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1. A process for producing a solid composite magnetic component
comprising at least two different materials each comprised of a ferrite matrix;
wherein the ferrite materials are of the form M;_, FeyyO4-;:

comprising the steps of:

preparing a magnetic material by:

preparing a first ferrite powder of a substantially MnZn ferrite
composition having a relatively high permeability for a first ferrite matrix,

preparing an insulating non-magnetic material by;

preparing a second ferrite powder of a substantially Ni ferrite
composition having a high resistivity and a low permeability for a second ferrite
matrix adding a CU oxide to the second ferrite powder in an amount ranging from
1% mol to mol 10% of the total amount of the second ferrite powder so that the
second ferrite powder has a sintering rate and sintering temperature substantially
identical to that of the first ferrite powder,

admixing the first ferrite powder with an organic binding material and
forming the resulting mixture into a first ceramic tape,

admixing the second ferrite powdered with an organic binding material
and forming the resulting mixture into a second ceramic tape,

forming a layered structure with a plurality of layers with individual
layers that comprise both the different first and second ceramic tapes;

laminating layers of the tlayergd' structure by applying a pressure thereto,
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firing the laminated structure; , ,
sintering the resulting structure at a temperature exceeding 800°
centigrade to produce a sintered product of a composite structure having a plurality
of layers with a plurality of individual layers having both the first and second
ceramic tapes; and

cooling the single composite structure to form the solid composite
'magnetic component.
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MULTILAYER MONOLITHIC MAGNETIC COMPONENTS
AND METHOD OF MAKING THE SAME
Field of the Invention '

This invention relates to a process of makins magnetic components and
to a physical structure of magnetic components made by the process and, in
particular, to monolithic composite magnetic components.

Background of the Invention
Static magnetic devices such as transformers and inductors are essential

elements in circuits requiring energy storage and conversion, impedance matching,
filtering, EMI suppression, voltage and current transformation, and in resonant
circuits. These devices, as now constructed, tend to be bulky, heavy and expensive
as compared to the other components of the circuit. Their cost tends to be dominated
by construction costs since manua) operations still form a part of the production
process for many of these compoiients. v

No widely used method of constructing and fabricating magnetic
components has resulted in any radically new and different magnetic component
structure. The current methods of manufacturing magnetic components have not
changed significantly from the traditional methods involving the mechanical process
of wrapping a copper wire around a magnetic core material or around an insulating
former (i.e. bobbin) containing core material. Hence, despite the trend towards low
profiles and and miniaturization in other electronic components, and the trend to
integration and other circuit packaging techniques, the magnetic components in
current use generally retain traditional constructions.

Receit approaches to changing the construction of magnetic
components have included layered or drop-in windings as opposed to wound
windings such as disclosed in U.S. patent 4,583,068. These techniques have
introduced new mechanical construction methods to significantly reduce hand
operations and construction costs.

~ Another recent approach to magnetic component design is a multilayer
chip inductor using thick film technology and designed as a surface mount
component. This approach is disclosed in an article entitled "Recent Topics in Soft

- Ferrites" by K. Okutani et al presented at The Int Conf. on Ferrites, ICF S, January
~ (1989). The magnetic component designated, a “chip type" inductor or transformer,

is constructed by a sequence of thick film screen print operations to build up layers
on an individual layer by layer basis, which are then fused by co-firing. This process,
which uses printed layers of ferrite paste and conductor paste (for the windings) is
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limited to the use of a single material as both the magnetic and insulating material.
This use of a single material limits the choice of materials to those having a relatively
high resistivity such as CuNiZn ferrite material which, however, has a low permeability
and low breakdown voltage capability. The process is also limited to certain
geom.ctries. Additionally, because of the absence of suitable non-magnetic inclusions in
the construction process, the net magnetic flux produced by the electrical excitation of
the winding is not ! illy coupled to each turn of the winding. In the transformer case,
this leads to a leakage inductance capability inferior to that of transformers made by
traditional construction techniques.
Summary of the Invention

Accordingly, the invention provides a process for producing a solid composite
magnetic component comprising at least two different materials each comprised of a
ferrite matrix; wherein the ferrite materials are of the form M;_,Fe; ,Oy.,:

comprising the steps of:

preparing a magnetic material by:

preparing a first ferrite powder of a substantially MnZn ferrite composition
having a relatively high permeability for a first ferrite matrix,

preparing an insulating non-magnetic material by;

preparing a second ferrite powder of a substantially Ni ferrite composition
having a high resistivity and a low permeability for a second ferrite matrix adding a CU
oxide to the second ferrite powder in an amount ranging from 1% mol to mol 10% of
the total amount of the second ferrite powder so that the second ferrite powder has a
sintering rate and sintering temperature substantially identical to that of the first ferrite
powder,

admixing the first ferrite powder with an organic binding material and forming
the resulting mixture into a first ceramic tape,

admixing the second ferrite powdered with an organic binding material and
forming the resulting mixture into a second ceramic tape,

forming a layered structure with a plurality of layers with individual layers that
comprise both the di‘ferent first and second ceramic tapes; '

laminating layers of the layered structure by applying a pressure thereto,

firing the laminated structure; V

sintering the resulting structure at a temperature exceeding 800° centigrade to
produce a sintered product of a composite structure having a plurality of layers with a
plurality of individual layers having both the first and second ceramic tapes; and

cooling the single composite structure to form the solid composite magnetic
component.

[n:\libEJO0164:1AD
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Magnetic components are fabricated, in accord with a preferred embodiment of the x
invention, as monolithic structures using multilayer co-fired ceramic techniques. In one i
preferred process for constructing a magnetic component, embodying the principles of the
invention, a first ceramic powder having the desired magnetic characteristics (e.g. high

5  permeability) is prepared and a second ceramic powder having the desired insulating and non-
magnetic characteristics (i.e. low permeability) is prepared. The term non-magnetic material
as used herein refers to a material whose magnetic permeability is low compared to that of the
magnetic material used in the component. At least one ceramic powder is admixed with an
organic binder to form a ceramic green tape. At least one ceramic powder can be doped with

10 suitable metallic oxides for the purpose of adjusting its sintering rate and temperature to
substantially equal that of the other ceramic powder. A structure is formed by successive
layering of the insulating non-magnetic material and combining it with the magnetic material
to form a structure with well defined magnetic and insulating non-magnetic regions. '

3= - conductors, having a composition compatible with these materials, are screen printed on the

15  layers of the insulating non-magnetic ceramic green tape as needed to provide windings for
electromagnetic excitation of the magnetic ceramic material. The resulting structure is
laminated under low pressure (500-3000 psi) at a temperature of 60 to 80 degrees centigrade
and the laminated structure is fired at a temperature between 800 to 1400 degrees centigrade to
form the resulting composite structure of the magnetic component.

20 Advantages offered by the use of two separate materials for the magnetic and

K insulating non-magnetic portions of structures constructed according to the principles of the

”: invention include: (i) the magnetic flux can be substantially confined to a well defined path or

region, part of which is completely encircled by the windings. This enables both a flux

c coupling to each turn of the windings and a

i
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leakage inductance cap’ability that equal those of conventional magnetic components.

(ii) the choice of magnetic material can be made on the basis of required magnetic
performance, and is not restricted only to magnetlc materials with high resistivity.

Magnetic ceramic green tape or paste material and 1nsulat1ng non-
magnetic ceramic green tape or paste materials, modified according to the principles
of the invention, so that both materials have substantially identical sintering
temperatures, shrinkage rates and overall shrinkage results, are selected to permit the
use of co-firing techniques in the construction of the magnetic components. In one
illustrative embodiment a high permeability material in ceramic green tape form,
comprising a MnZn ferrite with spinel structure, is used as the magnetic material and
a high resistivity and low permeability Ni ferrite material with spinel structure in
ceramic green tape form is used as the insulating non-magnetic material. The low
permeability Ni ferrite material is doped with copper (Cu) and manganese (Mn) to
secure the desired operative characteristics needed to permit construction by co-
firing techniques. This use of two ferrite based isostructural materials for both high
permeability and low permeability materials provides the necessary material
compatibility to allow the application of co-firing techniques in the construction of
the magnetic component. '

In this particular illustrative example, fabrication of these magnetlc
componeris involves constructing multilayers of insulating non-magnetic material as
a ceramic tape combined with a ceramic magnetic material in tape form. Apertures
are formed in the insulating non-magnetic ceramic tape material into which a |
magnetic ceramic tape is inserted. Conductdr lines are screen printed on the
insulating non-magnetic ceramic tape material and interconnected through vias to
form windings around the magnetic tape inserts. In another version, the apertures
are included in the magnetic ceramic tape structure for accepting mserts of insulative
non-magnetic ceramic tape.

In another illustrative example, fabncatron of these magnetic

components involves constructmg mululayers of 1nsulat1ve non-magnetlc material as

a ceramic tape mcludmg apertures for accepting a ceramic magnetic material in a
viscous fluidlike form. This material may be a screen printable paste composition.
In another version, a magneuc ceramic tape material includes apertures for accepting
an insulative non-magnetrc material in"a viscous ﬂuldlrke form.

~In another ﬂlustratrve embodiment of the invention, a magnetic
component may be constructed usmg a ceraxmc tape material having both magnetic
and hrgh resrstmty propemes (e a. NlZn fernte) Conductors are prmted on the
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various layers and connecte} through conducting vias to form windings. In
transformer applications the leakage inductance is limited by enclosing the adjacent
portions of separate windings within a insulative non-magnetic material (tape/paste).
Another version uses two green tape materials, such as described above, and further

5 uses a paste material (either magnetic or insulative) as magnetic or insulative inserts
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as required for the component structure. In all cases, the windings are formed using
screen printed conductors which are connected through the multilayer structure by
conducting vias. , ,

Additional characteristics of the materials must be accommodated in the
construction of these magnetic components. For example, in some embodiments,
where the via spacing determines winding pitch, the via size and hence spacing is
constrained by the tape thickness used. A thick magnetic tape needed to provide a
desired magnetic characteristic or performance requires construction of a large via
size in the insert of insulating non-magnetic tape. This via size limits the number of
windings permitted within a particular linear dimension. The winding pitch is

~ therefore limited to a dimension dictated by the thickness of the magnetic material.
Winding pitch, in some of the illustrative embodiments, is harmonized with the

- magnetic material (fluxpath) thickness requirement to achieve suitable proportions of
the conductor winding pitch by multilayering the construction of the insulating non-
magnetic inserts with thin strips of ceramic tape. This building up of thin layers to
form a single insert permits the construction of vias of small diameter to permit a
desired winding pitch while allowing the desired magnetic material thickness to
provide the desired fluxpath. :

While the illustrative embodiments described above have been denoted
in terms denoting stand alonie magnetic ¢omponents, these magnetic components
may be embedded within a general purpose multilayer substrate constructed using
the insulative non-magnetic tape material. Part of the substrate would contain at
least one magnetic component and its remaining portioh would be used to provide
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interconnection for high density component mounting on the surface.
These methods of construction permit fabrication of magnetic |
components having électromagnetic performance characteristics equaling or
_ exceeding those of magnetic components made with traditipnal construction
techniques, while providing the advantages of low profiles, minijaturization,
integration, and low-cost mass production, - . '
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Brief Description of the Drawing

In the Drawing:

FIG. 1 is a sintering rate and temperature diagram for two dissimilar
ferrite materials being prdcessed by sintering;

FIG. 2 is a sintering rate and temperature diagram for two dissimilar
ferrite materials being processed wherein at least one of the materials is composed
according to the principles of the invention;

FIG. 3 is a three dimensionai see through line drawing of a completed
composite magnetic component structure;

FIG. 4 is a cross sectional view of the composite magnetic component
structure of FIG. 3;

FIGS. 5-13 are planar views of the individua! layers of the magnetic
component structure of FIG. 3;

FIG. 14 is a three dimensional see through line drawing of a completed
composite magnetic component component structure;

FIG. 15 is a cross sectional view of the composite magnetic component
structure of FIG. 14;

FIGS. 16-20 are planar views of the individual layers of the masnetic
component structure of FIG. 14; '

FIG. 21 is a planar view of the top layer of a laminated stack of multiple
layers showing multiple magnetic components before dicing;

FIG. 22 is a planar view of the‘top layer of a multilayer stack from
which the via carriers of FIG. 18 are punched; and |

FIG. 23 is a cross sectional view of a via carrier;

Figs. 24 to 33 show cross sectional views of magnetic components
constructed according to the principles of the invention.

Detailed Description | ' ‘
' Co-fired multi layer construction has been found to be increasingly

competitive with the traditional thick film technology in the fabrication of
microelectronic circuit packages. These co-fired multilayer packages are consiructed
by using unfired green (dielectric) ceramic tape for the various layers. Compatible -
conductive compositions are used for printed conductor layers interspersed between
the dielectric layers and are also used for interlayer connecting vias. The conductive
layers are normally printed on the green tape and the entire assembly is laminated
and fired in one operation. Its chief advantages are the ability to reduce the physical
size of circuitry and improve its reliability. '
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Successful fabrication of these packages requires that the materials used
be fully compatible with each other. During sintering of the ceramic tape composite,
for example, the various layers must shrink at a rate compatible with each other to
prevent warpage of the package. Each of the layers must be chemically compatible
with each other to prevent chemical reactions resulting in various defects in the final
package. Various physical properties such as thermal expansion and flexure strength
of the different layers must also be taken into account.

These construction techniques have been limited heretofore to circuit
substrates with associated conducting paths to interconnect mounted components.
Constructing magnetic components using co-fired multilayer ceramic constructits:
with two different materials of different permeability has not been done before.
Both materials must have similar sintering characteristics. Such a construction
precess must also successfully deal with critical material composition problems
including electrical and physical compatibility of magnetic, insulating non-magnetic
and conducting materials. Material shrinkage, thermal shock resistance, thermal
expansion and durability are added considerations in the construction of these co-
fired multilayered magnetic components.

The effect of the differing sintering characteristics is shown in FIG. 1.
FIG. 1 shows the sintering rate and temperature of two ferrite materials with
different magnetic and electric properties. The solid line 101 depicts the
densification as a function of increasing temperature and time of a Ni ferrite - an

insulating non-magnetic (low permeability) material. These sintering characteristics

differ from the dotted line curve 102 of a MnZn ferrite - a mag-etic (high
permeability) material. As is apparent the differing sintering rates and temperatures
cause the two materials to shrink at different rates. This divergence continuously
widens and the MnZn ferrite material achieves a high shrinkage before the Ni ferrite
material. The final size of the two materials at the end of processing differs '
considerably by the value shown by dimension 107 in FIG. 1.

Other material related problems arise in those embodiments of a
composite monolithic magnetic component, wherein interconnecting conductive vias
form a portion of the windings. Conflicting construction requirements of the vias
and thickness of the layers could result in undesirable component characteristics
such as the winding pitch and fluxpath length that would render such magnetic
components made by é"()gﬁrcd_multilaycr construction techniques inferior in
magnetic performance as comgaﬁéd to traditional mégnetic components.
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An illustrative process embodying the principles of the invention for
constructing magnetic components using a ceramic tape material for the magnetic
portion of the structure and a ceramic tape material for the insulating non-magnetic
portion. These ceramic materials are spinel ferrites of the fom M, _ Fe, O, ..

X <Yy
The values for x, y, and z may assume both positive and negative numerical values.

- The M material normally includes at least one of the elements Mn, Ni, Zn, Fe, Cu,

Co, Zr, Va, Cd, Ti, Cr and Si. Both of these materials (insulating non-magnetic-low

permeability and magnetic-high permeability) must have the desired physical and

electrical properties to facilitate the construction of a suitable magnetic component.

One ceramic tape material is used for the high permeability magnetic structure of the

component and another ceramic tape material is used for the low permeability

structure of the component. Two ferrite basec powders form the basic material of

each of the ins.:}ative non-magnetic and magnetic tape materials. The first ferrite

powder, in the illustrative example, is formulated as a MnZn ferrite (e.g. a high

permeability material). A second ferrite powder, in the illustrative example, is

formulated as a high resistivity low permeability Ni ferrite material. The two

powders are each separately combined with organic binders to formulate a first and

second ceramic green tape material respectively. To insure that the two tape

materials have substantially identical sintering temperatures and rates the low

permeability material including Ni ferrite is doped with copper oxide in an amount

equaling 1 to 10 mol % of the overall composition of the material. In the particular

illustrative embodiment, herein, a percentage of 2 to 5 mol % of copper oxide added

to the Ni ferrite powder has been found to be effective. Adding the éoppcr oxide

introduces a liquid phase into the material during sintering of the tape material. This .

operative condition lowers the sintering temperature and modifies its sintering rate to i %

a level where the high permeability and low permeability material each have : :

substantially identical sintering rates and temperatures. : ‘
The effect of matching the sintering rates and temperatures is shown in (N

the graph of FIG. 2 wherein the solid line 201 represents the sintering characteristic Lo

of the high permeability MnZn ferrite material. The corresponding characteristic of b

the NiCu ferrite material is shown by the dotted line 202. As is apparent the two n

characteristic lines are substantially identical to each other. The substantially

identical shrinkage rates and temperature allow the two materials to be co-fired

without introducing mechanical stresses that would prevent the forming of the

composite structure. !
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| VPlnralities of the two ceramic green tape materials are layered witha
desired geometry to form a laminated structure wnh well defined magnetic and non-
magnetlc regions. Conducting paths are deposited on selected 1nsulat1ng non- -

magneuc tape layers. These conductmg paths are connected by vias formed in the

layers to create desired multiturn wnndmgs for the magnettc component.
The conducting paths in the illustrative embomments are constructed of

- aconductive material that is amenable to printing or other deposition techmques--md
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" 'v form 'he top and bottom structure of the component Conductwe viag 308 areused

is compatible with the firing and sintering process characteristics of the ferrite
materials. Suitable conductive materials include palladium (Pd) or palladium-silver
compositions (Pd-Ag) dispersed in an'organic binder. Other suitable compositions
irclude conductive metallic oxides (in a binder) which have the same firing and _
sintering characteristics as the ferrite materials used in constructing the magnetic
devices. ' ' '

The structure formed by the layering technique is laminated under
pressure and then co-fired and sintered at a temperature of 1100 to 1400 ‘zgrees
Centigrade to form a monolithic magnetic component structure having the desired
electrical and magnetic properties.

To increase electrical resistivity and further reduce the low permeabtltty
of the second tape material, the Ni ferrite powder material is doped with.¥ntoa =
content equaling 1-10 mol % of the overall material composition.

A see through pictorial view of an illustrative magnetic component
constructed according to the principles of the invention is shown in FIG. 3. This

~ component is constructed as a multiple winding transformer having a toroidal

magnetic core structure. This toroidal core comprises four well defined sections 301
to 304 each of which is constructed from a plurality of high permeability ceramic

- green tape layers. Sections 302 and 304 are circumscribed by conductive windings

305 and 306, respectively. Taken sepanitely these windings form the primary and

~ secondary of a transformer. [If these windings are connected in series, the structure
-functions as a multiple turn 1nductor] Windings 305 and 306 are formed by screen

pmmng pairs of conductor turns on to a plurahty of insulating non- magnetic cerannc

~green tape layers, ezch msulatm g non-magnetlc layer having suitable apertures for

containing the secuons of magnettc green tape layered inserts. The turns pnnted on
each laVCl' are connected to tums of the other layers with conducnve vias 307 (i.e. a

throug't hole filled wnth a conduc ave matenal) Addmonal insulating non-magnetlc G

layers are used to contaln secttons ’%01 and 303 of the magnetic tape sections andto
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1o connect the ends of the wmdmgs 305 and 306 to connector pads 309 on the top
\ surface of the component. ‘The msulatmg non-magnetic regions of the structure are R }\ i
denoted by 310. Current excitation of the windings 305 and 306 produces a
magnetic flux in the closed magnetic path defined by the sections 301 - 304 of the
5 toroidal core. The fluxpath in this embodiment is in a verucal plane [The X-Z plane
shown in FIG.3.] ' : :
A cross sectional view (parallel to the X-Z plane) showmg in detail the
-individual tape layers of the magnetic component structure of FIG. 3 is disclosed in
FIG. 4. Member 401 is an insulating non-magnetic tape layer. Member 402 includes
10 layers of non-magnetic tape each having an aperture in which a magnetic section 411
~ (shown as member 301 in FIG. 3) is inserted. The number of layers used to form
members 402 and 411 is determined by the required magnetic cross section area.

A o | Members 403 - 407 forming the next section includes single layers of insulating
S - “non-magpnetic tape having apertures for containing magnetic material sections 412

R 15 and 413 (shown as members 302 and 304 in FIG. 3). Members 403 to 406 contain ‘
.+ conductor tums 414 and 416 printed on each individual layer. In this particular E
st illustration a four turn winding is shown. It is to be understood thjat many added -

S turns are' possible by increasing the number of layers and by printing multiple -
concentric turns on each layer. Member 408 is similar to member 402 and includes

. . 20 an insulating non-magnetic tape having an aperture containing a magnetic insert 418.
LT ~ The top member 409 is an insulating non-magnetic tape layer. Connector pads 421
. ey are printed on the top s‘urface to facilitate electrical connecﬁon to Llle' windings_of the -
Bt component. | R
feoe® S ' The individual layers are shown in the ﬁgures 5 through 13 FIG 5

25 shows the bottom member as an insulating non-magnetic layer 501. FIG. 6 shows a
o top view of the next men' oer above layer 501 and compnses an insulating non-
Peens® . magnetic tape 601 wnh an aperture 603 containing an insert 602 of magnetic tape
| ‘ material. This member may compnse several tape layers determined by the requued .
. magnetic Cross section. The next member in the structure is shown in FIG. 7and
30“ , compnses the 1nsulat1ng non-magnetlc tape layer 701 containing the apertures 703
- and 704 i into which magneuc inserts 705 and 706 are placed Conductors 707 and
A 708 are pnnted onto the top surface of the 1ape layer 701. These conductors 707 and; '
o 708 comprise a smgle turn each of the transformer wmdmgs (shown as wrndmgs 305
: and 300 in FIG. 3). A smgle tum is shown surroundmg each aperture, however B
35 muluple tums surroundmg each aperture may be pnnted on each layer. An
: ) msulaung non-magnenc layer 801 shown in FIG 8 compnses the next structural

SRS s S ST I S
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“mcml‘:)cr and includes apertures 802 and 803, containing magnetic inserts 805 and

806. The conductors 807 and 808 are the second set of turns in the windings. They
are connected by vias 809 and 810 to the first set of turns printed on the previous
layer shown in FIG. 7. The vias 813 and 814, which have ring like pads on the
surface of layer 801, connect to the other ends of the windings on the layer 701 and
correspond to similar vias in the above layers to connect to connector pads on the top
surface of the structure shown in FIG, 13, The ring like pads surrounding the vias
are included to simplify the alignment of vias in the various layers. FIG. 9 shows the
construction of the next member and includes a insulating non-magnetic tape layer
901; the apcrtureé 902 and 903 containing magnetic tape inserts 904 and 905 and the
conductors 906 and 907. The conductors 906 and 907 are the third set of turns in the
windings and are connected by vias 908 and 909 to the second set of turns shown in
FIG. 8. Vias 910 and 911 connect to the vias 813 and 814 shown in FIG. 8. The
next member shown in FIG. 10 includes an insu!ating non-magnetic tape layer 1001

“with two apertures 1002 an’ 03 including magnetic inserts 1004 and 1005. The

winding turns are the fourth sc. of turns and include the conductors 1006 and 1007.
The vias 1008 and 1009 connect these conductors to the conductors of the previous
layer of FIG. 9. Vias 1010 and 1011 are part of the conductive path coupling the
conductors of the bottom layer with the connector pads on the top surface of the
structure. This is the last layer including the windings. It is to be understood that
the number of turns is illustrative only and that the structures may contain many
additional turns. Tiie member illustrated in FIG. 11 includes an insulating non-

B magnetic layer 1101 with apertures 1102 and 1103 containing magnetic tape inserts
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1104 and 1105. Conducting vias 1106 and 1107 connect to the conductors shown in

FIG.10 and conductirg vias 1108 and 1109 are part of the conductive path coupling
the conductors of the bottom layer with the connector pads on the top surface of the
structure. ‘I'n’s member of FIG. 11 is operative to insulate the conductor windings
from the next member shown in FIG. 12. This member is similar to the member -
shown in FIG. 6 and includes a set of insulating non-magnetic tape layers 1201 cach
of which include an aperture 1203 containing the magnetic inserts 1202. In addition,
this member includes the conducting vias 1204, 1205 1206 and 1207 connected to
the coﬁ-csponding- vias of the adjacent members. The top member, shown in FIG.
13, includes an insulating non- magnetic layér 1301 and connector pads 1302 to
1305 each containing a conductive via 1312 to 1315, respectively, which provide v
connection to the corresponding vias in the pn:vioins member of FIG. 12.
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A see through pictorial view of another illustrative magnetic component
constructed according to the principles of the invention is shown in FIG. 14. This
co’mponeht, as in the case with the prior example, is also constructed as a multiple
winding transformer having a toroidal magnetic core structure. A major difference
from the embodiment of FIG. 3 is that the flux path is horizontal [i.e in the X-Y
plane]. The toroidal core is defined by a main structure of magnetic material 1401
positioned between top and bottom members 1415 and 1416 which are insulating
non-magnetic material layers. Member 1401 is further punctuated by inserts of
insulating non-magnetic material inserts 1402, 1403 and 1404 which provide support
for conducting vias 1421 which form part of the windings. The windings 1411 and
1412 are the primary and secondary, respectively, of the transformer. Windings
1411 and 1412 may be connected in series to form an inductor. These windings are
formed by screen printing conductors on a layer of member 1415 near the top of the
structure and screen printing conductors on a layer of member 1416 near the bottom
of the structure and interconnecting these printed conductors with the conducting
vias 1421 to form the windings. Connector pads 1417 are printed on the top surface
of the top layer of member 1415 and are connected by conducting vias 1422 to the
windings 1411 and 1412.

A cross sectional view (parallel to the X-Z plane) of the structure of
FIG. 14 is shown in FIG. 15 and shows in detail the individual tape layers. The
bottom and top members 1501 and 1505 each comprise insulatii;g non-magnetic tape |
layers. Member 1501 has conductors 1511 and 1512 screen printed on its upper
surface. Member 1502 has conducting vias 1506 to connect the printed windings of
1501 to a series of conducting vias 1513 that eventually connect to printed
conductors 1525 and 1526 printed on the top surface of the insulating non-magnetic
tape member 1504. Member 1503 comprises a plurality of magnetic tape layers
1514 (or a single magnetic tapé layer of appropriate thickness) and insulating non-
magnetic inserts 1521 to 1523 formed from a plurality of insulating non-magnetic
layers incIuding the series of conducting vias 1513. These inserts 1521 to 1523 are
called via carriers herein and are operative to support th@ conducting vias.

The individual layers are shown in the figures 16 through 20. The first
member comprising layer 1501 of FIG. 15 is shown in FIG 16. It includes a layerof
i'nSulziting non-wagnetic tapé 1601 on which the conductors 1602 have been screen

printed. The next member above it is shown in FIG. 17 and comprises insulating
~non magnetic tape layer 1701 into which conducting vias 1702 with end ring pads

have been constructed. These vias are in registration with the ends of the printed -
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conductors 1602 shown on the layer 1601 in FIG. 16. The next member is shown in
FIG. 18 and comprises a layer or layers of magnetic tape 1801 which include the
apertures 1802, 1803 and 1804 into which the via carriers 1805, 1806 and 1807 are
inserted. These via carriers are formed from a plurality of non-magnetic layers and
include the conducting vias 1810. These vias 1810 are in registration with the vias
in the different layers and the terminal ends of the printed conductors on the layers in
members 1501 and 1504 shown in FIG. 15. The top set of printed conductors 1901
and 1903 are shown in the FIG. 19 and are printed on the top surface of a layer of
insulating non-magnetic tape 1902. Both ends of the printed conductors 1901
terminate in conducting vias 1911 and a single end of the printed conducters 1903
terminates in vias 1913. The vias 1911 and 1913 connect the top and bottom planes
of printed conductors. The top member, shown in FIG. 20, comprises a layer of
insulating non-magnetic tape 2001 with cénnecting pads 2002 printed on its top
surface. These pads are connected by the conducting vias 2003 to the non via ends
of the printed conductors 1903 shown in FIG. 19.

A method of producing multiple magnetic components in one operation
is shown in FIG. 21. A laminated stack 211 of a plurality of layers of insulating
non-magnetic tape and magnetic tape is shown with non-magnetic inserts (via-
carriers) 212 buried within the stack. The outlines 213 define the multiple individual
components which are separated by dicing along these outlines. Each individual
component has the structure shown in FIGS. 14-20. These outlined components can
be diced out prior to or subsequent to the step of co-firing of the components. This
method of producing multiple magnetic components in one operation, through
illustrated here only for the structure of FIGS. 14-20, can be applied to any magnetic
component constructed according to the principles of the invention.

The construction of non-magnetic inserts containing vias, or via carriers, _
is shown in FIGS. 22 and 23. A structure of multiple layers of non-magnetic ‘
material is formed. Each layer contains conducting vias 221 in individual blocks ‘ d
defined by the outlines 222 These blocks are punched out to create the individual
non-magnetic inserts 225 for constructing the magnetic components. o 5

A cross section of the via carrier construction is shown in FIG. 23. The - !

g

vias 235 are formed in a laminated stack of tape layers 232. The thinness of the
individual layers 232 permits the creation of vias 235 having a diameter sufficiently
small to permit a fine winding pitch.
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A cross section of a magnetic component having a toroidal magnetic
structure with a built in non-magnetic gap in the magnetic fluxpath is shown in FIG.
24. The cross section cut in this view is in the X-Z plane. This arrangement is a

vertical structure in which the insert portions 241 are magnetic. The construction of

this structure is similar to that of the structure shown in FIGS. 3 and 4, except that
the central insulating non-magnetic layer or layers 248 do not have apertures for
insertion of magnetic material. The magnetic path defined by the inserts 241 is
therefore interrupted by non-magnetic gaps 245, the length of which can be
controlled by the layer thickness or number of layers comprising 248. The structure
thus constitutes a gapped magnetic structure. The layered insulating portions 243
and 248 of the structure have surface printed conductors 244 comprising the
windings of the magnetic component. The members 249 comprise insulating non-
magnetic tape layers and, like the structure of FIGS. 3 and 4, provide top and bottom
insulative layers and apertures containing portions of the magnetic inserts 241.
Connector pads 247, provided on the top surface of the structure, are connected to
the conductors 244 through vias which are not shown in this view.

A composite magnetic component structure incorporating a magnetic E
core structure is shown in a cross section view in FIG. 25. This cross section view is
cut in the X-Y plane. The magnetic insert portions 251 are inserted in apertures in
the layered non-magnetic insulating portion 253 and are the core structure that
provides the magnetic path for flux. The conductors 254 are printed on the layers of
non-magnetic material 253. The vias 255 provide interlayer interconnections, and
vias 256 are part of the conducting path connecting conductors of the bottom layer
with the connector pads on the top surface. Unlike conventional E core structures
which are comprised of two core halves mated together, the E core structure of FIG.
25 has a magnetic path uninterrupted by mating surfaces. Thus, the effective
permeability of the core equals the material permeability. "“his provides for a
significant performance advantage over conventional E core structures wherein the
unavoidable non-vanishing air gaps at the making surfaces result in effective
pcnneébilities that can be typically as low as 50% of the material permeability. This
performance advantage for magnetic components constructed according to the
principles of the invention applies also to all the subsequently described magnetic
components that incorporate ungapped core structures.

A cross section in the X-Z plane of a magnetic component havmg anE
core structure with a built in gap is disclosed in FIG. 26. The printed conductors 264

fomnng the windings are prmted on selected individual laycrs of the msulatmg non-
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magnetic layers 263. The non-magnetic gap 265 occurs in the center leg of the E
core portion 261 of the structure. The conductors 264 are connected, via vias (not
shown) to the connector pads 268 printed on the top of the structure. ,

A cross section of a magnetic component incorporating a pot core -
structure, embodying the principles of the invention, is shown in FIG. 27. This cross
section is taken in the X-Y plane. The printed conductors 274 comprising the '
windings are printed on selected layers of the insulating non4magnc\i¢ layers 273.
The magnetic material 271 is inserted into apertures of the structure to form the pot
core configuration. The conductors of different layers are connected by the vias 275.

A magnetic component having gapped pot core structure is shown in
FIG. 28 with the cross section taken in the X-Z plane. The non-magnetic gap 281 is
formed in the central leg of the magnetic material 282 forming the core structure.
The conductors 283 forming 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 surface of the structure and are connected to the conductors 283
via vias (not shown). )

The cross section of an alternative version of a magnetic component
incorporating gapped toroidal magnetic structure is shown in FIG. 29. The cross

- section is taken in the X-Y plane and shows the vias 296 used in conjunction with

printed conductors 297 (shown schematically) printed on insulating non-magnetic
layers (not shown) to form the magnetic device windings. These vias 296 are formed
in the insulating non-magnetic insert portions 294 (via carriers) of the structure.
Non-magnetic gaps 293 appear between the two halves of the magnetic core material
291. The gaps also contain insulating non-magnetic inserts to cnsufe conformal
shrinkage.

An alternative magnetic component having an E core structure is shown
in an X-Z plane cross section in FIG. 30. It has conducting vias 306 formed in the
insulating non-magnetic layers 309 and inserted via carriers 303. These vias
represent a portion of the device winding. The windings are completed with the
vrinted conductors 304 printed on the insulating material layers 309. The magnetic
layers 301 form the magnetic path in the structure. Connector pads 308 are prov1ded
on the top surface of the structure. -

A magnetic cpmponent incorporating a gapped E core smuctm is shown
in a cross section view in the X-Y plane in the FIG. 31. This structure wiilizes the
vias 315 in the insulating non-magnetic inserts 316 and printed conductors 317
(shown schematically) p‘rinted' on insulating non-magnetic layers (not shown) to
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. form the device windings. A gap 313vappears in the center leg of the magnetic
material layers 314 forming the E core. The gap also contains an insulating non-
magnetic insert to ensure conformal shrinkage.

An open structure magnetic device (i.e. a device with an open magnetic
circuit) with the cross section taken in the X-Z plane is shown in FIG. 32.
Conductor windings 321 are printed on several selected layers of the insulating non-
magnetic material 322 to encircle a central core formed of layers of magnetic
material 323. Connector pads 325 are printed on the top surface of the structure. It
is important for the material 322 to be non-magnetic for this circuit to function as an
open magnetic circuit. This applies also to the device of FIG. 33 described below.

An alternative open structure magnetic device with the cross section
taken in the X-Y plane is shown in FIG. 33. Conductor windings are formed from
the printed conductors 333 (shown schematically) printed on insulating non-
magnetic layers (not shown) and the vias 334, which are contained in the insulating
non-magnetic via carriers 335. The windings surround the layered magnetic material

336.

While many specific implementations of the invention have been shown
it is to be understood that many variations of this invention may be implemented by
those skilled in the art without departing from the spirit and scope of the invention.
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Claims: _ _ _
o 1. A process for producing a solid composite magnetic component
comprising at least two different materials each comprised of a ferrite matrix;
wherein the ferrite materials are of the form M;_ Fez__yO;;_z: '

comprising the steps of: '

preparing a magnetic material by:

preparing a first ferrite powder of a substantially MnZn ferrite
composition having a relatively high permeability for a first ferrite matrix,

preparing an insulating non-magnetic material by;

preparing a second ferrite powder of a substantially Ni ferrite

~ composition having a high resrstmty and a low permeability for a second femte

matrix adding a CU oxide to the second ferrite powder in an amount ranging from
1% mol to mol 10% of the total amount of the second ferrite powder so that the
second ferrite powder has a sintering rate and sintering temperature substantially
identical to that of the first ferrite powder,
admixing the first ferrite p_owder with an organic binding material and
forming the resulting mixture into a first ceramic tape, ‘
admixing the second ferrite powdered with an organic binding material

and forrmng the resulting mixture into a second ceramic tape,

fomung a layered structure with a plurality of layers with 1nd1v1dual
_layers that comprise both the different first and second ceramic tapes;

laminating layers of the layered structure by applymg a pressure thereto,

firing the laminated structure;

- sintering the resulting structure at a temperature exceeding 800°
centigrade to produce a sintered product of a composite structure having a plurallty
of layers with a plurality of md1v1dual layers having both the first and second
ceramic tapes; and '

cooling the smg]e composrte structure to form the solid composite

_ magnetrc component,

2. A process as claimed in claintl comprisihg the ‘further steps of: -

deﬁnmg different tape 1ayers w1th specified layers havmg apertures to

permit 1nclu51on of ﬁrst and second cerarmc tapes within a smgte layer; and-
ﬁllmg the apertures w1th a matenal havmg the ﬁrst femte powder

.' 3., A process as claimed'ih clairn*i compnsmg the fu_rther steps‘ of:* L
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defining different tape layers with specified layers having apertures to
‘permit inclusion of first and second ceramic tapes within a single layer, and

filling the apératures with an insulating non-magnetic material
comprising the second ferrite powder.

5 4. A process as claimed in claim 2 or 3 comprising the further step of:

_ printing conductor patterns on the different tape layers comprising the
second ferrite powder so that when the layered structure is formed, the conductor

patterns form a winding surrounding at least a portion of the geometric structure of

the magnetic core.

10 5. A process as claimed in claim 2 or 3 wherein the step of preparing-an
insulating non-magnetic material comprises adding 2 Mn oxide to the second ferrite
powder to increase its resistivity and further reduce its permeability.

6. A process as claimed in claim 2 or 3 wherein the step of preparing an
insulating non-magnetic material comprises adding a Zr oxide to the second ferrite
15 powder to increase its resistivity and further reduce its permeability.

7. A process for producing a solid composite magnetic component
substantially as hereinbefore described with reference to the drawings.

DATED this Second Day of September 1994
American Telephone & Telegraph Company

Patent Attorneys for the Applicant
SPRUSON & FERGUSON
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| ‘ Mult'ilay'e’r Monolithic Magnetic Co‘mpbh‘énts‘ gt
~and Method of Maklng the Same
ABSTRACT

| Magnet1c components are fabr1cated as monol1th1c structures using‘”
5 mu]t11ayer co-fired ceramic tape technlques f_Fabr1cat1on of  these

‘magnetlc components involves . construct1ng- : mUJtiple - layers
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