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1.0 INTRODUCTION 

The ncar optimum band gap and high absorption coefficient a.~ialcd with C 

makes it ideally suitable for solar cell application l . The efficiency of CdTe 8Qlar eGll 

further be improved. by int:Orporating low quantity of Hg forming Cd-rich Cd~HgI-Z 

(GMT) alloy. Inmcporation of JIg in to CAlTe may slightly lower the phQtoYQltage+Departmentl) Q.A. Geology and ('~r,hernistry 

++ Depactamt.'nto de Fisica Aplkada C-IV v the photocurrent rna.)' increase coosiderably which would jncre~ the efficiency of en 
Unn-ecsidad Autonoma de Madrid ~. as compared to CdTe. Depending upon the Bg content in the eMT alJoy, two possi

CantobJanco, 280~9 Madrid, SPAIN 
applications viz. photo\"oltaic ceUs:,J and photodetedors-4,5 emerge. Further, the b 

ABSTRACT	 ~ 
gap of C~lT can be varied fcom 0.1 to 1.5 eV for x changing Irom 0.1 to 1.0. IIoweyer. I, 

Cd-rich CrI'tlJ!1l-r.Tf. films ha,·e been electrodeposir-ed under potenti05tatic con­
photo\'oltaic pur~ei~ th~ range of band gap of inter~t is 0.9 to 1.5 cVwhich corr~pon 

ditions on conducting gl3.5S :u.d Ti substnte9 from an acidic solution containin~ the 

respective ions as C({J+ : lJ1)"+ ; HTtSJ.! = 100 : ) : 2. Six films one ~rer anQtb~r 10 the composition range 0.7 < r < 1.0. Thin films of alT for solar ceUs have speci 

b~v~ been prl~p3.rcd from (\ single electroc.he.mic:U ccIl. EDA..X analysis of the air an­ advantage that it minimizt'S t.he mat.erial wastage and cost.. A CMT film of 1.0 pm tbi< 
ncaled fi)m.s show decreasing Ilg content in the deposit as the number of film prcpanlion 

sbould be grx,d l,.'uough for rt'fluirffi. amount of photon absorption. Varions methods f(
inr:rcases. SE.\( ana.lysi~ indicate undulatory surface with Hg-rich dusters at thl? top 

surface. XRD analysis iDdi~te the presence of Cd-rRg1-zTe along with CdTe/ngTe. pfeJJaring CMT films h:we b~n described in literatnr~. They include laser abla.tion 

Tlle Cd-rHg1_rTc alloy {ormation have ~n confirmed from Raman shift measurements vacuum evaporation7-9 I ~fBE1()) sputreringll and ~lOVPE12. Although these are bett 
which cbange wiib cDmpD,sitioJl, x. Electnxbcmical characterizatlon.:; indicate the a.;­

methods to prp.parc Hg-rich (.<MT films but appears to be not cost eff~ti ...e if onedeposited films a.r~ n-t,ype but wn....efts to p-typ~ after air annealing. SpL'Ctral re;pl)llSe 

mea.;ureUlCD15 g:l....c band gap valurs that .;hallge with Hg content in the dcposir. Band intfl't"Stro to prepare Cd-rich OIT for pbotm;oltaic purposes. However. electrooepositj( 
g-ap values l.lnging from 1.1 e,. to 1.-1.5 e\T have b~n estimated. Photoel.."t:tro(h~mk:U 

technique which is simple. less ex~nsive and less polluting can e<l.Sily be employw
solar l:elli usiog po)yslllfid~ ekctTolpe have ~eD IabricateU which g3\e an op~n drcllit 

photovoltage anli short drcllit phl)(OI:llrClmt rt'~~\:\i\'~ly ~ 32~ mV ~nd 5.5 m...\jl:m:: prepare both binary and rernary':S·l" scmkDnductor cclllpDunds. Earlier wl)rk on Cd-ril 

under 60 mW /cm2 jnte~ily oI illuutination. CMT eledrooepc>sition is due to Basol and T~en~, Sahu and Sanchez l1
• Nl:!wmann.­
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pahrt et al18 and Ortegal!) but not much details ha"e been reported. The present work 

escribes the electrodepaiition oC CMT fiJm~ and their subsequent characterizations. 

.0 EXPERIl\IIENTAL 

2.1 Film Preparation 

The electrochemical cell for electrodeposition of GMT film consists of a Ti-catha.de. 

Pt-ilD.ode, saturated calomel electrode (SeE) with respect to wllich the voltages were 

measured and an aqueans electrolyte containing CdSO"JHgSO" and Td).~ in their re­

speCtive ionic concentration as ClF+ : Hg':.+ : HTdJi = 100 : 1 : 2. The procedure 

for substrate cleaning} soh'ent preparatioll aDd purification are being described in detail 

elsewnere~o. Electrodeposition was being carried out with varied pH, eledrolrsis tern· 

perature, cathodic bias and ionic concentrations oC the constituent elements. Re~nably 

good C~IT films were prepared within 12 minute at pH = 1.6, electrolysis temperature 

= lODoe. The potential region for three ionic sper.ies were determined by dra\Vin~ polar­

i2ation curves ILc;ing a potentiostat model 105 (HQ Instmments) and found to be -0.65 

YSCE. z\j the deposition potentials oC the respecth'e elements are wide apart::) t being 

more positive lor Ilg and more Degative for Cd, \'cry low and \'eC)' high conce'!HTations 

of Hrf+ and C€F+ and slightly higher concentration of HTeDt were taken in tile de<:­

trolrte. As nf+ and HTdJt specicses are more noble than CtF+ t during deI='OSitioD 

the more Doble sped~ are more likely to be depleted from the catllOde el:."Ctroly1e 

interia.c~. Hencc~ the depooition was carried out under stirred condition. Being lhe low 

solubility of T~ in HzSO-4, hot liOII (pH =12,3) was being used as a soh-eDt fcc Ttf)z 

di~llltioD. One of oor motivation W~ to prepare large number of C~IT film:! from the 

pareut single clcctrccbemical cell. IIenee, e3Cll time, two Ti substrates of each area 1 cm~ 

were dipped in the electrolyte of which both the Iront and back SllriacCS were uncovered_ 

CMT fi..lrn3 were prepared six times from the same clectrolyte using two subs1ra~ at a 
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time fer a time duration of 12 minute each. In this way the eff"ecth-e area m-er 24 cm2 

have been deposited. The CMT films were then washed with fiue water jets) dried and 

post annealed in air at 3QOoC for 20 minute. The annealed samples were then subjected 

to different ch.aracterizatiolL'J. 

2.2 Characterizations 

The composition and surface topography of tbe CMT films hare been anatsed by 

a Philips Scanning Electron Microscope (SEM) - 500 equipped with a microanalyser 

(EDAX.). Thc back ground signal~ electronic noice and matrix effcds were corrected by a 

ZAF programme and spectra were collected. Tbe gain caUibration was routinley carried 

out using Cn as siandard. The concentrations of different elements present in eMT 

films ha,,-e ~n estimated in terms of weight percentage. The ED~X results represent 

the average L"Vcr .ltlc3St three regions of the sample and within ±5% error. The SE~I 

pictures were taken lor snrhcc topogT3phy analysis using d pohroid camera aUaclled to 

the Philip SEM-500. 

Structural identifications were carried out using Siemans Diffractometer 0.500. The 

lat1ice spacing (a-values) were calculated for different diffraction angle, 28 and compared 

with siandard data from JCPDS~1 file. For XRD analysis, CMT films deposited (JYec Ti 

were as such used. 

B<.'canse oI similar lattice spacing ....aJues of CdTe~ HgTe and C~IT, it i; dfficult 

to conclude the C~IT alloy Ionnation frum XRD anaJ}'sis alone. Hence~ Ra.rI'..a:J ~hlft 

measurement::! were carried out at room temperature for some typical films. Raman 

experimen13 were performed in the back sc:utering configuration using the wc1w:ength, 

,\ = 5145.-10 from a Ar+ l~er « 25mW). R.1IIlan shifts were noted for diffcrt'~!1 Ci\rr 

compositioll and were compared with liwT31ure data.. For Raman experiments Ci\-lT 

samplel depooited on Ti were as such used. 
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Electrochemical characterizations in dark and under illumination (He - .'ie laser, 

tV IOmW) were carried out in O.S!\[ Na'lS0 .. electrolyte using a potentistat (EG and G 

model 362) inorder to test the t)'l>e of conductivit)' of the annealed CMT films. 

Spectral response tests of the GMT samples were q.rried out in 0.5 M Na'JSO. 

electrolyte nsing a three electrode one compartment cell comprising Ti/CMT 3S work­

ing ell!ctrode, Pt as counter electrode and saturatoo calomd electrode as the reference 

electrode. The experimental arrangement for spectral response ml!3Surement is shown 

in figure l. This consists oC a light source, I.R. filter, a lense to focus the light beam to 

the monochromator (Jovin Yuon Division d'lnstruments, S.A. monor.bromatorL a light 

chopper (EG and G model (99), a filter and a lence to fOCU3 the light beam on the 

"'orking electrode (through a quartz window) dipped in the electrolyte. The working 

electrode W3.'J biased to -0.5 YSCE through a potenitiostat (EG and G model 362 scan­

ning potentiostat) and the output is fed to a lock-in-amplifier (EG and G mode! 5104) 

and X-Y recorder. The negatil'e bias was applied to the CMT fi.lms due to their p-type 

behaviour as c\'idensed Irom electrochemiC<11 measurements. The as-deposited C~fT films 

are n-t)'pe. The spectral response measurements have been done morder to det.ermine 

tbe band gap and quality of the CMT films. 

Photoelectrochemical solar cells (P~Cs) were Cabricated using an aguroas elec­

trolyte containing Na2S.9H20('LU), NaOIl(l.\l) and S(3M). Pt W3.i being used as a 

counter electrode. The light intensity was adjusted ro 6OmW/cm~. The photo'r'oJt~ 

and photocurrent were measured under different load conditiol13 from the PEEC; fabri­

C:lted in the abm·e manner. 

3.0 EXPERTh-lENTAL RESULTS AND DISCUSSION 

3.1. Compositional analysis: 

EDA.X :malysis were carried out to estimate the comp06ition of six C~lT films 
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prepared from the single electrochemical cell and is shown in figure 2 in terms of Cd/IIg, 

(Cd+IIg)/Te and IIg/Te ratios as a function of number of films. Nole that the Hg content 

in the deposit dt:t:reases with the increasing number of films. Similar is the r..a.se with 

(Hg+Cd) content in 'he deposit. llowe\'er, in both the cases some irregularity is seen 

after the Courth film in which case there is an increase in Hg or (llg+Cd) content in the 

deposit. The rea.'ion for this iregularity is Dot known. However, we believe, this might 

be due to the disturbance in the stirring rate or effect of c.hange in deposition por.entiaL, 

of 'be con"tituent cleIDent.~. In any case there is a constant dcercJSe of Hg content in 

tbe deposit as the numb-~r of film preparation incrcJ5CS. SE~f analysis (to be djSl:usscd 

later) indicates the presence of Hg-rich clusters at the top surface of the film. The IIg 

content in the! underlying films arc found invariably lower tLan the c1us1e~. Trpic:ll 

ED,\X pictures of six C~IT films are shown in figure 3 which indicate the presence of all 

the three eJcmcnrs viz. Cd. llg and Te in the CjlT deposit. In order to know the re~n 

of tbe Hg-rich dusters, we need to know the depositioD potentials of jndhiduaJ elements 
• 

whien are as: 

Cd( ..~) =Cd~t +2c- = -0.·103\/ +O.0205{ll(flcJH/acJ) 

Hg(5) =II f+ + 2c- =+0.005\1 +O.0295Irz(au,1f lau,) 

Te(~) + 2HzO= HTtfj~ ~ ;JH+ +~e- =~O.,l.)IV - O.O·H3pH -+- O.OI481n(111ITcJ! !ilTt) 

The d('p'_~jtion powmials arc cxprl."~ Wilh r~pect to NomlaJ IIydrogen E1t,(~TOdc. 

CJ{.:;} etc. arc [he solid depesit. ac~ etc. :L""'C jonic :lcrr..-it.irs in the s<>lid dcpG::iil irJkcn 

:loS unit.y) and in rbe bulk e]t>t;uvlyk Thl:' Jcpooition pol(\nibJ of Hg is hir,h1r pl)sili\'(· 

aDd uobler tban Te. The d~pl)siii~)D po1ential of Cd is highly negtive and less Q.}ble as 

compared l,jlbl'r to Ilg or Tt'. Hence. for co-dt'position of tbrt'e elem-:ms. the .:!(rhitie5, 

Y!s-a-\"is tbe inIllc foncemr.l1ions :lre 10 be :1ojlls!ed such that their deposoHon pljt~"miaL'i 
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are brought closer. For this rea~on, "ery high and reT)' low concentrations of Cr[2+ 

and Hrf+ and relatively higher concentrations HTeJ)i were taken in the electrolyte. 

As llg2+ has a high positive potential, first deposition and depletion of Hg2+ at the 

cathode-electrolyte interface is expected. This woulel result a decrease in IIg rontent in 

the subsequent number of filIng prepared from the same electrolyte. Further, this featnre 

would gh'e better nucleation facilities for more Hg deposition favouring a Hg-rich cluster 

at the top surface of the film. At a stage when the Hg-deplction is too much, than Te 

deposition would be favoured. Hence) for CMT .deposition both Hf+ and HTeOt 

become the rate determining species. 

3.2 Snrface topography analysis: 

Surface feature of t}'pical G~(T films were determined by SE~{ analysis shown in 

figure 4. Typical undulatory surface with Hg-rie:h clusters are seen. The surface roughne:iS 

and the Hg-rich clusters per unit area of the film decreases with the increa..'iing number 

of CMT filnu prepared from the single electrolytic cell. EDAX analY3is of cltlBters and 

the underlying filUL'i indicate a higher IIg content in the clusters a..~ compared to the 

onderlying film. The exact reason for the cluster fonnation is Dot known. HO\\'crcr, we 

beliel'e that it might be the effect of surface roughness. If the substrate surface is not 

well polished) then, it contains more sites on those surface regions protruding t{)~'ards 

the anode. On p3.'3Sing a voltage/current, the local current densit)' at those protruding 

SDrfac~ would be higher than other regions which would give rise to faster Duclealion and 

growth at those ~itcs ..\3 Hef+ spec:~ is the noblest DC aU the three clements p/t'S(lnt in 

the electrolyte and ha,·c high posith'e dcpcsi1ion potential. fonnation of Hg·r:cb c!U;,1ers 

:1& the top Sllrbcc C:lIlDot be ruDed out. C~lT films with higb Ilg-rich clust{?1'S arc :ilio 

seen by other w()rk('rs~. The first C~fT film WJ.C3 found to have most of the S'1rl~ 

COH'TC<J witb IIg-riclI clust('TS. ht?nc('. it W:lS disc:lrded. Suoc-<'q!lcnt ch:lnd(~riz3tjon5 

,. 
I 

were carried. out ~ith other five GMT flIntS. 

3.3. Structural analysis: 

X-ray diffraction patterns 9{ different number of CMT films (corresponding to thier 

Cd/lIg ratios in the deposit) pr~pared from a single electrochemical cell is shown in figure 

5. Note that along with cubic CMT extraneous compounds/elements viz CdTe, ElgTe 

and unreactcr.I Te are detected. The relative X-ray intensities of different CMT films arc 

indicated b)' their rcspt'<:tive Cd/Ilg ratios in the deposit along with prorillnant X-ray 

in1ensitie; of C-dTe shown in figure 6. It can be noted that the (Ill) peak is always the 

most intense for all the filJng suggesting the existcnr.e of strong preferred orientation. 

Besides the (111) orientation, the (220) and (3il) peaks are also reproducible {or all the 

fillJ13 although other reb,1i\'ely weak peaks viz (331)1 (400) and (422) are also det.ected. 

We did not observe a strong preferred orien1ation for very Itlgh OT very low concentration 

01 Hg in the deposit as was the C~'3e with other workersJ8 • Further, we observe a gradual 

increa.se in int{~nsjt\' ratiog of (III) to (220) with jncrea.ging number of films or decrc~'iing.	 . 
Hg content in the deposit. The CMT film for which the ('.<Illig ratio is 1.806, the peak 

intensity ratio of (II 1) to (220) is 1.6·1:1. This value increases with incre4'ling numLer 

of films. The fourth film for which the Cd/Hg ra1io is 1.432, the (Ill) to (220) iDten.~ity 

ratio is 1.92: I. The fifth film is again duster rich as seen from SEM picture g7LV~ th(' 

(II I) to {2:?OJ intensity r3tio as 1.66:1. For normal random powder C}.IT sample. the 

(Ill) to {:?:!OJ inU'onsity r3tio is 1: 1 a.no for better oriented CMT sample, the value is 

100:1. So, w(' b:ti~H~ that our C~fT films arc not better oriented as compared to the 

CMT film5 prq~:u~d by bser obbtion6
• 

3.4	 Raman studies: 

R.llll:l1l studil'5:it room 1('mp(>~turc for some typir.31 C\IT films (film ~('5.2.:J, I) 
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are carried out using Ar+ laser « 25mW) and the spectra are shown in figure 7. Note 

that tllere is a shift in Raman frequene)' with composition, x wIDch agree reasonably well 

witll tile reported dataZ". Raman shilts at 144 cm- J and 126 cm- l for x =0.6, 142 

em-I and 124 cm- J for x = 0.74 and 143 cm-1and 125 cm-1 for x =0.77 corresponding 

to the transverse optical (TO) phonons of CMT have been identified. This confirms the 

formation of CMT alloy in the electrodeposit. 

3.5 Electroc.h~ical characterizations: 

Figure 8 shows the voUammograDl<i of two typical annealed CMT films (fig.8b and 

c) in dark and under light. The dark characteristic (fig.8a) i.<i the representati\'e of both 

the films. In both the f'....'l..·;(·s, a photof'.athorlic current inllicatC"f1 the p-type behaviour 

of CMT rUms. Huwever the fifth rUms (fig.8c) shows a hjgher photocathodic current as 

compared to the third (fig.Sb) c~rr film. The higher photocathodic cumnt (fig.8c) is 

due to reduclion in Hg-rich dusters at the top sruface of the film. AU the asdepooite<i 

CMT fillIl3 show o-type behaviour but converts to p-type after air annealing in agreement 

with other reported results2· 18• 

3.6 Spectral response studies: 

Figure 9 shows the spectral response curveg at room temperatnre of different number 

of films prepared from the sing]e electrochemical cell. Note that the very low photccur­

rent is associated with hjghly Hg-rich. clustered CMT film (fig.9a). The photocurrent 

yield incre~ with irrcl'('J.<>ing Dumber of films or decrease in IIg-ricb clusters in the tUm. 

Infad, the Hg-rich clusters act J3 recombination centres of the semiconductor c!t.":troJyte 

jundion device which short circnit the cnrrent path and lowers the photccurrc:l )icld. 

Another feature is that as the nnmber of film preparation increa.se3, the fundamental 

ahsorptioD edge shifts towards lower wave leDg1h 3000rption. This can be 31tribuk'd tc 

9 

the lowering of Hg or increase in C-d content (3.'i seen £rom EDAX results) in the de-I 

posit which ultimatel), lowers the band gap of CMT alloy. Some departure is seen with 

the fifl;h (Fig.9D) film from the general trend of increasing towards lower waYelengtb 

response. This departure is also seen in EDAX analysis (fig.2). Mos1 of the spectra 

re;ponse curve:3 show sboulderingfbnmps which are due to water absorption24 
• From the 

spectral response curves one can. see that there is a faU of spectral re$Ponse (decreas­

ing photocnrrent yield) towards lower wa\'elength side which can be attriboied to the 

diffusion of photogenerated majority carriel'3 to the interface followed by subsequent re­

combination with pbotogencrated minority carrierszs. As the CMT is a direct band gap 

semiconductor, the band gap can be erlimated from the e:drapolation to zero absorpiion 

in the (J1'hhz./r~ Vs hv plot ~hown in figure 10. Band gap value<3 ranging from 1. 12 eV 

to 1.45 eV hare been e:timated for different Ci\IT fi1m3. At1empts ha'..-e ~D made.tc 

calculate the band gap theoretically for different x values from the relation~'i. 

E!1(cV) = -0.303 +1.98-tx - O.6.i4~ +O.579xJ + 1O-4T(5.5 - 13.92x +5.~tr) 

where T is the absolute temperature. The Eg values are calculated at room temperature. 

However, the calculated band gap values are found not to agree well with the experi­

mentally det.cnnincd one. The descripancy may be either doe to the non.u.nifonnity in 

the surfa.ce/composition or the maccaraciE'S in EDAX t.echnique usW for composition 

estimation. 

3.7 Photo{'lectrochemical solar cells (PESCs) 

Phot{)elcctrt:x.ncmical solar cell using the sixth film (E, = 1.45cV) ha\"e been fab­

riCdt.cd using a polysulfide e!cctrclft~ having the cell configuration as Ti jC.\fT j S'~-, 

S~- / P1. The photocuTrent and pboto.....oltages were meJ.5urW under difTerem lead c~n­

ditions and is shown in figure 11. Energy conversion efficiency of 1.1% with a fill factor 
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37% ha\'e been achie'lt,>tl from suclltype of ceU which is lmver th:lu the reported :-emH..c;':l·3. 

The reasons for the poor efficiency is mainly due to the presence of IIg-ricb c.bster'S at 

the surfa.ce which particuiaril}' lowers the photocurrent. Infact, short time etching of the 

C~IT sample:3 in da ll-zSO,,{2 : .50 = H'2S0" : fI.~O) improves the phot<>cnrre:lt This 

study is in progr~. 

4.0 CONCLUSION 

A large number of C~jT .S€miCliodur;tor films b;:we bl"t'D e)edr{)41epc6i[~.J from a 

single cll't:trochenUlAl cell The Hg com[>O:'ition in the C~IT film dl'f:reases 3.lJ the Dumber 

of film preparation increases which resul1s in the lowering of IIg-rich clust<!S at the 

surhce c..,idcnsed from SE~f analy~is. Slrudunl identification reveali the fr?3eDCe of 

cuLic C~.lT :llon~ with (,JTl'/lJ~T~ in thl\ depG~it. The formation of C~IT ae.::.y in the 

deposii L~-.e bl't'n conJirml>tl frcm Raman frN1ul\nry m(,~Url\mcDt3. The ~-·it'~.....~ik"tl 

C~.lT fi}ms arc ootype' Lot (om'('rts tv P-t.YP\? aIkr :lir annewng. B:lDd g:l.p val:~~ nllging 

from l.l~ ..\V {.() 1.15 eV hJ.'ic bccn ('S(.imat('1j from ~pe<'trJl rt'Sponsc me:l.SUI"C'.!I:-:~ts using 

djiTc.reD~ ccmposition, x oI C:'IT films. PhotoeJrdroc.hemicJl solar cells fabric:.:ed using 

~ polysuJfiJr r1t'Ctrolyt(' gave cn('~' conversion l'ffidency ,..., 1.1% wirh d 1i!J f~tor oI 

3~~. 

5.0 AC~C~ 0 \VLZDGl:1!ENTS 

T~c tin:l.nci:ll ~::ist:l~I('c rcrciH'(] by one of r.Le ~utLors (S.~ ..sJ to f:ln:: ':;H a rna· 

jar part oj this ·.vork fr0m t.he ~linist('rio dt~ C.!nr:\(',jon Cicur,j:l. (Sp~iD) is 0~,;fully 

3Cknowh:>liJM. 
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FIGURE CAPTIONS 

Fig.I. Experimental arrangement for spectral response measurement.
 

Fig.:!. Atomic r.ltioo 01 llg/Tc l (Cd+Hg)JTe and CdjIIg a:; a fundioD 01 tbe Dumber of
 
l 

CMT filJns prepared from a single electrolytic bath. I 

lFig.3. EDA.."X photographs of six CMT films prepared from a single electrolytic batb. The

film numbeN are indicawd in the photographs. 

FigA. SE~i photographs of some typical CMT film. (a) No.2 (b) No.3, (r:) No.5, (d) No.6 

and (c) ero:» w:tion sbowing the Ti suh3tratc and the C~IT layer. 

fig.5. X-ray diffr.letion paLterns of different CMT films. Corresponding Cd/ITg ratios of 

ea.ch film an~ indicated. 

fig.G. X-ray p~Jk inh'llsitih'S of different C~IT films. Corresponding Cd/IIg ratioo of eac.h 

film an' indira1t'il. 

fig.7. fuw'1:m sp{'\ira of S<JID<.' typical eMT film. !be compooition of tbe eMT films :rn' 

indicatt'd. 

fig.8. Cyclic \,oltaulJDognms of some typical CMT film in dark and light (a) dark chara.c­

tt'ristic, (b) and (c) ch:u-a.ct.cristjcs under light.. 

fig.9. Phot.oCUfITni Vs photon wawJengtb of dilI'er('.nt CMT films obtained from spect.r.U 

r<'Sp(lD5e m\';\slIr(,JD(,ots. A,B,C,D and E c.oIT€'Spoods to fiJrn OtlIDb<>.rs 2,3:4:5 and 6 

J"('SJ:'~tiy\'Jy. 

Fig.IO.	 U;-ll huf \"5 Ill' plots of different CMT films derived from figure.g. A, B,C,D and E 

corresponds to film numbers, 2,3,4,5 and 0 respectively. 

fig.Ii.	 Phoiocurrcnt Vs pnQtovolla.ge cha.rJ.Ct~ristjc under different load condition obtained 

from ;\ p~c wit~ configuration TijCMTjfP-, Si-jPt. 
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