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The effect of improving on the electrical properties of electro-
materials for the development to used in electronic devices
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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 CaCusTisO;, (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;O1,, SNO,
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of CCTO films annealed at 500 °C.

2.11 Manusedndian1g SET 1az RESET 409 CCTO fisumseusend
Mg ifiuAna 14y
2.12 Turn-on voltage (VON) and turn-off voltage (VOFF) of CCTO films as the
function of annealing temperature
2.13 Resistance ratio, RHRS/RLRS, as the function of the annealing
2.14 The resistance, RHRS and RLRS, endurance and the RHRS/RLRS ratio

of CCTO films annealed at 800 °C.
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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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Tnausninan X Wumuees(tensonainuiiaes drauudin P uaz E dusunludunseiuy,
auiuainani(scalanogaineuazain (2.4) uaz (2.5) 9zl

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

\Wewn D =07,



U
% = (1 + XB)SOZ (2.8)

o
v v =

dlo Qrilurmuszgmuuumiudiiuuszgiauialdrmnug(C)du

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

= Y = U Y & @ =3 a g = 1 J LY 1 1
Luaqmﬂqzyzy']mﬂuuuﬁmwauﬁlmﬂu@uﬂ {51’3Lﬂ‘U“LJi%’qu‘VIL‘U‘NLWSQLLNUQ%NW@@U’J’NLU&W

Jafienanug (Cp)wdu

CO = & (2.10)

S

fthansladidnninnfdnaninsulild xuildliludesinesesninaunuguuiuiagyiliiea
a £ v Y = N e o A a a
anugiindusmsamiiuszneu 1 4+ ¥ fsdniwseu(permittivity) wie € vasasladidnwin

Jugasamlaanandduwus

: &
€= g(l+yx.) we 278 = 1+ xe)er
0

At AanuguassaLiulszqndansladidnninseitsunuguuny Wudsnnuduius

A
C = &:& - (2.11)
Wi Eptfuanimuauduivs(relative permittivity) niefidouoniuin Aadladianm

3n(dielectric constant)ua9anslaBlaNNINLIULEY

2.1.3 nsgeyfensladianyn (Dielectric loss tangent)
o a a i [ al' 1 a < a =
Weanstadianninegluauiunszualniiadu nsvwanlvadiuaisladianninasd
o ¥ ! v 6 @ 1 a wa = = d{' Al a a A
wadwidanuedndiduyy 90 89 uslunsufuRaeiinisgadeiiosninmsiladiannind
Ausunulifsetud viliAnmavesnszualnihdmdinnussdnddesndt 90 szl

25
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-
i u

il 2.5 snwazaiiintuluasiadidnvsnidlosgluaunulvihnssuaadu

o

mewntiiuinnsgaydendanu lnensgyidendsnuaisansamislaefiansan

nszuaiviliiAnnsgayde |
1 T
P = ?fo Ul dt

= %fOT Ugsin(wt)ly cos(wt — §)dt (212

MN1SBUNNTAANNTS(2.12) Azla

RI= %IoUoSinS

'
a

deson Ip = I./cos8 ez [, = wUyC seaiu ndsuiigadeiads fo
1,72
P = EUO wC tand

dialU o/V 2uae 1o /V 2 feanusrsdndsnniiassvesiidiasaiads(ms voltage)
wae Snfidevesiddeaedems currentiinudidiu laefl tan § Sendn nsgedenidled
@nusn(dielectric loss tangent)
= v Y A ' = a ¢
PNNMITANINAITUNTAUANTRNTUNINUIN @nunsalnseuanssiiing CCTO lalay

FnsuaveanlenueIdnsAsu ( mixed oxide method) wazyinn1sEILAR lRLNB LA THIAUYIN
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UFAzetu naneiluansiwsiding CCTO JaduiBniswioniiazan wagianugsenifosdian u
FowngugidmiumniiieynufAsefvnzay

Fofuluanuddedldinmsssunaeing CCTO anasi rouiesoonles (
Cu0) , wAaLBauA1SUBLUR ( CaCOs) , kay ndleuaantes (TiOs) Inenauniulnewmadann1SHE
ganles ( mixed oxide technique) iuwan 5 Falus Freiosungosuuudu Mniuimeilaly
wuAaledfitasgundfeus 850 — 1000 °C wagldanmudengg winiluTiesgilasiaig
Tneldmadinnsideaiuuwesdadidnd (X - ray deflection technique) lagihmansnaaesi
ImuSeumieuiuguteya Inorganic Crystal structure Database (ICSD) visngay 032002.[11]
iemasgamaifmnzaslunisieioy wé’qmﬂﬁ?wmaau%aéﬁaﬁm@mLm'whm Fadunsiiu

& aa ) a ¢ Y I3 = & =~
a’]iL"\]E]V]N@Hﬂ']ﬂiUigﬂUquUU'igLﬂV]L%ﬁ’]llﬂaﬂ’miﬂiﬂaiqﬁ LagtUuUN1SLIBLUULRDNNEUBDN LT

'
=

aAnAsTiladianninuazeanmnisgadeladianvsn  waznsinAauudduszauayniaves

e

wslndnansideussanengg  adld weniteulaivanzaulunisinluussgnaldidaiy

Useq NliAAnuudeiifents ndswntuiusseysiegsifiafimungay

2.2 TUINAYITDY/NITNUNIUITIUATIY
= a o ¢ =y & ] = a Y]
PNASANYIITIUNTTUUSTALVDIESIwI1ENE CCTO HunuINSAnwALINUas
yiaddiugaldunsvaie Ingaslungy ACusTi,Op, t3udin1sAunulul A.A.1967 uazaiuise
asuelassadalalull ad. 1979 [4]  wazsuiinisfnwlaednineremansvatenay 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@nwideyanilinual CCTO Luasiwsafind Nilalesidnviniigamgi aswian

9 Y

a

Tungu Fasuansanladlanysnuanidaguil 2.6 Tnefimud L kHz wazgamnd Tugas 100 -

Y

a 3

300 K A1ladiénvisnasliAigetuaan Ussana 10000 wazAnmsgade (tand ) vzanaindism

nilutasgamgitesndi 100 K Tnefinsnuansdiladidnvsn 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 wazANTSanyds Yasansisiindlungy A CusTi,Oy, [6]

"

fand

0.0

L]
e,

100 200 300
Termperature (K)

AA 2.7 wansalnddnvisn gAY YesaswIiing CaCusTiaOy, [5]

< o

= Ao aa aa ¢ a LY = g [ = A v
INNITANYINUIWNUNITANUNWENGINUNITANYT CCTO UL AYUUNITANYINLUU

Wlunensaadagdenisiiiasnsizaladidnninvesans CCTO fagedadinis@nyiiuuin
fefinsAnuanaeiinauladed

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

9a01AYIHANUNI CCTO IASUNANITENUIMNQUNATVINURILALAUAURDNTLIU (2 2 0) @
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a |

TauueytafiiAyaIun s UM iNuRagend1 700 ° C uavAuiuoenauganil 13.3 Pa fg

Y

TAUU19WIR 480 WIlLUATNENNNTaTUQUUATLAaTAUAUTIAINT 720 ° C kae 26.6 Pa Layde

fiAnmsfiawiuAoudneas Ussana 2,000 1A 10 Hz Nieamgivies uwandliiiiuinnuauds

auuvesiianuns CCTO vuituia Pt/Ti/Si, 0 /Si awnsadisufvsiudedanmnluiuiaflas

1%
=

CCTO vuiuileanledla delunszuiumsinieuildause PLD  Auaudivesildutudduegiu

WHeesoU Tunseulunsazan (deposition) IUAMUNUILUUTOINGIUNENTIN LAY LAY

ANNYIARULALERS ORI ULUAIAUNUILULYING I UL IHAEUUYY IAIUrUIwIY
4 | cm ™ 2wuiiufinvesiidunvssuaranantfauiuresiiduuas Wethlufnieudioue

lpBidnv3n wazAnsgaydeiUSeuiiisusenindiauiiianumuuansiuldnanisnaassiingiv

=

UM 2.8 wazwiouiiisuAladidnnsn wasAinsgads vesllaundanuvuivinduiiaaug

YRR

e fulanadansngun 2.9

10°g

= 610Am

(a) ~ 480nm

o 370nm

104{:- ¥ 250nm
w ."-!!--.
3 v “O000 oG oocoeg do H‘-
10 E = """'Tvvvvr!’v;;!:;;

tan s

0.5

10° 10° 10* 10° 10°
Frequency(Hz)

Al 2.8 wansAladidnyisn wazAnisgade vesildueslind CCTO NAunuIAen i
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laln mﬁm
AN SR s a s

(a)
(b)

'y = *
-
i ‘99

/ i
L ":"?W
- ii': "_"’T ﬂ':‘:‘&ﬁﬁﬁngwmﬁé %

150 200 250 300 350

¢W¢"’M

Temperature (K)
AWl 2.9 uanarladidnvin uazAinsgads vesiidumaniing CCTO v 480 nm 7

AUDFI Y

1wl A 2011 Li-Chun Chang wagmug [10] An¥dnSnavein1sandidnnseu
dewdsuulasidmumulilmieainiadues CaCugTiy0q, #du (CcCTO) Afllassains
WU perovskite Idvnsinuilngmisnsiainnssua-usasilali (Vwuiinsansidnnseutiu
anailon1svaeudetsluussenimoendiay ielianusumuaninnsdsuwlaann
ANFuugs ( HRS) umnudumusi ( LRS) devinlinalmdulegnsyiunisie et
UaoandasuuuPoole-Frankle mnuAanaaiioaistaziiunumiiddalunisiiansan
Bsdn  SuusdlaAnuiidemavdsuulasmuiiunmusesnuininadednuar mevheuses
fldy CCTO wdsudnemeonierr admnesfigumainsnasuineg vl Vier, Vieset
wazns3IlvaYeInIMLILLUNTEUATEY HRS(high resistance state) amadlutaiziionmgiing
yaouALTy Sanstlnihwesiidy CCTO annealed %ﬁaaaaﬁqmmﬁﬁqﬁu nalndmsunisih
LRS (low resistance state) wag HRS (high resistance state) Hanuwagn1SMI9IULUY ohmic Lag

Uaoendsauwuy Poole-Frenkel snudnsu daudatiudszy Ni / CCTO / Pt Langn usunIud
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gungnaauiuNaaNdndn1siln / Uasnnnauuun vaINIsMAaauANAIeEn 5000

S

] 108
10 | @0.3V read, after 5000s stress E
f e LRS . + ]
2 qoefp W HRS o —*"'"luii
; e E
= : * , 10 F
8 1Dﬁ§r. |rl.l'f-\\l"| . - '---------- -g a"--..
5 3 . L '_:l:l
® - | E a
0 10t F -— | 1 10°
g r L 3
[ | | d
e | g g
r ' 1
10° £ - ! : ! : L 402
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 ' o 6 o o i o VY
FlAAINAF1IUDIAIUANANEN1ETNN kagn1IzaUnTTL e lUld
AU U llaUEs TN SIAERIAMUNIULUUEN (RRAM) B9lakan1svnaedves

ANAUNeANE A3 SET A1vg RESET Winuiugamiginiseugeudssun 2.11

8
E Setvoltage
[ * ® 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 inLmAnFaY
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Tul A.f. 2008 Yu-Shu Shen wazauz [11] Aunuin CaCuz Ti, 04, (CCTO)
Hutaquuanlml - dwsunmsmesssanuiumusiensUszendindeonhenudilagy  Tsgn
wieslavislealaauaznismasu(annealed)iigumaiisingg IwinsAnwauiumy bistable
udmuansnsarasudnuarunasensvesiidy CCTO Mwseslay lualaafigumniinsvasy
e Ieefidu CCTO  azwansusingmisaflasmnusummuaziasuulasiionmgiivasy
(annealed)oeatios 700 ° C Tuld Vilemadisturesgumninivany, Voy, Vops, 13
Hilvaresnszua HRS uazAANFILIL LRS (s G?iqﬁmmammﬂmaﬂﬁsmdefect-heating
1N viseteunitveunuTasildy CCTO ﬁqmmﬁwaau(annealed)ﬁg@%u Tdfvihnnsvaos(
annealed)figauvindl 800 C axfifnemngamnzdmiunsuszgndldiu RRAM iosannidunsas

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 3 T T T T T
2 10°F -
=l
o
—
o
i d
T
oc
10°F 3
1 2 1 " [
700 800 900
Annealing Temperature (°C)
ﬂﬂ‘wﬁ 2.13 Resistance ratio, RHRS/RLRS, as the function of the
annealing
temperature
107 L 1 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.
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Tul af. 2010 R Parra wasaz [12] levinnis@nendudslunisussananans
munnszuIunsnsduaseileaalmisoaisassiu CaCuz Tiy 045 VU HIE R IEE
TUINISANALNBUTDIENTTLNADINITY hydroxynitrate nosuaiuneIuas () acetylacetonate
, vueaiunsnesdin wuimsagldidudiviazaisves tetraisopropoxide wazlnwiien &
msidendlsenauleedl  PEGA0Oulinker  way  porogen  vlAnnsnesveslaseaig

gy A W | & a A a ¢ =
mesoporous  NildnuaeNiianungugewesnsdunuRInseylilaen1sinse  FE-SEM  W&n
Haunsunszuunsduasziedsaionsianuduiofeaiugs nsasanaves

CaCu3Tiy0q, ndsansmnisvass(annealingiigaumndl 700°C wiu 3 dalusld3uns
fudulny XRD (x-ray diffraction) uazndesqanssad s Hdudunmsvaaeudusnsate
fgoandaunandliiuiinsdn  n-type ﬁmmhﬁﬁLLasmaUﬁuaﬂiﬁl{LuﬁmL’ng’m AN
Frumulniinuasundastnerraieunidmmssudunsnevauesionisiasy wlas 97N

a \ a o o
TulasiauluussenniAeendiauigamigalunisviney 290°C,

10°

iV,

=

[ S

Resistance (MQ)
EN
I

i

lo, —+—220°C

e —+—290°C
101 1 L L 1 i | f L i 1 | i 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 N1ATIFBUDIAUTENDUMIALAIENATIANITIAEULYDISIFANT (XRD)

[ 1
a v A

Tua11ATedldmAdanN15 882 UL IS IALENT MUNITNTIVABUNI99AUTENDUN AT LAY

-3 o

viinvounaiiintu Tnserdendnnisnnnssnuvesiadidndasuuiiuiatanudinnianseids
(scattering) uazidpnuulasiyunisdenvuuandafuluduegfulassminuagszuuivian
nsznun1gluian LﬁmmﬂgﬂLLuumiLgmLuumaQ%’a%LSﬂ%ﬁm%’ui’aqLwiaxsuﬁmﬁé’ﬂwmg
wzazasdmiuTasuintug fufudedniaiemsnialdetector) insosiuddidndiingzids

[y

sanundanludunisnne Aausansaaeuldiniaguuduianussanle lnefinnsanaing
v o & 3 s Y AN v A& e & =
duiusANYoUINA(Brage’s angle) Waza Ui SsddNdvaeFULUUNITIALIUY BegUkuu
n1sideuuYessdidndfinsivaeuls Wethugunudayaansviasiegideglugiudeya
11M3EIUUCPDS files) azanansavanlaingsiiiuasisgeuduaisuszavla wieuviauanlean
GRERIGIE)
TUNBUNITATIVADUNULTUIINUIHNINTB YU UG IINNNADINTATIVFRUNIUTIYLE Y

nszandnsuldansiedie 3ntuiinluieivesd nsun@unuluesesdndisganinsaladines

(X-ray diffractometer) (3U% 3.1) uaadsiaseslaglditimeuascuK ) Ml45sdiondmauena

U

'
a

' o £ ]
AduUszTIN 1.54 A vihmstuiinguwuunisideaiunainaiys 26 7 10 esenldaudsayy 28 9

60 o3 WAy 20 NleangUiuUNISRELUINAINAT d-spacing AINNYUBUSNT A

auns (3.1)

nAa

d= ~sind (3.2)

= & | ]
LD d A FLUNURNNITWINITUIU

2 o - A
}\4 A AINUYNIAAUVBIINALDNY
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AT 3.1 iaSeadndlsdavunsalaiiines (X-ray diffractometer)

3.2 N1IATIVAIUANUANIBAIN
3.2.1 MIAIAINITNARINEUNT(Shrinkage)
nsenwinsnasalunudSedavfinumnsnasdady (inear shrinkage) 89
Junueniind vdshunsruumMnduses  fentsinduriugudnasuestunuiineusas

PAUNITUMDS NTULNAMLANIAI LIS DEAZNITUAFIVBUYITITNFANANNT (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%1ANUNRUIUU(Density)

BnsIANANLAUI ULt AwSeule  1eeenfendnniswnuivedinve

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

1% '
o LY

Ynduluhndudunaiuiu 2 9alus usrnishiluermasududshundswazdon (W,) wasds

Tuih (W3) duiinansnegiialauaiimndiuamiamanumuikiuaingunis (3.3)

_ Wi
Pc = mx pHZO (3.3)

44' & ! a o
Wo  Pe wag P, Ao AnumuuLuweneiin wazihiililunisvaass

Wi, Wo waz W3 fie i widnvesasidiniideennieuuzwid aasilen wazluin

ANUAINU

3.2.3 N1303298aUlATIET199AN 1AV LY INE
NNIAFIVHOUN WA UDILATIAT19ANTANIENADIRaYIIAUBLANATOULUUESY
n3A(SEM)  sananslugl 3.2 vesunuesidn Tip_4NbyO, 7ifidndausieg waznu
NITUIUNTTUADITNGUNIANT 1TUINTIIAUEYIARITUIU waWimseuliuis 2Ny
o & < & 13 ) | > a | A 9/ ' o va 1
wnguuluduans  dndeztuluauuuviunesnass(stub)  mesmiasvoulaednliiani
(surface) uawsowyin (fracture)  IMBEULAWMNNMITALAENIINTIVERUMIEINALA  SEM
PntunsedeudTuumeness  eeldmatiralames(sputtering  uatluviing

ATIVEBUMENEDIANTIAUBENATEULUUARINTIA
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Ml 3.2 NEIaNIIAUBIANATOULUUABINTIA (SEM) 1 JSM 840A au Audideuas

U3N159an3smimanssiannsou AnzIneamans uinetaeiosiml

3.2.4 N13N5I9dUENUR IH1veuwsfing
3.2.4.1 Ananarunulnia(Resistivity)
TunsvhmisasagaeuAanmdunliih - suvkauURlnihgug  wee
audAladidnvinvesenind  Afdndiunsideiiusunasinag LLaszﬁqmwgﬁ%uma%ma‘]ﬁ’u
AewrhnsasavEeUaLTR Suwsiiing dewiunsvindalniiney densalinneunanituacuy
7 Tneldnszudliihpefifiussanas 15 Saduonutd wasanusnadndusvanas 520 Taad viuul
Wiaeadny wdmnvinlniSeudesudr thuntammnudiumulniingeirdesiaitimesuuy

= 1

aa ) Y o 1 _aqy ° i v N
nIRBA UUNHAI LLa’Ju’]ﬂTV]I@lI’]ﬂqu"]mﬂ’]ﬂ']aﬂ']WmqquubLWﬂqf\]qﬂalmqiw (3.4)

Rs. A
- (3.4)
ps = =

o ps Ao anmdunmuliihweseing (Q — cm)

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

URUALINA1DUYIIINE

3.2.4.2 AMUFUNUSTENINeAIAMUBUILLBLaznseud R nasArauninin

(J-E characteristics)
w9t liiiiFeutosuda Yinsraaeuanuduiusseninednany
nudunszualiialcurrent density : J) uazAraunlnin (electric field : E) IngAiaanu
wudunseualiiihazmlgananseualniiuasaau ey lduanmanusiein gl
ANATEUTUIULSIING n1suaInszualiiiuazaussdndiuainnsiid ueuesiing 7

foansmsnanuidaidn Uizl 3.3 andurhnisuiuBsudanudnadnglatiiniidng
Tiurasas (Vo) wvinsiasmanussdnsluihiinsostunuesiin (V) uazaranusnsdng
finsousiumuiiniuan (Vg )dsssuninsivailtluisesdmiuwnin CCTO usas
dndoaldistudeninanuiuniurenssfinduiaz s uuerafidunndeiunn wiwh
n13nnaedItenIekalukeansssuusesad Tuiinanauaidng Vs uas V.o (aausinedng
vosunassenszualiitn) Aeuldlundazaiaiuiudsumausiisdnslifiiiidng duine
nazualwihilvarutuesiind Weasnisasiilihnsnasosudiununsiuddeaynsueg

o & a et da = & e ) . | iy
AUBUNUTITNFYINADNTE AN LAA 9T ULDY FITUAILITAMIAIN TS LE AN I aN U U

Andlaanaunis (3.5)

dio g wazlp  Aenszualwihiluanuduesidinuazdinumunudinu (A)
4% AaAMusAngnnasaumsununsIuan (V) dnleain V.. — 14

R AoArmuEunuYesimumunsua (1)
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o i % v 1 ! 1
AT 3.3 WHUAINISRSALEIUNTAIANHEURUS TEVIIAIAINA LI LUN SELE LT

way Aauuld

wdsnvsuen Ig uag Vo uan ihawisaesnunuluanns (3.6) way (3.7) wienen

AMUNUILUUNSEhalin J wazaawiulnida E auansu

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

3.2.5 MIAsRdaUaNURbnBLannSnvaLesding
TunsAnwaudiladidnvinvesesing CCTO dmiunisudazvinnising
Aasfiladidnvsn  (dielectric contant,& ) LLazmmiquﬁamﬂmStﬁﬂ‘m%ﬂ(dietectric loss
tangent, tan &) dsanansnmenldlagldindos LCR fmes Agilent Ju 38401A TneAriiinlside

Aaugli (capacitance, C) uazAnsgadevnsladianvsn (tan §) vimsiadieulugag
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AR 100Hz - IMHz msvasewhlalaednesiindinesnisindeniuiinaniuiuiing
anugliih wazAagdenisladidnysn ihaanugliihindnasadmladdnninanaunis
(3.8)

c C.h
- — (3.8)
r &o - A

e & Ao Ansfiledlany3in wieAan nzueNdNiivs (relative permittivity)

g fa  AranmzyeNvedgaINe IAnviniy
8.8854 x 10712 F/M

C do  ;nuglwih (F)

h  fe  ;umuwwesssidng (M)

A fe  iuiinihdnvenesiiing (m?)
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uni 4
NaN1578
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Abstract

High dielectric constant CaCu3Ti40;, (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 CaCusTi;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.
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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
—0— 100Hz —0—100 Hz
181 A 1khHz A 0.18 —A— 1 kHz B
1o < mow jote| | o
r4 z
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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.

Acknowledgements

This work was supported by College of Advanced Manufacturing Innovation, King Mongkut's Institute of
Technology Ladkrabang.

References

[1] Hammoud AN, Myers IT. Proceedings of the Annual Report Conference on electrical insulation and dielectric phenomena. (1989), p. 459
[2] A.P.Ramirez, M. A. Subramanian, M. Gardel, G. Blumberg, D. Li, T. Vogt, and S. M. Shapiro, Solid State Commun. 115 (2000), p. 217-220
[3] M. A. Subramanian, D. Li, N. Duan, B. A. Reisner, and A. W. Sleight, J. Solid State Chem. 151 (2000), p. 323-325

[4] Y. Lin, Y. B. Chen, T. Garret, S. W. Liu, C. L. Chen, L. Chen, R. P. Bontchev, A. Jacobson, J. C. Jiang, E. I. Meletis, J. Horowitz, and H.-D.
Wu, Appl. Phys. Lett. 81 (2002), p.631

[5] D. C. Sinclair, T. B. Adams, F. D. Morrison, and A. R. West, Appl. Phys. Lett. 80 (2002), p.2153
[6] W.Si, E. M. Cruz, P. D. Johnson, P. W. Barnes, P. Woodward, and A. P. Ramirez, Appl. Phys. Lett. 81 (2002), p.2056
[7

[8] Y. Lin, Y.B. Chen, T. Garret, S.W. Liu, C.L. Chen, L. Chen, R.P. Bontchev, A. Jacobson, J.C. Jiang, E.I. Meletis, J. Horwitz, H.D. Wu, Appl.
Phys. Lett. 81 (2002), p.631-633

B. Bochu, M.N. Deschizeaux, J.C. Joubert, J. Solid State Chem. 29, (1979) 291-298.

—

[9] B. A. Strukov and A. P. Levanyuk, “Ferroelectric Phenomena in Crystals: Physical Foundations”, Springer (1998), Chapter 1

—



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

[10] Sabar D. Hutagalung, Mohd Ikhwan M. Ibrahim, Zainal A. Ahmad, Materials Chemistry and Physics 112 (2008), p.83—87
[11] S. Kwon, C.-C. Huang, E. A. Patterson, D. P. Cann, Materials letters, 62 (2008), p.633-636



Y v o a A v
agﬂﬂﬂmmﬂm‘smmmmimamsmﬂ

35

gM3 F1IUEY (VM)
1 AMaeulnugae 1AsINISI96 (7,000 *8) 56,000
1 9 1
2 m veaey 15y
2.1 ariaagilnsal uazangindl 8,000
2.2 MNUNINUIMINAADUAIDE 6,000
smudszanaiaueve 70,000




36

sz RaIum

a

Fo-ana_ U1y 1394 NITAIDY

______________ B T I

o ' @ J o Aa [ Y [ o
aumatfagiv 01915815251 Iendeuianssumsdnmsdeya aoniuma Tuladwszaoundudinm

NMTAANTLU
Usziamsanmn
:& 1 % :i = ti
yodol3 a1 an1iunay nay
d ala  d a v A
m.u. (Wana) Wana wvInenasfalhns 2545
[y d (Y d a [y
M. agmans) Jagmans N¥iInenaeFeal v 2548
Ph.D. (Materials Science) | Materials Science NHINeNaeFealvial 2554

MINIANIOUVDI A

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, G- S pleiied, LR Lol SRRETER. B Ay B e T R et

aavaa Ny liaumey

__________________ - O e e S O o el s i Anientoe, L L1 L

v Y a 4 a v Y Jd v a A A A Vo
1IN HIBINIT/NHIVY/ N HAIINAIIN (ﬂ]uﬂﬁﬂ% maaw]) ﬂ"lmu

3 w.e ¥9351970 aanfunly

U

= awv A vo
NUMIANBULAZNUHI ﬂﬂ!ﬂﬂ"lﬂi'i.l

= = a o v A Y
RTK: NUMIANEILAZNUITY aonjunlv
2542 - 2554 NUWAHINANANNENINTD | Wam.

a d
MIAINNAIaNI




37

NaIOS/NUa3 19T IIN

5% daa A d (Y] a a
Nﬁx‘i1‘H’Ji’lﬂ/\ﬂHﬁ%Nﬁ‘i‘iﬂﬁﬁWNW!Nﬂ!!W% (ILAVBIAUASHIHIVIN)

1. Worawut Makcharoen, Jerapong Tontrakoon, Prasak Thavornyutikarn, David P. Cann and
Tawee Tunkasiri, “Dielectric properties and microstructure of CaCu3Ti4-xMnxO12 ceramics”,
Applications of Ferroelectrics, 2008. ISAF 2008. 17th IEEE International Symposium on the
Applications of Ferroelectrics, 1 N0.4693905.

2. Worawut Makcharoen, Jerapong Tontrakoon, Prasak Thavornyutikarn and Tawee Tunkasiri,
“Dielectric properties of CaCu,;Ti,,Mn,0O,, ceramics”, AIP Conference Proceedings, 25, (2009)

1151 p. 9-12.

3. Worawut Makcharoen, Jerapong Tontrakoon, Gobwute Rujijanagul and Tawee Tunkasiri, “The
effect of GeO, and In,0O; doping on the dielectric properties of CaCu,;Ti,O,, ceramics prepared

via vibro-milling method”, Ferroelectric, Volume 415, Issue 1, 2011, Page 113-121.

4. Worawut Makcharoen, Jerapong Tontrakoon, Gobwute Rujijanagul and Tawee Tunkasiri,
“Effect of Zirconium Substitution on the Dielectric Properties of CaCu,;Ti,O,, Ceramics
Prepared via Vibro-Milling Method”, Proceeding of the 28" Annual Conference of the

Microscopy Society of Thailand, January 2011.

5. Worawut Makcharoen, Jerapong Tontrakoon, Gobwute Rujijanagul and Tawee Tunkasiri,
“Effect of Cesium and Cerium Substitution on the Dielectric Properties of CaCu;Ti, Oy,
Ceramics”, Ceramics International, Volume 38, Supplement 1, January 2012, Pages S65-

S68.

MISTHONANUIVING

International Conference:

1. Worawut Makcharoen, Jerapong Tontrakoon, Prasak Thavornyutikarn, David P. Cann and
Tawee Tunkasiri, “Dielectric properties and Microstructure of CaCu;Ti,,Mn,012 ceramics”,
IEEE International Symposium on the Applications of Ferroelectrics (ISAF 2008
Conference), Santa Fe, New Maxico, USA, 24-27 February 2008.


http://www.tandfonline.com/loi/gfer20?open=415#vol_415
http://www.tandfonline.com/toc/gfer20/415/1

38

2. Worawut Makcharoen, Jerapong Tontrakoon, Prasak Thavornyutikarn and Tawee Tunkasiri,
“Effects of the microstructure and dielectric properties on Mn doped CaCu;Ti,O,, ceramics”,
International Conference on Smart Materials-Smart/Intelligent Materials and Nano
Technology & 2nd International Workshop on Functional Materials and Nanomaterials
(SmartMat-"08 & IWOFM-2), The Imperial Mae Ping Hotel, Chiang Mai, Thailand, 22-25
April 2008.

3. Worawut Makcharoen, Jerapong Tontrakoon, Prasak Thavornyutikarn and Tawee Tunkasiri,
Dielectric Properties of CaCu;Ti,,Mn,O,, Ceramics, The Advance Materials and
Nanotechnology (AMN4 Conference), University of Otago, New Zealand, 8-12 February
2009.

4. Worawut Makcharoen, Jerapong Tontrakoon, Gobwute Rujijanagul and Tawee Tunkasiri, The
Effect of In,0O5 doping on the dielectric properties of CaCu,Ti,O,, ceramics, The 10"
Russia/CIS/Baltic/Japan Symposium on Ferroelectricity (RCBJSF-10), Yokohama, Japan,
20-24 June, 2010.

5. Worawut Makcharoen, Jerapong Tontrakoon, Gobwute Rujijanagul and Tawee Tunkasiri, The
Effect of GeO, doping on the dielectric properties of CaCu,Ti,O,, ceramics, The 10"
Russia/CIS/Baltic/Japan Symposium on Ferroelectricity (RCBJSF-10), Yokohama, Japan,
20-24 June, 2010.

6. Worawut Makcharoen, Jerapong Tontrakoon, Gobwute Rujijanagul and Tawee Tunkasiri,
Dielectric properties of Cs,CO; dope CCTO ceramics, The 7" Asian Meeting on
Ferroelectricity and The 7" Asian Meeting on Electroceramics (AMF-AMEC-2010), Jeju
Island, Korea, 28 June - 1 July, 2010.

7. Worawut Makcharoen, Jerapong Tontrakoon, Gobwute Rujijanagul and Tawee Tunkasiri,
Effect of indium and cerium substitution on the dielectric properties of CaCu;Ti,O,, ceramics,
The 7" Asian Meeting on Ferroelectricity and The 7" Asian Meeting on Electroceramics

(AMF-AMEC-2010), Jeju Island, Korea, 28 June — 1 July, 2010.



	titlepage
	abstract
	acknowledge
	contents
	chapter1
	chapter2
	chapter3
	chapter4
	chapter5
	chapter6
	reference
	appendix
	profile

