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Title Preparation of p-Type Copper lodide Thin Film by Liquid
lodination Process for Transparent Thermoelectric Application
Student Miss Suttinee Yodsuwan  Student ID 58051150
Degree Bachelor of Science
Department Physics
University King Mongkut's Institute of Technology Ladkrabang (KMITL)
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Advisor Asst.Prof. Dr. Apaporn  Sakutkalavek
Abstract

Y-Cul is a promising candidate for the p-type transparent thermoelectric due
to its high energy bandgap Eg = 3 eV and intrinsically p-type conducting from copper
vacancies presented in this material. In this work, Cul thin films have been prepared
by iodination method using Cu thin layer immersed in solution of iodine. The Cu layer
with thickness of 100 nm was deposited on a glass substrate using DC magnetron
sputtering technique. lodination time was varied from 1, 2, 3, 4 and 5 minutes at room
temperature. The X-ray diffraction analysis reveals that all the films are polycrystalline
with the (111) preferred orientation of the zine blends structure. No other phases, such
as Cu and CuO were identified in the XRD spectra. The transmittance for all thin films
exhibits high transparency of more than 70%. The maximum power factor of
2.76x10° W/m-K?) at 55°C was achieved for the Cul film prepared at iodination time

of 1 min.

Keywords : Copper lodide, Transparent Thermoelectric, Thin Films, lodination
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2.6 Field Emission Scanning Electron Microscope (FESEM)
Field Emission Scanning Electron Microscope (FESEM) 3anaseganssay
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2.6.1 wdnn13VINITUYEUATE FE-SEM
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3. Transmission Electron Image (TED tdudyarann #l#37n Transmission
Electron Detector (TED) a1danann15983 Transmission Electron Microscope (TEM)
UssgndunAnnslussuures FESEM Tae TED szaglusumisliiusuiite fundsaiuan
transmission electron mzaruiumu Andissdidnaseuiineliamiussuuiiiuingeanie
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2.6.2 Energy Dispersive X-Ray Spectrometer (EDS)
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2.7 UV-VIS Spectrophotometer

watln UV-VIS Spectrophotometer Li‘lumﬁﬁnfﬂi'qmauﬁ'ﬁmsqmﬁuuam‘%a%’qﬁﬁ
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Q\Jﬁ‘ 2.9 @39 UV-VIS Spectrophotometer

2.7.1 #7uVsENBUYBsIATEY UV-VIS Spectrophotometer

1Lauriiauan (Light Source) azfasiimsuifdlutniinssnisadusatiiswuazai
pasaLlal Aunudeauasluyas Ultra Violet tisulivasalalasiau wisvaenfuvetoy Wuas
fimnmeaiy 185-375 unlulmsuasuvasiuiauaslugas Visible Light Husldvasn

s s & v - 1
Wamy viavasamaiad-gilaiay ilvauenaaulutig 320-2,500 uiluwas
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2 ilulasuiae’ (Monochromator) Wudwiliruauuaddagasiiliuamedlas
Aneamnaindudidiaduuastululaswidin (monochromatic light) Faiiuuavuauau 9
vieiimmeniaduiie dnavlifames UsTu viansene (Husu

3 druihansiediaiiatn wadnldarsiaatng (sample cell) wiaunadudonia
falami (cuvettes) Simaneguuuy Taowaludhusadivihsesaniuazmand THlselutas
Ultra Viole ua Visible Light uslwagiivinsaouiasssuniazldldianizdas Visible Light
wsmiileuisssumganiuuadurn Ultra Viole 16

a.n3asTaua (Radiation Detector) wiavinuasiiatunasilanwlags aunsaiauas
fannsznuliimun Tdygrasunmulies miﬁauauaqdauaafﬁuasjﬁ’ummﬁwﬁammaﬂ
pAuvatuas ndasinuatitonldiueglutiagiuiivarouuy léun Inlalaanidnisad vie
wulieni-lawaiwaa (photovoltaic or banier-layer cell) vasaiuuas vaealWlndafinaiy

s AT - as - - L
1893 (photomultiplier,PMT) wasirIovinuasindaneulalen usu

2.7.2 winnsvenmasaias UV-VIS Spectrophotometer
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annsenudl mirror 1 duasazsiulugs stit uazluannsewudl diffraction erating degunsal
isiigneenuuuuliannsomuldiadsnausnafuamianiziaizes ndseiniy
monochromatic light azilUSs stit wawsi fitter Fnvimtinssuasisumuesnamiy
SIMAINLANNTENY mirror 2 fufivzasiounazuveeniduassdiuday half miror Iag
A3 milivasduasasasiaudauluds reference cuvette Lasdnaswiisavasiausuluds
sample cuvette Lavibignaanduszansime lens uid detector thatufinAAawe
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3Uﬁ 2.10 wdnn1svineTuYeNaIas UV-VIS Spectrophotometer WUUEUEA
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2.8 Seebeck Coefficient/Electric Resistance Measurement System

(Zem-3)
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van dlanduvindrsisiadwiiatuaniilu p-type untardulszansoivaidnduavans

Asauneslusiia n-type

o

Constant current
; power supply

X

Thermocouple,T,

Thermocouple,T.

L4

. Temperature difference

setting heater
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AT Ui (Electric Resistance) milalaeiuadafiuniug9ds (R
Furnaatusenseudliihadiliulaesitemaaudumu (Rampte) VOATURMUAIBE

Ineldngnisudauseiulnga

=

4 - Y-
JUM 2.12 nrsudsuseiulnia
i e ) v Wy 2/ s
MU 2.10 disdnenssualviiudadiuniy aszuailvadiesiaiy
Isample = lyef (2.6)
wasvmnaunis V=R

Vsample \ | Vrer

2.0
Rsample Rye f
AU AR TUVIUTaIB U e
R _ VsampieXRref
sample — v (2.8)
ref

wisanmanmnlwih (Resistivity) lasn

p=— (2.9
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(2.10)
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2. dnszannivinauazeiasinte 1 ldlulininesuuia 200 faddns 9nuwnans
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3.2 vusaulunsiedauiauu1nieds Sputtering
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inuumyuddendt Chamber aan uaanavdy W (ON) Muans W szdadudiles sednag
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naty W (ON) Inluana W 3z

Fadudiden
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5. anduaduinil BV wiauiunadu DIF (ON) ialviiduineiuiou ilvigrainie

3 > N & v a
Avu niulasruy Cooling haraaliliszuunieglu Chamber Fautiuly
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Ui 3.6 mavilvszuuiiea ey

< o 5 = X P ) W &
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ar 1 e _5
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Antiudiden
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7. WeAIussEUUWIINU 3.5X10° mbar 151927015 pre-sputtering lnanisilln
& - & 5 LI & d. © : < a b
MnawAdatinay (A) ndulduidatinau NaAudze1anuR213833Y laalv power

120 W fiauiy 6.8X107 mbar (lutaan 3 uri aanduinsUaufaerineuuayla power

Uassuiasiinau

31!# 3.8 N7 pre-sputtering

8. ANUAUNSINTT pre-sputtering LARAIIUDY 3.0X10° mbar uawrenszualnia
1.6 V Iiuansnszaniieliuviunau 581013 sputtering Inaldufaenineuunarine
power 120 W anﬂﬁv’uuquﬁ'amas‘mmiuuﬁn'u WIBUINITIULIAT 4 U WBATULIA N
mywyudameiUauainaln power uazlinarduda

9. wileviny sputtering waaudalinatlu DIF (OFF) udaseuszuny 30 uail v
gaumadl heater tuas Mndunatal HY (OFF) uaxllaszuu cooling

10. mangfdonUssauaznaly W WoyAsRad chamber vanudmi1 Sample
lénwuzUninadeuli ey Sample somuudminnnsTnr chamber wagmyuidonaidid

Wi nenjas RV uaz RP(OFF) uarlnaindindssmumntiunisduganisviham
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3.3 tussulunisieiauNauU19A2875 Liquid lodination
1. wisuasazaslalafuarmuutu 1 % USina 20 ml Aaenszusnnal lalusnu

P v
wnsdeiwsouls
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d o ay % v g n.l v
3. WisAsu 1 un ihWduunsusiawaisuinaulvaraazarelelefuvumsensin

winay wanilunabiliftduuds anmiuduldnmeuzusselvseuias

U7 3.11 EreRduiondu

4. vinmsedeuidmute 1-3 lnswdsunalunnguansazansleledulu 2, 3, 4

wag 5 u

wanwauduas wdiid s minadsil

- SlnsilanaiueanaIERiad X-ray Diffraction (XRD)

- AATzAnuaEnNANTILIMETTBNaTIR 188 19MIgnaaIgansTMIBIAnRTaULLY
daan3a (Field Emission Scanning Electron Micrascope)

- Annsinsmesrussagusisinaiia Energy Dispersive X-ray Spectrometer (EDS)

- AwssviautEnisdesiuuateswanurretivesielalag (Cul) fasiadas UV-VIS
Spectrophotometer

- JiasizvantAnialnfivesfiduuisdas (ATee Seebeck Coefficient/Electric

Resistance Measurement System (Zem-3)
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3.4 Yusaunsleiaias UV-VIS Spectrophotometer

1.naaindidalA3es UV-VIS Spectrophotometer U Perkins Elmer, LAMBDA 365
i‘u%ausiaag'ﬁ’manﬁma% Wamtheslusunsuwaaaiss UV-VIS Spectrophotometer duan
Pntnhnsdeusanisdletunauianes

2. MAta9TBImIEMIAR LIS WeIN5IE TR (200-1100 unlulins) uasRaR e gy
fidaen1sTafe TaA1n1sdesiauuds (ransmittance) 31nduiladaiadas UV-VS
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Ui 4.1 uansdmadenuuiidianduesiduiliassmaia XRD wudRiduifldiaan
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l@vnauns (2-9) wunrrueTuananalddawmaay wWeswniduruaisauuung

. . 3 P a ar W P A&« o )
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ATTNN 4.2 LaMIAITEEENTENINGEUIY (d) MdiweTvadlasindn () wazmiupien

(€) MFnnadldanteya XRD vasiiduuaaieslelalas (y- cu)

| Reaction Time diy A a(d) € (%)
(min)

1 3.4676 6.0061 -094
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q 3.4893 6.0436 -0.32

5 3.4718 6.0237 - 0.65
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4.3 n13531A3129KI519BIAYIENBURI8INALA Energy Dispersive X-ray
Spectrometer (EDS)
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Tunsqu 1-5um
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4.5 MINATISVENUANI9IWNIR I8 Seebeck Coefficient/Electric Resistance
Measurement System (Zem-3)

nmaesziauinisliiesiduneueilelelad (y- Cul) Awdoudenszuiums
Liquid lodination fewailn ZEM-3 wuitiauiliaailunissu 1 2 uag 3 uwt Jema
IwfhuasAmaiuewas (Power Factor) amas usidiatiutanilflunsgudu 4 was 5
mﬁaiwa'lﬁ"v&éumaﬁﬁ1amwu°1‘lwv'1ﬁtﬁnﬁuﬂuﬁaﬁumnas‘uﬂﬂmai'ﬁ'naﬁ'«gﬂﬁ 4.7

ATIATEN IS TUNIUINA T (Resistivity) @1130A 4T W9 InEn13[12]

fVywt
p= (7) s (4.3)
dle v e musenlwi
I A massualdiiy
t A AuvIYeIal
w e mruniwdidnivee

L A9 AUETITEVINTIINT

Paun3 (4.3) WedwualisudsnsududasfionTurimmvmumeiidy
wuianmiuulwiiruUsiunssfuaiamise gy dlerwamasmitvi (o)
NaUNTS (2.10) Aan i lwvhaziisudsenduduaaniwiumulniitazAinuvun
vaeWdy dladniaumuintu antmiliiaziisanas usidien)mmurvesiduana
Aranmitlihesiaiiaedu uenaniifammir i dditadsrmnefuiawme

7 J ' o ¥ U o ]
(Power Factor, PF) @28 \ilasainAnwilaiunawmesmiwialasinaranindrindwasan
dnlseansdiun

PF = S%¢ (4.9)



43

d‘ o < Q‘ ‘Il 1 v a0 Q’ ¥ v o J
fuauns (4.9) WeanwihlwihiiAwiutudwalvat PR dAwRudunigy fagum 4.7

- . : . - r : v - 0.000030
—u— PF|
L 0.000025
£
o - 0.000020
-
S 7
> 3
t; 0.8 - * o.oooms;
t; VN
3
©
g L 0.000010
O 04-
i
L 0.000005
0.0 -— .2 T ’ T d T s T
1 2 3 4 5
Reaction time (min)

UM 4.7 uamansmiasudiiussswitanarildlunasguavdnasialia

wazAIWIIaTUNALIRa

1 A{d a; ¢ ° v
ArduUsyavisdiuavasitan (S) anmsaruaalasinaunis(13]

32 U
Sr=Sp|1=22(1-p)— @5)

d U ll‘ - o A 1 -
ia S, Aa AdnlszAvtdiurvasiidulndaiadaduiiinuvubiduan

Apfa mean free path

U #9 12788100 Maund 191uT84A1 mean free path @i

J v/ d 1 J v 1 d i
naums (4.5) dislwmuwlsdudiumamaniuaianuvuesiay dieAeuwun
(3 —' ‘v 1 v o = - =i 1 £ 1 “ = =l 3 ‘” 1

uaqiaumuwama'lnaun1imauuawag’lmuauumuaﬂaq Arlunuaudadianniu An

£ & 1 PN : < L3 b4 27 ar o '
Fundsravicdiunvesiaudadinniuguni Na':mﬂzm'ﬂﬂmn'uaga ZEM-3 faguv 4.8 wum



a4

A ‘ < 1 U o v L -y
AdulsEavadiuaiimulsiunseiuaumuesiiduaenadastuaums (4.5) Aduilldiaa
' o La < ¢ da i v
lunvsqu 3 uriiliArdudszansduauiniigauaziduiduniinumuininiganiy
' £ o ) ‘ v ! ¢ ¢
AduYTEANSFuAIIngUn 4.8 vismumusuanuassliiuinfiduunspedileslelelas

d - 1 a = - + ) - - -
(Y- Cul) iiwaaumensEuIUNTs Liquid lodination Li"lmaqmaﬁual.ﬁnmnwﬁ p

550 — . . v T v T . .
i 1

<

— 500 4
z
e
[
2
=

& 450 | A
2
(%]
-
L4
2

§ 400 | W

]

350 1 4 L 2 1 2 . . " 1
1 2 3 4 =
Reaction time {min)

o v ' o jaaa W 1 o <
Eﬂ“ 4.8 ﬂi"lwuaﬁQﬁ?qua’uwuéib'“']ﬁilqa'\m{“'“.lﬂniﬂ'\nUﬂ"ﬂuuiaamsa‘Uﬂ



45
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