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Abstract: A voitammetric analysis has been emplo)'ed as a means for investigating behaviour of the

eiectrochemical deposit of silver-cobait and siiver-iron granuiar thin frlms. In this paper. we report

that b1.. controliing some electrochemical variables such as the concentration of complexing

additi'es. the silr,er deposition wil be controiled diffusionaily. Based on these considerations'

periodic pert.¿rbations have been used as erectro,ceposition technique, because *iü pulsed crrrent

we can conrrol several r,ariables to change üe kind of deposition, which pro<iuce considerable

modifications on electrodeposits as far as th. morpholog;" ráughness, strucfiue of electrodeposits'

alioy ratio and consequently the masnetic behávio*' Wt have foc'¡sed on how the pulseci

parameters can change the allol'composition'

IIVTRODUCTION:

Ln recent years interest has been focuseC on the properties of magnetic muliilayersIi]' and in

granuiar mur.riats¡1.-jl- á"., basicariy. to the gianr marnetoresistance (GIvlR) effect. In order to

optimise the parameters that controi GMR, ir is essential to have a basic 'rnders'"anding of ihe kini

of tecinique empioyed. oi the wav to buiid the magnetic süuctures More recentiv' there have been

a n,¿rnber oi erpe.menrs reponed on thin fiims J..par.d br: such rechniques[1] as spuüering[Í]'

nieit spin¡ingl(l. laser abiation[7] or various t]pes oicieposition invoiyins high-r'acuum coniitions'

However. ail of these methods are reiativelv compiicated or expensive. On the other hand'

electrodeposirion rechnique18] gives a suitabie and relati"'ely cheep technique for the preparation of

thin fiims of granular ailo1,s. The use of pulsating current[g] for metal piaring has been proposed lo

faciiiare rhe deposrtion conuol. In case of *lo,t ptur*g ii ii to be expected that '¡e choice of pulse

paiamerers influence. arnons other things. the composidon of the deposit'

EXPERTNIENTAL:

A Scannine Porentiostat Model 326 EG&G as potential controller' con¡ected to a Gouicl 20

MHzDigitalStorageTlpe1425oscilloscopewasusedandthewholeSet\\.ascontroliedbr.a
compurer. For the puise deposition .xp.rinr.na z0 Hz Pulse generator HM S035 FiA)vfEG ri'as

empio,ei. Fig. 1 ,úo*,= a schemari. pl.,rr. of the equrpment' For pulsed deposition we use :: \1

rotarine disk erectrocie as working .lectrode and AgiAgcr saiurared erectrode as reference eiec..o'ie'

All puised experiments were can-ied out at 600 r.p'm' to avoid the Hz bubbles generated'

Hi
i¡: .

;



ll
¡illt

1t
ll
;t
il
ti
li

ti
:;

Jl

li
ti
il
ri

Ii
li
ii

il

ISMANAM-97

Table I shows the electrolyte composition- we choose those conditions in order to obtain ani:,ü1,i:r,-r::Hi:'ff r;**:Í;,:í"iffi (rorAg/co,v,i"*r*as..,i,*i,rá.

REACTIVE Ag-Fe
SYSTEM

Ag-Co SYSTEM

H3BOr
Ammonium citrate

(Cibasic)
Magnesium suiphate

Silver suiphate
Cobait sulphate
(heptahydrare)

0 5_ N,r

0.0500 gril

6 gr/I-
l0-a0 grt"t-

)< *-n
0.052"8 grll

7O o¡/l

RESULTS A]YD DISCUSSIONS:

I1O L TA 1I{ME TRI C S T LI D Y :
c'vciic voltammetries (c\r) for the elect¡orecuction of Ag*, co*r and Feo: in Hrosoiutions a¡e shown in figures :-7' A significant separation (aEr) between the cathodic and unoJi.peaks was obtained in ail solutjons *;rr*"pq 6ü;s, showine that in ail svstems we irave anirre,e¡sible beha'iou¡. This may b. ¿r. to fundranJe oltie reaction by molecuies adsorbed on the

:ffi,".|".j..,,ff'¿jf,;ñ: of ig (Fig 2), rhe separatio, i, ¿. uigg..,, ,r,"*ing thar it is more

Ammonium iron (ll) 1.g_26 gr/L
sulphate (hexahidrate)

Coumarin
saccharn ,),,, Igr/L

Table I: Bath composition

PUenúal im\t \s f o/^or-l

Fig. 2: Ag CV a¡ difrerenr silver concenrarrons. rv_
= j00 m'v'S-r; [CITR_A,TE]:10 gr/L.)

Fig. I Schematic diagram of the instrument
employed for pulsed deposition.
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Carhodic Ag peaks at various r,, ¡ mV S-r)
iiegl:0.0 1 4 griL: [CITRATE]:a0 er[)

In Ag s)'stem' an increase in the scan rare (vo) ieacis ro a shift in the cathodic po¿enriaii'E") tow'ards i:rore negati'"e 
'aiues. Thls also confirms it ut ;n the solutions investigated. silver
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reduction is irreversible. Moreover a linea¡ reiationship between cathodic intensity (Ip.) and (vpl¿)

was found (Fig. 3b), which is often taken as evidence of difñrsion contol[l0]. There is no

significative variation on Io with v, in cobalt system (Fig 7). This result suggests that cobalt

dftosition is not contro[eá by diffusion, which could be expected because cobalt is in high

concentration and is not complexed-
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Fig. 5: Ag(a) and Co (b) CV depending on cirrate

concentration (vr:100 mV/s: [Ag]:0 I g,'L;

[Co]:a0 gr,{-)

The electrodeposits can also be guessed from the voltammetric curves. For siiver deposition,

the hysteresis loop (cross-over potential) disappearS for vr>0.1 v s-t, (Fig 3a) indicating that no

nucleation occurred and hence there was no increase in the electrode surface as a result of silver

deposition[l1], forcing a dentritic silver deposition growth. The features of the silver anodic peaks

(smooth guuril* curves) are characteristic of an insta¡ta¡eous nucleation[12]. In contrast. cobalt

*d i.o, 
-deposition 

can be described wiü progressive nucleation as the features of anodic peai<s

show (there is a shift on the anodic peak maximum) (Fig' 4,6)'
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Fig. 4: CV Co measurements depending on the

cobalt concen¡ration (vo =100 mV/s; [CITRATE]:40
gr/L )
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Fig. 7: Co CV measurements valving the vo'
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Fig. 6: Fe CV at different Fe concenirations. 1v,= 50
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Fig. 8: Puise anarysis. la) \zortage and (b) width influence on arro'ratio.

our results show that there is an increase of ColAg or Fe/Ag ratio in the binari, allo1,., w,henvoltage' intensin'- width or puise fiequencf is increased. This is consistent because we use Citrare(for Ag/Co s-Ystem) or Ascorbic acid ifor Fá/Ag sysrem) to minimise the siiver acrivin, ar rhe elecrricinte¡face' i' e''¡e complex the siiver in borfrur,.*r. and rhe silver deposiiion is controlled bvciiifirsion' Therefore. by diminishing ciifrusion iáyer *,idth, we wiil have an inc¡ease 
"f A*/i; ;;

310

The infiuence of citrate concentration as a complexing agent was investigated. in Fig 5, wecan see that increasing citrate concentration increas". tir" intensity of cathodi. p"ut (Ip.), as"for Coor for Ag' This can be explained because the Ff activity (as) at t¡" J"""r¿e interface increases. Infact a rise in the Hz evolution was observed. It ** ulro found a shift towards more negativepotentials on silver Eo. (Fig 5 (a)) but not on Co (Fig 5 (a)), showing that silver is only significantly
complexed by citrate molecules.

PULS ED ELECTROD EPOS ITION:
'We have employed puised current instead of DC deposition in order to avoid the silverdentritic deposition above mentioned also to obtain smooth deposits. To make a systematic study ofhow the pulse parameters affect alloy compositions, we based our study on frequency, width,intensity and pulse voltage.
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Ag/Co ratio. Increasing voitage, intensity, widü or frequency we also increase the rate of the
electrodeposition, enlarging the width of üe diffi¡sion layer. As some examples we show in Figs.

8,9 the ailoy composition in difFerent systems.

CONCLASIONS:

Controlling pulsed parameters, we can contol the alloy composition. We have obtained a
wide range of binary alloys. The next step is to study how the pulse parameters can influence the

magnetic parameters. As an example we carl see in the Fig 10, how influences the pulse frequency

in the VSM measurements (keeping constant the Ag/Co ratio).

.-r,=l3J Hz
-----rl355Hz
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Fig. 10: Influence of the pulse frequency on the magnetic propenies. (YoCo=25;4000C annealed samples)
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