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Aalaiia dunia 435y A3 (long range order ) saall Jy sk casi iy abad 23306 8 alatia (5 50

OSar ootigh 23 5aill (e Gane & sl Ylia 330 Sy s (Symmetry) sBll (e ¢ s ellia Gl
DOl (8 sl saaly ) slill Gaasy ¢

19



g_)ﬁ.m k}ej\ Q.'\L“d\ dmﬁ‘

bl Lotaf eMa gl sludi-1
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asd sa JoY) g sl 1l g3l g gl 885 Aeadaal) i sall oLl Caieal (Say g o[ (s Al il
Apuled GOl pd Al gl 18 o Jpaall aby el g5l o5 (N-type) da e

25



sg_)ﬁ.m f«j@l\ Q.\'m\ d&ﬂ\

&) (Ga) asdad) 5 (As) Foul dila) Judl Juw Gl 4@l cla sall obadl ) 58Sl
(Sass (P-type) s sall idla sall sladl (o (A g il 5 o(SiT) 0 sS

«(Si) OsSaladl I (B) sl Aila) Jie 58Sl 4505 (il g Al Lgle J umal
(0,65-2) JS& (WS [73,72] dasdasadl il 920b cpe il e e sl
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Ay Axpeally (8-2) A8l < yae Y-y () 518 AUS Lol (S

I = —a 17-2)

0

at=2.303 Log.” (18-2)
t

A1 Aapally (19-2) Al S Ly (A) oLt 53k dpslictial iy (LOGLD) O Lo
t

[103]

Refractive Index (Ng) s Jalaa-2

alall T gl 8 ey M E1 AN 8 e sl Aoy Al Bl LSSV Jalae iy
AEY) A8 DA (e die el Sy g (N) Sieall GulSadY) Jalaa (e sl ¢ 3all Jiay 58
[92](21-2)

1+R

1
no = [(AR) - (k2 4 1)] 2 4 28

= (20-2)

A Al daal) (lKai) Jalas  Jans WS

N=ve (21-2)
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Sl bl Sl Lgaa) (e Jal s Bae e LSV Jalas ading el J ) <l (g) 51 3
Bkl & i g alall

Extinction Coefficient (Ko) 25aadl Jalaa-3

3geall Jiay (ol salal) i g€l I (e daioall 48U 4 aily 3 gedd) Jalaa Ciyay

Jiay 5 cdalal) Cilapun e Lle 1 Aai salal) Jas 3 dpudalin 5 Sl A sall Jualall (a5l

O lE A 3 gl ) Jalaa dad 2025 3) (Adaloal) s 5 gal) A8l e i g iKIY) daiad e Liad

@l e ) () K g Aadtan 4] Ll cnpeaill Hline sl o sl) ae dlalina 5 S da sl
[94] Al dspall sadai JUA (e spaaT Sy 5 dnall SLSY) Jalas (10

k=2 (22-2)

(Cm) las 5 Adadlad) A o sall Jshall (A) & 3

Optical Dielectric Constant (g) el Joad) g
o Al Jiey sed clhatind) e saladl 408 aily (g) dtaall Jal) culs Gy

¢ gl JlEn) die alall 5 ¢ geall Gy Je il Caay Loal 8 caina &l glon g <ilan jil) Caliaal saLal)

o 4 puall Al gally dliate cilaa il ) S5 Ladind Balall g ¢ gaiall Jeldi (o &0l clld g DA

18 sale Chuags oY) i) g gl o salad) o Ay SV Agthaiin) o 5S35 )5 gl

AY) AL any g () el Jad) il QUi

e=gq + igy (23-2)

dodl i e LAl el (g,) doal) culdl adall ¢ 5all (gy) Sl Joal Gl ()
389 A e Jeans (N5 () 0o IS 08 s

81 + iSZ = (no - iKo)z (24-2)
1 QAL Ll e s il e 5ol (e IS 56 (S
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g,=ng — K2 (25-2)
82 == Zno KO (26'2)
bl g sl J el cull Glua (803 (27-2) 5 (26-2) ol A (e

Electrical Properties Al gl pal 53 (13 -2)

Gliad iyl ey sl cola sl oLty i Sy JEY) Cllee
aeal (saal (a5 ML (Al pall) sl e o pall a3 clag Rl jeSH aibiadl)
0o U8 Al il sie Fgnm ga iy siose ¢ 5t ) (5355553 s il sl a5 b
A 8l gan 5 Leena (e JS i 5 iy 5 sl 0 sl i Loy e sl SE0 5
A AlS Hall Apall qjq;j\qﬁssagﬁg\e;;wu%} Andll Olla A8 ja e
Al eI Al i) aaiad 3 Aiai)) S ala JUEH Auals e Al gall 40s pealiall e dlia gall
& gl Llae 18 s cDla gl ool @l 3) 63 ) jal) dayn e 5 IS8 la sl oludy
Jalae <l o glia lliad Lgd <3 Cana®i Gl 3 ) pall A 50 a5 ) L slie J5 3] dla gall 3 gl
o Al Anhaall 3 oS Ul 55 3 SR 5 el e [99]c Al (5l
Al SOl g T (b padius G Aagall JalhI saa) (a5 J gt il punbline Jlas
Jae ainy SLalal) 038 A8 jat s LSy Jsa 25153 S8 (e 1887 ple & sa i Gliis) o
SoeSI L Gl olal e &3 gae 3 seay (ZB) obiline Jlae Juld e Jaa il
8.5 Canuy Anll sl el ol jaiD e o s ) (5250 o sall 4 Jada il (Xi)
451 515 e s 2 S0lm sall ol Jals Ui o 5Lt i (o2 2l (358 )l A i
b el seall 358 (13-2) JSE (8 maasa 5o LS (HE) Js dis s Cipd (568 s
U5t Jalae o g ¢ mmaalianall Jaall oladl s 5 5eSH il olat) (he S Sl (g2 a0 sl
[104](28-2) 483all e

A = () 27-2)

IX nye
5Ly @iy (p—type) Do sal) Al (Yo sl 5,LEY) il 5S35 Jsa dalaa (Ryy) O 3
(V) ds 4l n dhad 8% (V) /[ Iy )¢ (N-type) duasall 4 (5 Leie (-) b

Ry = —
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Rind Jias (£) ¢ pmublina) Jiaall 335 Jias (By) «domn sl dud clans (1) ¢ (Iyy) g0 Ll s
L oshsS Ban 5y olhe (5 Y
[104] 08Nl 43355 (Ry) Usp Jalael il ala loaal g

1

n=— for (p-type) (28-2)
Rye
_ -1
n= e for (n-type) (29-2)

AL aladiuly Js dabaas (Ry) diasill o e J seandl 30 (0) dsp A4S a3 e oy

o

My = 1= = olRyl (30-2)

%

[L105] Jsn sl salla (13 - 2) S

Gas Sensor Sl diia (14-2)
138 i Sl Gl jedine deliva 8 deadiuall bl ol gall (e CDla sall oLl aas

el Al g aiuail) 4RI JlE (0 2] QS (1 g LgieliS B ) 5 gl (ppaanS oy i gl

Adla) & 3) Ll s (8 Aaladl) LeieliS 3aly 5 5 Ll (i da) (g0 31 sall da pa gl

[106] 333ms Cansiy il 5

Jelal) o bl <ol jlad) Leia s &) oI aans Lgaal s ccolipbaill dania JLadl uat 3 jeal axi WS

J107] sl sl & gan (e CadS o Aol Jals
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Sensitivity (S) Lulaall (1-14-2)
W dalsadl e 200 Al g Basas 5 Sladl Clad @8N liall daglia 8 il Jare o
0S8 Ala e il il ey Al Ausha il pannt 8¢l 3l a dan e i

[106] 001 28Ul (p0 Apbunl loon 25 Jll 435 ) jim yu3 (3 5 el ASLas 5 ¢ i)
( “In case of reduction”) =sai s 4 -1
S=|Ry—Ra|/Ra %x100% (31-2)

(In case of oxidation) saws¥l s & -2
ngaj‘ L_QM\:\.:!;U}‘)LQJ‘ Jpjuﬁwmj cLizl) L-ILA)\&ALAA » Rg‘R”&1 JJ

Response and recovery times 2 iw) g Adaial) Ga) (2 — 14 - 2)
48 i A el 4l e Alatu¥) ey aaad o ¢ andiuall Sl el Ga i Leie
dnmg oy o AN Sl Al b il ()5S Lavie a3 5iY) 5 (e 790 s Jaa il
BN PP YRTWER PSR Bt LREPPX| JUSS![FE PRI RY N UV T TP PR AR HEL AP
aily Jliad) e id) Camgs (2.13) IS 8 en ge 58 LS Jamall i) aa) (40 710 )

[108] ) Ske Sy aladinl ey Laa ¢ 2l jind 53 joa g dolail e 5 5iny

Response time = (t, -t;) *90% ...........c....... (33-2)

Recovery time = (t; —t;) * 10% .............. (34-2)
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mH Gas off
90% of maximum : Maximum
Resistance Resistance
5
= |
[1°]
1 I
7 |
o |
} Recovered to within 10% of
: | original baseline
Gas o:i I :
|
|
Sl ke
: f : i >
T TimeI Trec
J109] doa sl pulaS dnd gaill 4l ; (14 - 2) JSa)
Applications of Gas Sensors ) claatie @linki (3 - 14 - 2)

:[110]Jie ¢ (al 2N (e de siie de sana b ) o CRSSE ) a5 jeal aadius
AUl Gl gall e ol LAl 8 aadins -]
Aalad) il ) 38 55 aea )l cleluall J aadiuy 22
Al Ul 3 5 A1 el J g il e @Bl g g adiind -3
S 8 6] sgll B3 g and -4
Al (e e Daall il GaLEN 3 axdial -5
S 2T 6 il gine 48 el S B aadin -6
pabiall (8 Sl el 58S 5 e @aaill padiy -7
(Gaoall alS (8aadin -8
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el ¢ 5all S Joadl)

Introduction daxial) (1 - 3)

Ludel jumat 8 Aagidl dleall Gl ghall aga (383 (e il daadl g dl
Jlexindy ¢ by 58S 5 2 5200lSY (5 juaing AU Lagadat dandaal) g dasdaall yie AU (ulaill 20
ple “aay slhae)s ¢ (Sol-Gel) <3l Jslaall (Spin Coating) (ool o3kl &k
etde e V) a3 oty ) ae ) sl Agt s Jillaall jacan 5 Lo Alantiaall 5 g2 5 G glaiall
Al 5eSl 5 4y peadl s duS ) Gaibaddl Auljy 8 Alesiudl 3 3¢aY) Ciay Lyl i
3 panall dpie S

Spin Coating System o) oMl A glaia (2-3)

G (Ossila) 38 13 i e pisaal) Litall iy 1 (o sall o3l Slen anll 138 (8 pasind
~3) JSE 84 g Gl 5 o Arala — o shall IS ol 5l il Gy gl iide b 4pe )
Al pall Ay i) g8 b a8 il ) gae Joa ) 93 Bac iy Jaalia Al 5eS & e (e (9580 3 (1
a5 A i Sl da gl 3ok oo doaadl O 93 Ae ju s el aSall Gy Al Lgle cLdall G 3
Sz 0l sl Ay sllaall A puall 5 (3 paianall (g 1 st Lgilalas 53 oy ¢ Sleall (g slall mhanadl (558
=815 (100 steps) o Jual < ghad 35 (e Ao s ISV a3 a5 de s (e ST LA
Joad Gl Tasall (538 5l 2l 558 Jiai 5 (6000 1pmM) (4 (o 6SH & addl lelay de s

g o) Dl Slea

.(Spin Coating) (o) ekl Slea 1(1-3) sl
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Yo

Preparation of Thin Films A8 )l Al ) juaad (3-3)
A Jlexinly 48Y) Ol ghadll gLl &3 3am Clieal ga ld 438 ) 4pie) e Jgaall
(Sol-Gel Spin Coating Techniquc) <>ted! Jslaall o yall ¢ SUal)

Preparation of Deposition Substrate — cuw il o168 digs (1-3-3)
Apde V) dalise Cuu i ael @ plisg 43D delically dpalall cilipdaill CaMR) ¢
138 A oy ¢ ddlidall ac) ol o 1) cclial jund) «cida gall sladl calaall Jadii o (S Aad )
Ay s (Soda lime glass) giall cinall ooV zla 3l (e de sias 2o 8 aladiul )
e Le G 488 1) AU Gelail) S ol adie ) il ac) 65 (0.1cm) lass s (1.5%2) cm?
Ciliaal gall aenl (3ias 5 48a%5 A gqus 5 duaddiall 43S 5 4ndai A ggus s a3l (e g il 138
lasla (e aslall 5 Aliny dardiusall de ) g8l la) g 3 48811 (CUO) 4pde ! auieatl 4a 33U
gl ae ) gall oyl oy Aelivall ugally wodadill ol Led g Jaine Al Gisad gl 0
(P dal e Gaay cLiall s il Agleal

s Cse e e bl (s Gigas quindl Al dala 3l ae) @l e o

(1.5%2) cm?

Gralusall Gl S (e palall i s V) e AN clally ac ) all Qe

& (B3 s s o3 o siand e (5 5iny (Beaker) oala) Gso b o) l) jed oiy m
Wise ) 48 5% J8 (el (Ultra-Sonic water Bath) 4 swall (558 s gall Slea
L5 capdatill gaalue (e AUl G 2l Wiy e palasll (15 min) 2l 4,580 (Clean
b Cadad 8 JAl Leibats Leal A) & (gas 4 gemal) Ll (g s e sl 3Ll
.(15 min) 3241 (80°C) 3l

3aal (358 Cla gall Jlga (8 dmias o o ey JsY) o (s ()90 (2 el @l jexi m
alaiigac) g8l A5 @lld a2y (15 min )

JsY)s sl LEy e paliil i g g 5 e el o gsing G0 B o)l i w
(15 32al i puall (358l il sall Slga A eld) 8 ool @l o g sinall (550l aucas Ay g
di Ll s Gl sl G paldd (i xd (s il e aladiinly Leddad oy ¢l a5 min)

-
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Preparation of the Solutions Jallaal) juaal (2-3-3)
Ll dandaall 5 dazdae e (ulaill apu ol 4o | G 55 8 daddiuall Jillaall jucas o
Al ) sladlly LS 5 (2-3) JSAlL el (Sol-Gel) G sk p saadlSl 5 iy <1

0.6 M of Cobalt 0.6 M of cadmium
acetate di-hydrate || acetate di-hydrate

—
10 ml of

2-methoxyethanol

¢

Stirring for 20 min at 27 °C
v

0.05 ml of mono
ethangl amine
N
Stirring the mixtures with (1+1)
(3+3) (5+5) and(7+7) wt% (Cd+
Co) doping levels for 1.5 h at 75

v
Obtaining a clear homogeneous
and colored solution

-

 E—

Spin coating for 40 sec at 3300 rpm
v
Drying at 195 °C for 15 min

~a
Spin coating and drying procedures steps repeated

A

v
Annealing the (cd+Co)doped thin
film at 475 °C for 1h

Aandadll g daaladll yi CUO 4si] ypmail Luais Ll (2-3) JSA)

48



exdl ¢ 5l S Joadl

S5 005 52 O8I yadl Gsaa 45 (Cu(CH3C00),. 2H,0) Al Guladll @3l -]
L33!l (ALPHA CHEMIKA) 48 5 3o gl (99%) 35 (199.65g/mol)

sl &5 ol el G5 25 (CA(CH3C00),. 2H,0) 48l 4 spealsll <3a -2
42l (THOMAS BAKER) 48 5 (10 jeae (99%) &5t 5 (266.53g/mol)

Gl eaY) o5l 3 (Co(C,H50,),.4H,0) Cobalt(ll) acetate <l Il s -3
LY A8 35 e e (999%) 55183 (249.09g/mol) > O

ol Ay sl e Galad Jile cude (CH30. CH,. CH,0H) Jsil) (oS a2 4
) (BDH) 4S5 (e e (99%) 454535 (76.10 g/mol)

(61.08g/mol ) (iall 4 alas Gl mae #3) Jils (C3Hg0,) ol Jsiliy) aal -5
(MERCK) 48 1 (3 j3« (99,5%) 35kl 5

(1.1979 g) L3 JDA (e denkadll e (CUO) At capms i (3 Jantasall Jslaall jpuani o

Gl 233 ¢ (0.6 M) DS st 5l (oo sise- 2 JI (e (10 M) (8 Al Gulaill DA (e

(1Y) il 1 G JDA (e (5 5Y sall 58 il AL &y jlal) lanial s sllaal) 33Lal) ALS

M= (W,/ My)(1000/V) (1-3)

OO Myyp) «(g) Y csllaall saladl A (W) 5 ¢ (mol/L) wo¥sall 3L 580 (M)
(M) LY a3 A Codadl ana (V) 5 ¢(g/mol) Aldel salall i 5all

Goainy Ll Laalad daahadl (CUO) 4adel s i 3 Alexivdl Jllaall aianil o
i Tyaan (0.6 M) St dla) Gulaill <A e S DY a8 3 el Sl 5 saalsl
el il &I DA 5 o spadlS G Y T jaae (0.6 M) S i Ailall o saadlSH <A 5 (ulail
(=S siae— 2 cudall e (10MI) eldie e pan (3l S Sl s 500 (0.6 M) S 52
plaiuly (5 ,Y sall S Sl ALEa) 4y jlomall (lasal L3l o sllaall o) gal) JS e 253 ¢J 53l

(1-3) 8 sl e LS5 (1-3) 483U
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el ¢ 5al) SN il

Gaatl) 5 LSl (D) 5 darhaall ye (CUO) Apie| yaant 8 Alasiosal) il s LSl (@) :1(1-3) Jsaall
s oS 5 S A sl Gty (AL daxdaall (CUO) 4pdie | jpmas b dlasiosal)

a CUOcLﬂngwwﬂbghw\
= |5 |[ss| 8 |gg|eg=|S |8 8¢
[4+] —_ (4] = @ o @ - > D = c [¢D)
wn o o - © o T S = = c <&
&) S o 2 o 2 > X S < £
5 © = S L £ b= =
O o °© n O N B
= ) a e
= =
S1 425
S; 475
S; 0+0 1.1979 0 0 10 0.6 525
575
Sy
b ﬁaﬁﬂwg&db las)
S5 1+1 1.173942 | 0.0159918 | 0.0149454 10 0.6 475
86 3+3 1.149984 | 0.0479754 | 0.0448362 10 0.6 475
S7 5+5 1.07811 0.079959 0.074727 10 0.6 475
Sg 7+7 1.030194 | 0.1119426 | 0.1046178 10 0.6 475

6 S SN () ee Jlainly Ll 3 el o) sall (e dsabiall ciluaSH () 5591 220 3

Jllaall Gy o8 8l Ssie-2 A (Mettler AE-160) & 55 (= (107%g) dnbas
(20 el 48 2l 5 ) A )2 LSy o i 5 punhaline L3S o (1-3) Joand) G L dindl)
ol ALl i &3 (75°C) A clas O A sl 5l s da )y ad ) @lld 22y 23 min)
Jslaall 458 8 oSai) (Drop-wise) s_kd 5 ,kd JS& (0.05 mol) i Gae¥) Jsiliy)
Aa )2 iy Jglaall puim gn )l i e (331 Cilass il e (A 1Y) G5 Sl e Jsanll
Sle Jsas 5 (Sol-Gel) dlee ) Jsaasll Ciuai g Aol saal hlizall LAY e 5 ) jall
dlee ie 32e @)l o Jglaall @laill g (Ao da 30 Jaxi 3) (@) b e 5 2 3 Jslae
Ol OS5 (PH=T) gssbon 4l 2a g5 Aleil) Jslaall i gngll ) Gl s (el oSl
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(aall ¢ 5al) S Yl

) Bl Galall a1 sl axdaall Jslaadl (ol s liale T sl andadll pe Jlaall gl
(0.1p) o8 50 il Ao o Jslaall md 5 &5 D aay 5 (3-3) JSAL mmse LS5 (30
s il i Aol 24 32l (giaid A yig

(1+1)co-doping (3+3)co-doping (5+5)co-doping (7+7)co-doping

Wl S 5 530S (g RS Consy andaall g aadan e Dl Jlaall ) gem 1(3-3) JS
A58 ) Al V) juaaad B8 figall Jal g2l (3-3-3)

Affecting Factors of Thin Film Preparation
D el e DUl iy 488 )l Aude V) jaass die Lgile) je a3 fige Jalse Sl
sl daglygbsddajog 3 5w
ol el Sleall i gall o) 35YI m
O S el il dial) pBge m
Oosdllde yu m
LU e m

,;LM\)ASJ\);Z\;JJ ]
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Thin Films Deposition LY Quu i (4-3-3)

& (Spin coating) eodl el Slea 322l o o jill Sl 2ol @l gy o
M JSy uilaie sl o Jpanll el S pad Al caps yill el 520 ll) pa 50 3le 5
@Sl 2kl 38 5 Culaall olaily A all (A Ayl paiud) e adine Slead) dee gulad & 3
dolec o (lERET & gan g oLhall A8 o gl Chgand (a5 )y sall ) gaal BaclEll S i e s
Jidladdl 3 jUad Jlarinly e il 3anal) 3acldl)l Coatia ) Jglaall (3805 (3all) casa Al
O psail) Alae 1o & s 5 3l pall Jsaadly JalSIL sac @l dudaxs 2 G ) (Mlicro pipet)
Joladl (e e 3 ey 3 53l o2 SA 5 (40 sec) 32 (3300 rpm) de pudl ¥ pea s ) oSl
gy Jsbaall iy ja Gu GLailY) 858 Jady DAY o Jall el 438 el 32Ul 5580 Jady
Ol o ge Al s Lelind 5 L) s Cadaii g 3aclall 2a i (o)) ) sall (i g5 aey ¢ Baclal)
Ol B mdass e Saclill g oy Jslaall LEy e palddl JoiliY1 Jile 4 )
som Aa o ) deal O ) Ly mdanad) 550 pm A o Baly 3y a8 A8 al) 5 ) s A
¢l oLl diad pai s Caiadl ulec sl (15 min) sad da_ el & 55 (195°C)
o5 Cagaa ade Glasal 48 jall 5 ) e da )3 () Ly QAL mhad) B )l ja da )y (sl ol
e qo,Y Adaall ) S5y Cadaill g oDl Glea 8 paagip sacldll My (iR ol clial) b
el 2V gl wmy o @ Aealaally dealae e CUO sli (g sk w )l e Jseaall
Cpalill Adline b)) e s pa Liiall ()8 ol 08 (B pabaally pabae e clial) Lgle
Cpalill day ZAal Hga s (4 —3) KGNl N Wy & gl Sl gl e paldill
Adliaa sl ja sy

LS el ol (e g e e (s0la o8 Jaly ddlise 3 )) s Gla )3 dandas je e Gl

<
wf

&
(425°C) 3 )~ da s Leli 3 (5,) -1
(475°C) 3l ~ ds )a Leiali i (sy) -2
(525°C) 5l daya Lgali & (S5) -3
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(575°C) 3_) o da L Leali & (54) -4
ey Dbl g 520dlSIL LA Lasadad daxhadll] (S5), (Se), (S7), and(sg)] 4x&e ¥ -5
(475°C) 5l s Aa L, Leali a3 I 55 e [(1+1),(3+3),(545),and(7+7)] e

Adida s )l e Sl 3 (palill ay 3lal ) g 1(4 —3) JS)

L 4

A8 1) LY daw (ubd (4-3)
This Films Thickness Measurement
(Gl oLl o Gld sa 488 1) Auie U Al 5l (ailiaddl aaad 6 ol sell aal
s Lo eLdiall claw (ulal 35 5l e dae Sllia g
Gravimetric Method Agijsll 3kl ]

Waalaed &5 Gl aas Lala 3 sac @l G55 (el Gauais 3 sLiall cland) (uld (331 5k (50
O IS sl g () Bas g0 (Am) ALK (38 Al o il dms Lgd g by il J Ledudasi
sliall dlew Sl alig (g /cmB) 82 g (p) eliall AUS 5 (cm?) 32a 0 (A) sLial) Al

1117 4N A8 IR (e dandaall e 45U (1)

t= Am/ pA 2-3)
oY) A A e SN LS s 38 Aaadaal) 2usie Y Ll

Cd AS + Jslaad) L Lt X CO A + Jslaal) 3 Lt X CUO LS = 1<) 236
AT @k I as gl 5 ) Und A e 40 30 hall (g5 ) e slaall B Lt X
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Cross Section Imaging 22l adaball jguai 2
Al 3 A ) e ) elaw Gl 40560 @kl e A8y STy b bl @kl e 2
s Lkl oda dlaie) &5 S 5 (FE-SEM) (and ¢l sl dMA (e sliiall iaje adiia ) gacad

Structural Measurements A Al el (5-3)

a3 Lot Laada Gandaall g dandaall yoe CUO Apie Y <y ) o) € jal dagda 3 o JaY
-4y b)) Jlasi)

X-ray Diffraction (XRD) Al 42dY) 358 (1-5-3)

e Y g yra s lpand 5 Gl ) Ay Al jal 483Y) ye (XRD) 4w slaie) o3
>34 Jshs (SHIMADZU 6000) ¢ 55 (s e Juerind o ¢ daadadll g dankaall 2 CuO
— a0 Aaalall 8 gl (CU-Ko) <2ed) & 55 63 (Agy—kq = 1.54060 A) salal

Gl &) sean - dlany
Atomic Force Microscopy (AFM) Al 3 48l g (2-5-3)

ysa e 3 cclipmll mhan) dlasy (g jloal e Ca el aaiing g 48al) Alle 40585 an
Jlexiuly Glipall Cluldl ol jal &3y «lisdl xhul (2D) Sl 455 (3D) alad) 450
Lasd) LG (TT-2) di s« (Modified tripod ) & s 4,0 5 58l jea

Jaall coll) - madall (A9 58N jgaall (4-5-3)
Field Emission-Scanning Electron Microscopy (FE-SEM )

Lol dandaall g dazdaall je CUO 4ie Y dpadand) (Il Al jal 4l o3a slaie] &

&5 48 xa (FE-SEM) 4x88 DA (e Sy 3} ((Co) cbisslly (Cd) pspedlsSll (5 puaing
a3 gall by Ll S il 8 (Defects) wseadl @iS e 5508l e Siiad Gilawal) JSG
A ¢(Image-J) mabin Juaainls Lelad 3 ey Lemsan b uanall 32 Y) & slad ) gua 34
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daluall @58 s padle Uays 5 e Jeny 3 calag¥) AN 5 45080 ) geall Jalad 8 axdiuy
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Interplanar Spacing (dy) b olal) il ghacall ¢ Adliaall-1
S e Y il ) s il g Alsal) Sldial & (1 - 2)agall &y 5 e e
75-) Adsall Al & il glaal) (3l Gl aa g dandadll s deshaall e CUO AU Galadll
oaibad 8 Alalall ¢l el 48 pral Juadall 5 cailbull slad¥l slaie) &5 3} CuO 4aie Y (0937
sVl LD bl 5 551 pad) s 53 (G pad die ulaill auS ol Apde Yl sl S
Jsaal) o sf LS il sinnall (g Alsal) o 3 Ldla Ty llin o) 255 385 ey U1 5 ¢ 503800
138 5 il sl S i e o) S kil g 3 pall s pa 8 ) il e Jy Laa ¢(1-4)

[117 ,39] oo JS Al el )l ae (58

el Ause N
a ddtida ) a ala oy Aalall Auie i
2 Theta Crystallite size
Sample (hkl) dpa (A) FWHM (°)
(degree) (Dpi) (nm)
g 35.563 002 2.52233 0.55344 15.74
! 38,731 111 2.32300 0.55457 15.85
S 35.538 002 2.52406 0.51698 16.85
2 38.723 111 2.32348 0.52302 16.81
S 35.526 002 2.52486 0.45684 19.06
3 38.753 111 2.32174 0.4686 18.76
S 35.586 002 2.52075 0.43199 20.16
4 38.757 111 2.32150 0.46369 18.96
b dazkaal) dnie N
S 35.44521 002 2.53047 0.43256 20.13
S 38.61503 111 2.32973 0.48523 18.11
S 35.44521 002 2.53047 0.43256 20.13
6 38.61503 111 2.32973 0.48523 18.11
S 35.4894 002 2.52742 0.4868 17.89
! 38.62598 111 2.32910 0.5234 16.79
S 35.5095 002 2.52604 0.47073 18.5
8 38.68127 111 2.32589 0.54422 16.15
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22 CUO ol 3l 2052 (2 — 2) 4Bl DA (e A0l cul & s o
L giusal Al Adlisall Jleriaal (e s el sS55I 5 VL LS Lagaa danaall 5 daxdaall
ICDD75-) sl ila dilaill aad ae (381 55 8 5 ¢(1-2) 48had) e Lol a3 Al 5 iy ) 5Ll
(0) o5 Calil 5l s A 52 5l Gl (@) ol o G a3l (2-4) sl 05 (0937
e ) 3528 (0) i dad Wl 5 AV B ja ol Lgiagd iy 33l ) sl ie Cuadds)
Gl Logadat enladl) 403291 Ll (6 — 4) JSEIL grim 5o LS [48] calil) 5] ya Cila 3 g i)
skl e ) e s 1385 ¢(343) 5 (11 AL anil) i ) ) 0 8 ) 35 Jas o1 Ty glusia
A LeS A€ gV Ayl cile ) jall cly o<1 g e gadl S il gl el Ay oLiiall Cal) 028 ic
Gl JAIN o (5 8 3,080 ) die gl ) a8 8 Gmlaas) Wl dile @lly K5
@35 3% 1 (CUO) sliadl Ol )3 (G (o S8 Qi Sl Sl (5 puaic
DA Gy @lly Sl ) o) Ay (8 palis ) g2 (il el sl S il Al jhul
(7 —4) J2 il 5 90 LS [117 48] sLiall 5 counlaill jualic o & d) JUB8Y|

s oSl 5 203K (5 paming Aaadaall s Aankaall 2 CUO 42 Y (@, b, €) A il i) i 2(2 — 4) Jsaal

a danhaal) L& 452

Sample a (A) b (A) c (A)
S, 4.0235 3.896 5.044
S, 4.0233 3.896 5.0464
S 4.0213 3.896 5.0497
S, 4.020 3.896 5.0511
b Cally 5S1 9 o gaadlSIL Aaadaall 4pie S
Ss 4.0352 3.904 5.0609
Se 4.0352 3.904 5.0609
S, 4.0340 3.904 5.0549
S 4.028 3.952 5.0520
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e ) 5all) iy sl gl Aa s Algmall 8 g8l Adalis g Baie Al 3 gaall 2 A A Al (S
JS ad 330l A gas asdadll Cans (8 a0 31 G W o il (e «[122] (Rl <l 3
axall (amleds) dai dabliall sas o b ) gll) dae 5 (e AT QS5 (g 5 Sl JlrsdY) (1
Gaae Y bl sal) o i il S5 o el (5 pain aundadll o 335 o 3 anal
< [48] a0l (s Aanbaall jaliall (o (Fa¥) Sl ol (G s (CUO)

el mia g (D10 — 4) JSa
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220 e umiber of crystals perunit area ( nm ., ", E
2930 o :_.-.3 k00T =
38 5 =
- 2 | 008 5
E 215 o e - -
14 o a

%=y T

- 2107 = poom g
= N =
£ 205, *20 Loos B
5 5 5
- — E:‘:'l ‘:‘: e
= ¢ f[oos ©
1.95 » = 2
280 Logss E
=
1.80 « =

28 s 0020

e 30 280 500 820 820 580 580

Annealing Temperature T | °C)

CuO apie Y cpalill 5 ) ya A jal AaS ey 5 slll aae 5 e DAY A8US 5 (5 5 Sl Jlaii¥) 1(210— 4) Il
Adlina s ) s Gl jaldaahaa pe

71



Al g el ) 3l Jaadl

= 0.075
2.25 o ==®== Strain x 1073 : I g
==&==Dislocation density 10" lines/m? o ©
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- R S £y oo .
Mﬁ\.\.ﬁ]\j gul.uﬂ\ H\)M Jazadll
o
v - 2.30 —
=M= Crystallites size (D) (nm) E
18.5 o =A= Strain x 10°° l 0.075 “‘E =
Dislocation density 10* lines/m? = 205 ©
=®= Number of crystallites (nm)? > g "< [}
| — 7 c <LE
—.18.0 / L 0.070 = <
E ¥ Lk220E
£ © = =)
o o ~ -
@175 - 0.065 < > @
N g 2 s S5 F215 2
» ‘s c 7]
@ = [} Q
£17.0 - 0.060 8 o =
s p 5| gl*vs
3 [} = o n
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O1i65 - 0.055 O L,os0
o T
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(] e $
16.0 | — - 0.050 -2.000
IS
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0+0 1+1 3+3 5+5 7+7 =z

(Cd+Co) wt.% co-doping

CuO axie Y @il skl sac 5 e DAY LUK 5 (g 5 HSilall Jladi¥) 5 <y ) o) ans (s 48311 (d 10— 4) ISl

(475°C) 3,0 o A o die Dal) 5 Gl ¢S 5 50aalSIG 4 slusie oty A dandadll gy

(€) s Skl Jea¥l 5 (CT) kil Jale 5 (D) @l shll ans 5 (B) dadll Caaliia (1 3o (3 — 4) Jsaall
At 3 s il gad (e Lgale Jgaanll a3 3l (No) Aabisal) Bas 51 il sl e 5 (§) cole Dasy) 286
B pandl Anke S Al

a daahal) & CuO 4pded
Sample | B111 Daany (m) e . x 103 §x1073 N.
Code (rad) (nm)~? (nm) ™2

S: 0.555 15.85 1.1627 2.2828 3.9791 0.075
S, 0.523 16.80 1.0666 2.1530 3.5394 0.063
Ss3 0.467 18.76 1.0491 1.9288 2.8407 0.045
S4 0.464 18.96 1.0620 1.9086 2.7814 0.044
b Clly gl g a gaadlSlly Lankaal) CUO 438 Y

Ss 0.485 18.11 1.2100 1.9981 3.0484 0.050
S 0.485 18.11 1.2786 1.9981 3.0484 0.054
S5 0.523 16.79 1.0471 2.1552 3.5467 0.063
Sg 0.544 16.15 1.2083 2.2405 3.8331 0.071
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Al 5 ) ) N il

Jaall coo bl gl (9 A pgal) (2 —2 - 4)
Field Emission-Scanning Electron Microscopy (SEM)

2252 Y) £ sha apl 4l ) (SEM) Jlaall e bl el 5 S enall 485 aladial o
pspadlSlly LS Laadad dandaall s dilida 3l ja Sila 2y Aalall deakadll e 43850 (CuO)
JEEY) a5 3 yall sl oS i) BBy il e Lol elld 5 ody sladie oy il SU1 5
iu2eY (15, 35, 60, 100, 150 KX) 4ilise <338 <3 (a b ¢ ,d e f,g,h,i)(11 - 4)
spedsll e Ay sludie sy dexdaally ddlide 30 da ) Aald) dexhadl 2 (CuO)
dalie Jaray clmall aas Jae Glus (a3l (Image-J) aebin pladiul &8 3 cly ¢Sl
Sl el QS5 e aunailly ocpalil) 350 a s pa G IS L8l (52 A8 ey il
(Granules) <lwsll (Diameter) hd Clus &33) (4 - 4 ) sl (A oa ge LS 5 ¢l
OSE a3l daws (200-100) O 75l (Count) 23e Jaeas 3 sea JS (8 3330 5l
(o)l axall (Average) Jwe S (Min) Lwals ((Median) fwsies «(Max)
dpanall il oy )s8 Jabda awy &3 5 ¢(Standard Deviation) obeell <l iVl
a0 8 Gl daa gl (11 — 4) JSEIL a5 0 LS 4 ) Cluld e Ll i g cilpall
(425°C) 5 A die Gluaal) aasll lasgie &by 3 Slwall analdl ala gy cpalil) 55 s
Caly (575°C) oelill 350 dan dic s byE (51nM) dechall e 5 juasall Al
J<& (Spherical Granules) ¢s8 4us JS& @ias) Lusel) G sall cin (126nm)
(Cauli-Flower) sl s 3l 5 ¢ yeall (RocCk Stones) 4y yiall Jlaal) 40 duulas
3L (e Jary il S gl (g pramins Tl Lasadad Ape W) a8 33030 () Jas o1 LS
adatl) ity 3ol 30 die Uil jedat LSy oo g ySolall JladiV) sy (il Capsy anall aaall b

(XRD) Aipeall 433U 3 soal) 73l aa (585 2l 03 5 ¢ gapall anall 4 (il ) 50
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di8lial) § i)

ol ) il

3 puanall 4058 3 (5 jlemall ol a5 sl anall Jara g Jass s 5 dps ana 5STy jral 2 (4 — 4) Jsaall
s Sl g o spadlSILy U ekl dardaall s daxdaall e

Maximum Median Minimum Average Standard
Sample Grain Size | Grain Size | Grain Size Grain Size Deviation
(nm) (nm) (nm) (nm) (SD) (nm)
Al 5 e cila s Adalal) Aude Y
S1 93.274 51.435 15.789 51.34365 10.80146
Sz 128.959 78.148 35.306 78.91241 19.7441
S3 215.036 115.244 58.721 121.5494 34.1075
Sy 208.744 129.1185 55.216 126.92802 31.64742
Clly 9<Y)  a gradlSlly Aandaal) AnisY)
Ss 242.535 171.662 97.719 170.16662 36.35336
Se 248.882 138.8695 65.863 140.49893 45.02533
Sy 169.308 89.418 49.859 93.28077 26.68611
Ss 142.05 88.971 47.667 89.40571 21.69232
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1pm
Inspect F50 FE-SEM

Diameter (nm)

CuO
annealed at 425 °C|

Frequency

20 40 60 80 100
Diameter (nm)

! <
/2/2022 HV mag [ | det | pres WD 500 nm ——
:00:18 PM [30.00 kV [ 116 076 X |ETD [7.82¢-3 Pa[11.5 mm inspect F50 FE-SEM

35 a da adale g deadadll e CUO daieY el axall 5 5 hba(SEM) 3 pa ((all- 4) JSA
,(425°C)
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& ..‘ ’ \

. b ¢
A A \ .
3/2/2022 HV [mag OO det [ pressure [ WD —1pm— 3/2/2022 HV | mag O] det | pressure | WD —_
3:13:30 PM |30.00 kV|50 000 x |ETD |5.21e-3 Pa|11.8 mm inspect F50 FE-SEM 3:15:02 PM|30.00 kV |25 000 x | ETD [5.21e-3 Pa|11.8 mm

Diameter (nm)
1 Cuo
1 annealed at 475 °C
12
>
2 10
Q
3
g 8
L
6
4
2
0

Diameter (nm)

—5um

I —T T
Inspect F50 FE-SEM

LY aall caaall a5 58 b aa (Cross-Section) (s al) adaial (SEM) s 1(b 11— 4) IS4
(A75°C) 5l _a Ay diale s iashadll 5 CUO
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NN g Cuo
NN annealed at 525 °C

14
12

10 : -

Frequency

100 120 140 160 180 200 220
Diameter (nm)

"3/22022 | HV | mag O | det | pressure | WD
2:00:03 PM [30.00 kV| 120 000 x | ETD [8.55e-3 Pa|18.4 Inspect F50 FE-SEM

aon Aok sdehad) je CUO ieY amall el oy gilahie s (SEM ) 3 5 (€11 — 4) JSA
(525°C) &) ~
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2l ) Jadll

a.38L4l) 4 el

det | pressure WD

2\ mag O | det pressue ) i -
PM [30.00 kV| 15 000 x |[ETD |1.07e-2 Pa|1 ETD|1.07e-2 Pal18.5 mm
%3 | ’ Cuo

14
annealed at 575 °C

Diameter (nm)

12 N ks ‘
10
>
2
o 8
3
o
o
L
60 100 120 140 80 2020
‘ fnkag O } det ‘ pressure Diameter (nm)
60 000 x |ETD [1.40e-2 Pa
da,n dake sderhadll je CUO 4pieY amall enall a5 b ae (SEM ) 5 50 1( d11- 4) IS4
(575°C) 3,

79



Azl g il ol 1) Jadll

gu

Pa[40.0 mm

1% Cd+1% Co
co-doped CuO
T=475°C

10

Frequency

80 100 120 140 160 180 200 220 240 260 280
Diameter (nm)

det pressurel WD m
10.00 kV| 58 753 x |[ETD |6.83e-3 Pa{40. Inspect FS0 FE-SEM

3 day Aiale g deshadl CUO 4pieY sl aaal) &) 55 i aw ( SEM ) sea 2(€11— 4) JSa
(475°C)
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Pa|18.4 mm Inspect F50 FE-SEM

3% Cd + 3% Co
R, S co-doped CuO
: : T=475°C

20

15

10

Frequency

20 4 60 8 100 120 140 160
Diameter (nm)

3 A dale 5 deskadl) CUO 43t Y aall anall o) 55 halaia ga ( SEM ) 5 50a 1( 11f— 4) JS
(475°C)
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5% Cd + 5% Co
co-doped CuO
T=475°C

10

Frequency

80 100 120 140 160 180 200 220 240 260
Diameter (nm)

HY | mag (m] éet
00 kV| 100 000 x

3 a da sy Aale g daakadl CUO 4282 anall canall a5 Jahde ae ( SEM)3) sea 1(g11— 4) JS2
(475°C)
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AR ) " : K e
pressure WD 3 — AL HV pressure
98e-3 Pa|18.5 mm| Inspect F50 FE-SEM | 4:26:03 PM{30.00 kV 3,98e-3 Pa|18.

7% Cd + 7% Co
co-doped CuO
T=475°C

Frequency

60 80 100 120 140 160 180 200 220 240 260
Diameter (nm)

mag O | det I
30.00 kV| 100 000 x [ETD [3.98¢-3 Pa|18.5 mm Inspect F50 FE-SEM

2 M e —
30 989 x |ETD [7.47e-3 Pa|23.3 mm Inspect F50 FE-SEM

5:04:13 PM [30.00 kV

Lale sdasdadll CUO 4eieY sl canall gy 58 halade aa SEM (oasal) adaiall 5 s 1(h11— 4) JS)

(475°C) 5l a 4a oy
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Al 5 ) ) N il

«(Energy Dispersive Spectrosco) 48Uall «iidi dblas (12 — 4) JS& oo
e 2y Al Sl o saenlSIL (S5.S6,57andSg) Wik deakadl LVl deakadl e duiel
e XU g aalall S i A ARl AalasS o) gall o A8 pra (e LiSad Al il
Aagle & yai Laa3 (Electron Image) Ls—e <S5 ((EDS) IIA (e lexajsis i
s w5ty «(Cu, Cd ,Co ,0) dad,ll s kad) 4uie ) S i & sl ol sall JSSET 8
Na ) Jie s oAl 3 sa ) seds g pulaill 2 sl (panm iy K115 cp 5200SH (g paainl uilaia
& G (glasl saeldl el i dis s (Al Ca, Cl, k,S,0 ,SI,C, Mg
elli lels 5 alall ol 8 Zllall uauS Y1 dad iy 1385 dgale (CUO)sbid) s il
s il 2o ) @ (gl o 51l Sl 3 gt Al

4k; T

3k-

Ca

rcll T } i G
il se e W e
OeV 5 keV 10 keV

Si
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Azl 5 il ol 3l Jadl

0
% Na, Cu
- a &
0 iU LS AIE | s 0 GGG
OeV SkeV 10keV 15keV
Si
2%k
k2
| CUISP Cl
€ LY [
el e o
Y SkeV 10keV 15 keV

5 xasdl CUO %ie¥ (Electron Image) Lswa g (EDS) @idllad ) sea (12 — 4) JSal
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Al 5 ) ) N il

Atomic Force Microscopy (AFM ) 4,0 348l 44 (3 —2—4)

eabad) sl S il s cadandl 48 b Ay B LM Bl jeme il

Jaza s «( Average Grain size ) sl asall Jare s &5 AA (e g s yall Bpie

5 (RMS Roughness) == Al sl Jass «(Roughness Average) gaud) & o34

e Al il Gt e Jualas Je clpall Glaliai¥ly cleld )Y & sane 0 0 Jiagy
A3sa Ja1 s Llatl S dand) G (gl AL oy i1 3] Jane B S LS

A8 V) sk clpal) w8 A0 de¥) I3 AFM s (13 - 4) JS3 o
¢Cpalill 3 ) ya da o AOAL LRl uilad 4w (alids 6u.u.\1.a.m4..\.ﬁaeh: Jl K A3 pasl)
Spherical Nano-) 458 456 JS&1 (3D) sl A5 ) gaaall < jelal 3 asadail) Cani

«Cauli-Flowers s Nano-Flowers J<ii 5 (Sized Granules

cn Al Dl Jae 5 mhad) 88 Jae 5 ol aaall (5 — 4) Jsasll g
Ji 3 Aaadaall ye CUO 4pie Y mhall 481 2 suda e cpalil) 5] ja a0 plai ) il Jas sl
panl w123 o5 (475 °C) ¢! (o dasad (anall aall 5 (RMS) o) A3 5580 o 4y
aaall Jaeall 5la3 (213 — 4) IS mm g LS il 550 s a0 o185 e 2yl il sl
3l a Gila ) e &3 gl Jara S Cuw (@14 — 4) JSGN g alill 3 ) s Gils jo ae sl
30 da 5Bl ) ae A3 sl Jare (8 (Bl Baal 3) aadaall e (ulail) anS 5l e Y alil
L 8 20 35 45 588d) Jama s ool aaall ad O cazdadl) CUO sliad) G dan ol LS5 ¢ palil
s hliad (Co + Cd) Jdudl ) Ju 13 ¢( S5,56,and S7 ) sl asadaill cas 33l 3
& s WS [124 ,123] b shl) A<l Jals 44y &8 sa 5 ¢(Inter-Grain Regions) 4w
Jara 8 1,053 (014 — 4) JSE 5 capdaill i pa ol aaall 1,065 (B13 — 4) Jall
(omall anall 8 Ladls Jaadl (5q) dladl coill iy cilipal) Wl apedaill s ae 43 s34l
&) 50 pandatll 3 Jal Y Bl IS s g5 (D13 — 4) JSEN (8 e se LS D352
e Jean Lo g Ty 55 Lggle Jsemnll 5 I AFM Jsem U5 ¢(CUO) sliall 35
[124 ,120] 48l bl a ¢ il
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Al 5 ) ) N il

Bpanall 4038 M o) aaal) 5 45 g3a) Jas sie a pal ora i) 3all s hand) 43 534 a8 1(5 — 4) Jsaall

Sample Average Grain
Code Average Roughness (nm) | RMS Roughness (nm) size (nm)
S; 2.15 3.10 18.45
S, 2.45 3.45 24.23
S 1.88 3.11 33.84
S, 1.77 2.66 17.33
Ss 1.22 1.88 19.94
Se 1.63 2.33 20.18
S, 1.85 2.39 11.17
Ss 1.26 2.03 26.12

Gl ey @ il paa o b sl WS S5 s e gl Al

i s ¢Calill B ) ya A0 o Toladie ) abiaall dpal) Alaa¥) ol add Cia ) & 53 ae 45l
O3 czdaudl Basall Lulbie 4583l Jaee Jiags ([Cd+ CO) co-Doping)] il apedaill
dnalaia¥) 33 ) A am Al Lnlaid) aliall 304 ) ) 258 45 p3A0) Jana 4l 3 520 )

4..\”)..4.\3\ 4..1”)13.\5\ u.as.a émhj Jadlol) c.)-aj\ alviviyy T:JLJ)}
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00 00

dilida 3 )y oy dalall g daskaall 52 (CUO) 4xieY Aa¥) A5 AFM ) 50 1(8-13 — 4) Sl
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Al 5 ) Al ) Jaadl

Optical Measurements 4 pad) clulidll (3 — 4)

Gl Gl cualiaiall s duilail) ada Al )0 & 4y peadl Gaibadll pass dal (g
Aaliie 3 )y cla oy el 3l daedadll CUO Apde S 4y panll cul 6l 5 eyl
Cansiy il S 5 5203l 0 praindly Wil Ll daaadll 5 (425, 475, 525, and 575°C)
[(1+1),(3+3),(5+5), and(7+7)« (Co + Cd) Wt%] 45

Absorbance (A) dLualaiayl (1 -3 - 4)

iashadl ¢ CuO 4:ie¥ (350 -1100 NM) > Jsh 530 die Zpalaial) Clua o
(o 32ad Sl (5 puamic (e Ay gladia 8 ) 5 oy LS Lagadad dandaall  dilida 351 Ja sy Lalal
(o sall Jshall 3ali ) e (V) MVl 38l dualaial) G (216 — 4) JSE) oy el KUl
pox A B A e e g S Jis e A8S e o5l Al ()5S ) @l a0
Osisdl) A8 O el i 5 dane (5585 (0 5 5all By o sall Jshall ¢ A8l G 3 ¢ il
[125] e sall Jshll 8al 3y dpalaiall J&i Al (CUO )elisd Glhaill 5 sad (e J8I ()
dawi el Juail ala 3 dakine 3 ) s cila s Leiali 23 ) 4@l dpde V) G JSEl (e Jaadl
oy Akl agde) (g ol 3 slat die Lgiad (il g ((525°C) 5l da s ie dualiaiad]
5ol da Ji) die diald) plaall dpalaie) sl o gl dapl (i s ddlida b)) s
LS madl aas 330 (A g cpalill 3 ja A po gl ) e &l (5 a5 «(425°C) (pali
s ) 5 g pead) A8l 5 b Jahy dppaia sall D sisall 3345 &3 Ga s ((XRD) @l Canaa sl
A slatte ety Aankadll e V) Wl [126] [46 ,44] Akl clidall gai cand 35l (aliaial)
fas die (55 Apaliaial Ji G aadlid (D16 — 4) JSalL daim s LS5 iy 11 5 e paadSIL
el ((5+5) A e els (A Ll e JB (343)(14]) el (545) ks
dalise HS) Loy Gl g ol 45 g2 e LSSl sy (747) dpnaill die o laill dpualiaial

Ale dpaliaioV) o 5S5 Glli mlans
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Asaliall it a5l Jaail
0.8
a Pure CuO thin films

0.7

0.6 =
© — 0 T=425 °C
c 0.5+ e O T=475 °C
£ . e O T=525 °C
a2 e O T=575 °C
< 0.3~

0.2 =

0.1lm

0.0

400 600 800 1000

Wavelength (nm)

Al s ) a Cla o Dol s ekl e CUO e Y Apaliaia¥] il 116 — 4) JSal

1.0

0.8

0.6

Absorbance

0.4+

0.2+

= 0 Pure CuO

m— 0 1% Cd+ 1% Co
0/ 3% Cd+ 3% Co
e 0y 5% Cd+ 5% Co
s O 7% Cd+ 7% Co

0.0

400 600 800 1000

Wavelength (nm)

5303181 2 glasia oy i sl Aandaall s Banlan e CUO %Y dpmalisia¥) Cisha 1(D16 — 4) JS20

A75°C 55 da s Aiakdl iy €11
93



Al 5 ) Al ) Jaadl

Transmittance (T) LA (2-3-9)

dam sall 43 Gl ekl Al ¢(350-1100 NM) csaell ey Al (g
s (CUO) %t abiaial) ablY LuSles 1S5k dlls (D17 4) (al7- 4) S
(@16 — 4) & e Jan sl A sldia oy Gl S 5 gL Ll Lapadad daadaall 5 ciantall
b o sall I 835 e S e pusy 533l ag 5 (350 M) (e dash Jil fag A3l
i) el ol 3 gay s (paliaia¥) dila day Lo Jiay oy 5315 (400 — 850 NM) e
Gl 3 334 ) ae aBlidly 1o o5 puasall Ll <l HAl <l g pSIY) 5 Y 2 53U A8l () 53 5al)
L 3l s e Skl Jdi¥) af Galis o uall anall B2 ) G @lldg (gualill 5 ) s
dgaal)l Gluld A (e dspia g o8 L 1da g ([128 ,127] oealill 55 s Gl jo Jady mlad)
Gy 30l 3 a3 LA G Laadl Lgapedad &5l dpde V) 43a Ll (XRD) dpimad) 4xi3
& 705 «(85%) i) Aad cualy 3 (14]) ks Apesd i (65 43068 e ) G Jaa ) 3) el
ol Jall a5l sl by sl Csaall (gl it el ) A3 A sal )
Aadll el (747) Apll die 43085 Joal aedaill 380 55 530y 3 Gailiny 4,300 Va5 3 [129]
(o R sy B [129 ,117] A5 5V 85ead) (A sase Clindsi L) 5 «(81%)
Al pabaiad G5 8 L sl Gl Aabu gy ¢ 58l il 8 Al ) Al
J17] taal) (e Adle oy Aaadaall 488 51 488 S (5 pmall Jail) S5 3 Lians Liadf i 53 5300
[130
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80—-
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Transmittance (%)

30

20

— 0 T= 425 °C
— 0 T= 475 °C
— 0 T= 525 °C
= 0 T= 575 °C

90

- 80

70
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- 40
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T
400

T T T T T
600 800 1000
Wavelength (nm)

Adlide (i 5 ) s s pal daadadll 52 CUO Apde Y Ml Cada 1(al7 — 4) JSal

80

60 =

40 4

Transittance (%)

20

= 0/p CUO (Pure)
s 05 (1% Cd+1% Co)doped CuO
s 0/ (3% Cd+3% Co)doped CuO
e 0y (5% Cd+5% Co)doped CuO
s Oy (7% Cd+7% Co)doped CuO

80

= 60

L 40

20

400

600 800 1000
Wavelength (nm)

p 52l S A sl Gy UG apedad dexdaall 5 dankaadl e CuO 3pie Y Ml Cil 1(h17— 4) JSal

475. °C 3} da ) dsalall 5 iy Sl
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Reflectance (R) L) (3-3 - 4)

A Aadin) DA e 3 dpabaial) b e (R) dulSay) Olua
Cliinie a3 (a18 — 4) & (e | 3wl 48830 CUO 4wde) axal (11 - 2)
i 3o a Slasy Galal) Readadll e 38850 CUO AxieY ol AUl Al LpudSasy)
Aakal 5l ) 51 5all Qe ie 3 e dud (55 ApulSaiY ) Jaa3l 3 (425,475,525and 575°C)
Gaalaie¥) G sa Al oda s cam O el il (g0 8 5 il 2 3L a5
Al vie [aliaie¥) ad ol 3y A8l 5 s e (e JBY) Likal 1) A 55 gdl) U dic ALE ) G
pon a8 ) S o Add e A yEIY) OYERY) Gisoa dagis AL B sad adl 4 sl
kil die oo 3 LulSaiV) G Ba g LS ¢ (R) LulSai¥) a8 bga 6 sy Lae Jaa sl
oy e S 8 Ay il ciliaie b Gl daa o) 3l K11 ¢ 003K (g puaaing
LS elly s (5 s ¢ A awkaill Cuws [(Cd+ C0) co-Doping] skl ams ol dpiel
dinum gl LS il bl Sl et Aai dpabaial) o B glalill 5l sab3) ) Gl
XRD 5 FE-SEM 5 AFM. <luls

0.22

Pure CuO thin films

0.20 =

0.18 =

0.16 =

e Oy T=425°C
e Oy T=425°C
e 0/ T=425°C
s 0/ T=425°C

0.14 «

0.12 =

Reflectance (R)

0.10

0.08 =

0.06 r . .
15 2.0 25 3.0

Photon Energy (eV)

Adliia 3 ) e Cila )y Balall 5 dankadll e CUO dniie Y ()58 5al 48Ul 41K 4lS23Y) 2(218 — 4) JSall
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Pure&co-doped CuO thin films
3
3
e
8
ks
o —— % Pure CuO

= 05 1% Cd+1% Co

017 —— % 1% Cd+1% Co

0 1% Cd+1% Co

% 1% Cd+1% Co

1.0 15 2.0 25 3.0

Photon Energy (eV)

pspedSl) ( paially dandadll 5 dankaall e CUO 4 Y () 53l 48Ul 41K pulSaiy) (D18 — 4) JSall
L 475°C cpalida jy gl <l

Absorption Coefficient (a) uakaia¥l Jalza (4 - 3 — 4)
3ol clasy oaldls deshdll e (CUO) 4ie N pabaie¥) dales s o
382 Y (o) pabeaia¥) Jalaa L (b ,a 19— 4) S35 (17 - 2) A8de alasiul; dilisa
Al alaaial) Jaolas ciliaie & gl &1 JKEN (e Jan gl ) 53 58l A8UA A0S Jdim 53 5 panall
330 e s il 3L 3L ale JSA (abata¥) Jalae Cliisie 1ag ) ddpabiaiel) cinda of gl
il (a>10%) oo S) pabaia¥) Jalae daid graal O ) AdaBluad) 4 guial) il 53 5dl) 48U
Grgan Al ) sl A e il @l die Juagilly oplSll e a o duie S
Jalae o (1 3 ccililal) @l die Jua gill o ¢3S o a0 o 3 pilall 4y 5 STY) Uy
AV ) Lal 63 yilae 4 5 SH CVLES) G gand i (@>107) oo 258 G5 dllal) paliaial)
G5 3 palaall ye iy yEIY) CYERY) &gl i (a<10?) af oo pabaiaV) Jaleal
sl i el Lgutand andaill o yad aa s Galaaia) Jalae Cliaie @l oy a3l
A Lgapaat A s A n5ie I A paloaiaV) 32 ) o Alad 8530 ) e L dandaall pe 422y

97



Al g el ) 3l Jaadl

&5 il U ,S3 WS (Co ions) 5 (Cd ions) asdaill <l sl Lmans€ V) cle )l ey cans
ot (any e J8 Jabaie¥) dalas o ol Ll (i s dy pea) 8L 5 508 o 8 Gl Caaay
o A5 A sa Lae Allall Ay 5 sal) Al eladly (abiaieV] Aol Caa j g ¢ AU aedail)
Apiay 923 &8l 5o (Cd) psmed Sl <l 53 Jad) ) Ll LS @l G (5 a5 4y pocad) 48U 3 908

CuO :Co 48l S addlagial 4

4.5x10*

Pure CuO thin films
4.0x10% =

3.5x10* o

3.0x10% o4 — % T=425°C
—— % T=425°C
2.5x10° ] —— o5 T= 425 °C
oxioid —— % T=425°C

1.5x10% =

Absorption coefficient a (cm™)

1.0x10% =

5.0x10° o

0.0 T T T
1.0 15 2.0 2.5 3.0 35

Photon energy (eV)

Adline 5 ) s Gl Lol 5 dandae e 5 paaddl CUO 4823 (0) pabaia¥) Jalas 2(a19 — 4) JS)
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5x10*

Pure & co-doped CuO thin films

4x10° 4 e 0 pure CuO

e 0/ 1% Cd + 1% CoO
e 0/ 3% Cdl + 3% CO
3x10* e 04 504 Cd + 5% CoO
% 7% Cd + 7% Co

2x10* =

Absorption coafficient (cm™)

1x10% =

1.0 1.5 20 25 3.0 3.5
Photon energy (eV)

s oSl o gaalSI (g A glia iy Aandaall dankan e CUO it Y (1) cabiaia¥) Jalas (19— 4) ISl

A75°C 5)) s da s daldll
Optical Energy Gap ( Ey) 4 yadl) 43Ul 5 528 (5 — 3 — 4)

Lalall dakaall 52 (CUO) (o B_wianall dpie D (Eg) d ) 48l 3528 Clua o
223 3l Sl 5 5 o el Sy pesminll (e IS A sliie oy Aandaall g ddlide 3] s Sla
& vl sliall Jlasivd 401800 aaa3 L Walaie ) iy 3l 40 5l) cul i) aa e A8l 5 sad
i) Cadl S dpmadll UDAN Ay ilall lauaidl s g geall Al Lie culipbaill
Adadld) s 8 i) A8Un ol Aiama Ay pemy AU 5 gad bty 3udat S G ) cAnundaling g 5<)
alra ol (o g dladl Ll 5o (A ¢[131]00mall Gadaill Jeadi o W s dead 5 dgile
G DA (e Gl A pannall B pdliall 4 SV CYES) (e g 55 Gy (0) pabiaial)
Ay el 43U 5 b lea
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da gacuall B piluall (A Juaiisl 43Ual) § gab*
Energy Gap For Direct Electronic Transition

Al 5508 Clus & (1 = 1/2) o parsaills (16 — 2) A8all 5l 73 5ai Alalicly
Adliie 3 ) s il )y Dalall deskaall 52 (CUO) 4xie Y An gansall piluall il o I JUaid
Gk e 2 3 ¢(Cd + Co) co-doping <l sSlg () gl (e 4 gludia iy dandaall
L au ) a5 @l 22y (gho)? ads o(ho) sliaadl e dadlull ol i) clilda oy 48De auy
s adaiy Al Al Galiaiel) Al ey agiiiee Jad o dad) ) Llai) s 4yl asiios
5dlaall CVEDY A8l 5 gad oda ekl ddady Jidis «[(0hu)® =0] e (sl Adll
A8 8528 ad () 3a 5 B pana 488 ) Lude V) auead (@19 — 4) JSEIL daia sall 5 s sansal
(1.94 —2.01 V) On Leasd 7 5) i 5 Gaalil) 3 ja da 0 gl )b Jii dandadll e CUO 4aieY
A ge S il ) sl paas a8 Alialad) BaL 50 () @l (5 s (6 - 4) dsaad) A A LS
«(4 - 4) ds2)l (FE-SEM) @l (b LS lawall aan 5 ¢(1 - 4) d 52l (XRD) llid b
Al 5 gad el 8 ot Ll aaay Gl aaa e JS 3305 8 dale 3 sy
S apedaill o paay Cugalling el <ol )yl d8Uall 5 ead ad ) Laa gl Ay uall
el eda dal)) il s (B )ad 8 Alalall 32030 s i (Sary «(CUO) 4pie
Vegard’s ) lxd o585 «(Filling Effect Burstein Moss Band) osse (b sl
o On Al 5 AL 5 sl A sl iy ssal) QS e Jamg ol O 1 [132](Law
Zliad el g ddlall oy gigal) d8la ) dpulad) (abaia¥) dils #3135 (Jaa sill
A3 3 gad a8 (@liAY) 8 Cund) Ll ol giall sda lia S e ddll ) el g )
i @8l ga 0 spadlSI i gl 5 ey Sl il gl Jld) s (58 O (Sad kil o Baly 30
$3% 85 pondail) Canay 233 i gdl) 5 i) Jasy L 134 (CUO) dpde 4glladiul 5
133748l 5 sad 55 @l g draia sall Gl sioe 334 ) (ol Balall 5 ol 53 g8l cilaabiail) 3005 3
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5x10° 5x10°
Pure CuO thin fims Pure CuO thin films
st ——%T=425°C ward — % T=475°C
o
~ S
= €
§ 3a0; § 3x10° 4
> ®
> 2L
g o
5 2x10° 1 & 2x10° 4
= 3
3 =
1x10° 1x10° =
E,=2.07 eV
0 T | 4 .g T 0 u T T
1.0 15 2.0 25 3.0 35 1.0 15 2.0 2.5 3.0 35
Photon energy (eV) Photon energy (eV)
5x10° 5x10°
Pure CuO thin films Pure CdO thin films
% T= °
4x10°q =9 T=525°C 4x10° 4 % T=575°C
D P
€ 3x10° o £ 3x10°
L L
> >
2 A
o 2x10° 4 o 2x10° 4
> >
< <
E g
1x10° 4 1x10° 4
/ E,;=1.94 eV
y E,=1.97 eV =194 ¢€
0 - T T 0 T T T T
1.0 15 2.0 25 3.0 10 15 2.0 25 3.0 35
Photon energy (eV) Photon energy (eV)

Glaoy bl Leabaall y2 CUO 4t Y 4y 7 sansall yilaal) JUEEDU 4, joa ) 48N 5 58 2 1(3 20— 4) S
s )

5x10° Bx10°
Pure CuO thin films Pure & co-doped CuO
] T %T=475°C axao’d = (1% Cd+1% Co)
N
5 N
3 3x10° 4 € 3x10° 4
<
o~ L
E 2x10° o o 2x10° o
3 >
e <
)
1x10° 4 1x10° 4
E~2eV / E=215ev
g
0 2 . . o 4
1.0 15 20 25 30 35 1.0 15 20 25 30 35
Photon energy (eV) Photon Energy (eV)
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5x10°
5x10°
Pure & co-doped CuO Pure & co-doped CuO
aaoe] = (3% Cd+3% Co) . (5% Cd+5% Co)
PN P /
g 3x10° 4 E 3x10° 4 /
N >
@ ) /
o 2x10° S a0 /
> N
e 3 /
=~ /
1x10° o / 1x10° 4 74
/ _
Eg=2.08 eV / E=206ev
0 T T T 0 T 2 T T
1.0 1.5 2.0 25 3.0 35 1.0 15 2.0 25 3.0 35
Photon energy (eV) Photon energy (eV)
5x10°
Pure & co-doped CuO
410° (7% Cd+7% Co)
P
£ 3x10°
L
>
L
o 2x10°
>
ey
K-
1x10° 4
Eg= 2.04 eV
0 T T T T
1.0 15 2.0 25 3.0 35

Photon energy (eV)

Gy Bandaall s danadl 22 (CUO) Bt Y 44 7 pansal) ol JEID &y o) 28U 5 58 o8 :(D20- 4)

475°C 50 s Aa oAkl 5 s oS o saadlSI gl (e A slisia

8 plaall i ST SV (B ) A wasl) A8LhlI 5 928 08 2(6 - 4) 52

Sample S S, Ss3 S4 Ss Sé S Ss
Direct
Transition | 2.07 2 1.97 1.94 2.15 2.08 2.06 2.04
Eg (eV)

Urbach Energy (E,)

Flus 4la (63— 4)

dgnasall OV (mye Jiai (Band- tail Width) @il — Jsd S #lys) 48l
Sl apiie) aead Flsl Al s Sy 3) Ay el A3 3 gad dikie b da el
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Al au ) A e (Co) @lisSlls ¢(Cd) pspealSIL Ll dandadll g cAazdadll e CUO ulal
pabaia¥) dihic die agieall ball Jae oglia 330 5 ([In(a)] 5 (ho) osisil) d8la Al
O PR PRI

1 1 1
u- Ina/hv B Alna/Ahv - Slope

(1-4)

8oad ity L Jlia i 13) Jan 3 psa Lyl 4 O (21b ,a — 4) JSEY) i LS
M€l A AU apedaill g oopalil) 3 ) a s il AL ) dBla G Y g pad) 48l
Flos) Al ad glu o) 2t (6 — 4) Jsaall (B Flg) Ala 4 mua g &5 LSy ulail)
35 () ) 8 ) Slaiil) gf 8al 51 & ) (s ) (Rans ¢y yea) A8l 8 g il (yuSlaa
e Jazy Alall i gall il sisall 20 33l ) () Lraca sall AUl il giasall 230 il
o (8 aSatll (Say JS3 e ey o Flaysl Al 2 5ol ) Ao Jard Ml 5 48Ul 5 b 0 (sl
U sl pagepalill 3 ja Gla py A (e D el d8Ual) 3 gad ad g (AL )l Al
CuO ey

11.6 = Pure CuO thin films
11.4 =

11.2
11.0 «

10.8

—— T =425°C
—— T =475°C
——T=525°C
—— T =575°C

10.6 =

Ln [(a) cm™Y]

10.4 =

10.2 =

10.0 «

9.8 =

1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6
Photon energy (eV)

s sy dialall s Aaakaall e CUO %229 [In(0)] s () 5l 28l o 483Na)) (821 — 4) IS
it
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Pure & co-loaded CuO thin films
11.5
FI'|_' 11.0
5
=
= 105=
5 unloaded CuO
1% Cd + 1% °C
10.0 = 3% Cd + 3% °C
5% Cd + 5% °C
7% Cd + 7% °C
9.5

1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6
Photon energy (ev)

L5 Lagadas andaall s Aaxlaal) 1 CUO 42 Y [Ina] s(ho) 05558l Al o A8Dle (b21 — 4) Sl

475°C 3)‘)3 :*A)JJ MMU U_\L\}ﬁ\j eﬁa.}&h

glosl da ad (7 - 4) Jsaall

Sample S1 S2 S3 S4 S5 S6 S7 S8

Urbach Energy | 0.635 | 0.658 | 0.488 0.695 |1 0.61 0.658 0.429

Optical Constants 4 padd) cul i) (7 -3 — 4)
Refractive Index (n,) S Jalaa (1-7-3-4)

dazdadll g dazhadl e (CUO) oeladl) amsS 5 4pie Y (ng) JWSY) dalze il o

(21 = 2) Bl P e Ay ldie 43 )5 ity (COY i oS5 (Cd) posmed Sl LAl Lagedas
Ol e0ssill A8Ua) S SV Jalae s (s 48Dl a3 531 (22,8 4) S (g Lo ]
dazhadl e (ulaill 2uSY 5 juaad) Lp5e V) aead (518l A8 30l 3 2l 3 HLSY) Jalae
o Gl cpspadll s iy I e Ay glasia A5 oy Asadaall 5 edidline 3l a Cilaa oaldl)
o oladly Lgaad »1 33 3 dexhadll e CUO 4pie (palill 5 ) a il ja 5ol 3 a3 HLuSaY)
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in sl ¢ i sall ABla 50 ) ae 21 35 Al LSOV Jalra o O L 3) cdiakal gl () 53 6dl) 48U
o (8 Bl Ly Cadsy 5 ey el 48U 5 gandl Ly 535 45 i (5585 il Led A e ) Jac
33k 3 SLaladiV) Cuw dgany ddallad)l Gl gall Gl die jEae and JSS yedad (ny)
¢ Ay g yiKIY) VY Bal 3 B g (g )y (Adadlud) U g5 al) Adla B3 ) e Analiaial)
dandaall ye dp5e V) o sl Ly 585 dgilia ()55 Ll Lapadai daahadl) (CUO) 4pdie¥) G a3l
Ailla a8 50 ) pa (AU agedaill Caus 50 3y 00 35 LSV a8 () 3) (ddliae 5 ) s cila oy dialdll
olli vie i of Aadlall b gl Agllall clilall die Lgd dad el Juail L) (5554l
Cla 5o GOEAY CUO 4niie Y pedassd CODEAY Aaii LSV ad j0ad A Casall 3 gy 5 el
adaill it CaBER) 5 (At 5,0 ya e Dalall 5 cdandadl) e Apde Y dpilly kil 55 s
AN i 3 A gladia Ay ey i Sl 5 gL Lol Lasadad dandadl (CUO) 4ieY
Cons g ¢l 51 a0 212 35 Ll £t V) mdand e bl i g o(palil) 31 s Gl 0
&b lae S L gda Y wdan) 8 el of 3 dlgay ysiy ecibaall AUl Gy agedal

[87] Aaclill z shand

2.8
Pure CuO thin films
2.6
-
£
< 2.4 =
()
©
£
Q 22m=
=
5 — T = 425 °C
S =T = 475 °C
© 2.0 e T = 525 °C
e T = 575 °C
1.8 =

10 12 14 16 18 20 22 24 26
Photon energy (eV)

30 s oy dalall deckaall e CUO 4pie Y (hu) ¢ sisil) AUl Al LSSV Jalea 2(222 — 4) JSa
_“\ﬂL\A.A. 13
105



Al g el ) 3l Jaadl

2.8

Pure & co-doped CuO

\

N
ESN
2

m— Pyre CuO
m— 106 Cd + 1% °C
= 30, Cd + 3% °C
= 506 Cd + 5% °C
7% Cd + 7% °C

Refractive index (n,)
5 N

1.8 =

1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6
Photon energy (eV)

4 slute Gy Akl g dashadll 52 CUO e Y (hu) @ sisdl) AUl A1SS LS Jaloa 1(022 — 4) IS4l

A75°C 3, o Aapy doale 5 by Sl g gaadlSH) (e
Extinction Coefficient (K,) d9adl) Jalaa (2-7-3-49)

lgrpan 5zl 488 ) (CUO) oobadl) 2l 4ieY (K,) 25add) dalae s
U e BB (0) pabaial) dalaay ¢(A) o5l Jshall Ay (23 — 2) Aalaal) Jlexinly
2 (Cu0) HpieY Ll oy 3 sdl) AL AU 3 gadl) Jalos sl (3 35 (23b,a — 4) J2
Jabae lyinia G Laa gl 3 ¢(Co) lisS 5 ¢(Cd) pssealSll Wil Lasedat dantaally ciantadll
Jeae 25 e 35edll Jalas af daic ¥ @lld GabiaieV) Jabee ilinie o gl @lluy 3 el
darkadl 52 (CuO) oladll 2l 22y o pedll Jalad adf alie) G cpty (pabaie)
i s m O S (3l D gal) JIsha¥) dallall 2 53 gdll U N () 55 dandall 5
Jaxd Al dpabiaia¥) 3k ) ) Adasliall <l g 58l culdUa 3ol j Lisg )35 3 gadd) Jalaa o 334 )
Bl g aadll a3l g 2 sedll Jalae af a0 Aaale g cpabiaiel) Jaleas o 3205 e
D85 g Akl gl ) Adlall A g ) ALY alailyg cpalil) B a Aa o el dullall i 8
U pnlaill 2y gl o
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0.10 =

0.09 =

0.08 =

0.07 =

0.06 =

Extinction coefficient (k)

0.05=

0.04 =

0.03

Pure CuO thin films

e T = 425 °C
T = 475 °C
e T = 525 °C
e T = 575 °C

1.0 175 270 275 3.0
Photon energy (eV)

Ll Gl Dol skl e CUO 4 Y ¢ 5 dll clilal A1S (K ) 2 a3l Jalas (223 — 4) JSl)

0.12

s

0.10 =

0.08 =

0.06 =

Extinction coefficient (k;)

0.04 =

0.02

Pure & co-doped CuO thin films

m— Pyre CdO
1% Cd + 1% °C
m— 3% Cd + 3% °C
= 505 Cd + 5% °C
e 7% Cd + 7% °C

1.0 1.5 2.0 2.5 3.0
Photon energy (eV)

Ll Lagadas dandaall s daxhaall ye CUO e () 58 sil) iUl A0S (K ) 250l Jabaa :(h23 — 4) JSal)

A475°C 50 a Ay dalall
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Saal) g pad) Joadl @l (3 -7 -3 - 4)
Optical Complex Dielectric Constant (&)

Adic) JMA e (g;) iy o(gq) sl 4l m gl Jl cull Glua
dasadll e (CUuO) Lolail) aS ol aniie) maaad Jsill e (27 - 2)5 (26 — 2) Gsilabadll
Al sl Jall Culll Gdall ¢ 5all 58 (224 — 4) JSE Gans « A aadad daxdadll
Lis ol 3) Lol Lagadai dandaall 5 cdaxdaall e (CUO) oobail) a5l dpiie Y Jabld) (53 5al) Q8L
el geal LSV delre Gliniag o idall ¢ 3all J3all cyld clyiaie o 4l dsa g
dad jraal 3gedll Jalae Ll Canay (26 — 2) Asbaall b Leghli Y @llig 5 pandll
(Cpalill 3 ) il 5o DRl Caliad J gl i o G das ol g LSV Jales o o 4 jlaally
Ul 8303 e ol 3L B paituse oS5 3] e glall Aals (e Al Ll Y apndatll Cansi g
lis ) lgaad Jlad Al dexdaall g cdazdaall je 4052 Y1 G 5 juasall dpie S Adadlod) s g3 sall
e laia¥) ol jiadl BB d8a ) ala ey 13 dokal ) A gl iUl gas
Slo Ll A6 e (gr) e I dgllall il sladly lia ) lgad b ) e
oLl L) e 53 saall A8 i (o laill ety agle ¢ gaall o gho Aas iUadinY|

dinall (5 padl Jall Culd e LAl ¢ 5all s Gelil (bra 25 — 4) JSEY) L

a3 ) Jaaly 3 daskadll s haskadll ye 3 sl (CUO) 4ndie DU Ladlull () 53 gal) 48UaY 411K

oy A8 ) (088 lanie oy sl Leloay A alaef Gl ¢ Jadlad) ¢ 5358 48U 330 3 (g,)

Al 4 Jealald) (gl Tulia o peall Jall il Lall ¢ jall 3ay 3 cpaliaia¥) 5 el

Ol 351 il o g1 G W a5 60 i) Qe @l sl 43liie & gl 135 (daliall & L

Cans DAL Ul jelaid Aaadal) 205 Y1 Ll ¢(g5) a (e s cankadll 12 (CUO) 4nieY
2sadl) Jalra & Jualadl gladill ol 50l 31 Gy apedal]
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Results of Electrical Measurements 4l <) cilull) ilis (4 — 4)

3 s cla )y Lald) dexhadll e 438 1) (CUO) 4ndieY 4l oSl [ailiadll 48 padl
da L, (Co™?) il sShl gl s ((CA™2) asmedlSl sl (e A slasia Caty dandaall 5 (dilidg

Jsp dalae (e JS ad o Jpeanll o3 3 o il Gld slsal & (475 °C) (il
4duasills [Carrier Concentration (n)] <Ol 38 55 «[Hall coefficient (Ry]
«[Mobility (u)] &S~ [Resistivity (p)] 4=staadls [Conductivity(c)] 4k sl
Olela g i G Jsa Jalaa geilisl das gl 5 LYV G i) (i (6 - 4) Jsaall Ana ge LS
2 (CUO) 4uie Y (cl sadll o daaill sl 4ple) sf) aasall £ 53l (p-type) s» Ll
da 0 DAL Ll COla ¢ g5 il ane i) (s ilisa 3 ) ja ila )2y Aalal) dexdadll
e opalill 3l ya g e b Cuzddi) Jea Jalae 4l o) i) e Ba gl WS ¢ cpalill 3 ) s
p Ly 5 ) ABIR (81 (525 °C) i) 5 s Aa 0 die Sl 5 5 (425°C -475 °C)
s COlall 53S0 5 ad 8 2 5l s 3 gay 3 ASe ABe Al S5 e Jsp Jalas
sie daa gliall (A (alii g dalin g5 o & ) 5 Jaaly SIS ([ 119] 0S5V (5 sina 3L ) e
Sl sl (8 Glati g dobua gl 30l (8 cud) 392 (475 °C) cpalill 3] > 4 )
o Ann 5 a3 LS e DAY RIS 5 (55 5Kl Juadi) o & (il g <y sl aaa 3530 31))
Oy dlua gl sy il s dinill COEG AS al L) Ay a el 3l o XRDz
LS (525°C-575 °C) cpalill 51 a a3 die dlua gl ad (il Wil ([135 ,44] 4 lad)
Gl S (& Gl ) Adia il o aliad) 8 sl 2 gey B (3 - 4) JSAIL i s
On el sl Sl (5058 3 ualil) 8 sa s o gl ) Al ) gal) A G (CUs O) sLial)
oadi Ul celdall & <l gl g ecile) 8l Hgeda ) gag by e yill sacli 5 cLial 53l
&) e sall & il (p-Type) oe Asill SOda & s A i WS SOl 3S 5 a8 4
(CUO) A8 & by &I gl 5 ¢ speal S il gl 38 5530 3 Ao Ll ¢ 6301 (n-Type)
Aindl) colalally dgluagll ad & 25 Bad 3 Al el Gal &l & et Bl
O A sluie sy dazdadll (CUO) 4die ) Andlad doe 5l A laall 5 cJsa Jalas o & Jalisil
ekl Bk e I S5 k) G e adas (b SN gl o el il
o WS 5[136] PhnSl duasidll 33 Ally ((CuO) S5 (b Cli sl saealsly
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b S5 «(CdF? ions) sl Sl b Y1 Joladl ) casall 2y 8 i (b 26— 4) Jall
&) s sl anall 8 50h ) can Lae (Cut? ions) odadl Gl (Co™? ions)
Aol 3y Al daeanS V) clelpdll by & ey bl sl Gl
dsp Jalaa Ay (747) dpmdlly (545) aendad dpsd die 2ay =30 (e ([ 13714050 56
Al Jos Jeldisaby ) sa JA S 5 Qi can 65 288 O3lalad) 38 559 dlia gill i
aaall ity Lavie 5 ([138] Jamll (aliddly Jilil) 3 5 gl Al A plabaaYl e
oy sl Jaladl 38 5ase (@lissl )13 s Al alga) 23y sl Clapuad) 5 Gl
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e CUO 4xie ¥ puadaill ol J) 538 J g Jalaa s e 5ill Aa sliall 5 2 5 Al 5l 1 (D26 4) S
AT75 °C )y As )3y okl il S 5 52038 Gantaal) 5 Ganadll

s &1 5 saadlSILy S dandadll 5 dandadll e CUO 4pie Y Jsp il luld il o(8 - 4) Jsaal)

Hall
Conductivity Carrier o Mobility o
Sample ) Resistivity Coefficient
c Concentration U Type
Code p (Q.cm) Ry
(2.cm)™1 n (cm)3 (cm?/Vs)
(ecm3/C)
S1 1.93E+01 1.04E+18 5.17E-02 | 1.16E+02 | 5.98E+00 P
Sz 2.02E+01 1.55E+18 4.95E-02 | 8.15E+01 | 4.03E+00 P
Ss 1.92E+01 3.61E+17 5.22E-02 | 3.31E+02 | 1.73E+01 P
S, 1.62E+01 1.54E+18 6.17E-02 | 6.59E+01 | 4.06E+00 P
Ss 2.84E+01 -1.48E+17 3.52E-02 | 1.20E+03 | -4.22E+01 N
Se 2.77E+01 -1.92E+16 3.61E-02 | 9.02E+03 | -3.25E+02 N
Sy 3.50E+01 -2.83E+16 2.86E-02 | 7.71E+03 | -2.20E+02 N
Ss 2.96E+01 -2.89E+17 3.37E-02 | 6.39E+02 | -2.16E+01 N
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Gas Sensor Measurements SR Guwad ciluld (5 — 4)
(NH3) Jad) 31540 aladl jladia) ciludd (1- 5 — 4)
Gas Sensing measurements toward reducing gas (NHs)
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Ll A Jud 3 s Glanal amidie e adieeS gl Al Al
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S sa(NH) Sle oY 1k [140] Ll ) Al dilis (1) die daglaa ala 35 131 48 jal)
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Sy Sl 5 ¢(C) psnad S (5 pming Ll Lagnla daadaall (CUO) Gubail) S sf antie| B Jas o1 g
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3 LE) o 5 ¢S be et 5 sS54A8 5all 5 ) A jd die dpatll o) Jas o 3 Adliaa Jardii 3 ) s
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prxdal oy (C0) il Uy (Cll) pspedSlly LS Lagaal axdadll (CUO) ¢Liall (10.01%)
&y «m b5 el s Ao el Lewans i 3 ApBe V) e G BJLEY) Jaady ¢(545) dasludia
eV maal 05K O i) e OS5 gl jpanill Cag yla <l (gl da ) Gy Leiali
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e Clapall aaa ¢ Sl il paladl) 52 (CUO) »liall 4aias¥) &) Jaa 1 3) [14] Jopadall
sliall Guantll s ClSy ((747) 5 (5+5)e(1+]) Aoy dandadll 402230 45 )lie oo 508
pany il pda uladi j) Mg caundadl) il A8 ae 45 lie ddle (343) Ay daxkas (CuO)
) s e Al Lahaud) daliall 334 ) ) o el 45 p8A 30l ) @llXS 3 sl Gl
(8 — 4) dsxall sy lainll sab) ol L) Jpeasll (Ko Ale Gabaial @l sa (35S
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NHg sl i aines
Sample | Temp (°C) | Sensitivity % | Response time (S) | Recovery time (s)
25 28.83128695 126 104.4
80 11.85647426 171 63.9
> 140 11.8192027 171 54.9
200 | 29.11694511 27.9 414
25 5.285061872 234 1026
80 3.786369071 24.3 65.7
. 140 | 5.789473684 26.1 63
200 | 4899894626 261 87.3
25 10.01164144 153 100.8
80 5.166475316 18 90
> 140 | 7.746068725 261 62.1
200 | 4914529915 252 45.9
25 4.086738949 234 90.9
80 1.394422311 27 63
> 140 3.06345733 19.8 69.3
200 | 1493156367 19.8 477
25 6.967213115 18.9 936
80 3.049203049 9.9 62.1
> 140 | 5769230769 27 45
200 | 3628117914 171 54.9

123




Al 5 ) Al ) Jaadl

Conclusions CLLEW (6 — 4)

casaad SIS apedaill g ccpalil) idee ) dpd) 48Y) 2 g i@ ol Ciyelal m
o i 3 caaladll 52 CUO elial iy bl alaill de 5 e 1,0 Gaans ol U
Sl oWl s cdaall galal g sill o bl dantia LS 35 @lliad 5 juanall 4052 V) aren
aaxa Ol eadadl) 42863 (200) dendan s 205630 ((111)5 «(200) saill Jumiall
Allall aadaill ot ULl aadailly g ecpalill 3 pa daj gl alaj b6l
485 )1 2u2e U 24 5l )l ga s e SU 5 ¢ty AT 3 (747) 5 «(5+5)
(XRD, AFM, FE-SEM) <) UM (4a 5 puiandll

gy sl Lsdd 5 ()l aaall a8 e s k) AplShd AFM Ol ciy
U bl o g ecpalill 3 ) ya Ay Sl IS (0 RMS A Al Jass s

22 CUO Lzl o (FE-SEM) Jlaall e Ll a5 5V el ilis o pe sl m
el dIX 5 demen bl Bola da die (558 and LSy dllich daakadl)
¢ew 5 (Cross Sectional FE-SEM) (s 2l adatall jsea i 5 ankadll
ekl g cpalil) Jlesy 452 V)

i pad)l A8kl bsady dpalaielly LA af o 4 padl Cla il 5 iy w
prxdaill i g Cpalil) 31 e A )3 i SIS e Lo Sl (S 5 bl e 5 5 il
A5 s sall 208V ania Lelray Apie V) (canad Adlad) dpaliaiaV) o o)) 5 cipie DU
Al LAY il 8 Jlexin S Apulia g (TCOS)

2% CuO 4:22Y (p-type) s» Ladll <Ola £ 55 O Jsp il il il iy
kil a5 3] ¢(N-type) & s (e dandaall e U diadll Clela G 5 daskadll
sliall 8 cBllall e o e

(Cplil) Al gy Lpuailiadsy oSaill Koy CUO 4piel ol ZlsuY) &5 bl JA (e =
. [(Cd+ Co) wt.% co-Doping)] il asedaill JSA (e 5815 5 sacy g

e S Gt Juzabl Gl g ¢ Qladl Guuall e i apdail) G o 5l Gaal) g5 ciiy
(3+3) Aol vie S padaill il 5 Aanlan e L2 V)

124



Al 5 ) ) N il

Future Works Ll g Liall (7 — 4)

5 el il Al oy ety o811 5 ¢ s200\SIG LIS andaal) Gulail) A€ ) (3 gmasa jumnt
Aphlina) 5 il oSl 5 S il aaibiod o LS dasly gl

paibadll (e Je (Zn 4 In) sl 5 oma)ally SU apdail)l G50 Al 0
Ayl )l i CuO dpie Y Al

a5 S5 casadSly Aekhe CUO Apde¥ dpwhlinaly gl el (ol &l 4l =
OsShdl 5 (a3l ae) @ e A i)

Aade M e g &l el dpai Al j3 w

3 pcanall Anie V) e lallddise 580 1) e a) jo

125



References sibaall

References

[1]

2]
[3]
[4]

[10]

[11]

[12]

[13]

[14]

L. Filipponi, D. Sutherland, NANOTECHNOLOGIES: Principles,
Applications, Implications and Hands-on Activitie. Directorate-General
for Research and innovation industrial technologies (NMP),2013.
L.Eckertova , "Physics of Thin Films, Plenum presses, New York and
London (1977).

S. A. Abdulridha, "High sensitivity Photoconductive for ZnO: MgO
Nanoparticles,” Energy Procedia, vol. 157, pp.361, 2019.

K. Chopra, Thin film device applications. Springer Science & Business
Media, 2012.

D. Perednis and L. J. Gauckler, "Thin film deposition using spray
pyrolysis,” Journal of electroceramics, vol. 14, no. 2, pp. 103-111,
2005.

K. Chopra and S. Bahl, "Amorphous versus crystalline GeTe films. 1.
Growth and structural behavior,” Journal of Applied Physics, vol. 40,
no. 10, pp. 4171-4178, 19609.

J. E. Greene, "Tracing the recorded history of thin-film sputter
deposition: From the 1800s to 2017," Journal of Vacuum Science &
Technology A: Vacuum, Surfaces, and Films, vol. 35, no. 5, p. 05C204,
2017.

A. Rahal, "Elaboration des verres conducteurs par déposition de ZnO
sur des verres ordinaires," UNIVERSITE D’ELOUED, 2013.

P. Zhang, V. H. Crespi, E. Chang, S. G. Louie, and M. L. Cohen,
"Theory of metastable group-IV alloys formed from CVD precursors,"
Physical Review B, vol. 64, no. 23, p. 235201, 2001.

S. Sakka and H. Kozuka, Handbook of sol-gel science and technology.
1. Sol-gel processing. Springer Science & Business Media, 2005.

S. Menakh, "Contribution a I'étude des propriétés de films zZnO,"
meémoire de magister, université Constantine, 2010.

T. N. Ravishankar, T. Ramakrishnappa, G. Nagaraju, and H. Rajanaika ,
"Synthesis and characterization of CeO2 nanoparticles via solution
combustion method for photocatalytic and antibacterial activity
studies,”" ChemistryOpen, vol. 4, no. 2, pp. 146-154, 2015.

A. J. Haider, Z. N. Jameel, and S. Y. Taha, "Synthesis and
characterization of TiO2 nanoparticles via sol-gel method by pulse laser
ablation,"” Eng. & Tech. Journal, vol. 33, no. 5, pp. 761-771, 2015.

J. Livage, M. Henry, and C. Sanchez, "Sol-gel chemistry of transition
metal oxides," Progress in solid state chemistry, vol. 18, no. 4, pp. 259-

341, 1988.
126



References sibaall

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]
[25]

[26]

C. Milea, C. Bogatu, and A. Duta, "The influence of parameters in silica
sol-gel process," Bulletin of the Transilvania University of Brasov.
Engineering Sciences. Series I, vol. 4, no. 1, p. 59, 2011.

D. Segal, "Chemical synthesis of advanced ceramic materials," (no. 1).
Cambridge University Press, 1991.

N. Manikandan, B. Shanthi, and S. Muruganand, "Construction of spin
coating machine controlled by arm processor for physical studies of
PVA," Internation Journal of Electronics and Electrical Engineering,
vol. 3, no. 4, pp. 318-322, 2015.

J. Danglad-Flores, S. Eickelmann, and H. Riegler, "Deposition of
polymer films by spin casting: A quantitative analysis,” Chemical
Engineering Science, vol ,179 .pp. 257-264, 2018.

N. Sahu, B. Parija, and S. Panigrahi, "Fundamental understanding and
modeling of spin coating process: A review," Indian Journal of Physics,
vol. 83, no. 4, pp. 493-502, 2009.

B. T. Chiad, A. J. Al-Wattar, and F. J. AL-Maliki, "Preparation of
Xerogel Films Doped with R6G Laser Dye using spin coating technique
and Study the Spinning parameters,” Iraqgi Journal of Physics, vol. 8,
no. 12, pp. 23-28, 2010.

J. Chen, P. Dong, D. Di, C. Wang, H. Wang, J. Wang, and X. Wu,
"Controllable fabrication of 2D colloidal-crystal films with polystyrene
nanospheres of various diameters by spin-coating," Applied Surface
Science, vol. 270, pp. 6-15, 2013.

M. Tyona, "A theoritical study on spin coating technique," Advances in
materials Research, vol. 2, no. 4, p. 195, 2013.

A. W. Metz, J. R. Ireland, J.-G. Zheng, R. P. Lobo, Y. Yang, J. Ni, . ..
C. R. Kannewurf, "Transparent conducting oxides: texture and
microstructure effects on charge carrier mobility in MOCVD-derived
CdO thin films grown with a thermally stable, low-melting precursor,”
Journal of the American Chemical Society, vol. 126, no. 27, pp. 8477-
8492, 2004.

N. Boufaa, "Elaboration et caractérisation des nano poudres d’oXxyde
d’étain (SnO2)," 2012.

Z. M. Lamri, "Cupric Oxide thin films deposition for gas sensor
application," 2016.

A. Chapelle, "Elaboration et caractérisation de films minces
nanocomposites obtenus par pulveérisation cathodique radiofréquence en
vue de leur application dans le domaine des capteurs de CO2,"
Université de Toulouse, Université Toulouse I11-Paul Sabatier, 2012 .

127



References _ilaal)

[27] A. Bejaoui, "Capteurs a base des couches minces d’oxyde de cuivre
(IN(CuO): Optimisation et modélisation en vue de la détection de gaz,"
Aix-Marseille, 2013 .

[28] A. Ogwu, E. Bouquerel, O. Ademosu, S. Moh, E. Crossan, and F.
Placido, "The influence of rf power and oxygen flow rate during
deposition on the optical transmittance of copper oxide thin films
prepared by reactive magnetron sputtering,” Journal of Physics D:
Applied Physics, vol. 38, no. 2, p. 266, 2005.

[29] C.-L. Chu, H.-C. Lu, C.-Y. Lo, C.-Y. Lai, and Y.-H. Wang, "Physical
properties of copper oxide thin films prepared by dc reactive magnetron
sputtering under different oxygen partial pressures,” Physica B:
Condensed Matter, vol. 404, no. 23-24, pp. 4831-4834, 20009.

3 pad) ol @l e saclall 5 ) s da ja il s ) e Ty dada g F ase o J [30]

astall 4y peatinall dae "ol el Jesill Ay 5 jumsall CUO ApieY

.2017,n0. 1, pp. 1-12,18 .vol ,iu 5l 5

[31] Ghosh, P. K., Das, S., Kundoo, S., & Chattopadhyay, K. K. "Effect of
fluorine doping on semiconductor to metal-like transition and optical
properties of cadmium oxide thin films deposited by sol-gel process".
Journal of sol-gel science and technology, 34(2), 173-179,(2005).

[32] D .Carballeda-Galicia, R. Castanedo-Perez, O. Jimenez-Sandoval, S.
Jimenez-Sandoval, G. Torres-Delgado, and C. Zuniga-Romero, "High
transmittance CdO thin films obtained by the sol-gel method," Thin
Solid Films, vol. 371, no. 1-2, pp. 105-108, 2000.

[33] A .F. Wells, Structural inorganic chemistry. Oxford university press,

2012.
[34] A. A. Khadayeir, E. S. Hassan, S. S. Chiad, N. F. Habubi, K. H. Abass,
M. H. Rahid, . . . I. A. Al-Baidhany, "Structural and optical properties

of Boron doped cadmium oxide,” in Journal of Physics: Conference
Series, vol. 1234, no. 1: I0P Publishing, p. 012014 , 2019 .

[35] P. Patil, L. Kadam, and C. Lokhande, "Preparation and characterization
of spray pyrolysed cobalt oxide thin films," Thin Solid Films, vol. 272,
no. 1, pp. 29-32, 1996.

[36] T. Noorunnisha, M. Suganya, M. Karthika, C. Kayathiri, K. Usharani,
S. Balamurugan, . . . A. Balu, "(Zn+ Co) co-doped CdO thin films with
improved figure of merit values and ferromagnetic orderings with low
squareness ratio well suited for optoelectronic devices and soft
magnetic materials applications,” Applied Physics A, vol. 126, no. 10,
pp. 1-9, 2020.

[37] D. Barreca, C. Massignan, S. Daolio, M. Fabrizio, C. Piccirillo, L.
Armelao, and E. Tondello, "Composition and microstructure of cobalt

128



References sibaall

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

oxide thin films obtained from a novel cobalt (I1) precursor by chemical
vapor deposition,” Chemistry of Materials, vol. 13, no. 2, pp. 588-593,
2001.

J. Chen, X. Wu, and A. Selloni, "Electronic structure and bonding
properties of cobalt oxide in the spinel structure," Physical Review B,
vol. 83, no. 24, p. 245204, 2011.

Y. Akaltun, "Effect of thickness on the structural and optical properties
of CuO thin films grown by successive ionic layer adsorption and
reaction,” Thin Solid Films, vol ,594 .pp. 30-34, 2015.

Z. T. Khodair and N. Shallal, "Effect of Aluminum Doping on
Structural Properties of CuO Thin Films Prepared by Chemical Spray
Pyrolysis (CSP) Technique," 2017.

A. Raship, M. Z. Sahdan, F. Adriyanto, N. M. Fauzee, and A. S .Bakri,
"THE EFFECTS OF PH VALUE ON THE PREPARATION OF
COPPER OXIDE THIN FILMS BY DIP COATING TECHNIQUE,"
2006.

R. R. Prabhu, A. Saritha, M. Shijeesh, and M. Jayaraj, "Fabrication of
p-CuO/n-ZnO heterojunction diode via sol-gel spin coating technique,"
Materials Science and Engineering: B, vol. 220, pp. 82-90, 2017.

S. Baturay, A. Tombak, D. Kaya, Y. S. Ocak, M. Tokus, M. Aydemir,
and T. Kilicoglu, "Modification of electrical and optical properties of
CuO thin films by Ni doping,” Journal of Sol-Gel Science and
Technology, vol. 78, no. 2, pp. 422-429, 2016.

M. Dhaouadi, M. Jlassi, I. Sta, I. B. Miled, G. Mousdis, M. Kompitsas,
and W. Dimassi, "Physical properties of copper oxide thin films
prepared by sol-gel spin—coating method,” Am. J. Phys. Appl, vol. 6,
no. 2, pp. 43-50, 2018.

A. Sendi, G. Besnard, P. Menini, C. Talhi, F. Blanc, B. Franc, . . . P.
Fau, "Detection and Discrimination Methods of Sub-ppm Nitrogen
Dioxide (NO2) with a Copper Oxide Sensor Operated with a Pulsed
Temperature Modulation," Sensors & Transducers Journal, vol. 222,
no. 6, pp. 24-30, 2018.

N. Al Armouzi, G. El Hallani, A. Liba, M. Zekraoui, H. S. Hilal, N.
Kouider, and M. Mabrouki, "Effect of annealing temperature on
physical characteristics of CuO films deposited by sol-gel spin coating,"
Materials Research Express, vol. 6, no. 11, p. 116405, 2019.

D. S. Permyakov, S. I. Rembeza, T. G. Menshikova, V. E. Polkovnikov,
and M. A. Belykh, "Influence of annealing on the electrophysical
properties of copper oxide (I1) thin film, prepared by sol-gel method," in

129



References sibaall

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[59]

[60]

Nano Hybrids and Composites, vol. 28: Trans Tech Publ, pp. 48-52,
2020.
M. H. Babu, J. Podder, B. C. Dev, and M. Sharmin, "p to n-type
transition with wide blue shift optical band gap of spray synthesized Cd
doped CuO thin films for optoelectronic device applications," Surfaces
and interfaces, vol. 19, p. 100459, 2020.
E. C. Nwanna, P. E. Imoisili, S. O. Bitire, and T.-C. Jen, "Biosynthesis
and fabrication of copper oxide thin films as a P-type semiconductor for
solar cell applications," Coatings, vol. 11, no. 12, p. 1545, 2021.
M. H. Kabir, H. Ibrahim, and M. M. Billah, "Effect of stabilizer on sol
ageing for CuO thin films synthesized by sol-gel spin coating
technique,” in AIP Conference Proceedings, 2021, vol. 2324, no. 1: AIP
Publishing LLC, p. 030007 .
W. Peng, Y. Zhou, J. Li, Y. Liu, J. Zhang, G. Xiang, . . . Y. Zhao,
"Annealing temperature induced physical characteristics of CuO films
grown by magnetron sputtering,” Materials Science in Semiconductor
Processing, vol. 131, p. 105883, 2021.
A. Maini and M. A. Shah, "Investigation on physical properties of
nanosized copper oxide (CuO) doped with cobalt (Co): A material for
electronic device application,” International Journal of Ceramic
Engineering & Science, vol. 3, no. 4, pp. 192-199, 2021.
W.-J. Lee and X.-J. Wang, "Structural, optical, and electrical properties
of copper oxide films grown by the silar method with post-annealing,”
Coatings, vol. 11, no. 7, p. 864.2021 ,
J. 1. Pankove, "Optical spectroscopy of hydrogenated amorphous
silicon,” Solar Cells, vol. 24, no. 3-4, pp. 299-305, 1988.
R. F. Haglund Jr, "2. Mechanisms of Laser-Induced Desorption and
Ablation,” in Experimental Methods in the Physical Sciences, vol. 30:
Elsevier, pp. 15-138, 1997.
G. S. Ben and S. K. Banerjee, "Solid state electronic devices," Hall
International, Inc, USA, 1990.
H. T. Grahn, Introduction to semiconductor physics. World Scientific
Publishing Company, 1999.

") sall dpplalinall 5 40l 5eSI al &M e 8 5 ) [58]
M. Fantini, I. Torriani, and C. Constantino, "Influence of the substrate
on the crystalline properties of sprayed tin dioxide thin films," Journal
of crystal growth, vol. 74, no. 2, pp. 439-4.1986 ,42
L. Kazmerski, Polycrystalline and amorphous thin films and devices.
Elsevier, 2012.

130



References _ilaal)

[61]

[63]
[64]
[65]

[66]

[67]
[68]

[69]

[70]
[71]
[72]
[73]

[74]

[75]

J. Tauc, Amorphous and liquid semiconductors. Springer Science &
Business Media, 2012.

2014 , il GlSpal) clapdaill g fsalaall 1oyl | JoSiba 0 0 [62]
C. Kittel, "Introduction to solid state physics,” American Journal of
Physics, vol. 35, no. 6, pp. 547-548, 1967.
B. Van Zeghbroeck, "Principles of semiconductor devices, 2004,"
COLORADO University Edit, 2007.
B. G. Streetman and S .Banerjee, Solid state electronic devices.
Pearson/Prentice Hall Upper Saddle River, 2006.
S. M. Yakout, "Spintronics: future technology for new data storage and
communication devices," Journal of Superconductivity and Novel
Magnetism, vol. 33, no ,9 .pp. 2557-2580, 2020.
G. D. Mahan, "Condensed matter in a nutshell,” in Condensed Matter in
a Nutshell: Princeton University Press, 2010.
N. Daude, C. Gout, and C. Jouanin, "Electronic band structure of
titanium dioxide," Physical Review B, vol. 15, no. 6, p. 3229, 1977.
D. Fakralden, S. Hamed, and M. Abdul-Allah, "Influence of Irradiation
on Electronic Transition of (CuO) Films Prepared by Chemical Spray
Paralysis Technique,” Ibn AL-Haitham Journal For Pure and Applied
Science, vol. 24 ,no. 1, 2016.
G. Narula, K. Narula, and V. Gupta, Materials science. Tata McGraw-
Hill Education, 1989.
A. Piegari and F. Flory, Optical thin films and coatings: From materials
to applications. Woodhead Publishing, 2018.
E. Rosencher and B. Vinter, "Optoelectronics,” Cambridge University
Press, 2002.
S. M. Sze and M.-K. Lee, "Semiconductor Devices: Physics and
Technology: Physics and Technology,” Wiley Global Education, 2012.
R. S. Al-Khafaji, K. A. Jasim, and A. M. lbraheim, "Optical and
Thermal Characterizations of PMMA Composites,”" Engineering and
Technology Journal, vol. 37, no. 2, pp. 61-66, 2019.
F. A. al-Dabagh, An analytical study of themes in the poetry of Ma'ruf
al-Rusafi. University of Glasgow (United Kingdom), 1977.

(CAS) asmedSll agiy &1 488 5l 42e V) Aul oy s Jsdis a5, .5 [76]

[77]

[78]

2018 " ,CBD sl alasll (3l ylay G jall
K. Tzou and R. Gregory, "A method to prepare soluble polyaniline salt
solutions—in situ doping of PANI base with organic dopants in polar
solvents," Synthetic Metals, vol. 53, no. 3, pp. 365-377, 1993.
G. Li, N. Yang, W. Wang, and W. Zhang, "Synthesis, photophysical
and photocatalytic properties of N-doped sodium niobate sensitized by

131



References sibaall

[79]
[80]
[81]
[82]
[83]
[84]

[85]

[86]

[87]

[88]
[89]
[90]
[91]
[92]

[93]
[94]

carbon nitride," The Journal of Physical Chemistry C, vol. 113, no. 33,
pp. 14829-14833, 20009.

C. Kittel and P. McEuen, Introduction to solid state physics. John Wiley
& Sons, 2018.

B. Theraja, Modern physics. S. Chand Publishing, 2008.

H. Ye, "Nanoscale attraction between calcium-aluminosilicate-hydrate
and Mg-Al layered double hydroxides in alkali-activated slag,"
Materials Characterization, vol. 140, pp. 95-102, 2018.

C. G. Pope, "X-ray diffraction and the Bragg equation,” Journal of
chemical education, vol. 74, no. 1, p. 129.1997 ,

S. Baskaran, "Structure and regulation of yeast glycogen synthase,"
2010 .

C. Kittel, "Introduction to Solid State Physics, John Wiley and Sons
Inc,” New York, 2005.

G. Williamson and W. Hall, "X-ray line broadening from filed
aluminium and wolfram," Acta metallurgica, vol. 1, no. 1, pp. 22-31,
1953.

I. B. Miled, M. Jlassi, I. Sta, M. Dhaouadi, M. Hajji, G. Mousdis, . . . H.
Ezzaouia, "Structural, optical, and electrical properties of cadmium
oxide thin films prepared by sol—gel spin-coating method,” Journal of
Sol-Gel Science and Technology, vol. 83, no. 2, pp. 259-267, 2017.

K. Mohammed, J. Mansoor, J. Alzanganawee, and S. Iftimie, "An
investigation of annealing and (Zn+ Co) co-loading impact on certain
physical features of nano-structured (CdO) thin films coated by a sol-
gel spin coating process,” Journal of Ovonic Research, vol. 17, no. 5,
2021.

N. Yao and Z. L. Wang, Handbook of microscopy for nanotechnology.
Springer, 2005.

B. Bhushan, B. Bhushan, and Baumann, Springer handbook of
nanotechnology. Springer, 2007.

M. El-Eskandarany, "Characterizations of mechanically alloyed
powders," Mechanical Alloying, pp. 13-18, 2020.

S. Al-Ani, "Studies of optical and related properties of amorphous
films," Ph .D, 1984 .

S. O. Kasap, Principles of electronic materials and devices. McGraw-
Hill New York, 2006.

O. Stenzel, The physics of thin film optical spectra. Springer, 2015.

J. 1. Pankove, Optical processes in semiconductors. Courier
Corporation, 1975.

132



References sibaall

[95] J. Mullerova and P. Sutta, "On some ambiguities of the absorption edge
and optical band gaps of amorphous and polycrystalline
semiconductors,” Communications-Scientific letters of the University of
Zilina, vol. 19, no. 3, pp. 9-15, 2017.

[96] V. Mote, Y. Purushotham, R. Shinde, S. Salunke, and B. Dole,
"Structural, optical and antibacterial properties of yttriumdoped ZnO
nanoparticles,” Ceramica, vol. 61, pp. 457-461, 2015.

[97] N. F. Mott and E. A. Davis, "Electronic processes in non-crystalline
materials," Oxford university press, 2012.

[98] S. Sze and K. K. Ng, "LEDs and Lasers," Physics of Semiconductor
Devices, vol. 3, pp. 601-657, 2006.

[99] B. Labdelli, H. Mazari, M. I. Ziane, K. Ameur, and Z. Benamara, "First
Principles Prediction of Structural, Electronic and Optical Properties of
Zinc Blende In x Ga 1-x P Alloys,"” Journal of Nanoelectronics and
Optoelectronics, vol. 12, no. 3, pp. 216-223, 2017.

[100] J. Kvietkova, L. Siozade, P. Disseix, A. Vasson, J. Leymarie, B.
Damilano, . . . J .Massies, "Optical investigations and absorption
coefficient determination of InGaN/GaN quantum wells," physica status
solidi (a), vol. 190, no. 1, pp. 135-140, 2002.

[101] S. I. Issa, "Radiation Effect on the Optical& Structural Properties of
CdTe: Zn thin Films," Ibn AL-Haitham Journal For Pure and Applied
Science, vol. 26, no. 2, pp. 150-157, 2017.

[102] O. Stenzel, "Optical coatings: Material Aspects in theory and Practice,"
2014,

[103] R. S. Mohammed, J. M. Mansoor, and A. A. Habeeb, "Study of
Aluminum Doping Effect on Some Optical, Structural and
Morphological Characteristics of Nanocrystalline Zinc Oxide Films".

[104] L. Eckertova, Physics of thin films. Springer Science & Business Media,
2012.

[105] G. Dev and J. Jain, "Band structure of the fractional quantum Hall
effect,” Physical review letters, vol. 69, no. 19, p. 2843, 1992.

[106] K. G. Ong, K. Zeng, and C. A. Grimes, "A wireless, passive carbon
nanotube-based gas sensor," IEEE Sensors Journal, vol. 2, no. 2, pp.
82-88, 2002.

[107] E. Contés-de Jesus, J. Li, and C. R. Cabrera, "Latest advances in
modified/functionalized carbon nanotube-based gas sensors,” Synth.
Appl. Carb. Nanotub. Their Compos, pp. 337-366, 2013.

[108] G.S.U. M. a. B. P. F. K. Dew, ” and 2012.

[109] A. Alshahrie, S. Joudakzis, A. Al-Ghamdi, L. M. Bronstein, and W. E.
Mahmoud, "Synthesis and characterization of p-type transparent

133



References sibaall

conducting Nil-xRuxO (0< x< 0.1) films prepared by pulsed laser
deposition,” Ceramics International, vol. 45, no. 6, pp. 7984-7994,
20109.

[110] G. Korotcenkov, "Handbook of gas sensor materials,” Conventional
approaches, vol. 1, 2013.

[111] R. Hoffman, "Mechanical properties of non-metallic thin films,” in
Physics of nonmetallic thin films: Springer, pp. 273-353, 1976.

[112] M. Abed, N. Bakr, and J. Al-Zanganawee, "Structural, Optical And
Electrical Properties Of Cu2NiSnS4 Thin Films Deposited By Chemical
Spray Pyrolysis Method," Chalcogenide Letters, vol. 17, no. 4, pp. 179-
186, 2020.

[113] M. Chougule, S. Nalage, S. Sen, and V. Patil, "Development of
nanostructured ZnO thin film sensor for NO2 detection," Journal of
Experimental Nanoscience, vol. 9, no. 5, pp. 482-490, 2014.

[114] D. Jundale, S. Pawar, M. Chougule, P. Godse, S. Patil, B. Raut, . . . V.
Patil, "Nanocrystalline CuO thin films for H2S monitoring:
microstructural and optoelectronic characterization," Journal of Sensor
Technology, vol. 1, no. 2, pp. 36-46, 2011.

[115] S.-Y. Kuo, W.-C. Chen, and C.-P. Cheng, "Investigation of annealing-
treatment on the optical and electrical properties of sol-gel-derived zinc
oxide thin films," Superlattices and microstructures, vol. 39, no. 1-4,
pp. 162-170, 2006.

[116] Z. Ghorannevis, M. Hosseinnejad, M. Habibi, and P. Golmahdi, "Effect
of substrate temperature on structural, morphological and optical
properties of deposited Al/ZnO films," Journal of Theoretical and
Applied Physics, vol. 9, no. 1, pp. 33-38, 2015.

[117] M. M. H. Babu, J. Podder, R. R. Tofa, and L. Ali, "Effect of Co doping
in tailoring the crystallite size, surface morphology and optical band gap
of CuO thin films prepared via thermal spray pyrolysis,” Surfaces and
Interfaces, vol. 25, p. 101269, 2021.

[118] S. Ramya, R. Gobi, N. Shanmugam, G. Viruthagiri, and N.
Kannadasan, "Investigation on the structural, optical, morphological
and magnetic properties of undoped and Cd doped CuO nanoflakes,"
Journal of Materials Science: Materials in Electronics, vol. 27, no. 1,
pp. 40-48, 2016.

[119] N. Raship, M. Sahdan, F. Adriyanto, M. Nurfazliana, and A. Bakri,
"Effect of annealing temperature on the properties of copper oxide films
prepared by dip coating technique,” in AIP Conference Proceedings,
vol. 1788, no. 1: AIP Publishing LLC, p. 030121, 2017 .

134



References sibaall

[120] T. H. Tran, M. H. Nguyen, T. H. T. Nguyen, V. P. T. Dao, P. M.
Nguyen, V. T. Nguyen, T. T. Nguyen, "Effect of annealing temperature
on morphology and structure of CuO nanowires grown by thermal
oxidation method," Journal of Crystal Growth, vol. 505, pp. 33-37,
20109.

[121] D. Gopalakrishna, K. Vijayalakshmi, and C. Ravidhas, "Effect of
annealing on the properties of nanostructured CuO thin films for
enhanced ethanol sensitivity," Ceramics International, vol. 39, no. 7,
pp. 7685-7691, 2013.

[122] K. Ravichandran, N. Dineshbabu, T. Arun, C. Ravidhas, and S.
Valanarasu, "Effect of fluorine (an anionic dopant) on transparent
conducting properties of Sb (a cationic) doped ZnO thin films deposited
using a simplified spray technique,” Materials Research Bulletin, vol.
83, pp. 442-452, 2016.

[123] A. Pramothkumar, N. Senthilkumar, R. M Jenila, M. Durairaj, T. S.
Girisun, and 1. V. Potheher, "A study on the electrical, magnetic and
optical limiting behaviour of Pure and Cd-Fe co-doped CuO NPs,"
Journal of Alloys and Compounds, vol. 878, p. 160332, 2021.

[124] R. Arunadevi, B. Kavitha, M .Rajarajan, A. Suganthi, and A.
Jeyamurugan, ‘“Investigation of the drastic improvement of
photocatalytic degradation of Congo red by monoclinic Cd, Ba-CuO
nanoparticles and its antimicrobial activities," Surfaces and Interfaces,
vol. 10, pp. 32-44, 2018.

[125] J. Gubrium and J. A. Holstein, "Active interviewing,” Qualitative
research: theory, method and practice, second edition. London: Sage,

1997.
[126] R. D. Prabu, S. Valanarasu, V. Ganesh, M. Shkir, S. AlFaify, A.
Kathalingam, . . . R. Chandramohan, "An effect of temperature on

structural, optical, photoluminescence and electrical properties of
copper oxide thin films deposited by nebulizer spray pyrolysis
technique," Materials Science in Semiconductor Processing, vol. 74, pp.
129-135, 2018.

[127] F. A .Akgul, G. Akgul, N. Yildirim, H. E. Unalan, and R. Turan,
"Influence of thermal annealing on microstructural, morphological,
optical properties and surface electronic structure of copper oxide thin
films," Materials Chemistry and Physics, vol. 147, no ,3 .pp. 987-995,
2014,

[128] M. Kastner, "Bonding bands, lone-pair bands, and impurity states in
chalcogenide semiconductors,” Physical Review Letters, vol. 28, no. 6,
p. 355, 1972.

135



References sibaall

[129] C. Muiva, T. Sathiaraj, and K. Maabong, "Effect of doping
concentration on the properties of aluminium doped zinc oxide thin
films prepared Dby spray pyrolysis for transparent electrode
applications," Ceramics International, vol. 37, no. 2, pp. 555-560, 2011.

[130] S. Das and T. Alford, "Structural and optical properties of Ag-doped
copper oxide thin films on polyethylene napthalate substrate prepared
by low temperature microwave annealing," Journal of applied physics,
vol. 113, no. 24, p. 244905, 2013.

[131] M. Thirumoorthi and J. T. J. Prakash, "A study of Tin doping effects on
physical properties of CdO thin films prepared by sol-gel spin coating
method,” Journal of Asian Ceramic Societies, vol. 4, no. 1, pp. 39-45,
2016.

[132] E. Burstein, "Anomalous optical absorption limit in InSb," Physical
review, vol. 93, no. 3, p.1954 ,632 .

[133] S. Baturay, A. Tombak, D. Batibay, and Y. S. Ocak, "n-Type
conductivity of CuO thin films by metal doping,” Applied Surface
Science, vol. 477, pp. 91-95, 2019.

[134] I. Hamberg and C. G. Granqvist, "Evaporated Sn-doped In203 films:
Basic optical properties and applications to energy-efficient windows,"
Journal of Applied Physics, vol. 60, no. 11, pp. R123-R160, 1986.

[135] K. Wanjala, W. Njoroge, and J. Ngaruiya, "Optical and electrical
characterization of ZnS: Sn thin films for solar cell application," Int. J.
Energy Eng, vol. 6, no. 1, pp. 1-7, 2016.

[136] S. Masudy-Panah, K. Radhakrishnan, H. R. Tan, R. Yi, T. I. Wong, and
G. K. Dalapati, "Titanium doped cupric oxide for photovoltaic
application,” Solar Energy Materials and Solar Cells, vol. 140, pp. 266-
274, 2015.

[137] A. Tombak, M. Benhaliliba, Y. Ocak, and T. Kilicoglu, "The novel
transparent sputtered p-type CuO thin films and Ag/p-CuO/n-Si
Schottky diode applications,” Results in Physics, vol. 5, pp. 314-321,
2015.

[138] R. Pandya, H. Patel, N. Shah, P. Solanki, Y. Jani, and M. Keshvani,
"Substitutional effect of copper replacement by cadmium on structural,
microstructural and electrical properties of Cul-xCdxO oxides,"
Materials Today Communications, vol. 25, p. 101458, 2020.

[139] T. Beatriceveena, E. Prabhu, A. S. R. Murthy, V. Jayaraman, and K.
Gnanasekar, "Highly selective PbS thin film based ammonia sensor for
inert ambient: In-situ Hall and photoelectron studies,” Applied Surface
Science, vol. 456, pp. 430-436, 2018.

136



References sibaall

[140] X. Gou, G. Wang, J. Yang, J. Park, and D. Wexler, "Chemical
synthesis, characterisation and gas sensing performance of copper oxide
nanoribbons," Journal of Materials Chemistry, vol. 18, no. 9, pp. 965-
969, 2008.

[141] P. Sun, X. Zhou, C. Wang, B. Wang ,X. Xu, and G. Lu, "One-step
synthesis and gas sensing properties of hierarchical Cd-doped SnO2
nanostructures,”" Sensors and Actuators B: Chemical, vol. 190, pp. 32-
39, 2014.

137



Abstract

In this study, undoped annealed copper oxide (CuO) thin films were
deposited at temperatures (425, 475, 525 and 575 °C), dotted with cadmium
(Cd) and cobalt (Co) in equal weight ratios [(1+1),). 3+3),(5+5), and (7+7)
wt%] prepared using the perm coating technique of gel solution on glass
bases. The structural, morphological, optical, and electrical properties were
studied using X-ray diffraction (XRD), scanning field-emission electron
microscopy (FESEM), energy dispersive spectroscopy (EDS), atomic force
microscopy (AFM), visible-ray spectroscopy, and ultraviolet (UV)

( UV-Vis spectroscopy), and the Hall effect. The gas sensitivity of doped and
an doped samples was also studied.

The results of the X-ray diffraction (XRD) patterns showed that all the
prepared films are polycrystalline in nature, with a monoclinic type structure,
and with the preferred dominant growth direction (002) and (111), and there is
no change to the dominant trend by increasing the annealing temperature. Or
changing the ratios of double grafting, as the increase in the annealing
temperature, as well as cadmium and cobalt double grafting with ratios (1 + 1)

and (3 + 3) leads to an increase in the intensity of the peak of the X-ray
diffraction pattern with an increase in the value of the crystal size
accompanied by a decrease in the values of each From the micro strain, the
intensity of the dislocations, and the number of crystals compared to the doped
and an doped CuO films at low temperature, while grafting with proportions
(5+5) and (7+7), a decrease in the crystal size was observed.

The presence of the nanostructures of the prepared thin films was
confirmed by (XRD, FE-SEM, and AFM) techniques, as the results of atomic
force microscopy (AFM) measurements showed a clear influence in the values
of each of the grain size, surface roughness, and the square root of the mean
roughness by changing Annealing temperature, and grafting ratios of the
prepared films. As for the FE-SEM images, they showed the good, and semi-
uniform growth of the CuO non-grafted films, which have a spherical
structure at annealing temperatures.

(425 °C, and 475 °C) and then become nano-flower shapes at high
temperatures, accompanied by the appearance of voids and an increase in
granular size, and the granules take rock-like shapes when the membrane is




grafted with cadmium and cobalt, and the granules take shapes resembling
rock stones, and cauliflower nano (Caulis-Flower) of the films grafted
bilaterally with different values of grain size, as the cross sectional FE-SEM
images showed that the thickness of the films was affected by the processes of
annealing and grafting. The constituent elements of the films (Cd, Co, Cu, and
O) were verified by energy dispersive spectroscopy (EDS).

The optical properties were studied by recording the spectral absorption
and transmittance within the wavelength range (300-1100nm), as the results
showed a decrease in the absorbance of the films for incident light with an
increase in the transmittance values with an increase in the wavelength, and it
was noted that they behave similarly at annealing temperatures (°C). ,and
475°C425) Then the absorbance increases at 525 °C and then decreases at 575
°C with increasing annealing temperatures. On the other hand, when the CuO
films were grafted with cadmium and cobalt, the absorbance of the ungrafted
CuO films was better, and it decreased to the lowest value at the dotting ratio
(1 + 1) and then increased by increasing the dotting ratios to approach the
absorbance of the pure CuO films. The annealing values ranged from (2.07eV-
1.94eV), and when grafted, its amount increased for the non-grafted film

(2.15eV-2eV) at the grafting ratio (1 + 1) and with an increase in the double
graft ratios, it decreases to approach the energy gap of the pure CuO film.

The study of electrical properties showed that the type of charge
carrier is of the positive type

(p-type) for all non-grafted CuO films, as the quality of the carriers was
not affected by the increase in the annealing temperature, while the grafted
films showed a difference in the type of charge carriers for all double-grafting
ratios, as the quality of the charge carriers changed to the negative type (n-
type), and the results showed The double doping with cadmium and cobalt
generally contributes to improving the electrical properties of the copper oxide
films and that the highest electrical conductivity was for the double doped film
with a ratio of (7+7) [(Cd+Co) wt.%] [3.50x 10+1 (Q.cm)- 1] corresponding
to the lowest resistivity [2.86 x 10-2(Q.cm)]

The results of the sensitivity study to ammonia (NH3) gas using
undoped copper oxide films doped with cadmium and cobalt showed that the
highest sensitivity was obtained for the undoped CuO membrane, as the




sensitivity to (NHs;) gas reached (28.8%) during a response time of (12s) and a
recovery time of (104s) at room temperature, while the pure membrane
showed a gas sensitivity of (29.11%) within a response time of (27.9s) and a
recovery time (41s) at a temperature (200K), while it was better Allergic
reaction to the prepared membranes when vaccinated.
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