-1 - MAGNETOSTRI'CTI VE MATERI AL This invention relates to t-he producti on of

matertals with useful magnetostrictive properties. 5 er'* pn
is the property which relates nagnetic characteristics o bod
‘material to a change of the shape of the material. The property is seen in

t he chgnge in size of bodies of certain materials when the magnetic
envi kennent changes or the change in nmagnetic characteristic when a force
is applied 10 to such a body to change its shape.
Magnetostriction is a dinmensionless quahtTty represented by the
magnetostriction constant [err], relating nagnetlsatlon and shape change
and in the SI systemof units ysef Qe tens or hundr eds of
parts per mllion, parti culZy . tresensors and 15
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- parts per million, particularly for use 1in sensors and

15 transducers. For such uses a high magnetomechanical coupling
factor 1is desirable. Also "soft" magnetic properties are
generally preferred. o

While thin film amorphous alloys and magnetic multilayers
individually provide some of the required properties there fis

20 still a strong need for a significant improvement 1in the
properties available and for materials which exhibit a useful
combination of .such properties. '

‘It ¥s an object of the invention to provide materials with
\v improved properties and methods of production of such materials.

25 According to. the invention there is provided a magnetic
material of at 1least two component parts arra}nged to have
respective structures which mutually are not homogenous, the
structure of one part cooperating with the structure of the other
to assist the magnetostrictive behaviour of the material.

30 The cooperation may be a pseudo free surface on a part.

The cooperation may reduce restriction of the local moment of

a part.




the atom c spacing of the other. Preferably the alteration is an ,increase
fromthe usual spacing. The structure may be the absence of a regular
lattice. 5 . There may be an interface region in one conponent where
said.first and second conponents are contiguous. There nmay be an

int‘esface region where the |ayers are contiguous. The nodi fication
may-‘be in the interface region. Where the interface region is {ijn
an elemental conponent the Iattice&l]o structure may be one other than
the usual one for the elenental conponént. Were the interface region is

i n a conponent ThRi coopesahton amayt bpathé ystruchinteoyoft lone apawly aiﬁ:;rmg/e aratio

other than : HAME BARAG o AN BLAGH. Prdrlrabhf AMROAFRIredART1IBY be

overlaid on t attice ruct ure of | ayer
be nodi fi ed®R ninerease; firom-ghe nesuad o spacing: |£@%r$rnﬁ§umenayebeathewth or

wi t hout | at ghsencetofi@t pégqnapd]gtitqaél on. A I ayer may have a lattice

struct u(r)se nodi trlhed blx anb overlﬁ'lf gé/ ast contiguous to the

overl ai & | ayer .'"8(f My & ok ﬂBnt n| Q0@ r SoMROReRE Whexe i nher ent

lattice st rsa:tduférm&ugodeéd»mﬁtdommmts bgrd hﬁhﬁﬁudueaStTm@ m&lﬁetfreﬁnt

structure i ug |_nher ent ucture e

nodi fi cati o%n 8&%\%@?%{%@?@% gﬁ% fzﬂéﬁgt rs t31€& LN SVHB?‘E conT'? Suous to

the first coofiftcakionaymay beoptns d:hel eiaﬂ:erﬁice negioni. natkieyet hthed i r st

lattice forffitePhgcd’ riffon | {S1ANGn Sa%aeﬁtagcoearar@%ﬁeﬁt tRYChagtRre D @
hon-

magnet i ¢ coponent magnet i ¢
componetft . stringtyee Mhb%fo“@h@thqfr §halart@e yé‘&iné"? Roxr §hwel|emeg'aiera| 'y be

different et@?ﬂéﬁéﬁt or Hﬁé#é)%he HhtdrFase regﬁlbﬁoiﬁoﬁﬁ'amcSmﬁW%t ki @nd
non- magnet The magnetic y

conponent %erﬁ?ﬁég éSma h%FGW gggo?ﬁoé’r r"@#'abﬁ\‘ﬁ |°c "éitéﬁeﬁt'!?"of at
| east iron, thanckhaé usua)bajnb fogadalidrdidoyand terbium

A third component layer may be overlaid on the second and a

15 lattice structure of said third layer may be modified in its
turn. Further component layers may be overlaid with or w.i“thout
lattice structure modification. o _ _

A Tlayer may have a 1lattice structure modified by an
overlaid layer, at least contiguous to the 0vér_laid Tayer.

20 Each of the compon.ént layers may have an inherent lattice
structure and modi'fication may be that at least one inherent
structure is modified by another contiguous 1nhe_rent structure.

- The modification may be that the second lattice, at least
~where contiguous to the first component layer, adopts at least U

25 approximately the first lattice form. N _

One of the first and second component layers may be a
magnetic component and the _other may be. magnetic or a.
non-magnetic component. MWhile each of the first and second
layers will generally be different elements or alloys it is

30 also possible magnetic and non-magnetic forms of one component
may be used. | |



The non-nmagnetic conponent may be.chosen from alum nium 5 magnesi um gol d
and silver and silicon oxide. Preferably there are many first and second

| ayers in the material formng a nultilayer nmaterial. Generally there
wll be alternating said first and second |ayers. One first layer and the
overla\d second |ayer may be identified as a bllayer 10 A first and
secong’! | ayer may have a third |ayer associated therewith as a trilayer and
may further have a fourth |ayer aSSOCIated therewith as a quadl ayer. In
general the material formcan be expressed @as of N nultilayers each having
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' N component layers. Typically N will be between two and five
15 while M will have a value of a few tens, typically 20 to 50..
There may be a substrate on which the multilayer material
~ 1s built up. The material may remain on the substrate for use
or be released therefrom, for example by chemical means. The
substrate may be glass or mica or KAPTON (RTM) or other
20 .suitable material. The magnetic material may be prepared in
the 'place of eventual use, for example by deposition of
successive component layers on a machine part or like object.
o There may be more than 30 bilayers.
" Each layer of a bilayer may be at least a few nanometres
25 thick, that 1s a few tens of atoms thick, and may be up to ten
or more nanometres thick. It is believed that a well-defined
boundary s useful where the second layer is overlaid on the -
first. This will produce a stress-free strain in the overlaid
Tayer. '



by a nethod including overlaying the second conponent on the first,
permtting or causing the second conponent structure to 10 be |an uenced
by the first to produce said cooperation. According to a particul ar aspect
of the invention there is provided a magnetic naterial of a first conponent
| aygr and a second conponent |ayer overlaid on the first, there being a .

| at /i ce structure in at | east one of said |ayers and in which 15 magneUC
material at |least one lattice structure is nodified where said first and
second conponent |ayers are contlguous4vWIer eby the nmagnetostrictive
property of QOree formtef ithe materdahadesmtibdhabeveryay Ipeeparedi byeaface
regi on wher S d n may be in
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15 magnetic material at least one lattice structure is modified
where said first and second component layers are contiguous
whereby the magnetostrictive property of the material is
enhanced. _ o _
- There may be an interface region where the layers are
20 contiguous. The modification may be in the interface region.
Where the interface region is in an elemental layer the Tattice
structure in at least said region may be one 'o_ther than the
usual one for the Iayer element. : _
According. to the invention there is provided a method of \-;
25 producing a multilayer magnetic material including depositing a
first component, causing or permitting a second component to be
progressively overlaid on the first, controlling the depositing .
of the first. component_'and the overlaying of the second
component to produee respective different strdctures and
30 causing or permitting the structures to-cooperate to assist the
magnetostrictive behaviour of the material.



10 met hod may include sputtering froma target which may be of one

el ement or of two or nore elenents to enable the deposit of an alloy. The
nmet hod may i nclude causing or pernmitting the respective different
structures to be distinct and forman interface which 15 provi des a
pseudo free surface. A nultilayer material as descri‘bed above has an M H

| oop ®haracteristic which is altered by distorting the material, for

exanpl e by bending. According to a particylar aspect of the i nvention there
is 20 provided a nultiple multilayer rmagnétic naterial as described above
in which the over Tbe diethodrmdy| tyciude sprowidimgl afiast i compomntnyayeryef, to
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_ The method may include causing or permitting the respective
different structures to be distinct and form an interface which
15 provides a pseudo free surface. ' :
A multilayer material as described -above has an M/H 1loop
characteristic which is altered by distorting the material, for
example by bending.
According to a particular aspect of the invention there is
20 provided a multiple multilayer magnetic material as described
‘above in which the overlaid second layer is covered by an
insulating layer, to enhance the frequency response.
o According fto the invention there {s provided a. magnet‘ic
. material arrangement including a magnetic material as described
25 above and means to cooperate with the material to convey to an
external connection a response of the material to an external
action. ' ) - .
The response may be a change of permeability or dimension
and the external action may be the stressing of the material.
30 The action may be flexure of a support for the material or an
ambient pressure change, or an external magnetic field.
The arrangement may form part of an accelerometer, a torque
sensor or 1ike device.



10 to the invention, Figures 4 and 5 show in schematic forma portion of
a multilayer material, after deposition and after subsequent

anneal ing respectively, Figures 6 to 9 show plots of characteristics of
materials 15 enbodying the invention, Figure 6 shows nagnetostriction
constant of Fe/Ag multilayers (S1) versus 1/ (nodul ation period), Figure 7

shows magnetostriction constant of Fe-Co/Ag multilayers versus R
| / (modul ati on period) cal cul ated usi ng620 [err] from both the vol une
average and the vibrating reed correcti’on from equation 5, (squares

and circles Enhqﬂémentmlqﬂ the invéngbon whklilowmow beardescribidde withef fective
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peri od), a)uatt%ce 3tm&ﬁ.%)efbh &nﬁgtﬁ&em«a&amuchc&mm 5 toMtheanneal

30 m nu ’én \R}‘ Figure 9 Sshows nagnetostrict | on constant of
[err] | v ﬂﬂ“n Fe-Co/ Ag mul til ayers versus 1/ (nodul ation period), (a),
(b) and (C) asFigurei. g2ir ¢hSws and Fs@vemetﬂoo form wabdeprofentaitesn aloF

mterial s HRUAE RYRLG o trpetie, Poa MSCHRER RRRETST Actordiid dogs iy ¢
Wtner and ther MMe(nAdlomnced Materials, Vol. 3:(1991) No. 7/8 pp 356 to 360)
i O ke SO A B RATES, P by pcorkng 1901
enhancd@ saktheiimvenblofet i sation and rel ative permeability but ni n| mal :
magnet ostri cti pﬂgur%eew fdngald YsHow' 1 \dcHBRatIRC FoHIT of GRsttvbn t8rhgad, is -
descri bed. mu-li%i?acyelrevtﬁater!lal after deposition and after subsequent A
annealing respectively, o .
" Figures 6 to 9 show plots of characteristics of materials
15 embodying the invention, . . _
‘Figure 6 shows maghetostriction constant of Fe/Ag
multilayers (S1) versus 1/(modulation period), _
Figure 7 shows magnetostriction constant of Fe-Co/Ag
multilayers versus 1/¢modulation period) calculated 'usi-ng
20 - Ep from both the volume average and. the vibrating reed
correction from equation - 5, (squares and circles
respectively). - Also  shown are  the  effective
magnetostriction constants of the alloy layers alone, using
the volume average Eg method (triangles) : \d
25 : Figure 8 shows magnetostriction constant of Fe-CoIAg
"multilayers versus 1/(modutlation period), _
) tAg = 2 nm (S4), - -
b) tAg = 5 nm (S3),
¢) tag = 5 nm, typpear = 30 minutes (S2),
30 " Figure 9 shows magnetostriction constant of Fe-Co Iayers
within Fe-Co/Ag multilayers versus 1/(modulation period),
(a), (b> and (c) as in Figure 8, and
Figure 10 1s a table of materials exemplifying the
invention. |



a very small grain size is sought for the magnetic material 10 | ayer
(iron, grain size bel ow 10 nanonetres) and to produce such a grain size
the iron layers are around 10 nanonetres thick. The layers are separated
by thinner |ayers of another ferromagnetic material, specifically an

i ron/.chrom um boron | ayer. Thi's | ayer needs to be at 1 east two nanonetres
thick~to 15 prevent the grains in one iron layer linking with those in
another iron layer by columar growh and specifically epitaxial
growh is not desired. In the second (Zepéh “et al) a magneto optical
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in one aspﬁct nrbaenﬁ thyegradhsa ihi oné deowohsydr 1inking with those in
another iron layer by columnar growth and specifically
epitaxial growth is not desired. In the second (Zeper et al) a
magneto optical recording material is described, for enhanced
recording density, which has adequate Kerr rotation and Tow
20 enough Curie temperature while having a preferred magnetisation
direction perpendicular to the material layer. This preferred
direction only occurs with cobalt/ptatinum or cobalt/palladium
multilayers when the cobalt layers are less than some 0.8
N to 1.2 nanometres. The thickness of the non-magnetic but
25 magnetically polarisable platinum or palladium layer is set by
the required balance of Kerr effect and Curie temperature and-
for platinum is about 0.9 nanometres with a 0.4 nanometre .
cobalt layer. The cobalt layer is about two atom ‘layers thick
so that the required magnetic anisotropy is not reduced by
30 “"bulk" atoms between the surface layers. In Zuberek, Szymczak,
Krishnan and Tessier (Journal de PhySiq_ue, Vol. 12, No. 9,
Colioque C8, December 1988, pp 1761 to 1762) it is suggested
that a "bilayer" of evaporated component mater_ials depends for



overlaid on another 1ayer, of a second conponent, is caused i'n 10. a
regi on contiguous with the other |ayer to adopt a structure other than that
of the lattice which it would normally adopt. In this way, which can be
described as lattice m smatch, a stress-free strain can be produced in at

| east the contiguous region of the overlaid layer. A result of this N
stress-free 15 strain is an enhanced nagnetostriction constant, [err]. «J
Typi cal ly such layers of a first materigl_overlaid on the second woul d be
arranged as several bilayers on a substrate. Each layer of a bilayer
woul d be effectivenass wop- therf ttéénnefénmfetaf eickei clayerds ddpodlirae, by
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Typically such layers of a first material overlaid on the
second would -be arranged as several bi'layers on a substrate.
- Each: layer of a bilayer would be some five to fifteen
- nanometres thick and deposited by sputtering so that atoms
20 being deposited ._afri-ve at a rate slow enough to be able to be .
- influenced in deposit position by the exisﬂng lattice of the
. second component layer or that of the first;depdsited overlaid
-first component atoms. Care is needed to avoid bu'ﬂding stress
into the layers by the thermal effects of sputtering. Some ten \J
25 to fifty bilayers can be deposited. The overlaid component
applied adjacent to the second comp_énent lattice s
convenfently caused to adopt a lattice spacing appropriate to.
- that of the second component. This will cause a stress-free
strain in at least the contiguous region of the overlaid
30 component. The stress-free strain will be beSt exhibited if
there is a sharp boundary between the Iayers_'.



of an inposed magnetic field to enhance the desired effect. Figure 1
represents in a schematic manner the lattice at and near the surface of the
second conmponent |ayer and the lattice in the contiguous region of the
overlaid conponent 15 | ayer.. In the Figure overlaid conponent atons are
I ndi cat.ed by the smaller, crossed circles and the ssecond | ayer conponent
at oms>by the nore widely spaced Iarger open, circles. To investigate the
magnet ostrictive properties further exanplgs have been prepared. Typically
t hese are a nunber of 20 alternate | ayérs ©of magnesium and iron, each a
few nanonetres thilfk reqdireliangpra-stwessercanobe bbdidteris. toTbleelmewtaanre not
necessarily of
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one conponkht Pegtacti Sheemakerial: hdidmpemay:dhe tgrowm undenl sborinfjuence
mer gi ng of theo{’aéhe‘lﬁ?c‘{mr ﬁa&ﬂﬂé‘ﬂ'caﬂ"elﬁ% 'eﬂh'&gfe %ﬁﬂﬁkiﬂd E?F?l.ftpac' ng of

t he\magnet i c corrponen use i% alter
t he magnetostri ct ifFigupR obeFQBfeseFtigu?’b 32 sahematic, mappe htheoridttice ab

gctlﬁn wher e ahmmsn@ér atHegsiairace ceﬁp@n@nseconud%hpéne@d Jaye &ic thespl aced
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in anothetlb ai;pxmt &m the Figure overlaid component atoms are 1nd1cated by
the smaller, crossed, circles and the second Tlayer component
“atoms by the more widely spaced larger, open, circles.
To 1investigate the magnetostrictive properties further
examples have been prepared. Typically these are a number of
20 alternate layers of magnesium and iron, each a few nanometres .
thick and having a few tens of bilayers. The layers are not
necessarily of the same thickness. The layers are deposited by
, sputtering from alternately exposed sources using conventional
\ techniques. The preparation is arranged to ensure that bulk
25 effects are not significant. The effect of stress on the film
on the shape of the magnetisation/field (M/H) loop was also
examined. A small amount of  distortion, by bending . the .
specimens, changed the loop shape by a detectable amount,
increasing the value of M at lower values of H compared with
30 the Toop for the unstressed sp_écimens. -



interface effect which can be a relatively sharp lattice 15 -msmatch as
the overl aid conponents cannot easily mx or in a yet further aspect a
snoot her m smatch which may be an internetallic region as overlaid
conponents nerge. Conponent |ayers need not be deposited separately, the
rate of a first layer may be reduced while the rate of a second |ayer is 20
I ncreased to take over. An insulating |ayer, for exanple silicon oxide, n
be introduced to produce an inprovenepq?ig per formance, especially an

I nproved hi gh frq%quency per f or mance. he insul ating |ayer thickness wll.
be dependent ofPthRE stEUcINEy ZRYwhecHisede t05 achieve cshe s invendjenat e but

will also beeekaiandeiinaionie off boek1a3U coifonent! fdyerd will Girvdaase ©f the
i nsulating _I ayer and he .hi I@(ﬁer on, t r}gﬁgro agation velocities in the
i nsul ating &ndUfddftet | g¥Ng s and £ this: hdBe EMAR geam: iRsoduee | s

poslsi bl e to"disliocationist'abire tan clabentc r_db,_rél orﬁt':nhmﬁeor'wn?.ﬂar z{bg’}u arI 30

appl i catg on ye r : “gener t he. jnsul ating

| ayer t h?l’ ckgie:@ésw\y\ng?ﬁ’ebgu éé:%/éed? al f’l{g\ﬁ@é&té{% C8?'P?"l$§.ti ﬂ%ﬂ Sﬁaﬂ'ag.“et ghetic

conponent  the agther can benan tinsylatonaps theangeeging rofctthee lageesials with

several try I _ . , Py r of L
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mul til ayers each hdving onent la one
conmponent | SORRoReDE | | 1ayery ntaktdee c, ap@nethys y usefadipnaghten ¢, thaibst ance 5

such as imaghetostiictive propatty. FIgded 2 Whow®'in sREBEN Rorhkh s @not her
w | | beoal non: magnﬁtlc subst ance and Qr}:ﬁ% be a rreg:al %.an i nsul at or,
exanpl e i n8t UM nANaTe AL PT ni MRgRekit g SPEPRNeatsi fdentifhed st iBon’ oxi de.
I'f N is norare hdisplacedrty dhet peesentenagnetons | of carothen bsmpanswt,al and
anot her an jaedy I L( rt qaﬂg ' it_, .l ayer may . J
be I ncl ud‘éd. mﬁbﬁaé?lég‘gggég& F\?%n #'aH E’ﬂég?r’cjﬁgﬁﬁ}ggr & by pl acing \J
structures as dhenppreseatl alyestton o puavisesct instariothewe aspectt tame such as
PVDF, the dif@rpacakffd@noaRidn EAF BBINE! 6y 1VeE) Uisarp THARL(IA & ST ain
on theleéect,[os rictiv structtire, roducl ncg 15 an_electrical " signal -
rel at ed? t o sMLch as ; omr_latgecgw&mq@pgs annot easily mix or in a
yet further aspect a smoother mismatch which may be an '
intermetallic region as oveflaid components merge. Component
layers need not be deposited separately, 'th_e- rate of a first
layer may be reduced while tl_1e rate of a second layer is
20 1increased to take over. . _
An insulating Tlayer, .fOr example silicon oxide, can _'be"
introduced- to produce an improvement in performance, especially
an improved high frequency performance. The ‘insulating layer
thickness will be dependent on the frequency at which the
25 device is to operate but will also be dependent on the effect
of the relattive .thickness of the'_insulating layer and the
bilayer on the propagation velocities in the insulating and .
magnetic components. From these considerations it ts possible
to derive suitable thickness relationships for a particular
30 application of the multilayer material. In ggnéral the
insulating layer thickness will be 'sever_al times that of the
individual magnetic component layer. In  this way



strictive structure. Further exanples of the invention will now be
described. Multilayers are grown using an rf gl ow di scharge sputtering
system in a sputter-up configuration wth three 15 cm 20

wat er - cool ed nagnetron target el ectrodes on a carousel, and a water-cool ed
substrate platen el ectrode which allows the substrate to be pre-sputtered.
The substrate platen al so has a heater capabl e of t enper at ures up .
to [err]. The target- substr at e dlstan ﬁ was set'=at 60 mm with an argon
25 pl asma pressure of 5 ntorr. The E ttering equipnment is a NORD KO
machi ne.  The w@mesostrdotive amateel &l akithr seedraki tigi-a orTaduadt-efayertsy| us

vasalso doue b SR BE, BB R, o o L IOREE HaE S "
were gl ass ahmlinﬁaﬂt SampgrRaYi §M‘é¢@d ftadeastirane ¢gfhoths N dm)nponeﬁme _
substrate for ubgng uﬁﬁe\?bﬁé‘w‘ \A@sf-%om,{elﬂgkdmgg e Whi Cch

was thin enough and ha a |l ow oung' s mdul us t0 avol

constraini iy tREH i 355 100N e“%qlﬁelll- t?é’Pﬂbt-ab%dq 6“§'él'bpSFt terRiym V"“ﬁé/ Ag

mul til ayers aﬂtﬁ:'h@r m 1gr ﬁé\ﬂa ndmhﬁgnetisosubsrtaﬁ@@t@d( mag bOQ etal &5irs) -
Fe-Co/Ag multijl
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where 15 t(FﬁRpoqugq) straf’n dn tr?\e electrostrictive structure, producing
15 an electrical signal related to the action on the magnheto
strictive structure. ' _ -
Further examples of the invention will now be described.
Multilayers are grown using an rf glow discharge sputtering
system in a sputter-up configuration with three 15 cm
20 water-cooled magnetron target electrodes on a carousel, and a
water-cooled substrate platen electrode which allows the
substrate to be pre-sputtered. The substrate platen also has a
, heater capable of temperatures up to 600°C. ‘The
\ target-substrate distance was set at 60 mm, with an argon
25 plasma pressure of 5 mtorr. The sputtering equipment is a
NORDIKO machine. The deposition rates were calibrated using a
“Talystep" stylus based film thickness measurement instrument. .
Structural characterisation was also done using X-ray
diffraction : :
30 The substrates were glass and Kapton (Registered Trade
Mark) (polyimide). The substrate for SAMR measurements (see
below) was 25 mm thick Kapton, which was thin enough and had a
low enough Young's modulus to avoid overly constraining the
films while still being able to support them.



A series (S2) of Fe/Co/FelAg (i.e. Fe-Co/Ag) multilayers was grown where
the thickness of the Co |ayer was twice that of each of the Fe |ayers so
that the total thickness was the same for both, resulting in a
post-anneal "alloy of a nomnal 20 conposition of [err]. The
thickness of this layer was varied from4 to 40 nmand t(Ag) was set at
5 nm These were subsequently annealed in vacuumfor 30 mnutes at [errygg
Two ot her Fe/ Co/ Fel/ Ag (i . e. Fe Cb/Ag) i%rles were grown with silver |ayer

t hi cknesses of 2 (S4) and 5 e anneal tinmes 25 were |longer for -
the films wit hFQMQ:kermUIi&ﬁb:Veﬂ‘ayer!!et‘fécamj‘@"ﬂf t Weth gr &t er repegfsce of

i nterdiffusipn, F@qﬁqg . The anneal tinmes (at 300C) were 10, 20, 30 and

o e ko gaxbahg ﬁéﬁ.t@ HATS. o v P e PeREE L (3 ) ISVERE hESTE i orf ace
regi ons i sgrowacr eftedayers hofs Fe-corchm int Ithe pmmnrlngomutﬁilawsrrul tlayer
The 1 odal WEigarooftel bl o RalE, RoodlchPETRr, Pl MfReer it oo e
| ocal rmrrensilefbfedlayess efiftgured As t hEhei nntﬂrtﬂ&wn/owtme stibsequently s 35
| ncr eased. léfxf}d”fngi: Qné@%ﬁrff%@ 168 %% Sh@niFkl qAg § c?”’r’.’o' - 13 -
retention can be en IIo I rec av0|d|ng or
reduci ng tWefaﬁﬂe%ﬂ'loﬂgOfs%llﬁ;?k"essl'l"ﬁ@‘?)vﬁq"'e)afél? éﬂcé&ré@ﬁsgimﬁc h of the
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magnet i cal | betwedh etwo glaissalbgesartneal vavgumhprowided |ty ar sotetry pump
Thor oughty. She FEReesh" Eraf % R10nfieR, buyqupishe, 8, Sunell 3Tl il o™ ~
since sil vetemperatureswens 30vwinutes andad¥06 raspesively. For the thinnest
wonapa,copal b ISk (SO fve. F F%d]cﬁl uit1%af@d ARSDYrBRANwhRédever |avers -
woul d have been al npst co Ie
15 t(Fe)=t(Ag)=1,2
A series (SZ) of Fe/colFelAg gi.e. FeeOoIAg) multilayers
was grown where the thickness pf_thé Co layer was twice that of
each of the Fe layers so that the total thickness was the same
for both, resulting in. a. post-anneal"allqy of a nominal
20 composition of FeggCogg. The thickness of this layer was
varied from 4 to 40 nm_and t(Ag) was set at 5 nm. These were
subsequently annealed in vacuum for 30 minutes at 290°C. Two
other Fe/Co/Fe/Ag (1.e. Fe-Co/Ag) series were grown with silver
layer thicknesses of 2 (S4) and 5 (S3) nm. The anneal times
25 were longer for the films with thicker Fe/Co layers because of
- the greater degree of interdiffusion required. The anneal '
times (at 300°C) were 10, 20, 30 and 50 minutes for alloy layer
thicknesses 4, 6, 8, 12 nm respectively. |
As the layer thicknesses are decreased the volume fraction
30 of the interface regions is increased. This increases the
propbrtion of the multilayer material which is formed by atoms
at or near the surface of a layer. The 1local moment is
fncreased in the vicinity of a free surface so the local moment
effect 1is enhanced as the interface volume fraction fis
35 1increased. The texture of a layer is also significant and its



as-deposited ' [Dirne and Denissen, 19893. Annealing this 15

mul tilayer increased (approximately doubling) its coercive field in
distinction to the other nultilayers, and it becane inpossible to neasure
t he magnetostriction. This is considered below The |ength of an anneal
required to achi eve conplete 20 alloying at a given tenperature wll
depent< on the thickness of the conponent layers. Thus it is possi bl e that
the anneals did not conpletely:alloy the |ayers, especially in the thicker
mul tilayers, and that they were |onger thdd Tequired for the thinner

mul tilayers. rdtentdphi canmbecanhdncedt B?ndepﬁﬁi’tmt theva 189 direrely UsRO.
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anor phous ri bbengourage - g’mth dﬁel:hebailmy 1|nr thei IiiIIOIIod‘Irelclhiaon merinad ta s as

fol | ows: thetﬁgqg'gr to measured is saturated in the .
| ongi tudi nal direct i a large dc field. A smaller ac field of
frequency [®rr] aths Fﬁe*tq{é!et fhelscofe Faréa/égi Bulthipyersiare betweans 15 in

a small degrghd of kamot atr‘e?lﬂc‘iﬁlj wm\e 12 FrQﬁFGKNer TOg&a My, CfHieO
about the longitudinal direction ess, t\fs al so appl J ed to

the sanpl e al oftnaaliag qrendered the hﬂ“lﬁéﬂfréf mag ﬁlc a¥ofdRr: s MsPen by
10 by anne@lidg [ther multidagery vevet Stredenralievediand the! trohue to

e AP SRl dohn e HhybFL " bebs RReRT 8 S HRE AOIARRIEE st o
search coil0 whbsterfiaces iwj thnsilvee wérengrrobabilasharpened isénce siThers isa
rotation of ’iﬂﬁs'ﬁgﬂet\ﬁ%t 180 2264wt %oasﬁi fi?w the | thiARed ORI ac
vol b=a ‘ge across the searc fr ency
and cobalt layers (D=9nm. 1 e. too= nm) the region between
silver layers would have been almost completely alloyed
as-deposited ([Dirne and Denissen, 1989]. Annealing this
15 multilayer 1Increased <(approximately doubling) its coercive
field in distinction to the other mult_ilayers, and it became
impossible to measure the magnetostriétion. This is considered
below. -
_ The 1length of an anneal required to achieve complete
20 alloying at a given temperature will depend on the thickness of
the component layers. Thus it is possible that the anneals did
not completely alloy the layers, especially 1in the thicker
_ multilayers, and that they were longer than required for the
N thinner multilayers. The optimum heat treatment may not have
25 been used. : :
_ Magnetostriction measurements were made using the Small
Angle Magnetisation Rotation method proposed by Norita et al. -
[1980]1 and widely used on amorphous ribbons.



25 A change in the stress on a magnetostrictive material effects
a change in the stress induced anisotropy field. In the case of a
positively nmagnetostrictive material, a tensile stress tends to nake the
stress axis magnetically easier, so aligning the nonents towards this
axis. This would cause the 30 angle of noment rotation to decrease, so
decreasing the search coil output voltage. - 15 - This change in outpyt
vol tage can be conpensated by adj ust maﬂa of the dc field, [err]. The charige
in [err] is then equal to the change i n*[err]. Thus, the nagnetostriction
constant, [err[Thei dagbmepuinoipdet @f nithed nmthpd ofisi g tfiod 1owsxngetien Hz for a

5 series @ipaeP! {$d Rt rﬁéiﬁﬁ?ﬁsoig hqltat&%;je rirprrq'g% rﬁé’?ﬁtiitﬁgb'i@ﬁ smal | )
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Al t hough t hfvegueney %a&Et@'i%StthE mﬂgbérsfeaaﬁé?mantm“ t % gigyers. 15
they ar ch thl(i 5‘5 ommodate a “signi |can proportion
of the agsmad I er%ﬁ%sé?fr yr‘?@t 80 r oft the maoscoERissemerentThi s

correcti on Mecbiaomdeubythasfwnigirtcdimt dibectiohl | IIFVerstesst renglsy adhered

to the subs t t.h ra| mount ahd that the
Young' s m)dﬁ 'l{s%sspéﬁe qi’h%“ﬁhﬁ%@]e &f‘w é)n'teﬁz?%l &HE angle ofc of the
conponent Imﬂt rotation isuptvenaby. Th| s assunes that the reed as a whol e

(i.e. substrate + mul tilayer) s’ effectively honbgeneous. In

thls cgee the magnetostriction is glveﬁ,p 25 25 [err}]

(4) [err] [err] 30 Theg same¥ntdhod of correction vgs also

used by - Hz « He & Ho | ;
\eo/

where Hy is the demagnetising field due to the sample shape,
15 and H'c, is the stress-induced anisotropy field. This is given by

No
Hy = —— @
T woMs
| The sample is mounted within a search coil whose axis is
in the 1longitudinal direction. Thus a rotation of the
magnetisation about this axis results in an induced ac voltage
across the search coil with frequency 2w, VZ(o
25 A change in the stress on a magnetostrictive material
effects a change in the stress ind'uce_d a’rii'sofropy field. 1In
the case of a positively_magne_tost!r'i-ctive material, a tensile e
stress tends to make the ‘stress axis magnetically easier, so ~
aligni‘ng the moments towards this axis. This would cause the
30 angle of moment rotation to decrease, SO decreasing the search
coil output voltage. ]

20



Wenda [err]. [1987] on neasurenents of FeB and FeSiB single films sputtered
onto pol yester substrates. Measurenents of multilayer sanples were taken on
two slightly different SAMR apparatus arrangenents. The dc field 35 was
applied using a solenoid, while the ac field was applied with a pair of

Hel mheltz coils. The sanple was placed within a search coil (4000 turns)
coaxtafly with the solenoid, in the centre of the Helnmholtz coils. In the
second configuration, a second; "bucking", coil was also present and was
backed of f - 16 - against the search 1®f| to cancel out any induced

vol tages common to lmbl, charge d:ue toﬂtpwrg@&:@bhaﬁantftfrm tdsllﬁpeawtdde by .
magneti sati on.  \JAS ends. agp_at_on

end was fi xed \ﬂﬁsﬁiﬁ%ﬁgt&a}tﬁfh@c 3382&1 '?'lt@'en e\/\ésa%nagzl?égst gﬁ%{’ @QHFE whi ch
was | oaded wi t ttokthevchaagehtrs H,. ThEhudg fthelmhg\natosln'ﬂetfdmednftmtn,thﬁ.
product of thesQur d €fyO0 | td i

sol enoi-d. The \/1§I L?’gg%ﬂ‘ﬁ?erd%?&mnﬂéggbpﬁi ht‘a{’j&fﬁrﬂgm&ﬁat gﬁ%é%elrg{,}g ﬁr}anﬁ?'il fo 2 0T
for iron and 258ri€soroff @pp]ied |sdyessese sal thator(where momentt retationels

mul tilayer was gy vy [err] for the relevant nmagnetic layer nultiplied by
its volume fraction. The Young's nodulus of the nultilayers was neasured

using the vibrating reed nethod, which i ully described in Berry 15 and
Pritchet [1975]. It is based on {he E man}I of the resonant
frequenci eg,of various nodes of cale I eyerdavi%?ua yon, [err], of re&dd

cl anped at ?gne_end. Reeds were cut fromt_hearrulti | ayer using a sharp bl ade
espectively. The vatGonyftilapies’ ardRepi il o' e sl e CRbBEAng and T
val e for the meed to de mhasuredr whtleostitt om gbhety sabatrateschaAlthopgh

these can have elastic moduli far lower than the multilayers,

15 they are much thicker and so accommodate a significant
proportion of the stress, so it is necessary to correct for
their presence.

This correction can be made by assuming that the
multilayer is strongly adhered to .the substrate so that they

20 strain by the same amount and that the Yoﬂﬁgs‘?‘"?s{}: modulus, E, of
the whole is equal to the volume average of the component
layers and the substrate. This assumes that the reed as a
whole  (i.e. substrate + multilayer) is  effectively
homogeneous. In this case the magnetostriction is given by

i voMs [ EavArss | dHz,
Ag = Vg, Hy - (4)
30 The samé method of correction was also .used by

Wenda et al. [19871 on measurements of FeB and FeSiB single
films sputtered onto polyester substrates.

Measurements of multilayer samples were taken on two

slightly different SAMR apparatus arrangements. ‘The dc field

35 was applied using a solenoid, while the ac field was applied

with a pair of Helmholtz coils. The sample was placed within a

search coil ¢4000 'turn-s-) coaxially with the solenoid, in the

centre of the Helmholtz coils. In the second configuration, a

secbnd-. “bucking", coil was 'also present and was backed off



[err] [err] substrate 30 where the subscripts f and s refer to the
mul tilayer and substrate respectively, and t and d are the nultilayer and
reed thicknesses ([err]). 35 The value of [err] for the multilayer
was cal cul ated from equation 4. In the case of the Fe-Co/lAg

mul tilayers [err] two data sets are presented, corresponding to the two
nmet hods of calculating Ef. For the Fe/Ag data, only the values of [erg]
derived from the assunption of a vglune 40 average Ef are shown.

17 - The data for [err] is shown versSus fhe reciprocal of the nodul ation
period, D, agaimsiguthe Gsearsh - chDl:Otoheaneelueouif dny rindubed| doltagest hat for
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becomes nortures pessunitydenginde theesolemoddee of silver is seen to enhance
the value of [erhel a0 oPBOAR! Clratheieicsi ¥ edPakibd 2Ymeyeas o oun

with layers of Fe an hi'ckness _( 1ver yers of

varyi ng0t hieRhekar, 1B@%aﬁ!‘§e2t$i1érf9rv\%ﬁso§9$o Ml e%t el%etwl@é P'fieBsaﬁﬁl’Jnt of 20
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layer multiplied by its volume fraction.

The Young's modulus of the multilayers was measured using

the vibrating reed method which is fully described in Berry

15 and Pritchet [1975]. It is based on the measurement of the
resonant frequencies of various modes of cantilever.vibration,
fn, Of reeds clamped at one end.

Reeds were cut from the multilayer using a sharp blade
and had free lengths and widths of approximately 13-20 mm and 1

20 mm respectively.

The value of E for the multilayer can be obtained from
the value for the reed from the expression (from Berry and
Pritchet): '

] (5)

where the subscripts f -and s refer to the multilayer and

substrate respectively, and t and d are the multilayer and reed

thicknesses (t«d). :

35 The value of 7\s i-'or the multilayer was calculated from
equation 4. In the case of the Fe-CofAg multilayers
(t(Co)=2t(Fe)), two data sets are presented, corresponding to
the two methods of calculating Ef. For the FelAg data, only
the values of Ag derived from the assumption of a volume

40 average Eg are shown. |

w
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probabl e thatthere was a conposition gradient across the layer, with a
corresponding variation in [err]. The [err] data fromthis series of

mul tilayers did not show any systematic trend and there was a w de scatter
in the data and is therefore not 25 shown here. The [err] data for the
second series of nultilayers is shown for these filns versus the reciprocal

of thénodul ation period in Figure 7. Also shown 1is the effective
[err] of the magnetostrictive nateri al one, derived via the data
assum ng 30 a volunme average Young' s~ hodul us. There are pairs of data

poi nlt s obtai ned vi aThehalalBar Ffgrand Psi shdwai ﬁrsﬂ@rtm}ﬁMpmﬂOﬁ)ﬁ g:'herfgSt
) t
Fourth mdes GPRSLELRH, BRcid, B RS rFabure, €0 REoTR-0l e, dEple o o
t (al | oy) =30 nrahouhd e bewcthadctfamsbulk - imin vihee bulkkevaluer @fi Aheofsame
substrate a”‘bol ggzrgﬁaug‘fb#gnpsepeﬂdgpﬁl ya]thou'g?"“i‘:ﬁ% gcgﬁgd mofrBr this

sampl e was a reed t he
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?ﬁ 50I tsubJ ecltttethui'e’ﬂ %1?ﬁff>s{talﬁrrhét ﬁiﬁghgwgﬂl'tHéJS{:lﬂéﬂeéiﬁé&iQEYfﬁ&ﬁﬁmce in
e data resulti m i he. two, nethodg o rregtion o
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t hi cknesses -0 aRRM-oxi mately 1 nm Thi s nmeans that approxi mately 50% of

the Fe-Co in ths D dedrddses swaihat imevmmdfrabﬁfow of tRRIA
Al\/Rres onse coul d le after
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15 positive. Hence the presence of silver is seen to enhance the
value of Ag in iron, as expected. -
A serifes of multilayers was grown with layers of Fe and
Co of equal thickness (5 nm) with silver layers of varying
thickness. Because there was approximately twice the amount of
20 iron as cobalt in the alloy layer after annealing, it is
probable that there was a composition gradient across the
lTayer, with a corresponding variation in Ag. The A¢ data from
‘ this series of multilayers did not show any systematic trend
-~ and there was a wide scatter in the data and is therefore not.
25 shown here.
The Ag data for the second series of multilayers is shown
for these films versus the reciprocal of the modulation period .
tn Figure 7. Also shown is the effective 2A; of the
magnetostrictive material alone, derived via the data assuming
30 a volume average Young's modulus. There are pairs of data
points obtained via the Berry and Pritchet E¢ correction method
for most samples, corresponding to two values of Ef obtained
from the third and fourth modes of reed vibration. There are
two samples measured with t(alloy)=30 nm since two sections



20 by a remarkable increase in coercive field. It may be that since
the |l ayers were so thin, the anneal caused disruption of the coherency of
the multilayer. Fromthe volune average data, it is seen that [err] of the
mul tilayer increases to approximately 20 ppmas the alloy 25 t hi ckness is
reduced to 8 nm equivalent to a value of [err] of about 36 ppmfor the
alloy layers. The magnetostriction of all three series (S2, S3, S4) of te
Fe-Co/Ag multilayers were neasured 8and are shown in Figure 8.

These values were calcul ated usrnd The volune 30 average Young's

nodul i .  ThWereortakeponfirow vtheuesawmé [subsitrate tind awervey cdnmeadled e shown in
Flgure 9. Lend n for th e I |Ia ($4)
W th err ﬁd@gﬁﬁéntﬁ “o@}’eegreghs ééj' eFo ec?ggil ns%fngﬁ"" v}a]s ¢ )fhl ckness.

The data f®eagured %%imgeg reed friom pnay@fr sthemnmealper $9 thgr 3 T'sCPfow some
- 19 - redysrnt%n foml S¥Hik V!aﬁnbréemih ke highdrduke Valdee ll&s of [err]
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silver |ayénsthe data meguttingnfirom [ther twd mthdsds of coriectiidnaofethecannot be
account ed g$r LNt iﬁ gay. The decrease of [err] of the thicker nultilayers
fromthe s wg%s( p *thought to be due to the iron and cobalt |ayers not
ful ly interm xi Bgfaher i anpeahe mast - bampleanrweae. found smoulhdvé)esmmblt ed that

the val Ueﬁe%&five[cﬁijadeéogﬂfictim <¢$ ﬁg‘ (siph PV’ Shaf) -5 i"g |ayers

of 2 nm Fe at ap EHOXlnatel érr for 30
m nut et vve?‘é"??e@@&?@det bsbéf'@rfe a§&¢R§| Mﬁh’rﬂﬁéﬂr at alteyigagfistheont i dence

Lo the repegihisht 1 38ferhulagNoyed. tThe sala withl fe(ai RyoLdifei ng 1S

poor conpositio radi e can f err] of y
the alloy P&fer \r}ég ‘nepf%%%i E@ &p@aggwpgpyinqiépﬁ’ngpgﬁpg t N~
conpares térh andppomltrmaﬁér}s aﬁdptmhefrmtxe_d 'te abhigh degrke.nulti 1ayer of

Fe/Co vas fiefQtbd ofh BivR8UAnd ' Defissé@VAoBo1 2Bt F3-E0 PAkGY o nally to -

forma
15 at  interfaces during | deposition, ~with thicknesses of

approximately 1 nm  This means that approximately 50% of the
Fe-Co in - this "sample was intermixed before anneal.
Unfortunately, no SAMR response could be obtained from the
sample after anneal. As stated eariier, this was accompanied
20 by a remarkable increase in céercive field. It may bé that
since the Tayers were so thin, the anneal caused disruption of

the coherency of the mu]tilayer
From the volume average data. it is seen that xs of the

multilayer fncreases to approximately 20 ppm as the alloy g-)

25 thickness is reduced to 8 nm, equivalent to a value of A of
about 36 ppm for the alloy layers.

The magnetostriction of all three series (S2, 53 S4) of .
the Fe-Co/Ag multilayers were _measured_ and are shown in
Figure 8. These values were calculated. using the volume

30 average Young's moduli. The corresponding values of A, for the
alloy alone are shown in- Figure 9. A clear trend is seen for
the series of - mu]tilayers (S4) with tAg-z nm, where A
decreases with decreasing alloy layer thickness. ‘The data for
the series of -multilayers with tAg=5 ~nm also show some

-
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single layer (0.5[err] total thickness) of Fe-Co alloy, [err] 20 [err]=30
m nutes. The value of [err] of the filmwas neasured to be 43 ppm A
further heat treatment of 30 m nutes at 300C was found to cause an increase
inferr] to approximately 65 ppm The magnetostriction constant obtained
from SAMR val ues depends on the Young's nodulus of the reed and al so on
that ®f. 25 the filmonly. D screpancies have arisen between the val ues
of [err] <corrected from [err] from two different nethods of _
obtaining this correction. The nethot? -assuming  a vol une aver age of

the noduli is ydaaeeftn bP RE Wit EE Soh ebmah'neﬁim g/ akheSvaitbs (G

the Fe/ Col/ Fel | ti negat Lve, as wouPd be
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ext en nnea 0 in 0 er
predom nantly ﬂ@ugoeﬁrfg Ibye?ﬁ%fs‘ﬁﬁfﬁrm rgtregkeesr degﬂ?é‘sqﬂf iegs] %

t he post - aﬁneeﬁAgsdmlpl set wannot \bei acddupted fomeimrthds wdy.lkA/m =~ - 20 -
Figure 3 shows the g %Eﬁfse h‘i"eis 8P the Mi"éke?oﬁluff’{laggﬁs Oitromethe

rrultllayersfromserle I fic one us 3.

The nul til ayerserdgs X$2pi | aythought é&ched%é’m &he atran and mbelhnlmrs nm

Fe/ 2 nm Ag, smorfh osmtérmmna%mmgormbrSalmwnanﬂe%wer Iy <Hy Aiuma' i ng
was 50 m nut s un er v uum _The d tte ine i

s
characteristi t“%fte “eSV\h%% AsstTUss B? £vo W&tﬂsﬁyﬁﬁﬁl i ed
t he shape 1@nd compel sihgt ‘ruyelk/k I'bf cmmmchangmmveoyamd @Infnl Ag)\tankeat¥dodm in the

lid Iine. f t he Fel A
s ayers, rwaretiiRERy, DALY AR afnbses were, nodburBF, 658 foe (ARe oo,
the vol une fr adthbtm efrorhe TMSer&dmecpeﬁidunsy tas thl!nerepe‘ad:abﬂjftyrmhdng t he
magnet ostri ct 'a‘&'&g%ﬁ SOSkhé VQata. NCIFPARE xYﬁ%“‘ﬁ ?oo&grcrohg

st udy i ncrease from “approxi mately -0. e/5 nm
Ag to approxi rﬂi’@é?%ﬂuBC%m‘ $¥- 1 nmFe/l nmAg. This is consi stent Wit h

an increage in thme vaved ofBYNEF Cthe alloy layer was measured to be
approximately 35«3 ppm. This compares with approximately
80 ppm for the bulk. A multilayer of Fe/Co was deposited
without silver layers, and was annealed nominally to form a
single layer (0.5 um total thickness) of Fe-Co alloy, T3=300°C,
20  t3=30 minutes. The value of x; of the film was measured to be
43 ppm. A further heat treatment of 30 minutes at 300°C was
found to cause an increase in Ag to approximately 65 ppm.
_ The magnetostriction constant obtained from SAMR. values
— depends on the Young's modulus of the reed and also on that of .
25 the film only. Discrepancies have arisen between the values of
Epyym Corrected from Eggeq from two different methods of
obtaining this correction. '_The method assuming a volume .
average of the moduli is thought to be the more reliable.
The values of Ag of the Fe/Co/Fe/Ag multilayers were
30 small and negat'ive, as would be expected from an average of Fe
and Co. After anneal, the A values were large and positive,
indicating that the Fe and Co had alloyed to a large extent.
Annealing also had the effect of making the films softer,
predominantly due to relief of internal stresses. Values of H,
35 of the post-anneal samples were typically of the order of_lkAlm.



nonent of iron at the Fe-Ag interfaces. In the case of the Fe-Co .

mul til ayers, [err] was seen to decrease wth decreasing nodulation
period, where this was 20 shown to be due to nechanical |oading by
the silver layers, where [err]=5nm Wen this correction was nade, the
value of [err] were found to be approximately 35 ppm which is |

consi derably | ower t han t hose of bul k Fe-Co all oys. g
Non-optimal heat treatments are thought to contribute to the 25 '
reduction in the values, as indicated the decrease in. [err] for the

thi cker nul til aydiguirandeshans fthe efFfecitnaf estress drfihe MéHdbeapedoe in [err]
with, decr eagleneathe md 13 Faydi g&gﬁﬁﬁfagh £ The sg{)a | 5d augps where

[err] annot be acc nte e S|Iver | ayers.
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l[ae t]hat i Nc3009C oundefr satumrr | hé hdobtel t 11neyds 8he Ml_aaubasacaermhet Ikon in
err t above t hi ckness

and crystalﬂtzé;tﬁi)ér? g feit u”ﬁﬁgr‘%fsﬁgg’mﬁf i) Mg%?é)aﬁi’alﬁ‘?%? ﬁwgr | oadi ng
all can af fandt stihe ofalthe #H[ tooy charrgexseresyl signdficantiig, ashowni th be able

to proceed Qi gﬁﬁ(pqﬂl? O {8t EFﬁ\'}'r?HF%n? §{. 5 out above to produce

mul tilayers wit i cant”_val ues of Terr] using appropr |ate corrponent

| ayer s 8nd - di ment oﬁ?l c3saeohi thecFefhgy autkbayees, Jeduct iphdbeechni que

f)f C?USI ng ﬂﬁmtIsfcmonwferkaxaretomdomoreafe ajpurghacevgigmeon at
eas

adopt pro J@§§F°'§tru é#:a’t%ltg‘t’ ?eﬁrfttggg s On&hﬁ ?ﬁgf’f" amﬁgwgzg:ﬁ'ml ' ~
magnet ost r imighetostréttion awre podidiiveat 'Ehecm\easunadt yalnwse cﬁpfxﬁopm ate t;) a
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5 nm Fe/5 nm Ag to approximately +3 ppm for 1 nm Fe/l nm Ag.
This 1is consistent with an increase in th_e local magnetic
moment of iron at the Fe-Ag interfaces. |
In the case of the Fe-Co multilayers, 7\5 was seen to
decrease with de_creasing_ modulation period, where this was
20 shown to be due to mechanical loading by the silver layers,
where tpo=5 nm. HWhen this correction was made, the: value of
Afe-co Were found to be approximately 35 ppm, which 1is
considerably lowe_r than those of bulk Fe-Co alloys.
Non-optimal heat treatments are thought to contribute to the W/
25 reduction in the values, as indicated by the decrease in Ay for
the thicker multilayers annealed for. 30 minutes. A definite
decrease in Ag with decreasing alloy Tayer t_h.i_ck_ne'ss' was seen .
for the multilayers where tps=2 nm, which cannot be accounted
for by the loading by the silver layers. The reason for this
30 is not clear. It 1is possible that the silver 'layers are so
thin that the alloy layers have percolated through, especial]y
where these are appreciably thicker than the stilver, so_ that
the parameters of the multilayer approach th_ose of a bulk
material. It may be that mtlusion of silver in the niultﬂ-‘ayer
35 causes a reduction in Ape_co-



15 causing *a sharp |lattice msmatch or snoother msmatch
intermetallic region in overlaid conponent |ayers produces a magnetic

mat eri al which exhibits a non-zero nagnetostrictive coefficient. 1In
particular a sharp lattice m smatch, such as occurs with imm scible
conporent |ayers, could produce a pseudo 20 free surface. The term
pseude’ free surface is used to describe the arrangenent where the surface
of a thin layer can enulate g .free surfagﬁ al t hough another |ayer is
contiguous. The magnetic mat’erial can be “'uSed in sersing devices. such as
pressure gauges, addel éisomeseens &mamt otbeie aoveor sthaby 26ickmessachindg t he
mat eri al to a it b t t I I wher e
mterial 10 a ctyktafdhRaghicOYe iR 4 dtng! BPIGPIAYVRR! add s1fjfel] REr

nat eri al of S‘Qﬁd‘ﬂgeéét‘ C%W”@éﬁpﬂ?ﬁerﬂ“%a‘?ﬁ Sar r AR St'ﬁ‘h%ﬂ/eiﬂr é@gect ive

structures whigel m‘lUQU Py Q:onpf‘oévéﬂDéﬁnﬂiéSbasif‘sz the Ugddhn®quedl sepe part
cooperatin st .the

h
nmagnet ost rgct RV% B’é‘ﬁ’&wteuprs cghgﬁéggygrﬁ "ig}‘ s{gni?h&s@l vatues Ofr dsng to
daim1 in whivshng rxppcqnﬁatataomponatt hayerisr and Wimensiomse part altering the

S whioh the o t S BR° ¥ Shbove: examgtes s IRE, Fhe S EERITADE bF 15 %"
A material accausing a om@ynetic1 componendh lalyer stboucdopt, ofinata | smfacene part
is the absencq.mgioﬁ iteg‘t’éa%“t '%t tlfgfices struc&ré"%ﬂfeﬁ*althaﬁcctﬂédbﬂ@ i£0.

Caim 1 _in her e guous cor’?onen part and in

V\/m ch thel Qooﬂ'@l"&g d]?"l"%”éf pég% W@@"%rf&cem%ﬂ!‘eé C| e'!?s‘ie"é)ﬁb Mhighpart .
A mat efeixtbi #3C @0MBhLerot Grag ﬁéwsmdtivbn codFfichent hemeiar&t

coMguous co arts and in t he perat i strlctlon
o e P ocal HERESIVISE o 3BPromtiabe o, p ShEETD Gladhe Elk mBRECED. Bi3nent
parts. a "soft" one, but noting that this parameter was not controlled.

Others of the above examples show that the technique of

15 causing a sharp 1lattice mismatch or smoother mismatch

intermetallic region in overlaid component layers produces a

magnetic material which exhibits a non-zero magnetostrictive

coefficient. In particular a sharp lattice mismatch, such as

occurs with immiscible component layers, could produce a pseudo

20 free surface. The term pseudo free surface is used to describe

' the arrangement where the surface of a thin layer can emulate a
free surface although another layer is contiguous. | o

The magnetic material can be used in sensing devices,

W, such as pressure gauges, accelerometers and torque sensors, by

- 25 astﬁ;ge_f_éhmgf the material te a structure or by depositing - the

matertal in the place where 1t is to be used. :



7. A material according to CQaiml in which there is an interface
region in one conponent where said first and second conponents are
contiguous. 8. A material according to d aij i nterface 25
region is in a conponent which is at |east pa &ﬂ the all oy
has a ratio other than the usual one for said a «mat eri al N
according to Caiml in which one of the first and second corrponents is
magnetic material and the other is a_ gn_etic or a non-maghetic material.
30 10. A material according to C al m_'l in which the first and second
conponents are dirffferent el enents onr ys or are magnetic and

non- magnet i ¢. f or A5 mgnetie ahamemi] obfaldtoyleast *twoC cém olen© arts 23 - 11.

A materi al t 0 _Cl ai m onent I s chosen
fromthe gr 6{:}%%3;9 g‘?r hAYE REtReE V%néﬁ{]@%ﬂfesa?qﬂégspuwag Arex®t cobalt,
gadol i ni um bembgesous ,urthel trucfurent ef i ahe apaot dco@dratmgal Wit0 the which a

conponery | ?tr%c@ﬁ'tchs‘;?g ftﬁf)?tm? £ QR4 of ﬁ%@escggiriactt'&llﬁgqse@ravgum ni um

magnesi um silver a and si i1 Con ccordi ng
to daiml ¢hdh edﬂﬁgfhhhy first and second conponents as |layers. 14. A

mat eri al azcordm&tb?iﬁ %c@b?@mgn%llélm gl tiﬁrﬂﬁiéh“Qhéocoor{ﬁ%gidn' rst_and

second conp mat erial acco Ing a first
and second &)&ﬂﬁnéﬁ“cﬁﬁm @ ane mary gyfﬁ%ﬂ%n ea3Qricaspactngepbriheh as a
trilayer. 16ther gartiaterial. -according to O ai m 15 haV| ng a fourth 15

Co e a1 Favr v BEbaIE] tdoPafy 2 EARME L pliven R e iEayRboteacn
havi ng N coh®@netnarease [fagmrthe umlea!:emirc] spacingt. ween tvvo and five while
[err] has a4val Ug n&fte?gle‘ﬁlct:%‘belngti’&'(ﬁallnyl i‘ﬂe%ﬂiﬁ Qh% H%ctav(?e ofts A “-J

mat eri al accordin
at least one part is the absence of a regular lattice.

5. . A material according to Claim .1 in which there are
15 contiguous component parts and in which the cooperation is a
pseudo. free surface on at least one said part. _ _
6. A material according to Claim 1 in which there are
contiguous component parts and in which the cooperation reduces
restriction of the local moment otherwise achieved by said
20 contiguous componeht-parts. .
7. - A material atcording. to Claim 1 in which there is' an
interface region in one component where said first and second
components are contiguous.
8. A material according to Claim 7 1n which the interface
25 regiOn 1s in a component which is at least partly an alloy and
the alloy has a ratio other than the usual one for said alioy.
9. A material according to Claim 1 in which one of the first .
and second components is a magnetic material and the other is a
magnetic or a non-magnetic material.
30 10. A material according to Claim 1 in which the first and
second components are different elements or alloys or are
magnetic and non-magnetic forms of one element or alloy.




¢
which the material is built up. 19. A material according to Caim18 in
which the material remains on the substrate for use—er——es—r—el—eased—_
therefrom for exanple by chem cal neans. rraterl al according

to Claim 18 in which the substrate is glass or nrcalﬂul ﬁ'&gﬂ
ot her .suitable material . 21. A material according red in
the pkace of eventual use by deposition of successi ve conponents on a
machi ne part or Iike object. 30 22. thod of preparing a material as

claimed in daim1 including “over | ayi ng~tfre "second ‘conponent on the first,
provi ding a welll.- def i metbrliatmdawrdn/ngrdcot 0asmcddd inowhbeteng mngf‘ltl guous

overl ai d compsSaRpter {3 Bieh FEAE 8h Jeholo b R ropERsEH Aufpedts o
23. A et hodtoflegstednon ngickedat cobalit,agadolidntur and terbiun.l i ncl udr ng
overlaying the, Seﬁmerfﬂm&%@mi ng°fo él'iq‘nuiﬁrﬁt ’whﬁ’ﬂ?ri“c?)ht:&%n‘%r jgausing

the second conponent struc ure I nfl uenced St _to produce

sai d coopePat i<@sen; from heAQ’F&Qhetqfc Hementsy| obf 35 fieast @dupYHEM: as a
layer and a sepg@RésMIPoTRRYr &%d Foldyemd oVEicbai diorfdé.ne first, there being

a lattice strugture, in. at,l.east o e o] d in which . magnetic
material sai g Wt t it dnater gk degor %?faégm\/\ﬁyﬁecslé'a?@ aany FiEsF 8Bdond
conponent | ayesecond eomponendsoas lagersby the 10 rragnet ostrr ctive property
of the materigl, is ' e c r

whi ch there |? an ﬁ% ig] gg‘i“ﬁ“&?nn?‘g {:Laa“ﬁ gz}?e(r)‘s ﬂ?"g“c?t}%ﬁg A
materi al 10accsaddi figstt and Geeond coBponents. whi ch the m)dr fication is in
the interface y5e0i o pteria?’ac orﬁiﬂ?tfé'éiaiﬁlcqorﬂic'?%ﬁng @ 1P ahg Whi ch

thek.vnterface region Is Iin an | ayer and tice structureln

at | east said SeSgh¢rcompopent d’@NéPg t%aﬂ“fﬁe‘:‘?ﬂ’&ﬂ”‘bﬁés%fr“@ﬁeth%ﬁﬂ?r‘ th| enment .
as a trilayer. :

16. A material according to Claim 15 having a fourth

15 component associated therewith as a quadlayer.

17. A material according to Claim 1 having a material form
expressed as M multilayers each having N components as layers,
where M is between two and five while M has a value of a few
tens, typically twenty to fifty. '

20 18. A material according to Claim 1 including a substrate on
which the material is built up.

19. A material according to Claim 18 in which the material
remains on the substrate for use or is released therefrom, for
o example by chemical means. :

25 20. A material according to Claim 18 in which the substrate
s glass or mica or KAPTON (RTM) or other suitable material.

21. A mater'ia'l according to Claim 1 prepared in the place of .
eventual use by deposition of successive components on. a
machine part or like object.

30 22. A method of preparing a material as claimed in Claim 1
including overlaying the second- component on the first,
providing a well-defined boundary where the second component is
contiguous with the first, and causing or producing a
stress-free strain in the overlaid coinponent. at Teast adjacent

35 the first component. '



28. A material according to Caim 24 in which a third 20
conponent as a layer is overlaid on the secon cture

said third layer is nodified in its turn. according to
claim?24 including further conponents as Iaye @m * or wi t hout
structure nodification. 25  30. A material ae€co n124 in

which a said layer has a lattice structure nodified by an overlald | ayer ¢
at |east contiguous to the overlaid |aygr. 31 A material according to
Clai m 24 in which each of the conponén | ayers has an inherent lattice
structure add sahdmethod efdprepsaingna materdphias sglaimedsin Gkadm jInher ent

structure nﬁcmadﬁdlwei@vaﬁngt hee CQ@Eéwﬁ!m&hmb%Néﬁtﬁr%n SighdCt f&t¢,32. A

mat eri al accor flcatl nis that

TneCT bt i cobbermt FEG: ameads Lt HiRtRE0NS SAMRATERt SATYatuEe” 108 s o
| east apprmﬁlﬁaﬁedcvbytm fRrytl horprdduce Isatidli wbpéﬁamn -25- 33. A

I di 24, di th | ai d
cecond IFay it dehimasPeb CIRLERiaI0r & st combBhent™¥8 e Wt RO & 4 m
33 havi ng asedoadsconponenty dm Iaa;}&yesr oyerladd. on therdtiestalthacedbedingg to C ai m
34 in which, epgly é‘os??u?iur@ *Ph'ﬂk%aéts otk éie%%‘idalafﬁ% HICTR TRt NI CK,

that is a fewtens nanometres th| ck.
36. A remaghetiomatprialusaid attice t-‘itré‘}@*’e Fr&gﬂﬂétifi:ed heee i sdidi ncl udi ng

deposi ting gydsir 2hd C SEESHIC Womp6ritht | Ngyé¥s Reremicohtfglicds 1WherdfCapd conmponent
to be plrogress the “depositing of
fi

t he Ost '“wlﬁ% ‘éﬂ& %3{-3,!%3_\,0 ert}‘éﬁa%ﬁ iﬁnbrﬁge'g@@gﬁ‘&‘ conponent to
produce reszmctmemalte‘rﬁel eatcmirmgtweelaand 2d4auni wmpich therel tisi pg t he ‘
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A material according - to Claim 25 1in which the
modif“lcation is in the interface region.
15 27. A materfal according to Claim 25 in which the interface
region 1s in an elemental layer and the lattice structure in at
least said region is one other than the usual one for the later
-element. | _ : : o
28. A materfal according to Claim 24 in which a third
20 -component as a layer s overlaid on the second and a lattice
structure of ""a,tdg,'ém:‘d layer 1s modified ip its turn.
'29. A materfal according to Claim 24, including further
components  as 1ayers everl'aid with &F wi f&t‘ee‘- structure
modification. A \J
25 30. A material according to Claim 24 1n which a said layer
has a Tattice structure. modified by an overlaid layer, at least
contiguous to ‘the overlaid Iayer
31. A matertal according to Claim 24 in which each of the
component layers has an inherent lattice structure and said
30 modification 1is that at 1least one inherent st’ruc_ture' is
modified by another contiguous 1nherent structure. _
32. . A  material according to Claim 31 in which the
modification is that one lattice, at least where contiguous to
another lattice, adopts at least approximately the another
35 lattice form. - -




i ncluding providing a first conmponent |ayer of a first lattice structure,
causing or permtting a second |ayer of material o econd lattice
structure to be progressively overlaid on the 20 first materia

controlling the overlaying of the second mater |m'mH st one
conponent layer in a region contiguous to the int u,"""" rm’mﬂrl ayers
has % lattice structure nodified by the overlaying "act’i oh. 88.s

according to CGaim36 or Caim37 includi 25 overl ayi ng by sputteri ng

39.° A nethod accor dl-ﬂlig to B1"ai m 36 or O ‘@l m 37 inckudi ng overl ayi ng
substantially & erials@ccordingaterélaimade otnsilugingo acfrsk dayerc ai m

34 in which eaf‘a*hdcﬂi'éf’%Sﬂaiﬂr sé@h@rlﬁerai&ldﬂfﬁéd a8 a?ltbihﬁ_ﬂﬁI one nanonetre
t hi ck 30 and ptote onetre thlck ?\avi ewa omst a few

tens of atoms tHrck A ma e accopfiing sto. C%im 311 ng Af de iwiYerial
as clainmed in (Blia'ayark and having an MH |oop characteri StIC V\:hl ch is

ml £1pl e muPt Payer MARRETTA REdanp Yo, YRR AN FIEE' & fRyar, of &1 i ng
an insul ati ng [bdyayer tis ehhkeasd ahfew magomatresrthdoknsthatdds a few tegsiet i
material  arrapgeiEils thﬂ‘ié udh @9 fo ccor%ggg’:%?? 'Waa%ﬁléﬁjeéaﬁhﬁl ainmed in daim

1 or aim24 or as producéd in 6 and neans to
cooperate w t h36ne 70 methederafal Pradusdig cp tmylhhlayer cmagnetisnrmaterdal a

response of th%ﬁ?ﬁﬂn@%eﬁ&i%‘ﬂnf@ Fipsd cdmboiRt, 4dausingor %hﬁﬂ&q g4 as
cl ai ned gﬂd aim

he respo riveabi | it
or di nensi ar‘?&c?‘?ﬂa eompopsnt 3@+ Pﬁnpﬁwegé{]‘feﬁg QVPE@ nd’%oft?'@h«ﬁﬁﬁter: a: Y
15 45, An zontrgldimgt the adeposteinign off atie 4Bivst Wompbnérdte awd i ¢hei s

fl e of a SugROIL LT d41° (BT SldcBha O'colorlN o8 RrGIGY ©rEliefve O 2"

ext ernal magneti
different structures and causing or permitting the structures

- to cooperate to assist the magnetostrictive behaviour of the
15 material. _
'37. A method of producing a multilayer magnetic material
including providing a first .component layer of a first lattice
structure, causing or permitting a second layer of material of
a second lattice structure to be progressively overlaid on the
20 first material, controlling the overlaying of the second
material so that at least one component layer in a region
contiguous to the {interface of the layers has a 1lattice
structure modified by the overlaying action.
W, 38. A method according to Claim 36 or Claim 37 inc]uding
25 overlaying by sputtering.
39. A method according to Claim 36 or Claim 37 1nc1ud1ng
overlaying substantially atom-by-atom. : "
40. A material according to Claim 1 or Claim 34 in which each
component or layer of a bilayer is at least one nanometre thick
30 and up to ten nanometres thick, that is-a few atoms to a few
tens of atoms thick.



46. An arrangenent as clained in Claim44 formng part of an
accel eroneter, a torque sensor or |ike device.—_20 47 A nmagnetic
material substantially as herein described with reference to the

acconpanyi ng draw ngs. 48. A et hod of nmakin w ml al
substantially as herein described with ref erengmumm" ﬂu yi ng -

drawi ngs. 49. A magnetic materi al arrangenent “ihcltiding* a magnetgic
25 mat eri al and neans to cooperate h the material to convey to an
external connection a response of thg& Cerial to an external action

subs_tant i a|4|1y a«smumemiyar mecteciabeat chainedr ¢hcClanmel tandt hevia@cem)anyi ng
0o nge, M 1o, THRPRLAebtoFTLHh, BLUOORERE by, (RELGRARD ofe, T
convey to a\ate\x’tadr.nﬁ@r esample: byrbendingponse of the material to an external
3?;{,\fﬂg:uwt2am 2l N £3p18'ChET £114958F " BGbedE! Mat&fR1eNGe ddihi fFconmpanying
5 Claim 1 including an insulating layer, to enhance the frequency
response. X :
43. A magnetic material arrangement including a magnetic
material as claimed in Claim 1 or Claim 24 or as produced in
accordance with Claim 36 and means to cooperate with the
10  material to convey to an external connection a response of the
material to an external action.
44. An arrangement as claimed in Claim 43 in which the
response is a change of permeability or dimension and the
external action may be the stressing of the material.
15 45. An arrangement as claimed in Claim 43 in which the action
is flexure of a support for the material or an ambient pressure
‘change, or an external magnetic field. | |
46.  An arrangement as claimed in Claim 44 forming part'ef'an='
accelerometer, a torque sensor or like device. :
20 47. A magnetic material substantially as herein described
with reference to the accompanying drawings. _
48. A method of making a magnetic material substantialiy as
herein described with reference to the accompanytng &rawfngsg
49. A magnetic material arrangement including a maghetic \;)
25 material and means to cooperate with the material to convey to
an external connection a response of the material to an
external actfon substantially as herein deseribed with -
reference to the accompanying drawings. '
50. A magnétic material arrangement 1nclud1ng a. magnetic
30 material as produced and means to cooperate with the material
to convey to an external connection a response of the material
to an external action substantially as herein described with
reference to the accompanying drawings. -
UK



