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nore 10 obtaining components for magnetic use by cutting them
from a metal strip having a nanocrystalline structure.
_ It has been proposed to manufacture thin strip
of a magnetic alloy, and in particular an alloy having
a high permeability, which has a structure mainly
15 consisting of very fine grains in an amorphous matrix,
the size of which grains may, for example, be between 1
and 100 nm. Such alloys are called nanocrystalline
alloys.

Nanocrystalline metallic materials are

20 obtained, in the form of thin strip, for example having
a thickness of around 20 um, from amorphous strip or
ribbon produced by casting and rapidly cooling a liquid
metal on a cooled roll or between two cooled rolls. The
amorphous strip or ribbon is heat treated by holding it

25 at a temperature of around 550°C for a time of around
one hour so that it develops a nanocrystalline
structure within a substantial part, for example more
than 50%, of its volume.

This heat treatment may be preceded by prior

30 heat treatments at lower temperatures, for example of
around 200°C.

When magnetically soft iron-based alloys are
cast, cooled and then heat treated, it is possible to
obtain, from the strip in the nanocrystalline state,

35 products such as magnetic circuit cores exhibiting
excellent magnetic properties which cannot be generally
obtained in the case of materials whose structure is
different from a nanocrystalline structure.
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fracture. The only process known at the present time

10 for manufacturing metal components such as magnetic
cores from strip having a nanocrystalline structure
consists in winding the strip of magnetic alloy in the
amorphous state and then heat-treating this strip at a
temperature at which the nanocrystalline structure

15 develops. Optionally, the heat treatment may be carried
out in a magnetic field in order to modify the
hysteresis loop of these nanocrystalline alloys.

It is therefore not possible at the present
time to manufacture nanocrystalline magnetic components

20 by mechanical treatment or machining operations
including, for example cutting.

It would be of very great interest to obtain
magnetic components from strip made of a
nanocrystalline magnetic alloy which have a profile

25 whose geometrical shape is well defined. In particular,
it would be extremely beneficial to be able to
manufacture, from nanocrystalline strip, magnetic
components having the shape of washers, U-or E-shapes
or even components having complex shapes used for

30 making clocks or watches.

More generally, it may be extremely beneficial
to have a process allowing the treatment of a thin
brittle metal strip, having a small thickness,
generally less than 0.1 mm, the treatment of the strip

35 involving at least one step in which the brittle strip
is subjected to stresses, especially cutting or bending
stresses.

It is therefore an object of the invention to
provide a process for the treatment of at least one
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consi sting of a pIuraF??y'§¥ls purpose, prior to the step of
process in which the thin strip is subjected to

10 stresses, at least one side of the strip is covered
with a coating layer made of at least one polymer
material so as to obtain, on the strip, an adhesive
layer having a thickness of between 1 and 100 pm,
modifying the deformation and fracture properties of

15 the thin metal strip, and the step of the process in
which the thin strip is subjected to stresses is
carried out on the strip covered with the coating
layer.

In order to make the invention <clearly

20 understood, the implementation of a process according
to the invention, for the production of magnetic
components by cutting them from a strip made of a
nanocrystalline magnetic alloy will now be described,
by way of example, with reference to the figures

25 appended hereto.

Figure 1 is a schematic side view of a plant
for implementing the process according to the invention
and according to a first embodiment.

Figure 2 is a schematic side view of a plant

30 for implementing the process according to the invention
and according to a second embodiment.

Figures 3 and 4 are side views of plants for
implementing two successive phases of a treatment
process according to the invention and according to a

35 third embodiment.

Figure 5 is a side view of a plant for
implementing the process according to the invention and
according to a fourth embodiment.

Figures 6A, 6B and 6C are perspective views of
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10 nanocrystalline strips.

Figures 9A, 9B and 9C are schematic views
showing three successive phases in the implementation
of a treatment process according to the invention
comprising a chemical cutting step.

15 Figure 10 is a top view showing a number of
components obtained by a process according to the
invention involving chemical cutting.

Figures 11a, 11B, i11¢, 11D and 11E are
schematic views showing the successive phases in the

20 implementation of the process of the invention and the
manufacture of a transformer integrated or. not
integrated into a printed circuit.

The process according to the invention as will
be described below is used for the manufacture of flat

25 magnetic components made of a magnetic material in a
nanocrystalline form.

The magnetic material is a soft magnetic
material, generally consisting of an alloy containing
mainly iron or, optionally, a mixture of iron and a

30 ferromagnetic metal such as nickel and cobalt, together
with copper, silicon, boron and a metal such as
niobium.

The magnetic material may also contain iron,
zirconium and boron and optionally copper and silicon.

35 The magnetic alloys to which the invention
applies are therefore, for example, Fe-Cu-Nb-B-Si or
Fe-Zr-(Cu)-B-(Si) alloys (the brackets around the
symbols Cu and Si indicating that these elements may
possibly be absent).
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conductor, so as to obtain strips or ribbons in the

amorphous state with a thickness of around 20 pm and a

width of greater than 5 mm.

The strips or ribbons in the amorphous state

15 are then subjected to an annealing heat treatment at a

temperature close to 550°C for a time of about one hour

in order to obtain a structure composed of fine

crystals, or nanocrystalline structure, within a

significant volume fraction of the strip, for example a

20 structure consisting, by volume, of at least 50% of
grains having a size smaller than 100 nm.

The treatment according to the invention is
used to obtain, by cutting the strip, shaped magnetic
components, while preventing the metal strip from

25 fracturing during cutting. The treatment process
according to the invention is generally carried out on
the strip in the nanocrystalline state. In certain
cases, the treatment according to the invention may be
carried out on a strip in the amorphous state, a

30 subsequent heat treatment allowing the nanocrystalline
structure to develop.

The strip, wound in the amorphous state, may be
introduced into a heat treatment furnace so as to
obtain a nanocrystalline strip wound on a mandrel after

35 the heat treatment. This heat treatment may be carried
out in a magnetic field.

The treatment according to the invention
consists firstly in covering ocne side of the strip made
of a nanocrystalline alioy with a coating layer
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It is then possible to superpose and Join

10 together, for example by adhesive bonding, pressure or
heat treatment, several metal strips covered on one or
both sides with a layer containing a polymer, so as to
obtain laminated composite parts comprising several
superposed metal layers separated by layers containing

15 a polymer material.

The treatment according to the invention
includes an additional operation, for example an
operation of machining or forming the metal strip
coated on both its sides or the laminated composite

20 strip, in order to obtain shaped components, for
example by cutting the strip.

As may be seen in figure 1, in a first method
of implementing the treatment process according to the
invention, a nanocrystalline strip 1 is covered on the

25 first side and then on the second side with an adhesive
material consisting of a plastic film precoated with
adhesive.

The strip 1 of nanocrystalline alloy is wound
onto a mandrel 2 having a radius of curvature

30 sufficient to prevent deformation or excessive
stressing of the strip 1. The winding onto the mandrel
2 1s carried out on the cast and cooled strip in the
amorphous state, which is then heat treated at about
550°C in the wound state on the mandrel.

35 Firstly, a strip 3 made of a polymer material
precoated with adhesive is bonded to one side of the
strip 1 unwound from the mandrel 2. The strip 3 of
polymer material precoated with adhesive is unwound
from a reel and then applied and pressed against the
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-5- O course, the invention may apply to other
1ength of strip 1 'not covered with a layer of plastic
precoated with adhesive is avoided.

10 The strip 1 of nanocrystalline alloy covered on
its upper side with the strip 3 made of polymer
material is brought into contact, on its lower side,
with a second strip 3' made of a polymer material
precoated with adhesive wound in the form of a reel.

15 Two opposed press rolls 4 and 4' are used to exert
pressure on the strip 1 covered with the strips 3 and
3' made of polymer material. The pressure exerted by
the press rolls 4 and 4' makes it possible to achieve
good adhesion of the strips 3 and 3' to the faces of

20 the strip 1 made of nanocrystalline alloy.

It is possible, so as to further improve the
adhesion of the strips 3 and 3' to the faces of the
strip made of nanocrystalline alloy 1, to make the
laminated strip consisting of the strip 1 covered with

25 the layers 3 and 3' pass through a heat treatment unit
5 within which the adhesive material of the strips 3
and 3' is crosslinked, thereby improving the quality of
the bonding.

On leaving the heat treatment unit 5, the strip

30 1, fastened to the covering layers 3 and 3°',
constitutes a laminated strip 6, the deformation and
fracture behavior of which is fundamentally different
from the behavior of the strip 1 made of
nanocrystalline alloy which is essentially brittle. The

35 laminated strip 6 no longer exhibits brittle behavior
and its fracture modes are radically different from the
brittle fracture modes of the strip 1. Consequently,
the strip 6 obtained after the first phase of the
treatment process according to the invention may be
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stresses, these stresses being at a level as low as

possible. This result can be achieved by carrying out

the heat treatment of amorphous strips on a mandrel or

a core having a large radius of curvature, as described

15 above, or by using a furnace for heat treating the

nonwound strip in a stress-free state, for example in a

furnace for treating the strip laid flat on a support.

The operations carried out on the nanocrystalline strip

covered with two adherent 1layers of polymer create

20 practically no stresses in the nanocrystalline strip,

even if these operations entail large external

stresses, such as sheer stresses.

The films 3 and 3*' of polymer material

precoated with adhesive, which are used to cover both

25 sides of the strip 1, may consist of a film of a

polymer material such as a polyester, a

polytetrafluoroethylene (PTFE) or a polyimide, the film

being combined with a layer of self-adhering material

allowing the film to be bonded to the strip. Certain

30 self-adhering materials may be c¢rosslinked within a
heat treatment unit like the unit 5 shown in figure 1.

Next, starting from laminated strips 6

comprising a nanocrystalline strip covered on both its

sides with strips made of polymer material, it is

35 possible to manufacture a laminated composite

comprising several superposed laminated strips 6 made

to adhere to one another by pressure and/or by heat

treatment. In particular, such composites may be

obtained from laminated strips 6 consisting of the
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several netal strips covere one or both sides a layer containing a
pol yner, so a§res these laminated or composite strips, any magnetic

component, for example with the shape of a U or the
10 shape of an E, or any magnetic component of complex
shape used in watchmaking, as will be explained below.

The layers of polymer material used to cover
the nanocrystalline strip are chosen so as to avoid
degrading the magnetic properties of the

15 nanocrystalline strips by the stresses induced during
adhesion of the polymer strip to the nanocrystalline
strip or during the operation of crosslinking the
polymers in contact with the nanocrystalline strip. In
general, measures will be taken to avoid subjecting the

20 strip to a high tensile or compressive stress during
the adhesion phase or the crosslinking phase.

However, in certain cases it 1s possible to
adjust the magnetic properties of the laminate or
composite consisting of one or more nanocrystalline

25 strips by using the magnetostriction properties of the
nanocrystalline strip or strips and by applying certain
stresses to the nanocrystalline strips via the polymer-
based layers.

In certain applications, for example in the

30 case of components intended for the manufacture of
energy conversion systems, the magnetic components
obtained by the process of the invention must be able
to withstand a relatively high temperature, for example
a temperature of 150°C. In this case, of course, the

35 polymers forming the covering layers of the
nanocrystalline strip, which remain fastened to the
magnetic components obtained after cutting, must
withstand the operating temperature of the magnetic
components.



obtai'n. | am nated conposite parts conprising several superposed netal |ayers
separated by |ayers containing 15 a polyner material. The treatnent
according to the invention includes an additional operation, for exanple
an operation of machining or formng théd0hetal strip coated on both its
sides or the | am nated con'ggsite 20 ]itri , ln order to obtai.n shaped

¥ I-2

conponents, for exampFBSh§aeufi nget FHINT ASOVRYIBR SEEHPEn Tatfure 1,
in a first nmebltoda opolypéemmatiendal herdgcait@ntwitocgedtesicer diing i1 thg
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cuttable composite consisting of nanocrystalline strips
and covering layers made of a polymer material which
are bonded together by a thermoplastic material after a
heat treatment.

15 As previously, strips made of nanocrystalline
alloy are used, these generally being wound in the form
of reels and obtained by treatment of a reel of alloy
in the amorphous state. Each of the strips of
nanocrystalline alloy used for the manufacture of the

20 composite is covered, on its upper side and on its
lower side, with a thermoplastic polymer film precoated
with adhesive. Thus, a plurality, for example three, of
laminated strips 7a, 7b, 7c¢ are produced, each
comprising a strip made of nanocrystalline alloy placed

25 Dbetween two polymer films. The strips 7a, 7b and 7c are
made to run through a heating chamber 8 at a
temperature of 1less than 400°C, which raises the
temperature of the thermoplastic films of the 1layers
for covering the laminated strips 7a, 7b, 7c¢ to above

30 the melting point of the thermoplastic film and above
the contact bonding temperature. The bonding of the
strips 7a, 7b and 7c¢ is carried out between two press
rolls 9a and 9b. After cooling in a cooling chamber 10,
a composite strip 11 is obtained which can be cut into

35 the form of shaped magnetic components.

The thermoplastic films allowing adhesion of
the covering layers may consist of one of the following
polymers: modified polyethylene {(modified by acrylic
acid, maleic anhydride or other materials), grafted



-7- strip 1 of nanocrystalline alloy by a press roll in an arrangenent
opposite the reel consisting of the strip 1 of nanocrystalline alloy wound
on the mandrel 2. In this way, the strip 3 is brought into contact with the
5 upper side of the strip 1 of nanocrystal Fine alloy, and made to adhere
thereto, at the_exact point where the strip 1 is unwound. In this way, any
handl i ng of aPPEFRFPPYGHERE r i BPUYH A0 RIYHERLARTE | ayer of plastic
precoat ed Yv:th adlrllesi'mei@r@g@irdeds KX the ldaminEftQahdSLébﬁpésQ{e 11d f
nanocrystal line alloy cove on_its upper._si with t stri eo
pol yner rraterﬁgBFa?'%e rg‘?thtEﬁFnt%r%‘?ﬁﬁsacg,ﬁBﬁ it el&\'ﬁgfmgi d‘g‘?u%?%ho second
strip 3' nadeimbplemeotyinion nalkowalcuptéagatveithwitth athefraetwoanernidn t he
formof agee Ty, 0 S ' d.to ert

O egys My ORBASES IR S phfnfed B8] pRhfulEdChP o8

pressure on t G covere _ rrps of "pol ymer
materi al . Thespriesuet rRsweeBiRlliime pedsegirdl.ls 4 and 4' makes it

possi bl e to achi eve gpagkadiesien afeide@idiRg 3 apd Inddddiaskaces of 20

the strip 1 made of nanocrystalline alloy. It I's possible, sO as to further
i mprove the aBPESTHRE oFEXHS sttt piss Pogfflte tt9 HOTKEd BFEIRKESSOKi p nmade

of nanocryst atbmpesttédYadcot@if@Kkeot RBe invention by a process of

10 coating the faces of one or more nanocrystalline strips
with adhesive. A non-tacky reactive adhesive material
with a thickness of between 1 and 50 microns is then
used.

An adhesive is called a reactive or two-stage

15 adhesive when it is possible to carry out on this
adhesive two successive polymerization or crosslinking
reactions. Such a material is called a non-tacky
material because it does not adhere after the first
crosslinking reaction.

20 This adhesive may be chosen from thermosetting
or thermoplastic polymers, depending on the desired
magnetic properties of the magnetic component to be
produced from the laminate or composite. These magnetic
properties may in fact depend on the thermal conditions

25 imposed on the laminate or composite during its
manufacture.

Figure 3 shows schematically a plant for
manufacturing a laminated material comprising a
nanocrystalline strip by a process of coating the faces

30 of the mnanocrystalline strip directly with adhesive
using a reactive adhesive.

The nanocrystalline strip 1, which preferably
comes from a reel, is deposited on a support band 12,
preferably made in the form of a flexible band movable

35 in the direction indicated by the arrow 12'. Located
above the movable support band 12 are a first coating
unit 14a and a first drying and crosslinking unit 15a,
through which units the strip 1 of nanocrystalline
alloy supported by the support band 12 is moved in the



lam nated strip consisting of the strip 1 covered with 25 the layers 3 and

3' pass through a heat treatnent unit 5 within which the adhesive materi al

of the strips 3 and 3' is crosslinked, thereby inproving the quality of the

bonding. On leaving the heat treatnenr gfi © 5, the strip 30 1, fastened

to the coverin | ayers constitutes a |lam nated}g 1§¥ , the
t

def or mati on aﬂ&rgf:éi‘:? reo%eﬁé\ﬁ o?rB?vaﬂzch i & FERREMRSt aiFTdi fro
the behavi oaepoettedttm tHe | pppet shdle ofof thanol@axycsctﬁ,lréttm:aié oy

which is essen e 3 m .na strl 6 £N0, exh| bits

brittle behavf’gﬁlgnd [ tlsnsflr ctt‘[l?‘g ngbxe%@are rag:loé’l I y A ffer 5m t he

brittle fractoretandedagert B8 sisridried @m’isemmmylketdhenstnhqo iB.ztﬁ:b:t ai ned

after the gl r %Qggsgngf c}ﬁgsﬂreﬂ‘{%qt 0GESS according to the invention
Y S

may be subj to a shear str at enployed in a process for
mechani cal cutt| ng of Thee sdirdipp. 1| okt hn%n‘v\fél;/Y$'tal3slrtﬁ)s§FLﬂ>P¥ t F@es n, by

cutting the s{hip @hesﬁlé?éﬂ Q@@Pnfﬂé&%tﬁ‘ﬁ’éh HhdresK tf feRGIgHdng the 5
strip 1 made of nanocrys |l i neg al is fastened by its two faces to

the covering &ifPps™YaRe Fangpd o"Flli:?bCP‘i/"rTe"P‘nYraFe?]Fan tEactughe ol
magneti c cospaheteFore RhEsi®hle to make the strip 1 coated with

10 the coating layer 13 pass from the support band 12 to a
second coating unit 14b for depositing, on the second
or lower side of the strip 1, a second coating layer
13' which is dried and crosslinked in a second drying
and crosslinking unit 15b through which the strip

15 coated on both its sides is made to run.

After leaving the plant shown in figure 3, a
laminated strip 16 is obtained which comprises the
nanocrystalline central strip 1 coated on both its
sides with coating layers 13 and 13' made of a

20 crosslinked polymer material.

The nanocrystalline strip, coated on both its
sides with perfectly adhesive layers of plastic no
longer exhibits brittle behavior and can be cut into
the form of magnetic components of complex shapes.

25 As may be seen in figure 4, it is also possible
to combine several laminated strips 16a, 16b, 16c
similar to the laminated strip 16 in order to obtain a
composite strip by superposition and adhesion of the
laminated strips 16a, 16b and 1l6c.

30 A laminated composite strip could also be
obtained by stacking strips of nanocrystalline alloy
covered only on one side.

The strips 1l6a, 16b and l6¢ may be made to pass
through a heating chamber 18 for raising them to a

35 temperature of less than 400°C. The heated strips 16a,
16b and 1l6c are then pressed between two press rolls
19a and 19b, thereby allowing the strips 16a, 16b and
16c which include thermoplastic polymers to be bonded
to one another. The composite strip 17 obtained is



satisfactory properties, it is necessary for the strips 10 with a
nanocrystal line structure to have low internal stresses, these stresses
being at a level as |ow as possible. This result can be achi eved by
carrying out the heat treatnent of anorpgRous strips on a mandrel or a core
having a |l arge radius of curvature, as described 15 above, or by using a
furnace for h&8P1EAeaRi AgCPRLIRSMWMNERQtrip in a stress-free state, for

exanpl e in a furnace ffr at raaiddihdnte Stdp Pot akllefl ltAleatmenits UpRsddss The

operations carried._out on the nanocrystalline strip covered with two
agherent | ayePSCOFIpBEy f8r tOFedtY %Xoﬁra&alg&?l%lW %8“?9?&92@5 &Y tLbf?e

nanocrystal | i eatst rfpomeveathe i f coinbeseteopestatipons 17entai thoh@r gecheext er nal

e 4 Hal R RE PSS AL S0 St cBRLYIEEC TP o

strip 1, may fremtizingef a film of a pol yner mat eri al such as a

pol yester, a pol yt éaffil&%tpegl%?gnecéfg’f@iﬁ ﬁg]poiéﬁaﬁﬁéfngt hgd il m

bei ng conbined with a | ayer sel f-adhering materi owmng the filmto
be bonded to £REiBaERP16CaYt @PROSDLing | PORAMY i FRYSRE &1 A1 GRapPHd

crosslinked wstRiB f%fhe@t anh@éwEB%wﬂﬁé lsitk@ pt henaini be S cakowBal dd gure 1.
r’\llg)r(lf)érystsg(?”hggst%léo%(/efzggtgﬁégo?ﬁ ?]5‘515%%&@6ﬁ%)9?%r'{ ﬁ’{’;g %&88 & pol yner
material, it epr3fingossiipd/mer ocovanimd acubstanca on asheasede ofonposite
the strip, or each side of the strip in succession. The
covering substance 1is then polymerized. It would also
be possible to coat both sides of the nanocrystalline
15 strip in a single step by dipping. However, it would
then be more tricky to handle the nanocrystalline
strips.
To carry out the process according to the
invention with direct adhesive coating of the
20 nanocrystalline strip, it 1is possible to use a polymer
of one of the following types: acrylic material,
polyester, epoxy resin, phenolic epoxy resin,
polyester/epoxy resin, phenolic resin with modifier,
polyurethane/polyester resin. The covering layer made
25 of polymer material may have a thickness of 1 to 50 um.,
In all the cases envisaged above, a laminated
or composite strip comprising one or more
nanocrystalline strips is obtained, each
nanocrystalline strip being covered on one or both of
30 its sides with a polymer layer. Consequently, it 1is
possible to cut magnetic components from the laminated
or composite strips without any risk of the
nanocrystalline strips fracturing.
If it 1is desired to manufacture magnetic
35 components of the toric type with a narrow hysteresis
loop, that is to say the B,/Bs; ratio of which is very
much less than 1, the components will be cut out so as
to create fracture interfaces in the cut composite
components. These fracture interfaces may be produced



conprising several superposed |lamnated strips 6 nmade to adhere to one
anot her by pressure and/or by heat treatnment. In particular, such
conposites may be obtained fromlam nated strips 6 consisting of the -9-
nanocrystalline strip 1 covered on bothl#ts sides or on just one side wth
doubl e-si ded polymer strips, that is to say strips having self-adhering

| ayers on bothytPedPiifeqat She time of gugEéndthe |aminated or

conposite  strips obfrd nedri@thengier pabe¥sany désdedingritid e khacture
when cutting gconmponents,_ it.iS pgssible to produyce, fromthese_| am nated or
conposite st r+rb‘r§T$nW nighet | &nénggSﬁerﬁ,s'F%? & arﬁﬁoéf[%lﬂ? the 18¥5Fe of a U
or the 10 sheapeeingn the ohaatyry@gnElire capdpentmay demplcexbihede used

i n wat chmgki n S, W | e. expl ai ned bel ow._ T .ayer f I . teria
used to ggsver‘%t%}g %%%oé]?%‘é At i%léo%%srgljpéoal? é)rccfr%lsf;eln sélsaé%ct %géglﬁén egr adi ng
t he magnet $ trips phoperaneephousofstripshe 15 nanocrystal line strips by

the stresses | nduced @iping 30NaRaNn 87 JiGNOLYFPLatilliflsl e the

nanocrystalline strip or during the operation of crossiinking the polyners
in contact wifirsthe sigcr yaf al99vRring | withn gendfyer ne&suPe3IYWREl be

taken to avoighse{£rti 8y the treatment according to the invention

10 on nanocrystalline strips leaving the heat treatment
furnace for developing nanocrystalline structures in
strips of amorphous alloy.

Figure 5 shows a heat treatment furnace 22 in
an inclined arrangement which may consist, for example,

15 of a quartz tube surrounded by electrical heating means
and an inductor allowing, optionally, the strip to be
subjected to a magnetic field. Several amorphous
strips, for example three strips of amorphous alloy
2la, 21b and 2lc, are made to pass through the furnace

20 22. The amorphous strips 2la, 21b and 21lc¢ are subjected
to a heat treatment at a temperature of about 550°C
inside the furnace 22 for a time sufficient to develop
a nanocrystalline structure in these strips. The strips
2la, 21b and 21lc are cooled in a cooling unit 23 and

25 then deposited on a movable support band 24. The strips
are then covered, on one or both sides, with self-
adhering polymer strips precoated with adhesive which
are wound in the form of reels, such as 24a and 25a
placed in the path of each of the strips such as the

30 strip 21la.

On leaving the plant, three laminated strips
are obtained, consisting of a strip of nanocrystalline
alloy covered on one or both of its faces with adherent
strips of polymer material.

35 The laminated strips obtained may be cut in the
form of magnetic components or assembled by bonding in
order to form composite strips comprising several
superposed laminated strips which may themselves be
cut.



20 strip to a high tensile or conpressive stress during the adhesion phase
or the crosslinking phase. However, in certain cases it is possible to

adj ust the magnetic properties of the | am nate or conposite consisting of
one or nore nanocrystalline 25 strips By using t he magnetostriction

properties of the nanggrystalline strip or rlps nd by ap Iy|ng c rtaln
stresses to the nanocfﬁgﬁﬁﬁﬁlnéAStr|Q§s %F%ithé pol Q§%§%} é

certain appl i cetmponenttor pexdupkd |byth@u3&1ngas&trabs c&mm@uﬂﬁﬁ antended
for the manuf actur of en onver systens, the eti c conponents
obt ai ned by t N8 mpPSESQS ﬁﬁgg?gventlghc st?be ab?%??%)vmt tand @
relatively hlghpeeppsiaﬁqne anar anﬂqﬁxﬁaiunmnpefatmamlnatééo[strﬂﬁé I n
this case,sof Gaur %%PSEQ‘E&? thyﬁﬁﬁé *a{?éﬂ}{&ge sth é/xeéd’wl h' ayers

of t he nanocrystal 1 ne st ast ened Yo 1 nagne
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tenperature Ofth'bhefa(%'eéf Ctﬁem%@et@stanméo stripst e of agslideaghering
covering strips nade of % r, naterla precoated wi th adhesive, it is

possi bl e to uSE™RESLRE P&?%r igdvePEng t fRIurality of  superposed
laminated strips 1linked together, this number of

10 superposed strips possibly being, for example, egqual to
three or more.

For example, in the case of nanocrystalline
strips having a thickness of 20 um and covered on both
their sides with layers of a polymer material having a

15 thickness of 5 um, a stack of three superposed
laminated strips has a thickness of 80 um, i.e.
0.08 mm.

Of course, it 1is possible to produce magnetic

components by cutting thicker laminated composite
20 strips, for example having a thickness of 1 mm or more.

From such a laminated composite is possible to
produce transformer components in the shape of an E, an
I or a U, as may be seen in figures 6A, 6B and 6C
respectively, showing an E-shaped transformer component

25 26a, an I-shaped transformer component 26b and a
U-shaped component 26c¢, respectively.

Such transformer components exhibit wvery good
magnetic properties because they consist of layers of a
nanocrystalline alloy having very good mechanical

30 properties and because the sheets of nanocrystalline
alloy are protected by adherent layers of plastic over
their entire surface. Furthermore, as indicated above,
there is an extremely reduced risk of the
nanocrystalline strips fracturing during cutting of the

35 laminated composite products.

The components as shown in figures 6A, 6B and
6C may be cut by any method of mechanically cutting
shaped components, for example by stamping with a
blanking die.



nanocrystalline strips, a thernoplastic polynmer filmb5 which does not
becone adhesive until a heat treatnment. Such a thernoplastic filmis called
""non-tacky because its thernoplastic part is not adhesive at room
tenperature. Figure 2 shows one phase‘oﬂ5a‘treatnent 10 according to the

I nvention during which i roduced.a cuttapl e conposite consisting of

s
nanocrystal | i ne stri psr@nd @By Fey | S/ERSHERe Bf a y e RS %al  whi ch
are bonded t ogbthenedy bst helswpl Bstoxabint erficad  dfitmeirt imgheathet r egtdyent . 15

As previously l p cry i al S e
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reel of all oyafntraes emongshorammtregrds .Each of the strips of nanocrystalline
al l oy used; for the na f§§t5i§°°£°&??ﬁgg F%ogggsbgﬁpbﬁeﬁg eE%q,fr%ﬁltS

upper side and on its_|ower side, L hernopl astic polyner film
precoat ed wit hABEMREPY e COMRASILES p| BESPFAYNIf §0 ShfpPECEeFeCloftNeani nat ed

strips 7a, {Rvent/fonAlhidH QHiCad uscRAGR €BFREI ebhEsa strip made of
nanocrystal line alloy_ placed 25 between two pol ner%él%ns. The strips 7a,
7b and 7c are nade to™F ulRYhPBu§ReR HEathiifr&fanerd®d alBa torpeld¥ure of

| ess than 400per p}édunbdchithi 8Ré bhepéesperatuashbrishe7ahesnablosst i
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or rectangular cross section, hollowed out at their
center, as shown in figure 7B.

It is also possible, as shown in figure 7C to
produce tori with a gap having the shape of laminated

15 washers 27c with a radial slit 27'c constituting a gap.
Both the cutting of the washers 27c and the formation
of the slot 27'c can be carried out without any risk of
fracturing the nanocrystalline strips constituting the
laminated composite product. Cut tori are thus obtained

20 which may be of very small dimensions.

In general, the components obtained, such as
those shown in figures 6A to 6C and 7A to 7C, may be
components with small or very small dimensions and
which also have a flat and very thin shape.

25 It is also possible to produce, using the
process of the invention, components for miniaturized
magnetic circuits, for example for producing rotors or
stators of watches.

It is also possible to produce components for

30 rotors or stators of motors, in particular very small
electric motors.

The process according to the invention can also
be used to produce anti-theft labels made of a high-
permeability material, the presence of which on an

35 article or object can be detected when the object
passes through a loop of a circuit through which a
current flows. Passage of the object carrying the anti-
theft article is then detected by the variation in the
current induced in the loop.
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the contact bonding tenperature. The bonding of the strips 7a, 7b and 7c is
carried-out ‘-between two press rolls 9a and 9b. After cooling in a cooling
chanber 10, a conposite strip 11 is obtained which can be cut into 35 the
form of shaped magnetic conponents. -Thg thernopl astic filns all ow ng

adhesi on of the covering layers nmay consist of one of the follow ng

pol ymers: nodified psl payhpé eseer nodi figurd 8 acklylis aldal, pasdidile anhydri de
or other makgri hrtlcdl.altidng PAUYProPYLERS. BOLYEALAS RE!Yihed hane. The
properties of the |am nated conposite 11 obtai ned by the process using the
second met hdBVERtiap} efBARatNBHCHPYOWOEUTERRG IRFIRBEL 28ny NAVA&OUPe and 5

wi t hout anytHRdRAEEabLAISH 8RSES Hek NaxBhpUECeBel bt henst birB8rOfof .
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accordi ng t erbhefopventi o6 by moyrdtwessh of sl faceabifng tbeitaces of one or
nore nanocrystallin Stéigg‘ifl\é‘\%%? adhesi ve.. A non-tacky reacti.ve _adhesive

material with a thiCkne \Neer?"TPSFr&t%o mMerFeRs | SPRIT LS. An
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to carry 0“ha88c§9§§alline strip surrounded by layers of polymer
10 material, are, for .example, cut in the form of

rectangles 28 in which holes, for example of square
cross section, are made. The primary and secondary
parts of a transformer may be produced by winding
electrical wires 28' onto the component obtained.

15 In all the examples described above of how to
implement the invention, the magnetic components are
cut from the laminated strips or laminated composites
by a mechanical process.

As shown in figures S9A to 9C and 10, it is also

20 possible to produce magnetic components of complex
shape from thin strips of nanocrystalline alloy by a
chemical cutting process.

As shown in figure 92, a laminate 29 is firstly
produced from a strip 30 of nanocrystalline alloy which

25 1s coated on one of its sides with a strip 31 of
polymer material, the bonding of the latter to the
strip 30 being provided by a process as described
above.

As shown in figure 9B, the laminated strip 28

30 is then covered with a layer 32 of a photosensitive
resin and the layer 32 of photosensitive resin
deposited on the external surface of the strip of
nanocrystalline alloy of the laminate 29 is exposed to
light rays 34 through a screen 33 of suitable shape.

35 As may be seen in figure 9C, the next step is
to remove the layer 32 of photosensitive resin,
partially exposed, either the exposed parts 32' or the
parts 32'' masked by the screen 33 and therefore not
exposed, using a suitable solvent. For example, the



adhesi ve two successive polynerization or crosslinking reactions. Such a
material is called a non-tacky materi al because it does not adhere after
the first crosslinking reaction. 20 Thi s adhesive may be chosen
fromthernosetting or thernoplastic pdi8nmers, dependi ng on the desired
magnetic properties of the magnetic conponent to be produced fromthe
| ami nat e or SO3iVEdsi tusedrHeae hagwatee piopdra i RERORSENTLFiMa HRYRNhd on the
thermal conQidisQR$s25f HPBOSEEg S8seihe laminate or conposite during
its manufacture. Figure 3 shows schematically a plant for ggggfacturing a
p

| ani nated material BY cBPptYSihge LCRBRSERGStSHMIAE sEPi H'Pr ocess of
coating thedsders &30 ebEhahbesianocisysdml hehe ost riqrdia eclilyriddé h adhesive

usi ng a reactive adhesivye. The nanocr stg%line strip,1 i ch. pr.ef erably
cones frén1g&ﬁéﬁoppp§e&éﬁo§FFeﬁugnaioégp ?tuﬁgﬁﬁoﬁé? %ﬁ%ﬁ%ﬂ%ﬁﬂ FSmde in
t he form of layfelre8i2bl e band novable 35 in the direction indicated by the
arrow 12'. Located oV, e % uppor 12 o I stycoating
unit 14a and a firs ersﬁ%"ﬁg‘ a{r% g? gg?l ﬁ@i'nén. n:égl%Saﬁlﬁ%O?lgglﬁhssvﬁ:ch units
the strip 1lhohdeshder reapiolyme| soppenppotrer by ehetbepparinated 12 is

moved in th§aterial 29 are obtained. Thus, there is no risk of the
10 components fracturing, these Dbeing protected and

packaged on leaving the manufacturing line.

From the components thus obtained, it 1is
possible, as shown in figures 11A to 1lE, to
manufacture a transformer integrated into a printed

15 «circuit or a discrete transformer by a process
according to the invention.

In a first step, a laminate 36 (figure 11A)
consisting of a strip 36a of nanocrystalline alloy and
a film 36b of polymer material adhering to one side of

20 the strip 36a is produced. For example, using the
process described above with regard to figures 9a, 9B,
9C and 10, a product 38 comprising the plastic film 36b
as substrate and thin successive magnetic circuits 37
made of nanocrystalline alloy, for example in the form

25 of rectangular frames, adhering to the substrate is
produced (figure 11B).

The product 38 1is cut into portions, each
comprising a thin magnetic circuit 37 fastened to a
substrate portion. The cut portions 39 (figure 11C) are

30 stacked on one another so that the magnetic circuits 37
are precisely superposed and separated by the plastic
substrate layers 36b. The superposed layers 36b are
adhesively bonded to one another, for example by
applying heat and pressure, in order to obtain a

35 composite laminated product 40 (figure 11D). The
superposed plastic films 36b are drilled, as shown in
figure 11D, in regions located inside and outside the
superposed magnetic circuits 37 in order to obtain a
plurality of holes 41 passing through the composite



" - 12 - direction of the arrow 12'. A coating layer 13 is deposited on the
upper side of the nanocrystalline strip 1 inside the first induction unit
1l4a. This coating layer 13 is dried and crosslinked in the first 5 drying
and crosslinking unit 15a. The strip t &P nanocrystalline alloy, coated
with the layer 13 of plastic which adheres to its upper side, may be
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The conductors 42 and 43 and the plated-through
holes 41 to which they are connected constitute the
primary and secondary windings of the transformer 44,
which can be used in a printed circuit.

15 Using this process, it would be also possible
to produce other components, such as inductors intended
to be inserted into a printed circuit or intercalated
on a printed circuit and comprising at least one
winding.

20 In the case of the methods of implementing the
invention which have been described hitherto, it is one
or both sides of strips made of nanocrystalline alloy,
that is to say strips obtained after a heat treatment
of an amorphous strip in order to obtain a

25 nanocrystalline strip, that are covered.

It is also possible to apply the invention by
depositing a covering layer containing a polymer on an
amorphous strip which is then cut to the shape of
magnetic components, these components then being heat

30 treated in oxrder to develop a nanocrystalline structure
in the amorphous material of the components.

The wvarious steps of such a process are the
following:

1. one or both sides of an amorphous strip are

35 coated with a complex solvent mixture which may consist
of water, polyvmer binders, aluminates, silicates and
fluxes;

2. the coating layer is dried so that the
coating adheres to the amorphous strip;



simlar to the lamnated strip 16 in order to obtain a conposite strip by
superposition and adhesion of the am nated strips 16a, 16b and 16c. 30

A lam nated conposite strip could also be obtai ned by stacking strips
of nanocrystalline alloy covered only ofCnme side. The stri ps 16a, 16b and

16c may be made to pass throu ati ng chanber or ra| |n themto a
35 tenperature of Igss PRART go@‘?? F%’Pf@‘%e%’?%’t?%t?‘?ad%e‘{l e are
t hen pressed betiesenrt vn pﬁesmm@léﬁdé%arﬁp&’@psreldereby aI I ovm ng the

strips 16a, 1 b and 1 WhICh Lhclude th a t| on to. be bonded
to one anot her The cg%%om %?%?pc engt gﬁﬁ 8 s 8 éfmfrsst c%lo e in a
cooling unit 28. ordez Subsbqaéntastepteblehem@rﬁbwm&n$t1wmxxnnrgﬁnmnwﬁ ng to

the inventd Once{{BHEeEbﬁ ﬁg{fggnents may be cut from the conposite
strip 17 t hout ? nanocrystalline strips constituting the

conposite 17 fractﬁrl nfhe TREMPPRERES axeprut chimm sthaglaningfoditisng  the
| ami nate 16 by.¢ppasi khgg pol ymer layers on one or both sides of a

nanocrystal |l i ne stri p, may be carried out 10 not only by cogtl ng,
i ndi cat ed above, buf - a|§Bebynn: components are heat ~ treate

temperature allowing nucleation of nanocrystals in the

10 amorphous strip and vitrification of the
powder/aluminate/silicate/flux mixture.

Depending on the type of
polymer/silicate/aluminate/flux mixture used, a
temperature greater than 500°C may be suitable.

15 The polymer is oxidized during the heat
treatment.

To form the mixture for coating the amorphous
strip, this mixture being in the pasty state, it is
possible to use the following substances:

20 - an ethylcellulose-type resin, which ensures the
mechanical integrity of the coating and gives the
viscosity suitable for the type of application;

- solvents, for example a mixture of aliphatic or
aromatic hydrocarbons which are intended to dissolve

25 the resin and must be easily removed by treatment at
low temperature, for example at 100°C;

- a mineral filler, for example glasses or
oxides, this being intended to increase the adhesion of
the layer to the material in the nanocrystalline state,

30 after its treatment;

- an organic filler, for example consisting of
organometallic substances or surfactants, this being
intended to improve the dispersion, the wetting and the
corrosion resistance of the covering layer.

35 A typical example of the composition of the
pasty coating substance is given below:

. metal filler: 40 to 70 parts by volume;

resin: 3 to 10 parts by volume;

. mineral filler: 3 to 6 parts by volume;



sprayi ng a polynmer covering substance on one side of the strip, or each
side of the strip in succession. The covering substance is then

pol ynmeri zed. It would al so be possible to coat both sides of the
nanocrystalline 15 strip in a single St%krby di ppi ng. However, it would
then be nore tricky to handle tEg nano& gst I ne stri s. ,To carry out the
process according to CHEPAGeRELORTS v Rarts FQWAPe: coating  of
the 20 nanocrystalllﬁ@l&bﬁtp,uheibhlﬂﬁﬁﬁtwe theusempopdltymar wf ome of
the follow ng pol yester, epoxy resin,

S, lic,material,
phenol i c WP Fé:?l KSFu@St er/ epoxy resin, phenolic resin with
nmodi fi er, poIyurethanébpolypsoeesseS|apcdﬂﬂingyve¢bng thger nmmden2bon of

pol yner _mager iuale i@y have. 3 nigkgessithel 4o Scheir] h ldhalLatbe cases

envi saged above, a | am nate strip '~ conprising one or
nor e nanocrysmmeﬁéc cor@meﬁfrs an§15tlngobt0a‘4 nddiin stgipsh of

nanocrystal | i RRrYcrhRtBeNAGeCOVEIRA QRtaBRLOraBPt Rigk 30k ithe ssdespwith a
pol ymer |ayer. ConSequently, it is possible to cut nmagnetic conponents

fromthe | am fFASFISANT - conposite strips  without any risk of
t he nanocrystalline sthepoddasidirad@rdingt tbs t@h@silrrﬁﬁiaritﬁdmnalila@xbslre

"RG0 38,  SRURGU Bo¥behlE kO 8e YRS ol blcoclal{ oy ek oot syl oop

conponent s ledbtbarﬁﬁh Dut coopdex shapes, something which hltherto
had not been possible, the only components made of
nanocrystalline alloy that could be obtained being
toric cores consisting of a wound strip.

15 It is also possible to obtain strips made of
nanocrystalline alloy which are not brittle by covering
one side of a ribbon of nanocrystalline alloy with a
coating or a film containing at least one plastic.

Within the context of a treatment according to

20 the invention, these strips may be handled and used in
various ways, and for example slit in the form of
strips having a width 1less than the width of the
nanocrystalline strip cast in amorphous form and heat
treated.

25 The process according to the invention makes it
possible to avoid any risk of the thin strips of
nanocrystalline alloy, or possibly amorphous alloy,
from fracturing while the magnetic components are being
formed, for example by cutting or drilling.

30 The invention, whose application is
particularly beneficial in the case of nanocrystalline
alloys may, however, be used in all cases in which it
is necessary to handle or form thin brittle metal
strips having a thickness of less than 0.1 mm.

35 Nor is the invention limited to the methods of
implementation that have been described above.

Thus, it is possible to cover the thin brittle
metal strip with a coating layer containing a polymer

material in a manner different from those which have



to create fracture interfaces in the cut conposite conponents. These
fracture interfaces nay be produced - 14 - by stanping, at the tinme of
cutting. The t r eat ment process accordi ng to the invention which
i ncludes a step of producing a | ayer to%@ring the nanocrystalline strips
may be conbined 5 with the previous process for produci ng nanocrystalline
strips fron1;Wﬁzb@%ﬁfﬁithxﬁbqﬁ%nwe 5 shows a plant for carrying out the
first step, of coveriNwg wig htlee| dyeentoiompol imetedrater the, naturbeahdeat nent
according to the_jnvention.l1l0 on_nanacrystallin trips _|leaving.the heat
t reat ment fur%%c%h?ofzoﬁg\?ﬂ%b?ﬂgogag-'g’?r ylsé’tyaﬁrlsl e S UE u(?rclésgt?ll gg%?ps of
anor phous al IgtaFi giréps sfomena lrbat fiest meitasfur oficecl2? pmogasincl i ned
arrangenent wg%égkdgﬁg(%yugﬁg;,gg%htgégnple, 15 of a quartz tube surrounded
I

by el ectrical heating neans and an inductor allow ng, optionally, the strip
to be subjected to a%fﬁkgnéﬁi &the eiaveseier alligasephos §hei gasq oinexanpl e

three strips i @DRBROUSLAIHOY &, cdtb #Rd 21gecBh8 NBES t @ fPaghet hrough
the furnace 20 22. The anorphous strips 21la, .21b and 21c are subjected to
a heat treat RFRCSESa Y_HHRY at br 8PBL1I8BOGC FIdocases in which thin

brittle metal strips are handled or machined when this
10 handling or machining subjects the brittle strips to
stresses.
The invention can be applied in fields other
than the manufacture of magnetic components.



inside the furnace 22 for a tine sufficient to devel op a nanocrystalline
structure in these strips. The strips 21a, 21b and 21c are cooled in a
cooling unit 23 and 25 then deposited on a novabl e support band 24. The
strips are t 8% @HAIRF on one or bothZ3ides, with EROQYAAA 7Ty pol yner
strips precoated wth adhesive which are mound in the formof reels, such
as 24a and 25amp BﬂﬁﬂﬂmBﬂmBﬂ@w th of each of the strips such as the 30
strip 2la. On I¢ nt t hregrhgmtnated strips are obtained,
consi sting of ajl crystall‘ﬁ@‘éTloy covered on one or both of
its faces with s rlps of polymer material. 35 The
| ami Prglt eg Et rjt,)psd@btﬁrdaedsﬂ’&ﬁobet?@t tireatientoof aft nbgaet | eneorhanent s Fr
assenbl ed by bonding. .in order to faormc osi.t e i ps i S severa
super posed Iamruﬂ%é#%%#?p@e&ﬁicﬁqﬁﬂPtﬁgﬁséﬂVéss%%b 96?”%1 Jfgg 4Fi gur es
6A, 6B and 6C showlekdapiss af lemgpdiem D .[4r oducednpyrisangi ag deesps nade
o Pooamnated. HPPSELE iflcn 358 oG MBdeipDY1, Ui SUBgEPOSI Ll on
| amhated s eac

and consolidation rrps consis
nanocrystal |l i ne st3}® c3Qkréé viubiected to Stresses, characterlzed

in that, prior to the step of the process in which
the thin strip (1, 2la, 21b, 21c, 30) is subjected
10 to stresses, at least one side of the strip is

covered with a coating layer (3, 3', 13, 13', 31)
made of at least one polymer material so as to
obtain, on the strip, an adhesive layer having a
thickness of between 1 and 100 um, modifying the

15 deformation and fracture properties of the thin
metal strip, and in that the step of the process
in which the thin strip is subjected to stresses
is carried out on the strip covered with the
coating layer.

20

2. The process as claimed in claim 1, characterized

in that the coating layer (3, 3') made of at least
one polymer material consists of a self-adhering
plastic film precoated with adhesive.

25

3. The process as claimed in claim 2, characterized

in that the self-adhering plastic film precoated
with adhesive comprises a layer of a pressure-
sensitive self-adhering substance and in that the

30 self-adhering coating layer (3, 3') 1is made to
adhere to the thin metal strip (1) by pressing the
coating layer (3, 3') onto the thin metal strip
{(1).

35 4. The process as claimed in either of claims 2
and 3, characterized in that the plastic film
consists of one of the following materials:
polyester, polytetrafluoroethylene, polyimide.

FHT THIS SHEE -
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one or two |layers of polymer material which adhere to the faces Ofﬁﬁiﬁ

nanocrystalline strip. The | am nated conposite may consfs ee o
of superposed | am nated strips |inked toget her, this nupp m
super posed strips possibly being, for ex@fple, equal to '

exanple, in the case of nanocrystalline strips having a thickness of 20
[err]m and covered on both their sides with |ayers of a polyner materi al
having a 15 tBi.ckneae pebcebs Eer rdllain}e@ 8%1 agiy ]@i&e bifir e;qaoi&tggarweog
lam nated strips has ,a_thickness .0 rT%err i. e 0 O [ _
course, it is possible cfrbar;?rcg:cﬁfcl@eﬁagh%t P BEerﬁr?sde b?% cERE; r%mnt hi cker
| ami nat ed conposi tbr2dtlet mepsl fswrigxafp) e imavbnought hlinkne&mztﬁa}c]t nm or
nore. Fromguch a | gaipate »ngpo ite Bgﬁﬁi r e transfornmer
conponent s ;Ssn t he sﬁg}%)feE tgf dfaln , %énif é(')crﬁla , %&ﬁg@elgegggrgn (:élll'fi%:é{ﬁ es 6A,
6B and 6C respecti vERROCEY®W it Etshaped )t r blmes obséngcaigoneht 28 264,
an |-shaped transhghf®éq, campoRent 2RE &ddbng Wsihapgd capponspt, 26c,

respectively. Such transfornmer conponents_exhibit very good magnetic _
properties because PRelttendrestlofSraper §1bf 18 reFRkIRst aRFPnE@ta®E havi ng
very good mechani cakiBR apré&feirdd egi%ﬁd (gﬁ(yaur%ﬁielth@fsﬁe@fél?fadthering
nanocrystalline allQy are protect y adherent |ayers qf plastic over
their ent ?lrde sur f acRT2Eut §herHor 2% iRIFH &b%vé’,pp%led to the

laminated strip (6) consisting of the thin brittle

e
4ty

For

metal strip (1) between the two films of polymer

material (3, 3') and in that a mechanical

operation, for example a cutting operation, is
15 carried out on the laminated strip (6).

6. The process as claimed in any one of claims 2 to

4, characterized in that a plurality of laminated

strips (6, 7a, 7b, 7c¢) each having a coating layer

20 consisting of a plastic film precoated with a
pressure-sensitive adhesive on at least one of its

sides are produced, in that the plurality of
laminated strips (6, 7a, 7b, 7c) are superposed

and joined together by adhesion in order to obtain

25 a laminated composite strip (11) and in that a
mechanical operation, for example a cutting
operation, is vcarried out on the laminated

composite strip (11).

30 7. The process as claimed in any one of claims 2
to 6, characterized in that the pressure-sensitive
adhesive substance of the self-adhering plastic
film precoated with adhesive is a crosslinkable
substance and in that a crosslinking heat

35 treatment is carried out on the coating layer
adhering to the thin metal strip.

8. The process as claimed in claim 1, characterized

in that the coating layer comprising at least one

THIS SHEET HAS BEEN
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there .is. an extrenely reduced risk of T@h&"ﬁ@ﬁb@ﬁ&%@i ne

strips fracturing during cutting of the 35 |am nated ducts.
The conponents as shown in figures 6A, 6B and 6C may met hod
of mechanically cutting shaped conponent8® for exanple by stanping with a
bl anki ng di e. - 16, - The |l am pated structure of the conponents obtai ned

is also favorabl e fBPLYTSH t PAECYTHR! cBOHSEETS eRf F"o§§’@§“ﬁ°ﬁlﬁﬁ§.§§ &@fponent s
when they are used elf+&disd0IMEpECAMMINEATIM frecoated with ddhedlive

possi ble to use conponents cut fraom_| am nat g‘? onposi tes, according to the
process of the invefiti 9AC %ﬁi &ﬁscgﬁcﬁﬁ’uéﬁd% %t g’%c c,aorté’se.m}ﬁ??lﬁﬁ'fqﬁe seen
in figures 7A and 781 orprewatEd prwidic echdlietdi viehe ishajfperocayhtut imasher s
27a as sho 10 in £ A, 401 31 a of f_fr@lrga%. 7@ \gift a sguare or
rect angul a\r@ncr 0SS sée(jéé | o(ﬁt, Qﬁlfoav\t/te ee('?ﬁs[% f%t%et el s centlére, as E’Fulqvm A fi gure
7B. It is also possteft@l &srshownl)i nini quder7Ctoo ghteduceat deimiwatieda gap
having the shape ofg{.am naﬁeéd, 15yvashgns 2746, Wiy ra %a%%é—%hﬁftyﬂ'o% .
constituting a gap._ Both the cutting of the washers 27c”and the formation
laminated strips (7a, 7b, 7c¢) are manufactured in
this way, in that the plurality of laminated
10 strips (7a, 7b, 7c¢) are heated to a temperature of
less than 400°C, in that the strips of the
plurality of laminated strips (7a, 7b, 7c¢) heated
to obtain a composite laminated strip (11) are
superimposed and compressed one against another,
15 and in that a process step involving stresses,
such as a cutting operation, is carried out on the

composite laminated strip (11).

9. The process as claimed in claim 8, characterized
20 in that the thermoplastic film is made of one of
the following polymer materials: polyethylene
modified by acrylic acid or maleic anhydride;
grafted polypropylene; polyamide; polyurethane

25 10. The process as claimed in'claim 1, characterized
in that the coating layer comprising at least one
polymer material consists of a reactive adhesive
polymer material, in that the coating layer is
deposited on at least one of the sides of the thin

30 brittle metal strip (1), in order to obtain a
laminated strip (16), in that a plurality of
laminated strips (l16a, 16b, 16c) is produced in
this way, in that the laminated strips (16a, 16b,
léc) are heated to a temperature of 1less than

35 400°C, in that the laminated strips (16a, 16D,

léc) are superposed in the heated state, in that

pressure is exerted on the superposed strips (1l6a,
16b, 16c) in order to achieve the adhesion of the
laminated strips (16a, 16b, 16c), in order to

THIS SHEET HAS BEEN

A A




of the slot 27[err]c can be carried out w thout any Thlssglbe a c‘r’dng the
nanocrystalline strips constituting the |am nated co
tori are thus obtained 20 which nmay be of very snall

general, the conponents obtained, such &b those shown |n flgur es 6A to

and 7A to 7C, may be conponents with small or very smal | di rren5| ons and
whi ch al so have a bbsaiand viagpinatedskapeosdse strip (17}, pgd a5 o

possible to produfge disi BierhDfof! 96689 voha! AkdirAEIONst SomEnENt s for
m ni aturi zed nmagnet i € ci rcui or exa roducj ng rotors r stators
of watches. It is 8PS B&s&i S}l&tﬂﬁgp%ﬁgg'él%npbge?ﬁﬁmf B (Pt or'ee

stators of motors, cofppaiteCUbRinyesd Stip @Actric notors. The process
according to the invention can al so be used to produce anti-theft |abels

made of a hii gh- pernmeability material, the presence of which on an 35
article or objlact che hercdeisect sl whenmede i@bj@mime%,seshamm@hiaed oop of

a circuit through Wm l?;[% o rrtecatéé by %%?e?i%%e agf}x% o(p\.%] stGArdying the

anti- theft articlé&Sis e variation I'n ecurrent
i nduced in the | oopne of ;he- following polymer materials: acrylic

material, polyester, epoxy resin, phenolic epoxy
10 resin, polyester/epoxy resin, phenolic resin with
modifier, polyurethane/polyester resin.

12. The process as claimed in either of claims 10 and

11, characterized in that the reactive adhesive

15 polymer material is deposited on at least one side

of the thin metal strip (1) by one of the
following processes: coating, spraying, dipping.

13. The process as claimed in any one of claims 1 to

20 11, characterized in that thin brittle metal strip

(1) is a strip made of a soft magnetic alloy

having a nanocrystalline structure, that is to say

containing at least 50 vol $ of fine crystals

having a size of 1less than 100 nm, obtained by

25 casting the soft magnetic material in the form of

an amorphous strip and by heat treatment of the

amorphous strip, the thin metal strip (1) being

covered, in one of its amorphous or

nanocrystalline states, on at least one side with

30 a coating layer comprising at least one polymer
material.

14. The process as claimed in claim 13, characterized
in that the coating layer comprising a polymer
35 material has a thickness of between 1 and 50 pm.

15. The process as claimed in either of claims 13 and

14, characterized in that the thin strip of

. nanocrystalline material has a thickness of around
_— TerRER
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As may be seen in figure 8, it is also possible to p#eduee——usrﬁg‘rﬁ‘——

process according to the invention, thin inductors or Lransh &Qﬁ&ﬁhgﬁmd

mllimeter, allow ng these thin inducterg7or transforne

a surface of a device. A
super posed | ani nat ed0 [yers, each consisting of a nanocrystalllne strip
surrounded by layers of polymer 10 naterial, are, for exanple, cut in

havi ng a thickness which may, for exanple be of the orgﬁu‘

the form of
section, are

- -

| am nat ed conposite stri

28 in which hol es, for exanpl e of square cross

njgggt a'frl‘]*l%‘ée%?‘??%?sy athFladmaiadny anr eneota dledmer démed4nay be

produced by w ndi ngagd egbri Qﬂiar\&dt%‘i‘l%%d oy othhe cyosent abighieted. 15
In all the _exanples descri

magnet i c céﬁponentém%ﬁ%F%
conposi tes by a necdrbikbatopr ooessrods shownniumf i gares aAdt@d@@lbﬂg 10, it

Is also 20 possi blgr%g&

fromthin stri

ps of noc

ed apove of, how to i Ienent the inv ntlon t he

FPERALAR FFat CPRET i pRLBPL i fF

gnetic conponents of conplex shape
fgg?qﬁﬁﬁhegglloy by a chem cal cutting process. As

shown in figure 9A, a lamnate 29 is firstly produced froma strip 30 of
nanocrystal li ngyal |-9Ye Wi

31 of polyner

mat eri al

&&é’é ad SCEQ%\@Q 98 18;qf 16t S cralriles sWitRga Strip
t he bondin the latter to the strip 30 being

provi ded B& a procé§% a%h%%scFm%edagomlc composition of the soft
magnetic alloy is, for example, of the Fe-Cu-Nb-B-

15

20

25

30

35

Yy TS S s B

Si type or of the Fe-Zr-(Cu)-B-(Si) type or of

another type.

18. The process as claimed in any one of claims 13 to

17, characterized in that the strip of soft

magnetic material is covered in the amorphous

state

with a complex mixture consisting of

solvents, polymer binders, aluminates, silicates

and f1

uxes, in that the strip covered with the

coating layer is dried, in that a plurality of

coated

and dried amorphous strips are produced, in

that the plurality of coated amorphous strips are

superposed, in that the coated amorphous strips

undergo a first curing operation, in order to

obtain
strip,

an amorphous/polymer composite laminated
in that components are cut from the

composite strip, in that the cut components are

heat

treated at a temperature allowing a

nanocrystalline structure to develop in the

amorphous strips and allowing the

aluminate/silicate/flux mixture to wvitrify, in

order

to obtain cut shaped components comprising

laminated nanocrystalline layers and vitrified

layers.

19. The process as claimed in claim 18, characterized

in that a resin of the ethylcellulose type,

solvents consisting of a mixture of aliphatic or
—_—_— T




above. /As shown in figure 9B, the lamnated strip 29 HS
with a layer 32 of a photosensitive resin and the |aye ,

phot osensitive resin deposited on the external surface
nanocrystalline alloy of the |am nate 228 s-exposed to |ight rays
t hrough a screen 33 of suitable shape. 35 As may be seen in
figure 9C, the nextrsmatrics hydroeaybensheal miaers? é#lbﬁétéséﬁSSFFVQ resin,

partially exposed, i tharnddag exposedipakts 324 ognthgr?gﬁgé 32i118Bsked by
the screen 33 and therefore not exposed, usin sui tabl'e sol yent. For

exanpl e, the solSPERL stded napioe ﬂéﬂépomﬁtgﬂélﬁhot8§ens?PF§@cF%9Er
consi sts of nodifi edizaseices Byrapnbyiindm teehnigarsi nidAar cbveeigi ng,

usi ng an etchant sych as an id or ferric chloride, 5 the conponents are
cut al ong the unexgﬁs%dﬁﬁafﬁgiéf the |ayer 32. As shown in figure 10,

nmagneti c conponents 35 bonded to the pol ymer support strip 31 of the

| am nat ed mat ey al 9 | | 0 S

conponent s fradct urqﬁlngagreoﬁo%sa Qéab%%%%“‘gd i{} %n% dgf'l ac %lg%%mgn&?eavi ng
t he nanufacturlngIh%uaCHanﬁnudnAZﬁﬂnmnmwh@tthhstobtapn@@ whigls the

thin strip (1} 1is subjected to stresses 1is a

of

10 mechanical cutting operation.

21. The process as claimed in any one of claims 1 to
19, employing a step of chemically cutting a thin
metal strip (30) coated on one of its sides with a
15 coating layer (31) made of polymer material.

22. The process as claimed in claim 1 for the
production of a component (44) of a printed
circuit, comprising at least one winding (42, 43),
20 such as a transformer (44), characterized in that:
- a laminated strip (36) consisting of a .strip
(36a) made of nanocrystalline alloy and of a film
of polymer material (36b) adhering to one of the
sides of the strip of nanocrystalline alloy 1is
25 produced;
- the strip made of nanocrystalline alloy is cut
in order to obtain a plurality of magnetic
circuits (37) made of nanocrystalline alloy each
adhering to one section of the film of polymer
30 material (36b);
- a plurality of sections are cut from the film of
polymer material;
- the plurality of sections are stacked so that
the magnetic circuits (37) are exactly superposed
35 and the sections of the film of polymer material
are made to adhere to one another in order to
obtain a composite laminated product (40);
- the sections of films made of polymer material

are drilled over the entire thickness of the
S s
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possi'bl e, as shown in figures 11A to |1E h“d
transforner integrated into a printed 15 circuit
transforner by a process according to the |nvent|on ep, a

| am nate 36 (figure 11 A) consisting of -a28t i p 36a of nanocrystal I i ne all oy
and a film 36b of polynmer material adhering to one side of 20 the strip
36a is produced. Faminakedpl eompesity phedyprtocedd))desiari edierbove with
regard to figures 94, ,8Brc 9GAPG 0 héh & 0dupt) 38 conpLd sig tlr}f\ca{g@tlc
film36b as substrate and thin sutcessive magnetic circuits 37 made o
nanocrystal | i ne al | 8§thinr theamaanats ot rFéIIfWJrﬁSZSBFb)f pBEt &ﬁgmeé&lofqﬂsarres

adhering to the substrateqi subspabicad d e ild Birchhespradyet 38 is cut

into portions, each conprising th|n magnetic cireujit 37 fastene to a
substrate portion. TheTtuthdbr ti @‘@’%qg?glﬂl@ gﬂar 8150 11k Yon one

anot her so that thEmé'ﬁ@DEiZ@dpla{ﬁ?dlltS 37 are precisely superposed and
separated by the plast ubstrate ers 36b. The.s r pose 36b
are adhesively bonded® ESCgJﬁJeC% ot PaPY ad Vr® Xanpie’ ucueDéap ylsbnzgjt esnd
pressure, in order b6 obthai mcanpzfsmzaorrﬂ@mmateﬂarrpnadedt pf‘b(b)u,ct Sad@i
(figure 1iD). The d I . ar ri S5 shwn in
figure 11D, in regi o%ggf%%g%gd &r@cﬁe&zgnéd g%)tlﬁggg Iégsu%)llé(?%osed magneti c
circuits 3in ordeholesolfaln dmpltral P‘-P?mofthcﬁt'eslﬁis]éaanlthﬂfléwgh t he

conposite (42, 43).

23. A magnetic component made of a magnetic alloy in
nanocrystalline form, characterized in that it is

15 produced in a laminated form and in that it
comprises at least one strip made of a magnetic
material in nanocrystalline form and at least one

coating layer comprising at least one polymer
material superposed on the strip made of

20 nanocrystalline magnetic alloy and adhering to
this strip made of nanocrystalline magnetic alloy.

24. The magnetic component as c¢laimed in c¢laim 23,
characterized in that it constitutes a flat
25 transformer component (26a, 26b, 26c) having the

shape of an E, an I or a U.

25. The magnetic component as claimed in c¢laim 23,
characterized in that it constitutes a toric

30 magnetic core (27a, 27b, 27¢) in the form of a
washer or in the form of a square or rectangular

frame.

26. The magnetic component as c¢laimed in claim 25,
35 characterized in that it constitutes a slit torus
(27¢) having a gap (27c¢) in the radial direction.

27. The magnetic component as claimed in claim 23,
characterized in that it constitutes one of the
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- 19- lamnate 40. The holes 41 are then internally netal- plated so as to
create continuous conducting regions between the two faces of the conposite
| am nate 40, at which faces the holes 41 energe. 5 Next (figure

| 1E), electrical conductors such as 42 &Rd-43 are produced, for exanple by

chem cal etching, on hoth faces of the conposite |amnate 40, said
el ectrical conduct rtiWMhgelenertEh RadteFICtife EORPBLFt SFBFRREe 40, a

firzt set of hol Ss%kmd &&ﬂl)lrsﬁﬁi‘dzomd:a&@irso{?fr@)a&%héh m&pwtﬁxtebt- The
conductors 42 and 4 nd t at.ed-t hrou oles 41 t, ic y are
connect ed const i tut%‘éiatﬁ’g p??r%f f]a‘?ﬂ:@é:cé‘%’gﬁry \ﬁinnﬂdghg?tt H@E’F an&f or mer
44, whi ch can be usetbrnetia prcomponent cuistichl5 as an  itfwargpt hi ox
process, it would Q-RQssi ble of her,. .co such as

i nductors i5ntended %};%rgs],efsol ns%f’t egy_li n#grgiggltl%?edé c%hclg} ?Hgl%@r‘f?)gr cgﬁat ed on
a printed circuit dihredipmiesi Mgvang @adhighkaeasnefnghe20rder of one|n the
case of the methodsyiof; jiqglesmenting the invention which have been descri bed

hitherto, it is one or both sides of strips nade of nanocrystalline all oy,
that is to say strips obtained after a heat treatnent

28. The magnetic component as claimed in claim 23,
10 characterized in that it constitutes a transformer
(44) 1integrated into a printed circuit or a

discrete transformer.

29. A laminated strip consisting of at least one
15 strip made of nanocrystalline alloy covered on at
least one of its sides with a coating layer

comprising at least one polymer material.

This Sheet Has Been
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of an anorphous strip In order to obtain a 25 nanocrystalline
strip, that are covered. It is also possible to apply the invention by
depositing a covering |layer containing a polyner on an anor phous strip
which is then cut to the shape of magnetic conponents, these conponents
then being heat 30 treated in order to devel op a nanocrystalline structure
I n the anor pygysdmgeri al of the conponents. The vari ous SPEHPEROMZUCh a
process are the following: 1. one or both sides of an anorphous strip are
35 coated wth a conpl ex solvent m xture which may consi st of water,

pol ynmer binders, alumnates, silicates and fluxes; 2. the coating layer is

dried so that the coating adheres to the/fnorphous strip; - 20 - 3.
several anorphous strips coated on both“their sides or on just one side are
super posed; 4. the inorganic cenment undergoes a first firing in order

to obtain a cuttabl e anorphous strip/inorganic 5 cenent conposite; 5. the
conponents are cut fromthe [am nate thus fornmed; and

FilG.2




6. the cut. conponents are heat treated at a tenperature allow ng nucleation
of nanocrystals in the 10 anorphous strip and vitrification of
the powder/alum nate/silicate/flux m xture. Dependi ng on t he
type of polymer/silicate/alum nate/fl ux m xture used, a
tenperature %%iater than 500[err] C may be suitable. 15 The
polymer is P¥B3%€d during the heat treatnent. To forworiweomsoxt ure for
coating the anorphous strip, this mxture being in the pasty state, it is
possi ble to use the follow ng substances: 20 - an )

et hyl cel l ul ose-type resin, which ensures the nechanical integrity of the
coating and gives the viscosity suitab for the type of application; -

sol vents, for exanple a m xture of aliézgtic or aromati c hydrocarbons which
are intended to dissolve 25 the resin and nust be easily renoved by
treatment at |ow tenperature, for exanple at 100[err]C, - a mneral filler,
for exanple glasses or oxides, this being intended to increase the adhesion
of the layer to the material in the nanocrystalline state, 30 after its

treatnment; - an organic filler, for exanple consisting of organonetallic
substances or surfactants, this being intended to inprove the dispersion,
the wettingyahd theggorrosipgy resistance ofy thgsgovering |ayer. 16




35 " A -typical exanple of the conposition of the pasty coating
substance is given below netal filler: 40 to 70 parts by volune; . resin
3 to 10 parts by 9@ mneral filler: 3 to 6 parts by vol ung;

organic fillers Hgﬁto 2 parts by volune; . solvent: the b§F§ﬁB@W%W”the
conposition up to 100 parts by volune. The process accordi ng to t he
I nvention 5 therefore makes it possible to obtain, in all cases, magnetic
conponents consisting of thin strips of nanocrystalline alloy w thout any
risk of the strip fracturing. The process&ﬁﬁcording-to the invention allows
10 magnetic conponents nmade of nanocrystalline alloy to be obtained in
conpl ex shapes, sonething which hitherto had not been possible, the only
conponents made of nanocrystalline alloy that could be obtained being toric
cores consistiggof a wound strip. 15 It is also possible to
obtain strips nrde ofgfanocrystalline alloy which are not brittle by




Wthin the context of a treatnent according to 20 the invention, these
strips may be handl ed and used in various ways, and for exanple slit in the
formof strips having a width | ess than the width of the nanocrystalline
strip cast in anorphous formand heat treated. 25 The process
according to t X fiti on makes it possible to avoid any riB® & thin
strips of nanocrystalline alloy, or possibly anorphous alloy, from
fracturing while the nagnetic conponents are being forned, for exanple by

cutting or drilling. 30 The i nvention, whose application
Is particularly beneficial in the case q%ﬁganocrystalline al | oys may,
however, be us in all cases in which it 1s necessary to handle or form

thin brittle | strips having a thickness of 189s than 0.1 mm 35
Nor is the inventNon limted to the methods of inp{enentation that have
been described aboye. Thus, it is possible to covef the thin brittle netal

strip with a coati gntalning a . nolyoer nhtorial Ln a manner
di fferent from t h§ed aﬂ%??Z5ﬂﬂZz‘ﬂﬂzzgﬁﬂg????QHQQZZﬂ'saqff. Nor is the

invention limt —gcrTe — '
FIG.8A \31
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to the Qonpoﬁﬁtion of the layers produced on the thin netal strips during
the first phase of the process 5 according to the invention. Nor is the
invention limted to the case in which the strips are cut in a second step
of the process, WOOMISS6 it applies to all cases in which thin poygsdeesoret al
strips are handl ed or machi ned when this 10 handling or machining subjects
the brittle strips to stresses. The invention can be applied in fields

ot her than the manufacture of nagnetic conponents. AVENDED CLAI M5

Recei ved by thgﬁlnternational Ofice on 125Nhy 2000 gﬁg.OS.OO); clains 1 to
29 repl aced w anended clains 1 to 29 pages) ] é . A process for

t he treat nent of\ﬁx\L?ast one thin brittle netal strijp (1, 2l1la, 21b, 30)
having a thickness oNless than 0.1 mm conprising # |east one step in
which the thin stri QA LI/ ZVEL XL 7TI) S BN R QU K5 I eSses,
characterized 10 sl et b Sl il iAo Sl o Ll B8 SS | N WHi Ch

the thin strip (1,'21a, 21b, 21c, 30) is subjected to stf‘ sés, at | east

one side of the strip is covered with t i yer (3, 3 13", 31)
made of at |east one polyner filmso a.i@gnL,F TIA 36

37
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15 - on the strip, an adhesive |layer having a thickness of between 1
and 100 [err]m nodi fying the deformation and fracture properties of the
t hi n: net'al strip, and in that the step of the grocess in which the thin

strip 1s subjeéPed2td08fresses is BEFIFRACHPPO on the st?¥
covered with the coating | ayer. 2. The process as clainmed in claiml,
characterized in that the coating layer (3, 3') nade of at |east one
polymer filmcaonsists of a self-adhering 25 plastic film precoated
wi t h adhesive. 3. The process as clained in cla|n12 char zed in
that the self-adhering plastic filmprecoated with a Ve conprises a

| ayer of a pressure- 30 sensitive self- ring substance and in
that the sel f-adhering coating |ayer is made to adhere to the thin
metal strip (1) by pressing the Ing layer (3, 3') onto the thin netal
strip (1) .535 4. The ess as clained in either of <clains 2 and
3, characterized_li at the plastic film - 24 - consists of one of the

foll owi ng nat efrars. polyester, polytetrailluoroethylene, polyrmde.
precautions, because stresses, even very low stresses

induced in the strip result in its undergoing brittle
fracture. The only process known at the present time
10 for manufacturing metal components such as magnetic
cores from strip having a nanocrystalline structure
consists in winding the strip of magnetic alloy in the
amorphous state and then heat-treating this strip at a
temperature at which the nanocrystalline structure
15 develops. Optionally, the heat treatment may be carried
out in a magnetic field in order to modify the
hysteresis loop of these nanocrystalline alloys.

It is therefore not possible at the present
time to manufacture nanocrystalline magnetic components

20 by mechanical treatment or machining operations
inecluding, for example cutting.

It would be of very great interest to obtain
magnetic components from strip made of a
nanocrystalline magnetic alloy which have a profile

25 whose geometrical shape is well defined. In particular,
it would be extremely beneficial to be able to
manufacture, from nanocrystalline strip, magnetic
components having the shape of washers, U-or E-shapes
or even components having complex shapes used for

30 making clocks or watches.

More generally, it may be extremely beneficial
to have a process allowing the treatment of a thin
brittle metal strip, having a small thickness,
generally less than 0.1 mm, the treatment of the strip

35 involving at least one step in which the brittle strip
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5., The process as clained in any one of clainms 2 to 5 4,
characterized in that one side of the thin brittle nmetal strip (1) is
brought “into contact with a first self-adhering polymer film(3), the
nanocrystal | i @P-sk2-i3PQ0) thus beiREY/FR0P/0§087handl ed, in that PRE second
side of the thin 10 brittle netal %%rlp (1) is brought i nto contact
with a second fiIm(3 ) made of a self-adhering plastic, in that pressure
is applied to 4 ale tdd R dR)s C i 0 hi nmet al
strip (1) bet vveé;n tkﬁ{gtwo 19.?§Irrsris %‘ pol’ y%&'ﬂe%&a’iﬂy Eurtlegnrbl g? Q%hh&hg and
in that a rEeIRAER*Sl operation, for exanple a cutting operation, |s

carried out on the Iarmmatz@dost e8P (£34,6.it mDWsFﬁp@béemeol n any
one of clainms 2t characterl zed |Qet hat a ralit

| ami nat ed striffL "6’3 7a8 7bmmi”c‘3 WA ay FREREEOEERT ng 9P 51 sBi ng of

a plastic 6il mamiecnaice dnagdrfettl Presser eosenstinye oddhesplerali v beast one
of 25 l_am nat ed

SI r: :)Z SI((E:;GS72{“"r el'fgrog%g)fsgr elllghk:‘)a L%é%%t %rﬁl : ';1 %y?rcfge?ﬁerrﬁ}%dhgg?on in

order to obtailemidat® nas edutortposthe stimepsfitdy arfd thet katea trechani cal

operati on, fia ple a cutting operati on, is carried out on the
| am nat ed 30 conposite strlg $11 . The process as clained in any
one of clains 2 Us-4 558 4 descrlbes a saturable core

10 comprising a wound strip made of amorphous magnetic
alloy and an insulating £film inserted between the
successive turns of the core.

It is therefore an object of the invention to
provide a process for the treatment of at least one

15 thin brittle metal strip having a thickness of less
than 0.1 mm, comprising at least one step in which the
thin strip is subjected to stresses, this process
making it possible to avoid the risks of the brittle
strip fracturing during 1its treatment and, in

20 particular, to obtain components of precise and/or
complex geometrical shape from the thin brittle strip.

Printed 05-01-2001 AMENDED SHEET



to 6, Ccharacterized in that the pressure-sensitive adhesive substance of
t he ‘sel f -adhering plastic 35 filmprecoated with adhesive is a

crossli-nkabl e substance and in that a «crosslinking heat treatnent

carried out on?HR9/438fng | ayer adhering3to the thin meRE/FEOP{HO77

- 8. The process as clained in claiml,
| ayer conprising at

non-sel f -

its faces,

5

in that such a thernopl asti

is
25

characterized in that the coating
| east one polyner filmconsists of a thernoplastic

adhering pol ymer ahiriiepr ecRa§d W th adhesive on one of

brought into cohteteivesd Pn de Ttasratgreabrifine o ddstart 20He (hi%s - Mbtral

(1) in order to YBERFA &°1%8nFeRieee Yoth amendegy glajms (7 go 29746 pagey) ]
that a plurality

plurality of

coated with adhesive is

in

strip

of | am nated strlps (7a, 7b, 7c) are manufactured in

, I d h d
(11 vy, 1 LR theopbUcgll bl LIS AL 00! T8pe 0 ofE) i, o

| anmi nabetttste i petala, st?xb,p 7((;). hél'itaed 2hbobt3@|)n laawcmqoosu te

aminated strip (11nAufaposs MASLANd @AM Whed1Si907a05 0 R her

and in that a process step 1nvolvin

10

15

20

25

30

35

SSesS,
one step in mm;ch the thin strip (1, 2la, 21b,

21c, 30) is subjected to stresses, characterized
in that, prior to the step of the process in which
the thin strip (1, 2la, 21b, 21c¢, 30) is subjected
to stresses, at least one side of the strip is
covered with a coating layer (3, 3', 13, 13', 31)
made of at least one polymer film so as to obtain,
on the strip, an adhesive layer having a thickness
of between 1 and 100 pm, modifying the deformation
and fracture properties of the thin metal strip,
and in that the step of the process in which the
thin strip is subjected to stresses is carried out

on the strip covered with the coating layer.

The process as claimed in claim 1, characterized
in that the coating layer (3, 3') made of at least
one polymer film consists of a self-adhering

plastic f£ilm precoated with adhesive.

The process as claimed in claim 2, characterized
in that the self-adhering plastic film precoated
with adhesive comprises a layer of a pressure-
sensitive self-adhering substance and in that the
self-adhering coating layer (3, 3') is made to
adhere to the thin metal strip (1) by pressing the
coating layer (3, 3') onto the thin metal strip
(1).

The process as claimed in either of c¢laims 2
and 3, characterized in that the plastic film

e ——
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such as a cutting operation, is carried out on the 20 conposite

| am.nated strip (11). 9. The process as clained in claim8, characteri zed
in that- the thernoplastic filmis nmade of one of the follow ng polyner
mat eri.-al s: pol yet hyl ene 25 nodi f+ e by acrylic acid or maleic

anhydride; grafted pol ypropyl ene; polyam de; polyurethane 10. The process
as clained in clai eonsiehar actfer ionad i9f t hile t hEOLSRAVIRG IE?E?rbﬁﬁgrlsing

at |east one 30 QLLEET ool LBt r&PDSSSSthPfend, pasiive. adhesive
pol ymer material, gE%t thepcogtlng | ayer is deposited on at |east one of

t he sides of the thln brittle nmetal strip (1), in order to obtain a
I(fi?; nat igbstrllsg (1%e| ddh”std sdaaéﬂ@lﬁiﬂléd/ oh 3hy one oﬂ aa:rlan'an@dz stoi ps
a, C) oduced |n i n_that,, te rips
(16a, 16b, 516c) aré- heggﬁﬁa?Beﬁ?T %péfhmﬁﬁétof”1 es§t Fﬁan %rr?%?ﬁlnpthat
t?etlan1natﬁd stri prittle fébgl str1@6(1)16:$ ameughpenpdsedcpnt@ﬁé heat ed
state, in that press t Stei 6a, b, 16¢c
e Safbls bn ot T AL E R apeaaET, frﬂ%*ia@’ By,

in order to achi evd

st on strips a, 16b, 16¢),
in order to 5 nanmmnmsmaélhan1nﬁn@d>cbhbo§h@é eing tehdPen
handled, in that the second side of the thin
10 brittle metal strip (1) is brought into contact

with a second film (3') made of a self-adhering
plastic, in that pressure is applied to the
laminated strip (6) consisting of the thin brittle
metal strip (1) between the two films of polymer
15 material (3, 3') and in that a mechanical
operation, for example a cutting operation, is

carried out on the laminated strip (6).

6. The process as claimed in any one of claims 2 to

20 4, characterized in that a plurality of laminated
strips (6, 7a, 7b, 7c¢) each having a coating layer
consisting of a plastic film precoated with a
pressure-sensitive adhesive on at least one of its

sides are produced, in that the plurality of

25 laminated strips (6, 7a, 7b, 7c) are superposed
and joined together by adhesion in order to obtain

a laminated composite strip (11) and in that a
mechanical operation, for example a cutting
operation, is carried out on the laminated

30 composite strip (11).

7. The process as claimed in any one of claims 2
to 6, characterized in that the pressure-sensitive
adhesive substance of the self-adhering plastic

35 film precoated with adhesive is a crosslinkable
substance and in that a crosslinking Theat
treatment is carried out on the coating layer
adhering to the thin metal strip.

AR R

AMENDED SHEET (ARTICLE 19)



that ah operation involving nechanical stresses, such as a cutting
operation, is carried out on the conposite laninated strip (17). 10 11.
The -process as clained in claim9, characterized in that the reactive
adhesi-ve coating consists of one of the £bltow ng pol ymer material s:
acrylic material, polyester, epoxy resin, phenolic epoxy resin,

pol yester/ epoxy resin, phenolic resin with 15 nodi fi er,

prl _yure¥L BaneéI mileesﬁm PESEESS éa_rs cﬁﬁhgn@rdﬁcmsw&ml aj gﬁtﬁa:kac@b&lhﬁédm
cl al nb an , characterized In that_the reactive, adnhesi ye pol yner
material is deposit@d %hFEHtW%aS?aEﬁEQs%ﬂ%eﬁocomprls%ﬁg ?ﬁexe?Eannﬁeta

strip (1) by oneolgmert Hd liwldomsiimgsplodc es stermopdhichic aphageh§:

di pping. 13. The C ) | ed.ih_a cl.aklIms .11,
characteri?ed in t%ﬁ%%ﬁ%ﬁ#ﬂﬁéiéﬁ%gngig E%Fgggﬁgé df%h ?%Eééggéaogtrip
made of a soft nmagmetief dltisoyfaee$ngia nelmcr puchl |a nghermapiaseict hat is
to say containing ajpagh-ciarala %Aty | ABRELYSLAl $shaylBashes! 260! | ess

than 100 nm obtained by casting the soft nmagnetic material "I n the Torm of
30 an anor pFaEREasty Wi tinadthyepsat opeedfnthe sideRecnbhphbbinstri p,

the thin netal strigetah) derf® qavered, ordekN to 0BBtaiflf a Nhfinad8@ phous
or nanocr 6talllne states,7on a% Iea%t one,S|dehmAth ac atlgg | ayer
conprisiné at | east5Tn® pd"Grer '85 7). {p pthat a plurallty “of

laminated strips (7a, 7b, 7c¢) are manufactured in
this way, in that the plurality of laminated
strips (7a, 7b, 7c¢) are heated to a temperature of
less than 400°C, in that the strips of the
15 plurality of laminated strips (7a, 7b, 7¢) heated
to obtain a composite laminated strip (11) are
superimposed and compressed one against another,
and in that a process step involving stresses,
such as a cutting operation, is carried out on the

20 composite laminated strip (11).

9. The process as claimed in claim 8, characterized
in that the thermoplastic film is made of one of
the following polymer materials: polyethylene

25 modified by acrylic acid or maleic anhydride;
grafted polypropylene; polyvamide; polyurethane

10. The process as claimed in claim 1, characterized

in that the coating layer comprising at least one

30 polymer film consists of a reactive adhesive
polymer material, in that the coating layer is
deposited on at least one of the sides of the thin

brittle metal strip (1), in order to obtain a
laminated strip (16), in that a plurality of

35 laminated strips (16a, 16b, 16c) is produced in
this way, in that the laminated strips (1l6a, 16b,

16c) are heated to a temperature of less than

400°C, in that the laminated strips (16a, 16b,

AT
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14, The process as clainmed in claim13, _
| ayer conprising a polynmer AVENDED SHEET (ARTICLE 19) - 27 - material

characterized in that the coating

has a thickness of between 1 and 50 [err]m 15. The process as clained in
either-of claims 13 and 14, characterize&6im that the thin strip of 5
nanocrystalline material has a thickness of around 20 [err]m 16. The

process as clai mned +PChn$rEnEUPLIEPSRRs 113 the hertad, stabfactderitdadt i n

that the soft nmagneprésd@re is ek@esd abn COHY akiSetddNbd LARRRY . (144 Obi um

silicon and boron,
silicon. 17. The pr
that the atomc

L o it Sy Bl B (S L

anot her type.

10

15

20

25

30

35

N o

ir zi,rconi,um boron ., and possi hly copper_ an
gé}é'ss?gg) ctBi REGSFntel &Cﬂlfg? Gﬁﬁr g0bEsi o8y ofs the
tamjostéd orstrdfps t hkeasof 16wAgNG) ¢ afhoyorder f &o

20 18 eaprocelss as crlai _ _ _
17, characterized i¥®hathagnt Mpexatiiprof igeélvimgneecbamatel i atresseavered in
the anorphous stat egykf Na@ £OAPLEX T S GHS i 1299 S Qe LS ROl ymer

bi nders, alum nates, silicates

11.

12.

13.

14.

composite laminated strip (17).

The process as claimed in claim 9, characterized
in that the reactive adhesive coating consists of
one of the following polymer materials: acrylic
material, polyester, epoxy resin, phenolic epoxy
resin, polyester/epoxy resin, phenolic resin with
modifier, polyurethane/polyester resin.

The process as claimed in either of claims 10 and
11, characterized in that the reactive adhesive
polymer material is deposited on at least one side
of the thin metal strip (1) by one of the
following processes: coating, spraying, dipping.

The process as claimed in any one of claims 1 to
11, characterized in that thin brittle metal strip
(1) is a strip made of a soft magnetic alloy
having a nanocrystalline structure, that is to say
containing at least 50 vol % of fine crystals
having a size of less than 100 nm, obtained by
casting the soft magnetic material in the form of
an amorphous strip and by heat treatment of the
amorphous strip, the thin metal strip (1) being
covered, in one of its amorphous or
nanocrystalline states, on at least one side with
a coating layer comprising at least one polymer
film.

The process as claimed in claim 13, characterized
in that the coating layer comprising a polymer

AMENDED SHEET (ARTICLE 19)
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25_ ' and fluxes, in that the strip covered with the coating |ayer is
dried, in that a plurality of coated and dried anorphous strips are
produced, in that the plurality of coated anorphous strips are superposed,

in that the coated anorphous strips 30- 27 - undergo a first curing
operation, in order to obtain an anorphous/polynmer conposite |am nated
strip, in that conpietiiclhhasc@ thisknrers @éngegwens% rapd 59 dihat t he

cut conponents are heat treated at a tenperature allowing a 35
nanocrystalli structure to develp ip  the anor phous, strips
and al | O\T\f%‘g tne Q?\%c%ﬁ%n?%a‘fﬁ?%‘ﬁ?@ch’?eﬂF]a?rnPEt (#@lf“ﬁ VP tepfy, in
order to obtain cutlghapgthreateaierids danprhaitngthe - tB8n- lsamipa]t ed g
nanocrystall i ne | ayers ihtreified,l S 9, e process_as_cl ai.med in
claim18, charact e%%neo t\élllnlen%attﬁ%%g&aha eS| -rEELSanefﬁeOfe?ﬁﬁPf}gl | ul ose
type, solvents consAGtdmg of a mixture of aliphatic or aromatic

hydr ocarbons, a mneral filler consisting of glasses or oxides, and an
organic filler consisting of organonetal lic or surfactant 10

subst ances ar elUsedheh RERCafiskB§r €lpdmedoar ppy one of claims 13, 14
and 15, characterized in that the soft magnetic

10 material contains iron, copper, niobium, silicon
and boron, or iron, zirconium, boron and possibly

copper and silicon.

17. The process as claimed in claim 16, characterized
15 in that the atomic composition of the soft
magnetic alloy is, for example, of the Fe-Cu-Nb-B-
Si type or of the Fe-Zr-{(Cu)-B-(Si} type or of
another type.

20 18. The process as claimed in any one of claims 13 to
17, characterized in that the strip of soft
magnetic material 1s covered in the amorphous
state with a complex mixture consisting of
solvents, polymer binders, aluminates, silicates

25 and fluxes, in that the strip covered with the
coating layer is dried, in that a plurality of
coated and dried amorphous strips are produced, in
that the plurality of coated amorphous strips are
superposed, in that the coated amorphous strips

30 undergo a first curing operation, in order to
obtain an amorphous/polymer composite laminated
strip, in that components are cut from the
composite strip, in that the cut components are
heat treated at a temperature allowing a

35 nanocrystalline structure to develop in the
amorphous strips and allowing the
aluminate/silicate/flux mixture to vitrify, in
-order to obtain cut shaped components comprising
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the strip (1). 20. The process as clained in any one of clainms 1 to 19,
char.acterized in that that step in which the 15 thin strip (1) 1is
subjected to stresses is a nechanical cutting operation. 21. The process
as claimed in any one of claims 1 to 19,2%nploying a step of chemically
cutting a thin 20 metal strip (30).coated on one of its sides with a
coating |ayer (31) legdeasedporgnerriatatiane 25avqhe pRBees¥i881Eradned in
claim1l for the pradyeiison of a conponent (44) of a printed 25

circuit, conprising at |east one w nding (42, 43), such as a transforner
(44), characterized in that: - a lamnated strip (36) consisting of a strip
(36a) nmade of Ifano@hgstatddess add oylaimedfim €laimol8pobharacreatrezedl (36b)

adhering tg one of Ehet%gt a re%&ﬁesogf Eﬂg s%ghgﬁgélgﬁﬁggéysggé%lne

alloy is produced, the str €7 of "nanocrys
order to obtain a Fodvantsy Qﬁnsmﬁgn@gl c9f0|¢cmnt€§u€s7pfnaaﬂelmfatlc or

nanocrystalline allgyngRsh Bydrocarbodlich! AnbPaNEiseeL QBnQis%ﬂ??f' I m of
pol ymer materi al (36b) plurality of sections are cut fromft | m of
pol ymer material; ©f glasses or oxides, and an organic filler

consisting of organometallic or surfactant
10 substances are used 1in the mixture for covering
the strip (1).

20. The process as claimed in any one of claims 1 to

19, characterized in that that step in which the

15 thin strip (1) is subjected to stresses 1is a
mechanical cutting operation.

21. The process as claimed in any one of claims 1 to

19, employing a step of chemically cutting a thin

20 metal strip (30) coated on one of its sides with a
coating layer {(31) made of polymer material.

22. The process as claimed in claim 1 for the
production of a component (44) of a printed
25 circuit, comprising at leas£ one winding (42, 43),
such as a transformer (44), characterized in that:
- a laminated strip (36) consisting of a strip
(36a) made of nanocrystalline alloy and of a film
of polymer material (36b) adhering to one of the
30 sides of the strip of nanocrystalline alloy is
produced;
- the strip made of nanocrystalline alloy is cut
in order to obtain a plurality of magnetic
circuits (37) made of mnanocrystalline alloy each
35 adhering to one section of the film of polymer
material (36Db);
- a plurality of sections are cut from the film of

polymer material;
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- 29 : - the plurality of sections are stacked so that the magnetic
circuits (37) are exactly superposed and the sections of the film of
pol.ymer material are made to adhere to one another in order to 5

obtain a conposite |am nated product (4@ - the sections of filns nade of
polymer material are drilled over the entire thickness of the | am nated

conposite product t40PS PHitR 1o Bf odFEE IR RHR hBFaCKEA 15 Fhadyi ons

| ocat Sd 10 | WEhEi maghe;ﬂaga%tx?:b&ieisrqgims a(r%z)eﬁui:h liy”lhéwﬁﬂiil.%é(di(ll)at ed
out sl de sal magnet | rcurts, o= I that t t hr,ough- hol es , ar e
internal Iy netalli ?Eﬁ; g s.e%l%e#iocfm tl&%n%ﬁi‘f‘opg é%oelyﬁ%&dd%aefc?r&?lbot h

si des 15 of atrbe maplenposi tarlhdram nat ethe pandticér (i40) prdeai cto

el ectrical. conduct [ Oi ni . .ends _of t I 4 iin the formof at
| east one Qi ndi ng ?ﬁ%iﬁﬁ.ggﬁﬁ%gqﬁmﬁﬁﬁgﬁ gggﬁﬁénﬁlp)r‘mde of a
magnetic alloy in natber ysicalionse dfor ii lnhamade epifz @ lymerhawatiqrial
produced in a | am patedsforfeandydt thgle | baBQRRY | EhScRicLeaSS: ONBSITI P

made of a nagnetic_mater! I'n nanocrystalline formand at |east one 25
coating |ayer conptrBingted |eRmROBHE pANARICY i | ABupdrposEdisdn ti%e strip
made of nanocrystaptb8€ce through-holes (41) in regions located

10 within the magnetic circuits (37) and in regions
located outside said magnetic circuits (37);
- in that the through-holes (41l) are internally
metallized; and
~ electrical conductors are produced on both sides
15 of the composite laminated product (40), said
electrical conductors joining the ends of the
holes (41), in the form of at least one winding
(42, 43).

20 23. A magnetic component made of a magnetic alloy in
nanocrystalline form, characterized in that it is
produced in a laminated form and in that it
comprises at least one strip made of a magnetic
material in nanocrystalline form and at least one

25 coating layer comprising at least one polymer film
superposed on the strip made of nanocrystalline
magnetic alloy and adhering to this strip made of
nanocrystalline magnetic alloy.

30 24. The magnetic component as claimed in claim 23,
characterized in that it constitutes a flat
transformer component (26a, 26b, 26c) having the
shape of an E, an I or a U.

35 25. The magnetic component as claimed in c¢laim 23,
characterized 1in that 1t constitutes a toric
magnetic core (27a, 27b, 27c) in the form of a
washer or in the form of a square or rectangular
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magne’tlc all oy and adhering to this strip made of nanocrystalline magnetic
al'oy. 30 24. The magnetic conponent as clainmed in claim?23,
characterized in that it constitutes a flat transforner conponent (26a,
26b, 226¢) having the shape of an E, an BOor a U 35 25. The magnetic
conponent as clainmed in claim23, characterized in that it
constitutes a tcﬁKQ¥mWagnetic core (27a, 27b, 27c) in the formof a washer
or in the forn1of a square or rectangul ar - 30 - frane. 26. The

nmagneti c nent. as clainmed in claim25, characterized i,n.th
constitutes ?& i tTHSr geggetic  comppnsnt @shgC abﬁﬁg(ﬁb) "llﬁllfrhggr'adl al
direction. 27. Thﬁl&t’ﬁf@ﬁfﬁﬁlCZed:Qﬂ‘Dm&ﬂi i@scehathedtes al 8[I.lirt23.,orus

characterized in t gl t|t tes of tg foI% nents: a

magnetic Circuit c c()n a\% % f(g?%t)hén ﬁ%rga cgtonwatches

the rotor or stator of an electric notor, an antitheft Iabel a magnetic

conponent SUPR  afhe aRaghRUAYE! OéoxP1 ﬂ@”%forgﬁélmég %{t'c‘i‘é'l?r{gé‘,th'”

i nductor or transformer Ravin ness of the order of one

millinmeter. characterized in that it constitutes one of the
following elements: a magnetic circuit component

10 for the rotors or stators of watches, the rotor or

stator of an electric motor, an antitheft label, a
magnetic component such as an inductor or
transformer, in particular a thin inductor or
transformer having a thickness of the order of one

15 millimeter.

28. The magnetic component as claimed in claim 23,
characterized in that it constitutes a transformer
(44) integrated into a printed circuit or a

20 discrete transformer.

29. A laminated strip consisting of at least one strip
made of nanocrystalline alloy covered on at least
one of its sides with a c¢ocating layver comprising

25 at least one polymer film.

Iy om o= asmzeus 10)



28. The magnetic conponent as clained in claim23, characterized in

that it constifutes a transforner (44)

integrated into a printed circuit or

a 20 LSGrete t for] é,? @‘é ] g‘%%r onsi sting of at
| east on?ﬁﬁﬁ made W@%&F P4k, W@ ]§ d‘lrg?ﬁat | east one of
its sides wwth a coating | ayer copriatomiBiéau at | east one pol yner
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(54) Tithe: METHOD FOR TREATING A BRITTLE THIN METAL STRIP AND MAGNETIC PARTS MADE FROM A NANOCRYS.

(54) Tiere: PROCEDE DE TRAITEMENT D'UNE BANDE MINCE METALLIQUE FRAGILE ET PIECES MAGNETIQUES RE-
ALISEES A PARTIR D'UNE BANDE BN ALLIAGE NANOCRISTALLIN

The invention concems 2 treatment method which conslsts in coating st leas one surface of 2 britts thin matal suip (1) with a coating
ﬁhn_(S.S')mpmmgn:hma pdymummﬁa},pww}mmpamumm:mdmmmm 1and 100 pm,
“modifying the working and breaking properties OF B hrittle thin meta) saip (); then carryiog out a step wheyein the trirtle thin meral strip
(l)isguhjmeedmm.mchnammuhm&hmimtl)mmmﬁhuﬁng(a.a'x The method
Is partiidarly weedul fer producing magneiic parts from suips or ritbons with panccrysalline structure.

. %mummmohamﬁnbhmmmwunm&une(nwmmdamma.3'}onmpmtmmm
mnwmmammwmlomWhhmwmwwm@Mmﬁammmum.modlﬂmla:
m&qde%mdmytdampmuhmnﬁmmmﬁem.mmumﬁmmmpedcmmmmh
bande mince (1) #51 soumise & des contraintas, wils ‘una opération de ddooupage, sur Is bande méaaltique mince fragile (1) recopvens
de lu conchs de yevitement (3, 3°). La proctdé »"spplique en pariculier 4 la réalimetion de piosa magnstiques 3 partt da bandes o rabans




