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Abstract. Magnetic properties of rf-spuUered F e / P t  multilayers with fixed Pt-

layer ihrckĩìess [fPf =  15A) and variable Fe-layer thickness {2ÁA  < < 53>1)
have been studied by TnagĩieẨisation using a vihraf.rng sample magnetoTneteT at room 
femperature. The rasuUs show that in the F e / P t  interfaces, which formed hy a P t — 
Ft’ alioy. a posiUve poỉaĩ-isation of the induced pf-moment with respect to Fe-moment 
tvaii found and a peiyendicuỉar interfacial anisotropy was evidenced. These behaviors 
arc described iv terms of the hyhrrdrsatĩon hetweeT) the ‘Sd{Fe) and 5d[Pf) states.

I. INTRODUCTION

'Ì /X  inuitilav(MS consisi of tho magnetic transition metals T { T  ”  F e.C o  and N i)  
and uthvi  non-niagiiotir transition metals A', which are heavy transition metals { H T  — 
( 'n. Aịị. P(ỉ. P f . ...) or liglit transition niotals {LT  =  S ( \T i ,V ,Y \  rare earth elements, ...) 
('xliil)iT sovi' ial 110V('1 physical  prop in tios .  such as gÌ3.nt  magneHoresistanco,  osc i l la t ing  in ­
ti '1 ! ' i>uplinpj pi'i pi'Ui 1 ii 'ulnr iua ^no t i f  íUìÌRotropv  [l ]. T'hi'So limitilrw’ors th o ro fo ro ,
atta('h(’<l cousiiU'rahlf' attention. For tlio iiiulorstaiiding of such effects, it is important to 
Icani what is inaí2,iH*tic l)(‘liavioi- at th(' intíTÍacos, whrn' qiH'stions coiicoining the magnetic 
iiioiiK'iits. th(' typ(' of magnetic rxchaiigo cbuplinft and spill orientation may he answered. 
Ill tliis ('(niti'xt. th(' liN'hridisatioii l)('t\v('(ui th(' (Ỉ{T) and (l{X) states, whic’li occur in the 

tac(‘s was th o u g h t  to  1)<‘ t h v  n 'asoii  [2.3]. In Iiioif' (If'tails. it has  been p r o d i r t e d  t h a t  

tli(' <Ỉ{1')-(I(HT) hybridisation (Irivf’s an oiit-of' plaiu' spiii ơrioiitatioii for the F e / H T  
ĩimltilayors (dcnotc'd as iz,i'uup I Iiuiltilayois) and the (ỉ{T)~d{LT) hybridisation drives an 
iií-plaiu' spin oiif'ntation for tho F v j L T  onrs (group II niultilayors). Additionally, hybridi­
sation ('ffocts also Ị^ovoin the niagnotic inonients induced on the H T  and L T  sites. It is 
('Xpoi tf'd that a positive H T  magnetic moment is present in F e / H T  multilayers and a 
iu'gaii\T L T  OIK'  in those of F c / L T  [4 .

F c /P t  multilayors are one of the well-known examples. As p f  is a heavy transition 
olnnoiit. the multilayers under consideration belong to group /.  In fact, an interfacial posi­
tive anisotropy, which is in good agnvinent with above mentioned proposal, was evidenced

17



18 Nguyen Huu Due..,

. pioj^x'Ttii's of tlu'si' F c /P t  multila\Ti‘s with vaiiabh' ratios ol /'’r-thickiK'ss
(/f’c) and P/-tliickiH'ss (//v) liav(‘ also hi'f'ii stu<li<‘(l by iiH'aiis of Mosisbaui'i sp(M‘tiosc()pv 
G] and  I\('M [7 .

In this paỊ)( ' i . analys is  of  iiragiKnisatioii d a t a  nioasi in' il  a t  lu' liuiu liquid a n d  rouin  
t(Miip(natun\s an* pi('S('ut('(l. Tlii* rol(' of th(' ' Ằ ( l i Fe )  — ĩ ) ( ỉ { P t )  hybr id i sa t ion  on th e  n i h a n c f ’- 
iiK'iii oi'tlu' magnetisation auil on tlu' p(Mpi'iidiculai int(‘ifacial aiiis0t i 0Ị)v is discussed.

II. EXPERIMENTS

F e /P f  inultilavers wero deposited onto i^lass sul)stiat('s at room teinppiatiiro by

cathodo rf-sputiorin«. The thickness of tho Pf  layins was kopt constant {tPf  =  15>1) whik'

the  thirkiu'ss of the  iron lay(*r ( f ye )  was varied in tlì(' ianp,(‘ of 2.4 53 *4. T h e  nuiiibf'i
of perioiLs n was varied from 5 to 22. The thickness of the oleinontal layers was coiitrolle'd 
during deposition by the loflectivity of low-anglo X-ray. These artificial multilayers \V('K' 
covered with a 10 liin-thirk Pf top-layol to prevent corrosion and oxidation.

F'or tho saniplos  uiiiif'i' cousi i loration.  t h e  g lobal  Htructuie and tho lOOin-tompeiatuK'  

convo rs iou  cloct ioM M ’'os .s baucr  s p i ' c t r o n i o t r y  wove  invest i i^atod [8Ị. T hf '  r e s u l t s  s h o w  t h a t  

the ihickii('s.s of tli(' iron lavci must be (uiougli for the reuti'o of th(’ ilua layer to hr 
constitutod of pure iron. Coiiibiiiiiig th(\so data, it was ostiniatod tliat the* space of ĩli('

interface n'gioii t f r  is about  20 .4.

M agiu 'tisation aiul ina;t>netic‘ hysteiosis loops wero iiioasnKHl at 300 K witli a vi­
b ra ting  sam ple m agnetoniotor (VSM) in the  applied niaonotic fields up to 1.3 T  along tlio 
film-plane and filni-iioi'iual diroctions.

111. l i h S U L l S  A N D  D iSC 'U bSlO N

Fi^. 1 presonts th(' inagnotic liyst(‘iosis loops luoasiiml at room t(Mup(naiuro for 
sovrral F r / P f  niultilavi'rs with the niaftiu'tir fioki appliod in t!i(' filni-plaiK' and alon^ 
the filin-noniial (liroction. For all saiuph's. tiu' (‘oorcivo field ÌỊioIỉc) froiii 2.8
n i T  to  4 .8  n iT .  T l i r  of  t li(‘ s a t u r a t i o n  niaj^ iu ' t is a t ion { M s )  ra l rulat(Ml p(' i  X'olulur

unit is listed ill table 1. The magnetisation (A/q) with rosppct to tlio inagnotir voliuiH'. 
M o  — A/s'(A///.v), is also list('(l in taỉ)l(' 1 and p lo tted  as a function of the  F r- th icknoss  
ill Kg. 2. For comparison, the (lata piiì)lislì(Hl Ỉ)V Katayania ot al [5] and Fnidiki rt 
al. [8Ị are also included. One finds that. Rt T  = 300A', A/o iuiHally inrn'asf's stron^l\- 
with iiK’ieasiiig then tends to saturate with a magnetisation value of 2.5 7\ whicli 
excesses tliat (2.2 T) of th(‘ bulk Fe, in tlu' high ffv n^gion. This obspivation is in P.00(1 
consistence to that already ropoitrd in [5]. The  small magnetisation value with respect to 
the bulk Fc-Iiiagnotisation is due to the low Curie temppiature of the Fe-Pt  alloy ill th(' 
samples with low Fe-layin- thickness. At low teinperatures (i.e. at T  ~  5/\ ), Mq of thv 
F e / P f  nmltilayers. however, is always larger than that of bulk Fe for all ranges of Fe-layei 
thicknesh^.
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Table 1: Magnetir (lata for the F c / P f  multilayers: saturation magnetisation per 
olunio unit (Ms),  niagiK'tisation with respect to Fe volume (A/o), anisotropv

and coercivf {fjoHc) fields.

tpt(Ả) tpg(Ấ) n M3(T) Mo(T) ( ^ oH a) ( T )

15
15
15
15
15
15
15

2.4
8.4 
9.0 
12 

21 

34 
53

22
12
15
15
15
10
5

0.148
0.716
0.772
1.013
1.395
1.729
1.962

1.07
1.99
2.06
2.28
2.44 
2.49
2.44

0.05
0.81
1.06
1.31
2.00
2.68
2.80

3.0
4.6
4.6
4.8
4.8
4.6
2.8

0

-1

(a)

11
0 I

M o H ( T )

-1 0 1

C3

0

-1

( d )

• •

♦•

........ ................. 11

0

h( l .  1: Ma^iK'tic hvstneyis loops with the inagiK'tic field appliod in tho íilin-planp 
(soliil CUIV( ' )  and aloiii; tho liliii-noniial (dash nirv(') (iiif'ctions for the F e / P f  Iiiultilayeis.

(^0 “  /̂ < = 2.3.4: (h) — if.-,, = 8.4.4; (r) — f[.'c = 9-4: aiul id) — ỶỊ.',, = 12,4. For the valuo of
Katuration magnetisation. S(' ('  table 1.
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Data pn\seiit0(! in 2 are vahuvs av('iaf»(Hl ov('r the whole Fv thickness. In
ap,mnii(Mit wifli tli(' rrsìỉlts of the structural and Mossbauor studios nientiou(Hl ahovo. 
one can (losciibo the multilayers by considering that (i) tlip iiiiK'r Pi  siihsysti'ui is UOII 
maí2,iiPtic, (ii) the Pf-Fe  int<*rface of thickness 2ftr and (iii) the (i-Fe niaguetic subsystem 
of thickness /,„(= //-V “  ^r)- In this coiit.rxt, the Iiieasumi Iiiagiietisation of the sampl(‘s
is related to tho magnetisation A/f> of the a  “  Fe in th(' covo. the Iiiagnotisatioii Mff- tr
and Mpf j r  in tlie interfaros as the following:

A/(|/ /.'r =  2(.u,,v. tr + Ỉ^IpUrYtr +  i\/f> (//•>; —  tfi•)■ (1)
4
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Fig. 2: Variation of Mị) as a function of the i Ị.\. for tlu' F r / P f  nmltilayi'i's. 

i Q j  — 'I ~  ỏ { Ắ ) ĩ \ ,  (Wj — T  — oA'[8j  Hiid ( □ )  — 7' — õ/vịo' ] .

Assuniiiig that th(’ i'oiupositioii Fe  : Pi at the iiitorfacos is 50:50 aiui th(' magnetic 
luoinent of F(' in tli(' infi'ifares \M['f tr) same as thai ill thr Fe COIV ( M fc)̂  equation
(1) can he writti'ii as

= Mptt f r  + (2)

F'or the samples under consideration — 15.4 and — 2.4 -r 53.4), a plot
of Motrc ^Fe prosoiitocl ill fig. 3. from which we obtain = 2.21 7'(2.18 T)  and 
Mpfttr ~  0 T j i ì{2.òĨ) X 10 ~̂ ^^T.ĩìi) aĩ 300/\(5A'). Taking tho valuo of //,. a.s inentioiK'd 
above, wo dorived Mpf = 0.125T at ĩìK.A value about Pf-at. thus, was estiniat('(l
for the indum l 5r/(P/)-iiiagnetic Iiioiiioiit ill the F e / P f  interfaces. A similar value (oi'
0.'Ỏ7f is /o f )  has been reported for Pd  ill the C o /P d  iuterfacos [9]. The 3d{Fc)-òrỉ{Pt) 
hybridisation was proposed to result in a positive 5d-polarization (with respect to the 3(1 
moment) and thoii to the enhancement of the niagnetisation in the Pf — Fe  alloys [4.10]. In 
their work. Mirbt ot al. [4] have theoretirally pointed out that a ferroinagrietic couplinji, 
between the' d{HT)  and 3(I{T) moments is favoured when a niagiiotic T { — Fe,Co.  Ni)
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S)u tac(' (or. in -cik'ihI. iut('ifac(') is covcivd by a few lavf'is of a noa-magnrtic H T  (‘Ipiiipjit 
such as c A ,ị. P,I,  Pf , „,  At piesent, th(> inf'chauisni of the U ( F r ) - U ( P t )  fpiromagnetir 
spin urdci iii}; can 1)C understood by a simple niodol vvitli n'ct aiiRular local density of states 
of th(’ ',ị<ỉ and ĩ)fỉ i'li'ctions as ỉh(' following.

U-i

Í Fe (Ẵ)
I-IIỊ. \ariatioii of as a (uiictiuii of the I,., for the F('/f>f multilavi'is

iOi -  T  = 300A', (■) -  7' 5A-[8] and (□) -  T  =  r,A' 5I

In iij;. I, the r('ctau>;lcs dciiotí' the scli(Muatic local (Iciisitv of stati's of the :i(l states 
o[ /’ (' and !)(l states o{ P t . 1 he ĩyilịPt) stat('s aro po.sitioiH’d at (MHMgif's lower tlian those' of 
tlir ;W(/■'(■). Due to th(' :ị,ì-3<i spliftiiio, the spiu-up 3(i{Fc) suhbaiul shifts to lower oupigips 
and thcK-fuic is closer to the 5r/(P0 states. The S<l{Fr)-b<l{Pf) hybridisation of tlio spin- 
up s ta tes  IS s t io i ig ( ‘r than  that  o f  th(' s])in-(lovvii s ta trs .  Th(' lai'gi'i' <’iu'rf>,y-s('paiation for 

th(' (lowii-siiiii ('Icctions h'ads to less h\’l)iidisatioii than for th(' up-spiii eloftions. A tliroct 
cons('C|iu‘uc(' is that 1UOK' spin-up 5r/(P0-(«l('ctroiis appear ill the lattico and a positive 
nioiiK'nt is induct'd on th(‘ PỶ sites.
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Fig ị:  Schematic illustration for the e)
feironiagiipric spill Ol'dering in th(' F e /P f  niultila\’('rs.

The magnetic anisotropy is inferred from fig. 2. For almost all samples

the in-plane (lirertion is always easy to Iiiagnetiso. The sample with O'e =  2.4.4, hovvcwi, 
shows an approxhiiate is o tr o p y . It rould 1 ) 0  (lu(' to a pcrpciiclicular aiiisoi 1U|)V. wliuli 
roughly cancels tho shape anisotropy. This finding is in good aKmniKMit to that K'porfcd 

in [5 .
The intrinsic anisotropy (‘Onstant ÌKHni <'v*aluat(‘(l !)>• hu ỉh  =

(A/ậ)(ípe/A)/2/io, whoro the anisotropy energy Ỉ\A ~  {ụ0ỈỈA^^Ỉs)/~- 11“'
logical rolationship het^veon the intrrface (A.S'), vơlniiK' (̂ '■v ) intiiiisic {hnii} )
anisotropii^s is usually given as

(3

From the plot of ÌFe X Krntr versus t fe  (fig 5), wo deduced that th(‘ intt'rfacial 
perpendicular magnetic anisotropy constant h s  = and the volume contrihu-
tion K y  = -0-5A/J/m,^. These obtained results aiT comparable to those already ropoiti'd 
for the F e / P f  systems [5]. but. larger than those deduced for the F e /T i  and F e / V  limit 1- 
lavers where the interfaces are paramagnetic at room teniperaturo and the perpendiculai 
anisotropy is caused by the Fe-topmost layers [11,12]. At present, the strongor peipon- 
dicular anisotropy may be caused by an intrrfacial anisotropy of the same sign as that 
originates from by the surface (and/or the topmost Fi:-layersJ.
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Fuj.  5: l r , K n , n  a -  a  ful  H’t i o u  o f  f Jf’ e f’-Ji t l i c  IF ị:. Ị  r* i m u l t  ilctytu Í5

1 1h' s u i  faro anisotropy oil the magiiotocrvstalline anisotropy of the transition metal 
íi ee-inoiiolayeis c an he uiKÌoi stood on tlio basis of the characteristics of the two sub-bands 
toiinrd in tho in-plane states (IPS) and in the oiit-of-planp states (OPS). The sign of 
th(‘ aiiisotiopv can then h(' ckuived by considering which symmetry states are dominant 
in th(‘ viciiiitv of the Fonni level (£/.’). Ill the metallic thin films, the OPS cannot form 
ỉ)oii<ls (lÌK'(tf‘(l towards the surface, then tho corresponding sub-band is narrower than 
tliat in th(' hulk. By contrast, the IPS. and be consequence the corresponding sub-band, 
ai(‘ essentially unaíỉected when going from the bulk to the monolayer. In addition, the 
OPS sub- band is shifted toward higher energy with respect to the IPS sub-band due to 
the incroased ele^ctiostatic repulsion for more localized states. Assuming a s trong  feiTO- 
.magnetism. only states in the rninority band need to be considered. The characteristics 
of these sub-bands are illustrated in fig. 6, see also in refs. [4,11]. For the low band 
filling the anisotropy is perpendicular as IPS are dominated. As band filling increases, 
the contribution of the OPS increases and the anisotropy becomes an in-plane one. For 
further filling, the anisotropy decreases and vanishes when the band is full. This results
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product \V(’11 the calculation anisotropy reported in [9,13] for the transition metal niono- 
layois: F>' - V('r\’ weak ppipendiciilai, Co - ill-plane and N i  - weakly in-plaiio. Tills siin])h' 
approach can be applied to the inteifacial anisotropy of the rnultilayprs t)v considf'iiiig th(' 
mollification of the band stnictuiP, and by the conspqueiicp of tho (effective) baiid-fillinp, 
through hybiitlisation at the interfaces [4Ị. In this case, as a general rule, one assumes 
that the IPS do not (leppiid on the nature of the interface and only the OPS are important 
ill this consideiatioii. For the investigated F e / P t  multilaypis, see (fig. 5) above, duo to 
the 3(l{F\')-bc1(Pf) hybiulisation the nurabei of the \id(Fe) OPS aiovind tho Fermi levol 
is lediiced. This tPiuls to favour a perpendicular anisotropy. Moreover, tlie hybridised 
Fe-statps are fully occupied because they are well below E y .  Thus, the total number of 
elections to (listril)ute in the bands which aip crossed by E ị ' is reduced. The total number 
of states under E f  before hybiidisation, howpver, is iplatively less reduced than the num­
ber of elec trons to (listributo. This effect is equivalent fo removing soniP electrons from 
these bands and this leads to a reinforcpiueiit of the iiiterfacial perpeiuliculai anisotropy 
as observed in this stiulv.

K > 0 K < 0 K >  0

Fig. 6 : Schematic illustration of the OPS- and IPS-subbancJs (see text) and the 
variation of tlio sign of the surface anisotropy as a function of band filling. Arrows irulicat(=

the position of tlie Fpimi level for F e ,C o  and N i .

IV. CONCLUDING REMARKS

We have presented a study of the interfacial magnetism and anisotropy of Fe/ f^f  
multilayers.’Our analysis pointed out that in F e / P t  interfaces the Fe-magnetic moments 
and the induced Pt-ones are oriented parallel along the film- normal direction. This 
leads to a positive contribution to the magnetisation and to the interfacial perpendicular 
anisotropy in investigated multilayers. We have discussed these behaviours by evoking 
a simple band structure model and by considering hybridisation effects as proposed by 
Givord et al. [4]. It appears that this very simple model can be successful in describing 
the magnetism and anisotropy of F e / P t  interfaces.
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r i r  I’lNH VÀ DỊ H irỚ N G  TỪ CỦA CÁC LỚP CHUYEN TIẾP (INTERFACES)
I RONG CÁC MÀNG MỎNG ĐA LỚP Fe/Pt

Nguyễn Hữu Đức, Trịnh Thị Lộc,
Trần Mâu Danh vàNguyễn Thế Hiên

Phòiig T h í  Iighiệin Vật lý Nhiệt độ thấp. Khoã Vật lý, 
Dại học K H  Tự nhiên - ĐH QG Hà Nội.

A .  Fnidiki and J. Teillet
Phòng Thí nghiệin7^'i học v à ứ n g  đụng, Đại bọc Tồng bợp Roueii, CH Pháp

Tíiih chất từ  của các màng mỏng đa lớp F e / P t  có chieu dày lớp Pt  cố định

(JPt =  15yl) và chiều dày lớp Fe  thay đổi (2.4A < iff. < 53^) đả đvrợc nghiên cứu bằng 
phép đo từ  độ ớ nhiệt độ phòng sử d\mg từ  kế mẫu rung (VSM). Các kết quả nhận được
cho thấy rằng các vùng chuyển tiếp (interface) của màng được tạo bời hợp kim của P t
và Fe. Trong các vùng này, mòmen từ  cảm ứng của Pt  sắp xếp song song với mômen từ  
của Fe và định hướng vuông góc với mặt phẳng của màng. Các thuộc tính-này đã  được 
thảo ỉuàn dựa trên mò hinh lai hoá của các trạng thái 3d{Fe) và 5d{Pt).
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