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The magnetoresistance (MR) of magnetic multilay-
ers, Fe/Cr and Co/Cu, was measured at high pressure.
It was found that the effect of pressure on the MR de-
pends on the specimen: the MR of Fe/Cr decreases
much more than that of Co/Cu. The large effect of
pressure on the MR in Fe/Cr is shown to be due to the
suppression of spin-dependent scattering at high pres-
sure. The relation between the cffect of pressure on
GMR and the interfacial roughness is discussed briefly.
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1. Introduction

Extensive studies have been carried out on the gi-
ant magnetoresistance (GMR) of magnetic multilay-
ers (MML) in which the magnitude of MR ratio is of
the order of several tens percent):2). Another charac-
teristics of MMLs is that the MR ratio oscillates as a
function of the thickness t,, of paramagnetic layers3)4).
This fact indicates the importance of the interlayer ex-
change interaction between the ferromagnetic layers
which is dominated by the magnitude of t,. In or-
der to get a better understanding about the origins of
GMR effect in MML, it is worthwhile to investigate
GMR under high pressure because we can controll tp
very precisely using high pressure.

We have measured until now the effect of pressure
on GMR of Fe/Cr, Co/Cu and Fe/Cu and obtained a
lot of many interesting results®-7).

In the present work we compare the results of Fe/Cr
with that of Co/Cu to make clear the difference in
the effect of pressure on GMR. The results will be dis-
cussed in connection with the effect of pressure on the
spin dependent scattering of conduction electrons due
to interface roughness.

2. Experimental method

In the present work we used two types of MMLs
having the formulas, [C()(lO.é%A)/Cu(tCuA)]15 (ab-
breviated as Co/Cu(tey)) and [Fe(304)/Cr(te,A)]ag
(Fe/Cr(ter)). The details of sample preparation were
reported previously®):6),
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High pressure up to 2.2 GPa was generated by a
piston-cylinder apparatus utilizing the conventional
teflon-cell technique. The pressure inside the cell was
kept constant by controlling the load of hydraulic press.
The temperature in the cell was measured by a cal-
ibrated Cu(Fe)-Chromel thermocouple. The electri-
cal resistance was measured by means of the standard
four-probe method. The details of the present appara-
tus were reported previously®).

3. Experimental results

In the following, we report the effect of pressure on
the two samples, Fe/Cr(9.5) and Co/Cu(9.8), which
exist near the Ist peak of the oscillation of GMR.

Electrical resistivity p of these two MMLs decreases
smoothly with pressure at room temperature. The
pressure coefficients of p, d1n p/GP, are summarized in
Table 1. The resistivity of Fe/Cr(9.5) decreases with
pressure more rapidly than that of Co/Cu(9.8).

Figure 1 shows the MR ratio Ap/ps of Fe/Cr(9.5)
at 4.2 K as a function of magnetic fields H at 0, 1.0
and 2.0 GPa. Here Ap/ps is defined as Ap/pg(H) =
(p(H) = ps)/ps, where p(H) and pg are the resistivities
below and above saturation field (saturation resistiv-
ity), respectively. Ap/ps(0) is found to be almost con-
stant below 1 GPa but to decrease with pressure above
1 GPa. By applying 2 GPa, the value of Ap/ps(0) de-
creases by about a half of that at ambient pressure.
Since ps decreases with pressure, Ap(H = 0) decreases
by applying pressure more rapidly than ps- The half
of full width of half maximum in the Ap/pg(H) curves
Increases with increasing pressure.

Table 1: Values of the pressure coefficient of electrical
resisitivity at room temperature for Co/Cu(9.8) and
Fe/Cr(9.5) magnetic multilayers.

Magnetic multilayer | ¢; dlnp/or —{
(A) | (x1072GPa™?)
Co(10.8 A)Cu(t; A) | 9.8 -1.7

Fe(30 A)Cr(t; A) 9.5 —-8.5
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Fig. 1: MR ratio of Fe/Cr(9.5) at 4.2 K at high pres-
surc as a function of the magnetic field.
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Fig. 2: Relative change in the MR ratio at H = 0 as
a function of the pressure.

Figure 2 shows the pressure dependence of Ap/ps(0)
of the Fe/Cr MML of t¢,=9.5 A, in which the rela-
tive change of that is shown. The MR ratio is nearly
constant below 1 GPa but begins to decrease rapidly
above 1 GPa with increasing pressure.

The MR ratio of Co/Cu having t¢,=9.8 A is shown
in Fig. 3 at 4.2 K as a function of H. The MR ratio has
a peak near 0.02 MA/m. By applying pressure,the MR
ratio decreases as a whole and the maximum values in
the MR ratio, (Ap/p)max, decrease slightly. Figure 4
shows the relative change in the value of (Ap/p)max
as a function of pressure. It is found that the MR
ratio of Co/Cu(9.8) decreases smoothly with increasing
pressure without any anomaly like Fe/Cr case as shown
in Fig. 2. By applying 2.2 GPa, it decreases by about
3.6% compared with that at ambient pressure, which
is extremely smaller than that of Fe/Cr.
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Fig. 3: MR ratio of Co/Cu(9.8) at 0 and 2.2 GPa.
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Fig. 4: Relative change in the MR ratio (Ap/p)max
as a function of the pressure.

4. Discussion

The magnitude of GMR has been explained by tak-
ing into account the spin-dependent scattering of con-
duction electrons?). In order to examine this fact we
analyze the present data in the following®. The ef-
fect of pressure on the MR ratio, Ap/ps, is devided
into two parts; the first is the effect of pressure on Ap
and the second is that on ps. For the first part the
pressure change of spin-dependent scattering may be
dominant but for the second, that of bulk scattering
may be dominant.

Figures 5(a) and (b) show the values of p, and
Ap of Fe/Cr(9.5) at 4.2 K as a function of pres-
sure. ps decreases linearly with pressure having a rate
(1/ps)(dps/dP) = —6.3 x 1072 GPa~!'. On the other
hand, Ap(H = 0) decreases gradually below ca. 1 GPa
but begins to decrcase rapidly above 1 GPa: it be-
comes about a half of the value at ambient pressure by
applying 2 GPa. This behavior is largely different form
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Fig. 5: (a) Saturation resistivity ps and (b) magne-
toresistivity Ap (H = 0) of Fe/Cr(9.5) as a function of
the pressure at 4.2 K.

that of ps as shown in Fig. 5(a), in which p, decreases
only by 13% at 2 GPa. This result implies that the
pressure dependence of Ap/ps is mainly dominated by
spin dependent scattering of conduction electrons more
than spin-independent scattering: the former is more
suppressed than the latter by pressure.

Figures 6(a) and (b) show ps and Ap of Co/Cu(9.8)
at 4.2 K as a function of pressure. pg decreases
smoothly with pressure. Ap decreases almost lin-
early. The initial pressure cocfficients of ps and Ap
are —0.63 x 1072 GPa~! and —2.7 x 10~2 GPa~!, re-
spectively. By applying 2 GPa, ps decreases by about
2.4% but Ap by 8.7%. This fact indicates that the spin
dependent scattering of conduction electrons is sup-
pressed by pressure more than the spin independent
one, which is similar to that of Fe/Cr.

Here we compare the effect of pressure on the val-
ues of p; and Ap for both samples. Figure 7 shows
the relative pressure change of the bulk resistivity,
ps(P)/ps(0), as a function of pressure for Fe/Cr(9.5)
and Co/Cu(9.8). The change of py in Fe/Cr(9.5) at
2 GPa is about 6 times larger than that of Co/Cu(9.8).
This suggests that the magnetic state of Fe/Cr(9.5) is
unstable against pressure compared with Cu/Cu(9.8).
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Fig. 6: (a) Saturation resistivity py and (b) magne-
toresistivity Ap(H = 0) of Co/Cu(9.8) as a function
of the pressure at 4.2 K.

Figure 8 shows the pressure dependence of the values
of ps(P)/ps(0).It is seen that the change of Ap(H = 0)
in Fe/Cr(9.5) at 2 GPa is 10 times larger than that of
Co/Cu(9.8), i.c., the effect, of pressure on Ap(H = 0) is
more significant than that on pg as is seen from Figs. 7
and 8.

Although there have been many theoretical and ex-
perimental works on the GMR of MMLs9): 11 the ori-
gin of GMR is not well understood until now. However,
it has been suggested that the interfacial roughness
(IR) is a very important factor dominating the mag-
nitude of GMR. The relationship between IR and the
magnitude of GMR has recently investigated exten-
sively by many authors'?71%). The details of IR are
not simple but may include several ingredients such as
compositional mixing due to interdiffusion'® lattice
uncertainty*®) and so forth. It is found that the MR
ratio in Fe/Cr MML is enhanced by IR as long as the Fe
layer is coupled antiferromagnetically, reaches a maxi-
mum at an optimum and then decreases with a further
increasc of the roughness'*):1%) . The present results in
Figs. 5, 6, 7 and 8 indicate that the cffect of pressure is
more significant for Ap than for ps and more significant
in Fe/Cr(9.5) than in Co/Cu(9.8). Assuming that Ap

449

NI | -El ectronic Library Service



The Magnetics Society of Japan

References

l.00£~ ! ' ' ' ] 1) M. N. Baibich, J. M. DBroto, A. Fert,
ﬂ\‘\.\.\ F. Nguyen von Dau, F. Petroff, P. Etienne, G. Creuzet,
A. Friederich, and J. Chazclas: Phys. Rev. Lett., 61,
Cocu 2472 (1988).
g 2) G. Binasch, P. Griinberg, F. Saurenbach, and W. Zinn:
Phys. Rev. B 39, 4828 (1989).
3) S.S.P. Parkin, N. More, K.P. Roche: Phys. Rev. Lett.,
64, 2304 (1990).
4) Y. Obi, K. Takanashi, Y. Mitani, N. Tsuda, H. Fuji-
mori: J. Magn. Magn. Mater., 104—107, 1747 (1992).
Ir=42K 5) G. Oomi, Y. Uwatoko, K. Okada, Y. Obi, K. Takanashi
0.85 ! L L 1 and H. Fujimori: J. Phys. Soc. Jpn., 62, 427 (1993).
0.0 05 1.0 1.5 2. 23 6) Y. Uwatoko, G. Oomi, K. Saitoh, K. Takanashi and
Pressure (GPa) H. Fujimori: J. Magn. Magn. Mater., 140-144, 583-
584 (1995).
7) T. Sakai, G. Oomi, K. Takanashi, K. Saito and H. Fu-
Fig. 7: Reclative change of ps of Co/Cu(9.8) and Jimori: Physica B, 237-238, 275 (1997).
Fe/Cr(9.5) as a function of the pressure. 8) (G-gq(;())mi‘ and T. Kagayama: Physica B, 239, 191
1997).
9) G. Oomi, T. Sakai, Y. Uwatoko, K. Takanashi and
H. Fujimori: Physica B, 239, 19 (1997).
10) J. Inoue: J. Magn. Magn. Mater., 164, 273 (1996).

om Co/Cu | 11) P. Bruno and C. Chappert: Phys. Rev. Lett., 67, 1602

095

Fe/Cr
0.90 -

Normalized spin-independent resistivity

*\.\’\F (1991).
12) E.E. Fullerton, D.M. Kelly, J. Guimpel, I.LK. Schuller

and Y. Bruynscraede: Phys. Rev. Lett., 68, 859

J (1992).

13) K. Takanashi, Y. Obi, Y. Mitani and H. Fujimori: J.
Phys. Soc. Jpn., 61, 1169 (1992).

08

Normalized spin-dependent resistivity

06 | Fe/Cr | 14) V. Korenivski, K.V. Rao, D.M. Kelly, L.LK. Schuller,
K.K. Larsen and J. Bottiger: J. Magn. Magn. Mater.,

T=42K 140-144, 549 (1995).
04 J; . ) 15) R. Schad, P. Beli¢n, J. Barnas, G. Verbanck, C.D. Pot-

00 05 ]fO 15 20 55 ter, G. Gladyszewski, V.V. Moshchalkov, Y. Bruynser-
acde: J. Magn. Magn. Mater., 156, 341 (1996).

16) F. Petroff, A. Barthélémy, A. Hamzinc, A. Fert, P. Eti-
cnne, S. Lequien and G. Creuzct: J. Magn. Magn.
Mater., 93, 95 (1991).

Fig. 8: Relative change in Ap of Co/Cu(9.8) and 17) T. Sakai, H. Miyagawa, G. Oomi, K. Saito,

Fe/Cr(9.5) as a function of the pressure. K. Takanashi, and H. Fujimori: J. Phys. Soc. Jpn.,

67, 3349 (1998).

Pressure (GPa)

is dominated mainly by TR%) | the effect of pressure on
the magnitude of GMR is attributed to the change in
the IR by applying pressure, i.c., the spin dependent
scattering of conduction electrons at the interface plays
an important role in explaining its pressure effect.

As was mentioned in section 1, we may consider
the effect of interlayer exchange coupling (IEC) on the
magnitude of GMR because it changes at high pres-
sure through a change in t,. However since the pres-
sure change of ¢, is extremely small, it is difficult to
explain the large effect of pressure on GMR only by
assuming the change of IEC?). Recently it has been
suggested'” that the oscillation period is changed by
applying pressure, i.c., the 1st peak shifts to larger ey
In order to confirm this fact we need more data about
the Fermi surface of MML under pressure.
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