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Abstract

In this research, the manganese doped cadmium sulfide (Mn-doped CdS) thin films were
synthesized on glass substrates using successive ionic layer adsorption and reaction
(SILAR) method. The thin films were prepared by different mixing percentage of
manganese with cadmium sulfide precursors in the range of 1 — 20 mole %. The optical
properties were investicated by ultraviolet-visible  spectrophotometer and
photoluminescence spectrometer. 10% Mn-doped CdS thin films were the highest
absorption with band gap is 2.43 eV using Tauc’s plot technique. Photoluminescence
spectrum shows the inversion of luminescence intensity and mixing percentage of
impurity. The morphology and elemental analysis were measured by scanning electron
microscopy (SEM), energy dispersive x-ray spectroscopy (EDS) and X-Ray Diffraction (XRD).
Doping ratio of Mn-doped CdS thin films depends on mixing percentage of impurity. XRD

pattern thin films corresponding to hexagonal.

Keywords : Successive ionic layer adsorption and reaction, Doping, Cadmium sulfide,
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sm@amoU (Si: Silicon), speasuien (Ge: Germanium) Wusuy

Tugausniuansiasahumulaiiusslonidenumadilifiies aunseislddnisimun
ansiemandlagldinadanssuiunisideans ssaiunsaviansiedadimanduqly
Usglewil wazfidndnauinsenisimuinisnamalulagvean uwasgnldidudiudssneu

drAyvaamalulaglugatagiu



2.2.2 N151998135 (Doping)
asfsinihasfuansideglumsssiamgil 4 Fsdhiauddidnnseu viedidnnseu
flagheuengadiuiudiuiu 4 § 1wy Fareu way wesulley Aflassaiaovmen fauandly
U 2.3 (n) Weezmenvesddnouuasivefuniouegmiudundnazdatusoiussiuy
TA2iaud (Covalent bond) Tnsluwuszuinil ezneuszfiiadosninfdeideoznoud
Punmiauiddnaseuliinauay 8 f Arfuesnouvesdtneu waeesinides eungunu

Fauanslugui 2.3 ()

wasuiley Faaou
(n) dnuziaugBEnaTau

O Wuse O
OJOJO | tarsud |ARIC

(@) (@]
wasuiou Anou
(v) Wuszlaraud

-]

JUN 2.3 sUiuulpssasuaeiussvesensisiiee futleuuaedamau (NECTEC, 2548)

arsfeinfigdliforneuvesasduiovuian 3en1 arsiedniuIans (ntrinsic
Semiconductor) 9zl laldd weidleniunszuiunisiieans (Doping) Inenasld
pxmouaniie (Impurity) W1l agvinlfivasuanmduansfadiliuians (Extrinsic
Semiconductor) FsagyiltinlnldATy waziludszgndldausig 9 Tunigluiald
Tnonisudsanmansfafaidienisdeesnenarniefinaaludredut amsavlsiia

a1s5n9thla 2 wile Ae

t \ B - — =
@ AidnmIaudaTE =
-t o -
- A e
-
—

ﬂﬂiﬁﬂﬂ“l‘ﬂ

I
I
I

RN

JUN 2.4 JUnuulpssassuaziusyyasasnadtiladu (NECTEC, 2548)
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1. @1950303UNTUALEY (N-Type Semiconductor) N1SVIAITAIAIUITUALDUY AB
nsldemonasiieifinauddidnaseu 5 fasll 1wy weanesa (P: Phosphorus) ey
(As: Arsenic) 1Uusiu Fnduarslunisssanyil 5 Wedeasiaiadeaisiiomant
gy lernauvasasiIafInialudainnziussnauvasansnemidnamsdluiuss A aus
W TUNTHY98AADUAINIAUT DIANATOUVDITAADUNTTIUIU 4 1 oAU
11aUTDLANATOUVDIANTIINT 5 Aalad e InHusElAaudazilanesnnile

a o 1 g = o 4 = a c a o 1 q.'/ = ) Y a
BANATIU 8 FLYINUUL 9V A NADDLANMATBUDN 1 A6 1 9xMaN YUABYNLALAA
SlAnnsoudasziiuTuun 1 §1tTuLee drannsaudasemaiinnsoufiaziadousinaziin
nszwaliin wWalasunisteundsulniiannnaieusn aisidefdunlauiuansnesiul

a Q‘dy = a 1 S v a I3 d! L o a @

USansd 3u3endn @150 (Donor) agagdan mduansieiuivlingu (N-type

Semiconductor) AaLkandty E‘U‘ﬁ 2.4

e

finmsaudasy

F9IaNn

o

sUN 2.5 sUuuulassaianagiiuszvesansnainiviladl (NECTEC, 2548)

(%

2. a1snedutiail (P-Type Semiconductor) @1snsiunuiaiiy awnsaiilalag

Y

M3suivesezaeNaIsitiussnauasIefiifhiauddidnaseu 3 sadly wu Tuseu
(B: Boron) %aLﬁumiﬁaQTumiNﬁmwgﬁ 3 Jevhlitusslaaudisnos nouveina
a1snafaindidneseuly 1 dade 1 ezneu deviliminyesinedisendt lea (Hole) Tny
Teaty aeflanmavesuszqliihiiduvindmsssuduiudidnasen Weididnnseuain
sznaudhadsaduuiluresindnanissiouaiioutulsatuonameluniownaeud
W nsldeznovanniievessmmyil 3 duagvilhidelea 1 &1 BonasiFeussani
31303 (Acceptor) Toazfanmduansisiuaiaf (P-type Semiconductor) sauansly
U 2.5

Tagaguudn isnanleinasieinivdadu asfuamsiiunszuiumaieasudn

lrlisuiudianaseuninnindy Tuansneidiviaeuidsdnaseullunvediulvg



Razinszualndale vauznansnesusiaiazdualsNedIinINILNTEUIUNITII0 AT LAY

lilalealunvednlvnanldiinseuali

waUUNNTEUE wauUINSEUE
Conduction Band Conduction Band
..........T »
— I . FEAUNANUUASTY W 5 1
STAUNAIUEIEAVRIBLANATIU . TEAURSIURERTE IR
U Fermi level

0000000000+

wau2aud
Valence Band

wauLaud
Valence Band

& @ 8 a & 4 v o a =
S19N94AIUNYUALD U A19NNAAIUYUAN

N-type Semiconductor P-type Semiconductor

JUN 2.6 UWNUAMLAUNEG9U (band diagrams) ¥8an5NRI1

Welidlafsamnvesnisiasunlasanmmsliivesansisinhfiidunasnnis
WONUINTU @1115005UN AN DIVBINAIINUAITNIFIUT DINLEUNINLAUNGIY (band
diagrams) AagU# 2.6 Fauansden1sunszualfivesarsiadinnidaudilan
SannsoulusznouyeIansiin yMlnseaunasIuveavuseiiuIuluansnedrivlaeu

(% a A Ao 1 [ (% 6 . 1Y
WHNUVBIBLANATBUNUBNNTONSTEN I TEAUNTINULNTE (Fermi level) AvagAuuUYD9
LAUYBII19VBINE Y (band gap) At Arendsuiiisudntes awnsavznssguli
Slanmsaullseaunadsulunaouynszuwa (conduction band) wazvlinae ity
a a a < | 4’ o ) a a 4[ a [y [
danasaudaseimiunsewalniln d@uluansnesiiuwidad laa Felszaundsululau
Y99TNVDINGIIU EAIDIANATOUIINLAUNAIUVDLAUTDLENATOU wazhalaalilu
LOUILAUT LA evinlminnistnavedlaatasyinlmianselndwunu

YaNINAITHURIULUAITEAUNDINUVBIANSNIFIUIINLADAITHUIL LNANTENURD
annslnvesarsneiuinal nsiasunlassyaunassudsinaseauifniudu ¢ on

1Ny Ingavesurgluiitena sl



2.3 n15937179u89 (Luminescence)

N192717ua9 (luminescence) ®39N15LUAILAS LL‘U‘UQQmamu%ﬁmmmsﬁawau

a o

W30B1aNATOU LWaBLANUEAINTTAUNANIUTIGIRINgseaundsnuiinind Usingniseldl

a a ¢ aa

Anlsvidludaning veumad wazveands Hefanduvsduazeiiunid FBnsnszdulindanu

(%
v

wnianiva1eds vinvesgliaudasiuinuisnisnsequnasnuliundan fsil

M13199 2.1 mMsnuanvianarisnisnszaunasnulunszuIunsaiiiuaud

viinvasgliuaisud Bnsnseiu

Photoluminescence (PL)
- Stokes type 155N
- Anti-Stokes type

Electroluminescence (EL)
- Intrinsic EL Tldin

- Carrier Injection EL

Cathodoluminescence SLannsou
Thermoluminescence ANUSOU
Triboluminescence ASLAenE
Chemical luminescence ﬂﬁﬁ?mmﬁ
. v A @ 4
X-ray luminescence J9dLRNY

2.3.1 nalnnsuudsuasiuugiiiuagug
1. nMsiaakasiinannisnddnaseulunaviinsziasiudlaensaiulealulay

1 I 1 A a d' ! v a &
VLU L UUNITHUALEINNAINNTHUAYUAD UL TEUINAUNAIUVDIBLANATOU (band-

< 1

to-band transition) LJunN1511550d T UlAeASITEMINBIANAToULaslga laeBlannsouos

Y
9 =t

Tuwauinszuannasunsiudvlaaneglunaunaud driagaisnedainluringeding

q

WASIULUUASS (direct band gap) INAOUNDDNLIALANGINUYINAUIUINVDIYD I



(n) (v)

uaunszuE woutnsELA
Conduction Band Conduction Band
> >
o o
g g Photon
i} Photon frm}
g Direct ';3
,é recombination 3% Photon
= - Indirect band-edge
wau2NaUd Valence Band unu2Naud Valence Band recombination
Tuudin Momentum Tuwuiy Momentum

U 2.7 uanamsdaiasiiAnenmsUdsuanius seninauaundanuesdianasou
(n) WnaufAnainasieiieidngesinamdaauwuy direct band gap
(2) Waoufiinainaisiefviagesinmdsauwuy indirect band eap

2. MawduaiAnnmsididnaseulutauthnszuarmmiiuleaigniveg sz
wianugu viedldnnseungniveglusefussdundsaudlinmiiuleaiioglulauniaud:
Arannswasuanuzesdidnaseusiaseiundsnugosduy

3. mIiduaiiiAnanmsiUAsuanuzvesdiannsoussninszdulanslad: 1inan
nswAsuanuguesBLdnaTauTEnitanugndsuany (ocalized states-to-localized
states) U nsUatasINAugna (F-center) ludanutindanlausglad (alkali halide)
fendnuastanuiniiilognoulimnufoumeluusseniaveslangnsznadanilas (wu Li,
Na, K, Rb, Cs, Fr) agyilvisgnauvadavedanlaunsduinlulundndanilauslas uasvinl
dondniiutisuiuermouviiauglas (u F, CL Br, I, At) ﬁlajamaﬁuawaué’aﬂﬂaﬁ Tuie
Wisuiadioufuiintesinsfivinezaeunslad antduiiiovinldanmyslafindunan
Bidnmseunrisluduegiivesinvousladiu fuvisuiaiionditesinduiuloseuuin
LazdiannsaugnusigasuUfgalindieiusuuiiaeterneuveslalasiau wazdidnnsou
wantuflanugegfiszduiiu (ground states) lofuandgudnaiadl uasiuazlunssduly
didnnseunszlanananiugiiuludianiuznszdu (excited states) WinN1IRANAULAY
wazvilindnduinuaueneduiigandudilu isiFenniafingaunndes (defects) 1os
Tnssudniidn mauingudnansd (color- centers) w3e gudnanaion (F-centers)

4. n13atasaInendmeu (Exciton): lonTmeu (Exciton) Ao guasdidnnsauuas

(%
2V U

laangnnseiu windeunldlunisnseguiudadalduinnenagiliniveieguenaen

q

nfuludaseld ndanfe dullusspaendimalididnaseusaslaaduiulug o uazsziu

Y

NANUTRIBIANATULATYRdlaadigluterI A URRN LanTnseud 2 ¥lla Ao
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a [

Free Exciton: NM15:UAILEI9NL8NTABUTNADASEH zdAnasa1ulnnoulasnia
YUINVDITIIINNEINUADITULAN T

. ~ a a 't 1 ¥
Bound Exciton: Lu@ﬂ“\]qﬂ@Laﬂmﬁ@u%agiaaiuL@ﬂGZ]G]EJ‘ULU'TUWU@E‘J:Lﬂaﬂumqﬂ

nasulneuvaaTignilaeanuINNITINdIveBidnasausazlaadlmteanituun

BIVDIININAIIUADIANULN

2.3.2 pszuaunsinlngliuaud

Inlngiiuawudiunssuiunsiesnouvidedidnaseuluganius nszdunay aandu
danugiiu (excitation-deexcitation process) InefllnimeunseduliiAndunsizen fe fnns
annaulvineunayvilinaussnin

nszvIumMsialngiiuamudannsawuslaiuaainszuiunishe

1. N5UIUNIINTEHY (Excitation): Lileluianagandussdvesaduusimanlviiiy
Tuanaaziuluagfiantugnszsu (excitation-state) uazardinalnlunisanszfundasy
aaméamumﬁuﬁuﬁm (deexcitation state) a1bwdafnwa®a (multiplicity) ¥aluiana
Ju M Fsuansiaavaoudulutuuduiagy (orbital angular momentum) Yesusias

an1ug (state) waziigdrdesiuiianian1smyuvesdidnaseu (spin) AeaunIs
M=25+1 (2.1)

\la S Ao spin quantum number vasluiana waslUUNATINTBITIANIINITUYUVD

l T
P T !

ground excited excited
singlet state singlet state triplet state
diamagnetic diamagnetic paramagnetic

JUN 2.8 waneiiAman1sruresBianaseu (gu1a0, 2561)
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[y

yuziluanaegluaniuznszdu Bdnasoudmidilontanasdeuiiansmyundums

v a A

LAZHATINYDINANIINISTNYUVBIBIANATOUZTA I UK S=1 diwaliaTafnadnien

(%

Wuau M=3 15en71 triplet state lngliaauzniindsausgalmdu T, delu luanaid

q

Puuddnasowduavg 3elaaiunsadl sround triplet state ins1zBianmsouTNAI91U
o a a a < | = (%} Y] Aaa a
Afan dnasiuian1snisvyuidueiviloudu fadu luanandfnani1an1s vy uuie?
Fwuddnaseuduan) Jediaaugidu doublet state 1wy free radicals WWumuy

2. NFLUIUNTANTEAUNG 19U (Deexcitation): Waluanagnnszduludaniuensedu
nsluanalgnduasnganusiutuariinalneeg nduvateduney aluanalusgly
a1982a78 luanatuazaIn1T0anseAunNasulaen1sdu nnasunuiniiuluie

(% Y o I 14 1 A = | . .
n1svuvluanavesiazaenagiiuauTounIunszuIu N15EeNT7 (Vibrational
Relaxation, VR) luvaizineifuluanaiiey S, agn1saandsulagnisduandiauiegly

[y a [y v . . & a = [ ° I

SEAUREITUTEAUTIAEAT09904 excited singlet k3N S; Uufe S, Indsuinatedu S,
WAIUE FennsianTzuIunsLUsHuAeTU (Internal Conversion, IC) NSEUIUNTTANA
NHIUYRIAATEAUNSINUTALN15EFY LagnszurumMswUsiuneluaziindueg19sinsa
Uszanas 1072 3undl) auluanaasungdaniue S, tnelifin1sun$sd dedu aziiuiinisan
FEAUNSNIUIINADIULEINI S; WG TEAUNSNUAAINTT NsunTedasnulmios Tifies
LiAluanamiawuull Wy azulene wazayius Waluanaadungseaundsny S, Nindanu
Audn wiinnisansedundsnulig S, nelin1slilineunlsisendt Waoolsawud
(fluorescence) Faufinsamsaun (Uszaas 10 107 Juad) 9n5Uf 2.9 aeiiuindiszdu

ndsrumisfiasgandudilulifnaougnssduahiundsnuiasdulioonsn iWendug
aougiiuFendt (0-0 transitions) lunsdifiluanaridsogluaniugnsedu Bilinasoudamils
91AANIINNUNTUNI (reverse spin) ¥ilsiA1 multiplicity fendu 3 lutanatuazgn
Wasuann singlet state Tuiu triplet state Tngnszuaunisiini Luifin1slisedoanun
(non-radiative transfer) 138131 (Intersystem crossing, 1SC) R triplet state fu avdl
WE9UHINT1904 singlet state Lhnluianavesansdunistudduiudidnnsouduaneg
vl lananadulddl ground triplet state a3y 2.8 Lilosaindidnnsouiioglusedia
(orbital) Sindssmusuazdfianisnisvguidug sungues Hund’s rule oA multiplicity
Wasuidu triplet state indanugaundfiazifinnszuiunisiitoaawdssnusonsdslndy
triplet state T, FHngrusi uazinnszuiun1sanssdundsanuain T, 1 s, lne
IalneuinduiSondn Weaneisawud (phosphorescence) nsiinnsuddusyning
anuzdifl multiplicity snefuasiAnlild nssuiunisinveanesawudagldinaiuiu
nimlgosisaieud (Ussnias 10°-10 Funfl) fedu Feiilidiunisdosamosasiogild

4

RNy liAna uenTesuLe 19l awAesegigamaiian 9 Wil
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vibrational
relaxation
(10%5)
74}‘!7 Intersystem
- 2 crossing
- )
Sz - F
S i S
1 T —
T —
T —
1 I
% [N
@ I I |
c i 1 111 | Phosphorescence
uc..l absorption e
i |10 B
external | 11111
conversion | 11111
[N
111 Y
Hf
R LES
S o
0 7
5 A -

JUN 2.9 UHUNINTEAUNAIU Jablonski LaAINTEUIUNITAANTSNTEAUTERINAANEAY

[

WANULAENTLUINNTUHTIE (Y190, 2561)

dle So A9 ground electronic singlet state
S, S, @@ first and second excited electronic singlet state

T, fp first excited electronic triplet state

2.3.3 anuuanaesznitengestsaiwuduazWaanalsaud

Waoaisalud (Fluorescence) Anduilofinnsindeuiivosdidnasouainaniug
n3eAU excited singlet state LU4 ground singlet state transition i ﬁmmﬂulﬂléfqa
satfu lifetime 84 excited singlet state dunn (10° s videtiosnd)

WoawoLsaLwud (Phosphorescence) Aatwdlefinisindeusiveddidnnsouain
dn1Uy excited triplet state U4 ground singlet state {09910 transition HilnnsiUasy
electron spin 397l lifetime wunIMUszaIM (107 - 100 3u17)

desanmeanelsawudil lifetime o1 Tuanaluaniugnszduuisdiudsenaiin
anszaunasulaldyinliiinuas vinliuszansamassnoanolsawudiar AN UD LAY
woanolsawudaoutiei InsinluTeianoaneisawudigunagiis ludanarsiidu
vosuda 1y ufa WelfiuuszAnsam Weliuuundveaneisawudfiguugfivedldsy

o

Aufienaniu Tuwallead luanazgngeduuniuivednts viseglusyuuln



13

2.4 A5M5a5199uNauU1e (Thin Film Deposition Methods)

I

Tudagtu nMswaunIsnsadesduilduunsiilddunuen dnaainaninwindey
b = a a a [ sl v o ¥ v av o a v P A
Woy HRunm wasiiuszavinmilulandnvimedmsuinidenilan nseniddemeaniinig
YUTUN DAL AN INVDINTITAUATIENTINTINITAMUITAN A o) TinandnNladinann

[

! o A & v A o a6 VYl o/
Wun1suianiidunsnlgieduassviauunsilnurunitegas

q

Thin Film Deposition Methods

I
1 I

Physical methods Chemical methods
} ,

Vacuum Sputtering Gas Phase Liquid Phase
1. Resistive heating 1. Glow discharge DC 1. Chemical vapor deposition I. Electrodeposition
2. Flash evaporation sputtering 2. Laser chemical vapor 3. Chemical bath deposition
3. Electron beam 2. Triode sputtering deposition 3. Electroless deposition

evaporation 3. Getter sputtering 3. Photochemical vapor 4. Spray pyrolysis
4. Laser evaporation 4. Radio frequency (RF) deposition 5. Sol gl process
5. Arc evaporation sputtering 4. Plasma-enhanced chemical § N T .

6. Successive ionic layer

6. Radio frequency (RF) 5. Magnetron sputtering vapor deposition adsorption and reaction

heating 6. Ion beam sputtering 5. Metal organochemical vapor (SILAR)

7. AC sputtering deposition

gﬂ‘ff’i 2.10 MsuusUszinmveamaiaNsdLATIEduU1e (Thin Film Nanomaterials
Laboratory, 2018)

walulagflauunsluiivsslevivazausaussgndldluaulavainuane Wesaindu

[ '
=y = o

fugrundndudanisvauinisnesiuineimanswazinalulad wwu Tagaisnasaun,
a a s 4 a 1 <@ A =3 2 A

ddnwselind, aunsainisuas, walulaguaman, n1sindavans, n1siunasaulniy wie
wmaluladuasomind JelsiFauvasnislafauun fs Inaudasiandes Inswseunisie

wazldiunuialanainvaie Ingaun s silduuisiuasiuegiuisuas Tunaun1snly

Y

| LY

Fuasgit n1sidenisnsduasizifiovnyaniadutiifed fydeantisg 4 vesfidu 3
\1annsoulUsEianTesnsdLas s dLlEIann e s A maz el 35015919
nrea1nlawn N1IEmMeELUUayyInIa (Vacuum evaporation) kag n1sadninesa
(Sputtering) FsagsilifangiuAsuanugfufie unganasuuitufinidiosnisugniidu d1uds
mandituiivainuatewdy n1saniadeudaelewasl (Chemical Vapor Deposition, CVD),

n1sdaasigsinaelniln (Electrodeposition, ED), n1581uUfn28LAdl (Chemical bath
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deposition, CBD) 38 35Msisestulossulaunisgadunasyinuiseadl (successive ionic
layer adsorption and reaction, SILAR) {usiu #9isn1smaaiivanil Yagidudiuiszneunan
araglusUvesansararelavdiulng warisnmsduasizinenieniniuy ssdesiissuundes
AIUANAIUAUTENINYINNIY danaliaunsalldiudsiangs wazdndudesazoinuin
iaal P 1 o Yo o a Y A 1o
widsn1IMaeTNuden I waganunsausuldlatuianivainvaty uwasivuneuilidudou

lnganunsaasuisnisdunsgiansmaniilanegun 2.10

2.4.1 FBnsesiulessulaenispaduuaziinufisenall (successive ionic layer

adsorption and reaction, SILAR)

BrnsestulessulasnsgatuiasinufisenaiiduisnsduaseiniisfinAudy
TnefifiugIuunain n15e1usiewail (Chemical bath deposition, CBD) nglugglintunil
finsdaeseiannldisnsilunsdunssvununewu lave, a1sfedand, wsndn, fnilnin
@ v = A Y aa o va o a g ] PV ° A o0V Y =
\Wusiu Mawseniauueeisnisil Saudavnaniidugeawiu laun aansavitlugamaiisila 39
biliflgymdunaunannisldssuunigamgia wu nsvudeu wiedamilasadn
YoIAY wardvinlrluFuUieamnasaunie wananil Jelsnsinsiiaiaufa wasaiuise

a a Al P Y a ] a v v
muaNRaulunswIsRildulaieg mensiuisunuanianlun1sguans ¥seanudutuYes
asavany

$%

aa al g.lj U o aaa Qlt:’lj Y 1 U IS
’Jﬁﬂ'ﬁLiEJ\‘i“UUVLE]EJQUI@EJﬂ'ﬁ@j@I‘?JULL@S‘V]’TLJQﬂiEJ’]Lﬂ?JUl@lIﬂ'ﬁLLNEJLLWiﬂiQLLiﬂI‘U‘U

£
VYad A o [

A.A.1985 Uag¥o SILAR gnudsdulay Nicolau waz Mermard lagnwiniuilaliisidaunsiea
Aduuna Faadalna (ZnS), wanllsudardalna (CAZnS) way wanlaugalia (CdS) &4

Tngdulvguaiignistiagldivansdmon siavyuvalaiau (Ristov et al, 1985)

2.4.2 nsrunumsduasziisnaiedulessulasnisgaduuasinjisead
Fnaestuloseulnsmigaduuayhufaze arldfumsduameiftduunsvesans

lopafinitluazansi wio arsfleglusuuvuiuslmnaud Tnsnadwiazoglugunasuvos

KoAs %alunszmumsﬁ%Lﬁmﬂﬁﬁ%mLﬂﬁswiwmiazmaﬂiza}ma pK** lLavansazany

Use9au aA” feaunisin 2.2

PK?*aq + gX7oq + DI, + aAP —> KpAas + gX7,q + b'YI",, (2.2)
Toedi ap = bg=b’q
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ilo K fie looouuan, p vunefsduaulossuuin, a mneisavuszguesionouuin,
X fio lovouavlumsisiulosouvn, q fosuauves X lumsazanglosaunan, b Aelat
Uszques X, b’ fadiuiuved Y luansavangloseuay, g’ Aewawdszquad Y, Y Ae loseuau
v03UfA3e1 Tnsvdnudinszurunisiaziuegfunisgaduuasyiiufasenvedlosauan
ansaras aduiunisdudeiedninazats videthunanlessy (DI Water) wanstumeu

Faguit 2.11

f N N N

\ J | J \ J L J
| Y |

Adsorption Rinsing Reaction Rinsing

JUN 2.11 nszviunsitesiulessulaemsgaduuasyiuisen (Thin Film Nanomaterials

Laboratory, 2018)

Hduureazgninaniegaduluaisazateyszauan arudlgduinelviinn1syi
Uffseailuansazaneuszyau lnensgaduasiibiillessuuinifiauuiniwieuld 3adu
NANNINUFIUVDIENT5U TaeIBN159LL TR

1. n139adu (Adsorption) Aedumauusn lagagliminmieuliguiionnduasuuii
ansavanglossuinTazriifetuveslessutuasstu netuluazlulszguinveslesauuin
Ay & ] a a o v
03N wastuweniluuszqau Aelessuauiiegluasaraiuniiy

% gj al' d" = 3.; d' o 9}3 1 a d' 1 = ¥ 1 &

2. N158NATIINTY Aedunauivinlydulessudiuiuninizeguarlasasielaiiu
seiluuvgaaen wagyilain1emelin

3. NM3vUYATeN (Reaction) Aatunauiliinuise lnsusegauluansavaunsdiu
sgduiiutulesauuuiiuil Wansusggauinduiutulssquan

4. NM389ATeTARY AstuneuanVing iedetulossudiuiuliinainnsvigisen
Tuaseanuloauau

Saa a & ) ° aaa Y] Y a a v
wenaNIIsNssestulessulaemsaaduasinuiisedmunsausuasuiely
wiagiuniseenwuulaainnsyiuivdsududsiiieiatesdieg 1a 1wy guugives
a1vaza® RUeINEL AMULTUNIAANNUS DALY LTUYDIENTAZ A WUTIVINITASIT 1A

Tunsguuasang



16

2.4.3 NANTENUVRIAMUTANY o TUNSEUIUNSENATIZH

Adutuvesasasas nsiiiuanududurasasazatsliinezidu lessuuin
50 laoouau agdinalagnsiuaunuIvestuilay eaniinadednsn1sdudizes
leosu Feldanududuieiduiimvuannumunle

! < v o v a ! = aa ! £4

nalunisguatsavaie Wuladuddgdnegmilaninalaensanalaseasiaes
astluilay mnldnalunisgeaduunagyilinderiujiseudaiilassasislaibuueu uivin
Tianlunisguusiazansin 9 fu azvibituildudlaseasenduszideu

Lanlunsans WWesandn1saandaninnsiunnase iedesiuldliiinasuudeu
a1y v v o~ = = ] A
laideanis msldnaliiisanedaiinarennnmuesiay

gauuQil danasiansunniiveslesauau Inegamgliasazihlvlessuauuandilas
danafanNuvLT Wukiun1sUTuALLTNTY

lnganunsaasudenvesiznissustulossulngnisgadunasinufisenlacai

1. anuvunuazdnvaglassasvveasiauaunsamuauladitelaensusuasudauys

Tz ay

v o

2. pwadanevesnsinfiauasdulumuduimimeseul idmsudgnitdy

U 4

3. ldwdudeddgunsalsauns niowniesfondudou wazludndudesaiunu
UsIEINAlUNTeTe
4. ansavinsdanTeilalugnmgiinm

nndelilIeuliowiu vilimailmsnmssestulessulaensgaduiagyiuiisenadl

<

Jumadenianiimaianiserunigiail 1eeu1naununsyinaunnniagausaly

YY)

fuianivanvangniniuies
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2.5 ASIATIZREANUANIINITATNLALDIAUTLNOUVBINAUUIY

Tunuiseadaiiinslimedansinseiauttiniamenmuazsdlsnauvesildy
vsarumaliadioiufe ndesganssAudianasouluudeInsaa (Scanning Electron
Microscopy, SEM), imailadndisgngoaisaidusuuunssa1endasnu (Energy-Dispersive
X-Ray Spectroscopy, EDS) wag LwﬂﬁﬂmﬁlﬂiwﬁmﬂgmLU‘LJ‘UEN%'&?IL’SM? (X-Ray
Diffraction, XRD)

2.5.1 ﬂé'aﬂqamﬁﬁﬁaLﬁﬂﬂiauLL‘U‘Ufiaﬂﬂiﬂﬂ (Scanning Electron Microscopy, SEM)

JUN 2.12 ndesqanssAididnasounuudeansin (Swapp, 2018)

ndesgansimididnnseunvudesnindenisliduamdsiuguiioaiiauenainy
Lmﬂmwu‘ﬁuﬁaﬁaasi'maaﬂmlﬂué’@zym Imaé’zgzy,'1mﬁiﬁﬁulﬁmmﬂﬂﬁﬁ‘%miwdw
Sidnmseuiuiiedng (electron-sample interactions) #39zgniuiiasevititevsuanis
autAinienisninatguenuiofiuia, dauvszneuniaed uasguuuunionisindaves

1 i

Tnssadrandnuasiedne Inennsussyndlddnlnguds Teyaszgnifivlilasidenleety
RAaszunuietne wavaiaduununmassiffuaniinvesantimameniwyesnetng lag
nslfwmadiadanusadieniwldfaud 1 wufiuns wui 5 lulasuns femgivilinges
qanssauBiAnaseunuudainsia gnliiioTiesgviautilugama q vuiiufnvesioea v
Tannsailuldtesenfioinsied iletstfsesdusznovans, suuuulassadnendn vie
n13Unfvananta
Tnsndesanssaididnnsounuudesnsmnendendnnisiuguunanugizenseming
Sidnaseunar@obns (Incident electron beam) lagaSuledausingnisalididnnseu

UL fusInaslae
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incident electron beam

back-scattered e's characteristic X-rays

Bremsstrahlung X-rays
secondary e's % )

visible light (cathodoluminescence)
Auger e's

heat

sample surface

diffracted e's

transmitted e's

JUN 2.13 JUuuuresUisensenindiannseulassiaeg e (Henry, 2018)

Tnsnavaanisisedianasewdrvuiudinasla du azvibiiaujAsensening
dudnaseunufmegiuthiigneu Sidnaseuiignissazaunsaiibiiianaldvainuanedagy
2.13 lngranlaanujiseniannsatlvimsieianthduivainaiedneiey

lugaiididanaseunnnsznuiededuazibiiinnisnszifsvesdianasounas
WAIULES wasylmAnsiddndanludinans lneransenumaniaziialugaiunneneiu
Aauandlugy 2.14 eSueldd

[ o a ® L) ! o eal & < [

1. wdsuvesdadidnnseunsennudedndnldlunissaly sslunalagnseiu
YSunaumsiinufiseuwsiasnnduiunisianisnssildewuugavgu (elastic scattering)

2. USuauwesufisenazron 9 anad IneasinuduiusiuaA1veeuIaosnauved
A8ENg

aaa Idl

3. Mmainufisenteslunielianunns erainlaainnsviyuvesiteguddinaiy

a

N1INNNTLNUVDIANBLANATOU

Auger e's

sample surface
secondary e's

/ \ characteristic X-rays

electron
interaction
volume

back-scattered e's

Bremsstrahlung X-rays

secondary fluorescence

g‘dﬁ 2.14 Uﬁﬁ%mﬁtﬁm%ﬂu@m&hqﬂﬁuaaéhasm (Henry, 2018)
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Tnguasingg Mnsiatatu sxgniuildasaduwnunin vieududssddndmiiavuiu

a1 =

winnnurazUiiseiintu Tnvasiidauasdoafiunnseiuieny Tewibidnaseu
(auger electrons) 1130 BianmseunRund (secondary electrons) axiluszdvnmAuaziden
fflan WesnAslutiinasdng TndRafegn wilunsdlvesnsnsaindidnseuasiioundy
sifnluUsnsiilng Jaaeiinaronuazidonitui
nEnmsfiugIuteIndesganssAididnaTeunuudesnn nssseunirdidnasouly
n&eaganssmididnaseunuudensia axduegfutiuuendsnuaay wagndsuiay
nszarseendudyauiivansieiy wdsnn1siialfiseseninedianaseuiuiegig
Lﬁa5Lé’ﬂmaumﬂﬂiwuéhaEJ'N%ﬂszmsté’mmgiﬁ’sasm TnedaaiildasUszneuluse
818nnseuUNRALR (secondary electrons) AvgAaInnszuIunsTeazldlumaiandos
ﬁ;amiﬂﬁ'@Lﬁﬂmamwudmmm, 5Lﬁﬂmiauﬁazﬁauﬂé’ummﬁﬁ%m (backscattered
electrons ,BSE), miL?’{mLuueuaaﬁLﬁﬂmauﬁazﬁauﬂé’umnﬂﬁﬁ%m (diffracted
backscattered electrons ,EBSD), W& 1UWEISIA@BND, waslugunuaaiiy %qwgﬂﬁ
AAT12AN15117Ua (cathodoluminescence, CL) wagaudou lngnmaeswaiildainndes
an3IAUBLANATOULUUARINTIAANINNITIAS 2 BIANATaUNRET LardLinnsoud
deMauUNauIINUATeN Imﬂé’igzyﬂmﬁléfﬁaumﬂﬁummﬂ@Lﬁﬂmauﬂqaaqﬁ Foazuansd
ANWUENFUFILINGT wavammasiuinegn dudygafinnanddnaseufiasieunsy
1NUHATEN UANINIAULANANNYDBIAUTENOU NITLSENM wazn15UnfIveslasai
fivannvaneludegne Saddndiintuinanufiseseninddnaseuiiiinannisvuiy

v [ a

YDIDANATOU YA AN LAY NSNS INUVBIDEANATAUNIUTUNE I LT Al aloaTy

v a a ﬂud

lnAandeulugused adusiddnd lnefidiauenaduiinafiuiueu Aemeil

& ¢ A v o a

Feiliwedadaszisiddndiionsimmdnlsznousis Jadinsnseduiauadidnnsou
uananiifasuliin madandesanssaididnasounuudesnnadumaianisnieasy
wuvliviane esannszviumsairedsdidndvestandaedns LildviliAnnsgade
U303 unzfognadanandsanunsailuldednde

Tnevily ndesqanssmididnasouuuudesniinazlseneudediutssnauiugu
fef unasriinddidnnseu (Electron Source, GUN), taudunuasdiannsou (Electron
Lenses), 314314629814 (Sample Stage), aUNTaINTIVTAAY QY I1ULATIDUANINATRYA

v a

won3INt dallgunsalnmdsldsiuAuiusesuy W wnAaednenday, SEUUgyInIg, STl

1 < dy [ = ¥ dld [ 1 <@ 1 v
yaoLdy, NuNuaziau, feannapsninistesiuauniuwmansazaunulnii Tngdiuunnwan
ndesganssAudiannseunuudensinazigunsalnsiainuaviafe nlddunadyeyio
ndidnaseuniogd uazazdinsifivgunsalnsraianuausenislunisinssiauds
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}GUN

SPRAY APERTURE
FIRST CONDENSER LENS

SECOND CONDENSER LENS
DOUBLE DEFLECTION COIL

STIGMATOR

FINAL (OBJECTIVE) LENS
BEAM LIMITING APERTURE
X-RAY DETECTOR
(WDS OR EDS)

PMT AMP

SCAN GENERATORS7

I =1 1 Tl
N

=
(==

SPECIMEN

SECONDARY ELECTRON:
DETECTOR

TO DOUBLE — ™
DEFLECTION COIL

MAGNIFICATION CONTROL

JUT 2.15 WunmuanIseas 8 enuenaoqansseidlanaseuwuudednsIn (Henry. 2018)

Tnodulnguds nislénumaiatandunisdienmanuazBonguilowansds
sUnssresTaniaegs wididinsussgndlivaiinianegiamils fio nsvsdsesduseney
maaiilawn 1.n193msieiesddszneusiaiegldmadadndisdngoaisaduduuunssae
W& (Energy-Dispersive X-Ray Spectroscopy, EDS), 2. A5uEnueYeIszUUlATas il
matilaenisnsaindidnnseudingzidseanainnsvu (Back-scattered Electron Detector,
BSE), 3.n153tA518%in1snasiiiunasinesfy 5¥NAUYRI519LUAIDEY
(Cathodoluminescence, CL) Fsvililutlagiiu wadian1sinszsitignidesianireans

Ingfiauusiuguazaadenas @unsanTIaaeuiIeg 1 uIAEntaae 50 uluwnsg

2.5.2 wallandisdvigeaisaiduinuunszanenassiu (Energy-Dispersive X-Ray
Spectroscopy, EDS)
nUJAsenszuindianaseuiudeg vliiAnnisaendsuesnuvainuaiy
suwuy Fanflsludfufonisaendauluguresdsdidng nsnsatademaiadndise
wgeeLsaduduuunszaewdsan awinsusnuosfadSndindsaming uazuusnaliy
NFMNEII (energy spectrum) ndsantu Weenduasvesssuninzvinanan iWeseyd

o

] 5] ’ o | a & a ¢ ¢ ~
ﬁ’lfyjmx‘i 9 V]ﬂizﬂauaﬁﬂum’mmﬂ I@EJLV]@U?‘]U ANU1503LA18MRIAUTELNBUNNILANYDIIE

&

Tununauadnlatszaululasuns wasdiaunsoasnaunugiivewenusenousigluiiu

=D .®

& < o 8§ v A A& aad N Y P & & ) '
nilstauls JwhlinedailduisiugunvideyaldnsivaesuesduseneuiiuguvasTansing o
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U 2.16 spUUTR3EENT (Goodge, 2018)

wadadndisdngeoisadudiuunssaendsuaziumaiaiiiniuainndas
qansIAuBdnATouLUUdDINTIA IngazUsznousie n1siiun13nsI9insadndaieiiin

a o

$9@agUT 2.16 nsviiwszuunaeduiglulasauman sudimsiivgedwisildlunisiu

(%
a Y

LazAs1EYndu IneiainsedidndazgniinAeusiiuesdiieds (sample chamber)
Fududiuusznevvesszuunan wazinisinaeszuunaefuresginsaingiaingiy
Tulnsiaumaidnme Jedwlngua aeldminsiandndanoudiion lnafiussulniie
giiunInevauad uilutagiunu Inswawiwelulagvesinda wasideulUldiiiauuy
a a 1 . . = a a a 1 'y} 5% v i < v
Ty (silicon drift detectors) @sfiusg@nsninmanii wazdslidesldszvunasiiunie
lulpsiaumaidnaig

Tnguannisvinuiugiuvesindn Aen1sindndnisgadundsaiuainssdio nd
(The x-ray absorption) annszuIunsloasluledu (ionization) lngauiduvesssd Wuwa
o O Y a a & a = 44' o o 8 ¥ a & =
lriAnUsganmegdianaseudassiasindaudiiasyiliiinnseualnildu lnen1sgady

[ v a & 3 ) 1 1 [y [ v a 1 1 (%
NAIUNTED nF LT UNMITUUAIAIINAITEAUNS 191U V0959 [ uAasauasdng i
i o dll Y] Ao vy I3 ° )

wazArTuIuAduvesdy gl dala azilunauiainduiuresnisaenasnulugy
Saddnduesansang 9

lnadalaisureanatini laun Weusulunuanisinludaluunnisiawuugn (spot)
JPUUALAUTNDULATLANIAIYDINTINNAT U AUl ATWT [WesangandwIsauise
szygennaune o lnoweulesdoyadingiudeya Jevihbndumadandnlunisinsey
4' 3 Y vy = 1 = A v a |a °
B EYaAYTENaUsTs Taliuieudnetdimilafe n1siadelsunn Insaunsofuinay
UszuuAAI UL LULY 9519 MU UeAUTE N UTDII0E1991NINTdINANGIVBILARL

a

HoAAAY

Y] a Avyy o | A A Y A v v o 9y
VDINNONVDINAUAU "LWLLﬂ llla']ll']iﬂLLEJﬂLLEJSSaﬂﬂauﬁ/@giﬂa%i@ﬂﬂ'ﬁ“ﬂ@u‘WUﬂu1@

F90193e v iszyesRUTEnaUslalinTy Todninsewn Fie N15NT¥LRIVBIAINNLEIIATY
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p1aindulanusniiesdiillauysal F99190529kinus19Reng 1 waztednind negemnis

£ '
a A aa o

vounedall Ao launsansiaaaudiegrsigiiumdnuian 9 la

10.00

keV
JUN 2.17 segnamaninaunasudndisdngeaisadud (Goodge, 2018)

mAlnnikanmadadndsingeasaduiuuunssendiny wafildanmeiied
Fendn nsaUnasudndisdngensaduiLuunsEeNa (EDS spectrum) Tneazidu
nsmNdiussEnInauItivesididndiuavesndsau Tnsusazsennauaziduly
musEiUndanuvesswidussduszneuvesiiogsluguT 2.17 lngnswilfun1smsiaia
Tuwmén Tagazifiuingonnau Ka , Kg fldiganinegedaay Weflsuivsennaudy usly
gonadus 9 du viadaerafinainsigiifiesdusznovldauysnivieetainain

ANTNLINRDNVDINITIA

2.5.3 WMATANITIATIERANSIAEUULYRISEENT (X-Ray Diffraction, XRD)

wadiansieneginsdenvuresisdiind Wumalafidwyuasgnldodiaane
Tnsanzlunuiifushegaiiduuns Tnsnan sz idomeini Uswendaudfimadiu
lpssasavesiieg e sukuulassaimdn seegseninesenuvendn Wngldnisdung nsises
frnmsunsnaeniuvessdidndiieananiiegne Soilinaiaiddunisasadeuuuy
vane lulinsdudadegne uadsaiunsaiasigimantiang o vesdlegrelanainvaie
LU YWIAVDINAN, TEUTUNAN, YUVDINAN kATANIITAUATYAVBINGN

Tnevdnmstiuguvenaieiie msaeieuesfsdidndnnisuurewdnuesTagan 1

Nllszerrnauwaneneiy fegu 2.18 WARILNUANYRY LATDIIATIZINITHREIUUVDISIALDND
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f‘r‘f. /’- V - .
5 Mono-

/,f.l/ :
- chromator f

Antiscatiar-
st

Divergence sit

JUT 2.18 WanduaunIMeed raafiieszin1sdeuwyesss@dnd (Thin Film

Nanomaterials Laboratory, 2018)

lngN1SUNINAAVRLAIUT O TIANAT WL B LAIER A NIHAINEIATULAL AT LTI
dauviuiu lngvinuawisassdiiinansaiu Ae dgonnduegimuniifgiiunasn aaui
doenduaSuiY warylvuawiTeSediu 9 IAnadugadu LISenIMsInInaeAkuUER Uiy

adungldianann1sves wusnd (Brage’s law) faaunisii 2.3
2dsinf = ni (2.3)

A a ' ) | P a v Y] 4
W0 d An SYerIEningssuIuveeiiegly, 0 Ao yuilkaddsiauiuIsuIuREN YR
f78819, 17 AB AIAUVDINITENINZBA kAT 1 AB ANAINNYIAAUVDILEINIDSIE

[

Tumevhaessruull Snvuzmaderuuvesivdazgnamaindei inmuduuas
fagsimeiinmguludagmsing o iemeadidsasviounazunsnaonuuuladu iy daazviilnld
foyaveanuiduuas uazguuuunisBesfivesnsasiou othlulinszvimaisey
sEiesEUIUTIFI0Ee uazuanaIn sukuuMsasvioudaunsavanyinvaslaseasng
Y0458E13lABNMEY

M neiszuunaTeamalindeT g N dsIuestidiSng Suduainnns
AATIPVIATEEETENTNTEUIVRI0E19 anunsar T uLiguiugIudeyani1sngivin
nMseaunYessidiinduesiiegaviindig o i 57UL0YAVDY Joint Committee on
Powder Diffraction Standards (JCPDS) diffraction file %52 §1u U o Yav8 9 American
Society for Testing Materials (ASTM) %aﬁ%gammmﬁmiwﬁﬁwLwﬂﬁmm6] ANFIYN
fvannnans TasTstuandliifiudsmuuansveanalusiogns uazdivonifuiifiawmes

YBITEUIVVDIDLMDL NTATUINNIAIAINVBLATIES 9 (The lattice parameters a, b and ¢)
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YBINUILAR AIUITOAIUIULAINAUNITVBIAUBY TITATILWANNAIANULTUVDINT
WNINADANIYARIN

DMIHAVDIABENNTAINNMAT AL LU ANUITOLAAIAIUT U LA TALIY HUNUBT
LY | & Pt v " & = | v ' A
feg1edy 9 dlaseadrsldilussuiu wide ldilaseadawudueu (Amorphous) lesa1nn1s
NATUVBIANUTILEY 0 IAlRgAnTletiy ABeu1RINNNTTIkasaERUsEUIUNWTD U UTIAY

110 TneazdunanuannIsvadYaLsos (Scherrer’s formula) @un1s 2.4

D= K2

B f.cosf 28

Wo D Ao auUInveINan, B An A1 (Full Width at Half Maximum, FWHM), 6 fe
YUVDILUINA uaz A K ADAIAINTa9LATIAT1
Tun153AT1ERlATIASMNENAINNNATDUNATAILATILANITIALNUUVDISIALD NG
lATeasenanvesTanm1e 9 ausauaninaINNISSeIRIYeIFURUUNTUNSNARATIUANAN Y
(v a!! @ 1 1 I3 1 (v % a dy d'
vouian Feazidulunusuinuasrnavemihewadvesusayian lnensldmaiaiiiiessy
Megeilisinuu Indnnsddgautunay
TURDULIN AD N1TTTUNITUNTIALVUIAVRIMILTAS TFIaIUN1TTATIEVAINYY
v a @ 6 :’1 dy o v o =
ez JULUUNTUNINAAueasadidnd lngtunauiiasyilvaunsaduunusennueanaiy
NMIwUENEnUsELANLS TagAias1eiasuiiialan SUDILAaL 0 ARAUYDILAINTINSAZ MDY
wazlUSeuiguiugiudeyasiian Feazdsueniegusiavesiiswanvesianuu 9 Sun
TURDULIN (indexing the pattern)
& P ) = ' & = I ¥
unouians AT uIuesneulunidmiiswas Feasdulumuguuuulaseaii
WATUUNNVBINUIBLYAE
TuRaUgATNY Auntsadesnenlumhewadaiusainneilaananuduiusues

AULUULENIINATTUNI NEDANIRUATLAR T
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2.6 NISIATIZHEUUANILEIVDINANUNS

Tuuddeasatinslamaian1sA s e gl RN asd@auURf 8 Y Ao ANA
'3

N153ATILVNIOANAUTDIUAY (Optical absorption Spectroscopy) kazinaAlaAN1TiATE

mmnuawaﬁaa (Photoluminescence Spectroscopy)

2.6.1 wmAllAN1TIATILNNTRANAUYBILAS (Optical absorption studies)
ANz aunaNaIuYeITanasnwiln aunsavilanssuiunisaiisussgnned

o/ (% s

AUTUSAUQANAUNRINIULAL LALTBANNTENUAINAINBIIILLAANITAL VDU N1TABINY
=) A [ [ Y & A v A Y a

niegnaanduilundiuludinats Wugruvesnisganausedvesdinatdlag Su9nn1s

firsanianslaasvesdidnaseu, Bldnnseuriuenans, Ussgnvzdaszfodianasounasles,

NSLAABLANATAU, N15I9FILAZNITWNINFYBIaAsULaY Sadaunnsasvaslaseasie

[
wa

lunsfnwaudanugiuvesianaisnaiiul nisganduasautandrdgyuin luniangu]

a a & a

fuilgungigudaa difinnsoursuenanazasuiity Sdnmseuliannsoifiumdsnuduan
spundsusuengn nsgandundanuiadudsiianmsarilididnnseuiundsaiuain
LAUNAIIUIINeNgR (Valence band) Tudauaundssuiiinseua (Conduction band)
awnafunisganduvestagarsiaiiilneiugiu asiididoutanafinazuiueudy
Aladmils nanidendsrunamnnsznuaziiinse fulaziinanuznszdu fe Sldnnseu
Fuszdundsnuiulufuauth vdouaundanudu q fegaeniitues Ssnsganduuasiiini
wiliAsnsaunanelusungniseuinndanu wagnseydndlusmduiiuies
Taenluuéa fimsudsanmvesndanunasegassuila dufonsiomwdsauivey
Y83Han (fundamental edge of the crystalline semiconductor) ag AR ULAUNE 191
(direct and indirect) Iﬂ81713&aaaasiw%wuﬂﬁqﬂﬁﬁ%msuamﬁml,ajmﬁﬂiﬂ/\l‘ﬂw wazdianasouly
NuaﬂqmﬁLﬁmLLazL‘U?ﬂlauﬁﬁmwé’wmﬁyugmlﬂﬁaLmuﬁwﬂima oglsAnu nsdsundas
sriundseudsanmnsaniild Tnensduvesuaniivideazeglusuveseuiou Insnnesaay
yosdidnasouausaviliiAnmsasunlasmeanisaiomdsauuas uaznisidsundas
vosluududuinasndanualanlg seaundaunse (Direct inter-band) 9xUsznause
mswasusyAundanulunuiiwedanaseuanuaundsnuinaud luduaunsyua
Swaued arliianawdsuwadisudiuvesdidnnseu ussndsnuiifieasdudegui 2.19 ()
ndsumanasiignganduasriliAsnisivdsunlamdsnunsidignasitiulnedasiives

ﬂ?i@@ﬂﬁu (Absorption coefficient, @) Wi A8iAMUFURUSAUNS$9IULES (Photon energy, hv)

]
=

Pazdulunuseaundssnu N (E) vadusazsinaid ondlagratu nsiuasussaundsanulu
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LUUTEAUNGIUN31LUAT (Parabolic bands) Armsivesn1sgandutuaunsariulnle

INEUNTN 2.5

A(hv—E )™
a = ;hg}— (2.5)
A%

dlo A fo arnsiimdunaunananudululdaesnsidsuss Fundseunss, n fe
1/2, 3/2 %qazsﬁuagjﬁudw nstusesundsudadunalnanismeusuuuaniia way E, A9
JEAUNGIU

gﬂﬁ 2.19 @) wansliifiun wuesnszuIunIsiang iile nsdsunUasszdu
wdumeluaniatudiefimstrusedundanu kstates nsazdulumungnisidsuuas
QEVENESIGEY ﬁamuamﬁ%ﬁmimﬁEJuLLUmLLazLmuﬁsuaa%L?ﬁﬂmau%éfaqﬁmi@m%’u N38N19

Y] o a s A &
ﬂ?’ﬂWﬁ\‘l\‘l’]usUE]\‘lﬂ'J’]ﬂJiE]UI@EmL’JﬂL@@iﬂa‘ULU‘U q
k"tg=k+K (2.6)

AswWasuszsundsuazsdulumuaunisd 2.6 warnswasusssundsaudildly
SEAUNSI9IUATS indirect transitions Azt TURIENAIST 2.5 wAA1 n azdsundasly Tay
Asadu allowed transitions A1 n = 2 wazlunsalves forbidden transitions A1 n = 3
LATAITEAUNSIU E, @11150AIUINIINNITNERANTINAIUTUNUSTENTINN ahy Loy

N T dnAaNARAKNULBUTIULDY

n. E Q. Conduction
E band

Conduction
band

( phonas

b|hur|u|

dq
Lk [ % k

Valance
band

JUN 2.19 ununmnanInseuIuMsUdsulUasseRunaanungluvesian
(ReuIRIUNG, 2561)

(n) direct bandgap ez (¥) indirect bandgap
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2.6.2 Wldgliwadud aialasalat (Photoluminescence Spectroscopy)

Nnnguresnszuiumbilisgliuadudnesuigldieiu Jdimsimussuuield
pyRdeUduNAU s eANa Fusendudnedaliligiiuadud aalnsaled lnsmaiind
Junisesvageusuulivihane Wesnlufinisdudaiudiedne Ingldiiesuaninnnszny
Megrusitu Jailidnaiuinnisgandundsnusasivdeuaausduaniuznseiud
Lafianuafies Seniuinnisnsedumeuas (Photo-excitations) Wisegluaniugnszauilyd
ALate sy vlidinatednisatendeulugivacuas 15eniudn n153190as
(Luminescence) WngmniAansaliudl fie In1snseduiazamengsulusivednasiiu 1519y
Seniusngnisinlagiiuadud (Photoluminescence)

n1snszAumELas Ao n1snddnaseuluianafsuimduludsaniuzgnnszdu
(excited states) 9ntulediannsaunnnauasuganiizauna (equilibrium states) vilvidl

(% Id (% al | . . o a

nsmendsy mnidunisaendeaulusuiausendy (radiative process) TngNEIULET
NnNNsEUINNTIlAaluadude AU ERUS I UAULANANID 98 BT AUNEINUT
a & = dll A
ddnaseuiin1sindeuINT

Sample

Many cell

wavelengths One

Excitation wavelength
monochromator

Light
SOUFCE

e

Lurninascance at
many wavelengths

Emission
moenochromator

One wavelangth
&

CUEEHE

Datactor

U 2.20 uanaunuamuesszuulnlagiiuadud awalasaladl (Haris, 2006)

nsnTIvdanazn1svinauvesssuulnliaiuadud awalasalal LanaununImues
szuulilighiuadudiugnilugy 2.20 uasillflunsnssdusognanzgnimunauemaiu
TneluTulasiime$ (monochromator) uazuasiiluasoanandiod199zgnasraingae
Tululpsunesuariain wWonsiataaudunafinnueindusineg Ineunfnds wuawas
faapsazAndslidyurstuduguainned lunsdildfuun Ae nsnsatamanedy
A151asuas (emission spectrum) azliA1ANNEIAAUYDILASTINTE HUAITILATATI9TA

annsuvaaasiuaeanuIaInnsEuIuns d9uszuutagldlululaswosuAmeanilass Uy
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Y a 174

n1sUszgnaldszuulnlagladud aialasalal dnidunisussyndldszuu

Y

a

Wl giliadud alalasalad Ffinsldfuunduie (Aggregation-caused quenching,
ACQ) uay (Ageregation-induced emission, AlE) ?fa%LﬁuiﬁﬂﬂiﬁugwuiuﬂﬁimwaauL.Laz
WamnasiFosuasineg Insdaulanszuiunisansedundenulusveanas 1wy asdiu
Usunaunsilasasuasansuseneveiianideifinisauasios Tnen1susuiuasusnsdin
mmnduduvesans fegnfiguil 2.21 uanansmlanasunmsauanesasusznousdmil
ffianudududnsiy azdiuiifianisawasfinnnueniniy 329 wiluwns uazdles
anududuresasiinty wwrildanudunaanas wansinasussnoudinaiuauas
Ialuarududus Gelunsdil erswiludssgndldlunisnsinasunmanild wu nng

AFIFADUANUIUIUY MIDNTATINFDUNSUUBUVDIANS

A——10X10°M
B ——1.0X10"'M
c——10X10°M

A =329 nm

Emlisslon Intensity (au)

C
360 420 4&;0 5AI10 G(I)O
Wavelength (nm}

JUN 2.21 nymanesunsidnamesszuulnligluadud aelasalal (Hanis, 2006)

usnIINsUsEgnAlifanan ssuulWldgiiuadud awalnsalels saunsoldiile
nsrzvandiaug 16dn wu n1sTesiziiieniAwaungse1uve a1 (Band gap
determination) tlasnAunundsnutiuegseminaunutnseua (conduction bands) uag
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vsataunnsaamalaseadne (Impurity levels and defect detection) wiiuswinnisuuideu
wiedeunnseanndasiadiefinanenisidwasnnnnisindouiivesdidnaseuluiioans

n1sdunanazilSeuiisuaunasunisiuaiuas 3sEunsausuenlatenunMYeiieg1
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Mn-Doped Quantum Dot Sensitized Solar Cells: A SILAR 7.5mole%
Strategy to Boost Efficiency over 5%

(Pralay K. S.; Prashant V. K., 2012)

2 Influence of Mn-doping with CdS on the structural and SILAR 26mole%
optical properties of ZnS/CdS/TiO2 photoanodes
(Sainta J.; Suganthi D.; Suthagar J, 2015)

3 Effect of Mn Doping on Properties of CdS Quantum SILAR 50mole%,

Dot-Sensitized Solar Cells
10mole%, 1mole%
(Tianxing L.; Xiaoping Z.; Hongquan Z., 2014)
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1 Mn-Doped Quantum Dot Sensitized Solar Cells: 0.1 M 0.1 M 1 min 10 59U
A Strategy to Boost Efficiency over 5%
(Pralay K. S.; Prashant V. K., 2012)
2 Influence of Mn-doping with CdS on the 0.3 M 03 M 5 min 2 -10 38y
structural and optical properties of ..
(Sainta J.; Suganthi D.; Suthagar J, 2015)
3 Effect of Mn Doping on Properties of CdS 0.1 M 0.1 M 5 min 2,4,6,8
Quantum Dot-Sensitized Solar Cells DU
(Tianxing L.; Xiaoping Z.; Hongquan Z., 2014)
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Abstract. In this research, the manganese doped cadmium sulfide (Mn-doped CdS) thin films
were synthesized on glass substrates using successive lonic layer adsorption and reaction
(SILAE) method. The thin films were prepared by different mixing percentage of manganese
with cadmium sulfide precurscrs in the range of 1 - 20 mole®:. The optical properties were
investigated by ultravielet-vizsible spectrophotometer. The morphology and elemental analysis
were measured by scamming electron mucroscopy (SEM) and energy dispersive x-ray
spectroscopy (EDS), respectively.

1. Introduction

Cadmium sulfide (CdS) is semiconductor with good optical absorption properties in the range of visible
light, and the direct band gap of 2.42 eV at room temperature. For this reason, cadmium sulfide has been
applied to many photonic devices such as photovoltaics, photodetectors, laser and light emitting diode
[1-3]. Consequently, Cadmium sulfide is adapted to suit the application.

In recent year, the study of CdS thin films has many ways to study and develop to improve the
efficiency of the thin film. Doping is an interesting technique to increase the efficiency of cadmium
sulfide thin films. Recently, Santra and Kamat published the manganeze doped cadmivm sulfide (Mn-
doped CdS) thin films for use in solar cells and they succeeded in the mmproved power conversion
efficiency at 5.42% [4]. After that, there was more research on Mn-doped CdS thin films [5-7].

In thiz research, we studied the optical properties and morphelogy of manganese doped cadmium
sulfide Mn-doped CdS thin films. We use cadmium sulfide as a precursor that doped by manganese on
glass substrates using successive tonic layer adsorption and reaction (SILAR) method. The preparation
of the Mn-doped CdS sensitized thin films were optimized mixing percentage of manganese with
cadmium sulfide precursors. The effect of dopant on the Mn-doped CdS thin films were analyzed.

2. Experimental

In thiz experiment, ethanol, methanol, DI water, manganese (II) acetate tetrahydrate [(CH3COO)2
Mn-4H20, 99%], cadmium nitrate tetrahyvdrate (CdNO3)2-4H20, 9990) and sodim sulfide nonshydrate
(INa25-9H20, 98%) were used for preparing films. Glass shides were used as substrates of films.

re"p_'- Comtent Trom his work meay be wsod under the tenns of the Creative Commons Alirbution 3.0 Beence. Any Turtber distribution
b of this work must mamnian sitribuison o the soihoris) and ihe tile of the work, joarnal citation amd DO
Published under Ecence by 0P Publishing Lid 1
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Figure 1. Successive ionic layer adsorption and reaction of the Mn-doped
CdS thin film.

The preparation of the Mn-doped CdS sensitized thin films were prepared by the successive ionic
layer adsorption and reaction (SILAR). The mixing of cadmium nitrate tetrahydrate with manganese (II)
acetate heh'ahydrate 0.1 M in 1:1 ethanol and deionized water was used as the cation source. This
experiment has six differences mixing percentage of cadmium nitrate tetrahydrate with manganese (II)
acetate tetrahydrate including 0 mole%s (pure CdS films), 1 mole¥, 5 mole%, 10 mole%, 15 mele%
and 20 mole%s, respectively. The 0.1 M of sodivm sulfide nonahydrate in 1:1 methanol and deionized
water as the anion source. First, the glass substrate was dipped into the cationic solution for 30 seconds
then rising in ethanol for 30 seconds. Next, the glass substrate was dipped into the anionic solution for
30 seconds then rising in methanol for 30 seconds. One SILAR cycle has been completed as shown in
figure 1. In this experiment, the thin films were synthesized by SILAR for 30 SILAR cycles at room
temperature. The morphology and elemental analysis were measured by scanning electron microscopy
(SEM) and energy dispersive X-ray spectroscopy (EDS). The optical absorbance measurements were
measured by ultraviclet-visible (UWV-visible) spectrophotometer (Model HITACHI T-2900
Spectrophotometer).

3. Results and Discussion
The morphology and elemental analysis of thin films were investigated by scanning electron microscopy
{SEM) and energy dispersive x-ray spectroscopy (EDS).

(b)

Figure 2. (2) SEM images of (1:10) Mun-CdS thin film and (b) EDS Spectrum of (1:10) Mn-Cd$
thin film.

ka2
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Figure 3. The plot of mixing percentage of Mn-CdS precursor with the concentration
of manganese in thin films.

Figure 2(a) is the SEM image of the (1:10) Mn-CdS thin film shown that the uniform distribution of
the cadmium (Cd), sulfur () and manganese (Min) elements in the (1:10) Mn- CdS film. The EDS spectra
of the (1:10) Mn-CdS thin film as shown in figure 2(b). The EDS spectra show that cadmium (Cd),
sulfor (5) and manganese (Mn) elements are in the thin films. The plot of mixing percentage of Mn-CdS
precursor with the concentration of manganese in thin films from EDS ana.lj,'sis 15 shown in figure 3. It
i3 shown that mixing percentage precursor at 5 mole% and 10 mole%s is similar because the Mn can
replace Cd at around 5 mole% of mixing percentage precursor, then the doping ratio of Mn-doped CdS
thin films depends on mixing percentage of manganese with cadmium sulfide precursors.

a) s b) &
= Pure (a8 —— 1:10] Mu-CdS
[1:100] Ma-CdS W
10 =1 10] Ma-Cds "
(18] Ma-CulS

(ahv) (eViem)
=

Absorbance (a.u.)

——————
o0

- :t’ 243 eV

Y - 0

400 450 A00 S50 600 €S0 To0 750 18 20 22 24 26 28 20
Wavelength (nm) Photon energy (eV)

Figure 4. (a) Absorbance spectra of CdS thin film, (1:100) Mn-CdS thin film, (1:10) Mn-CdS
thin film and (1:5) Mn-CdS thin film and (b) Tauc plot of (1:10) Mn-CdS thin film.

The absorbance spectra of Mn-doped CdS thin films were measured at room temperature by
ultraviclet-visible spectrophotometry (UV-Vis) as shown in figure 4(a). The absorbance depends on
different mixing percentage of Mn-CdS precursor in the range of 1 - 10 mole%. The absorbance
decreases when the mixing percentage increases. The (1:10) Mn-CdS thin films were the highest
abzorption. The energy band gap of Mn-doped CdS thin films were calculated ugsing the Tauc relation
as in equation (1):

ahv = A(hv~E_)" (n

where a is the absorption coefficient, frv is the photon energy, £, is the band gap, »n=0.3 for direct band
gap transition and 4 is constant which i3 different for different transitions. The energy bandgap values
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as shown in table 1. The energy band gap of (1:10) Mn-CdS thin films is 2.43 &V using Tauc's plot
technique as shown in figure 4(b). The change of band gap energy is affected by the changing structure
of Mn-CdS thin films due to the Mn-doped concentrations.

Table 1, A slightly more complex table with a narrow caption.

Sample Band gap (eV) @room temperature
Pure CdS thin film 236
{1:100) Mn-CdS thin film 234
(1:20) Mn-CdS thin film 251
{1:10) Ma-CdS thin film 243
{1:6.67) Mn-CdS thin film 2.28
(1:5) Mn-CdS thin film 251

4. Conclusion

The manganese doped cadmium sulfide (Mn-doped CdS) thin films were synthesized on glass substrates
using successive ionic layer adsorption and reaction (SILAR) method. The thin films were prepared by
different mixing percentage of manganese with cadmivm sulfide precursors in the range of 1 - 20
mole%s. The optical properties were investigated by ultraviolet-visible spectrophotometer shown that
the 10% Mn-doped CdS thin films were the highest absorption with band gap is 2.43 eV using Tauc's
plot technique. The morphology and elemental analysis were measured by scanning electron microscopy
(SEM) and energy dispersive x-ray spectroscopy (EDS). The doping ratio of Mn-doped CdS thin films
depends on mixing percentage of manganese with cadmivm sulfide precursors.
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