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Simple and less economzca[ netﬁocf qf c{etﬁrmmg tﬁe‘ ass of Cu,0 on Cu as we[[ as the
thickness of Cu,0 on Cu 'Was mvestzgate{[ The 1} it ﬁs of open circuit, vo[tage oc,
resistivity, and short circujt, Furrent ,Isc withit ',g : 'm of Cuz0 on Cu were investigated.
The best Voo (93.05mY) *o vtazne;f z#z éﬁ ' [tu /' auas, ﬁrt’tﬁe cell thickness of 14um and
resistivity of 0.26Qm. Tﬁe;/i 0! 44" his work is 23y. T\esu[ts Sfurther
show that 1y, increases wztﬁ ' tzrzzty of the cell.
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Introduction o ‘ ] L dniag val ety of materials, but semlconductor
It has become necessa lto Iook fbr " ||devices|lhave shown the best performance in
alternative energy sources; s'nee dem\anq |fpr . Ii (M _Hael 1990) When solar energy is
electricity is increasing trem ndously n view . | jinciden i.v a
of this, scientists have be h;carryfng\ eLq
researches aimed at solvmg Ledergy probl‘é- . lllgen
which- may emanate in' the' nearrfuture i Sol
Among several energy sour efa photovqlt ic 0
systems - have some umqu i nd attraotrve;

‘ o rd’ gliunt resistance.

' i" lls rprowde the most reliable, long

power supply for satellites and
ehlcles It is also used in small-scale
%I apphcahons The solar cells are

|
(|) nd, o ote‘rc devices in which photons with
r;’smalla dldi‘ e i | _\‘le#a!,’above a threshold :value are
scales for sate{htés and space, i ' to produce electric excitations and

3hole pairs as charge carriers. The
ovoltaic, - device does not  require
lediate stages of conversion to thermal
ime, hamcal energy prior to conversion to
i3l energy The conversion does not
&-any moving parts (Martin, 1982). In a
voltaic: power generation system, the
N ‘hbtovoltalc conversion : device, a
‘rﬂductor or array of cells is a modular
FL |‘converts solar energy directly into
i

vehicles as gwel as in’ small4

scale terrestme applrcatrqns x

(Martin, 1982), " ! ;

(i) - Reguirement rof no movmg

parts when in ‘gperation. Thisi /el

makes for’ ,Iees; rmamtenance- LNy

cost. : o

- (i) . Non pollutlor‘L‘ of| '”\hﬁe i ‘
_environment (Méntm 1982)‘17 i iisem)

Solar cell requires encapstlation not only for | for
mechanical protection but Elso to provrde ‘ \A

However the usé of photovoltaic

electrical isolation and a degree! of chemrda e
protection. EncapsulatrQnW g provrdes ! Iph |
mechanical rigidity to supportithe brittle cells  + The|
and their- flexible mterconnec?tmns It 'also ©lsem
provides protection from meqhanlcal d je | isit
as may be caused by hail, bqué'and |0bj cls | has,

dropped or thrown onto the rrho ules. i 1 |

The energy - conversion: ! yxrthe usé"of

. : 0 . S - -
UO {Q 49_ E__Q._-O“
e o Q.._.

very limited due to the cost of
taic' materials.

tential of Cu,0O to be used in
qctor devices has been recognized
20 (Herion, 1979). Copper (I) oxide
n:observed to be one of the earliest
sémlconductors It serves as an
ye starting material for solar cells for
terrestrial conversion or solar energy

photovoltalc effect can be observed "1 nature
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to electricity (Ali, 1998). It is said tolbe‘ one' s
of the earliest known photovqltarc materrals’ '
and the first in which the photovoltaic. effeict i
was successfully explained(Musa, | 199 )‘ ot
However, the performance; OfégCU2O scplar ell{ o
is still poor when compare to| more deyelog '
types of solar cells like smcon solar cetls:
(Furtine and Sears, 1981). Copper (1) oxrde
was mentioned as a possible materrat for
photovoltaic solar cell, havmg direct bandf
gap of 2eV, optimum conversron efflClency ot.
12% .at room temperaturew;( i :
Sears, N
apparent effrcrency plateeu[,ng }ctu
barrier heights of the range of|0.
Preparation of copper (lg XH
carried - out variou |,' iy et
reasonable. results One of tha widely 1 tgst
methods is thermal oxrdat;or‘r, The o#tdgtjg i
of pure copper requires terrtperatu e 111of|| | tor
from 1000 °C —1500°C with ri(t’rt’*}‘“ ranging from | lreagh
one hour to one and half: huurfs for. partial'and | | |lclase
complete thermal oxrdatlors espeetrvaly (}1

. Oxidation of high purity copper
“sheet by heating in air at
' 1000°C.

).~ Conversion of Cu20 to single
i1i- . crystal by anneatrng at 500°C
.i. - followed by quenching.

- Surface preparation by
.. polishing and etching Musa

| ali oxidation method is used in
repar »lon ‘of Cu0. The preparation of the

¢ sample] _‘tarted with the cutting of the copper
\& small sizes 6mm . by 6mm. After
i+ lithorou j ﬂrM ¢leaning the samples; they were
t ed:| | ,a" solution of | 4g ‘of sodium

e dissolved in 100ml -of distilled
:;e ‘samples were dried between
? yer and placed in crucible and

i ed into the furnace wrth the help

*.,OOO"C The. furnace ‘cover was
oxrdrzed for 3mrnutes After the

1008). Fast oxidation &} hrcl‘;t prés k ! ltho
temperature has beer usectt\f’ox rozs‘:l e ann
Cu;0/Cu”  backwall cens'§ the ||
characteristics compdrablel" ’and pOSSIbL)y il
superior .- to = frontwall ! ellet Imade 1|
monocrystalline Cu.O (Herron| 1979} cher
methods used in preparmg chper (h)..oxide
are electro-deposition and 's 1(Ql
and Brahare 1979) L

! i
i

_?___-w.._.‘._ =

ing.| process was to rmprove the
ue \'/|ty iof Cu,0.

|t .rp){rdatlon and annealrng chemical
g|iwas performed to remove  the
: CuO layer from the sample This
'two stages:

he samples ‘were drpped into the
tlon containing 5gm of FeCl, 4gm
;N-éCI dissolved in 100mi of distilled

i :
RIS R
s

Alms/objectlve., e “and 20cm® of concentrated

The aims and objectrves of his wi ,

follows Eod ﬁhe samples were further dipped
. " solution contarnrng 4gm  of

_soléﬁ cell” |
. thermalio ..
o To.istydyi the cur
voltég qianatua\c eris

||§

2 OfCUzG?fsolarcett

ARARTAEIA :kftié'}tlll’ed water. Finally, concentrated
b Y ;'j:‘ trrc acid was used to remove Cu,O
S I “.],er from one ‘side | of the -structure
¢ ZO/Cu/Cuzo to obtarn Cu,0O/Cu.
ymples used

qudrum persulphate, and ; cleaned in

e

;'. To S‘tu:d‘y the Vanat (?n CpIne| sam for * the i thickness
; curre and voltage |+ jimeasurement  were oxidized at constant
withi;tltl?e ‘thlckr{es's of | | jtemperature but varyrng time of oxidation.

‘ ' | * ‘ el . used for these

without current

Materials and Method i
The materials used in the, fal?m cation
solar cells: are:  copper ‘foili | | ~
Sodium - Persulphate FeCIJ HCI, .
water, NaCl and furnace. ' 141111 I .l
The main steps involved rn the pre‘pareti oM
Cu,O solar. cells by thermal oxrdationtare é;s
. b
|

1elthic j‘ ess of Cu,O on Cu was measured
by lthe|: mass: loss of Cu,0/Cu cell after the

U;0 | [layer had been' dissolved in
+éted HCI. The procedures are as

“The samples were! werghed in

follows: '\ a digital meter balance to

ngerlan Journal of Physics, 19( 1 ) {
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obtain the maee ;of the <':ellm l l i

's(‘ii)T' The samp|e

were! then
dipped in con?entrate HCl to
‘remove Cu;O layers. - 1t |

: (m) The samples v\/ere agam IR
weighed to obtain! thes mass: of Cuzd ,
dissolved, that is, the(mass dn‘ference
before and after dissalving of Gu.0, |

At every step, the thlckneES short cwcuut; Th
current, ls, and open circuit VOItage voc were i
measured. The thickness was! r \

micrometer and by the equa

mass/density x Area, while lsc
"1area of the,
slons o%
élty .of Qu2® |$
; u

measured with voltmeter. Th
was obtained from the dlme

and breath of the cell. Thezden
6. Ogmcm (Furtine and Sears|

Results and Discussio’nl‘t Y

At the'end of the oxidation!

processes, black substance< M
at the surface of the samples:
substances signified the’ pfese ce' of
(Il): oxide, CuO. -Copper (I} ~¢><de is als?

va‘band'

photovoltalc material. -1t has
1.5eVv.. - el

brown in colour, The: re
confirmed' the presence ol
Cuz0. These results showe
the - oxidation, annealing
processes were achieved. |

It was observed that tempéﬁ
played -important ‘roles | in|/
process, '~ The hlgheH i
temperature, the more  th ﬁ

¢

layer: deposnted on coppen en‘

10)|

e
After etching, the samp@!ies n'cﬁr)ned red?ii)hh
rden”c N
gopber (1)
d|that the 4ims of
‘and  etching
'1|l';y3;.1] :
'atbre and’ 1t|me
he| OXIdathn
~oxidation! |1 | i idnk
per (Ib oxtﬁe i
thm}ker*

dlctp

He| !

copper (1) layer. However, ,lrr

s,pectlvé of

| ox1d

and V(,c were: i
Cell B
|ength i

)\I

the:
A

Vo

easured wﬂh o

O

;'0_. A - D —- ™

i
|

s

1658, (

1

ation. During |

%‘én he:performances of the cell.

| 8hart! circuit current |, was measured
ame cell used for the measurement
| keuit voltage Vo and resistivity It
"%eiewed that I, depended on the
of Cuzo on Cu. While ISC increases

|ckness of the ceII decreases
to 14pum, (Fig..1). This increase
seiin the thlckness is due to the in-

the OX|dat|on

ass|:th ‘el is possibility ‘of non-uniformly
sition| of Cli,0 on Cu. This resulted in the
} ; 'dedrease of |, as the thickness
: reaées as shown on'the table.
“lge ~ with the' ‘decreasing
;Cu20 on Cu: could also be
 term of the position' of photon-

{charges relative to the location of

|e|d of the cell.lf more Cu,0 is
( “oln Cu, it will become difficult for

eparation at the junction between

RN

Cuo -

Cu

s converted
Solar - cell _depends: upon the

_""d\:-ECu to take place. The highest
‘vfthe lc 50pA. in" this: work was

d for'the cell thlckness of 23;,Lm

W
SR d
;
i P
i
d'A'
NI
. 13

dlrectly into

(Black)

(Reddish brown)
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rabrication or LuzU Dackwall s¢nouxy parriar,

When a ray of monochromatrc ight

ona semroonductor a certa

incident power will be: |qeﬂe |

remainder : will : be trar\
semrconductor The trarF

appropriate energy can bg

the ‘semiconductor and .ex ite ]eq}trons
lower energy. states to nﬁ(ccupred
energy states. Since there | are

of occupied states with: v’al

l!"l

smitt

semiconductor separateq bH h |

band from largely unoccupr
conduction - band, absorptior

up the light is larger than|th
gap of the semiconductor. |

Light of approprlate wavele
the cell - creates electron rm

concentration of carrrers» in
material will therefore bei in:

values in the dark. If the: Ilqh
these concentrations: dejc j
d Sl

equilibrium values. The p
decay occurs is known|
(Musa 1994). L
The |, is:dependent on- th

increases from : 26JA | té

decreases to 23pA resrstr\ilt |

rxvli 0
e LA
bt il
- HEl
ﬁl IR SV
r! } i
y )
) ]

hkely when the energy of ‘rhe

n'

a sorb ‘

rgen-my

:b"ﬁ

“1},\?’“"0)-‘

DO < 0

17 Qcm and |ater decreases to
Fig. 2). This showed that the
opper () oxide: Iayer on copper,
stance on photon energy falling

&lell; land therefore, the | higher  the
‘ rerated :

was observed to be linearly
n-the thrckness of Cu20 on Cu

‘enerally have parasrtrc series,
nt resistances,: Rgy,; associated

These were obtained from I-V

sistance of 6899 Ifand shunt
of 12k Q were obtained by taking
‘slope along the straight portion of
racteristic ‘at the forward -and
rrespectively. ;
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N -ve terminz
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. ; ’ mplefec?

When a ray of monochromatlc Ilght is InCldent

N ‘fract|0|‘1 of ither |
lected and': theE
transm‘ltted

incident power will be re
remainder - will be
semiconductor. The trans
appropriate energy can be absorbed withi
the semiconductor and excnte;
lower energy states to unoccupled hlg e

on a semiconductor, a certaé
o

n

of occupied states with valenlce band of i &

semiconductor separated - by the. forblddenl L lithie
band from largely unoccupi d‘ states in- the‘ o it

conduction band, absorptlop iis. partlcular‘ly \whet
likely when the energy of the,photons |mak§ng e
up the light is larger than the forbidden bend 1l d

gap of the semiconductor. | [, i i HE

Light of appropriate’ wavelength éhmmg on

the cell creates electron-hole ' pairs. |The ‘3;:;;
the |||um|nated ‘
material will therefore be inj, excess of the|r ;;
values in the dark. If the light|is! swﬂched off
these concentrations decay! back to thélr N
equilibrium values. The process by lech tms
decay occurs is known. jas! recomblna'aon i

concentration of carriers |nI

Nl

(Musa, 1994). ] 'H: |
The I is dependent on the reS|st|v1ty As lsc
increases from 26pA to

h 5\1 _‘1‘ | “

?ba“f'f~

| lnto .th " }‘
nitted  light! "\ b? i

c
electrons fr m, .

The]
1!
energy states. Since there are |arge n mberst‘:f a8

§O|J'A and |aten |
decreases to 23uA, reS|st|V|ty increases from el

10:0.17 Qcm and later decreases to
Q¢m,” (Fig. 2). This showed that the
] ‘he copper (I) oxide layer on copper,
: r sistance on photon energy falling
. lI and therefore: the : hlgher the
e erated
i was observed to be linearly
on the thickness of Cu,O on Cu
n ‘Table 1 and in Fig. 3,That is, V.
s from 58mV to 93.10mV as the
‘decreases from 36.50um to 14um,
lues of Vocin solar cell are obtained
hlckness of the cell is small. This is
the electric field is situated between
d Cu junction in backwall solar cell. It
éweglon that carrier separation takes
il ,Q hlghest Voe (93.05mV) obtained in
was for the cell thickness of 14pm
thlty of 0.26 Qcm. ‘
-,F_; IIs generally have parasitic series,
dr‘,'ehunt resistances, ' Rgy, | associated
h# . ‘These were obtained from IV
cte. tic measured in the dark (Fig. 4a).
es | resistance of 689Q and shunt
e [b of 12k Q were obtained by taking
Ve se’ slope along the straight portion of
‘ characterlstlc at the forward and
‘ 'blas respectively.
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A fill-factor of 0.31, which is: the measure of
the squareness of |-V characteristic was
obtained from the -I-V :: characteristic
measured under illumination” (Fig. 4b). For
better performance of a cell, it is required that;‘
Rs should be as close to zero as possible.
and Rsy as close to infinity as pOSSIb|e.
These values are good enough to yield high:
efficiency of the cell performance. The values
obtained in this work are iniagreement?WithY
that obtained in 2000 (Musa and Onimisi
2000). In their work, Rs and Rgy obtained:are
6200 and 163k Q, respectively. o

Col smn

nec
‘It has been shown that |, measured changed

fas the thlckness and resistivity -of the cell
E‘ché\nged and Vo is equally depended on the

Jtthkness of Cu,O on Cu. However, | does
;notw completely depend on the thickness of
”CuZO ;on Cu; as the thickness of Cu,O

‘ ;bedomqs very thin,

decreases. The

ISC

'depo‘mon of Cu,0 on Cu needs careful

| 1attéhtlpn
: ?dep

’to avoid too much or less
On The thickness of Cu,QO on Cu

osi

jiobtalmﬁd in this work, that is, 23um for I,

50uA, is of good value for better performance

“of. thg ceII efficiency.

Table 1: Variation of the thickness of Cu20 on du with Isc resistivity and Vo

e WA) | Voc(mV) rhnckness 19‘7 Rx103 (Q) | p(Cecm)
f (um) s o
26.00 58.00 36.50 IRE 2.23 0.37
35.0 69.00 31.50 1 1.97 0.28
40.00 70.50 29.50 1.76 0.23
46.00 78.10 27.50 1.70 021
50.00 - 85.00 23.00 1.70 0.17
46.50 87.50 21.50 1.88 0.18
40.00 89.10 18.10 223 0.18
30.00 91.50 16.20 3.05 0.22 v
23.00 93.10 13.50 4.05 026
i @ '
- = fﬁ
%
& . - i_,«-’f
= - i
= v
: 1
—t :
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Fig. 4: | - V characteristics (a) in the dark (b) under illumination
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