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  The  investigation o'f Cu-thickness dependence of  mag-

netic  and  rnagneto-optica]  properties fAulCu-wedgerfNiFe
sandwiches  were  perfbrmed with  help of  the magneto-

optical  method  with  micron  resolution.  ]t was  discoverecl
that the magnitude  of  the transverse Kerr effect  (TKE)
osci]lates,  as  Cu-wedge  thickness  is variab]e.  It was  fbund
the period of  these oscil]ations  is equal  to - 6A. It was

proved that TKE  oscillations  are  caused  by the influence

of  finite-size effect.
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1. Introduetion

   Recently, the study  of  the influence of  finite-size
etTects  (FZE) on  physical properties ofu]tra-thin  magnetic

films and  multilayers  attracted  a  great deal of  attentien.

FZE  is caused  by a small  thickness  of  films or individual
layers in multilayers.  In ultra-thin  films, due te the

electronic  potential discontinuities experienced  by
electron  states at interfaces, the perpendicular wave  vector

is quantized, giving rise  to resonance  in the density of

e}ectronic states called quantum  well  states  (QWS's)
"Re'fi

 1". Usually, the existence  of  QWS's appears  in the

osci]]ations  of  the measured  properties with  changing  of

the thickness  of  the fi]ms or a ]ayer in multilayers.  Direct

experimenta]  probe of  QWS's in many  systems  is the

method  ofphotoemission  spectroscopy.  The  data, received

by using  of  this method,  confirmed  the existence  of

QWS's in Cu, Ag, Au overlayers  on  Co  (OO1) and  Fe(1OO)
`LRetl

 2 - 6" and  in Fe (100), Co (100) magnetic

overlayers  on  noble-metals  
`･Re

£ 2, 7, 8". Nowadays, it is

proved that the oscillation period of  the exchange

coupling  and  the giant rnagnetoresistance  in multilayers

'`Ref
 9 - 1 1" and  also  magneto-optical  Kerr effects  in the

ultra-thin fiIm ofiron  
"Refi

 12 - E4" and  cobatt  
"Ref.

 14 -

[6" can  be exp]ained  when  ofQWS's  take into account.

At the same  time  analysis  of  the recent  work  showed  that

the influence ofQWS's  on  magnetic  and  magneto-optica]

propenies of  sandwiches  with  nob]e-metal  wedge  is

studied  insufTic{ently. In order  to obtain  a better
understanding  ofthis  problem w ¢ performed a study  ofthe

influence of finite-size effect on  magnetic  and  magneto-

optica] properties ofAu/  Cu-wedget  NiFe sandwiehes.

2. Experimental

  The  studied  saniples  were  prepared by the molecular

beam epitaxy  deposition technique with  a  background

pressure in the 10'ie Torr range.  Polished Mg.O  (OOI)
samples  were  used  as st]bstrates. Before deposition the

substrates were  heated to 950"C  for 1 min  in order  to

remove  adsorption  gases and  stress  introduced by the

polishing process. After cooling  down til] room

temperature  a  Cu-]ayer of  1000A  was  deposited. On  this
layer a perrna"oy film was  deposited. On its top Cu-
wedge  was  created  by moving  the  samp]e  under  a shutter

during deposition. In order  to avoid  oxidation  Cu-wedge

was  covered  an  Au-]ayer of  20A. The  slepe  of  Cu-wedge

was  1,35 Almm, its Iength was  equal  to 20 mm,  thc
minimum  and  maximum  thickness yalues  tc. were  equal

to 4 and  31 A, respcctiycly.  
'Fhcrc

 were  three samples

with permal]oy film thickness  equal  to ]5, 20, 35 A. A
cross  section  of  the studied samples  is shown  in thc
insenion of  Figure 2. The investigation of  hysteresis and

magneto-optica]  properties of  Au/ Cu-wedge/' NiFe

sandwiches  were  perfbrmed with  help of  magneto-optica]

rnicro-magnetometer  (in detai]s described at "'Refi
 17'") by

means  of  the  transverse  Kem' effect  (TKE) - 5. Here

6=AIIIo where  Io is the intensity of refiected ]ight from the
studied  sample  at  M='O (M {s the  samp]e  magnetization)

and  AI is the change  of  Io caused  by the magneto-optica[
efTbct at M  1,- O. We  use  a modulation  method  of

registration of  magneto-optica[  signa]s.  In our  case

alternatins,  magnetic  field l-I with  frequency f'- 80 Hz  was

applied  paral[el to the sample  surface  (a]ong the  wedge

]ength L) and  perpendicular to a  plane of  light incidence.
I.oca] magnetization  curves  6 (H) -･

 M  (H) and

dependencies 5 (L) that is cquivalent  6 (tc･.) were

measured  by using  of  XY  recorder,  The  diafneter D  of

light spot  on  the  sample  was  equa]  to 30 pm.  

'I'he
 scan  of

thc  ]ight spot  was  done across  a  samp[e  middle  line

situated  along  its length. Photon energy  of  incident light
hto was  fixed. A]1 magneto-optical  measurcments  were

perfbmned at room  temperature  in open  air.

3. Results  and  discllssion

   Figure l shows  the typica] Ioca] magnetization  curves

ofAul  Cu-wedgeA5A  NiFe  sandwiches  (the sample  ]Yb1)

received  at hto ='  2,7 eV,  The curve  1 was  measured  on  the

sample  ]ocal micro-part  -,ith  tc, - 4A. 
'rhc

 curves  2, 3 and
so  on  were  measured  as the ]ight spot  "'as shifted on  1mm

interval a[ong  the sample  length L  From  Fig.] one  can

see  that the locaj magnetization  curves  diffbr strongl>,. At
the same  time a set of  such  curves  a]]ows  to obtain  the
dependence ofa  loeal va]ues  ofsaturation  field H, and  to

find [ts maximum  value  (see Figure 2).
The  dependencies 6(t(-.) were  tneasured  for H >  H,"i"X and

a fixed h{t). Figure 3 shows  the  dependence ol' 6 (tc.)
received  for the  samp]e  Nltl for litu =

 2.7 eV  (curve 1).

Fro]n Fig. 3 onc  can see that 
'rKE

 has a maximurn  value  at

tc.-･5.5A.  In the range  of  t{･. between6and  8A  TKE
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Fig.1 The typical local magnetization  curves  of  AutCu-wedgell
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Fig.2 
'l'he

 dependence  of  the local valucs  of  saturation

ficld on  the Cu-wedge  thickness  received.  The  cross

section  ofthe  studied sample  is shown  in the insettion.

deereases abruptiy.  At tc,, >  8A  TKE  decreases slowly

and  sma]]  amp]itude  oscillations of5-values  are seen. Thc

period ofthese  oscillations  is equal  to ･- 6 A.
Comparison of  Fig. 2 and  3 (thc curve  I) shows  that the

dependencies of  H, (tc/.) and  6 (tc.) are similar. Analogous
tneasuretnents  -,ere perfbrmed at h(D =

 2.5 and  3,2 eV  and

for the sandwiches  with  tp.,. L'
 20 and  35A.  It was

cstab]ished  that the change  in the oseiilation  period of

TKE  is insignificant as  the  photon energy  of  incident [ight
varies.  This fact can  be explained  by  a  ]ittie amplitude

variations o'fTKE.  The  dependencies of  5(t(･,) received  for

the sandwiches  with  tp,.. - 20 and  35 A at  htn= 2.7 eV  are

presented in Fig. 3 (the curves  2 and  3, respective]y).  For
a better clearing  Figure 4 shows  the curyes  1, 2 at  tc,, >  8A

on  an  enlarged  scale. From  Fig, 3 and  4 one  can s¢ e that

the shape  of' the curves  1, 2 and  3 are similar but the
values  of  

']'KFI
 increase iinearly and  their oscMations

become  imperceptible w[th  enlarging  of  tpe,.. 1'he

explanation  of  the  received  data can  be a$  following.
According to the data of  

"RefL

 2 
-
 4. 7T', photeemission

spectra  recorded  from d"'ferent thickness of  Cu-overlayer
on  Co  (tOO) and  Fe (IOO) difller. The  first additiona]  peak
in the above  spectra  showing  the existence  of  QWS's
appears  at tc. - l ML.  With  increasing of  tc･. this peak
decreases and  shifts  to Fertni level. 

'1'he
 first Fermi level

crossing  for these states  occurs  at tc, -･ 5-6M[.. The charge

and  the spin densities for states  at  the Fermi level in Cu  on

Fe (100) and  Co  (100) have nearly  periodic dependence
on  tc.. Thc  spin  polarised photoemission studies  showed

that QWS's in Cu on  magnetic  substratcs  are  strongly

pelarised preferentially with  minority  spin  character.  The

presence of  spin-polarised  QWS's indicates that the cop-

per atorns can  carry  asma][  magnetic  moment  depending
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F;g.3 The dependence  of  transverse  KerT effk)ct  6 of

Au/Cu-wedgefNiFe sandwiches  on  the Cu-wedge
thickness  (the curves  1, 2, 3 for tp... =-  15, 20, 35 A,
respectively).

on  Cu-thickness. However  its va]ue  can  not  be assigned

from the photoemission spectra. At the same  time one  can

approve  that the above-described  pecu]iarities of

electronic  structure  of  copper  ultra-thin  film on  the

magnetic  substrates  should  influence on  the  magnetic  and

magneto-optical  properties ofthe  Iast. More  strong  change

of those should  appear  in the range  ofa  small  thickness of
Cu-overlayer. For the sandwiches  with  Cu-wedge  layer
the dependencies of  their local magnetic  and  magneto-

optical properties on  tc. shou]d  have an  osciilating

character. We  did observe  such  behaviour of H, (tc,) and  6

(tc,). The  reduction  ofthe  oscillation amplitude  of  6 with
increasing of  tp,,. is caused  probabty by the decrease of
the influence of  QWS's on  the  measured  propenies. At
]ast, the increase of  6-values with  en]arging  of  tperm
correlates  well  with  computation  of'"Ref  1 8".

4. Conceusion

  We  observed  the osci]lations of thc magnetic  and

magneto-optical  propenies of  Au/  Cu-wedgel  15A  NiFe

sandwich  vevsus  the Cu-wedge  thickness.  The  received

data were  explained  by the influence of  spin-polarised

QWSis in Cu-wedge  on  the measured  properties of the
sample,

l)2)
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