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  The  TnagnetoresistaTice  (DLCR) of  nitagTietic  ]TxultiLan  -
ers,  Fe!Cr and  CofCu,  was  measiired  at  high pt'essure.
It was  found t,hat the effec,t of' pi'essure on  the pt'IB, de-

pends on  t,he specinien:  the  ]v'TR of  Fe!Cr  decreases
rnuch  niore  than  that, of  Co/C]･ti. The  large efl'ect of

pressure on  the  pt{R, in Fe!Cr  is sho",n  t,o be due to the
suppression  of  spin-depelldent･  s{/att･ering  :Lt, high pres-
snre. The  relation  betwcen tha  eff'ect of  pressure  on

GpeIR, and  the interfaciai r{)ughness  is discussed briefiy.

  Higli pvessure up  t,o 2.2 GI)a was  generated by a

pisLon-cylinder apparal,us  utilizing  the conventional

t･eflen-cell technique.  1'he pressure iitside t,he celL  "ras

kept constant  by cont,rolLing  the  load ef  hydra"lic. press.
Thn  temperai,ure  in t,Iie cell  uras  men,sured  by a  cal-

ibrated Cu(Fe)-Chromel thermo('ouple. The  elecrt,ri-

cal  rc}sist,ance  was  measllred  by means  of  the  standard

fonr-probe inethod.  The  details of  the  preseiit appara-
t･us were  reported  prcvioutily8}.

Key  words:  high pressure. G]vlR, iitas.netic  ]nulti-

layer

1. Introduction

   E･xtensive studies  have been carried  out  on  the gi-
ant  ntaglleLoresistance  (GrvTR) of  tnagnetic  ir]uLtil,'iy-

ers  {]v{rv{L) in whi{/h  t,he ri-agniLu{ie  ot' MR  ratio  is of

t,he order  of  several  tens per('enti)'2), AnoLher  chara(/-

teristics of  rvlrv･ILs is that  the ]v'TR rat,io  oscilLai,es  
as

 
a

fun{:t･ion of  the thickness  ti, of  parfi,inagnetic layers3), 
'i).

This fa,ct indicates the itnport,ance of  t,he inter]ayer ex-
change  interaction bet,ween th(/ f(ll'romagnet,ic layers
which  is doininated by the  illagnit,ude  of  ti,. In or-

der to get a  })etter uriderstandiiig  a})out  t}ie orig'ins  of

(lblR effect  in A,IML, it is woi'thwhile  t,o investigate
GA,'{R, uuder  high pressure beca"se we  can  coiitroll  t
                                         p
very  pr'ecise]y using  high pressure.

  XNle have  nieasured  uiitil iiow  1,he efi'ec,t of  pressure
oit  Grv'TR of  Fe!Cr, Co/Cu  aTid  FefCu  and  obtaii]ed  a

lot, of  many  interesting r'esu]tsi')''7),

  In lhe present worlc  we  compare  the resu]ts  of  FelCr
with  t,ha,t of  Co!Cu  t,o inake.  ciear  the diffe.reric{' in
the effect  of  pressure on  (]),TR. The  restilt,s ivil]  be dis-
cussed  in cennection  with  t,he effec/t, of  pressur{um  th{]
spin  depeiident･ sf:atteriiig  of  cenductioi!  ele(:t,rons  due
t･o iiiterface roughness,

2. Experimental  method

  In the  present  work  -'e  Hsed  t,wo types  of  Dv{pt･fLs
having  the forrnulas. [Co(10.8A)ICu(tc.A)]is (ab-
L)rcviated as  ColCu(tc.)) ;nid  [Fc(30A)ICr(tc,riiL)12･t
(FalClr(tc,)). The  det{it'ls of  sainple  preparat,ion were
repet't{yi  previousl.y5)･a).

3. Experimentalresults

  Ill the following, we  re.port  the efi'ect of  pressure  oii

t,he two  samples,  Fe!Cr(9.5) arid  Ce/Cu(9.8). which

exist  near  t,he lst pen,k of  the os('illatioiT  of  G)v{R,
  EIectrical resist･ivity  p of  these  two  pt'I){Ls de{/reases
sinoothly.  witli  pressur(), a,t roorri  teTnl}erature. The
pressure co(ifHcients  of  p, e1ll p!OP.  are  su:ninarize(l  iTi
Table 1. 

'I'he
 resistivity  of  Fe/Cr(9.5) decreases with

pressure more  rapidly  t･han that, of  C･olC:u(9.8).

  Figure 1 shows  t,h{] N'TR. rat,io  Ap/p,  of  Fe!Cr(9.5)
at  4,2 K  as  a  function of  inagnetic:  fieLds H  at  O. 1.0
and

 
2.0

 GPa. Here Ap/f,, is defined as  Ap/p,(H) =

(p(JI) 
-
 ps)/IJs, where  p(H)  alld  p, art}  the resistivities

below  a"d  above  saturaLiorL  f]eld (saturat,ion i'esistiv-

ity), respectlvety,  Ap/p,(O) is I'ouiid to be almost  cori-

sLant  below 1 GPa  but to decrease with  pressure  above

1 Gl'a. By  applying  2 GI'a. the  valite  of  Aplp,(O)  de-
creases  by about,  a  ha]f of  t,1iat al, ainbient  pressure.
Since t). decreas{:s "'il,h pr'essure, AR(H  =  O) de('reases
by applying  pressure more  rapidly  th;m  p,. The  hall'
of  !'nll width  of  half maxiinuni  in the  Ap/p. CJI) cnrves

inereases  with  i"creasing' pressu}'e.

Table  1: Values of  the  pressuve  coeMcient  of  electrical

resisitiv]t,y  at, room  kMnperat,ute for CofCu(9.8) mK]

FefCr(f).i)) rriagnetic  niulLila,yers.
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Fig. 1: MR  ratio  of  FclCr(9.5) at  4.2 K at  high pres-
sure  as  a  function of  the  magnetic  field.

Fig.3:  MR  ratio  of  ColCu(9.8)  at  O and  2.2 GI'a.
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Fig. 2: Relat,ive change  in the MR  ratio  at  JI =t  O as
a  fiinction of  the  pressure.

  Figure 2 shows  the pressure depettdence of  Ap/p,(O)
of  the  FelCr  MML  of  tc,=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 raptdl,v.

above  I GI]a with  increasing press"re.

  The  MR  ratio  ef  Co/Cu  having tc.=:9.8 A is shown

in Fig. 3 at  4.2 K  as  a  furictlon ofH.  The MR  ratlo has

a  peak  near  O.02 MAIm.  By  applying  pressure,tlte MR

ratio  decreases as  a  whole  and  the maximum  values  ln

the MR  ratio,  (Apfp)..., decrease slightly.  Figure 4

shows  the  relat,ive  change  in the  value  ef  (Ap!p).ux
as  a  function of  pressure.. It is found that, the  rvlR

ratio  of  CelCu(9.8)  decreases smoothly  with  increasing

pressurc withollt  any  anomaly  like FclCr  case  as  shown

in Fig. 2. By  applyi]ig  2.2 GPa, it decreiises by  about,

3.6(P6 comparcd  with  that  at  ambierit  pressure, which

is extreTiiel,v. sinaller  tharL t,hat of  Fe/Cr.

1.029,titsu

 1,OO=e.ves-9
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Pressurc(GPa)

Fig. 4: Relative change  in the

as  a  function of  the pressure.

4.

2.02.5

MR  ratio  (Aplp)rnax

Discussion

  The magnitude  of  GMR  has beeii explained  by  tak-

iiLg iuto account  the spiii-dependent  scattering  of  con-

dtiction 
electrons]).

 In order  to examine  this fact we
analyze  the  present {lata  in the following9). The  ef-

fect of  pressure  on  the MR  ratie,  Aplp,,  is devided

into two  parts; the Iirst is the efikct  of  pressure on  Ap

aiid  t,he second  is t,haL on  p,. For t,he first, part the

prcssure changc  of  spin-dependent  scatte,ring  inay  be

dominant  but f'er t,he second,  that  ef  bulk scattering

inay  be doiTiiiiallt.

  Figures 5(a) and  (b) show  the  va]ues  of  p, and

Ap  of Fe/Cr(9.5) at  4.2 K  as  a  function of  pres-

sure.  p. decreases linearly with  pressnre having a  rat,e

(1/p,)(dp,!dP) =  -6.3 × 10-2 GPa-i. On  the other

hand, Ap(H  =  e) decreascs gradually  below  ca.  1 GPa

but begins to decrease rapidly  above  1 GPa: it be-

conLes  abuut  a  half ef  the value  at  ainbieiit  pressure by

applyiiig  2 GPa.  This behavior is largely differe]it form
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Fig. 5: (a) Saturation resistlvit,y  p, and  (b) magne-

toresistivity Ap  (H =  O) of  Fe/Cr'(9.5) as  a  fn nction  of

t･he pressure  at, 4.2 K.

Fig. 6: (a) Saturatiun resistivity,  p. and  (b) inagiie-

toresistivit,y Ap(H  =  O) of  ColCu(9,8)  as  a  fullction
of  the pressure at, 4.2 K.

that  of  p, as  shown  in Fig. 5(a), in which  p. decreases
only  by 13V6 at, 2 GPa. This result  irnplies t,hat, the
pressure dependence of  Aplp., is niainly  dominated by
spin  dependent scattering  of  conduction  electrons  ine}'e

t,han spin-independent･  scattariiig:  the former is inore

suppress(]d  than  the  latt,er by  pre.ssure.

  Figures 6(a,) and  (b) show  p, and  Ap  of ColCu(9.8)
at  4.2 K  as  a  function of  pressure,  p, deereases
sinuothly  with  pressure.  Ap  decreases aliiiost  lin-
early,  The  initial pressure coefieieiits  of  p, and  Ap
are  -O.63 × 10-?  GPanv] und  -2.7 × 10u2  GPa"i. re-

spectively,  By  iipplying  2 GI'a. p, clecreases  by al)out

2.4%  but Ap  by 8.7Ve. This fact i"dicates that t,he spin
dependent scattering  ef  condi]ction  elect,ror]s  is si]p-

pressed by  pressure rriore  t,han t,he sl)in  ir]dependent
one,  which  is similar  1,o that  of  RVCr,

  Here we  compare  i,he efftict, of  pressnre on  t,he val-

u{is  of  p. and  Ap  for bot,h samptes.  Figure 7 shows

the relative  pressure change  of  t,he hulk resist,ivit,,y,

p,(P)/p,(O). as a  funct,ion of  pressnre {br' FufCr'(9.5)
and  ColCu(9.8). The  ehan.ffe  of  fJ, in FelCr(9.5) at,

2 GPa  is abeut  6 tiincs Larger than  that  of  CefCuC9.8).
This suggcsts  that  the  iiiagnetie  statc  of  Fe!Cr(9.5) is
unstable  against,  pressure coinpared  ivit,h Cu/Cru(9.8).

Figure 8 shows  the  pressure depetidence of  t,he va]ues
of  p.(P)/p.  (O).It, is see.n  that the change  of  Ap(H  t=  O)
in Fe/Cr(9,5) at, 2 (;Pa is 10 tiines ]arger than  that  of

Co!Cu(9,8), i.c., t,he effect･ ofpressurc  on  Ap(ll =  O) is
inoro  significai]t,  thall that o]i  p, as  is seer}  t'ro]n Figs. 7
ai'id 8.

  Although  t,here have been niany  t,heereticaa and  ex-

periine"t,al works  oii  the  (] pt(R of  l'I pt,1 LslO)･ii), t,]ie orir

gin ofGptCR  is not  well  understood  imtil  now.  However,
it, has been snggested  t,hn,t t,he int,erfricial roughness

(IR) is a  very  important t'actor dominating the mag-

nitaide  ofGA{R.  The  relationship  between  IR arid  t,he
inagnitnde  of  (]}v'{R has re{./ent.ly investigated exte,n-

sively by rnally  ntithorsi2)'i5).  The  {letails  of  IR, are

llot, siinple  but ina,y  ine]ude several  ingredients  sitch  as

ccnnposit,ioT)al  iiiixi]]g  due to int,erditrusioni6), lattice
uncertaintyi3)  and  so  fort,b. It is fo"nd that t,he MR
rat,io  in FelCr  MNtL  is enhanced  by  IR as  long as  t,he Fe
Layer is coupted  ant,iferrornagnet,ica]ly,  , reaches  a  inaxi-

nMirn  at  iin ol]timuiii  }md  theii de(/r(]ases with  a  further
increase of  the reughnessii)'i5),  The  present res"lts  in
Figs. 5, 6, 7 and  8 ii}dicate that the  effcict ef  pressure is
inure  siguificaiit  for Ap  thaii fbr p, and  inorc  sigtiifica,itt,

ln Fe/Cr(9.5) Lhtmi iii Co/Cu(9.8), Assuining that  Ap
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is doininat,ed inainly,  by  IBi4), the  eM:ct  of  press"re on

t,he niagiLitude  of  GTL,IR is at,t,ribLtt,ed to the eha,]ige  in
the  IR l)y app}ying  pressure, i,e., the  $pill  dependent,

scattering  of  condnction  elect,rons  at  the  int,er'fa,t/e plays
ait irrtportant role  in cxplaiiting  its pressuve eff'ect.

  As was  Tr!ellt,ioi]ed irL sec ±,ioii  1, we  inay  eousider

the effect  of  ii)terlayer exclsar)ge  coupliitg  (IEC) en  t,he

itiagnitude  of  C:rL･TR because, it c/hanges  aL  hlgh pres-

sure  through  a  change  in tp. However  since  the pre.s-
sure  change  of  tp is ex:,reritely srriall, it is diMcuSt to

explain  t,he large effeci,  of  pressure on  G]L(R only,  by.

assuniSng  t,he change  of  JEC9). Rec/ent,ly it has been

suggestcdi7)  that the oscillatlon  pe}'iod is changed  by

apply.  ing pressi}rc. i.e., the  1st peak  shift,s  to larger' tcti.

In order  to ceiifir'in  this fact we  i)e.ed itiore  clata  a.beut

tlLe Ferini surface  of  Dv{rL'JL uTifler  T)ressnre.
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