTi;O4,, SNO,
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2.10 The resistance, RHRS and RLRS, endurance and the RHRS / RLRS ratio
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4.1 XRD patterns pure and modified CCTO: pure CCTO, 0.5 mol% Sn doped CCTO, 1.0 mol % Sn

doped CCTO, and 2.0 mol %Sn doped CCTO.
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O’]ﬂ’]ﬂ@]mﬁﬂﬂiﬂ%wf\]’]im?EJEJUU&JW@]WﬂiiiJL‘LJULLU‘ULSU\‘ILEW ﬂ’]ﬁLﬂ@IWﬁWliL%%Uﬂﬁ]m‘Uu

Y

dndrufuaauuliihnegnmeludvesian Jsiolnlunsduuudsninily wazaglai
P= Xe&oE (2.6)
deanwlinisedisle  ( Ye) Wuanmsulilanslaili(electric  susceptibility)
Tneusninan X Wumuees(tensonainuiiaes drauudin P uaz E dusunludunseiuy,
auiduainani(scalanogaineuazain (2.4) uaz (2.5) 9zl

D=E+ xe&oE = (1+ x.)e0E (2.7)

\Wewn D =07,



U
% = (1 + Xe)goz (2.8)

o
v v =

dlo Qrilurmuszgmuuumiudiuuszgiauialdrmnug(C)du

Q A
C = FT (1+ Xe)eo 7, (2.9)

= Y = U Y & @ <@ a g a 1 J LY 1 1
Luaqmﬂqzyzy']mﬂuuuﬁmwauﬁlmﬂu@ua {51’3Lﬂ‘U“LJi%’fDq‘VIL‘U‘L!LWENLLNUQGUN’W]E]U’J’NLU’&'W

Jafienanug (Cp)wdu

CO = & (2.10)

=S

fihansladidnninfiinaninsulild yuildliludesinessgninauruguuiuiagyiliie
a £ v Y = e . A a a
anugiindusmsamiUsznou 1 4+ Y, sanimeeu(permittivity) wie € vawnsladidnwsn

JugasamlaanANuduNLS

, &
= g(1+x.) e o =1+ xe)er
0

Mt Ananuguasiiulszndiansladidnninsenitsunuguuny Wudsnnuduius

A
C = &:& - (2.11)
dio  Eptluanimuauduivs(relative permittivity) niefidoudoniuin Aadladianm

3n(dielectric constant)ua9anslaBlANNINLIULDY

2.1.3 nsgeyifensladianyn (Dielectric loss tangent)
o a a i v a 1 a < a =
Weanstadianninegluauiunszualniiadu nsvwanlvadiuaisladianninazd
o ¥ ! v 6 @ 1 a wa = = d{' Al a a A
wadwidhanusedndiduyy 90 89 uslunisufuRaeiinisgadeiiosninnisiladiannind
Ausunulifeetud viliAnmavesnszualnihdmdinnusisdnddesndt 90 szl
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I v

il 2.5 snwazaiiintuluasiadidnvsnidlosgluaunulvihnssuaadu

1%

mewntiluinnsgaydendanu lnensgyidendsnuaisansamialaefiansan

nszuaiviliiAnnsgayde |
1 T
P = ?fo Ul dt

= %fOT Uosin(wt)l, cos(wt — §)dt (212

MNSBUNNTRANNTS(2.12) Azla

P = %IoUoSl‘nS

'
a

ideson Ip = I./cos8 ez I, = wUyC saiu ndswiigadeiads fo
1,72
P = EUO wC tand

dialU o /V 2uae 1o /V 2 feanusnsdndsniiaesvesiidaediads(ms voltage)
wag Snfidevesiddeaederms currentiinudidiu laefl tan § Sendn nsgedenidled
@nvsn(dielectric loss tangent)
= v Y A ' = a ¢
PNNMITANBINAITUNTAUATTRTUNINUIN @nunsainseuanssiiing CCTO lalay

FnsuaveanlenueIdnsAsu ( mixed oxide method) wazyinn1SEILAR RLNBlAETHIAUYIN
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UFAsetu naneluansiwsding CCTO JaduiBnswioniiazain wagianugsenifosdian u
Fowngugidmiumniieynuffsevnzay

Fofulunuddedldinmsssunaesing CCTO snasiei rouiesoonles (
Cu0) , wAaLBauA1SUBLUR ( CaCOs) , kay mndleuaanles (TiOs) Inenauniulnewmalan1SHE
ganles ( mixed oxide technique) iuwan 5 Falus frewiosungosuuudu Mniuimeilaly
wuAaledfitasgundfeus 850 — 1000 °C wagldanmudengg wdniluliesgilasiaig
Tneldmadinnsideauuwesdedidnd (X - ray deflection technique) lagihmansnaaesi
ImuTeumsuiuguteya Inorganic Crystal structure Database (ICSD) visngay 032002.[11]
ilemasgamaifmnzaslunisieioy wé’qmﬂﬁ?wmaaqﬁaﬁwﬁm@mLm'whm Fadunsiiu

& aa ) a ¢ Y I3 = & =~
a’]iL"\]E]V]N@Hﬂ']ﬂiUigﬂUquUﬂﬁgLﬂV]L%ﬁ’]llﬂaﬂ’miﬂiﬂair]\i LagtUuN15LA8ULUULRDNNEUBDN LT

'
=

aAnAsTiladianninuazeanmnisgadeladianvsn  waznisinAiauudduszauayniaves

e

wslndmnansideussanengg  adly weneulvimanzaulunisinluussgnaldidaiy

Uszq Aiflananuudsifonis wdsintuiasseusegeniaimuzey

2.2 TUIWNAYTDY/N1TNUNIUITIUNTTY
= a o ¢ a & & ] = a Y]
NASANYIITIUNTTUUSTALVDIESIwS1TNE CCTO WUNUINSANWTLALINUATS
yiaddiugaldunsnaite Ineaslungy ACusTi;Op,  13ufin1sAunulul A.A.1967 uaza1uise
asuelassadalalul ad. 1979 [4]  wazduiinisfnwleetninereansvatenay 1y AP.

Ramirz et. al. [5] , M.A. Subramanian el. al. [6] , A.F.L. Almeida et. al. [7] wag W. Kobayashi

et. al. [8] Mnns@nwdeyanilinuin CCTO Wuansiwsfind Nilanladidnviniigamgi asvidn

9 Y

a

Tungu Fansnuansanladlanysnuanidsgui 2.6 Tneimud 1 kHz wazgamnd Tugas 100 -

Y

a ¥

300 K AladidnvisnazliAigetuann Uszuias 10000 wazAInsdade (tand ) 9zanaindtem

nitutasgamgitesndi 100 K Tnefinswuansarladidnvsn uazanisgads (tand ) uans

fisluguit 2.7
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Dielectric® and Cell Edge Data for 4 Cu, M0, Phases (af 25 C)

Relative dielectric

Compound constant (K) Loss tangent (D) a (Aat25C)
CaCu,Tiy0,y, 10,286 0.067 7.391
CdCuaTigly 5 408 0.093 7.354
LasaCuaTiyOy, 418 0.060 7427
Sma T Tigoy 5 1,665 0.048 7.400
D, Cu, Tiy 0, 1,633 0.040 7.386
Y, Cu,Ti, 0, 1,743 0.0429 7.383
Bi, ,Cn,Ti, 0, 1,871 0.065 7413
BiCu, Ti,Felr , 692 0.082 T445
LaCu,Ti,FeO,, 44 0.339 7.454
NdCu,TiFel, , 52 0.325 7426
SmiCu,TiFeOy , 52 0.256 746
GdCu,TiFeDy , o4 0327 7.405
YCu,Ti,Fel a3 0.308 T.324

29 2. 6 wansAnladdnyisn wazANTSayds Yasanswsiindlungy A CusTisOy, [6]

"

fand

0.0

L]
e,

100 200 300
Termperature (K)

AA 2.7 wanealndldnvisn gAY YesaswIiing CaCusTiaOy, [5]

< v

= Ao aa aa ¢ a LY = g [ = A v
INNTANYINUIWNUNITANUNWNGINUNITANYT CCTO U AYUUNTANYINLUU

Wlunensaadagdenisiiiasnsizaladidnninvesans CCTO fagedalinis@nyiiuuin
fefinsAnuanaeiinauladed

1wl A.A. 2003 Liang Fang wazmme [9] Uszauaudnia TunisiwSeuilduuns
CCTO fienasfiaunugeuuiiuiin Pt/Ti/Si, 0/Si (100) #ewdespld lnslassadiensn

9a01AYRIHANUI CCTO IASUNANITENUINQUNATVINURILAZAUAURDNTLIU (2 2 0) @
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a |

TauuestaiitAyaIun s SuguuaINuiagend1 700 ° C uavAuiuoeniaugandl 13.3 Pa fg

Y

TAUU19WIR 480 WIlLUATNENNNTOTURMUUATLAaTAUAUTAINT 720 ° C kae 26.6 Pa Layde

fiAnmsfiawiuAoud19as Ussana 2,000 1A 10 Hz Nieamgiivies uwandliiiiuinnuauds

auuvesilianus CCTO vuituia Pt/Ti/Si, 0 /Si awnsadioufvsiudedunnluiuiailas

1%
=

CCTO vuiuileanlela delunszuiumsiieuildaume PLD  Auaudivesildutudduegiu

WHeesoU Tunseuiunisazan (deposition) IUAMUNUILUUTOINGIUNENTIN LAY LAY

ANNYIARULALERS ORI ULUAIAUNUILULYING I UL IHAEUUYY IAIUrUIwIY
4 | cm ™ 2wuiiufinvesiidunvssuaranantfauiuresiiduugas Wethlufnwieudioue

lpBidnv3n wazAnsgaydeiUeuiiisusenindiauiiianunuuansiuldnanisnaassiingiv

=

JUMN 2.8 wazwieuiiisuAladidnnsn wasAinsgands veesllaundanuvuivinduiiaiug

YRR

e iulanadansngun 2.9

5

10
l =  G610Am
(a) A 480nm
o 370nm

4
10 v 250nm

"' . [shs s e Y e Y R el
ve 20 Do
'vvvvvvvvvvrvv!vvv‘

tan s

0.5

10° 10° 10* 10° 10°
Frequency(Hz)

Al 2.8 wansAlaBidnyisn uazAnisgade vesildueslind CCTO NAumuA1ee i
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laln mﬁm
AN SR s a s

[ a— 1KHz
10— 10kHz (@)
10 |-a— 100KHz gy —
—v— S500KHz
Lo 1MHz (b)

150 200 250 300. 350
Temperature (K)

A 2.9 wansAladidnysn uazAnisgade vesiiduesniind CCTO wun 480 nm 1

AUDA1S AU

1wl A.A. 2011 Li-Chun Chang wagmug [10] An1875naveIn1sandiannseu
deawdsuulasidmumulwimieniviadues CaCugTig0q, #du (CCTO) Afllassain
WU perovskite Igvnsinulaenisnsaatanszua-useulaiii (Vwuiinsansidnnseutiu
anailon1svasudetsluussenimeendiay \elianuumuaninnsdsuwlaann
ANFuugs ( HRS) umnudumusi ( LRS) devinlinalmdulegnsyiunisie et
UaoandasuuuPoole-Frankle mnuAanaaiioaistaziiunumiiddalunisiiansan
Bsdn  SuusdlaAnuiidemavdsuulasmuiiunmusesnuininadednuar mevheuses
fldy CCTO fwdsudnemeriorr atdmnesfigumainsnasuineg lnevild Vier, Vieset
wazns3IlvaYeInIMLILLUNTEUATEY HRS(high resistance state) amadlutaiziionmgiing
yaouALTy Sanstlnihwesiidy CCTO annealed %ﬁaaaaﬁqmmﬁﬁqﬁu nalndmsunisih
LRS (low resistance state) wag HRS (high resistance state) HanuwagnISMI9IULUY ohmic Lag

Uaoendsauwuy Poole-Frenkel sinudnsu daudaiiudszy Ni / CCTO / Pt La@n9n usuniud
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gungnaauiuNaaNdndnIsile / Tasnnniauuun  naINIsMAaauANAIEn 5000

S

] 10%
10 | @0.3V read, after 5000s stress E
f _e—LRS . + ]
2 qoep W HRS o —*"'"luii
; e E
= : * , 10 =
8 105?._ |rl'f-\\l'|| . - '---------- -g a‘-—..
5 r . L '_:l:l
® - | E a
0 10t F -— | 1 10°
g r L 3
[ | | d
e
r ' 1
10° £ - ' : ! : L g2
As-deposited 300 400 500

Temperature("C)
AN 2.10 The resistance, RHRS and RLRS, endurance and the RHRS / RLRS ratio

of CCTO films annealed at 500 °C.

= Y 1 1 v ¢ o o d' o v &
FLAAINA19V0IAIUANANIN1IETNU Lazn1IzaUNITYINUL e lUlddy
wrsauduuliaudauildndnnsidnfediiuniuiuugy (RRAM) #9lakan1svnasdved

ANAUASANE A3 SET A1vg RESET Wisuiugamginiseugeaudsun 2.11

8
m Set voltage
[ * ® Reset voltage
6 .
(22nm) i
— (27nm)
= 4t (38nm)
)
1 I
= (71nm)
g L. @ n
I * & .
D 1 L 1 N 1 L 1
As-deposited 300 400 500
Temperature(°C)

2NN 2.11 ANPNUANNANGNINT1IE SET way RESET 989 CCTO MN1UNISaUsDUN

UM iNLANFaTY



16

Tul A.f. 2008 Yu-Shu Shen wazauz [11] Aunwuin CaCuz Ti, 01, (CCTO)
Hutaquuanlml - dwsunmsmesssanuiumusiensUszendindeonhenudilagy  Tsgn
wieslavislealaauaznismasu(annealed)iigumaiisngg  IwihnsAnwauiumy bistable
udmuansnsardsudnuaruiasensvesiidy CCTO Mwseslay luaaafigumniinisvasy
e Iefidu CCTO  azwamsusingmisaflagmnusummuaziasuulasiionmgiivasy
(annealed)oeatios 700 ° C Tuld Vilemafisturesgumninisvany, Vou, Vops, 13
Hilvaresnszua HRS uazAANFILIL LRS (s G?iqﬁmmqmmﬂmaﬂﬁsmdefect-heating
1N viseteunitveunuTasildy CCTO ﬁqmmﬁwaau(annealed)ﬁgﬁu Tdfvihnnsvaos(
annealed)figauvndl 800 C axlifnenmgunnzdmiunsussgndldiu RRAM 1osinidusas

Ndvualrguaznumniu

Von (V)
I

W w

Vorr (V)

1 i i i
700 800 900

Annealing Temperature (°C)

A 2.12 Turn-on voltage (VON) and turn-off voltage (VOFF) of CCTO films as the

function of annealing temperature



10 : T Ll ] v L
2 10°F -
=l
o
—
o
i d
T
oc
10°F 3
1 2 1 " [
700 800 900
Annealing Temperature (°C)
ﬂ’]‘wﬁ 2.13 Resistance ratio, RHRS/RLRS, as the function of the
annealing
temperature
107 I i L) o T T T T T T T
10° ,
— 3410
&
o 10 g
£ «
% 10° , 2
§ 410 o
10°
10°
" A 1 L 1 " L 100
0 200 400 600 800 1000
Switch Cycle
mwﬁ 2.14 The resistance, RHRS and RLRS, endurance and the RHRS/RLRS
ratio

of CCTO films annealed at 800 °C.

17
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Tul af. 2010 R Parra wasaz [12] lovinnis@nendudslunisussananans
munnszuIunsnsduaseileaalmisoaisassiu CaCuz Tiy 045 VU HIE R IEE
TUINISANALNBUTDIENTTLNADINITY hydroxynitrate nosuaiuneIuas () acetylacetonate
, vueaiunsnesdin wuimsagldidudiviazaisves tetraisopropoxide wazlvwiilen &
msidendlsenauleedl  PEGA0Oulinker  way  porogen  vlAnnsnesveslaseaig

gy A W | & a A a ¢ =
mesoporous  NildnuaeNiianungugeesnsduiuRInseylilaen1sinse FE-SEM  W&n
Haunsunszuunsduasziedsaionsianuduiofeaiugs nsasunaves

CaCu3Tig0;, ndsmnsmnisvass(annealingiigauvndl 700°C wiu 3 dalusld3uns
fudulny XRD (x-ray diffraction) uazndesqanssad s Hdufhunsvaaeudusnsate
fgoandaunandliiuiinsdn  n-type ﬁmmhﬁﬁLLaymuauaﬂiﬁlﬂuﬁhanmg’m AN
Frumulniinuasundastnerraieunidmmssudunsnevauesionisiasy wlas 97N

a \ a o o
TulasiauluussenniAeendiauigamgilunisvieg 290°C.

10°

i,

B bbb

Laad 21 2 2

Resistance (MQ)
EN
I

i

lo, —+—220°C

{ - —+—290°C
101 1 L L 1 i | i L L 1 | L i 1 L | L 1 ! I L 1

0 10 20 30 40

Time (min.)
AT 2.15 Gas sensing response (electrical resistance vs. time) towards O, for

the CCTO 120 sample. The measurements were carried out at 220 and 290 °C and 40Hz
frequency, applying 5V difference potential.
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UNN 3

A5aniun1sIY

3.1 namsandevasdusznaunaaiiflematianisidsauuvasiidiing (XRD)
TurAtedldmaiamaisnvuesssdidndlumsnnaseumesdussnounuaiiuay
viinvounaiiinty Tnserdendnnisnnnssnuvesiadidndasuuiuiatanudninnianseids
(scattering) uazidpnuulasiyunisdenvuuandafuluduegfulassminuagszuuivian
nsznungluian LﬁmmﬂgﬂLLuumngmLuumaQ%’a%LSﬂeﬁﬁm%’ui’aqLwiamﬁmﬁé’ﬂwmg
wrzazasdmiuTasuiatug fufudedniaiemsnialdetector) insosiudsdidndiingzids

o

sanu1ndanludwniinne Aausansaaeuldiniaguuiuianussanle Inefinnsanang
v o & 3 s Y o v a& e & =
duiusANYoUINA(Brage’s angle) WazauluiinSsddndvaeIURUUNITIALIUY BegUku
n1sideauuvessdidndfinsivaeuls Wethunieuiuteyaansyiasiegideglugiudeya
11M3EIUUCPDS files) azanunsavanlainarsiviuasisaeuduaisuszamla wieuviauanledn
GRERIGIE)
TUNBUNITATIVADUNULTUIMNUIHINTBIUN UG IILNNADIN130TI9FRUNIUTIYLE Y

nszandnsuldanssegne anntuiiluinaivesdnsun@unulueseudndisdaninsaladines

(X-ray diffractometer) (U7 3.1) udrdauasedlnelditmesunsCuK ,) Ml45sdiondmauena

Y

'
a

' o (4 !
AAuUszTINQ 1.54 A vihmstuiinguuuunisideauuainaiy 26 7 10 esenldaudisayy 268 9

60 o3 WAy 20 NldangUuuUNISREUUNNIALINAT d-spacing AINNYVBHUINT A

auns (3.1)

nAa
d= ~sind (3.2)

= & | ]
LD d A FLUNURNNITWINITUIU

2 o - A
}\4 A AINUYNINAUVBIINALDNY
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2§ 3.1 1nSeudndisdanunsalaiines (X-ray diffractometer)

3.2 N13ATIFIUANTANIBAN
3.2.1 MINIAINITNARINAILNI(Shrinkage)
nsensmsuasilunuddeiazAnuansuasdadu (inear shrinkage) 84
Junueniind vdshunssuunnedused  fenmsinduiiugudnasuestunuiineusas

PAUNTUMDS NTULNAMLALIA I U3 DEAENISUAFIVDUYTITNFANANNT (3.2)
1 o a §% (Dl_ DZ)
Amsvasdadu (%) = 0 X 100 % (3.2)
1

WieDq uaz DoAaiduriuaudnansveidununoulasnainIsngunes auaau
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3.2.2 N15%1IAUNRUIUU(Density)

BnsIAANLAUL ULt AwSeule  1eeenfendnniswnuivedinve

913A%Aa (Archimededes) Buanmsiigsfindisesnsmanndwmsuis (W) andu

1% '
o LY

Ynduluhndudunaiu 2 9lus usrnishiluermasududshundswazdon (W,) wazds

Tuih (W3) duiindnsnegiialaudiianduamiamanumuiliuainaunis (3.3)

_ Wi
Pc = mx pHZO (3.3)

44' & ! a o
Wo  Pc wag P, Ao AnumuuLuveneiin wazihililunisvaass

Wi, Wo waz W3 fie  hwilnvesasifinfidsennievuzwis asilen wazluin

ANUAINU

3.2.3 N13059980UlATIAT19gaN1ATRLIIENg
NNIATIVAOUAN YT VDILATIAS19ANIAMIENADIaNITIAUBLANATOULUUESN
n51A(SEM)  sananstugy 3.2 vestunuesidin Tip_yNbyO, fifidndusineg uaziu
NIPUIUNTHITURDTNYUMYIANT 1TUINTIIANNETDINRITUIU udwinseuliuis 2Nty
o & < & 13 o | & a | = 1 ' o va 1
wnguuluduang  dusaztulufauunviunesnass(stub)  memiasuoulaednliianii
(surface) Uwawsopyin (fracture) IMBEUWFAWMINTMINANABNITNTIVEOUMIEINALA  SEM
PntunsedeuTuumenesr  egldinatiealames(sputtering  watluviing

ATIVABUMENEDIANTIAUBIANATOULUUARINTIA
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Ml 3.2 NEIaNIIAUBANATOULUUABINTIA (SEM) 1 JSM 840A ai Audideuay

U3N139anssAlamanssiannsou AnzInemans unineideidosiml

3.2.4 N13N5FUENUR IH1vaussing
3.2.4.1 aanmarumulnin(Resistivity)
Tunsvhmsnsavaeuanmdunuliih - suvkauURlnihgug  wee
audAladidnvinvesenind  Afdndiunsidedifiuunasinag LLaszﬁqmwgﬁ%uma%ma‘]ﬁ’u
AewrhnsasavEeUaLTR Suwsiiing deaiunsvindalniiiney densalinmeunanituacuy
7 Tnegldnszualiihpefifiussanas 15 Saduonutd wasanusnadndusvanas 520 Taad viuul
Wiaeadny wanvinlniSeudesudr thuntammnudiumulniingeirdesiaitimesuuy

= 1

aa ) Y o I _aqy ° i v N
IR UUNHAI LLa’Ju’]ﬂTV]I@lI’]ﬂqu"]mﬂ’]ﬂ']aﬂ']WmqquubLWﬂqf\]qﬂalmqiw (3.4)

Rs. A
- (3.4)
ps = =

o ps Ao anmdunuliihwesesing (Q — cm)

R, #s  anwdumulwihddels (Q)
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h  fo  ;numuwesduesiiing (cm)
dZ
d A A v oo a 2 = o 44' a
A fe  uiimbhdevesesding (cm?) Fewanain - e d Aovun

U UALINA1DUYIENE

3.2.4.2 AMUFUNUSTENINeAIAMUBUILLBLaznseud R nasArauninin

(J-E characteristics)
wdaninaliiiigeutosuds Yinsaaaeuanuduiusseninedany
nudunszualiialcurrent density : J) uazaraunlnin (electric field : E) IngmAiaanu
wudunssualiiihazmlgananssualiiiuasaau iy lduianaanusiesin i
ANATEUTUIULSIANG n1suaInszualiiiiazaussdndiduainnsid ueuesiing 7

foansmsnanuidednfuisasdzuil 3.3 andurhnisuiuBsudanudadnglatiiniidng
Tiurasas (Vo) wvinsiacanussdndlnihiiasostunuesin(V; ) uazaranussdng
finsousiumuiiniuan (Vg ) dssndunuiinsuaildluisesdmiuwnin CCTO usas
dndwonaldistudeninanuiunurenssfindusagiutueradidunndieiuinn wiwh
N13NnaedItenIekalukeansiseusesnad Tuiinarnusedng Vg uaz Vo (aausinedng
vosunasienszualitit Aewldluudarafaiiviuudsudarusisdnslifiiiidng duine
nazualiihilvarutueniin esnsasiildvhnmanasosiudadununsuddesynsueg

o & = A & v o ) . | iy
AUTUNUETITNFGINADNTE AN 1A 995U ULDY A9t UAILNTaMANNTEWE AN L aN TS

Andlaanaunis (3.5)

dio g wazlp  Aenszualwihilwanuduesdinuazdinumunudinu (A)
Vg AaAMusNAngnnasauununsuan (V) dlean V.. — 14

R AoArmuEunuYesiiumunsua (1)
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o P~ (% v 1 ! 1
AT 3.3 WHUAINISRTALT LN ANUENR LS SENIeAIANTUILLUNSELEL TN

way Arauulnd

wdsnnsuan I wag Vo udn ihawisassnunuluaunis (3.6) way (3.7) tienen

AMUNULUUNTEhalin J wazAawulnidn E muansu

Ji = I./A (3.6)
E - V./h (3.7)
i J fo aumuudunssualiih (A/cm?)
E fAo  aunlwih (V/cm)
h o evwvuwestuwesiing (cm)
A fe  iuiinthdavesesiiing (cm?)

3.2.5 MsAsRdaUENURnBLannSnYaLesding
TunsAnwaudiladidnvinvesesind CCTO dmunuisudazvinnising
Masfiladidnvsn  (dielectric contant,& ) LLazmmiquﬁamﬂmStﬁﬂ‘m%ﬂ(dietectric loss
tangent, tan &) dsanansamenldlagldindos LCR fmes Agilent Ju 38401A Tnedriiialside

Arauglni (capacitance, C) uazAnnsgadevnsladianysn (tan §) vimsiadieulutag
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AR 100Hz - IMHz msvasewilalaednesdindinesnisinderiuiinaniuiuiind
anugliih wazAagdenisladidnysn ihaanugliihindnnasadmladidnninanaunis
(3.8)

c C.h
- — (3.8)
r &o - A

e & Ao Ansfiledlany3in wieAan nzuendNivs (relative permittivity)
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Abstract

High dielectric constant CaCu3Ti4,0;, (CCTO) is a compound with a high dielectric constant, but it has a high loss tangent at room
temperature. This research aims to study on the dielectric properties and loss tangent of SnO, doped CaCu;Ti O, (CCTO)
ceramics were investigated. The ceramic samples of SnO, doping CCTO were prepared by a solid-state reaction method. The
characterization of the samples was carried out using scanning electron microscopy (SEM) and x-ray diffraction (XRD). The
conventional solid-state reaction was employed. The metal oxide powders were mixed using a vibratory milling for 6 hour and
sintered at 1000°C for 4 hour. The phase formation of the calcined powders and sintered ceramics was examined by X-ray
diffraction technique (XRD). Microstructure was examined by scanning electron microscopy (SEM). SnO, doping produced a
notable decrease in grain size. Average values of grain size, as measured by the linear intercept method. The dielectric
measurements at room temperature to 130°C, in the frequency range 100 Hz— 500 kHz. The XRD result a CCTO structure does not
changes on Sn doped samples. The results show the loss tangent at room temperature and at 100 kHz decreased from 0.14 for the 0
mol% Sn doped CCTO sample to 0.04 for the 2.0 mol% Sn doped sample while at 500 kHz, it was decreased from 0.2 for the
undoped CCTO sample to 0.04 for the 2.0 mol% Sn doped sample. However, the lowest loss tangent was 0.02 at 500 kHz and at
65°C and show a stable loss tangent in temperature range 25 — 130°C.
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Introduction

In the electrical industry the high dielectric materials are widely used in electrical components such as resistive
random-access memory (RRAM), capacitors as well as switching and sensing devices in electrical circuit [1-2]. The
high dielectric over 10000 at the room temperature material CaCu3Ti;0;, (CCTO), discovered by Subramanian et
al.[3]. The dielectric constant is low frequency dielectric constant of CCTO can be as high as 95,000 in a single
crystals, and 12,000 in the sintered ceramics, with almost temperature independent from 200 K to 400 K[4, 5]. For
the thin-film ceramic samples have tan 0 is about 0.2 at frequency 10 kHz in the room temperature condition [6]. The
CCTO has a complex cubic perovskite-like structure with a lattice parameter, a~7.393 A [7]. The dielectric constant
of CCTO has been wildly related to its microstructure [8].

The explanation of high dielectric constant of CCTO which was proposed in terms of local dipole moments
associated with off-center displacement of Titanium ions [3]. The effects of changing on the electrical properties of
CCTO depend on many factors such as chemical stoichiometry or processing conditions and type of doping materials.
The partial substitution of divalent Ca*" by the trivalent La®" was carried out, in order to increase the conductivity of
the grains [9].The loss angle can be reduced by adding some of elements such as Tin oxide (SnO,) and used a
microwave (MW) irradiation process was performed to pre-sintered CaCu;Ti;,01, [10].

In this work, we have been extending the study on CCTO samples with substitutions Sn ions in CCTO structure.
The properties of the obtained ceramics were investigated with the improvement’s aim of its dielectric properties. The
physical properties such as, density, dielectric constant, and loss tangent were also investigated.

Experimental Procedure

The samples of CaCu3Ti;01, (CCTO) powder was fully used which the mixed-oxide method to prepare the
CCTO powder. A high purity (> 99.9%) CaCO;, CuO and TiO, powders were weighed in an appropriate ratio and
mixed using yttria-stabilized zirconia balls in the ethanol media in the vibratory milling machine for 6 hour. For the
doping study, SnO, powders at various concentrations were mixed to CCTO at the powder mixing stage (0, 1.0 and
2.0 mol %). After being dried, the powders were calcined at 850°C for 2 hour to form the CCTO powder. The
calcined powders were granulated using binder (3.0 % polyvinyl alcohol) and formed under a uniaxial pressure of
2,000 kg/cm” into disc shaped. The discs were sintered in air at 1,000°C in a step of 5°C/min with soaking time of 4
hours. The physical properties such as, density, and shrinkage were intensively studied. The characterization of the
CCTO samples was used the x-ray diffraction (XRD) at the room temperature and scanning electron microscopy
(SEM). The electrical contacts of CCTO’s samples were used silver paste. The dielectric constants and dielectric loss
against temperature were measured at the ranges of the frequency at 100 Hz - 500 kHz (using Agilent 4284A LCR
meter).

Results and Discussion
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Fig.1. XRD patterns of pure and doped CCTO: 0 mol% Sn doped CCTO, 1.0 mol% Sn doped CCTO and 2.0 mol% Sn doped CCTO.



Worawut Makcharoen et al. / Materials Today: Proceedings 00 (2016) 000-000 3

Fig. 1 explicates the XRD patterns for the different weight percentage of tin doped CCTO ceramic’s samples.
All diffraction peaks were corresponds to the known that the peaks of the standard CCTO, have indexed from the data
in the Inorganic Crystal Structure Database (ICSD) file N0.032002. The crystal symmetry of the samples at the room
temperature was determined to be cubic structure.

Fig.2. Fracture surfaces of selected samples: (A) the crack of undoped CCTO ceramics,
(B) The crack of 1.0 mol% Sn doped CCTO ceramics and (C) The crack of 2.0 mol% Sn doped CCTO ceramics.

Fig. 2 illustrates scanning electron microscope (SEM). Which are the images of the fracture surfaces of Sn doped
CCTO’s samples. The partial intergranular fracture was observed by Sn doped CCTO’s sample for undoping, the
doped samples exhibited a non-uniform in grain size. The morphology of 0 undoped CCTO’s sample consists of some
huge grains (5-7 pum), surrounded by small ones (~1 um). The fracture surfaces of 1.0 and 2.0 mol% Sn doped
CCTO are shows the small grains sizes (3-5 um) and a melting phase of SnO, that from to the glass phase and
decrease the sintered temperature of the samples below. The sinter temperature of undoped CCTO samples suggesting
a higher strengthening of the grain boundaries.

The results of doping tin oxide on CCTO are indicating a rearrangement of gain boundary structure which takes
place, due to the effect of the addition. A slight decrease in the grain size was observed after doping: grain size
slightly decreased from 5-7 um for 0 mol% Sn doped CCTO’s sample to 3-5 pum for the 2.0 mol% Sn doped sample.
It is believed that some amount of Sn ions may go into the CCTO lattices. However, the melting grains and glass
phased around the grains boundary, suggested that partial Sn ions which could not go into the lattices, it decreased a
sintering temperature of CCTO and produced the grain growth inhibition.
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Fig.3. Dielectric constant as a function temperature of the samples: (A) The dielectric constant of undoped CCTO samples, (B) The dielectric
constant of 2.0 mol% Sn doped CCTO samples.

Fig. 3 indicate the temperature dependences on the dielectric constant of CCTO ceramic’s samples at the various
frequencies (100Hz- 500 kHz) of the undoped CCTO samples and 2.0 mol% Sn doped CCTO ceramic samples. For
Sn doped CCTO’s samples, 0 mol%, the dielectric constant exhibited a stronger dependent dielectric-frequency while
the increase tin oxide doped’s samples showed a dependent dropped dielectric-frequency. The form of the dielectric
constant graph shows a good responsibility at a high frequency and dielectric independent of ambient temperature.
The dielectric constant at room temperature and at 10 kHz decreased from 34,500 for the 0 mol% Sn doped CCTO
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sample to 14,700 for the 2.0 mol% Sn doped CCTO’s sample. However, the decreasing of dielectric constant on
doping Sn ions samples that still indicated to the high dielectric constant to applied to use in electrical applications.

2.0 0.20
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Temperature (°C) Temperature (°C)

Fig.4. Dielectric loss as a function temperature of the samples: (A) the dielectric loss of 0 mol% Sn
doped CCTO samples, (B) the dielectric loss of 2.0 mol% Sn doped CCTO samples.

The dielectric loss shows in Fig.4 and the performance of tin doping improved (Fig.4 (B)), diclectric loss at room
temperature and at 100 kHz decreased from 0.14 for the 0 mol% Sn doped CCTO sample to 0.04 for the 2.0 mol% Sn
doped sample while at 500 kHz, it was decreased from 0.2 for the 0 mol% Sn doped CCTO sample to 0.04 for the 2.0
mol% Sn doped sample. However, the lowest loss tangent was 0.02 at 500 kHz and at ~65 °C and shown a stable
dielectric loss in temperature range 25 — 130°C. The results of dielectric constant decreased with increased frequency
are similar result was observed for the work done by Kwon et a/.[11]. With increasing frequency, the tin doping
produced a lower in the dielectric loss of samples.

Conclusions

The tin doped CCTO ceramics were prepared via vibro-milling method. The effect of dopants produced the
reduction in dielectric constant, but it was still high for applied to a capacitor for use in electrical circuit that can
operate at high temperature. The loss tangent was observed on tin doped CCTO samples which give a lower dielectric
loss in an undoped CCTO. The dielectric loss — frequency characteristic at room temperature was agreed with the
IBLC model.
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