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Abstract

Thin films were deposited on the glass substrates by an asymmetric bipolar pulsed-dc
magnetron sputtering system from the Ca,Co,0O, and CaMnQ, targets of 3.218 g/cm3 and 2.862 g/cm3
densities, respectively. The sputtering targets were pellets of 60 mm diameter and 2.5 mm thick which
were made by the sintering of powder precursors obtained from a solid state reaction method. The
depositions were carried out under an argon flow rate of 15.0%0.1 sccm and the pulsed frequency of
17.24 kHz for the deposition time of 1 hr. The anode positive pulse was set at the same current-voltage of
20 mA 100 V with the cathode negative current fixed at 120 mA and the target output voltages of 260-280
V. Optical emissions from the plasma during the deposition were measured in the wavelength range of
360-800 nm using a high resolution spectrometer. The as-deposited film thickness was initially estimated
from the optical interference using Tolansky's Fizeau fringe method and was obtained from the
ellipsometic measurement. The crystal structure was studied by X-ray diffraction. The thermoelectric
properties were assessed by Seebeck coefficient and electrical resistivity measurements at room
temperature. The Seebeck coefficient was obtained from the measurement of thermoelectric voltage as a
function of temperature difference across the film surface. The electrical resistivity was measured by the
standard Van der Pauw four-probe method. The power factor was calculated. It was found that the optical
emission spectrums show that the Ca, Mn, Co and O atoms were sputtered from the targets onto the glass
substrates. The as-deposited Ca-Co-O and Ca-Mn-O films thickness values are 0.43510.003 Wm and
0.449710.001 Wm, respectively. X-ray diffraction patterns clearly showed the amorphous nature of the as-
deposited films. The determination of thermoelectric properties of the Ca-Co-O film gave the Seebeck
coefficient of 0.14630.009 mV/K, electrical resistivity of 0.47310.009 Q-cm, and a power factor of
4.53110.685 },lW/m-K2 at room temperature. The Ca-Mn-O film baring a high resistance was not the
experimental determination of thermoelectric properties. Post deposition annealing and the doped metals
are expected to be one of the candidates for good thermoelectric properties. This will be further

investigated.
Keywords: pulsed-dc magnetron sputtering system,Thermoelectric thin films,Thermoelectric properties

ﬂ'nmﬂummmﬁtym (Oil) 0NuPU (Coal) wnasssuan@ (Natural gas)

X a =£ o - ., | a 8 o . k4 a o ' -y
RIWANTINNANATLTTN (Fossil fuels) il LazUuUNtY  (Oil shale) L%memmmqﬁimgﬂ

v
°

uuaansnannInasvudnuealan Taua sy ﬁq"Lﬂ‘l%LﬂuLmaiwwwﬁmuﬂiuﬂmﬁ (Primary

[77]



energy) AINA2INARINTTUTENIL 80-90%
4} al o o o (=
(Hamburg, 2010) T9aziaaudrAnyuazaiul
aunARwNaniY ae9lsfinnn uwraanasLwaT
Wuwsawasanududassuaziiludumanalina
Toyvisediuanden duiiunaniainniedl
asuaulaaanlad (CO,) wararfuaunauenlas
(CO) TuFnnnuge uaznisunsnIzaeuaiesie
Avwondenau o Audumnsamiialuiaciu
[ o £ 1 o
weandanAullgnisldunaandssrunaunu
(Alternative  energy) agin9aunazen Uaansie
al A o Adl a %
wardengiugne wasulinnfinainanieu
(Thermoelectricity) tULNAINAIINUNALNLEN
| 2 Aol = Y ¥ o ' Y

ae U NAN AN ALAS AUeE19Nd191919LA Y
Arndnaziuldlflusunansulndil Sanqnidu
o G 1 o a o d‘ a v dll

galuunaeaniiianaaanungsannansae 1Hesann
gnunsanazilasuldifdunasar i 18ine 14
AelszhngniunafueBianyianiidsAainuaiis

v
o o

Aty ??i\‘imm'qm?éuLL@mﬁumu’Lum?ﬁﬁﬁmW@
WauInIsEaunnsasuLarimulmalulatines
NRBLANYIFNWANLNG
'j"mLW@%M@%Lﬁﬂw?ﬂmmimﬂﬁﬂu
wFeuarnFemdundseulnfiuaslaoy

nasulAduauduld nnsdunidanina
FaNa12a9fedANEIdNTRINasueBLIANNTN
(Thermoelectric properties) ﬂ@ﬂﬁ@@ﬁu y Town
annlnefuedlanyian (Thermoelectric sensitivity)
ﬁ@wmﬂé’mnmﬁmmmﬂi:ﬁg (Charge carrier)
wazdulsy@Anaimium (Seebeck  coefficient, S)
anTAnN9 WA (Electrical characteristics) fa13eun

Tannan nsinunulnin (Electrical resistivity, P)

LazaNINtNANFal (Thermal conductivity, 1K)

mlalneldinafinganuzmesa (Steady  state)

WITILLARINIINIEAIN (Physical parameters) S,
p, uar K azihllAwnmnilss@nsniminasued
wnvsn laun uwnWnumeasnnae (Power factor, P =
S’/P) (Nolas et al., 2001 uaz Rowe, 1995) Uay
figure of merit (Z = 82/pK) (Altenkirch, 1911)
Fari NINEUNIAR e FuaBLANYENAL Aaen 11Tl

AT S g1 P uar K A1 GeavdanaliAn P uay

a

Z  Hdngesny wanainil dsr@Aninininasued

WWNYITNEa1N1aRNansUn lFaNnAY Dimensionless

a

figure of merit (2T = S'T/PK e T ﬁafqmmu

al

'
o L o

dAx1yand) (Nolas et al.,, 2001 tag Rowe, 1995) UU

o))}

8 81 ZT  HArninuanadnfidss@nsnings An
z7= 1.0 Fandadnnaglss (Bi,Te, uavuaus
Tuilunagledt (Sb,Te,) Nnuunivies (Wang et al.,
2005 WAz Goncalves et al., 2006) #41 AzHad
Wundanasuedianvsn e 2T g9 ans
dsrgndldlAatnallss@nininuaziinlssTaal
o
nnvgn

FAUNITARNLNDTNADLANNTN I

q

=&
nn RN

'
o

Wudedrdy Tnaenizeenladlanznsuddu
(transitional metals) faetnady wAaLGaNlALaa
aanlafaiiaf (ptype Ca,Co,0,) WATUAALTHN

= & a [~3 '2“ Yo
wnanntlasenlafaiinigu (ntype CaMnO,) Nli3U

dJ = c Y a 1

ANgula Talinsdaanziisnemnatiagng o lu
AnHUTEa (powder) Wadmdufien (bulk) e
Anwrantfimesuedidanvinuaznislszynd
at9lafimn nisUfuilpedannefuedianvanlid
antRANAIUgIN1saM e lasntsRelulany (Metal
doping) waznstidanraiuazidunnsznauii

Wluinefuedianninuena (Thermoelectric



'
a

6N

a @ =

module,  TEM) UsrAnginasuadidnnin

(Thermoelectric devices, TED) Aananadiansnga
Ul duieseenfia lWdnimesuedianynin
(Thermoelectric generators) WAZLATBINIAIIN LI

masNaaLannsn (Thermoelectric

[%
=

uananu

coolers)
nisdfuilgedaninesuadianninlii

£

auTAATua N 709 LA TR N B Uz T 0 A uLng
(Thin films) FneRB6ine 7 1w N1sszimaAINTaY
(Thermal evaporation) n199zmean leaaunad
(Pulsed ion-beam evaporation) mﬁ?‘W‘ﬂﬂ‘1/yuul,z~1L"Iminf
Wad (Pulsed laser deposition, PLD) WaZssLLl
wuninsauatinimase (Magnetron  sputtering
system) {luAY Aufuunninsauaiininesadu

miwanmuiamqmﬂmw (Physical vapor

'
o 1 ¥

deposition, PVD) Aldiuatineandreannafaniu
walulagnsdaasziianuie siafqulsees
mallauunfinsauailnmesad 1A nszuansg
(Direct  current, dc) NTLUARAU (Alternating
current, ac) mwﬁlﬁm (Radio frequency, rf)
uazadnd (Pulsed-dc) uuniimsauaiinmesaluy
Wadatiluimunisangaluaenisailnipesaiis
ﬂw‘lﬁmﬁmmdﬁ%ﬁluj NA19AD ANNITONBNYU
Adnueresanstlszneveanlid ld@aaensnisnen
wugauazlidifoymnisendn (Arcing) Finanetin
ey walasananaldFun1swmsen lFaunsn
nenyuilFuuneldFTuden ¢ armnsnin U4
Uszlaainianisdnen n153498 AARAAWNIT
UszenFinI19gmanune sy

T A.A. 2005-2010 1ATNNsdaLATI AR AN
114 Ca,Co,0, IneldimatiAnisnanyuiaimasiad

anflenuuninsauatlnnese 84198 TaLNILAN

(Chemical solution method) Wlusw wudn
FudszAnsmupnazdnindnun 1w Wini Anwiny
130 UV/K  uaz 11 mQ-em  Nguugiivies

ANNANAL (Wang et al, 2009) @uiuWaNLN
CaMnO, lainnsAnm ludneuzaasninaatly
4 Ca, LaMnO, (0 < x < 0.03) [Cohn et al.,
2005] Az Ca, CeMnO, (0 < x < 0.08) (Xiang
et al., 2009 and 2010) wAsalinuNIININDSNDD
WANVINNBAATBNNANLI p-Ca,Co,0/n-CaMnO,
mnﬁﬂ@immﬁwmiﬂumammﬁwi‘umﬁmu%
uaznsaiuierudAyiasinlfiindss Tomdann

a o =X

ANTANHILAZANE A

o

IRANHABTN138 WAL AN
U andFmefuedidnysn nefnedianyanuena
waznatilusveneldise Tomd

Fmsun e iifhunsssanfidunneann
\fln Ca,Co,0, war CaMnO, A9HITUUULNN
AnsauadlnneiuuuRadadansdalianuns
(asymmetric  bipolar  pulsed-dc  magnetron
sputtering system) (Somkhunthot, 2009) WRRANEA
nsnafnanaziaseaiiauan Lﬁﬂél,%l,ﬂuﬁmj@
aedud MU neueAseAenfuanTRime s
NRBLANYIIN NIINUNBTUBBLANYTNNAAA UAZNNT
UsegnafldilsyTmisialy

[ %

Ay UsERIALRIN1TIAY
1. Wedumrsfuavinrenansdsynay
Ca,Co,0, Wwar CaMnO, duiuldiiuiinailnimne

Falunnananyuilduung

A

2. INaRIATI LT LA LA NAANLN9AQE
a a o = = :l/ 1
sruunNninsauatinmeTuUIUNadndanadqly

aunmslng 1 Ca,Co,0, uar CaMnO,



3. [ieAnenisiatinmanaslnseaing
HANT894191s2naU Ca,Co,0, Uar CaMnO, il
Lﬂul,ﬂ’mﬁmLm@?\ime?\lﬁmmﬁiﬁmnmm@ﬂmu

4. ieAnenauiTRmesuadiEnninuas
UseANTAINURINANLI9F8Y Ca-Co-O uay
Ca-Mn-O filgarnniswaniyu
ABALEUNN5INE

1. n1rdalAsIziLazIRTeNanslsEney
Ca,Co,0, uaz CaMnO, #aeRan1svinfisen
An"uz9Ld (Solid state reaction, SSR) @u5u 14
wWwinatlnimese (Sputtering targets) luniswan
WUNANLNG

2. nrdaAnsfuazinauflanunediag
sruuuuninrauatlnpeT LR daE aeadalyl
anumstaeldiih Ca,Co,0, waz CaMnO, loils
AMNMNTesiaNszALlNATEY (~10° m)

3. nasAnnsnananaLazinseadag
nanwesanslszney Ca,Co,0, Uay CaMnO, il
LﬂuLﬂmﬁmLm@?\aLmzﬂzﬁ'umﬁhé’mmwwmmu
Tneldudnnsiaeauiediond (X-ray diffraction,
XRD)

4. nsAnmaNtResNeBlANNINLAL
Usz@ninInaasWlante Ca-Co-O wag Ca-Mn-O
flgannniswanyu 1dun nstaanwlamefues
AnyEndaeiadananuan (Hot probe method)
mﬁmmuﬁﬁmﬂ%lﬁﬁé’qﬁ%%ﬂwﬁmuuﬁ@gm (Four-

point probe method) ImgldnnsdamanuAILNIL

PASUIULAANIY (Van der Pauw resistance

measurement) LATNITANUIIUIANNNLARFNAS

NanigIasLazanilsana

1. NIRUATZAUAZLATUNANIFRREN9A2E
Bmeindiieanuzaeads WKidnansigumes
waa (Sintered pellets)

189  Ca,Co,0, WAZ

CaMnO, duiuldifluitlnatdainesealunis

o

Faasziuasindanfdusondns dailidusiiu
AUENANY 60 mm U1 2.5 mm ANNUWIWLY
3.218 g/em® uaz 2.862 g/cm’ MINANAL AILARS
T 1
nsaAseiinanasianseaiiananyes
\inan3Faeene Ca,Co,0, War CaMnO, Aae
Lﬂ?ﬁl@\‘l XRD (PW3043 Philips X-ray Diffractometer

of the Netherlands) Taeldn19iaeaiuusadand
(CuKQL, A = 0.15406 nm) @aedm3N  0.04%/sec
WaT 0.02°%sec MINANSL IHWLLBENANTIALILLY
. | T o all a d‘
F@end AudnalunIng 2 WansunInd 2(a)
3| ] d” o a "
Wuuuuetnenisiagauuiaaendaasanslsznay
Ca,C0,0, WUIHANHULARIEALINLIIUD
Song and Nan (2007) Lazn1981989a1n JCPDS
file number 23-0110 wWuwanRAMNdNaaaLln
ANTLALNLILANNTTWIY (001), (002), (003) WAY
d‘ = v = aa

seunuan ) Nlassairananuuuinluadiln
(Monoclinic) NANTUININD 2(b) luluuetnenig
d’j o a o A
WwaluuiAlende9anslsznay CaMnO, WudH
ANBUTARANLINEIUTIBY Zhou and Kennedy
(2006) wAzN1381989a1n JCPDS file number 50-
1746 WiwWaNT AN NeaaL T uNNTALWANN
UL (101), (121), (040) wazszuILdU < H

IpsagFenanuuUeasaasandn (Orthorhombic)



Ca,Co,0,: 3.218 g/cm’

CaMnO,: 2.862 g/cm’

i 1 feansndunesidaey Ca,Co,0, war CaMnO,

(a) Ca,Co,0,: JCPDS 23-0110 (b) CaMnO,: JCPDS 50-1746

§ : Song and Nan (2007) g : Zhou and Kennedy (2006)

~ —
2 =) 2
c S c
2 6 z
z| —
5| o e =8 g
el 2 S O =
= A 58 528 | T

10 20 30 40 50 60 2 30 40 50 60 70
20 (degree) 20 (degree)

WA 2 uuuetensaenuuidienduesanslsznay Ca,Co,0, waz CaMnO,

2. NrduAT LAz TN AN 981 9LU
wiuglasuiaainitl Ca,Co,0, Uar CaMnO, fag
sruUuNniinsauatinpeTLLNadAT a0 gl
aunnng nalAussenniALiaansnaufaLemnInNIg
Tnareeuia 15.010.1 scom wazmNNAuLlszNn
40 mtorr Sneld¥Aanudwad 17.24 kHz Waduan
20 mA 10045 V wasadasanisfivnnisatinme
F9a1nidln Ca,Co,0, Uar CaMnO, azFasldAau
svAnduaznszuaaiinpaselszuins 120 mA

26515V uwaz 120 mA 27515V AnNasy

(81]

N17UARYLAIIAINAN AN UL ATTALADT
Falaeldisecaninsfimesafinaauanansnly
nsusngslugaenue1anay 360-800 nm &Y
wWiauWiauiy the ASD data information of NIST
(2010) gﬂLLum'ﬁiu (Waveform) aa9naduanuas
al nIwang (Photograph) 189WANANT LAZLAY
AlnmiulugnemnLeNIAAL 360-800 nm 1R
nnsatimmeiaainity Ca,Co,0, uazr CaMnO,
N1331UABENANAN (Plasma

FananalunInd 3

diagnostics) wudnrnzatinmesaliduailnmniu



797.25 nm), Ca (370.26,

189 Ar (422.57,...,
393.36, 396.85 nm), Co (361.46, 399.43 nm), Mn
(361.06, 403.11 nm) waz O (777.41 nm) WAMIIN
fazmanwes Ca, Co, Mn uar O gnatlnainiih

Ca,Co,0, WAz CaMnO, Feaadnazlinanyuiiu

guufaalamduildn Ca-Co-O war Ca-Mn-O
AINAIAY WANTAWaNyULAL (As-deposited films)

AR 16.0X16.0 mm’

Waveform
20 mA, +100+5 V.
e

Ar |: 763.63 nm

120 mA, —265+5V

Ar: 750.50, 751.57 nm

£

e

5

N Photograph
<

<

(a) Ca,Co,0,

Ar: 738.55 nm

Co: 361.46 nm
Ca: 393.36, 396.85 nm

Co: 399.43 nm

Optical Emission Intensity

Ar: 656.41 nm

Ar: 794.94, 797.25 nm
Optical Emission Intensity

400 500 600 700 800

Wavelength (nm)

Waveform
20 mA, +100+5 V
—_ 2

—

120 mA, —275+5 V

Ar 1: 763.63 nm

Ar: 772,51 nm
Ar: 794.94, 797.25 nm

Ar: 750.50, 751.57 nm

Photograph

Ar: 738.55 nm

Mn:361.06 nm

Ca: 370.26 nm
Ar: 656.34 nm

Ar: 706.83 nm

0: 777.41 nm

(b) CaMnO,

bbbl b bl b ot i
v L |ml " ’ A {

500 600 700
Wavelength (nm)

£
c
©
©
©
>
©
<
llJ

il tdil |

€}

00

400

aw? 3 guuuAduesiaduINuATAL NInEreInanaNT uaziduannadu

3. N19TAAINNNUITRINANFABE 199N
LULBENINITUNINADATDILASALABY  (yellow
sodium light, A = 589.3 nm) Tngld35a994neany

a

&N (Tolansky's method) LATNITTAAINNUUNARE

nzevaallafiimes (red laser light, A = 632.8 nm)
a7u13lumn99n 1 wudannsdauazAuIniANN

PUNTRINANFI9819 Ca-Co-O wazr Ca-Mn-O

ANLLUAENNNITENINADATDI LA RLAEIIAEATUD
al v a6 [ %

naauan lsAunnIesiaNsyauluasaun (Um)

= v o o o o P aa

FalndLAsedun19Tam NN Ao LATRIR A T

AT BAAIINNITTALATAIUILAINNUN LRI N AN

o ' H A A A Yy
mQ@ﬂq\?W\?@@QQﬁmﬂﬂﬂll@

mﬁLmﬁ:ﬁ?\lﬁuﬁq@fjwﬁw‘ﬂﬂwmuuuﬂm
uwialneldiedes XRD 1&uLLeeansiaealuisd
Nt Fuandlunnd 4 wudnildusaetineinen
Wuudaduadoygiu (Amorphous) esanniflu
m@wmmuﬁfqmugﬁﬁmqmmwmm (Vacuum

1 : 4 % o v
temperature) LL@ﬂNNﬂ’]ﬂﬁﬂfmmﬂuﬂudi’mum

o

A9t WALIUAalTaIazAeN Ca, Co, Mn waz O

a

ARag1uAfaaliiiaanataznldnaiamawlu

a9

=2 2 1 @ = o
wanls  adnglafimnu NNTULBUURUAINTITWNANYU

(Post-deposited ~ annealing) lua1n1ANguunR
LAZANUNZANAZTLNNABNTLAULAZNNTNALNA

wadunanls seasladneiusaly

(82]



AN519N 1 ANUUNLBINANAQBENS

Tolansky's Method Ellipsometer
Samples X Ax t= Thickness Refractive Index
(Axix)(A/2)
As-deposited Ca-Co-O 45 | 68 | ~0445um | 0.43510.003 2.2210.01
Film 1m
As-deposited Ca-Mn-O 78 | 121 | ~0.457 Um | 0.44910.001 2.0630.01
Film 1m

(@) As-deposted Ca-Mn-O Film
2 ‘
3 LWMNW*'WJMA'MM\"MWWMWMWWM»\WMWWWWM\mwmw.ww
é (a) As-deposted Ca-Co-O Film
1I0 2IO 3IO 4IO 5IO 6IO 70
20 (degree)

NN 4 wuuetensenuuiAienduesiausaat s inenyuuan

4. NsAnENANTRMesNaBIAN VTN WAN
fineting Ca-Co-O uwaz Ca-Mn-O lun anwla
masuediannin andinielnd waznns
AU AN NIABTNNAY

annmeaaulagldiidaninufeuiie
AIIRRAUTHANINZLIE] WU WANFIRLE1e  Ca-
Co-O uatlaW dusuidusaagne Ca-Mn-O 'y
arnnsnmsaaaaurianinzlszqld arndnazi
ANNFTUMIuge aeelesfinin amnsnulFurlgeli
Wuansmesuedidnrisnldlaenismetulave @y

La waz Ce (Cohn etal, 2005 uwar Xiang et al.,

(83]

2009 and 2010) WuAY WIBNITLOUTAUAINIIN
1 vl o a a dd?
anyuaiaazdaalidaninlomaesuedianvisnsan
FearlfninisAnuazddesiald
AMINNIFIAAINNENNUETZUINIAIINFAN
Andvidn (AV) wazaaiusngnngil (AT) e
ANUIUVNANL 2 ANTELA (S) AINaNNIT S =

AVIAT (Nolas et al., 2001) lansinuana

ANNANNUSAILAAI TN 5 WUINAANFDEN
- S
Ca-Co-0 HANANANEmasuadLanyisniiNTuiy

a

ANNNFNNRUNNN

a

gaiuldnindasngnisalisiua

(Seebeck effect) WaTRA S = 0.14610.009 mV/K



Pgoumnivias HAININNIN9189 U89 Wang et al.

(2009), S = 0.130 mMV/K MIguuqiied amsuias

3.0

faaeine  Ca-Mn-O 'launsamiuanuunian S ¢

i = v any 1%
mm*wzuzﬁmwmumu@mmwimﬂmf;mLLm

2.5

AV (mV)

>2.0-
15-

o
(8} o
1 1

]
n
L]
"

o o
ol o
1 1

Thermoelectric Voltage

(a) Ca-Co-O Film: S =0.146+0.009 mV/K

(b) Ca-Mn-O Film

L

!
=
o

0 2 4 6

8

10 12 14 16 18 20

Temperature Difference, AT (K)

MR 5 pswduiusindng AV du AT aesiiduiaesdne Ca-Co-O sz Ca-Mn-O figaungiities

M99 RaNTRANS AN FaeR s A wuud
qnlnglEinAtiAN1TAANINAUNILLBUIUABNIY
P ANNANAUTIEMINansTLa AN LAz AINFNa

ATl (/-V characteristics) WW@ANIUNNIAIH

Frun1ulni (R wazaninsnunulnida (p)
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1.3 aufqatng Ca-Mn-O Hanw
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