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Electrical resistivity behavior of Fe/Cr multilayers deposited by different
techniques (molecular-beam epitaxy, sputtering), on different
substrates (MgO,Si)
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High-resolution electrical resistivity measuremengsdp/dT) were performed in three series of
[Fe;oaCria] multilayers in the temperature range 15-300 K, both at zero and under saturation
magnetic field. The different series were prepared by MBE on NI@) substrates, by sputtering

on MgO (100 substrates, and by sputtering on @00 substrates. In the temperature range
15K =< T < 50 K we always obserye = BT whereBis a sample-dependent constant, indicating the
dominance ophonon-assisteititerband §-d) electron scatterinfp = T whenT < O pepya- Forthe
samples grown on MgO we observe tiatlecreasesvith t(Cr) whereas for the samples grown on
Si, the coefficienp increaseswith t. For T > 150 K the resistivity attains the classical dependence
with p « T also predicted by this-d model. In spite of these differences our results show that
p = Bf(T) wheref(T) is the same function of temperature for all the different samples studied.
© 1997 American Institute of Physids50021-897@7)71108-3

INTRODUCTION ity) in the temperature range €9 <300 K, for the three sets

Previous coarse measurements of the electrical resisti\ﬁl;;irjr:glzz :Lsdoer‘??:\?’;gi;gi Cscgefj?s?i?]d"jgﬁ:wf?&_
ity of Fe/Cr multilayers were analyzed in terms of electron—P P ' 9

magnon scattering, giving an approximately quadratic depe ferent types of behavior between the three sets of samples. In

dence ofp(T) over the temperature range 26K <100 K} r'{he'sa'mples' dgposited on Mgy MBE and s.put'terin)gthe
Also, it has been known for some time that giant magnetore'—n.mn.S'C re5|_st|V|ty and_ its temperature derivative decrease
sistance is very sensitive to film preparation conditions,vmh mgreasmgt(c_r) thickness yvhereas _the reverse effect
mainly due to the dependence of the magnetic coupling oceyrs in the multilayers deposited on Si.

the quality of the multilayer modulation, crystallographic

orientation, eté? In order to deepen our understanding of

these problems we have performed a detailed comparative

study of the temperature dependence of the electrical resis- 5, 012
tivity (p) and its temperature derivativelg/dT) on three O MEOFE 10 & MECHODF); g 17
sets off Feypa /Cria ] X 10 multilayers deposited by different 20 s
techniquesMBE, sputtering over different substratgd1gO e /‘=2“?
and S). Our objective is to identify dominant electron scat- =
tering mechanisms by using detailed measurements of the

temperature derivative of the electrical resistivity, and to re-
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Y MEOUIOM P sl €) MgO(100)/[Fe, 4 CrIx10 =104
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veal structural film differences arising from different growth [SP""Efedlﬂfgc’;?ZﬂfA &
conditions. g A T

One series of samples was deposited by MBE over MgO £ oy = 5
(100 substrates, with Cr-layer thicknesdes9, 18, 21, 39, 2 // =224 &
and 57 A. Another series was deposited by sputtering on = ) SLO0VIFe4Crg 110 000 =

) Si(100)[Fe4 Crg1x10 a0k
et

[Sputtered] o
// =224
< 0.06

MgO (100 substrates, with=10, 15, 17, 18, 19, 22, 37, and (Sputtered) =404
39 A. The third series was deposited by sputtering over Si %
(100 substrates, with=10, 16, 22, and 39 A. Details of the 10
deposition techniques were reported elsewHere.

The electrical resistivity measurements were performed  °
in the temperature range 15-300 K using the standard four- 100 200 300 0 50 100 150
probe technique. Absolute values were obtained with the TX) TX)
Van der Pauw method.

FIG. 1. Temperature dependence of the electrical resistivity of the three sets
of Fe/Cr multilayers measured Et=0 Oe:(a) deposited by MBE on MgO
RESULTS AND DISCUSSION substratesib) deposited by sputtering on MgO substrates, @mdieposited

. .. . by sputtering on Si substrates. Graghy (e), and(f) show the correspond-
. Flgurg 1 ShO\_Ns_ t_he temperatur? depend?nce of the "nt”nﬁg dp/dT curves. Results for sputtered samples on MgO are multiplied by
sic electrical resistivityp, =p—pg (pg is the residual resistiv- 2 for clarity.
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FIG. 2. Linear fits to the curvedp/dT vs T2 measured atl =0 Oe on all
the Fe/Cr multilayers studied, in the temperature rand®-50 K.
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FIG. 4. Intrinsic resistivity measured @) zero andb) saturation magnetic
field vs B for the Fe/Cr multilayers studied. All the points for each tempera-
ture fall in the same line going through the origin; it indicates that
p=pBf(T), wheref(T) is a universal function of temperature.

In principle, in the temperature range reported here,

electron—phonon «s), electron—-magnon, and phonon-
assisted interband s{d) electron scattering may be

operative>® It has been claimed that electron—magnon scatperature range 20—100 KStrictly this would lead to a linear

tering, giving aT? dependence ip, is dominant in the tem-
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FIG. 3. Slopg(B) of the linear fits to the curvedp/d T vs T2 obtained on all
the Fe/Cr multilayers studied, both at zero and at saturation magnetic fiel

temperature dependencedp/dT, which is not supported by
our dp/dT data[Figs. Ad)—1(f)].

In fact, for 15 KST<50 K we observe 2 dependence
in dp/dT for all the Fe/Cr multilayers studied, as shown in
Fig. 2. This means thai;= 8T, suggesting the dominance
of phonon-assisted interbaseld electron scatterirfgin that
temperature rangkp, *lattice specific heat(T/0)° whenT
is considerably less than the Debye tempera@re©~450
K in our caség. From the linear fits shown in Fig. 2 we have
determinedg for all the measured RBgiCr,z multilayers.

The apparently small role played by electron—magnon scat-
tering could be due to the fact that magnons cannot extend
over the whole multilayer due to interface roughness and
defects. The relative contribution of the spin-flip term, com-

ing from collision with extended magnons, is then small as

remarked earlief.

For T>50 K the exponent (in p~T") progressively
decreases, reflecting the expected decay of lattice quantiza-
tion effects and leading to the classical linear increase of the
resistivity with temperaturén=1; T=150 K in our casg

Besides zero-magnetic-field measurements, we have also
performedp, dp/dT measurements under magnetic satura-
tion in the same temperature range. We observe a systematic
decrease in the absolute resistivity due to the magnetoresis-
tance effect, but the intrinsic resistivity;(T)=p(T)—pg

c]again follows ap;=BT® dependence in the temperature

Inset is the residual resistivity, vs t(Cr) for all the Fe/Cr samples studied ange~15-50 K, with slightly higheiB values than in zero

here.
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Figure 3 shows the dependence @fon the Cr-layer measured at zero magnetic field. This means that the func-
thickness, both for zero field and under magnetic saturatiortion f(T) is slightly different in both cases, which arises
For MgO-deposited multilayer8 decreasesvith increasing from the temperature dependence dfp=p(T,H=0)

Cr thickness, whereas for the samples deposited on S8the —p(T,H>H,). In our AF-coupled sampledp is propor-
coefficientincreaseswith t(Cr). The observed dependence of tional to T2 at low temperatures, as expected for strong an-
the residual resistivity on the Cr-layer thickness is shown irtiferromagnetic coupling as in Fe/Cr multilayérs.

the inset of Fig. 3. Strikingly, the, vs t(Cr) dependence is

similar to that of3 vst(Cr), indicating a correlation between ACKNOWLEDGMENTS
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