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ASTM American Society for Testing Materials
AFM Atomic Force Microscopy
FTIR Fourier Transform-Infrared Spectroscopy
FWHM Full Width at Half Maximum
hv Photon Energy
PV Photovoltalic
PD Photodetector
PL Photoluminescence Spectroscopy
PSi Porous Silicon
SEM Scanning Electron Microscope
Cu Copper
XRD X-Ray Diffraction
uv Ultraviolet
IR Infrared
VIS Visible
NPs Nanoparticles
PLA Pulsed Laser Ablation

RMS

Root mean square
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skl aasia gl e Bpanall 2052V aea o (XRD) Al 22530 ag0a iliagad
Geilaie sl aaall d8jeal 40 548l jema alazin) GIX (002) «(110) Lalsil iy
ccpalill 3)ha Glaga 3ab J& (RMS) pdand) 4938 Jaray aliingg

e o Aansia 453W6 (CUO) diel o (i gpead) alsddl (ulid aayg
byads Al e LS 5 ((400-700)nm A yal) dshaiall dga sall JIs LY
slieYl (Cuy0) sald (2) eV (CuO) salal (1.8-1.6) €V (e plaidlyiy 43Ul
Bpdanall 482V (pali 5l Glaya salyy e

3aL33 ala3 Alia il o) 3ycanal) 43 S A0l o<l luliall e Jang
CuO sale 2pse¥ Adiasill gsi o Joa LAl QLS e oy copalil) 33ba dao
Ohala 3858 Jay cpalill 5)ha Aaya 2Lask (p-type) Ll —agall gl e
cASHanl) alayig daail)

Glua o3 juasill Jgaal) CollCl DU Alla 3 (s —Ls) cululd 0 g
dad Jal cualy 3 ccpalill 8y Ao 5ol JE L) ang D) chaiaall Cal KU AN ale
aiad) Csl &I gkl st o) Baa gl ((200)°C cpalisyha dap 2ie (1.9) o
«(p-CuO/N-Si) CadlSl (b 35as aa (400-900)NM Ayiphal) Ahiall Garia Jant

Caglall (e el saall Adlaie G 5 (700)NM asall Jshall vie 391 Al ek
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daakall V-

(solid idall AUlal) slips b degadl g58ll af (Thin Films) 4ad) 4569 slps o
(Micro Devices) s Sile bils pe dalaly 4diasy 4313 2a; Laili lejp ualy cstate physics)
[T Sl 2l ket ¥ Tan s claws @l Ll graal o

(BDlasall ol Auhy A g Al LD aal e A8 Apiel) juman @l adby
(2 tead) el B Sl pany Cegud LY $A8LaSy ALl Galidl) e paall 3S8 il
G e (Multilayer) el sac i (Layer) dida e Gyl 48850 456 Y) xllaas sile Gl
A A cligl) ff cligall f Ghill Giks e dail daals Ug Sl LgSan saxiy ¥ 28 Lims
Q5 a5 Apatiglly Aglll CliallS (BUIK) dliaw apen dioal A5jlie CAHAS dage 538 Galss
o s i Asenns 2aieY) o2 o 3l iy ((Metallurgy) Leisa) e (gs Sl Leas 5
Jie Gliplailly Auhall dapla e 32l g5i iy (Substrates) cuwsi el Adliaa Jse
d iy Lo lua Ll ) 4880 LY 8 1agls ([3lastally copsSalaadly ¢ SISy Lol
50 el 4 ledleind 2y 3 (Electronic Application) gy pSV) ciligdall g€l 8 Jax
«(Integrated circuits) k<l gl 4y ((Magnetic Memory Devices) duuhliadll
«(Digital Calculators) .yl cwulalls ((Rectifiers) clasialy ((Transistors) <) siuyil il
((Gas Sensors) jlll cluwail; (Solar cells) 4wl WAl (Detectors) i<y
Optical ) ipead ikl 3 458y 45V Cledul samidl Gkl oda e Sl

Apay GladineSy Ahe gl paailly Sl sial 4 Wi & 3 ((Applications



Lale dLasia Js) Juail)

Aulladl Lhyally (Photo Cells) ddgall WAL dclia 4 L 323U (Optical Filters)

[4](Anti Reflectance) _u\Kai¥) ol
Properties of Copper(ll)Oxide(CuO) el LSl pailad 2-1

Jpanll (Kay dfilial) Gulaill iliSya aafy Alagall 43s dgall (e (CUO) Gulaill 2]

a3 «(Cupric) 5 (tenorite) 4l dualal) a1 «(metallic copper)  Jall (ulaill 3auSl e aile

s Akl — Apall) saall (o Al 5gad clliays o(Stable oxide) i) Gulail) awlSl (e

g5 (e i) 3aay (5S35 (MONOClinic) Jsall salal sa 32l s3¢d ()skdl aSslls L[5,6](s paal

(Black to brown powder) Jsull Jile 3ale s sl 13 (5% Aaphall g (bCC) sacldll 38 paia

[7)(1-1)JSAL zeaiase LS

Coppcr(ll)_'oxldg

the unit cell of copper(ll) oxide ‘part of the crystal structure of CuO

[7] el Ay (b ) ol s g (g odal) s i) (a) (1—1) Jd
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AlS5 co)igh AplSaly Aal je dapl clliagy cdad)ll anae 45l (CUO) Llaill 3l e
o kel Badl cdla o) Gl o(p-type) Lk 8 CUO sald dluagills ([8]4ikly skl
[9](Holes) ) il

(Anti—  Zpuhlices il suum 3l iy el epall acalisicl udiss
s (CUO) sald adaldll asall Jshll o) [10] (Tn =160) K 3)l~ 4a,2 4 ferromagnetic)
Jsaalls [11] (500nM) dase Jsh xe (10% cm 1) 58 Lalaiad) Jalae Wi (680 nm)
[T 3008 Aol 2l Gadladl) gy (1-1)

[7] (CUO) Coulail) apuaS sl Ailysailly Ailiasl palsll (any (1-1) Jsea

-

Properties

Molecular formula
Molar mass
Appearance

Density

Melting point

Boiling Point

Solubility in water
Solubility in ammonium
Hydroxide

Band gap[12]

CuO

79.545 g/mol

Black to brown powder
6.31 g/cm®

1201 °C (1474 K)
2000°C (2273K)
Insoluble

Soluble

(1.2 - 2.1 eV)
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Lattice constant a=4.6837A
b=3.4226 A
c=51288 A
B =99.54°
v =90°, a =90°
Related compounds
Related compounds Copper dioxide
Cu,0
Application of Copper Oxide (CuO) oeladl) syl cliudat 3-1

—Seall paaall A aadi 3 :(Solar cell applications) el alall cilinls e
Jsball g0 b Agle Apaliaials Aphaa) e Tus (305 Agle 5l it 3l gyl
J14]Ancil) 48U Jygas Lails g ([13] Sl oasall

bzl 380 Llugl 45 [15] (magnetic devices) ddalizall Lilal) & Jexiny ®
.[16] (magnetic storage media)

danly Clipks a1 o) 3) ¢(Optoelectronic Device) g el 83ea¥) 4 Jaxiy o
LGl claghll Jie dibiie sieal 8 Jexiny 3 AisingyeSll 5jeal) 4 ddbaag
[18](Field emission) Zic Ll ci¥ladls ([17]¢ pall

olaill 20 5) sald s yhall dapy Galiad) o) 3 cddlay) 48 Lils delia b Joxig o
[19Tas55 SN Dlim g€ IS 38y AR Tl sl Aboa AiS) ) g (550

- [20,21] (Gas Sensors) Hlall Gluwaic o
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:AG L) cladall 4-1
—gel) sl Jsladll 48l CuO sale (0 428, duie) [22] (Sekhar, 2001) .1
Coyelaly ¢l 3l clayy (sl (CuChL.2H,0) wlas gl Ll Jolas (e (SO
CuO sk Lekily 360°C syhall dayn vic CUO Hohay sSs adl Ayl 22 2gm il
cilS a8 458 (CuOCuUy0) dgpead) dajall 35ad dad Wl .(400-500) °C 3 sy
sl e culgd o5 (1.9 ¢ 2.1)

( nanophasic) galill Hshall il (ulaill 2wyl 4use) [23] (Armelao,et.al,2003) as .2
OsSlaall (ge 2ol o (gl dolaall) Galaally oSl Aaldy (uladl) bl Jslae aladiuly
Bha layy dphall 30usY) i pmlal) dadall ¢Dla ey slsgd) 3 Al 5 daje die
G Al e skl Gl Al 4V aga i Gyelils ((100-900)°C dibia
Y aamie ) oY) sl e zolim Ae V) o) 3 el clayy Gl L sausY)
(20 nM) e J8) (ool anally Ayl Slf g s e il Gl e

@l il 45l (CuO) 30l (e 4ad) 4p5e) [24] (Huang and Yang ,2004) s .3

Daa 8 Syl g Y puladll Sl e e Jgeaall (Cu) pulaall 356 alaaiuly 2l

Ciyekls «(XRD,SEM,TEM) ciluld ¢hal ais «(900-300)°C sac @l 3)ha culays ey gl

Dl @b 12eY) o (SEM) milis cujelaly ¢ pslall 4al6 (Sl culd Laey) o) (XRD) gzl

e JS8 ) pral) Laliie SIE 28 o) (TEM) milis cujel) Gy o puilaia sy 45l

olal el
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sl Sl (e 43, 4uie) [25](Papadimitropoulos and Vourdas, 2005) <, .4
O zsbE Bba Glapy (& osbd) aeld o puladll 2l Ak ) saus) daulsy sy (CUO)
o) (XRD) il 4adV) ciliagmd cujelaly ¢ hall 3 g)lall il daly 450°C 1) 150°C
Bla Glayd 8 B ae sl Lgiss CU,0CUO (ysh e il uladll Syl 3y
&y .CuO iy (5 o2 3)hall dapy (358 Laiw CUO Lulaill i€ 3 (225°C ) Jua
Ay Agde Jpanll (S & CUO g 3225 C° Ay 4 &l CUy0 e Jsuasl)
335 C° 5585

(PLD) Ll il ddaulss (Cu) pulaall e 100 nm [26]( Stefanov,2006) Ealdl )y .5
el Bl o Guladll 2uS) paibias upay ¢(CUO) clie o Joaall olselly (uladll clie
(1.8 8V) cialy M ¢ ulail) 3l ¢ Liad A8lLall 5ymd (uliis (SEM) g 5SNI sgaal

ol 4yl (CUO,CUy0) Lulaidll 2wyl e [27] Yo oA ble Al-Kuhaili caldl jaal6
& .(200nM) classy 3yl Gy dilide il e el e CUYO Bsausal £ 14l gyhall

(300 = 450)°Cse sy dayug «CU,0 sLial (100-300°C ) e 8ha Ay panall duied)
ol Laxie CUy0 slie o asg 3 hpuanall Bpie S A€l (ailadll duhy &5 «CUO clial
@hall ol Ala 8 CuO slie dad o Laasly (Lol CUO 1) Jaiy (1300 ) °C )b day
38 e Lyl Gailadl) Luhy & Lads S sala 5245 o Cige (450 ) °C sha dayy

.....

Aaa 3l J85 A8Uall 59n8 dady (ualil) 3 dayn 3alhe a3 Cage Ande U Ay yead) 40N 5L aa
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eLial Alal) 3908 dady (2.1-1.7€V) CUO (e o Lial 28Ul 5sad dad Cuadlis 3 palil) 3)a
.(1.7-1.3eV) cuailss CuO
ool 2l Apie Y dppally LSl (ailadll [28] (Chen and Long , 2009) sy .7

((111) aalsil sSbadl (e seld e (PLD) 3l il &8pkay 3ycmsdl) (Cu,0,CUO)

Single) 3ie sk < syl L) o ang Aidl LY dgm Auhy e ddlall Glals g

. (phase
4yl (CUO,CUy0) (el alsl (e dd) duiel [29] (Tarik , 2009) aldl s .8
3 Agpaily LSl Gailadll Cupay ((2000M) day  ocanll NA-YAG 5L sl jucass
S 2 Agpadl Ll Wl o slall sasie syl el G Al i) g il Gl
(CuO ) slial 1.8V sl synd dad cuilSh (Aillal) 5ynd dad slasls chypadl Culgll Qs
clome Aainly e b Wali syuaad) 4380 4,82V cpali ve ((Cuy0 ) slzal 26V
Wizl 300 °C s)ha Aoy cpalill gls comall aaadl 32l ) sl ol o Laagd (uaglla
e Al semd ady gl ) cpalil) gdf QX (CuO) slie ) JalKIy alsay (Cu,O)
Sl days dieg apll (gl Gualill 8 (Cu,0) cLiad (2 eV) Alall 55ad dad CiilS 3 3 panal)
Sla day die (1.7 eV)caual 5 (1.8 €V) (CuO) sLlials ((1.72 €V) caaral 300C b

. (500 C) (s
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el il Zayyla Aasinly (uladll 2yl e ilie [30] (Ahmad ,2010) caldl jas .9
dongall JIska¥) heY sala Claipe ol 8 Lealadin) (apal Calide oy Cilie st (gylal)
Agpally LSl pailadll Ay sl slels Glie jumat e Slad Ll eheal) s
Jaill Jglae juas 3 dylle 35liy Cu(CH;CO0) 3H,0. 48l Gulsall bz 3ale Caadiiud
ooy ke Lalay el o 28850 LBeY) o ws qgise (4))) DS sl s Ay
ddyee 23 XRD 4yl 228 aga Jaai (a5 .(100,200,300,400)nm Cilise élaws; 400°C 550
(100,300,400)nM  clawsy symaall 4piel) cllic 3) ¢ slil) sadie & sl Syl dapla
[002] 3350 daalas) elliag (2000M) clany panall o Lixll L ([111] 3250 Lpalas)

ke dgypalls 4lyelly AnS il (ailadll [31] (Ibrahim and Salman ,2011) (w2 10
e 573K 3ha da)y vie Sbesl 55 445k (100,200,500) nM- oy 35aa4ll (CuO)
Coelsl L JpasSl (e Tiilde 50 8 e CUCH.2H)O (e s¥50 0.2 slase (o zlaill (e 2clsd
Aluagll Gluld L 1117 dalail sl saaxie S5 Led 3ycanall duie V) o 4uS 5l Cilia gadll
L) ((Ea2=0.85-0.05)ev (E.=0.66-0.45)eV Lyl ol g Lue¥) ol ek 5ydil)
ssad Lol aliall Galall il 235l aaadd spasa) Bpdel o)) cjedals Ayl Al il il
(Eg=1.5-1.85)eV (s #slyis il Zall

1Sl ae elaill ) (e A58 ded B4 [32] (Kidowaki and Oku ,2012) aiwa .11
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Introduction it 1-3

s Laiuly 45830 (CUO) Luladl) 2yl dpsiel jumad 45l Laje Juaill 138 Gausy
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Drop casting method 8hall cuall 48,k 2-3
JSaly Aaimse WS A8 i) o Jpeaall SLeSl cuall digh i
sacli o agialVl o) o budl o) zlagl) e il e e laal) g Gllyg (2-3)
Gl b dexdial) Akl ay cleri Al skl g5 e adial 3yha cilayy ala
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Juerinsly W1 Jush &I (Distilled Water) jlaiall slall (o gasay LS aelgll e ¥
428 (15) 3ad (Ultrasonic) 4 swall (558 z15a¥l dars 63 SleSl zla )l Slea
Juill (99%) i e (CoHsOH) JsbisY) JsaS (e pagmy (3] ya 225l sl .

Aagd (15) sad aild (Ultrasonic) lea Jlexinly Ul
Slea dlesinly Gilall elogly 5 cmaill Ghyl Aauly lus Slem ) aias Tl Lo
80°C gyl clayn (i) (e e aa g laaay (Blower)
&l g5l oy (Single Crystal) 5ysld) dpalal (Si) dusSlu =iha 2cld : SE) goill B
bt (1-10 Q.cm) 48LyeS Al (100 ) 4psh dalasl <y (n-type)
Jalye Gendiy gldY) (Deutsche Solar AG) 48,4 (e syeadll (125+0.4mm)
(25%20) x 0.2} mm? slals 5Kk )l ) 0 Salaud) @i o )
Ay Qilglll (e paladll (Chemical Etching) ALl uesll dilee oha) o4 WY
asla b A ldl Sl V) et W 3 ¢(Si) mhan e sall e LSl 2SN
(@ (5) s2d (10%) 385 ol HF:H,O (1:10) Aty Caidal) (HF) clyysla g jasgl
050 On Sl e o salgiall anSY) ddds A e LGN (malal) 13 o) 3
Audi (Si) 4 il
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e ilaa)¥) Al o (3 g g b)) Ciuasi & Jaball o3a IS ¢ Ll G (S
tlpa)) o2 o il uasdl Gl olaal) sale S5 dxph & mualss S b
s panal L Ayl claall s 8 Tas g 415 A8llad) oAl gl oY
e g paall bl gl il 48
Masks Preparation dai8y) juaai2-3-3

Aalal) DY) jacaat W cdaisSbadly Dalall b)) ks ddee W5 o)
bl & dauadll (Masks) axdyl . ALyl Juasill iy a1 CuO dpiel cayy
OsSE Gy gle AaY) o3 JS A geudy Loyl el ¢ Al agiall o (Foils) 336, e
G Azt el Alaieal)l 49 &l Lalasl ciluz ) dalie sl La8Y) dalus
lead Ayglaall QY] dalies JSG 385 o Aubial) duaigd) JKEY1 el Jee 2y
JCE) masyy AileSl) e a gl Cillaily dialal) dal )y Al 23l dalad) il

Aball o2 b Alexisall 12V (g dilise lelgf (3-3)

At Balay ae duhal) oda b Alexiocal) AadY) (e Adlida zilad :(3-3) Joal)

Agisilually Aalajl clua¥) o (1x1.5) em? dalway (CUO) slid ol Jaxicuall gLl (a)
Culiliia cpalad JS Gu Alaally (0.4)cm b S Gae (e Ll Gl cuws gld (b)
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G5 Spanal) LY o Juasil Q] cuusi gl (f) Suanall L88Y) o Juasil QUi cuss
panal) Luigual) e Cilalia Gailad dufl el sacldl) Aag
asialy) b Cuwy Ales 4-3
Gl aladinly (5 AY) Ll pe 4aloeSl) Aduasill ddee aajal asial¥) QU Cun i o
(Thermal Evaporation in  ¢1all & ghall yaall 4yl (99%) 55l e asialyl
bica i SEll e paiss alaiuly (Edward) g e dashie dauln Vacuum)
sl )k e DY) cad 8, (107 Torr)
Prepartion of (CuO) Pure Film :4&il (CuO) i yuaas 5-3
Gl sl bl Hadaul &0 dagll (CuO) el il
sl 331 ymase US55l a5 ((CDH-INDIA) 3,3 (3 33¢aall Cu(CH3CO0),3H,0
(1.9965 g) ldl &5 A8)ll 5l Aspas Jslaall juzmaily ((199.65,9/mol) Jusall g3y
hlind) LAY sy lid) sl e (100 MI) 8 abldl sl sl
o deanlly L6l 33 &) Jslase Je Jsasll (10min) saad (Magnetic Stirrer)
ALY ki 43ty Syl )
= 2y (55 - (1-3)
o
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Lf’))“g\ ub:m e.l;i\.u\ (CU(CH3COO)23H20) @w\ w\;.\j\ c"_iL\.Lu.:\ 3ale 4 k_awj
Llee g AV Ll dledlls (107%9) 4imlea ala (Mettler ALE- 160) _uloa
il Jslaall (el Jlail

CuSo4 + 2NaOH—Cu(OH)2+Na2So4
Cu(OH)2—Cu0 + H20

Films Thickness Measurement 4.:8Y) dla (uld 6-3
S Ohse aladiul oy 43kl 23 & (Gravimetric Method) duijgll 44y k)
Glaa V) AES Gy 2l Y dpde (il gy Lulua (Precisa-Swiss) g5 (slua
Say dibalsrs il ddee 22 lgle Balall Cwg ddee J8 G ll Baedd) dalasll
coLial) Aalie alayl (uld SIS, ¢ juandll o Lial) sale ABS Jiay (M) b€l o @l alayl

DAY 3B 38y e (£) suasdl sLial) daw e Jpanll L 3

Am (my—myq)
— 2-
A-Pf A. Pr ( 3)

sny dnlagll A N1 ABS 1 My ¢(0) 4 sl U8 Taladl B VI ABS My ()
pr(CuO)= 6. 31 gfem’ . Lzall 52l 43ES (CM)2 o Liall dalisa 1A () 2 cupms i
(NM) Slas gy w8l pasil) 38l o Laal) clat @
) Andy) agaa ARG §piaadl) LieY) S5 padidn 7-3
Investigation the Structural of Prepared Films by (XRD) Technique
il 233 agall haa Auhy Gph oo sale Y @l SHl g Gk Ay
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Slea Jlexinls (shl) eaSsi b dyma JaY (20=20°-80°) sl el an Asnsal

24V lial eall Al 423 aga

X—Ray Tube Scanning Measurements
Target: Cu k,. Axis: Theta — (20).

Wave Length: (Ax-ray) =1.5406 nm . Scan Mode: Continuous Scan.
Voltage: 40 KV. Range: (20-80) (deg.).
Current: 30 mA. Step: 0.05 (deg.).

Speed: 5 (deg./min
(Bragge Law) &y (56 e sldieYU (d) Ayshll bl ca ddload) alag) &

Clilad Al Johally lgijes (hKL, 20)0e JS slad Gob e o(1-2) Aaladll
cSHl gy Je il &y (ASTM) [American standard for testing materials]
Ban gl Al ey Aeadisd) 33kl (450
(AFM) 4,10 348l) gae ciluld 8-3
Atomic Force Microscope Measurements (AFM)

Gl i del mshu Adhe pgh 8 clawdl 50 L)l (AFM) 400 alasiul a5
(SPM-AA3000 contact mode spectrometer, g5 Slea Jlaninly 3 panll
Jga Ao Jgaall ((Advanced Inc. company, USA) 48,5 o« ¢l Angstrom)
asalls ((Roughness) disiall Jules Cim e ol Gt ala¥ 1 4500 alady) 4505
.(grain Size) sl

Optical Measurements 4 ,ay) cluldll 9-3
3523 (A) dualiaiaVls (T) il Cagla (uld dyyad) (ailadll ciluld Ciias

(UV-Visible) 1800 g5 Calias alasiuly clldy cioalasll ciloca)¥) e 231< 4 )
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Jshll il JIsa lebaa gy dialiaia¥ly 400l a8 uld &1y 3) (Spectra Photometer)
8oad alagl Al ((300-900)NM  asall Johall s e Al e (A) Jdlud) ol

Ay o) 23

:(Electrical Measurements) 4.l ,4<!) clulall 10-3

:(Hall Effect Measurement) Jg il (ulé 1-10-3
o Bnall Bamadll 43 en o (R0 Bha Aan ) Joa DL s (5
oe (Majority Carriers) dulel) diail) clela g5 Adyee dal (e @llig ¢ Lala) Claa)|
3 e(u) aSndy (1) cOaladl 585 Gl &y ailauslsy (o3 (Ry) Jsa dulae alay) Gl
uhline Jlae all L3sae 3)gemy ale Jaea i) Gl (i i day Bycanal) 205 puay
PR e AbeS s pe mlxic (B = 0.25) Tesla (Wb/m?) (g5l iady <l (B)
gall Gl (o) elaal) Jala b HLall Gax 8 s a5 luldl) (e 4l (o) L cdisal
= sl e Lagp (Tandem) g5 (D.C Power Supply) syaive )% jeas Gayb oo
Loy ot e () Gl sLaall s el Ll (eLal (Ammeter) Lall (ald Slea
Slea ok e g yaall dulaill Jaasill oDl o Ll QU e A Y Calsiall puladl
sliall Ayl e salgall (Vi) Jsa 4l puldl g))ill Ao (Voltmeter) aal gl (ulé
Jlasinly coai e Liall Ul ae Gulaill DL Jreasi dipla o ) Lia LY sy (G850
£33 e Oy ) ualy alls 5 51 glea ol o(SilverPaste) dcadll iyae alal
LSy (Keithily. 177 Micro Voh Dmm) &4 e siailsdlly (Keithily-616 Digital)
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Glass €— Thin Digital Thin Film
Substrate Film AY Glass
Thermocouple Py
| Substrate

:#0.4 cm
Al Electrode Al
Electrode
R
Keithley 619
Electrometer (a) (b)

(Ga.c) ainnal) Ailyyg€ Ll gil) (il Aasiiienal) AyilygSll 854 Jabia (a) :(4-3) Jedl

Agale o) Q] a3 690 ubd (B Aasiicuall Adal) J0i bbia (b)
Ol GAall Al sl ailadl) 11-3
Electrical Properties of Heterojunction
é\m‘ Qs ‘”’A’ (J.QA.—JQ:\) uailad u.ul:é 1-11-3

(Current-Voltage) Characteristics Measurement in the Dark Condition
Sisall CalSl aasy Aajall 5 Ay vy DUl Alls 8 (I-V) (ailas (il S
aflgdy (lg) DUl Ol eld Gpb e AblyeSll 3l aday);  dalbe 3aa Jaly
CadlSl) e bl g3l Layyy (Forward Bias) slY) syl xie dlluill (V) 3lasy)
5l eaal cansall agally AN (o cansall o3l Lagyg )2l el callad) agally

(Keithily— 616 digital electrometer, &5 (0 bl (63 i)l (uladl Jlaxivly
Tektronics CDM 250) multimeter dual Farnel LT30/2 (0—- 10)V power
AV B e (V) R (s 48l saa) b (lg) DL ol o 3 o(supply)
(Reverse Bias) uSall jLa™U () Hlad¥) dalgdg SUall Lo (b Sy . e8] (uliall
cngall g3all Jasyg 3 paieall 3)08l) Jeaal Cangall 2gally CadlKN e bl e3all dayyy U3
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Jaxival) (D.C Power Supply) 3ycivall 3308l jeae (e el (0-10) Volts lasy)
sy Y L) Sl on Al &) aus (Dazheng: PS-303D) g5 (e
Gy e (Ideality factor) (ng) Lhdl Jale dad alay) (Ko Gy daliddl Hlasy
:[92,76] ((2-25) daladll
el v (3 L) pailad ubd 2-11-3
Current-Voltage)Characteristics Measurement under lllumination
A 3 ailiadl) s3a Auhal (7-3) @Sl 8 daa gl 405l 550l Jlexiad
3 cdabucal) (V) onSall 5lni¥) agad A ypmall Cail &I (ln) Asiall Jgall Ll (uld
(Halogen Lamp- gasla rluas e ganl epal Jpall il s 2
Wyliie ddipn 5 LS (Wotan-Germany) 45,5 (e ek (24V,50W)
adl Gem pte @S e bliddl el SladY) s oy (26.6pW)
DUl L e ae Sl selia) (e Agiall gl LAl a8 Alie ae (0-10)Volts
Crbspall bl Fualils eVl glea b Lo iy BLAY (uSell sgal) i a3l
(UNI-Trend Group: Hong Kong) 4S,5 (1e lea (UT136) g5 (e 4iliyeSll a0 &
bt slal) leied 3aad 2 ~luad) (o Ssall il e ddailu) LelesY) sall o
o (LPI) ¢¢ (Power Meter) djgall spmll ulie Jlaiul (zload) gl

.
B
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(%2 —dan) yailad (uld 3-11-3
Capacitance — Voltage) Characteristics Measurement
sl e oafall Jlai¥) ga Gad SIS (2 —Aa) pailad Gluld G
g5 (LCR-Meter) jlea Jlaxiuly @llis ((10)KHZ 5o aaly 2a5 alaaiuly (0-10)Volts
S oLl aea aaat 8 age (C-V) Luld ol (Hewlett —Packarrd: LCR-4261A)
iad alay) Ay 3 (Graded zxis 5l ADrupt ala) Cpagll (3aall JLaiV) g3 ddyeas (V)
AL oy cdaludll (V) el Shat¥1 sgas (1/C7) oAbl 38wy g Lilee (Vi)
sang) Cpeaill Aikaia A alagd S (V) Gad Jidi 26a)l sne gn pifinsall Jadl) ool
O Sl anll (e il sda uld Ayl ofs (V=0 ) adalil) ddail die (Co) dalusall
(1/C7) s (V) s
tAgall @dlsl) jailad @luld 12-3
Photodetector properties Measurements
:(Ry) dadalal) Llaiay) (ulid 1-12-3
Spectral Responsively Measurement
Gub (e Byl il Gl (and aghia aladiuly Lkl i) G S
sy Sl Gapad x o(120) mW/em? iy sl e Sl L) ad Jad
JS (Ry) dathall 4laia¥) G laie ypaaty @llyg A= (400-900) nm il ol (e
Jsb JS g (lpn) sial) Ssuall SN laie (el &3 3 ecadlsl) e (A) Jilu ase Jsha

((39-2) AU sty Lilu ase
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Flectrometer ™1 |

. Photodetector | ¢

) 1 Monochrometer

Tungsten-Halogen
Lamp

D.C. Power Supply

Bpaadll dyigdall CadgStt Al Aplaiul) (uld 8 dlexical) daghial) :(5-3) Jedd)
(D) 4 sil) Ldis) Gl 2-12-3
Specific Detectivity Measurement:—
A3ty sl Jolall Ay lghia s pmndd) Call &l (D) Ao sl 405N Glua
(42 -2) @
(08 Adadd) edlalad) Bl B389 cpa) b 3-11-3
Minority Carrier Life Time measurement

5ok Llaiul) ey eldl Hlea ddauslsy COLalall Bl 3y Llaiul) (e) Glia
.( Digital Storage Oscilloscope —Twintex ~TSO 1202) ¢ (200)MHz
add) MR cilalea cluld 13-3
Voo Aagidall 5yilal) dsilgd (uld 1-13-3
Open-Circuit Voltage Measurement
o<l salgial) Al e Jiah ) o(Voo) Aasiball sylal) Ailgh dad (uld

Ll e gl ail Al Ay A o ala Sladl sea b le Al b gl
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(Keithily 619 g5 e bl ulitall Jlaxinaly «(40) MW/CM? laylaie 4 sum 5,8 48Uy
(1-100) MQ (0 4iad #1555 Claglia (§svia Jlaainly XS, Digital Electrometer)
((15C) Bypail) 33N Sliig (Vimlm) Ziidodlly SLall o <0 adaal) )l auaas o5 o dau
AES A any Gpb oo Al 3oLy ol Jaley (Voo) Aagidall syl dlis
Jales (%) adisail e LSl Cilual (47-2) 5 (46-2) oilalaal) alaic] o3 ¢dildlly Ll

sl e (FLFL) edal

Box Resistor

Iz/

hy

1~

(~)
/

Aagifal) 850040 Ailgd (bl Aol S 500400 babada 1(6-3) JSad)
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(I-V) Characteristics of Heterojunction in the Dark Condition
iall ally LYl Syl dglgal A0S (ulaall Sl s (17-4) Jsal) Ja
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Sample Ideality factor (n,
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100 3.85
200 1.9
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(Capacitance-Voltage) Characterization
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f= 10 KHz 2355 3ic (CUO/Si) cpagll Gukall L1300 s Uil 3gag dan :(6-4) Jsaal

Sample c-(nF) Vi (volt)
As-prepeard 67 0.4
100 85 0.5
200 76 0.25
300 43 0.2
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Detector Performance Parameters Measurement
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Sample | | Voo I Vi, F.F% | n%

mA mV mA mV

AS 2.2 4.4 1.5 3.2 | 421 | 1.2

100 | 3.85 | 4.1 3.1 3.3 | 64.8 | 2.5

200 3.1 | 6.06 | 2.4 4.8 [61.32| 2.8

300 6.1 5.8 4.4 4.4 |54.72| 5.7
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Abstract

In this research, photodetector and solar cell fabrication from
copper oxides (CuO) its properties were studied, which prepared by
deposition CuO at different temperature annealing
(as prepared, 100,200and 300) °C by Drop casting method, These films
have been prepared by deposited on glass and silicon substrate in room
temperature (as prepared). The XRD investigation showed that all the films
that all prepared films are polycrystalline with preferred orientation along
(002),(110) plane and atomic force microscopy properties (AFM), for all
films that grain size all the films were homogeneous and smooth and root
mean square (RMS) change by increases temperature.

From through measurements of optical properties exhibited that the
thin films (CuO) low absorbency over the visible region wavelength of
(400-700)nm ,both two values transmission and the optical energy band
gap decrease from (1.8-1.6) eV for(CuO) and (2)eV for (Cu,O) depend on
the increase thin film annealing temperature.

Through electrical measurements for thin film prepared, it has been
revealed that increasing in electrical conductivity with increasing annealing
temperature, note the Hall effect were (p-type) positive semiconductor,
and with increase annealing temperature decline concentration and increase
mobility.

From the result of the | — V characteristics measurements for
prepared detectors under dark calculate the ideality factor for detectors
fabricated, as it found decreasing with increasing annealing temperature
then value less (1.9) on annealing temperature (200) °C ,noted the detectors
fabricated showed a range of spectral responsively between (400-900) nm
with two peaks (p-CuO/n-Si) one peak at (700)nm wavelength-visible
region, while the second peak at (840)nm wavelength near IR region. The
same response for the detectors fabricated with wavelength shifted in the
first peak response within visible region, as for annealing temperature (300)
°C the peak appear at (680) nm wavelength. As found the good result of
the spectral responsively at as prepared temperature which has a peak



response about (0.64) A/W and a specific detectivity of (9.178)
cm.HzY? W*x10"at (840) nm wavelength with maximum carrier life time
which about (5.9) msec obtained at temperature (300) °C

Solar cell fabricated from (p-CuO/n-Si) heterojunction which prepared
from deposited films by using drop casting method from (CuO) with
different temperatures, and (n-type) single crystal silicon substrate with
orientation (110). As showed illumination and (Short Circuit Current and
Open Circuit Voltage) characteristics measurements solar cell with
annealing temperature (300) °C have higher efficiency among other cells,
the efficiency (1) value from (n =5.7%) that the heterojunction is abrupt,
and the capacitance decreases with increasing reverse bias voltage, also
with increasing annealing temperature ,whilethe width of depletion layer
and the value of built-in potential increases with increasing of annealing

temperature.
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