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The electrocrystallization of Cu—Co multilayers has been investigated by meaims sifu
magnetization measurements, during the electrodeposition, using an electrochemical alternating
gradient magnetometer. The hysteresis loops were also recordid This allowed us to measure

a magnetization efficiency, ratio of the magnetization increase to the electrical charge used. This
efficiency tends to decrease as the number of bilayers increases, probably as a result of the increase
in the roughness of the surface. It exhibits the same dependency on cobalt plating time as the
Faradaic efficiency, which confirms that at the beginning of cobalt deposition, hydrogen evolution

is the main reaction. The multilayers exhibit a typical ferromagnetic behavior. The magnetization
increases and the coercive field decreases when the number of bilayers and/or the thickness of the
cobalt layer increase. @001 American Institute of Physic§DOI: 10.1063/1.1413233

I. INTRODUCTION Il. EXPERIMENTAL PROCEDURE

Cu—Co nanometric multilayers constitute one of the  We used a single electrolyte containing the salts of the
most promising giant magnetoresistive systémﬂsing the two metals to be deposited. The working conditions have
single-electrolyte technique and the potential pulse methoB€en already described elsewh&fdhe electrolyte contains
Cu—Co multilayers have been electrodeposited on indium-2 10w concentration of copper sulfate and large amounts of
tin—oxide (ITO) glass?® High magnetization and large mag- ¢0Palt salts(0.71 M CoSQ, 7H,0; 0.19 M CoC}, 6H,0;

3 . .
netoresistance ratio were obtainedowever, for low cobalt 6.410°° M CuSQ, 5H,0; 0.34 M NaCl; 0.65 M HBO,).
thickness, the Cu—Co multilayers seem to behave more lik

netism always seems to be present, even for thick cobali;sE) was used as a reference. The counter electrode was a
layers, which might indicate the presence of isolated COba'blatinum wire. The working electrodes were gold foil00
particles! The magnetization is usually smaller than ex- ,m thick). Some experiments were also carried out on ITO
pected with regard to the mass of deposited cobalt. glass plates. We used the potential pulse technique monitored
It is well known that electrodeposited layers are less perusing a personal computer with theVEE package. The
fect than layers grown by MBE or sputtering: the purity is pulse potential€, and E¢, were chosen so as to achieve
inferior, especially because of the incorporation of hydrogerthe usual current densitiesEc,=—800 mV/MSE (¢,
which is codeposited during cobalt discharge. The presence 200 wAcm™?), Eco,=—1350 mV/MSE (c,=20
of pinholes may also decrease the continuity of the layers. IfNA cm 9.8
addition, layers grown on ITO glass haveH1) preferred _In situ magnetizatio_n_ measurements were performed
orientation which is considered to induce stacking faults andju”ng the electrodeposition and the hysteresis loops were

reduce the magnetotranspdiRoughness may develop as a recordedn sﬁg after different deposition time mtervals_. The
. layers were dissolved and new samples were deposited sev-
result of substrate roughnegsspecially on ITQ or as a re- . . : ;
o " eral times. We used an electrochemical alternating gradient
sult of electrocrystallization conditions.

_ magnetometer developed at the LAM\ small electrolytic

The goal of the present work was a better understandingq " \vas placed in the pole piece gap of the magnet and
of the growth of the layers. The electrocrystallization wasggnnected to the electrochemical setup and to the magnetic
characterized using situ magnetization measurements dur- measurement sensba field of 500 Oe, i.e., larger than the
ing the deposition. coercive field of the layers, can be applied during the depo-
sition, either perpendicular or parallel to the layers. A small
3Author to whom correspondence should be addressed; electronic maifOll prowde; a Weak alFematmg field fo'r the. measurement of
elisabeth.chassaing@glvt.cnrs.fr the magnetization, which was recordéd situ during the
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FIG. 1. Current densitfcurve ) and magnetization responsésirve 2
during the potential pulse deposition of iQo/Cu] bilayers, respectively, at
Eco=—1.35 V/MSE ande,= —0.80 V/MSE.(Co thickness: 13 nm, cop-
per thickness: 11 njn(a) enhancement of the first cycle; afl) enhance-
ment of the 12th cycle.

magnetization efficiency by analogy with the Faradaic effi-
ciency, though it is not a dimensionless number. Figure 2
shows that, although some scatter exists in the data, this ratio
Am/Qc, increases from the first layer to the second and then

deposition. The substrates were stuck on a glass support afid€nds to decrease. The decrease is probably related to the
connected to a potentiostat/wave generator and a piezoeleg?hancement in roughness, which is observed when the num-
tric sensor for the magnetic measurements. ber of layers increasés. . _ .

We investigated the influence of the number of bilayers, ~EXamples of hysteresis loops recordeditu for various
the effect of the cobalt deposition time, starting either withnumbers of layers deposited on ITO glass are shown in Fig.

cobalt or with copper, and the influence of the substrate typa: 1hey exhibit a typical ferromagnetic behavior. The satura-
(either a gold foil or ITO glass tion magnetizatiorM ¢ was measured at 3 kOe. The square-

ness of the hysteresis loops was estimated by the ratio of

M, , the remanent magnetization k.. The coercive field

H. was also measured. Figure 4 shows that, whatever the
Figure 1 shows an example of current density and magsubstrate, goldcurve 1 or ITO (curve 2, both the square-

netization responses recorded, with the magnetic field parahess of the loopEFig. 4a)] and the coercive fielfFig. 4(b)]

lel to the layers, during the pulse deposition of a Co—Cudecrease when the number of layers increases. This may be

multilayer (12 bilayerg on a gold substrate. The individual related to the increase in the grain size. The inferior square-
thicknesses were 11 nm for copper and 13 nm for cobalt. The

magnetization(curve 2 increases during cobalt deposition.
Due to the integration time necessary for magnetization mea: 10
surement, it is very difficult to observe whether any cobalt
dissolution occurs when the potential is switched figgy to )
Ec,. Such dissolution may result from the chemical dis- =
placement of cobalt by the cupric ions, according to the re-J5
action: CotCu**—Co*" +Cu. This phenomenon has been §
shown to occur for Cu—Co and Cu—Ni layers pulse plated ing
galvanostatic conditions® In our case we applied potential N
: ) ) 50

pulses, so the displacement is probably less important than itz
galvanostatic conditions. As shown in Figal, no decrease & 1
in the magnetization is observed when the potential is re-=
versed fromEc, to E¢, for the first few pulses. After depo- 4
sition of a large number of layers, a decrease in the magne
tization was sometimes observed during the puls&@t f’_/_//_/
[Fig. 1(b)]. :

For each potential step we measured the relative increas %000 : _5'00 ' 0 ' 5(‘)0 000
Am in the magnetization. It was labeled in arbitrary units o
since the magnetometer was not calibrated. To compare th_ Magnetic Field / Oe
different experiments, the increasem was divided by the FIG. 3. Hysteresis loops record@usitu after the deposition of thECo(13

electrical charg&¢, used for the deposition of cobalt dur- nmycu11 nm] for various numbers of bilayers(substrate ITO glags(1)
ing the pulse atE,. This ratio can be considered as the n=1, (2n=2, (3) n=3, and(4) n=6.

IIl. RESULTS
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2 L
§ - Two series of Co/Cu| bilayers were deposited on a gold
50 - foil with a constant deposition time of 50 s for coppee.,
i ‘ ] . ‘ | 1 thickness of 11 nmand variable cobalt deposition times
0 o 5 4 6 8 10 12 14 from 0.5 to 15 s. In serie&@), cobalt was the first deposited

layer, whereas in serig®) copper was first. Figure 5 shows
examples of hysteresis loops for serigg. The saturation
magnetizatiorM ¢ increases with plating time. For short du-
rations, up to about 5 s, the magnetization efficiency
M¢/Qc, increases with the plating time and tends to stabi-
lize for longer deposition timegFig. 6, curve 1. Similar
agé(periments have been carried out with an electrochemical
e%lartz—crystal microbalancéEQCM), which allows mea-
urement of the deposited mass, enabling calculation of the
aradaic efficiency(Fig. 6, curve 2.1° Both curves exhibit
the same time dependency. These behaviors clearly confirm
the fact that, at the beginning of cobalt deposition, hydrogen
eevolution is the predominant reactithThe relative impor-
tance of this side reaction, controlled by the diffusion of

first layer, cobalt, or copper. The squarenbss/M of the i d ith i For | I ¢ d
multilayers is larger when the first deposited layer is cobalfO'oNns, decreases with time. -or long pulses at Copper depo-
sition (i.e., 50 3, proton concentration is restored, and the

(Table ). The effect on the coercive field is less pronounced. . ) . )
According to AFM and SEM observations, the roughness ofame evolution of the faradaic efficiency is observed for suc-

the films is larger when copper is the first layer; this is be-CESSIVE cobalt pulses.
cause copper is discharged under diffusion control which fa-
vors rough or dendritic growth, whereas cobalt is deposited

Number of [Co(13nm)/Cu(11nm)] bilayers

FIG. 4. Squareness ratMd, /M (A) and coercive fieldH. (B) as a func-
tion of the number ofCo(13 nm)/Cu(11 nm)] bilayers: Curveg1) gold foil
substrate; curve€) ITO glass substrate.

ness observed when the layers are deposited on ITO gl
may be due to the higher roughness of this substrate. Inde
ITO glass has a rather rough surface with some irregularitie
(1.5-3 nm Ra When one bilayer is deposited, the roughnes
increases slightly4 nm). For 20 bilayers the roughness in-
creases markedly up to 10—20 fim.

We also investigated the influence of the nature of th

T 12 0.8
under activation control which leads to smoother layers. s
< 11 ~ o T 14
= - >
8 - 06 9
’ L 2 08| o g
TABLE |. Squareness ratitvl, /Mg and coercive fieldH. for one and three 8 Lo o N £
bilayers of{Co(13 nm)/Cu(11 nm)] deposited on a gold foil or on ITO glass, 3 o6r7,, 104 g
starting either with cobalt or copper. 2 I ’ 2 s
5 04 s
® Fiof —4 0.2
M /Mg H (O % o2 [ i
c
(CoT® (Cul® (Col") (Col™ (Cul® (Cor% g R IS
Number of ] 5 10 15 20
bilayers Au foil ITO glass Au foil ITO glass Plating time at cobalt deposition potential / s
1 0.81 0.74 0.80 205 265 280 FIG. 6. Influence of the plating time at the cobalt deposition potential
3 0.73 0.65 0.76 165 155 50 (—1.35 V/IMSB on the ratio of the magnetization efficienc{/Q¢,)

(curve ) and on the faradic efficiency measured by the EQ@Mrve 2.
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1 500 of the cobalt deposition. The chemical displacement of co-
] balt by copper seems to occur only when a certain roughness
8 of the layers develops: for higher numbers of layers or when
2 > the substrate is ITO glass.
é £ The magnetization increasem and the magnetization
s % efficiency, Am/Q¢, are influenced by the electrocrystalliza-
8 tion process and especially by the roughness of the layers.
They both tend to decrease when the number of bilayers
] increases. Their values depend on the nature of the substrate
o 20 a0 s s 100 on which cobalt is deposited: they are smaller when copper
Thickness of the cobalt iayer / nm is the first deposited layer or when the substrate is ITO glass
FIG. 7. M, /Mg ratio (curves } and coercive fieldcurves 2 as a function instead of 90"?' fOIl_. . .
of the thickness of the cobalt layer for a bilayer: sef@scobalt is the first The coercive fieldH, is mainly affected by the amount
deposited layer on the gold substrate, and setiggopper is the first de-  of magnetic material, i.e., by the grain size. It decreases rap-
posited layer on the gold substrate. idly when the thickness of the cobalt layer increases or when

the number of bilayers increases.
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