1 ELECTRCﬁ&E'INDUCTIVE DEVI CE AND METI | OD FOR MANUFACTURI NG Thi gRviese i on
Telates.-to methods and devices for fabrication of ferromagnetic conponents:
such as inductors, chokes and transformers by printed wiring board (PWB) -
t echni ques. Background of the Invention |Inductive conponents, such as
transforners, comon-node chokes, relays, and other nmagnetic coupled
conponents or devices, enploying toroidal ferromagnetic cores, are
conventional | y manufactured as discrete gonponents as follows. The toroidal
core is manual ly or automatically wound wth insul ated copper or nmagnet
wire foll owed by encapsul ati on of the wound coil and sol der term nation of
the coil's wire leads as required by the application circuit for which it
i s i-ntended. The convent iRt TRONICANIYCTIVE DEVICRAM®UNt S for 50% of the
| abor - costs, with solder termnination. and encapsulatlon processes requiring
40% and 10% respectively. N RabHL BINGnvent i onal technol ogy
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This invention relates to methods and devices for fabrication of ferromagnetic

components such as inductors, chokes and transformers by printed wiring board (PWB)

techniques.

Background of the Invention

Inductive components, such as transformers, common-mode chokes, relays, and other
magnetic coupled components or devices, employing toroidal ferromagnetic cores, are
conventionally manufactured as discrete components as follows. The toroidal core is
manually or automaticaily wound with insulated copper or magnet wire followed by
éncapsulation of the wound coil and solder termination of the coil’s wire leads as required by
the application circuit for which it is intended. The conventional technology’s winding
accounts for 50% of the labor costs, with solder termination and encapsulation processes
requiring 40% and 10%, respectively. The total labor for the conventional technology
represents about 65% of the total cost of goods sold. The resultant components’ high
frequency performance (i.e., leakage inductance, distributed and inter-winding capacitances,
and longitudinal balance) varies considerably due to difﬁculty in maintaining control over the
placement of the magnet wires.

cntio

mmary of the

An object of the invention is a ferrdmagnetic component fabrication technology that is -
capable of mass-production of high—perfoﬁnance inductor and transformer products at a lower
cost compared to conventional fabricated products. -

Another object of the invention is a ferromagnetic component fabrication technology
providing more reliable or repeatable components with better control over its propertics.

In accordance with one aspect of the present invention, inductive components are
fabricated on a mass production basis using PWB techniques. In the inventive method,
ferromagnetic cores arce mountcd in holes or embedded in subslratcs or carriers that are

primarily clectrically msuhlm;, and non-magnetic, but are covcrcd with conductive layers on

opposilc major surlaces of the carrier. - '
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represents about 65% of the total cost of goods sold. The resultant
conponents' high frequency performance (i.e., |eakage inductance,

di stributed and inter-w nding capacitances, and |ongitudinal bal ance)
vari es considerably due to difficulty in maintaining control over the

pl acement of the magnet wires. Summary o the Invention An object of the
i nvention is a ferromagneti c conponent fabrication technology that is

capabl e of mass-production of high-performance inductor and transforner
products at a [ldyrshdwles s arsalestrically conduethts WHAFVE abYine Gy ledn phBtimeing
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i nvention, inductive conponents are fabricated on a mass production basis
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| ayer s on coprsivé Ryemj or surfaces of the carrier

In a preferred embodiment, the carrier is constituted by a sandwich of four PWB
layers laminated together to form an assembly. Conductive traces on the inner PWB layers
are used with vias to form a first coil encircling a toroidal ferromagnetic core, and conductive
traces on the outer PWB layers are used with vias to form a second coil encircling the toroidal
core and overlying the first coil.

A major benefit of this method for manufacturing inductive components is eliminating
manual intensive processes including core winding, encapsulation, and solder terminations.
This reduction in manual labor greatly reduces manufacturing cost not only by reducing the
amount of labor required but also by reducing the cost of labor since a lower skill level is
needed to implement the technology of the invention.

Another important benefit is tighter control of high frequency parameters of the
resultant components because of tighter fabrication tolerances. For example, it is possible
with standard PWB technology to place all vias and conductive traces within 1 mil of

~ optimum position. '

" These and other objects and attainments together with a fuller understanding of the
invention will become apparent and appreciated by referring to the following descriptions and
claims taken in conjunction with @hc accompanying drawings which illustrate by way of
cxample and not limitation preferred embodiments of the invention and wherein like
rcference numerals denote like or corresponding parts.

Summary of the drawings

Figs. 1-4 arc schematic cross-sectional views of steps in the fabrication of one form of
a transformer application which inciudes but is not limited to tapped windings in accordance
with the invention;

Fig. 5 is an exploded pcrsbcctivé view showing mounting of individual toroidal cores’

" into a substrate or carrier;



2 Through-holes that are electrically conductive and serve as vias (a term
‘of art nmeaning an electrically conductive hole formng an el ectri cal

i nt erconnection between electrically conductive points at different |evels
or layers of an assenbly) are provided on opposite sides of each
ferromagnetic core to formthe sides of & set of one or nore turns formng
a coil encircling the core. The tops and bottoms of the coil turns are

formed by patternin e canductive | ayers 5 enbodi ment ,
carrier is congt‘fv t(UtgédaW"éfc§’é’ﬁﬂ§ﬁ°§ﬁ“‘g¥'W0‘{fr'heF’\ﬂ§"Fé’ﬁf% Fah e PE &”P‘dﬁet her :
to form aq,rgﬁfg(q‘gl y. Conductive traces on the inner PWB | ayers are used
with vias orma first coil encircling a toroidal ferromagnetic core,

and conduct i ve Figsag ésa porspichibveoriéve of fidBarriay eff Rig off; e used WI th vias to forma
second coi | en CI‘Il grscgi ! 1 Q%re:[ srzzﬁerg\z(\)t{coérgsﬁlscc:ctgngl vé:gvgs (? foSrrtlllg{’ steps in ch f '1b¥|§<}uo%%lf Ilhc
transformer whose fabrication was begun in Figs. 1-7;

Figs. 16A-16D illustrates the conductive trace pattern at the different levels of the
transformer fabricated in Figs. 1-15; |

Fig. 17 is a perspective view of the finished transformer;

Figs. 18 and 19 are perspective and side views, respectively, of a modification;

Figs. 20-22 are schematic top and cross-sectional views, respectively, of a single
inductor device created from a ferromagnetic rod core embedded in a insulating carrier base
with plated micro-vias, top and bottom layer plated signal traces, and I/0 pads;

Figs. 23 and 24 are schematic top and side views, respectively, of a dual inductor
device with additional center-tapped I/0 pad created in the same fashion as shown in the
single inductor device of Figs. 20-22;

Fig. 25 is a schematic top view of an integrated embedded ferromagnetic filter
component of the type commonly found in a local area network communications interface
card, fabricated in accordance with the invention.

escripti fi Embodi
There will now be described in detail as an example the fabrication of transformers
“with tapped primary and secondary windings in accordance with the invention.

For many applications, the components may be fabricated from ordinary insulated
boards coated or otherwise covered with conductive layers, and xvith vias formed by stamping
or machining. Morcover, inductive components can be fabricated with rod cores or toroidal

~ cores, containing any desired number of wires, number of turns, winding methodology, such
as bifilar, trifilar or quadfilar, configuration, such as no taps, single center-tap or dual center-
taps, and various core geometries. However, an important feature of the invention is the
ability to mass-produce at low cost micro-inductors, transformers and other inductive
components of very small dimensions, for example, of 280 mils on a sidec with terminals
spaced 100 mils apart. For this application, the drilled vias must not exceed 6 mils in

diameter. For accurate placement of vias, ordinary drilling and stamping are not sufficiently

accurate and thus the known technology of laser drilled holes is preferably used. For laser



A maj or benefit of this method for manufacturing inductive conponents is
el i m nating manual intensive processes including core w nding,

encapsul ati on, and solder term nations. This reduction in nanual | abor
greatly reduces manufacturing cost not only by reducing the anmount of |abor
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closely-coupled primary and secondary windings on toroidal cores.

Fig. 1 shows a double-sided, copper-clad C-stage laminate 10 comprising a middle
electrically insulating part 12 of several sheets of epoxy/E-glass or epoxy/thermount
laminated to two 0.5 or 1.0 oz copper foil sheets 14. F ig. 2 illustrates a typical one-sided B-
stage laminate 16 made up of one insulating layer 18 and one copper foil sheet 20. In Fig. 3,
a pattern of spaced holes 22 is drilled in the C-stage laminate 10. In Fig. 4, the copper-
cladding 14 has been etched off in its entirety leaving the insulating center 12 with roughened
major surfaces 24, the resultant board now referenced 26. The roughened surfaces are
desirable for the subsequent lamination steps to ensure good bonding. While it may be
possible to start with insulating boards and directly roughen the surface, etching off of the
copper cladding is a more reliable method of providing an insulating layer with roughened,
laminatable-ready surfaces.

Fig. 5 shows the beginning of the lamination process with the B-stage laminate 16
placed in the bottom of a conventional lamination press (not shown) and the drilled and
etched C-stage laminate 26 on top. A thin layer of fiber filled epoxy, gfound pre-preg or
Kevlar pulp 29 is layered into the holes 22. Toroidal ferromagnetic cores 30 are installed in
cach of the core holes 22. Fig. 6 continues with adding another layer of fiber filled epoxy,
pre-preg or Kevlar pulp 32 on top and in the center of toroids 30 completely covering the
cores 30 and embedding the cores 30 in the insulating carrier 12.

Fig. 7 is a perspective view of the assembly of Fig. 6, containing multiple rows of
multiple holes/row cach containing a blind hole 34 formed by drilling 22 in the laminate 26
whose bottom is closed off by the laminate 16. Some of the holes 34 contain fiber filled

epoxy ground pre-preg, or Kevlar insulating material 29 into which toroidal ferromagnetic

cores 30 will be placed. |



Figs. 1-4 are schematic cross-sectional views of steps in the fabrication
of one formof a transforner application which includes but is not linited
to tapped wi ndings in accordance with the invention; Fig. 5 is an expl oded
per spective view show ng nounting of individual toroidal cores into a
substrate or carrier; .3 Fig. 6 is a sclhematic cross-secti-onal view of
the carrier of Fig. 5 show ng placenent of one core; Figs. 7 is a
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illustrates the conductive trace pattern at the different |evels of the
laminated, for example at 350-400°F for about 90 minutes.

Fig. 9 shows the final laminated inner-layer panel 36 with the embedded to}oidal
cores 30 surrounded by fused fiber filled epoxy, ground pre-preg or Kevlar pulp 29, 32. The
resultant lamﬁnatcd panel 36 comprises an insulating center ply covered at top-and bottom
with copper cladding 20.

The lamination step preferably takes place in vacuum or an inert atmosphere, such as

“nitrogen, to avoid damage to the ferromagnetic properties of the core materials. Preferably
the cores are composed of maganese-zinc or nickel zinc soft high-permeability ferrites,
available commercially. These materials can suffer degradation if hcatéd at elevated

~ temperatures in an oxidizing atmosphere.

The process continues in Fig. 10 where the resultant panel 36 (hereinafter called from
time-to-time the inner panel) with embedded cores 30 are laser-drilled to form sets of
through-holes 38 on opposite sides of the core material to serve as inner layer micro-via holes
33. The holes will typically range in diameter from 3 to 20 mils. Laser drilling is preferred
for micro-via holes because of its accuracy and speed.

Fig. 11 shows the inner-layer micro-vias 38 after electroless plating in known manner.
The micro-vias 38 are filled with copper and are now conductive micro-vias, referred to as
40. Fig. 12 is the result of two further process steps. First, the drilled and plated inner-layer
36 is sent through a conventional image, direct plating, electrolytic plating, and circuit
etching process which creates the inner-layer primary circuit signal layers 42, 43. Next, a -
sandwich is formed comprised of a bottom B-stage panel 24, the etched, plated, and drilled
inner-layer laminated panel 36, and a top B-stage panel 24, which is then vacuum laminated
as previously described to create a laminated outer-layer panel 44.

Figs. 16A and 16B show a single unit view of the inner sigﬁal traces 42, 43 on top 60 -
and bottom 62, respectively, of the inner lami.nated board 44.

In Fig. 13, outer-layer micro-via holes 46 are laser drilled in the laminated outer-layer

panel 44. Fig. 14 shows similar to Fig. 12, direct or electroless and electrolytic plated outer-

layer micro-vias 40 in the drilled laminated outer-layer panel 44.



transfornmer fabricated in Figs. 1-15; Fig. 17 is a perspective view of the
fini shed transformer; Figs. 18 and 19 are perspective and side views,
respectively, of a nDdification; Figs. 20-22 are schematic top and
cross-sectional views, respectively, of a single inductor device created
froma ferromagnetic rod core enbedded i®n a insulating carrier base with
plated mcro-vias, top and bottom | ayer plated signal traces, and | / O pads;
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The resultant rigid PWB panel 44 is then sent through solder mark and V-scoring

processes. The V-scoring process cuts horizontal and vertical V-score lines on both sides of
the rigid PWB panel 44. Fig. 7 illustrates.by dashed lines 56, 57 just two of the score lines.
Vertical 56 and horizontal 57 ecore lines are made between each row and each column of
embedded core units, outside of the contact pads indicated in Figs. 16A-16D at 59.
Individual units are then severed at the score line's. Each individual unit, indicated at 62 in
Fig. 17, comprises an embedded core 30 with inner prihaw turns (not shown) represented by
conductive traces 42, 43 and vias 40 over which are provided outer secondary turns
represented by conductive traces 50, 52 and vias 48. Both primary and secondary windings
encircle core 30.

Fig. 17 shows one version of the component with pins 64 installed, while still in panel
form, from the bottom side of the rigid PWB panel 44.

Figs. 18 and 19 show a modified unit 66 with Ball Grid Array (BGA) solder bumps 68
installed, while still in panel form, on the bottom side of the rigid PWB panel 44.

As will be evident from Figs. 16A-16D, the terminals in the right side connect to the
inner primary winding, and the terminals on the left hand side connect to the outer secondary
winding. .

The preceding embodiments have described the manufacture of a plurality of
inductive cemponents simultaneously in a large-area PWB, from which individual units can
be severed. The process of the invention is also applicable to the fabrication of single units,
or of a plurality of interconnected single units to form a network of components.

Fig. 20 shows a top view of a single inductor device comprised of top layer signal
traces 73, bottom layer signal traces 74, plated micro-vias 71, a middle insulating base
matcrial 70, an embedded ferromagnetic rod core 72, and two /0 pads 77 at oppositc-cnds of
the assembly. In this cmbodi'mem, a single coil surrounds the rod-shaped core 72.

Figs. 21 and 22 show cross-scctional views of the same single induelur device shown

in Fig. 20, which includes a middle insulating base material 70, a top insulating layer 75, a4



Fer many applications, the conponents may be fabricated fromordinary

I nsul at ed boards coated or otherw se covered with conductive |ayers, and

with vias forned by stanping or machi ning. Moreover, inductive conponents

can be fabricated with rod cores or toroidal cores, containing any desired

number of wires, number of turns, wi ndind nethodol ogy, such as bifilar,

trifilar or quadfilar, configuration, such as no taps, single center- tap or

dual center- taps, and various core geonetries. However, an inportant
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i n diameter. For accurate placenent vias, ordinary d | 1ng and st anpi ng
are not sukticeivithtalnyiddie insulating baaednattctrwd; 70 h:éatkhmm-lves ﬁh,cclndvgsid@ff | aser
drilled hc%l:r(radcimllgsnc é %fd%gr%b;ybol?om layer sngna?traces 73, télp layer signal traces 74, top
insulating base material 75, bottom insulating base material 76, and three 1/O pads 77. The
middle 1/0 pad 77 converts the single unit into a center-tapped or dual inductor device.
- Fig. 25 shows a top schematic ﬁcw of an integrated embedded ferromagnetic filter
device which includes two inductors L1 and L2, three chip capacitors C1, C2, and C3, a
transformer T1, a common-mode choke T2, and signal traces 78. Transformer T1 and choke
T2 show embedded toroidal cores 30 with two of the four topside signal traces 42 and 50.
Dual inductors L1 and L2 show the same items 70 through 77 described in Fig. 23. This
embodiment demonstrates that the invention is suitable for the fabrication of many of the
same single components in one set of PWBs, and a plurality of different components in one
set of PWBs, with some of the components, same or different, interconnected by signal traces .
on the inner or outer boards to form an integrated circuit of electrical components. The
integrated circuit of Fig. 25 could be used as part of a filter module in a communication
cil;cuit such as that described in the IEEE 802.3 Ethernet standard. .

It will be appreciated that other electrode and connector arrangements are alsc;
possible. Also, types of inductive componerits other than a tapped transformer caﬁ also be
made. Also, while each winding would typically comprise many turns in the preferred
embodiments, windings of only one turn are also possible. Ilence, as used herein, a set of
turns can include | or more turns.
| While not essential, it is preferred that the vias forming part of a single winding arc
uniformly spaced, easily accomplished with laser drilling, as the resultant winding has more
regular turns and thus more uniform clectrical properties. With the preferred core geomeltry,
which is annular, usually toroidal shaped, the vias must go through the core hole at the center.
The fiber filled epoxy, ground pulp or pre-preg stuffed into the core holes or cavitics and
around its periphery is insulating and prevents short-circui.ling of the vias so long as they are
‘spaced apart.

'I'o. make a simple inductor with one winding, only a two-sided layered structure is

nceded, containing the traces which. together with cach sct of two vias forms the coil winding.



drilling, certain kinds of rigid PWB lanm nates are preferred. These
'general 'y include non- Woven aram de types available comrercially from
suppliers such as DuPont under the nanmes of"epoxy/E-glass" or
"epoxy/thermount”, and typically referred to in the art as C-stage |am nate
material typically 48-50 mls thick. Ao of preferred use are so-called
B-stage or pre-preg lanmnate materials. The nost inportant application of
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suit the application. Additionally, other components can be attached to the embedded

ferromagnetic device with SMT and TMT, and/or thick-film components in a subsequent

process.

The lamination conditions described are not critical, and other tempcrziturcs and limes
can be substituted, especially if different board materials are used. Appropriate lamination
conditions are available from the board suppliers.

The process lends itself well to mass production using individual and well-known
established techniques including preparation of the B-stage and C-stage boards, laser drilling
of the holes, plating of the vias, plating of the board’s surfaces, lamination of the individual
boards to form the inner and outer panels, with the ferrite cores available in that form directly
from suppliers. Also, thé provision of the pin or bump terminals for PCBs is well known in
the art.

In the preferred embodiments described, the ferrite coré or cores are embedded in an
insulating carrier. However, the embedding of the cores can also be carried out in the reverse
manner, namely, by placing the core or cores in a mold, and molding an insulating carrier of a
suitable plastic around cach of the cores so that the finished molded product has the cores
embedded in an insulating carrier. Additional layers with conductive coatings can then be
laminated to both sides of the molded carrier to provide the traces to form the windings for
the cores.

While the invention has been described in conjunction with specific embodiments, it
will be cvidénl to those skilled in the art that many alternatives, modifications and variations
will be apparent in light of the foregoing déscription. Accordingly, the invention is intended

to embrace all such alternatives, modifications and variations as fall within the spirit and

scope of the appended claims.



'possible to start with insulating boards and directly roughen the surface,
‘etching off of the copper cladding is a nore reliable nmethod of providing

an insulating layer with roughened, |aninatable-ready, surfaces—Fg—5_
shows the beginning of the |am nation process with the mnate 16
placed in the bottom of .a conventional ?am nation preSs Wﬂ, t he
drilled and etched C-stage |lam nate 26 on top. A th|n | avere | ed
epoxy, ground pre-preg or Kevlar pulp 29 is |ayered into the hol es

Toroi dal ferromagnetic cores 30 are installed in each of the core holes 22.
Fig. 6 ceiliiges W th addi ng another |ayer of fiber filled epoxy, pre-preg
or Kevlar pulp 32 on top and in the center of toroids 30 conpletely
covering the cores 30 and enbedding the cores 30 in the insulating carrier

12. Fig. 7is g neﬁcma@smaf@atmgewn@ﬁmgnmd@é&eémeMS.Pgu.E&:&s 6, contai ning
mul tiple rows of multiple holes/row each containing a bl'ind hole 34 forned

by drilling 22 in t@p | aghteadify ZRerd@adic Bd imQdier HaliRs £ Horthdgnd iksiBting
| am nate 16. Sone of the holes 34 contain fiber filled epoxy ground

pre-preg,laydf, Kevlar insulating material 29 into which toroidal
ferromagnetic cores 30 wll be placed.
b) providing on opposite surfaces of the insulating layer first and second
conductive layers, respectively,
(©) forming conductive through-holes exténding through said carrier on opposite
sides of the ferromagnetic core and connected to the first and second conductive layers,
(d) thereafter patterning the first and second conductive layers to form, together
with some of the conductive through-holes, at least one set of interconnected conductive turns encircling

the ferromagnetic core to form at least a first coil of said electronic component.

2. The method of claim 1, further comprising the step of patterning the first and second
conductive Iayers to form, together with others of the conductive through-holes, at least another set of
interconnected conductive turns encircling the ferromagnetic core to form at least a second coil

magnetically coupled by the ferromagnetic core to the first coil.

3. A metho;'l of fabricating electronic components for use as transformers, chokes or

inductors, comprising the steps:

(@) embedding a plurality of spaced ferromagnetié coresina non-magﬁetic
insulating layer,

®) providing on opposile surfaces of the insulating layer first and second
conductive layers, respectively,

(c) forming conductive through-holes extending through said carrier on opposite
_sidcs of each of the ferromagnetic cores and connected to the first and second conductive layers,

(d) thereafier patterning the first and second conductive layers to forh, together -
with some of the conductive (hrough-holes, at least onc sct of interconnected conductive turns encircling

cach ferromagncetic core to form at least a first coil of an clectronic component.
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5. A mcthod of fabricating an clectronic componcent for usc as an inductor, transformer or
choke, comprising the steps:
@) providing a carricr having a middle insulating layer covered on opposite

surfaces with at lcast first and second conductive layers, respectively,

(b) providing at least on cavity in the carrier,
(©) inserting in the cavity a core of ferromagnetic material,
(d) forming conductive through-holes extending through said carrier on opposite

sides of the ferromagnetic core and connected to the first and second conductive layers,

(e) _ thereafter patterning the first and second conductive layers to form, together
with some of the conductive through-holes, at least one set of interconnected couductive, turns encircling
the ferromagnetic core to form at least a ﬁrst coil of said electromc component.

6. The method of claim 5 further comprising the step of patterning the first and second
conductive layers to form, together with others of the conductive through-holes, at least another set of
interconnected conductive turns encircling the ferromagnetic core to form at least a second coil
magnetically coupled by the ferromagnetic core to the first coil. |

7. The method of claim 5, wherein a plurality of cavities are provided in the carrier, and

placing in each of the cavities a ferromagnetic core.

8. The method of claim 7, wherein the cavities are blind holes.
9. The method of claim 5, wherein the cores are annular or rod-shaped.
10. The method of claim 5, further comprising:
() providing on opposite sides of the carrier second and third insulating layers

cach covered with third and fourth outer conductive layers, respectively,

(®) forming conductive lhrough-holcs on opposxtc sides of the ferromagnetic core

and connected (o the third and fourth conductive laycr



tenperatures in an oxidizing atnosphere. The process continues in*ELg 10
where the resultant panel 36 (hereinafter ca

i nner panel) with enbedded cores 30 are Iaser-drl | Jiﬂml(mlg'wmt“gjf)

t hr ough- hol es 38 on opposite sides of tﬁf core mat I nner

| ayer mcro-via holes 33. The holes wi T typicalliy range in di aneter from 3
to 20 mls. Laser dr lin Ig : Its
accuracy and speed. @ P‘11Cﬁ"'ﬁ"ﬁétﬂrﬁgﬁlr%‘ﬁ{ehrcg*'ﬁ'%/@rc “gré?(g‘lo\%‘?égsgég%l "93

el ect r ol edwouph-holesaf ﬂicn(m Aolgast asepondisct ofi¢paduelivertpmny engircl 3@ sameofftid ﬂcmfﬂm@lh
copper ang are now conductive mcro-vias, referred to as 40. Fig. 12 is the
result of two further process steps. FII’St the drilled and pl at ed

i nner -l ayer 36 lils sehe mdtrod @ftlaiz @oﬁﬂlmmlwmlngismgg fraih the carrigrl cat prwgore
electroly ' ' ' - i

o - oy Sedofte St et ook S a0 R el e SERER 1B nc o

f or med cotmllsedfcﬁnlaalmduoomcsdgtcm@e panel 24, the etched, plated, and
drilled inner-layer |amnated panel 36, and a top B-stage panel 24, which
is then vacuum | am nated as previously described to create a | am nated

outer-layer pangl 44, nﬁ:llgg of fjﬂﬁéa@t@gi %@Q%n&QQMcrﬁ'f&q}s@‘as‘ﬁq'1&du<¥lbleWalgfonBa%r

I nner signal traces 42, 4
- choke, comprising the steps:

(@ providing a carricr having a middle insulating layer covered on opposite

surfaces with at least first and second conductive layers, respectively,

) providing at lcast one cavity in the carricr,

- {C) inserting in the cavity an annular core of ferromagnetic material having a hole,
(d) filling the core hole with insulating material, |
(e) forming conductive through-holes extending through said carrier and outside of

and through the insulating material in the ferromagnetic core hole and connected to the first and second
conductive layers,
® patterning the first and second conductive layers to form, together with some of
the conductive through-holes, at least one set of interconnected conductive turns encirciing the
ferromagnétic core to form at least a first coil of said electronic component.
13. The method of claim 12, further comprising étep () being carried out after steps (a) -
(e).
14. A method of fabricating an electronic component for use as an inductor, transformer or
choke, comprising the steps:
(a) providing a carrier having a middle insuiating layer covered on opposite
surfaces with at least first and second conductive layers, respectively,
(b) - providing at least one cavity in the carrier,

(c) . inscrting in the cavity a core of ferromagnetic material,



and bottom 62,  respectively, of the inner |amni naté&d board 44. In F| .
:outer-layer mcro-via holes 46 are |laser drilled i n ““tmm”ii\
outer-layer panel 44. Fig. 14 shows simlar to Fig. | m tml‘l
el ectroless and electrolytic plated oujgr- layer nicro-viagd 40 i B
drilled | am nated outer-|layer panel 44. 6 In Fig. 15, the mcro V|a
drilled and plated &t er -fbrayjeg condudlivrdhrgughdhoics c)seﬁtngtlhp@ﬁhqhida#rricreqrmPQSb¢ ytic
pl ati ng operation which creates the outer-layer secondary circuit signal
| ayers 5Gjdedd thofcfranmnaiccorphedtadectad ¢ itic PsBindserend corduglive 1386, and 16D show a
single unit view of the outer signal traces 50, 52 on the outernost top and
bottom | ayers, resp€nti velayernifiphefies aid sagond pinduatividdRrptaifarin, waethes with somaseint
t hrough sol der mark and V-scoring processes. The V-scoring process cuts
hor i zont ahe @nductier thioogli-hdlessaideast dné seeef inprcoramedtedsiontustivgfturns encircling the
ferromagnetic corc to form at lcast a first coil of said electronic component,
@ providing on opposite sides of the carrier second and third insulating layers
each covered with third and fourth outer conductive layers, respectively,
2 forming conductive through-holes on opposite sides of the ferromagnetic core
and connected to the third and fourth conductive layers,
(h) patterning the third and fourth conductive layers to form together with the

though-holes of step (g) at least a second set of conductive turns encircling some of the ferromagnetic

COrcs.

15. A ferromagnetic device comprising:
(a) an assembly of at least first and second outer conductive elements and a third

inner insulated element,

®) said first conductive elements forming first conductive traces on the third inner
element, |

©) said second conductive elements foming second conductive traces on the third
inner element,

(d) a ferromagnetic element in a cavity in the third inner element with insulating

filler material encapsulating the ferromagnetic element in the cavity,

(e) first conductive vias extending through said assembly on opposite sides of the
ferromagnetic clement and between and connected to the first and second conductive traces,

$)] said conductive vias forming with its connected first and second conducl_ivc
traces at lcast a first clectrical winding constituted of at least a single winding turn surroundiﬁg the |

ferromagnctic clement,

‘This Sheet Has Been R
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the rigid PWAB panel 44. Fig. 7 illustrates by dashe‘d |l i nes 56, 57 just two
of the score lines. Vertical 56 and horizontal

bet ween each row and each col umm of enbedded core EI!ﬂlﬁ mﬁmﬁ“mﬂ'ﬂat he
contact pads indicated in Figs. 16A- | 6D at 59. nists*are the
severed at the score |lines. Each individgal umt i ndicated at 62 in Fi g.
17, conprises an enbedded core 30 with inner primary turns (not shown)
represented by condugpi ve idrinmaieonwt2tjond® aaleskt Wic asds40the fiest clvdmiicahwiadieg.pr ovi ded
outer secondary turns represented by conductive traces 50, 52 and vias 48.
Both primary and. secaneadsonbicodpongs fensd as ah tdamortradelornkdr gr chilie, sdngpaisingne
versi on of the conponent with pins 64 installed, while still in panel form

from the bottom sidepf. t@ragstgigofRViBaspAREind 4ékonddugs contictiaieleidéhisin@Witdrd
nodified unit 66 with Ball Gid Array (BGA) sol der bunps 68 install ed,

whi | e sti lidnet insudA&Rdlentcal Maving/a civig, bott om si de of the rigid PWB panel 44. As
wll be evident fromFigs. 16A-16D, the termnals in the right side connect

to the inner primaryeM ndisfi@ firsbébiddclies ddchis fdnfag st tdidudtivt {raddssiihshde inner
connect to the outer secondary w nding.
clement,
© saici sccond conductive elements forming second conductive traces on the third
inner element,
(d) a ferromagﬁe(ic element in the cavity of the third inner element with insulating
malerial cﬁcapsulating the ferromagnetic clement in the cavity,
(¢)  first conductive vias extending through said laminated assembly on opposite
sides of the ferromagnetic element and between and connected to the first and second conductive traces,

@ said conductive vias forming with its connected first and second conductive

traces at least a first electrical winding constituted of at least a single winding turns surrounding the

ferromagnetic element,
(® terminal connections to at least the ends of the first electrical winding.
17. . The component of claim 16, wherein the first electrical winding is constituted of plural
turns,
18. The component of claim 17, wherein the core is an annular or rod-shaped core.
19. The component of claim 18, wherein the core is annular, and the via_s extend inside and

outside of the annular core.

20.  The component of claim 16, further comprising at least an additional pair of insulating -
clements on, respectively, the first and second conductive elements,-at least an additional pair of
conductive traces formed on the additional pair of insulating elements, respectively, second conductive
vias extending on opposite sides of the ferromagnetic element and connected between the additional pair
of conductive traces and forming therewith at least a second electrical winding surrounding the
fcrromagncllc clement, terminal connections to at least the ends of the second electrical winding.

21, The componcnt of claim 20 whcrcm the first and second electrical winding arc cach
-
heet Has Been F ‘{e‘laced

\\Ii\l\\ (LR

conslituted of plural wmdmg, furns. .



The precedi ng enbodi ments have descri bed t he manuf-act ure-of—a—pturatity of

inductive conponents simnultaneously in a |large-area PWB._ fr '
i ndi vidual units can be severed. The process of t ﬂl‘l” jl g“] m SO
applicable to the fabrication of single units, L I

i nterconnected single units to forma hétwork of corrponents. Fig. 20 shows
a top view of a single inductor device conprised of top |ayer signal traces
73, bottom | aye?- si ghlficompeiemol faim 3, whesein Hic dyras of thesecpnd elgcirigalyinding overlic

i nsul at i Ng,cRAREMTL G chkirilll wiRingenbedded ferronagnetic rod core 72, and two
|/ O pads 77 at opposite ends of the assenblly In this enbodi ment, a single
coi | surrounds 2he rbl-cstiagnent of eaien Hpwhargigg urap ferrgmagnetic deierpisarcrsabedded i b al

views of "ubfa iR Thsiht lcﬁ:lﬂcﬂlgmt'l‘aﬁmgﬁ}’%&%n& n@&@@aﬂcProﬁd% fofifing Wo?ﬂml‘er\ﬁh&quss a

m ddl e insulating base matertal 70, a top insulating |ayer 75,
bot t om i nsukhgtpiuwy fGreppagncyie cleemns, and meany iglercppnscling ‘hOa‘f’f"@ﬁtfé’ad’éﬂalff‘é’fq"@Mnet ic

rod core ¢Rmchi®R form an integrated circuit on the assembly.

24, The component of claim 16, wherein the core is annular with a hole, insulating material
fills the core holc, and some of the conductive vias extend through (he insulating material encapsulating

the ferromagnetic clement.

25. An clectronic component for use as an inductor, transformer or choke, comprising:
(a) an asscmbly of at least first and second outer conductive elements and third

inner insulated element,

(b) said first conductive element forming first conductive traces on the third inner
element,

(c) said second conductive element forming second conductive traces on th_e third
inner element, |

(s)] a ferromagnetic element embedded in the third inner element,

(e) first conductive vias extending through said laminated assembly on opposite

sides of the ferromagnetic element and between and connected to the first and second conductive traces,
() said conductive vias forming with its connected first and second conductive

traces at least a first electrical winding constituted of at least a single winding turns surrounding the

ferromagnetic element,
® terminal connections to at least the ends of the first electrical winding,
(h) at least an additional pair of insulating elements on, respectively, the first and

second conductive elements,

_ (i) at least an additional pair of conduétivc traces formed on lhc additional pair of

insulating clements, respectively, ms neu Has Been Re laced
. !
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| ayer signal traces 73, bottom | ayer signal traces 74, and two 1/0O pads 77.
Figs. 23 and 24 show top and cross-sectional views respectively of a dual
i nductor device with a mddle insulating base I

m cro-vias 71, enbedded ferromagneti rod cor enﬁlﬂmm "mﬂuwmﬂy gnal
traces 73, top | ayer si gnal traces 747 top insul &tihg bade fat érial 75,
bottominsulating b t . dle 1/0
pad 77 converts t he%z fec ecg{ljdr??ll e ‘m C\qc"qd‘ér?f' 8?"0?'565%%&3'?" fﬁru%ﬁ‘agf'%'&ﬁgf"ﬁ'r“ and
devi ce. tiC

ferr ornatgne'éH cé&gllcﬁ{lg\rl\ﬁ'ﬁ%}"%avﬂ% "%Egl"%l{ﬂ"ﬁfd &85 %%"ﬂ'ﬂﬁhlcgﬁ“é E'Clilcaéh*blscfﬁ‘s t hree
chip capg a forner T1l, a conmmon- node choke T2,
and signZE&%rég"la§§u"q?gﬁgpgﬁﬂgwm 8n'hoke T2 show enbedded t oroi da

.Cor es 30 with two O{kgf%gﬁmtuloHrﬁnc&t?ogﬂoql?lcfslt %]%‘t“ﬁ oF &ggc%ﬁ%&g g?‘?"gl&"?ﬁl Fig. 23.

i nductors L1 and L2 rou

Thi s enbodi nenlt( de Scto[ ﬁ&n%ﬁt otfgf%u %ﬁ'e nK Q:tclor%rllﬁl %\ﬂﬁr wi lba Iléoi(i’ m&latwlcrghd a

fabrication of nman sare S|ngle Eonponen

luralit one,_set of
(F:) onpone n%{‘g? the %IL 1% ﬁ@&%‘ '? QH&%%?Q% P g?%% Nhé ﬁl L g “"%'135 16 '“‘h"&% g?mBﬁ ri‘#‘i% finer
or outerlggards to forman integrated circuit of electrical conponents. The

""rns Sheet Has Been Repl
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|ntegrated circuit of Fig. 25 could be used as part of a filter nodule in a
“communi cation circuit such as that described in the | EEE 802.3 Et hernet
standard. It will be appreciated that other el ectrode and connector
arrangenents are al so possible. Also, types of inductive conponents ot her
than a tapped transforner can al so be nmade. Al so, while each wi nding would
typically conprise many turns in'the preferred enbodi nents, w ndings of
only one turn are al so possible. Hence, as used herein, a set of turns can
include I or nore turns. Wiile not essential, it is preferred that the vias
form ng part of a single winding are gniforn1y spaced, easily acconplished
with laser drilling, as the resul t ant wi ndi ng -has nore regul ar turns and
thus nore uniformel ectrical properties. Wth the preferred core geonetry,
which is annul ar, usually toroidal shaped, the vias nmust go through the
core hole at the center. ﬂﬁiel”tll!ié)Nl“G INEH(E]WEWI‘W@QM%UI p or pre-preg
stuffed into the core holes &ﬂy" . . periphery is

i nsul ati ng and prevents shor | ong as they are

spaced apart. To make a si WWWW, only a two-sided
l-ayered structure is C -

Inductive electrical components fabricated by PWB techniques of ferromagnctic core

or cores are embedded in an insulating board provided with conductive layers. Conductive
through-holes are provided in the board on opposite sides of a core. The conductive layers
are patterned to form with the conductive through-holes one or more sets of conductive turns
* forming a winding or windings encircling the core. The conductive layers can also be
patterned to form contact pads on the board and conductive traces connectiﬁg the pads to the

windings.

FlG. 1S
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needed, containing the traces which together with each set of two vias
forms the coil w nding. 8 For a typical transforner, a 4 |layer PWB
structure is typically required with the center lam nate for the core, the
two adjacent inner layers for one winding, and (the two outer layers for
the second wi nding. The typical dinmensions of a tapped transfornmer woul d be

260 x 300 mls and 65 mls thick. These dinensions are not critical. It
will also be appreciated that nore than one conponent can be incorporated
in each unit severed fromthe large panel. In an integrated nodul e, many

toroi dal cores and rods can be arrangg in a manner to suit the
application. Additionally, other conponents can be attached to the enbedded
ferromagnetic device with SMI and TMI, and/or thick-filmconponents in a
subsequent process. - “/;o
14 12
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The | am nation conditions described are not critical, and other
tenperatures and tines can be substituted, especially if different board
materials are used. Appropriate |am nation conditions are available from
the board suppliers. The process lends itself well to mass production using
i ndi vi dual and wel | - known established techni ques including preparation of
the B-stage and C-stage boards, | aser ;H'Ili ng of the holes, plating of the
vias, plating of the board's surfaceé% %Mﬁ nation of the individual boards
to formthe inner and outer panels, with the ferrite cores available in
that formdirectly fromsuppliers. Also, the provision of the pin or bunp
termnals for PCBs is well known in the art. In the preferred enbodi nents
described, the ferrite core or cores are enbedded in aninsulating carrier.
However, the enbedding of the cores can also be carried out in the reverse
manner, nanely, by placing the core or cores in a nold, and nol di ng an
insulating carrier of a suitable plastic around each of the cores so that
the finished nol ded product has the cores enbedded in an insul ating
carrier. Additional layers with conductive coatings can then be | am nated
to both sides of the nolded carrier to provide the traces to formthe

wi ndi ngs for 29

34




t he cores.
'speci fic enbodi nents,
many al ternatives,

VWil e the invention has been described in conjunction with

it will be evident to those skilled in the art that
nodi fications and variations will be apparent in light

of the foregoing description. Acco
enbrace all such alternatives, nod
the spirit and scope of the append
fabricating a ferronmagnetic device,
a ferromagnetic core in a carrier

rdingly, the invention is intended to
ifications and variations as fall wthin
ed cl ai nms. CLAIMS: 1. A method of
conprildi ng the steps: (a) enbeddi ng
havi ng a non-nmagnetic insulating |ayer,

(b)

second conductive | ayers,

provi di-ng on opposite surfaces of the insulating |ayer first and

respectively,
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(c) form ng conductive through-hol es extending through said carrier on
‘opposite sides of the ferromagnetic core and connected to the first and
second conductive | ayers, (d) thereafter patterning the first and
second conductive layers to form together with some of the conductive

t hrough- hol es, at | east one set of interconnected conductive turns
encircling the ferromagnetic core to fonn at least a first coil of said

el ectroni c conponent. 2. The net hédiaf claim 1, further conprising the
step of patterning the first and second conductive |ayers to form together
wi t-h others of the conductive through-holes, at |east another set of

i nt erconnected conductive turns encircling the ferromagnetic core to form
at |east a second coil nagnetically coupled by the ferronagnetic core to
the first coil. 3. A nmet hod of fabricating el ectronic conponents for
use as transformers, chokes or inductors, conprising the steps: (a)
enbedding a plurality of spaced ferromagnetic cores in a non-nagnetic

i nsul ating | ayer, (b) provi di ng on opposite surfaces of the insulating
| ayer first and second conductive |ayers, respectively,

. o * - -./-7 o‘\ -_-:-o":-\ ——————— : M '//A
USSR T TR N N N
////7/////V/////\//////)(//////////////////J
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(c) form ng conductive through-hol es extending through said carrier on
opposite sides of each of the ferromagnetic cores and connected to the
first and second conductive |ayers, (d) thereafter patterning the first
and second conductive layers to form together with sone of the conductive
t hrough- hol es, at | east one set of interconnected conductive turns
encircling each ferromagnetic core to %9&_ at least a first coil of an

el ectroni c conponent . 4 The nethod of claim.3 further conprising
the step (e) patterning the first and second conductive layers to form
together with others of the conductive through-holes, at |east another set
of interconnected conductive turns encircling at | east sone of the
f-erromagnetic cores to fg{m at Ieas%xﬁ second coil nagnetically coupled to
at | east sone of the first coils. 5. A net h@2 of fabricating an

el ectroni c conponent for\use as an iMpductor, trankformer or choke,
conprising the s ' :

20
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(a) providing a carrier having a mddle insulating | ayer covered on
opposite surfaces with at |east first and second conductive | ayers,
respectively, (b) providing at |east on cavity in the carrier, (c)
inserting in the cavity a core of ferromagnetic material, (d) form ng
conductive through-hol es extendi ng through said carrier on opposite sides

of the ferromagnetic core and connecig g%to the first and second conductive

| ayers, (e) thereafter patterning the first and second conductive
| ayers to form together with sone of the conductive through-holes, at
| east one set of interconnected cogndagtive tuaps ent@rcling thes
~ferromagnetic core to format | eagt first cojl of/said el ectfonic
conmponent. 6. r———JHH}4H§4KmLe¢72La ; step of
patterni ng the BiIL&T - ZNdZS V/ﬁ Lo 2 ’,! T 1Xe - Valrers:'ld-a-For her with
others of t@e ¢ON ¥C1've~fn¢’&m§, ay; TN A : 44
i nt er connect N cr N e YU endiACI- NI he | g omagnag Felca cafo form
at least a secqQnd™NgOiR I rrﬂLraLJ LO it Hﬁ X er Nqragnet core to
the first coil . pF—>— e d o : yty of
cavities are pr : o ~Znddp cavities a
ferromagnetic core. ( ( ( (
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8. The met hod of claim7, wherein the cavities are blind holes. 9.
‘The nethod of claimb5, wherein the cores are annul ar or rod-shaped. 10.
The nethod of claimb5, further conprising: (f) provi di ng on opposite
sides of the carrier second and third insulating |ayers each covered with
third and fourth outer conductive |ayers, respectively, (Q) form ng
conductive through-holes on opposite sides of the ferromagnetic core and
connected to the third and fourth connghive | ayer, (h) patterning
the third and fourth conductive layers'to formtogether with the

t hrough-holes of step (g) at |east a second set of conductive turns
encircling sone of the ferromagnetic cores. 11. The net hod of claim10,.
further conprising severing fromthe carrier one or nore electronic
conponents each conprising a ferronagnetic core or cores encircled by at
| east one coil and at

» -/ .’ o @ /)- \a\'\\ -/\.\-\ -
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| east 1 set of contact pads connected thereto. 12. A net hod of
fabricating an el ectroni c conponent for use as an inductor, transforner or
choke, conprising the steps: (a) providing a carrier having a mddle
insul ating | ayer covered on opposite surfaces with at least first and
second conductive | ayers, respectively, (b) provi ding at |east one
cavity in the carrier, (c) inserting in the cavity an annul ar core of
ferromagnetic material having a hole, (d) . filling the core hole with
insulating material, (e) f ormi ng_conducti ve through-hol es extendi ng

t hrough said carrier and outside of %&&?through the insulating material in
the ferromagnetic core hole and connected to the first and second
conductive layers, (f) patterning the first and second conductive

| ayers to form together with sone of the conductive through-holes, at

| east one set of interconnected conductive turns encircling the
ferromagnetic corgpto format | &8t a first coil of said el4kctronic
conmponent. 13. The net hod of \claim 12, further conprisiﬁg step (f)

bei ng carﬁé;j\, after—steps—t O . @)
AN/
o e :;-' »__ 0
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(e) 14. A nmethod of fabricating an el ectronic conponent for use as an
i‘nductor, transfornmer or choke, conprising the steps: (a) providing a
carrier having a mddle insulating |layer covered on opposite surfaces with
at least first and second conductive |ayers, respectively, (b)

providing at |east one cavity in the carrier, (c) inserting in the
cavity a core of ferromagnetic material, (d) form ng conductive

t hr ough- hol es ext endi ng t hrough said @Wﬂifﬂ on opposite sides of the
ferromagnetic core and connected to the]Tlrst and second conductive | ayers,
(e) patterning the first and second conductive |ayers to form together
wi th sone of the conductive through-holes, at |east one set of

i nt erconnected conductive turns encircling the ferromagnetic core to form
at least a first coil of said electronic conponent,




(f) provi ding on opposite sides of the carrier second and third
insulating | ayers each covered with third and fourth outer conductive

| ayers, respectively, (9Q) form ng conductive through-holes on opposite
sides of the ferronmagnetic core and connected to the third and fourth
conductive layers, (h) patterning the third and fourth conductive |ayers
to formtogether with the thr.ough-hol a9/a2 step(g) at | east a second set of
conductive turns encircling sone of the ferronmagnetic cores. 15. A
ferromagneti c device conprising: (a) an assenbly of at |east outer

" conductive first and second el enents and an inner insul ated non-magnetic
~third elenent, (b) sai d conductive first elenents form ng conductive
first traces on the inner third elenent, (c) sai d conductive second

el ements form ng conductive secon traces on the inner third elenment, (d)
a discrete ferronagnetlc el ement V|ng an annular5Body with a hole
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positioned in a cavity in the inner third elenment wwth insulating filler
‘mat eri al encapsul ating the ferromagnetic elenment in the cavity and filling
the hole, (e) conductive first vias extending through said assenbly

al ong the outer side of and through the filled hole of the ferromagnetic

el ement and between and connected to the conductive first and second
traces, (f) sai d conductive vias fprpizmg with its connected conductive
first and second traces at |east an electrical first w nding constituted of
at least a single winding turn surrounding the annul ar body of the
ferromagneti gzl ern} (9) term nal 7gonnggtions to at | east the ends of

the el ectrical fir§t Lmnding. 16. ‘Ths/device of claim 15, wherein the
device is an el troﬁ}c conponent for jsesas an.inductor,7 rapsforner or
choke, and_the|efeghri gal Mir bndimy fAs cénstituted of TD\I,a.u_LL ns/2 17.
The devi ce/diNg! , \Schal | east insul ati ng]faurltr” and
fifth elenents VANSUANVZANSTANCZANYTANYT 73+ 6’-/74
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on, respectively, the conductive first and second el enents, at |east
sconductive third and fourth traces fornmed on the insulating fourth and
fifth elenments, respectively, conductive second vias extending on opposite
sides of the ferromagnetic el ement and connected between the conductive
third and fourth traces and form ng t{%yfam th at | east an electrical second
wi ndi ng surroundi ng the ferromagneti c €l'enent, term nal connections to at
| east the ends of the electrical second wi nding. 18. The device of claim
17, wherein the electrical first and §econd w pdings are each constituted
of plural winding turns and the 8urns ctrical second w ndi ng
overlie and cross- over the turng first winding. 19.
The device of claim 16, wherein j erromagnetic el enents are
enbedded in the inner insubating yf?l addi tional vias and
traces are provided forniﬁﬁ Ot he pl ural '
ferromagnetic el enents, and e W ndi ngs on plural
ferromagnetic elenents to for $n t he assenbly. 20.
A

The device of claim 15, wh irst and second

el ements and inner insul at t conprise |ayers of
a | am nated assenbly. 21. use as an inductor
transforner or choke, conprisin
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. : : . . - “lozea~ T
(|) an assenmbly of at |east outer conductive first and second el enents

and an inner insulated non-magnetic third el enment, (b)—-satd-conductive

first el ement forming conductive first traces on the:inner thi nt,
(c) sai d conductive second el enent forning conducﬂi\“ﬂlﬁm | %F on
“the inner third elenent, (d) at | eastldne discret ¢ KRy enment

enbedded in the inner third el enent,
REPLACEMENT SHEET 13 SEP 1997 14 (e) conductive first vias extending

through sai d assenbl@) on femiastdnGuctivéihough-hbleCextehding {shid cairRABINbppasitk
bet ween and connected to the conductive first and second traces,
sides of the ferromagnetic core and connected to the first and second conductive layers,

(e) patterning the first and second conductive layers to form, together with some
of the conductive through-holes, at least one set of interconnected conductive turns encircling the
ferromagnetic core to form at least a first coil of said electronic component, _

® providing on opposite sides of the carrier second and third insulating layers
each covered with third and fourth outer conductive layers, respectively,

(4] forming conductive through-holes on opposite sides of the ferromagnetic core |
and coﬁnected to the third and fourth conductive layers,

(h) patterning the third and fourth conductive layers to form together with the
through-holes of step(g) at least a second set of conductive turns encircling some of the ferromagnetic

cores.

15. A ferromagnetic device comprising: .

(a) an assembly of at least outer conductive first and second elements and an inner
insulated non-magnetic third element,

®) said conductive first elements forming conductive first traces on the inner third
element,

© said conductive second elements forming conductive second traces on the inner
third element,

(D a discrete ferromagnetic element having an annular body with a hole
positioned in a cavity in the inner third element with insulating filler material encapsulating the
ferromagnetic element in the cavity and filling the hole,

©] conductive first vias extending through said assembly along the outer side of
and through the filled hole of the ferromagnetic element and between and connected to the conductive
first and second traces,

® said conductive vias forming with its connected conductive first and second
traces at least an electrical first winding constituted of at least a single winding turn surrounding the
annular body of the ferromagnetic element,

® terminal connections to at least the ends of the electrical first winding.
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(f) * said conductive first vias formng wth ithe
first .and second traces at |east an electrical fij rmdi ng surroundi ng

the ferromagnetic elenent, (g). termnal connecti he ends
of the electrical first w nding; (h) at least | ngmg“a“mﬂ“m‘
fifth el ements on, respectively, the cod8uctive fir isedond ef errents
(i) at least conductive third and fourth traces formed on the insulating

fourth and fifth el enments, respectively, (j) conductive second vias’

ext endi ng on oygPosi TR devidesf dMimt13ewheéin @rnidnict isn eleeti@iic compdnend foresé &hn
bet ween the conductive third and fourth traces_and form ng therewith at

| east an industor, transformercasichokg, arfl the elsctrical Fissti winding,is W&ﬁ“f%‘?ﬁ’g@ BSenent ,
(k) terminal connections to at |least the ends of the electri caI second

wi ndi ng. 22. The conponent of claim 21, wherein the ferromagnetic el ement
conpri ses an armul arhealeviee oficlaim 46 rfmdﬂ(e;cémishgtatlegtimﬂlairig@urﬂidnﬂﬁﬂhhlemWe

N 1 hr oL REPE Yo PHNETR DB I v ettty 2 M camusdre tiFd pfl e ©

‘of cl ai m@gnedAthEnbuliig foutfnd ik GleinBhts, tepbQIVBIY condibiive Se@dndvisstektehdling on
opposite sides of the ferromagnetic element and connected between the conductive third and fourth
traces and forming therewith at least an electrical second winding surrounding the ferromagnetic
element, terminal connections to at least the ends of the electrical second winding.

18.  The device of claim 17, wherein the electrical first and second windings are each
constituted of plural winding turns and the turns of the electrical second winding overlie and cross-
over the turns of the ele_ctrical first winding.

19. The device of claim 16, wherein plural discrete ferromagnetic elements are embedded
in the inner insulating third element, and additional vias and traces are provided forming one or more
windings on the plural ferromagnetic elements, and means interconnecting the windings on plural

ferromagnetic elements to form an integrated circuit on the assembly.

20. The device of claim 15, wherein the outer conductive first and second elements and

inner insulated non-magnetic third element comprise layers of a laminated assembly.

21. An electronic component for use as an inductor, transformer or choke, comprising:
(a)- an assembly of at least outer conductive first and second elements and an
inner insulated non-magnetic third element, |
® said conductive first element forming conductive first traces on the inner third
element,
(©) said conductive second element forming conductive second traces on the inner
third element,

(@ at least one discrete ferromagnetic element embedded in the inner third

element,
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the *f error}agnét ic element is encapsul ated insi de the—cavity wth—the sane

i nsulating material that fills the core hole. claim
21, wherein the first and second el enents and |nsu ﬂﬂi” i Mh and
fifth elenments are |ayers conprising a | am nated a

SHEET 13 SEP 1997 (j) second conductilde vias extending on opposite 5| des
of the ferromagnetic el enent and connected between the additional pair
conguctlve traces and formng therewith at | east a second el ectri cal

wi ndi ng surroundin thecoh&ﬁ&@érﬁﬂf‘ﬁié&teﬁhﬁgﬁﬂé h@dﬁaagsaﬁmyeab giwmbpdns to
at |least the ends gﬂ‘ t he secolnd el ectrical 5 he conponent
of clai mﬂﬁonwﬂmﬁceelummgnttbﬂweqmdnmeetﬂd Wﬂlhcgldh@ive ﬁfﬂh@%ﬂj’#ﬁ&@n%a%t eri al

fill he hol d.th Q
t Ihr oﬁgh teheol ﬁf I 2?| th rera%/agffqé’ﬁu?tﬁvfi'%’ u‘%}%lr@m% WIEh fis @Jﬁﬂéﬂt&rmﬁﬁﬁcﬁv@?ﬂﬁ and

second traces at least an electrical first winding surrounding the ferromagnetic element,

(4] terminal connections to at least the ends of the electrical first winding,

) at least insulating fourth and fifth elements on, respectively, the conductive
first and second elements, )

(i) at least conductive third and fourth traces formed on the insulating fourth and fifth
elements, respectively,

(j) conductive second vias extending on opposite sides of the ferromagnetic element
and connected between the conductive third and fourth traces and forming therewith at least an
electrical second winding surrounding the ferromagnetic element,

(k) terminal connections to at least the ends of the electrical second winding. '

22. The component of claim 21, wherein the ferromagnetic element comprises an annular
core with a hole, insulating material fills the hole, and the first and second vias extend along the
outside of the annular core and through the insulating-material-filled core hole.

23. The component of claim 22, wherein the insulating third element comprises a cavity,
the ferromagnetic element is encapsulated inside the cavity with the same insulating material that fills

the core hole.

24. The component of claim 21, wherein the first and second elements and insulated third,

fourth and fifth elements are layers comprising a laminated assembly.
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hol.e. This Sheet Has Been Repl aced

15

ELECTRONIC INDUCTIVE DEVICE AND

‘:- )? f hd

L) v 4

Inductive electrical components fabricated by PWB techniques of ferromagnetic core
or cores are embedded in an insulating board provided with conductive layers. Conductive
through-holes are provided in the board on opposite sides of a core. The conductive layers
are patterned to form with the conductive through-holes one or more sets of conductive turns ‘
forming a winding or windings encircling the core. The conductive layers can also be

patterned to form contact pads on the board and conductive traces connecting the pads to the

windings.
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