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NiZn ferrite material which, however, has which, how- ever, has a low
permeability and low breakdown vol- Field of the Invention
tage capability. The process is also limited to certain geometries.
Additionally, because of the absence of This Invention relates to a process
of making   5   suitable non-magnetic inclusions in the construction
magnetic components of monolithic composite mag-   process, the net
magnetic flux produced by the elec- netic structure.
trical excitation of the winding Is not fully coupled to each turn of the
winding. In the transformercase, this Background of the Invention
leads to a leakage inductance capability inferior to 10  that of
transformers made by traditional construction Static magnetic devices such
as transformers   techniques. and inductors are essential elements in
circuits re- quiring energy storage and conversion, impedance   Summary of
the Invention matching, filtering, EMI suppression, voltage and cur- rent
transformation, and in resonant circuits. These  15  Magnetic components
are fabricated, in accord devices, as now constructed, tend to be bulky,
heavy  with the invention, as monolithic structures using and expensive as
compared to the other components  multilayer co-fired ceramic techniques.
In one proc- of the circuit Their cost tends to be dominated bycon-  ess
for constructing a magnetic component, embody- struction costs since manual
operations still form a  ing the principles of the invention, a first
ceramic pow- part of the production process for many of these com-  20  der
having the desired magnetic characeristics (e.g. ponents.
high permeability) Is prepared and a second ceramic No widely used method
of constructing and fab-  powder having the desired insulating and non-mag-
ricating magnetic components has resulted in any   netic characteristics
(i.e. low permeability) Is pre- radically new and different magnetic
component     pared. The term non-magnetic material as used here-
structure. The current methods of manufacturing   25  in refers to a
material whose magnetic permeability Is magnetic components have not
changed significant-  low compared to that of the magnetic material used in
ly from the traditional methods Involving the mechan-  the component At
least one ceramic powder is ad- ical process of wrapping a copper wire
around a mag-  mixed with an organic binder to form a ceramic green netic
core material or around an insulating former (i.e.  tape. At least one
ceramic powder can be doped with bobbin) containing core material. Hence,
despite the   3o  suitable metallic oxides for the purpose of adjusting
trend towards low profiles and and miniaturization in  its sintering rate
and temperature to substantially other electronic components, and the trend
to inte-  equal that of the other ceramic powder. Astructure Is gration and
other circuit packaging techniques, the  formed by successive layering of
the insulating non- magnetic components in current use generally retain
magnetic material and combining it with the magnetic traditional
constructions.                    35   material to form a structure with
well defined magnet- Recent approaches to changing the construction  ic and
insulating non-magnetic regions. Conductors, of magnetic components have
included layered or    having a composition compatible with these materi-
drop-in windings as opposed to wound windings such  als, are screen printed
on the layers of the insulating as disclosed in US-A-4,583,068 and US-A-4
388 131.  non-magnetic ceramic green tape as needed to pro- These
techniques have introduced new mechanical  40  vide windings for
electromagnetic excitation of the construction methods to significantly
reduce hand  magnetic ceramic material. The resulting structure Is
operations and construction costs.                 laminated under low
pressure (500 - 3000 psi) at a Another recent approach to magnetic
component   temperature of 60 to 80 degrees centigrade and the design is a
multilayer chip inductor using thick film  laminated structure Is fired at
a temperature between technology and designed as a surface mount compo-  45
800 to 1400 degrees centigrade to form the resulting nent. This approach is
disclosed in an article entitled  composite structure of the magnetic
component. Recent Topics in Soft Ferrites" by K. Okutani et al
Advantages offered by the use of two separate presented at The Int Conf. on
Ferrites, ICF 5, January  materials for the magnetic and insulating
non-mag- (1989). The magnetic component designated, a "chip  netic portions
of structures constructed according to type' Inductor or transformer, Is
constructed by a se-  50  the principles of the invention Include: (i) the
magnetic quence of thick film screen print operations to build up  flux can
be substantially confined to a well defined layers on an Individual layer
by layer basis, which are  path or region, part of which Is completely
encircled then fused by co-firing. This process, which uses  by the
windings. This enables both a flux coupling to printed layers of ferrite
paste and conductor paste (for  each turn of the windings and a leakage
inductance the windings) is limited to the use of a single material  55
capability that equal those of conventional magnetic as both the magnetic
and insulating material. This use  components. (ii) the choice of magnetic
material can of a single material limits the choice of materials to  be
made on the basis of required magnetic perfor- those having a relatively
high resistivity such as Cu-  mance, and is not restricted only to magnetic
materi- 2    



3                   EP 0 512 718 B1                     4 als with high
resistivity.                         In all cases, the windings are  formed
using screen Magnetic ceramic green tape or paste material   printed
conductors which are connected through the and Insulating non-magnetic
ceramic green tape or  multilayer structure by conducting vias. paste
materials, modified according to the principles  Additional characteristics
of the materials must of the invention, so that both materials have
substan-   5   be accommodated in the construction of these mag- tially
Identical sintering temperatures, shrinkage rates  netic components. For
example, in some embodi- and overall shrinkage results, are selected to
permit  ments, where the via spacing determines winding the use of
co-firing techniques in the construction of  pitch, the via size and hence
spacing is constrained the magnetic components. In one illustrative embodi-
by the tape thickness used. A thick magnetic tape ment a high permeability
material in ceramic green   10  needed to provide a desired magnetic
characteristic tape form, comprising a MnZn ferrite with spinel struc-  or
performance requires construction of a large via ture, Is used as the
magnetic material and a high re-  size In the Insertof Insulating
non-magnetic tape. This sistivity and low permeability Ni ferrite material
with  via size limits the number of windings permitted with- spinel
structure in ceramic green tape form Is used as  in a particular linear
dimension. The winding pitch is the insulating non-magnetic material. The
low perme-  15  therefore limited to a dimension dictated by the thick-
ability Ni ferrite material is doped with copper (Cu) to  ness of the
magnetic material. Winding pitch, in some secure the desired operative
characeristics needed to  of the Illustrative embodiments, is harmonized
with permit construction by co-firing techniques. This use  the magnetic
material (fluxpath) thickness require- of two ferrite based isostructural
materials for both  ment to achieve suitable proportions of the conductor
high permeability and low permeability materials pro-  20  winding pitch by
multilayering the construction of the vides the necessary material
compatibility to allow  insulating non-magnetic inserts with thin strips of
cer- the application of co-firing techniques in the construc-  amic tape.
This building up of green layers to form a tion of the magnetic component
single insert permits the construction of vias of small In this particular
illustrative example, fabrication  diameter to permit a desired winding
pitch while allow- of these magnetic components involves constructing   25
ing the desired magnetic material thickness to pro- multilayers of
insulating non-magnetic material as a  vide the desired fluxpath. ceramic
tape combined with a ceramic magnetic ma-      While the illustrative
embodiments described terial in tape form. Apertures are formed in the
insu-  above have been denoted in terms denoting stand lating non-magnetic
ceramic tape material into which  alone magnetic components, these magnetic
compo- a magnetic ceramic tape is inserted. Conductor lines  3o  nents may
be embedded within a general purpose are screen printed on the insulating
non-magnetic  multilayer substrates constructed using the Insuli- ceramic
tape material and interconnected through   tive non-magnetic tape material.
Part of the sub- vlas to form windings around the magnetic tape In-
strates would contain at least one magnetic compo- serts. In another
version, the apertures are Included  nent and its remaining portion would
be used to pro- in the magnetic ceramic tape structure for accepting   35
vide interconnection for high density component Inserts of insulative
non-magnetic ceramic tape.   mounting on the surface. In another
illustrative example, fabrication of    These methods of construction
permitfabrication these magnetic components Involves constructing    of
magnetic components having electromagnetic multilayers of insulative
non-magnetic material as a  performance characeristics equaling or
exceeding ceramic tape including apertures for accepting a cer-  40  those
of magnetic components made with traditional amic magnetic material In a
viscous fluidlike form.  construction techniques, while providing the
advan- This material may be a screen printable paste compo-  tages of low
profiles, miniaturization, integration, and sition. In another version, a
magnetic ceramic tape  low-cost mass production. material includes
apertures for accepting an Insula- tive non-magnetic material in a viscous
fluidlike form.  45   Brief Description of the Drawing In another
Illustrative embodiment of the Inven- tion, a magnetic component may be
constructed us-     In the Drawing: Ing a ceramic tape material having both
magnetic and   FIG. 1 Is a sintering rate and temperature dia- high
resistivity properties (e.g. NiZn ferrite). Conduc-  gram for two
dissimilar ferrite materials being tors are printed on the various layers
and connected   50  processed by sintering; through conducting vias to form
windings. In transfor-  FIG. 2 is a sintering rate and temperature dia- mer
applications the leakage Inductance is limited by  gram for two dissimilar
ferrite materials being enclosing the adjacent portions of separate
windings   processed wherein at least one of the materials within a
insulative non-magnetic material (tape/paste).  Is composed according to
the principles of the in- Another version uses two green tape materials,
such   55  vention; as described above, and further uses a paste material
FIG. 3 is a three dimensional see through line (either magnetic or
Insulative) as magnetic or insula-  drawing of a completed composite
magnetic com- tive inserts as required for the component structure.  ponent
structure; 3    



5                   EP0512718 B1                      6 FIG. 4 Is a cross
sectional view of the composite  characteristics. Such a construction
process must magnetic component structure of FIG. 3;          also
successfully deal with critical material composi- FIGS. 5- 13 are
planarviews of the Individual lay-  tion problems Including electrical and
physical com- ers of the magnetic component structure of FIG.  patibility
of magnetic, insulating non-magnetic and .
5   conducting materials  Material shrinkage, thermal FIG. 14 Is a three
dimensional see through line  shock resistance, thermal expansion and
durability drawing of a completed composite magnetic com-  are added
considerations in the construction of these ponent component structure;
co-fired multilayered magnetic components. FIG. 15 is a crosssectional view
of the composite   The effect of the differing sintering characteris-
magnetic component structure of FIG. 14;    10  tics is shown In FIG. 1.
FIG. I shows the sintering rate FIGS. 18-20 are planarviews of the
individual lay-  and temperature of two ferrite materials with different
ers of the magnetic component structure of FIG.  magnetic and electric
properties. The solid line 101 14;
depicts the densification as a function of increasing FIG. 21 is a planar
view of the top layer of a lam-  temperature and time of a Ni ferrite - an
Insulating Inated stack of multiple layers showing multiple  15
non-magnetic (low permeability) material. These sin- magnetic components
before dicing;               tering characeristics differ from the dotted
line curve FIG. 22 is a planar view of the top layer of a mul-  102 of a
MnZn ferrite - a magnetic (high permeability) tilayerstackfromwhichthe via
carriersof FIG. 18     material. As Is apparent the differing sintering
rates are punched; and                                 and temperatures
cause the two materials to shrink FIG. 23 is a cross sectional view of a
via carrier,  20   at different rates. This divergence continuously wi-
Figs. 24 to 33 show cross sectional views of mag-  dens and the green
ferrite material achieves a high netic components constructed according to
the    shrinkage before the Ni ferrite material. The final size principles
of the Invention.                     of the two materials at the end of of
processing differs considerably by the value shown by dimension 107 in
Detailed DescriptIon                           25   FIG. 1. Other material
related problems arise in those Co-fired multilayer construction has been
found  embodiments of a composite monolithic magnetic to be increasingly
competitive with the traditional  component wherein interconnecting
conductive vias thick film technology in the fabrication of microelec-
form a portion of the windings. Conflicting construc- tronic circuit
packages. These co-fired multilayer  30  tion requirements of the vias and
thickness of the lay- packages are constructed by using unfired green (di-
era could result in undesirable component character- electric) ceramic tape
for the various layers. Compat-  istics such as the winding pitch and
fluxpath length ible conductive compositions are used for printed   that
would render such magnetic components made conductor layers Interspersed
between the dielectric  by co-fired multilayerconstruction techniques
Inferior layers and are also used for Interlayer connecting   35  In
magnetic performance as compared to traditional vias The conductive layers
are normally printed on     magnetic components. the green tape and the
entire assembly is laminated    An Illustrative process embodying the
principles and fired in one operation. Its chief advantages are  of the
Invention for constructing magnetic components the ability to reduce the
physical size of circuitry and  using a ceramic tape material for the
magnetic portion improve its reliability.                       40  of the
structure and a ceramic tape material for the In- Successful fabrication of
these packages re-     sulating non-magnetic portion. These ceramic
materials quires that the materials used be fully compatible with  are
spinel ferries of the form [err]. The values each other. During sintering
of the ceramic tape corn-  for x, y, and z may assume positive an negative
nu- posite for example, the various layers must shrink at  merical values.
The M material normally Includes at a rate compatible with each other to
prevent warpage   45  least one of the elements Mn, Ni, Zn, Fe. Cu, Co, Zr
of the package. Each of the layers must be chemically  Va. Cd. Ti, Cr and
Si. Both of these materials (insulat- compatible with each otherto prevent
chemical reac-  Ing non-magnetic-low permeability and magnetic- tions
resulting in various defects In the final package.  high permeability) must
have the desired physical Various physical properties such as thermal
expan-  and electrical properties to facilitate the construction slon and
flexure strength of the different layers must  50  of a suitable magnetic
component. One ceramic tape also be taken Into account
material is used for the high permeability magnetic These construction
techniques have been limited  structure of the component and another
ceramic tape heretofore to circuit substrates with associated con-
material Is used for the low permeability structure of ducting paths to
Interconnect mounted components.   the component. Two ferrite based powders
form the Constructing magnetic components using co-fired 55   basic
material of each of the Insulative non-magnetic multilayer ceramic
construction with two different  and magnetic tape materials. The first
ferrite powder, materials of different permeability has not been done  In
the Illustrative example, is formulated as a MnZn before. Both materials
must have similar sintering  ferrite (e.g. a high permeability material). A
second 4    



7                   EP 0 512 718 B1                 8 ferrite powder, in
the illustrative example, Is formulat-  duce the low permeability of the
second tape materi- ed as a high resistivity low permeability Ni ferrite
ma-  al, the Ni ferrite powder material Is doped with Mn to terial. The two
powders are each separately com-   a content equaling 1-10 mol % of the
overall material bined with organic binders to formulate a first and
composition. second ceramic green tape material respectively. To   5  Asee
through pictorial view of an Illustrative mag- insure that the two tape
materials have substantially  netic component constructed according to the
princi- Identical sintering temperatures and rates the low  ples of the
invention is shown in FIG. 3. This compo- permeability material including
Ni ferrite Is doped with  nent Is constructed as a multiple winding
transformer copper oxide in an amount equaling 1 to 10 mol % of  having a
toroidal magnetic. core structure. This toroi- the overall composition of
the material. In the partic-  10  dal core comprises four well defined
sections 301 to ular illustrative embodiment, herein, a percentage of  304
each of which is constructed from a plurality of 2 to 5 mol % of copper
oxide added to the Ni ferrite  high permeability ceramic green tape layers.
Sec- powder has been found to be effective. Adding the  tions 302 and 304
are circumscribed by conductive copper oxide Introduces a liquid phase into
the mate-  windings 305 and 306, respectively. Taken separately rial during
sintering of the tape material. This opera-  15  these windings form the
primary and secondary of a tive condition lowers the sintering temperature
and  transformer. [If these windings are connected In ser- modifies its
sintering rate to a level where the high  ies, the structure functions as a
multiple turn induc- permeability and lowpermeability material each have
tor] Windings 305 and 306 are formed by screen substantially Identical
sintering rates and tempera-  printing pairs of conductor turns on to a
plurality of in- tures.                                        20  sulating
non-magnetic ceramic green tape layers, The effect of matching the
sintering rates and  each insulating non-magnetic layer having suitable
temperatures Is shown in the graph of FIG. 2 wherein  apertures for
containing the sections of magnetic the solid line 201 represents the
sintering character-  green tape layered inserts. The turns printed on each
istic of the high permeability MnZn ferrite material.  layer are connected
to turns of the other layers with The corresponding characteristic of the
NiCu ferrite  25  conductive vlas 307 (i.e. a through hole filled with a
material is shown by the dotted line 202. As is appa-  conductive
material). Additional insulating non-mag- rentthe two characteristic lines
are substantially Iden-  netic layers are used to contain sections 301 and
303 tical to each other. The substantially Identical shrink-  of the
magnetic tape sections and to form the top and age rates and temperature
allow the two materials to  bottom structure of the component Conductive
vias be co-fired without Introducing mechanical stresses  30  308 are used
to connect the ends of the windings 305 thatwould prevent theforming of the
composite struc-  and 306 to connector pads 309 on the top surface of ture.
the component. The insulating non-magnetic regions Pluralities of the two
ceramic green tape materi-  of the structure are denoted by 310. Current
excita- als are layered with a desired geometry to form a lam-  tion of the
windings 305 and 306 produces a magnetic inated structure with well defined
magnetic and non-  35  flux in the closed magnetic path defined by the see-
magnetic regions. Conducting paths are deposited on  tions 301 - 304 of the
toroidal core. The fluxpath in selected insulating non-magnetic tape
layers. These  this embodiment Is in a vertical plane. [The X-Z plane
conducting paths are connected by vias formed in the  shown in FIG.3.]
layers to create desired multiturn windings for the    A cross sectional
view (parallel to the X-Z plane) magnetic component.
40  showing in detail the individual tape layers of the mag- The conducting
paths In the illustrative embodi-  netic component structure of FIG. 3 is
disclosed in ments are constructed of a conductive material that  FIG. 4.
Member 401 is an Insulating non-magnetic is amenable to printing or other
deposition techniques  tape layer. Member 402 includes layers of non-mag-
and is compatible with the firing and sintering process  netic tape each
having an aperture in which a mag- characteristics of the ferrite
materials. Suitable con-  45  netic section 411 (shown as member 301 In
FIG. 3) Is ductive materials Include palladium (Pd) or palladium-
inserted.  The number of layers used to form members silver compositions
(Pd-Ag) dispersed in an organic  402 and 411 is determined by the required
magnetic binder. Other suitable compositions Incldude conduc-  cross
section area. Members 403 - 407 forming the tive metallic oxides (in a
binder) which have the same  next section Includes single layers of
Insulating non- firing and sintering characteristics as the ferrite ma-  5o
magnetic tape having apertures for containing mag- terials used in
constructing the magnetic devices.  netic material sections 412 and 413
(shown as mem- The structure formed by the layering technique is  bers 302
and 304 in FIG. 3). Members 403 to 406 con- laminated under pressure and
then co-fired and sin-  tain conductor turns 414 and 416 printed on each
in- tered at a temperature of 1100 to 1400 degrees Cen-  dividual layer. In
this particular illustration a four turn tigrade to form a monolithic
magnetic component  55   winding is shown. It Is to be understood that many
structure having the desired electrical and magnetic  added turns are
possible by increasing the number of properties.
layers and by printing multiple concentric turns on To increase electrical
resistivity and further re-  each layer. Member 408 is similar to member402
and    9                  EP 0 512 718 B1                 10 



Includes an insulating non-magnetic tape having an  ber of turns is
Illustrative only and that the structures aperture containing a magnetic
insert 418. The top  may contain many additional turns. The member illu-
member409 is an insulating non-magnetic tape layer.  strated in FIG. 11
Includes an Insulating non-magnet- Connector pads 421 are printed on the
top surface to  ic layer 1101 with apertures 1102 and 1103 containing
facilitate electrical connection to the windings of the   5   magnetic tape
inserts 1104 and 1105.  Conducting component.
vies 1106 and 1107 connect to the conductors shown The individual layers
are shown In the figures 5  in FIG. 10 and conducting vias 1108 and 1109
are part through 13. FIG. 5 shows the bottom member as an  of the
conductive path coupling the conductors of the Insulating non-magnetic
layer501. FIG. 6 shows a top  bottom layer with the connector pads on the
top sur- view of the next member above layer 501 and com-  1o  face of the
structure. This member of FIG. 11 s op- prises an insulating non-magnetic
tape 601 with an  erative to insulate the conductor windings from the
aperture 603 containing an Insert 602 of magnetic  next member shown in
FIG. 12. This member Is sim- tape material. This member may comprise
several   liar to the member shown In FIG. 6 and Includes a set tape layers
determined by the required magnetic   of Insulating non-magnetic tape
layers 1201 each of cross section. The next member in the structure Is  15
which include an aperture 1203 containing the mag shown In FIG. 7 and
comprises the Insulating non-  netic Inserts 1202. In addition, this member
Includes magnetic tape layer 701 containing the apertures 703  the
conducting vias 1204, 1205 1206 and 1207 con- and 704 into which magnetic
inserts 705 and 706 are  nected to the corresponding vias of the adjacent
placed. Conductors  707 and 708 are printed onto the  members. The top
member shown in FIG  13, in- top surface of the tape layer 701. These
conductors  20  cludes an insulating non- magnetic layer 1301 and 707 and
708 comprise a single turn each of the trans-  connector pads 1302 to 1305
each containing a con- former windings (shown as windings 305 and 306 In
ductive via 1312 to 1315, respectively, which provide FIG. 3). Asingle turn
is shown surrounding each aper-  connection to the corresponding vies in
the previous ture; however multiple turns surrounding each aper-  member of
FIG. 12. ture may be printed on each layer. An insulating non-  25  Asee
through pictorial view of another illustrative magnetic layer 801 shown in
FIG. 8 comprises the  magnetic component constructed according to the next
structural member and includes apertures 802  principles of the invention
is shown in FIG. 14. This and 803, containing magnetic inserts 805 and 806.
component as in the case with the prior example, Is The conductors 807 and
808 are the second set of  also constructed as a multiple winding
transformer turns in the windings. Theyare connected byvias 809   30
having atoroidal magneticcore structure. Amajordif- and 810to thefirst
printed of turns printed on the pre-  ferencefrom the embodimentof FIG. 3is
thattheflux vious layer shown In FIG. 7. The vias 813 and 814,  path is
horizontal [i.e in the X-Y plane]. The toroidal which have ring like pads
on the surface of layer 801,  core is defined by a main structure of
magnetic ma- connect to the other ends of the windings on the layer  terial
1401 positioned between top and bottom mem- 701 and correspond
tosimilarvias in the above layers  35  bers 1415 and 1416 which are
insulating non-mag- to connect to connector pads on the top surface of the
netic material layers. Member 1401 is further punctu- structure shown in
FIG. 13. The ring like pads sur-  ated by inserts of insulating
non-magnetic material in- rounding the vies are included to simplify the
align-  serts 1402, 1403 and 1404 which provide support for ment of vias In
the various layers. FIG. 9 shows the  conducting vies 1421 which form part
of the windings. construction of the next member and Includes a Insu-  40
The windings 1411 and 1412 are the primary and sec- lating non-magnetic
tape layer 9Ol; the apertures 902  ondary, respectively, of the
transformer. Windings and 903 containing magnetic tape inserts 904 and
1411 and 1412 may be connected in series to form an 905 and the conductors
906 and 907. The conductors  Inductor. These windings are formed by screen
print- 906 and 907 are the third set of turns in the windings  Ing
conductors on a layer of member 1415 near the and are connected by vias 908
and 909 to the second   45  top of the structure and screen printing
conductors on set of turns shown In FIG. 8. Vias 910 and 911 con-  a layer
of member 1416 near the bottom of the struc- nectto the vias 813 and 814
shown In FIG. 8. The next  ture and interconnecting these printed
conductors member shown in FIG. 10 includes an insulating non-  with the
conducting vias 1421 to form the windings. magnetic tape layer 1001 with
two apertures 1002   Connector pads 1417 are printed on the top surface and
1003 Including magnetic inserts 1004 and 1005.  5o  of the top layer of
member 1415 and are connected The winding turns are the fourth set of turns
and In-  by conducting vias 1422 to the windings 1411 and dude the
conductors 1006 and 1007. The vias 1008   1412. and 1009 connect these
conductors to the conductors   A cross sectional view (parallel to the X-Z
plane) of the previouslayerofFIG.9. Vias 1010 and 1011 are    of the
structure of FIG. 14 is shown in FIG. 15 and part of the conductive path
coupling the conductors of   55    shows in detail the individual tape
layers. The bottom the bottom layer With the connector pads on the top  and
top members 1501 and 1505 each comprise In- surface of the structure. This
Is the last layer Includ-  sulating non-magnetictape layers. Member 1501
has ing the windings. It Is to be understood that the num-  conductors 1511
and 1512 screen printed on its upper 6    11                 EP 0 512 718
B1                 12 



surface. Member 1502 has conducting vias 1506 to  eration, through
illustrated here only for the structure connect the printed windings of
1501 to a series of  of FIGS. 14-20. can be applied to any magnetic com-
conducting vias 1513 that eventually connect to print-  ponent constructed
according to the principles of the ed conductors 1525 and 1526 printed on
the top sur-  invention. face of the insulating non-magnetic tape member
5    The construction of non-magnetic inserts con- 1504. Member 1503
comprises a plurality of magnetic  taining vias, or via carriers, Is shown
in FIGS. 22 and tape layers 1514 (or a single magnetic tape layer of  23.
Astructure of multiple layers of non-magnetic ma- appropriate thickness)
and Insulating non-magnetic  terial is formed. Each layer contains
conducting vias inserts 1521 to 1523 formed from a plurality of insu-  221
in individual blocks defined by the outlines 222. lating non-magnetic
layers Including the series of  10  These blocks are punched out to create
the Individual conducting vias 1513. These inserts 1521 to 1523 are
non-magnetic inserts 225 for constructing the mag- called via carriers
herein and are operative to support  netic components. the conducting vias.
A cross section of the via carrier construction Is The individual layers
are shown in the figures 16  shown in FIG. 23. The vias 235 are formed In a
lam- trough 20. The first member comprising layer 1501 of  15  inated stack
of tape layer 232. The thinness of the In- FIG. 15 is shown in FIG 16. It
Includes a layer of In-  dividual layers 232 permits the creation of vias
235 sulating non-magnetic tape 1601 on which the con-  having a diameter
sufficiently small to permit a fine ductors 1602 have been screen printed.
The next   winding pitch. member above it is shown In FIG. 17 and comprises
A cross section of a magnetic component having Insulating non magnetic tape
layer 1701 Into which  20  a toroidal magnetic structure with a built In
non-mag- conducting vias 1702 with end ring pads have been  netic gap in
the magnetic fluxpath Is shown in FIG. 24. constructed. These vias are in
registration with the  The cross section cut in this view is In the X-Z
plane. ends of the printed conductors 1602 shown on the lay-  This
arrangement is a vertical structure in which the er 1601 in FIG. 16. The
next member in shown In FIG.  insert portions 241 are magnetic. The
construction of 18 and comprises a layer or layers of magnetic tape   25
this structure Is similar to that of the structure shown 1801 which include
the apertures 1802, 1803 and   in FIGS. 3 and 4, except that the central
Insulating 1804 into which the via carriers 1805, 1806 and 1807
non-magnetic layer or layers 248 do not have aper- are Inserted. These via
carriers are formed from a  tures for Insertion of magnetic material. The
magnetic plurality of non-magnetic layers and include the con-  path
defined by the inserts 241 is therefore Interrupt- ducting vias 1810. These
vias 1810 art in registration   30  ed by non-magnetic gaps 245, the length
of which can with the vies in the different layers and the terminal  be
controlled by the layer thickness or number of lay- ends of the printed
conductors on the layers in mem-  ers comprising 248. The structure thus
constitutes a bers 1501 and 1504 shown In FIG. 15. The top set of  gapped
magnetic structure. The layered Insulating printed conductors 1901 and 1903
are shown in the  portions 243 and 248 of the structure have surface FIG.
19 and are printed on the top surface of a layer  35  printed conductors
244 comprising the windings of of Insulating non-magnetic tape 1902. Both
ends of  the magnetic component. The members 249 com- the printed
conductors 1901 terminate in conducting  prise Insulating non-magnetic tape
layers and, like vias 1911 and a single end of the printed conductors  the
structure of FIGS. 3 and 4, provide top and bottom 1903 terminates In vias
1913. The vias 1911 and 1913  insulative layers and apertures containing
portions of connect the top and bottom planes of printed conduc-  40  the
magnetic inserts 241. Connector pads 247, pro- tors. The top member, shown
in FIG. 20, comprises a  vided on the top surface of the structure, are
connect- layer of Insulating non-magnetic tape 2001 with con-  ad to the
conductors 244 through vias which are not necting pads 2002 printed on Its
top surface. These  shown In this view. pads are connected by the
conducting vias 2003 to     A composite magnetic component structure In-
the non via ends of the printed conductors 1903   45  corporating a
magnetic E core structure Is shown in shown in FIG. 19.
a cross section view In FIG. 25. This cross section A method of producing
multiple magnetic compo-  view is cut In the X-Y plane. The magnetic insert
por- nents in one operation is shown In FIG. 21. A lamin-  tions 251 are
insered In apertures in the layered non- ated stack 211 of a pluralityof
layers of insulating non-  magnetic insulating portion 253 and are the core
magnetic tape and magnetic tape Is shown with non-  5o  structure that
provides the magnetic path for flux. magnetic inserts (via-carriers) 212
buried within the  The conductors 254 are printed on the layers of non-
stack. The outlines 213 define the multiple individual  magnetic material
253. The vias 255 provide interlay- components which are separated by
dicing along     er Interconnections, and vias 256 are part of the con-
these outlines. Each Individual component has the  ducting path connecting
conductors of the bottom lay- structure shown In FIGS. 14-20. These
outlined com-  55  er with the connector pads on the top surface. Unlike
ponents can be diced out prior to or subsequent to the  conventional E core
structures which are comprised step of co-firing of the components. This
method of  of two core halves mated together, the E core struc- producing
multiple magnetic components in one op-  ture of FIG. 25 has a magnetic
path uninterrupted by 7    13                  EP 0 512 718 B1
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mating surfaces. Thus, the effective permeability of  insulating
non-magnetic layers 309 and inserted via the core equals the material
permeability. This pro-  carriers 303. These vias represent a portion of
the de- vides for a significant performance advantage over  vice winding.
The windings are completed with the conventional E core structures wherein
the unavoid-  printed conductors 304 printed on the Insulating ma- able
non-vanishing air gaps at the making surfaces   5   terial layers 309. The
magnetic layers 301 form the result In effective permeabilities that can be
typically  magnetic path in the structure. Connector pads 308 as low as 50%
of the material permeability. This per-  are provided on the top surface of
the structure. formance advantage for magnetic components con-        A
magnetic component Incorporating a gapped E structed according to the
principles of the Invention  core structure Is shown in a cross section
view in the applies also to all the subsequently described mag-  10  X-Y
plane in the FIG. 31. This structure utilizes the netic components that
incorporate ungapped core    vias 315 in the Insulating non-magnetic
Inserts 316 structures.                                        and printed
conductors 317 (shown schematically) A cross section in the X-Z plane of a
magnetic  printed on insulating non-magnetic layers (not component having
an E core structure with a built In  shown) to form the device windings. A
gap 313 ap- gap is disclosed in FIG. 26. The printed conductors  15  pears
In the center leg of the magnetic material layers 264 forming the windings
are printed on selected In-  314 forming the E core. The gap also contains
an in- dividual layers of the Insulating non-magnetic layers  sulating
non-magnetic Insert to ensure conformal 263. The non-magnetic gap 265
occurs In the center  shrinkage. leg of the E core portion 261 of the
structure. The con-  An open structure magnetic device (i.e. a device
ductors 264 are connected, via vias (not shown) to the   20  with an open
magnetic circuit) with the cross section connector pads 268 printed on the
top of the struc-  taken In the X-Z plane is shown in FIG. 32. Conductor
ture.                                              windings 321 are printed
on several selected layers of A cross section of a magnetic component
Incor-  the insulating non-magnetic material 322 to encircle porating a pot
core structure, embodying the princi-  a central core formed of layers of
magnetic material ples of the Invention, Is shown In FIG. 27. This cross
25  323. Connector pads 325 are printed on the top sur- section Is taken In
the X-Y plane. The printed conduc-  face of the structure. It is important
for the material tors 274 comprising the windings are printed on se-  322
to be non-magnetic for this circuit to function as lected layers of the
insulating non-magnetic layers  an open magnetic circuit. This applies also
to the de- 273. The magnetic material 271 is inserted into aper-  vice of
FIG. 33 described below. tures of the structure to form the pot core
configura-  30  An alternative open structure magnetic device tion. The
conductors of different layers are connected  with the cross section taken
In the X-Y plane Is shown by the vias 275.
In FIG. 33. Conductor windings are formed from the A magnetic component
having gapped pot core     printed conductors 333 (shown schematically)
printed structure is shown in FIG. 28 with the cross section  on insulating
non-magnetic layers (not shown) and taken In the X-Z plane. The
non-magnetic gap 281 is  35  the vias 334, which are contained in the
Insulating formed in the central leg of the magnetic material 282
non-magnetic via carriers 335. The windings sur- forming the core
structure. The conductors 283 form-  round the layered magnetic material
336. ing the windings are printed on selected layers of the insulating
non-magnetic material 284 forming the structure. Connector pads 286 are
printed on the top   40   Claims surface of the structure and are connected
to the con- ductors 283 via vias (not shown).                  1. A process
for producing a solid composite mag- The cross section of an alternative
version of a   netic component comprising at least two different magnetic
component incorporating gapped toroidal       materials each comprised of a
ferrite matrix; magnetic structure is shown in FIG. 29. The cross  45
wherein Me ferrite materials are of the form [err] section Is taken in the
X-Y plane and shows the vias   [err] 296 used in conjunction with printed
conductors 297         comprising the steps of: (shown schematically)
printed on insulating non-mag-        preparing a magnetic material by;
netic layers (not shown) to form the magnetic device        providing a
first ferrite powder of a sub- windings. These vias 296 are formed In the
Insulating   60  stantially MnZn ferrite composition suitable to
non-magnetic insert portions 294 (via carriers) of the  provide a
relatively high permeability In a result- structure. Non-magnetic gaps 293
appear between        Ing first ferrite matrix, the two halves of the
magnetic core Material 291. The       CHARACTERIZED BY: gaps also contain
insulating non-magnetic inserts to        preparing an Insulating
non-magnetic ma- ensure conformal shrinkage.                   55
terial by; An alternative magnetic component having an E
providing a second ferrite powder of a sub- core structure is shown in an
X-Z plane cross section    stantially Ni ferrite composition suitable to
pro- in FIG. 30. It has conducting vias 306 formed in the  vide a high
resistivity and a low permeability in a 8    13                  EP 0 512
718 B1                 14 



mating surfaces. Thus, the effective permeability of  insulating
non-magnetic layers 309 and inserted via the core equals the material
permeability. This pro-  carriers 303. These vias represent a portion of
the de- vides for a significant performance advantage over  vice winding.
The windings are completed with the conventional E core structures wherein
the unavoid-  printed conductors 304 printed on the insulating ma- able
non-vanishing air gaps at the making surfaces   5   terial layers 309. The
magnetic layers 301 form the result In effective permeabilities that can be
typically  magnetic path in the structure. Connector pads 308 as low as 50%
of the material permeability. This per-  are provided on the top surface of
the structure. formance advantage for magnetic components con-        A
magnetic component Incorporating a gapped E structed according to the
principles of the Invention  core structure is shown in a cross section
view in the applies also to all the subsequently described mag-   10   X-Y
plane in the FIG. 31. This structure utilizes the netic components that
incorporate ungapped core    vias 315 in the insulating non-magnetic
inserts 316 structures.                                        and printed
conductors 317 (shown schematically) A cross section in the X-Z plane of a
magnetic  printed on insulating non-magnetic layers (not component having
an E core structure with a built in  shown) to form the device windings. A
gap 313 ap- gap is disclosed in FIG. 26. The printed conductors  15  pears
in the center leg of the magnetic material layers 264 forming the windings
are printed on selected in-  314 forming the E core. The gap also contains
an in- dividual layers of the insulating non-magnetic layers  sulating
non-magnetic insert to ensure conformal 263. The non-magnetic gap 265
occurs in the center  shrinkage. leg of the E core portion 261 of the
structure. The con-  An open structure magnetic device (i.e. a device
ductors 264 are connected, via vias (not shown) to the   20   with an open
magnetic circuit) with the cross section connector pads 268 printed on the
top of the struc-  taken in the X-Z plane is shown in FIG. 32. Conductor
ture.                                              windings 321 are printed
on several selected layers of A cross section of a magnetic component
incor-  the Insulating non-magnetic material 322 to encircle porating a pot
core structure, embodying the princi-  a central core formed of layers of
magnetic material pies of the Invention, is shown In FIG. 27. This cross
25   323. Connector pads 325 are printed on the top sur- section Is taken
in the X-Y plane. The printed conduc-  face of the structure. It is
important for the material tors 274 comprising the windings are printed on
se-  322 to be non-magnetic for this circuit to function as lected layers
of the insulating non-magnetic layers  an open magnetic circuit This
applies also to the de- 273. The magnetic material 271 is inserted into
aper-  vice of FIG. 33 described below. tures of the structure to form the
pot core configura-  30  An alternative open structure magnetic device
tion. The conductors of different layers are connected  with the cross
section taken in the X-Y plane Is shown by the vias 275.
in FIG. 33. Conductor windings are formed from the A magnetic component
having gapped pot core     printed conductors 333 (shown schematically)
printed structure Is shown in FIG. 28 with the cross section  on Insulating
non-magnetic layers (not shown) and taken in the X-Z plane. The
non-magnetic gap 281 is  35  the vias 334, which are contained in the
insulating formed in the central leg of the magnetic material 282
non-magnetic via carriers 335. The windings sur- forming the core
structure. The conductors 283 form-  round the layered magnetic material
336. Ing the windings are printed on selected layers of the insulating
non-magnetic material 284 forming the structure. Connector pads 286 are
printed on the top   40   Claims surface of the structure and are connected
to the con- ductors 283 via vias (not shown).                  1. A process
for producing a solid composite mag- The cross section of an alternative
version of a   netic component comprising at least two different magnetic
component incorporating gapped toroidal       materials each comprised of a
ferrite matrix; magnetic structure is shown in FIG. 29. The cross  45
wherein Me ferrite materials are of the form [err] section is taken in the
X-Y plane and shows the vias   [err] 296 used in conjunction with printed
conductors 297         comprising the steps of: (shown schematically)
printed on insulating non-mag-        preparing a magnetic material by;
netic layers (not shown) to form the magnetic device        providing a
first ferrite powder of a sub- windings. These vlas 296 are formed in the
Insulating   5o  stantially MnZn ferrite composition suitable to
non-magnetic insert portions 294 (via carriers) of the  provide a
relatively high permeability in a result- structure. Non-magnetic gaps 293
appear between       Ing first ferrite matrix, the two halves of the
magnetic core material 291. The       CHARACTERIZED BY: gaps also contain
Insulating non-magnetic inserts to        preparing an Insulating
non-magnetic ma- ensure conformal shrinkage.                   55
terial by; An alternative magnetic component having an E
providing a second ferrite powder of a sub- core structure is shown in an
X-Z plane cross section  stantially Ni ferrite composition suitable to pro-
In FIG. 30. It has conducting vias 306 formed in the   vide a high
resistivity and a low permeability in a 8    -
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15                  EP 0 512 718 B1                  16 resulting second
ferrite matrix, adding a Cu oxide  surrounding at least a potion of the
geometric to the second ferrite powder In an amount ranging   structure of
the magnetic core. from 1 % mol to 10 % mol of the total amount of the
second ferrite powder so that the second fer-  5. A process for producing a
solid composite mag- rite powder has a sintering rate and sintering tem-
5  netic component as claimed in claim 2 or 3, perature substantially
identical to that of the first     CHARACTERIZED IN THAT: ferrite powder,
the step of preparing an Insulating non- admixing the first ferrite
powderwith an or-    magnetic material includes adding a Mn oxide to ganic
binding material and forming the resulting    the second ferrite powder to
increase its resistiv- mixture into a first ceramic tape,          10
ity and further reduce its permeability. admixing the second ferrite powder
with an organic binding material and forming the re-  6. A process for
producing a solid composite mag- sulting mixture into a second ceramic
tape,         netic component as claimed in claim 2 or 3, forming a layered
structure with the differ-        CHARACTERIZED IN THAT: ent first and
second ceramic tape layers;   15            the step of preparing an
insulating non- laminating the layered structure by apply-    magnetic
material includes adding a Zr oxide to ing a pressure thereto,
the second ferrite powder to Increase its resistiv- firing the laminated
structure;               ity and further reduce its permeability. sintering
the resulting structure at a tem- perature exceeding [err] centigrade to
produce a   20  7. A process for producing a solid composite mag- sintered
product having two ferrite matrix materi-   netic component as defined in
claim 2, als in a single composite structure;
CHARACTERIZED IN THAT: cooling the single composite structure to
the step of preparing a magnetic material form the solid composite magnetic
component.        includes admixing the first ferrite powder with an 25
organic binder and forming the resulting mixture 2. A process for producing
a solid composite mag-       Into a second ceramic tape. netic component as
claimed in claim 1 and fur- ther CHARACTERIZED BY:
8. A process for producing a solid composite mag- the further steps of:
netic component as defined in claim 3, defining different tape layers with
speci-   3o      CHARACTERIZED IN THAT: fled layers having certain defined
apertures; and         the step of preparing air insulating non- forming
apertures within the different tape    magnetic material includes admixing
the second layers in which the apertures form a geometric      ferrite
powder with air organic binder and forming structure suitable for a
magnetic core and in       the resulting mixture into a ceramic paste.
which the apertures are filled with a material  35 comprising the first
ferrite powder; Patentansprilche 3. A process for producing a solid
composite mag- netic component as claimed In claim 1 and fur-  1. Verfahren
zur Herstellung elner festen, magneti- ther CHARACTERIZED BY:
40      schen Verbundkomponente, die aus zumindest the further steps of:
zwei unterschiedlichen Materiailen besteht, von defining different tape
layers with spec-      denen jedes eine Ferritmatrix umfait und die fied
first tape layers having certain defined aper-  Form Ma, Fe2. yO4- besltzt,
mitfolgenden Schrit- tures; and
ten: forming whihin the first tape layers a geo-   4s  Herstellen eines
magnetischen Materials durch Be- metric structure suitable for a magnetic
core and   reltstellen elnes ersten Fenitpulvers, welches im filling the
apertures with an insulating non-mag-   wesentlichen eine
MnZn-Ferritzusammenset- netic material comprising the second ferrite pow-
zung aufwelst und zur Erzeugung elner relativ der.
hohen Permeabilitit in einer entstehenden er- 50      sten Ferritmatrix
geeignet ist, 4. A process for producing a solid composite mag-
gekennzeichnet durch: netic component as claimed in claim 2 or 3
Herstellen sines isollerenden nicht-magnetischen CHARACTERIZED BY:
Materials durch Bereltstellen elnes zweien Fer- including the further steps
of                ritpulvers, welches Im wesentlichen elne Ni-Fer- printing
conductor patterns on the differ-  as  ritzusammensetzung aufweist und zur
Erzeu- ent tape layers comprising the second ferrite       gung eines
relativ hohen spezifiachen Wider- powder so that when the layered structure
is        standes und elner geringen Permeabilitat In elner formed, the
conductor patterns form a winding       entstehenden zwelten Ferritmatrix
geelgnet Ist;    17                 EP0512718BI                     18
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Hinzufuigen eines Kupferoxids zu dem zweiten      schen Verbundkomponente
nach Anspruch 2 Ferritpulver In elner Menge, die zwischen I Mol-  oder 3,
gekennzeichnot durch folgendo zusatzli- % und 10 Mol-% der Gesamtmenge des
zwelten        che Schritte: Ferritpulvers betrigt, so dag des zweibt
Forritpul-  Drucken von Leiterbahnmustern auf die aus dem ver eine
Sintergeschwindigkeit und sine Sintbr-   s  zweiten Ferritpulverbestehenden
verschiedenen temperatur aufwelst, die Im wesentlichen Iden-
Bandschichten, so dall die Leiberbahnmuster bel tisch Ist zu der
Sintergeschwindigkeit und der    der Bildung der Schichtstruktur eine
Wicidung Sintertemperatur des erston Ferritpulvers;        bilden, die
zumindest einen Tell der geometri- Belmengen eines organischen Bindemittels
zu       schen Struktur des Msgnetkerns umglbt. dem ersten Ferritpulver und
Formen der sich er-  10 gebenden Mischung zu einem ersten Keramik-     5.
Verfahren zur Herstellung einer festen, magneti- band;
schen Verbundkomponente nach Anspruch 2 Beimengen eines organischen
Bindernitteis zu      oder 3, dernzwelten Fenitpulverund Forman dersich er-
dadurch gekennzelchnet, gebenden Mischung zu elnem zweiten Keramik-  15
dae  belm Herstellen des IsbIlerenden nicht- band;
magnetischen Materials zu dem zwelten Ferrit- Bilden einer Schichtstruktur
aus den unter-       pulver ein Manganoxid hinzugeffgt wird, um sel-
schledlichen ersten und zweltbn Keramikband-      non spezifischen
Widerstand zu erh~hen und schichten;
seine Permeabilitfit welter zu verringern. Herstollen sines Laminats aus
der Schichtstruk-  20 tur durch Anlegen eines Drucks;                8.
Verfahren zur Herstellung elner fasten, magneti- Brennen der
Laminatstruktur;                      schen Verbundkomponente nach Anspruch
2 Sintern der sich ergebenden Struktur bel einer    oder 3, Temperatur
oberhalb von 8000C zur Erzeugung       dadurch gekennzeichnet, eines
gesinterten Produktes, wetches zwei, Jo  25  da6 beim Herstellen des
isollersnden nicht- aus elner Ferritmatrix bestehendeoMatbrlallen in
magnetlschen Materials zu dem zwelten Ferrit- elner elnzigen
Verbundstruktur umfal~t;           pulver ein Zirkoniumoxid hinzugefOgt
wird, um Abkuhlen der gemeinsamen Verbundstrukturzur       selnen
spezifischen Widerstand zu erhohen und Bildung einer festen, magnetischen
Verbund-       seine Perneabilitt welter zu verringern. komponente.
30 7. Verfahren zur Herstellung elner festen, magneti- 2. Verfahren zur
Herstellung einer feston, magneti-  schen Verbundkomponentb nach Anspruch
2, schen Verbundkomponente nach Anspruch 1, go-      dadurch
gekennzelchnet, kennzeschnet durch folgende zusatzliche Schrit-   daB dem
ersten Ferritpulver belm Herstellen des te:
35      magnetischen Materials eln organisches Binde- Festlegen
unterschiedlicher Bandschichten, wo-    mittel beigemengt wird, und dag die
sich erge- bei bestimmtb Schichten bestimmte festgelegte     bende Mischung
zu einem zweltbn Keramlkband Offnungen aufwelsen; und Bilden von 6ffnungen
geformt wird. In den unterschiedlichen Bandschichten,-wobei die 6ffnungen
eine f Or einen Magnetkern geeig-  4o  8. Verfahren zur Herstellung einer
festen, magneti- nets geometrische Struktur bilden und wobel die   schen
Verbundkornponente nach Anspruch 3, 6ffnungen mitelnern aus dem ersten
Ferritpulver   dadurch gekennzelchnet. bestohenden Material gefOllt werden.
daol dem zweiten Ferritpulver beim Herstollen des Isolierenden
nicht-magnotischen Materials 3. Verfahren zur Herstellung einerfesten,
magnetl-  45  ein organisches Bindernittel beigemengt wird,
schenVerbundkomponentb nach Anspruch 1, ge-       und dae die sich
ergebende Mischung zu einer kennzeichnet durch folgende zusitzliche Schrit-
Keramikpaste verarbeltet wvird. te: Festlegen unterachiedllcher
Bandschbchten, wo- bel bestimmte erste Bandschlchten bestlmmte  50
Revendications festgelegte ffnungen aufweisen und Bilden elner fur eonen
Magnetkern geeignete    1. Proc   deo fabrication d'un composant magn6ti-
geometrische Struktur in den ersten Bandschich-   quo composite solide
comprenant au moins deux ten und Fullen der 6ffnungen mit einem aus dem
matieres diff6rentes constitu6es chacune d'une zweiten Ferritpulver
bestehenden isolierenden  55  matrice en ferrite; dens loquel les matifres
en nicht-magnetischen Material.                     ferritesontdelaforme
Ml+,Fe2 yO4-z. comportant les etapes consistant a: 4. Verfahren zur
Herstellung einer festen, magneti-        preparer une matiere magn6tique
en: 10    19                 EP 0 512 718 B1                 20      C   L
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fournissant une premibre poudre de ferrite   et caractris6, en outre, par
les autres etapes en substance d'une composition de ferrite MnZn
consistent A: approprise pour assurer une perm6abilit6 relati-
definirdiffarentes couches de rubans, des vement 61ev6e dans une premibre
matrice en        couches de premier ruban sp6cifiees ayant cer- ferrite
r6sultante;                        5      taines ouvertures definies, et
caract6rise en ce que:                            former dans les couches
de premier ruban on prepare une matiere amagn6tique iso-      une structure
g6om6trique appropribe pour un lante en:
noyau magnetique et remplir les ouvertures fournissant une seconde poudre
de ferrite    d'une matbre amagn6tique Isolante comprenant en substance
d'une composition de ferrite Ni ap-  ro  la seconde poudre de ferrite.
propri6e pour assurer une r6sistivite slev6e et une porm6abilith faible
dana une seconds matri-  4. Procbde de fabrication d'un composant magnsti-
ce en ferrite resultante, ajoutant un oxyde de Cu  quo composite solide
suivant la revendication 2 A la seconde poudre de ferrite A raison de 1%
mo-  ou 3, caract6rise en ce qu'il comprend les autres laire a 10% molaire
de la quantitl toiale de la se-  15  btapes consistent A: condo poudre de
ferrite, de sorte que la seconde        imprimer des motifs de conducteurs
dans poudre de ferrite prbsentb une vitesse de frittage  les diff~rentes
couches de rubans comprenant la et une temperature de frittage sensiblement
seconde poudre de ferrite, de sorte quo lorsque Identiques a colles de la
premlire poudre de fero-  la structure en couches est form6e, les motifs de
to,                                       20      conducteurs forment un
enroulement entourant melangeant la premiere poudre de ferrite     au moins
une partie de la structure geom6trique avec une matiere llante organique
etfaconnantle   du noyau magnetique. melange resultant en un premier ruban
c6rami- quo,                                           5. Proc6de de
fabrication d'un composant magneti- m6langeant la secondo poudre de ferrite
25  que composite solide suivant la revendication 2 avec une matlere liante
organique etfaconnant le  ou 3, caracterise en ce quo l'etape de
preparation melange resultant en un second ruban cbrami-      d'une matiere
amagnetique isolante comprend que,
I'addfiton d'un oxyde de manganbse a la seconds formant une structure en
couches avec        poudre de ferrite afin d'augmentersa r6sistvIt6 et les
differentes couches des premieretsecond ru-  30  de rbduire davantage sa
permbabilit6. bans cersmiques; on lamine la structure en couches en y ap-
6. Procede de fabrication d'un composant magn6ti- pliquant une pression;
que composite solide suivant la revendication 2 on cult la structure
laminee;                ou 3, caract&rise en ce quo I'btape de preparation
on fritte la structure resultante A une tom-  35  d'une matiere amagn6tique
isolantb comprend perature d6passant 8000C afin de produire un
l'addition d'un oxyde de zirconium a la seconde produltffitte ayant deux
matilres de matrice en   poudre de ferrite afin d'augmentersa resistivit6
et ferrite dans une soule structure composite, et    de reduire davantega
as permbabilltb. on refroldit lunique structure* compos~e        '.
pourformerle composant magn~tique composite  4o  7. Prd  de fabrication
d'un composant magneti- solids.
quo compositoalide suivant la revendication 2, -
-         caract6ris6'eon ce quo 16tape de preparatlon 2. Procede de
fabrication d'un composant magn6ti-     d'une matiere magnetique tomprend
le mleange quo composite solide sulvant la revendication 1,  de la premiere
poudre de ferrite avec unilant or- et caract6ris6, en outre, par les autres
etapes  45  ganique et le faponnge du melange r6sultant en consistent A:
un second ruban c6ramique. d6finir difffrentes couches de rubans, des
couches spedfiees ayant certaines ouvertures   8. Procede de fabrication
d'un composant magneti- definies, et
quo composite solide suivant la revendication 3, former des ouvertures dans
les diff6ren-  5o  caracteris6 en co quo l'etape de preparatlon tes couches
de rubans dans lesquelles les ouver-  d'une matlbre amagnhtique Isolante
comprend le tures forment une structure geometrique appro-    melange de la
seconds poudre de ferrite avec un pribe pour un noyau magnetique et dans
lesquel-   liantorganique et le fagonnago du mblange resul- les lea
ouvertures sont remplies d'une matilre    tant en un ruban ceramique.
comprenant la promiere poudre de ferrite.  5u 3. Procde de fabrication d'un
composant magneti- que composite solids suivant la revendication 1, 11    


