1 Lawi par Stdckable Gircuit Board Structure with Capaci¥&iveRc ket

t he ‘l.nvent i grgl-o4=igtal of the lnvention The present invention relates
generally to electronic circuit, board structures. Mre specifically, the
invention is directed to the manufacture and use of circuit boards which
integrate capacitive structures and are conveniently |aninated through
stacked interconnection. The invention has two facets, first
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Laminar Stackable C:‘chu_it Board Structure

with Capacitor -

Background of the Invention
5 1. Field of the Invention '
The present invention relates generally to

electronic circuit board structures. More specifically,
the invention is directed to the manufacture and use of
circuit boards which integrate capacitive structures and

10 are conveniently laminated through stacked
interconnection. The invention has two facets, first
that reélating to the efficient manufacture and use of the
circuit boards, and second that relating to the efficient
manufacture and use of dircuit boards incorporating

15 capacitive structures in conjunction with boards not

providing capacitive resources.
. . il

2. Descrigtion of Related Art
Fine pitch pattern multilayer printed circuit boards

20 are routinely used to interconnect integrated circuit
 devices in compléx electronic apparatus, including but
not limited to computer systems. As the pitch of the

conventionally used copper patterns in the various layers
of the boards decrease, the layer-to-layer

25 interconnection has proven to be more challenging when
accomplished through the conventional practice of
drilling and plating vias, including the use of blind
vias or plugs. ' . ' _

_ In such muitilayer'boards, it is common to use

30_ planar sheets of copper as ground péths, as power supply
paths and as shields between $ignal,liné layers.
IREegrated circuit packages routinely have decoupling
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that relkating to the efficient manufacture and use of the circuit boards,
and second tAEg-94iQtd ng to the efficient manufacture and use of circuit
boards i ncorporating capacitive structures in conjunction with boards not
provi di ng capacitive resources. 2. Description of Related Art Fine pitch
pattern rultilayer printed circuit boards are routinely used to

I nterconnect integrated circuit devices in conplex electroni.c apparatus,
including but not limted to conputer systens. As the pitch of the
conventional | y used copper patterns in t%e various | ayers

capacitors mounted'immediately adjacent their power
supply leads, on the surface of the printed circuit
board, to reduce noise. . :
The difficulty of manufacturing multilayer printed
5  circuit boards in the fine wi;ing pitches needéd for
direct attach of integrated circuit die, such as exists
with the flip-chip technology, led to the use of high
density circuit boards or substrates as described in US
'Patent No. 5,146,674, the subject matter of which is

10 incorporated by reference herein. The technology
characterized by this patent involves the formation of
individual layers, for a concluding multilayer board
design, from electricaily conductive planar sheets. Vias

"and plugs are formed in dielectrically insulated holes

15 through the sheets. Signal lines are patterned in
conductive layers deposited on dielectric layers formed
over the metallic core sheet. Vertical interconnections
are created through patterns.of'vias and plugs during the
mating of successive layers by aligned coﬁpression.

20 Given that vias and plugs serve similar vertical
interconnect functions, use of the term "via" hereafter
is intended to encompass both forms of structures.

Reliable connection between the wvias is accomplished
through dendrites formed on the ends of the vias. . The

25 dendrites physically contact corresponding dendrites in
other layer vias when the aligned layers are compressed.
The formation and use of such dendrites is described in
US Patent No. 5,137,461, the subject matter of which is
incorporated by reference herein.-

30 Further refinements in the use of such verticaliy
interconnected board structures are described in US
Patent No. 5,363,275,'the subject matter of which is also

incorporatéd by reference herein. This patent focuses on
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of i he boards decrease, the layer-to-layer interconnection has proven to be
nore chal | epgongawiogn acconpl i shed t hrough the conventional practice of

drilling and plating vias, including the use of blind vias or plugs. In
such nmultilayer boards, it is commopn to use planar sheets of copper as
ground paths, as power supply paths and as shi el ds between signal |ine

| ayers. Integrated circuit packages routinely have decoupling

3

the selective lamination of numerous layers to both
interconnect high density flip-chip devices as well as to
provide the basic flexible cable resource for L
interconnecting groupings of such layers as may be used

5 with a modularized component computer system.

Fabrication of the laminar stackable circuit boards
which comprise the individual layers of the hultilayer
interconnect systems sought in the aforemehtioned uUs
Pafents 5,146,674 and 5,363,275 depend upon the process

10 in 5,146,674 to create the individual layers. Though
viable, the process is unfortunately complex and
therefore costly;

As digital system clock rates and the number

" integrated circuit die'I/O lines increase, capacitive
15 decoupling of the power supply at the leads of the _
integrated circuit die becomes more important. The prior
art practice of mounting decqypling capaditors adjacent
the integrated circuit packages is_noﬁ desirable for a
number of reasons. First, the use of such capacitors
- 20 requires extra fabrication operations. In addition, the
capacitors are relatively large in relation to '
contemporary integrated circuit devices. Lastly, since
the capacitors are surface mounted devices, the ground
and power supply connections must be routed to the
25 _sﬁrface at the capacitor leads, introducing resistance
and inductance in the decoupling path. _

Though ‘capacitive structures may be incorporated

" into the integrated circuit die, the cost in silicon area
and magnitude of capacitance obtainable seldom justify
30 that approach. '

Therefore, there remains a need for.a capacitive
structure which can be ihtegrated into multilayer printed
circuit boards and preferably involve a fabrication
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2 capaci tors mounted i medi ately adjacent their power supply |eads, on the
surface of tARIPAMEAP circuit board, to reduce noise. The difficulty of
manuf acturing multilayer printed circuit boards in the fine wiring pitches
needed for direct attach of integrated circuit die, such as exists with the
flip-chip technology, led to the use of hi gh density circuit boards or
substrates as described in US Patent hb 5,146, 674, the subject natter of
which is 4

process which follows the basic tenets of the process

used to create advanced laminar stackable circuit board

configurations. _ i
| Summary of the Invention
5 "In one form, the invention is directed to a circuit

board capacitor comprising an electrically conductive
first power plane,.an electrically conductive second
power plane, a thin film first dielectric layer between
the first and second power planes, forming a capacitor

10 thereby, a first via extending through the first power
pléne, the second power plane and the first dielectric
layer, electrically connected to the second power plane
and electrically insulated from the first power plane by
a relatively thick second dielectric layer, and a second .

15 wvia extending through the first power plane, the second
powér plape'and first dielectric laYef, electrically
connected to the first powernplane ahd electrically
insulated from the second power plane by the relatively
‘thick second dielectric layer.

20 In another form, the invention comprises an
electrically conductive first powerlplane, an
electrically conductive second power'plaﬁe, a thin film
compound first dielectric layer between the first and
second power planes, forming a capacitor thereby, a first

25 via extending throﬁgh the first power plane, the second
power plane and the first dielectric layer, electrically
connected to the second power plane and electrically
insulated from the first power plane by a relatively
thick second dielectric layer, a second via extending

30 through the first power plane, the second power plane and
first dielectric layer, electrically connected to the
first power plane, and electrically insulated from the

second power plane by the relatively thick second
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i ncor por-ated by reference herein. The technol ogy characterized by this
patent invol x¢g_gReohgr mati on of individual layers, for a concluding

mul tilayer board design, fromelectrically conductive planar sheets. Vias
and plugs are fornmed in dielectrically insulated holes through the sheets.
Signal lines are patterned in conductive |ayers deposited on dielectric
'ayers formed over the netallic core sheet. Vertical interconnections are
created through patterns of vias and plugs during the mating of successive
| ayers by aligned corrpreSS| on. Gven thatSvias and plugs serve sinilar
verti cal

dielectrically layer, an electrically conductive third
power plane, a relatively thick dielectrie over the
conductive third power plane, a third via extending
through the thlrd dielectric and either side of the third
5 power plane, electrlcally connected to a region of the
- third power plane, a fourth via extending through the
third power plane an electrically insulated from the
third power plane by relatively thick third dieleétric,
direct connection between the first and the third or
10 fourth vias, and direct connection between the second and
the third of fourth vias. In other forms, the-invention
is directed to processes from manufacturing the apparatus
so defined. ' | '
According to.one embodiment of the invention, a
15 capacitive structure printed circuit board layer is
formed, as an element of a stacked multilaYer circuit
board, using a thin layer of_pigh dielectric cbnstant
sol-gel based crystalline film. Connections to the
electrically conductive layers that compose the
20 capacitor’'s plates are made through vias. The multiple
| layers of the composite board are stacked for electrical
connection through the dendrites at the ends of the vias.
The concluding multilayer board has a laminar
configuration of capacitor layers, ground planes, power
25 . planes and signal lines. The vias are fabricated in the
fine pitch patterns surface mount components, such as.
ball grid array flip-chip devices. The circuit board
capacitdre decouple the power supply at the pads of the
flip-chip die, with minimum resistance and inductance in
30. any connectlng lines.
The process used to fabricate the circuit board
capacitors, according to one practice of the invention,

is. a refinement of the new process for forming the
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I nterconnect functions, use of the term"via" hereafter is intended to
enconpass bATPIPER7Df structures. Reliable connection between the vias is
atcconpl i shed through dendrites fornmed on-the ends of the vias. The
dendrites physically contact corresponding dendrites in other |ayer vias
when the aligned | ayers are conpressed. The formati on and use of such
dendrites is described in US Patent No. 5,137,461, the subject matter of
whi ch is incorporated by reference herelg Further refinements in-.the use
of such vertically interconnected board Structures are described in US

circuit board layers which are used to provide power,
ground and fine pitch signal lines in a laminar stackable
circuit board format.
These and other features of the invention will be
5 more clearly understood and appreciated upon considering
the detailed description of the embodiments which follow.

Brief Description of the Drawings

Figs. 1-10 depict by schematic cross-section various

10 stages‘dufing the fabrication of a circuit board layer
having a power plane and signal lines.

Figé. 11 and 12 depict by schematic cross-section’
the preparation and laminar connection of two power plane
circuit board layers. '

15 - Figs. 13-20 depict-by schematic cross-section the
various stages in the_format?on of a circuit board
Capacitof structure.

Fig. 21 depicts by scheﬁ;tic_cross-section the
laminar interconnection of two circuit board capacitor

20 iayers. _

Fig. 22 depicts by schematic cross-section the use
of a four layer laminar stackable circuit board structure
to convey ground, power, and signals to a flip-chip type
electronic cbmponent, the composite structure including

- 25 signal layers, power supply layers, and capacitive
layers, interconnected through successive via and plug

structures.

Description of the Preferred Embodiment
30 The present invention as preferably embodied has a

number of facets. The first relates to the structure and
fabrlcatlon of a conductive core circuit board layer.

The second relates to the structure and efficient
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Patent No. 5, 363,275, the subject matter of which is also incorporated by
reference hex®ldna-gyg s patent focuses on 3 the selective Ianination of
‘numerous |ayers to both interconnect high density flip-chip devices as wel |
as to provide the basic flexible cable resource for interconnecting

groupi ngs of such layers as may be used with a nodul ari zed conponent

conput er system

fabrication of capacitbr core circuit board structures.

Lastly, it relates to a laminar stackéble multilayer

circuit board structure having both signal, power supply, ._
and capacitor layers efficiently integrated into a

5 composite which is suitable for connecting fine pitch
surface mount components, such as flip-chip devices or
the like. The invention will first be described with
reference to the conductive core layer, then with
reference to the capacitive core layer, and finally in

10 the context of a stacked multilayer composite circuit
board. -

Fabrication bégins as shown in Fig. 1 with a core

sheet 1 of copper-invar-copper (CIC) approximately 0.025
millimeters thick. Though less desirable, the metallic

15 core could be composed of pure copper, chromium, invér,
molybdenuh.'or copper- molybdenum—copper. The core is
covered by a photollthographlcally patterned mask 2 so as
to expose areas 3 to etchants_such as cupric chloride and
hydrochloric acid. Fig. 2 shows the CIC layer following

20 the etch of areas 3, showing holes 4, préferably
circular, extending through the sheet of CIC. The
patterned sheet of CIC is then coated on both sides with
.a relatively thick diélectric 6 of a photoimagable
polymer, such as epoxy or polyimide, as shown in Fig. 3.

25 '

Photolithographic masking and etching of dielectric

6 follows to create holes 7 as shown ih Fig. 4. Standard
etchants are used. Note that holes 7 are electrically
insulated from CIC sheet 1 by walls of dielectric 6 while

30 the etched openings B expose CIC sheet 1. An
electrically conductive commoning layer 9 of copper is
then conformally deposited to a nominal thiékness of
0.001 to 0.0025 millimeters meters on all exposed
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Fabrication of the |am nar stackable circuit boards which conprise the

i ndi vi dual aqayejs.cfg the nultilayer interconnect systenms sought in the

af orenentioned US Patents 5,146,674 and 5, 363, 275 depend upon the process
in 5,146,674 to create the individual |ayers. Though viable, the process is
unfortunately conplex and therefore costly. As digital systemclock rates
and the nunber integrated circuit die I/Olines increase, capacitive
decoupling of the power supply at the |l eads of the integrated circuit die
becones nore inportant. The prior 8

- surfaces, as shown generally in Fig. 5. Commoning layer
9 is used to facilitate_plating of selected regions
during a subsequent operation. | ‘

Mask 11 is then photolithographically formed over

5 copper layer 9 to selectively expose those areas which
are to be plated, as shown in Fig. 6. Following the
plating and stripping of mask 11, the regions not covered
by mask 11 have a nominal 0.015 to 0.05 millimeter thick

- layer 12 of electrlcally conductive copper deposited, as

10 illustrated in Fig. 7. Note with reference to Fig. 7
that the circuit board layer at this stage in the
fabrication procéss includes relatively thick deposits of
copper on the inner walls of holes 13, on the'dielectric
walls and exposed areas of CIC sheet 1 at openings 14,

15 and as selectively patterned lines on one or more
surfaces of the circuit board layer, such as freestanding
signal line pattern 16 or gktgnsion 17 of hole pattern
13. Such conductive regions define the electrical paths
within and between the layers of the laminar stackable '

20 circuit board eventually created.

Next, mask 18 is photolithographically patterhed to
cover all but the ends of the vias defined at 13 and the
via like plug structures defined at 14. The purpose of
mask 18 is fo défine regions for selective growth of

25 dendrites as taught in US Patent No. 5,137,461. Fig. 9
depicts the cross-section of the board layer following
the dendritic growth process,'whereby dendrites 19 are
formed at the opposite ends of the vias at 13 and

_ dendrites 21 extend over both ends of the ‘via-like plugs.

30 at 14. Note that dendrite material is also deposited
along the inner passages of the vias at 13, though
dendrite formation is significantly less pronounced.
Plating of the dendritic regions with é jdining

Sheet Has Been Replaced

HII\II\ Timu



arts practice of . nounting decoupling capacitors adjacent the integrated
circuit packmpesg4somet desirable for a nunber of reasons. First, the use
of such capacitors requires extra fabrication operations. In addition, the.
capacitors are relatively large in relation to contenporary integrated
circuit devices. Lastly, since the capacifors are surface nounted devices,
t he ground and power supply connections nust be routed to the surface at
the capacitor |eads, introducing resistance and inductance in the
decoupl i ng path. Though capacitive structures may be incorporated

metallurgy follows, typically using a tin/lead alloy and
providing é layer nominally 0.0025 to 0.025 millimeters
thick.

Fig. 10 depicts the cross-section of the layer

5 following the stripping of mask 18 and etched removal of
exposed .copper commoning layer 9. Fig. 10 represents a
completed layer of the stackable laminar circuit board
structure. As shown in this flgure, the layer includes a

- conductive inner core 1 sultable to supply power or
10 ground potential through the dendritically terminated
| plugs at 14 from above or below the respective dendrites.
Also present in the layer structure are the vias at 13,
which vias likewise are available for dendritic
connection from ébove or below the layer. Note that the
15 wvias are electrically isolated from electronically
conductive core sheet 1. chever, one of the vias is
connected to conductor 22 on the upper surfaces of the
board layer. Thereby, surface conductors such as 22, are
interconnected from above or below the board layer
20 through thé dendritic termination of the wvias at 13. The
board layer in Fig. 10 also shows an electrically
isolated conductive line 23 on thé upper surface of the
boardf - Surface conductor 23 illustrates that signal
lines on the surface of the board layer can be patterned
25 electrically distinct from the vias at 13 and plug
structures at 14.

Figs. 11 and 12 depict the use of the stackable
circuit board layer in Fig. 10 to create a multiple layer
circuit board. In Fig. 11, the board layer is shown

30 coated with a viscous dielectric 24. Theréafter, a
second board layer, typically having a different surface
conductor pattefn, is aligned and mated under pressure
and heat to form, as depicted in Fig. 12, a two layer
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into the integrated circuit die, the cost in silicon area and magnitude of
capaci t ancexpdblaangpye sel domjustify that approach. Therefore, there
remains a need for a capacitive structure which can be integrated into

mul tilayer printed circuit boards and preferably involve a fabrication 4
process which follows the basic tenets of 'the process

10

stacked circuit board structure. The use of heat during
the lamination step reflows the joining metallurgy on the
via dendrites to form a high integrity electrical
connection. The stacked structure provides a direct _

5 connection between the respective core conductors through
the plug structures and direct connection of the vias and
associated signal lines. The dendrites ensure reliable
electrical connection wﬁile the wviscous dielectric seals
the bound#ry and binds the two stackable layers.

10 The second aspe¢t of the invention relates to the
formation of capacitive elements into the fundamental
core structures of stackable cifcuit board layers. What
makes the board capacitor structures of the present
invention particularly valuable is (1) the exceptional

15 size of the capacitance, attributable to the use of thin
film high.dielectric constant materials, (2) the
optimized electrical charactq;istics'of the connections
between the capacitor structures and surface mounted
electronic devices, (3) the similarity of the fabrication

20 processes used to form capacitor structures'and to those
used to fabricate other stackable board layers and (4)
the ease with which multiple capacitivé board layers can
be connected with signal and power stackable board

- layers. The capacitor structure stackable board layers

25 provide high capacitance, low resistance, low inductance
structures which cah be used in conjunction with the
dendriticélly interconnected laminar sfackable multilayer
board described with reference to Fig. 12. The
decoupling effect of the capacitive regions is

30 . particularly pronounced in that the capacitance is
distributed, as defined by the array of vias, and is
separated from the device leads by no more than the board
layers along the via paths.
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used to:create advanced | am nar stackable circuit board configurations.
Summary of tARS+9M%<®180on In one form the invention is directed to a
circuit board capacitor conprising an electrically conductive first power

pl ane, an electrically conductive second power plane, a thin filmfirst
dielectric tayer between the first and second power planes, formng a
capacitor thereby, a first via extending through the first power plane, the
second power plane and the first dielect{ic | ayer, electrically connected
to the second power plane '

The fabrication process of the capacitor structure
board layer begins as illustrated in Fig. 13 with the
coating of a conductive metallic sheet 26, analogous to
CIC sheet 1, with a solution-sol-gel (sol-gel) compound

5 27. Sheet 26 is preferably platinum plated invar; or
copper-invar-copper covered by a flash coating of
platinum to eliminate copper oxidation and reaction with
the sol;gel compound. Sol-gel compound 27 is spin
coated, sprayed, dipped or otherwise deposited onto the

10 surface to a nominal thickness of approximately 0.001
millimeter. A variety of materials can be used for
compound 27, an example being-lead-lanthanum—titanate as
described in IBM Research Report RC 19550 (84975)
4/25/94, entitled "Thickness Dependent Dielectric

15 Properties of Sol-Gel Pfeparéd Lead Lanthanum Titanate
Films" by authors Beach et al, as published by the IBM
Reseaxrch Division, T.J. Watsq? Research Center, the
subject matter of which is incorporated by reference
herein. The fundamental concepts underlying the sol-gel

20 process.areldescribed in two'a;ticles published in the

technical journal Advanced Materials. The first is

entitled "Advanced Dielectrics: Bulk Ceramics and Thin
Films" by authors Hennings et al, as appear in Advanced
Materials 3 (1991), No. 7/8, on pages 334-340. The

25 second article is entitled "Sol-Gel Processes™ by Reuter,
as appeared in Advanced Materials 3 (1991), No. 5, pages
258?259. The subject matter of both references is |
incorporated by reference herein.

The next step in the sol—gei process is depicted

30 generally in Fig. 14, comprising a high oxygen
environment thermal anneal involving temperatures
nominally approaching 700 degrees C. 'The goal is to form
a thin crystalline film layer 29 on metallic sheet 26,
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and- el ectrically insulated fromthe first power plane by a relatively thick
second di el x®9+9%¢1Q¥2r, and a second via extendi ng through the first power
ptane, the second power plane and first dielectric |ayer, electrically
connected to the first power plane and electrically insulated fromthe
second power plane by the relatively thick second dielectric layer. In
another form the invention conprises an electrically conductive first
power plane, an electrically conductive second power plane, a thin film
conpound first dielectric |ayer bet ween Y%e first and :

which layer 29 is characterized by a low leakage current
"and an extremely high dielectric constant, typically in
the range of 500. One skilled in phySics will
immediately appreciate a number of factors associated
5 with dielectric layer 29. First, since the value of
. capacitance is invérsely proportional to the thickness of
the dielectric, the thin f£film character of dielectric
layer 29 provides a structure of high capacitance per-
unit area. The high capacitance also benefits from the
10 fact that capacitance is directly prbportional to the
area, which now extends substantially over the full
surface of the stackable circuit board layer. Lastly,
since capacitance is directly proportional to the
dielectric constant, the exceptionally high dielectric
15 constant of the sol-gel formed crystalline thin film
materials_further accentuates the capacitance obtainable.
It should not be overlogked that the high
temperatures required of the sol-gel process to form the
crystalline thin films such as 29 are outside the realm -
20 of capability for convention printed circuit board
compositions such as FR4. Such printed'circuit board
materials have a glass transition temperature in the _
range of 120 to 180° C. 1In contrast, the thermal anneal
temperature of the sol-gel is suitable for metal sheet
25 core structures such as 26, when the oxidation and
reaction characteristics of the selected metal are
.consistent with the thermal environment.
Following the sol-gel process formation of
..crYStalline thin film layer 29, layer 29 has deposited
30 thereon by chemical wvapor deposition, Sputtering,
evaporation, or platihg, generally 31, é sevveral micron
thick layer of electriéally conductive material 32, as
schematically depicted in Fig. 15. The concluding three-
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second power planes, formng a capacitor thereby, a first via extending

through the AT8sB4pO@Or pl ane, the second power plane and the first
dietectric layer, electrically connected to the second power plane and

electrically insulated fromthe first power plane by a relatively thick

second dielectric layer, a second via extending through the first power

pl ane, the second power plane and first dielectric |ayer, electrically

connected to the first power plane,

second power plane by the relatively thiéR second

10

15

20

25

30

layer capacitive structure in Eig.'ls then serves as the
core sheet for a board layer fabrication process |
analogous to that described beginning with Fig. 1.

The capacitof board layer pattern formation begiﬁé
with the opefations which produce the cross-section
depicted in Fig. 16. As shown, capacitive core sheet is
selectively covered by a photolithographically processed
mask 33 so as to provide openings 34 and 36. Openings 34
and'36 are preferably circular in shape. Etching of the
capacitor core sheet follows, preferably employing an
anisotropic etchant such as cupric chloride and
hydrochloric acid. Upon the conclusion of the etch and a
strip of mask 33, the core sheet appears as shown in Fig.
17 with holes at selected locations 34 and 36.

Next, a dielectric such as 6 in Fig. 3 is formed
over the core sheet. A selective removal of dielectric 6
by photolithographic masking and selective etching forms
a dielectrically insulated via hole at 37, a .
dielectrically insulated via hole at 3B, an exposed
contact opening at 39 to metallic layer 26 of the -
capacitive core, and an opening 41 through dielectric 40
to the other metallic layér 29 of the capacitive core.
Processing analogous to that described with reference to
Figs. 5, 6 and 7 follows, thereby producing the structure

_ih Fig. 19. The processes include the formation of a

thin copper commoning layer, the qumation of a mask, and
a plating to form a thick metallic layer through the vias
at 37 and 38 and into the respective openings at 39 and
41, the latter formations being electrically common to
effective capacitor plates 26 and 29. After the strip of
the mask, the capacitor 1ayer'circuit board structure

appears as shown in the cross-section of Fig. 19.

and electrically insul ated fron1the
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5 dielectri
relatively

power pl ane,
fourth via
i nsul ated f

10

15

20

25

30

cally layer, an electrically conductive third power plane,

a

tadiclg digigectric over the conductive third power plane, a third
via extending through the third dielectric and either side of the third
el ectrically connected to a region of the third power plane,

extending through the third power plane an electrically

romthe third power plane by relatively thick third dielectric,

14

Note that_pléted conductive layer 42 extends through
the opening at 37 to the other side of the board from a
contact to conductive plate 26 of the capacitor structure
at opening 39 in dielectric 40. 'Similarly, plated
metallic layer 43 extends through the opening at 38 and
is electrlcally connected to capacitor plate 29 through
the contact opening at 41.

A photolithographic masking and dendrite formation
operation, analogous to thaf described with reference to
Figs. 8, 9 and 10, produces the capacitive circuit board
layer structure depicted-'in Fig. 20. 'Note that the
dendrite covered via at 37 is common to one plate of the
capacitor structure while the dendrite covered wvia at 38
is common to the opposite plate of the capacitor
structure.

A parallel connection of multiple capacitor layers

produces the structure in Fig. 21. A viscous dielectric

39 is used in the manner described with reference to Fig.

12, to seal and bind the two mated circuit board layers.
Again, the use of heat during the lamination step reflows
the joining meﬁallurgy on the via dendrites to form a
high integrity electricai connection.

What is noteworthy about the composite in Fig. 21 is
the ease with which circuit board capacitive structures
?re connected in parallel, and in.such form are available
for further interconnéction to successive signal and
power distribution layers from either below or above.
Foremost, note that the manufacturing processes used to
create the capacitive layers are similar to those

practiced to create the signal and power distribution

circuit board layers.

The third aspect of the'invention deals with the
ability to interconnect the circuit board layers which

a
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di rect connection between the first and the third or fourth vias, and
di.rect conneAT9eB84b@79een the second and the third or fourth vias. I'n other
forms, the invention is directed to processes from manufacturing the
apparatus so defined. According to one enbodi nent of the invention, a
capacitive structure printed circuit board |l ayer is fornmed, as an el enent
of a stacked nmultilayer circuit board, using a thin layer of high

di el ectric constant sol-gel based crystaiéine film Connections to the

el ectrically conductive |layers that conpose the :

distribute the electric power and electrical signals with
the layers which provide capacitive decoupling in a
laminar stackable multilayer circuit board configuration.
An example is éhown in Fig. 22. As depicted in the

5 figure, the composite structure has the two capacitor
layers of Fig. 21 situated at the bottom of the structure
in Fig. 22, and two layers of Fig. 12, which distribute
the electrical signals, distribute the electrical power
and provide shielding, laminated above. In the

10 furtherance of distributing the capacitance, it likely

' that arrays of vias may be used to intérconnect
capacitive board layers without being used for further
direct interconnection as component power supply and
ground lines. For purposes of illustration, laminar

15 stackable multilayer circuit board 41 is shown in
anticipation of a further connection to balls 42' 43 and
44 of a ball -grid array type fllp chip electronic
component 46. Note in partlcular that the power supply
via at 47 and the ground via at 48 are 51tuated in

20 immediate vertical alignment with the respective balls 42
and 44. This minimizes any resistive and inductive
effects which might reduce the decoupling provided by the
underlying capacitive layers of the multilayer board
structure. Similarly, hote that electronic component

25 ball 43-receiﬁes signals from the multilayer board
connections directly below. This arrangement reduces the
length of the signal path'as well as anf resistance or
inductance'in the signal path.

Though the inverition has been described and

30 illustrated by way of specific embodiments, the apparatus

| and methods encompassed by the invention should be
interpreted to be in keeping with the breadth of the

claims set forth hereinafter.
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capacitor's plates are made through vias. The nultiple | ayers of the
conposite bamd-¥-O acked for el ectrical connection throuqﬁ ﬁ q
cet ﬁ: Re aced

at the ends of the vias. The concluding multilayer board has
configuration of capacitor layers, ground planes, power plan H,II
lines. The vias are fabricated in the fine pitch patterns sur

conponents, such as ball grid array flip-chip devices. The circuit board
capaci tors decoupl e the power supply at the pads of the flip- Chlp die, with
m ni mum r esi stance and i nductance in an onnecting |ines.

Claims
1 1. A circuit board capa;itor, comprising:
2 an electrically conductive first power plane;

3 an electrically conductive second power plane;

a thin film first dielectric 1ayér between the first

4

5 and second power planes, forming a capacitor thereby;

6 a first via extending through the first'pqwer piane,
7 the second power plane and the first dielectric layer,

8 electrically connected to the second power plane and

9 electrically insulated from the first power plane by a

10 relatively thick second dieLectric'layer; and

11 | a second via extending éhrough the first power

12 plane, the second power plane and the first dielectric

13 1layer, electrically connected to the first power plane
14 and electrically insulated from'the second power plane by
‘15 the relatively thick second dielectric layer.

1 2. The apparatus recited in Claim 1, wherein the first
2 and second vias have dendrites at ends of the vias.

1 3. The apparatus recited in Claim 1, wherein the first
2 dielectric 1ayér is a high dielectric constant

1 crystalline thin film and the dendrites include a joining
2 metallurgy. '

3 4. The apparatus recited in Claim 2, wherein the first

dielectric layer is a high dielectric constant

* [ L M S *



The: process used to fabricate the circuit board capacitors,

according to

.one practicaTe+9gke7envention, is a refinenent of the nem/prbces§‘for

10
11

12

13

14
15

16

17

crystalline thin film and the dendrites include a joining

metallurgy.

5. The apparatus recited in Claim 3; wherein the second
dielectric is a photolithographically patterned

formation.

6. The apparatus recited in Claim 4, wherein the second
dielectric is a photolithographically patterned

formation.

7. The apparatus recited in Claim 1, further

comprising:

an electrically conductive third power plane;

“

an electrically conductive fourth power plane;

a thin film third dielectric layer between the third

and fourth power planes;

a third via extending through'the third power plane,
the fourth power plane and the third dielectric layer,
electrically connected to the fourth power plane and
electrically insulated from the third power plane by a
fourth dielectric layer;

a fourth via extending through the third power
plane, the fourth power plane and the third dielectri§
layer, electrically connected to the third power plahe'
and electrically insulated from the fourth power plane by
the fourth dielectric layer; and

* c L M s *

formng the - 6 circuit board | ayers which are used to provig| &m&kﬁﬂnglmmd
ground and fine pitch signal lines in a |lamnar stackable circ
format. These and other features of. the invention will be r“ “



i . M M \
nore clearly understood and appreciated upon considering the detail ed

descri pti on pafg-tdme-gepdbodi nents which follow. Brief Descri pt | ahSSﬁeettlﬁeBeenRe laced
Drawi ngs Figs. 1-10 depict by schematic cross-section varlous

the fabrication of a circuit board | ayer having a power pl ane !M
lines. Figs. 11 and 12 depict by schemati.c cross-section the prepar

and | am nar connection of two power plane circuit board |ayers. Figs. 13- 20
depi ct by schematic cross-section the various stages in the formation of a
.circuit board 18

17 direct connection between the first and third vias
18 and between the second and fourth vias.

8. The apparatus recited in Claim 7, wherein the third
2 and fourth vias have dendrites at the ends of the vias.
1 9. The apparatus recited in Claim 7, wherein the third
2 dielectric layer is a high dielectric constant
3 crystalline thin film and the dendrites include a joining
4 metallurgy. | | '
1 10. The apparatus recited in Claim 8, wherein the third
2 dielectric layer is a high dielectric constant
'3 crystalline thin film and the dendrites include a joining
4 metallurgy. |

11. The apparatus recited'in Claim 8, wherein the direct
connection comprises physical bonding of via dendrite
3 Jjoining metallurgy.

1 12. A circuit board including capacitor elements,

2 comprising:

3 ' an electrically conductive first power plane;
4 an electrically conductive second power plane;
5 a thin film first dielectric layer between the first

-6 and second power planes, forming a capacitor thereby;

7 a first via extending through the first power plane,

8 the second power plane and the first dielectric laver,

* c L L] s *
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capacitor structure. Fig. 21 depicts by schematic cross-section the tamnar
i nterconnectipy-94-pyo circuit board capacitor |ayers. Fi g,lss’;lgetiﬂ rﬁe DY, 4

schemati c cross-section the use of a four |ayer |am nar

board structure to convey ground, power, and signals to a

el ectroni ¢ conponent, the conposite structure I ncl udi ng 5|

power supply layers, and capacitive |ayers, interconnected through

successive via and plug structures.
' 19

S electrically connected to the second power plane and
10 electrically insulated from the first power plane by a
11 relatively thick second dielectric layer; -

12 -a second via extending through the first power

13 plane, the sedond power plane and the first dielectric

14 laYer, electrically connected to the first power plane

15 and electrically insulated from the second power plane by
16 the relatively thlck second dielectric layer;

17 an electrically conductive third power plane;

18 a relatively thick third dielectric over the
-19 conductive third power plane;

20 a third via extendiné through the_third dielectric
21 and either side of the third_power plane, electrically
22 connected to a region of the third power plane;

23 a fourth via extending through the third power plane
24 and electrically insulated from the third power plane by
25 the relatively thick third dielectric;

26 direct connection between the first and the third or

27 fourth vias; and

28 direct connection between the second and the third

29 or fourth vias.

1 13. The apparatus recited in Claim 12, wherein the vias
2 have dendrites at the ends of the vias.

I



Description of the Preferred Enbodinent The present i nvent+en—as—preferably—

enbodi ed hasAE9+R4#tR@¥Sof facets. The first relates to the structure and

fabrication of a conductive core circuit board layer. The E?Wﬁ'ﬁmﬁlmﬁrﬁ

the structure and efficient 7 fabrication of capacitor c
board structures. Lastly, it relates to a | am nar stackable

20

1 14. The apparatus recited in Claim 12, wherein the first
2 dielectric layer is a high dielectric constant
3 crystalline thin film and the dendrites include a joining
4 metallurgy.
1 15. The apparatus recited in Claim 13, wherein the first
2 dielectric layer is a high dielectric constant
3 crystalline thin film and the dendrites include a joining
4 metallurgy.

'16. A method of making a circuit board capacitor,

comprising the steps of:
3 forming a relatively thin film first dielectric

4 layer on an electrically conductive first power plane;

5 .forming an electrically.cbnductive second power

6 plane over the first dielectric layers;

7 forming a first via through the composite of the

8 first power plane, the first dielectric layer and the

9 second power plane, electrically connected to the second
10 power plane and electrically insulated from the first

11 power plane by a relatively thick second dielectric

12 layer; and

i3 forminé a second via through the composite of the
14 first power plane, the first dielectric layer and the
15 second powef plane, electrically connected to the first
166 power plane and electrically insulated from the second
17 power plane by the relatively thick second dielecﬁric

18 layer.

% ¢ L M 5§ %



circuit *board structure having bot h signal, power supply, and—eapacitor———
| ayers effi &iT9OH94+-GAR egrated into a conposite which is suitable faor

connecting fine pitch surface mount conponents, such as fIipI laced
or the like.. The invention.will first be described with refer III
conductive core layer, then with reference to the capacitive I

and finally in the context of a stacked nultilayer conposite circuit board.
Fabrication begins as shown in Fig. 1 with a core sheet 1 of
copper-invar-copper (CIC) approximately“0. 025"

1 17. The method recited in Claim 16, comprising the
2 further step of forming dendrites at the ends of the

3 vias. _ ' - .

1 lB. The method recited in Claim 16, wherein the step of
2 forming-a thin £ilm first dielectric layer comprises the

3 steps of:

4 depositing a sol-éél material on the first power

5 plane; and

6 annealing the sol-gel material to form a high
7 dielectric constant crystalline thin film layer.

1 19. The method recited.in Claim 17, wherein the step of
2 forming a thin film first dielectric layer comprises the

3 steps of:

T

4 " depositing a sol-gel material on the first power

5 plane; and

6 . annealing the sol-gel material to form a'high

7 dielectric constant crystalline thin film layer.

1l 20. The method recited in Claim 16,'wherein the forming

2 of the first and second vias, comprises the steps- of:

'3 forming holes through the composite;

4 forming a éelectively thick second dielectric layer
5 over the first powér plane, second power plane and the

6 hqies through the composite;

* ¢ L M s x



Y

ml1{inmeters thick. Though | ess desirable, the netallic core _could be
.conposed of AMF-@LdEHIEr, chromium invar, nolybdenum or

copper - nol ybdenum copper. The core is cover ed by a photolltﬁb

patterned mask 2 so as to expose areas 3 to etchants such as

chloride and hydrochloric acid. -Fig. 2 shows the ClC | ayer f

etch of areas 3, showing holes 4, preferably circul ar, extendi ng throug
the sheet of CIC The patterned sheet of, CICis then coated on both sides
with a relatively thick dielectric 6 of g phot oi magabl e pol yner, such as
epoxy or polyimde, as shown in Fig. 3.

7 removing second dielectric layer from selected areas

8 over the first and second power planes; and

9 selectively formihg electrically conductive vias,
10 wusing the holes through the composite, onto the selected

11l areas of the first and second power planes.

1 21. The method recited in Claim 17, wherein the -forming

2 of the first and second vias, comprises the steps of:
3 forming holes through the composite;

4 forming a selectively thick second dielectric layer
5 - over the first power plane, second power plane and the

6 holes through the composite;

7 removing second dielectric layer from selected areas

8 over the first and second power planes; and

9 selectively forming electrically conductive vias,
10 using the holes through the composite, onto the selected

11 areas of the first and second power planes.

1 22. The method recited in Claim 18, wherein the forming

2 of the first and second vias, comprises the steps of:

3 forming holes through the composite;
4 forming a selectively thick second dielectric layer
5 over the first power plane, second power plane'and the

& holes through the composite;

A

laced




>

Phot ol i t'h-ographi ¢ maski ng and etching of dielectric 6 follows to create.

hol es 7 as aTO9wm94-4078 g.. 4. Standard etchants are used. Note that holes 7
are electrically insulated fromCl C sheet 1 by walls of di elﬁggghg&H@myﬁaced

t he etched openings 8 expose CIC sheet 1. An electrically Cony“m"““u Illl |
I

comoni ng | ayer 9 of copper is then confornally deposited to
t hi ckness of 0.001 to 0.0025 mlIlinmeters neters on all expose

23

7 removing éecond dielectric layer from selected areas

8 over the first and second power planes; and

9 selectively forming electrically conductive vias,
10 using the holes through the composite, onto the selected
11 areas of the first and second power planes.

B



8 surfaces, as shown generally in Fig. 5. Commoning |ayer 9—is—used LU
facilitate HERiSATHI9 sel ected regions during a subsequent o rati

11 is then photolithographically formed over copper | ayer 9t

expose those areas which are to be plated, as shown in Fig. 6. U |m
the plating and stripping of mask 11, the regions not covered

I rlpilaced

have a nomnal 0.015 to 0.05 nillineter thick layer 12 of electrically
conducti've copper dep05|ted as iIIustrgﬁFd in Fig. 7. Note with reference
to Fig. 7 - -

Abstract of the Disclosure

Laminar Stackable Circuit Board Structure
" with Capacitoi_

5 Method and apparatus for fabricating fine pitch
pattern multilayer printed circuit boards involving
laminar stackable Board layers providing power
distribution, signal distribution and capacitive-
decoupling. In one respect, the invention relates to the

10 fabrication of board layers by beginning with a metallic
core, patterning the core, selectively enclosing the core
in a dielectric, selectively depositing metal to form
vias, plugs and signal lines, and forming dendrites with -
joining metalluréy on the vias and plugs to provide

15 stackable connection from above or below the plane of the
board layer. In another aspect, the invention is
directed to the use of a soljgel process to form a thin
high dielectric constant crySfalline film onto a metallic
sheet followed with a deposition of a metallic layer onto

20 the high dielectric constant film. The film serves as

" the dielectric of a capacitor layer which is thereafter
in succession patterned, covered by a dielectric, and has
selectively deposited a metallic layer for
interconnecting the capacitor'and forming vias. The ends

25 of the vias are thereafter subject to dendritic growth
and joining metallurgy to provide stackable
interconnection capability. A multilayer composite
laminar stackable circuit board structure is created
using, as appropriate, layers having metallic cores and

30 1layers having capacitively configured cores. The
‘multilayer laminar stackable circuit board provides
direct vertical connection between surface mounted

electronic components éhd the power, signal and



that the circuit board layer at this stage in the fabrication process —

s ncl udes relamgi-gei07%chi ck deposits of copper on the inner vvaﬂhtsghg{Hgg%Ie&gie laced
13, on the dielectric walls and exposed areas of ClIC sheet 1
14, and as selectively patterned |ines on one or nore surfaceﬁlW’H”’ﬂ“i"
circuit board layer, such as freestanding signal |line pattern

extension 17 of hole pattern 13. Such conductive regions define the

el ectrical paths within and between the | ayers of the | am nar stackabl e
circuit board eventually created. Next, Z¥ask 18 is phot ol i t hographi cal |y
patterned to ' : '

-capacitive decoupling layers of 'th'e_ composite board
through the dendrites and joining metallurgy of the: via
and plug formations. '



'
cover al.l

structures defined at 14. The pu

but the ends of the vi

13 and the-V|
18 is to defin

t | e plu :
% ﬁ)’éﬁ laced
sel ective growth of dendrites as taught I'n US Patent No. 5, 13 i ”i

depicts the cross-section of the board Iayer foll owi ng the de

process,

wher eby dendrites 19 are forned at the opposi te ends of the Vi as

at 13 and dendrites 21 extend ovgr both ends of the via-like plugs at 14.

Not e that dendrite mat S so deposi 3al ong t e i nner passages of
t he vias aﬁt?gq t hougl deng+d mati o1 S si unced.
- \LLLLZ T /77 777 77 77 77 7 /7777
f/\\\\\\/\\(\\\'}
1. 2 '
FIG. 1
/EZ\ 7 IVAAS LTI T T 777N\
o ( )
- FIG. 2

N

_—

AN

7 6
“ b 2

FIG. 3

7 6

N

T

N

(MNANANAN

/

K

@~
—

FIG. 4

[\ <o

\/

N

J\M/
N \

Ll

AN AN

Mo

-

CFG. 5



Platlng of the dendritic reglonS\Mt %%#flnlng 9 netal lurg folloms
typically using a tin/lead all oy and ding a | ayer nomi ks a a
0=025 mllimeters thick. Fig. 10 deplcts the cross-section of

fol'l owi ng the stripping of mask 18 and etched renoval of exp

commoni ng | ayer 9. F|g 10 represents a
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bonpleted | ayer of the stackable Iﬂmgzws circuit board structure. As

shqwn
inthis figure, the layer includes a conductive inner core 1I¥ eplaced
supply power or ground potential through the dendritically te “ I I
at 14 from above or below the respective dendrites. Al so preses

| ayer structure are the vias at 13, which vias |likew se are avail able for
dendritic connection fromabove or below the layer. Note thatqjhe vias are
~electrically isolated fromelectronically conductive core speet 1. However

one of the vias is comidcted to conductor 28 on the upper gurfaces of the
' 23 . - 22 '
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board | ayer. Thereby, surface conducto#& such as 22, are intergon ]
from above or bel ow the board |ayer MRPHR8h the dendritic t & laced
the vias at 13. The board layer in Fig. 10 al so shows an eIe '
I sol ated conductive |ine 23 on the upper surface of the boar

conductor 23 illustrates that signal lines on the surface of the board
| ayer can be patterned electrically distinct fromthe vias at 13 and plug

structures at 14. Figs. 11 and 12 depict the use of the stackable circuit
board layer in Fig. 10 to create a nultiple |ayer 27 '
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.berU|t board. In Fig. 11, the boa&& r is showmn coated wi th a
dielectric 24. Thereafter, a secon

v SCOo
| ayer, typically h as Boen Replaced
di fferent surface conduct or pattern, |s al i gned and nated und ﬁH H
and heat to form as depicted in Fig. 12, a two |ayer 10 st
t he :

board structure. The use of heat during the | am nation step refloms
j oi ni ng neggllurgy on t%g

.//33

\\\\\\\\\\\\\\\\\\\\\\:

\\V\\&\\\\\X\\\\\\Y\\X\\\\\
! N LN N N N N N A

| / FIG. 16 \33 \36
] ‘(,,—34 3G-\\\ |
§ Ay RN

SSOOSSSSSSSSSNY ~y

FIG. 17

| 37\ - 39\ 2)6 | ‘S) - /38
Z </ / ALY J /S L L /]
% ) AN N

SN A N
/S /S /S S/ / /.
HG1829\‘ |

S

OSSOSO AL
)/ ~ /IE i




Via depdrites to forma high |ntegrh§g_electr|cal connectlon T e ﬁmﬁf el laced
sfructure provides a direct connecNEH®tween the respecti ve® o B e
conductors through the plug structures and direct connection j H“MHHI‘ I
and associated signal lines. The dendrites ensure reliable.

connection while the viscous dielectric seals the boundary and bi nds t he

two stackable |ayers. The second aspect of the invention relates to the

formati on of capacitive elenents into the fundanental core str3f&tures of
stackable circ 1\\?oard |'ayers. What nakes the board capacitoy structures

of the present
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s invention particularly valuable.is ’WL?" Whe exceptional siz

" capacitance, attributable to the use of thin filmhigh die mm tu
materials, (2) the optim zed electrical characteristics of

sbet ween the capacrtor structures and surface nounted el ectronr C devr ces,

This Sheet Has Been Reﬁaced

(3) the sfwdi o
structures and to those used EtEG'ERﬁNlGéIQMRQNENT stackabl e board Iayers and
(4) the ep se45/v|th Whl ch rruI t@BﬁLbGBWA\TAﬂ.IRaGHIP()I | ayers can be connecf ed
Wi th si gnigd—as

st ackabl e board
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provide high capacitance, |ow resistance, |ow inductance structures which
gan be used_.i.n conjunction with the dendritically interconnected | am nar
st ackabl e nﬁif’tﬂ‘ayer board described with reference to Fig. 12. The
decoupling effect of the capacitive regions is particularlg Nmbfie‘i‘:ﬁlced in
that the capacitance is distributed, as defined by the array of vias, and

is separated fromthe device |eads by no nore than tMPM@EMEN&y&HEE‘&I ong
the via paths.,

1

Laminar Stackable Circuit Board Structure

.ﬁith Capacitor

Backaground of the Invention
1. Field of the Invention

The present invention relates generally to
electronic circuit board structures. More specifically,
the invention is directed to the manufacture and use of
circuit boards which integrate capacitive structures and
are conveniently laminated through stacked
interconnection. The invention has two facets, first
that relating to the efficient manufacture and use of the
circuit boards, and second that relating to the efficient
manufacture and use of circuit boards incorporating
capacitive structures in conjunction with boards not

providing capacitive resources.
. .

2. Description of Related Art
Fine pitch pattern multilayer printed circuit boards

are routinely used to interconnect integrated circuit
devices in complex electronic apparatus, including buﬁ
not limited to computer systems. As the pitch of the
conventionally used copper patterns in the various layers
of the boards decrease, the layer-to-layer
interconnection has proven'to be more challenging when
accomplished through the conventional practice of
drilling and plating vias, including the use of blind
vias or plugs. _

In such multilayer boards, it is common to use
planar sheets of copper as ground paths, as power sﬁpply
paths and as shields between signal line layers.

Integrated circuit packages routlnely have decoupling

REPLACEMENT S)HEE:,TSTr SG A YD
BrDescription : paged ../ to paged 74 F L f.,‘ : REPLACED SHEETS SG
A TClaim(s) : paged /é to pagedws. - _ Bfescription paged .4>.. to paged R
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I1 The fabrication process of the capacitor structure board |ayer begins as
rllrstrated ircl:l_gig.h 13 with the coating of a conductive netallic sheet 26,
anal ogous to sheet 1, with a solution-sol-gel (sol-gel o} 27.
Sheet 26 is preferably platinum plated invar, gr cf)ppergi n ag mq%
covered by a flash coating of platinumto elimnate co oxi dation and
reaction with the sol-gel compound. Sol -gel conpound 2§EPEA@EMENEdﬁHEEF
sprayed, di pped or otherw se deposited gnto t he

capacitors mounted immediately adjacent their power
supply leads, on the surface of the printed circuit
board, to reduce noise.

The difficulty of manufacturing multllayer printed
circuit boards in the fine wiring pitches needed for
direct attach of integrated circuit die, such as exists
with the flip-chip technology, led to the use of high
density circuit boards or substrates as described in US
Patent No. 5,146,674, the subject matter of which is
incorporated by reference herein. The technology
characterized by this patent involves the formation of
individual layers, for a concluding multilayer board
design, from electrically conductive planar sheets. Vias
and plugs are formed in dielectrically insulated holes
through the sheets. Signal lines are patterned in
conductive layers deposited on dielectric layers formed
over the metallic core sheet. Vertical interconnections
are created through patterns'of vias and plugs during the
mating of successive layers by aligned compression.

Given that vias and plugs serve similar vertical
interconnect functions, use of the term "via" hereafter
is intended to encompass both forms of structures.
| Reliable connection between the_vias is accomplished
through dendrites formed on the ends of the vias. The
dendrites physically contact corresponding dendrites in
other layer vias when the aligned layers are compressed.
The formation and use of such dendrites is described in
US Patent No. 5,137,461, the subject matter of which is
incorporated by reference herein.

Further refinements in the use of such vertically
interconnected board structures are described in US
?atent No. 5,363,275, the subject matter of which is also

incorporated by reference herein. This patent focuses on



sUr?ace to a nom nal thickness of .approximately 0.001 mllinmeter. A variety
of materials can be used for conpound 27, an exanpl e being
| ead- 1 ant hanum titanate as"described in | BM Research Report=§£§¢?ﬁ%¥i
(84975) 4/25/94, entitled "Thickness Dependent Dielectric Prbperti of
Sol - Gel Prepared Lead Lant hanum Titanate Filnms" by authors Beach et al, as
publ i shed by the I BM Research Division, T.J. Watson ReSERLAGENENTeSHEETe
subj ect matter of which is incorporated by reference herein. The
f undanent al concepts underlying the sol 3gel process are described in two,
articles published in the
the selective lamination of numerous layers to both
interconnect high density flip-chip devices as well as to
provide the basic flexible cable resource for ' .
inte;connecting groupings of such layers as may be used
with a modularized component computer system.

Fabrication of the laminar stackable circuit boards
which comprise the individual layers of the ﬁultilayer
interconnéct systems sought in the aforementioned US
Pafents 5,146,674 and 5,363,275 depend upon the process
in 5,146,674 to create the individual layers. Though
viable, the process is unfortunately complex and
therefore costly. '

As digital system clock rates and the number
integrated circuit die I/0 lines increase, capacitive
decoupling of the power supply at the leads of the
integrated circuit die becomes more important. The prior
art practice of mounting decqypling capacitors adjacent
the integrated circuit packages is not desirable for a
number of reasons. First, the use of such capacitors
requires extra fabricatiqn operations. In addition, the
capacitors are relatively large in relation to
contemporary integrated circuit devices. Lastly, since
the capacitors are surface mounted devices, the ground
and power supply connections must be routed to the
surface at the capacitor leads, introducing resistance
and inductance in the decoupling path. |

Though capacitive structures may be incorporéted
into the integrated circuit die, the cost in silicon area
and magnitude of capacitance obtainable seldom justify
that approach.

Therefore, there remains a need for a capacitive
structure which can be integrated into multilayer printed
circuit boards and preferably involve a fabrication



techni cal journal Advanced Materials. The first is entitled "Advanced
Dielectrics: Bulk Ceramcs and Thin Filns" by authors Hennings et al, as
appear in Advanced Materials 3 (1991), No. 7/8, on pages]%ﬁﬁﬂﬂA@@ The
second article is entitled "Sol-Gel Processes" by Reuter, “as app€ared in

Advanced Materials 3 (1991), No. 5, pages 258-259. Th | of
both references is incorporated by reference herein. %ﬁéﬂgégﬁkggggégﬁTthe
sol -gel process is depicted generally in Fig. 14, conprising a high oxygen
envi ronment thermal anneal involving t erfber at ures

process which follows the basic tenets of the process
used to create advanced laminar stackable circuit board
configurations.

Summary of the Invention

In one form, the invention is directed to a circuit
board capacitor comprising an electrically conductive
first power plane, an electrically conductive second
power plane, a thin film first dielectric layer between
the first and second power planes, forming a capacitor
thereby, a first via extending through the first power
plane, the second power plane and the first dielectric
layer, electrically connected to the second power plane
and electrically insulated from the first power plane by
a relatively thick second dielectric layer, and a second
via extending through the first power plane, the second
power plane and first dielectric layer, electrically
connected to the first power_plane and electrically
insulated from the second power plane by the relatively
thick second dielectric layer.

In another form, the invention comprises an
electrically conductive first power plane, an
electrically conductive second power plahe; a thin film
compound first dielectric layer between the first and
second power planes, forming a capacitor thereby, a first
via extending through the first power plane, the second
power plane and the first dielectric layer, electrically
connected to the second power plane and electrically
insulated from the first power plane by a relatively
thick second dielectric layer, a second via extending
through the first povwer -plane, the second power plane and
first dielectric layer, electrically connected to the
first power plane, and electrically insulated from the

second power plane by the relatively thick second



nonfnally approaching 700 degrees C. The goal is to forma thin crystalline
fil'mlayer 29 on netallic sheet 26, 12 which layer 29 is characterized

by a | ow | eakage current and-an extrenely high dielectyi nt,
typically in the range of 500. One skilled in physics iwéﬂ“ﬁ%ﬁﬁ? iately

appreci ate a nunber of factors associated with di6|€ﬁﬁﬁﬂﬂbéwﬁ%ﬁr8ﬁ%ETFirSt’

since the val ue of
5

dielectrically layer, an electrically conductive third
power plane, a relatively thick dielectric over the
conductive third power plane, a third via extending
through the third dielectric and either side of the third
power plane, electrically connected to a region of the
third power plane, a fourth via extending through the
third power plane an electrically insulated from the
third power plane by relatively thick third dieleétric,
direct connection between the first and the third or
.- fourth vias, and direct connection between the second and
the third or fourth vias. 1In other forms, the invention
is directed to proéessés from manufacturing the apparatus
so defined.

According to one embodiment of the invention, a
capacitive structure printed circuit board layer is
formed, as an element of a stacked multilayer circuit
board, using a thin layer of_pigh dielectric constant
songel based crystalline film. Connections to the
electrically conductive layers that compose the
capacitor’s plates are made through vias. The multiple
layers of the composite board are stacked for electrical
connection through the dendrites at the ends of the vias.
The concluding multilayer board has a laminar
configuration of capacitor layers, ground planes, power
planes and signal lines. The vias are fabricated in the
fine pitch patterns surface mount components, such as
ball grid érray flip-chip devices. The circuit board
capacitors decouple the power supply at the pads of the
flip-chip die, with minimum resistance and inductance in
any connecting lines.

The process used to fabricate the circuit board
capacitors, according to one practice of the invention,

is a refinement of the new process for forming the



capacitance is inversely proportional to the thickness of the dielectric,
the thin filmcharacter of dielectric |ayer 29 provides a sIrucéure of high
capaci tance per unit area. The high capacitance al so bp%ﬁNQNs@B om the fact
that capacitance is directly proportional to the area, i ch now ext ends

substantially over the full surface of the stackabl | I Gk -frayer.
ERLACEMENTORFFES

Lastly, since capacitance is directly proportional ctric
constant, the exceptionally high dielecgric constant of the sol-gel forned
crystalline thin filmmterials further~accentuates the capacitance

obt ai nabl e. '

circuit board iayers which are used to provide power,
ground and fine pitch signal lines in a laminar stackable
circuit board format.
These and other features of the invention will be
<  more clearly understood and appreéiated upon considering
the detailed description of the embodiments which follow.

Brief Description of the Drawings

Figs. 1-10 depict by schematic éross—section various
stages during the fabrication of a circuit board layer
having a power plane and signal lines.

Figé. 11 and 12 depict by schematic cross-section
the preparation and laminar connection bf two power plane
circuit board layers.

Figs. 13-20 depict by schematic cross-section the
various stages in the formation of a circuit board
capacitor structure. .

Fig. 21 depicts by scheﬁ;tic cross-section the
laminar interconnection of two circuit board capacitor
iayers.

Fig. 22 depicts by schematic cross-section the use
of a four layer laﬁinar stackable circuit board structure
to convey ground, power, and signals to a flip-chip type
electronic component, the composite structure including
signal layers, power supply layers, and capacitive
layers, interconnected through successive via and plug

structures.

Description of the Preferred Embodiment
The present invention as preferably embodied has a

number of facets. The first relates to the structure and
fabrication of a conductive core circuit board layer.

The second relates to the structure and efficient



Ii shoul d not be overlooked that the high tenperatures required of the’

sol -.gel process to formthe crystalline thin filnms such as 29 are outside
the real mof capability for convention printed circuit Jboard caonpositions
such as FR4. Such printed circuit board materials have 1a99N3¥sl§9 ansi tion

temperature in the range of 120 to 180[err] C. In c " %Ea‘xmal
anneal tenperature of the sol-gel is suitable for'nBEgLﬁiﬂgéﬁ?g%ﬁ '
structures such as 26, when the oxidation and reaction characteristics of
the selected netal are consistent with tRe thernmal environnment.

fabrication of capacitor core circuit board structures.
Lastly, it relates to a laminar stackable multilayer
circuit board structure having both signal, power supply, _
and capacitor layers efficiently integrated into a
composite which is suitable for connecting fine pitch
surface mount components, such as flip-chip devices or
the like. The invention will first be described with
reference to the conductive core layer, then with
reference to the capacitive core layer, and finally in
the context of a stacked multilayer composite circuit
board.

Fabrication begins as shown in Fig. 1 with a core
sheet 1 of copper-invar-copper (CIC) approximately 0.025
millimeters thick. Though less desirable, the metallic

. core could be composed of pure copper, chromium, invar,
molybdenuh, or copper-molybdenum-copper. The core is
covered by a photolithographi;ally pattérned mask 2 so as
to expose areas 3 to etchants such as cupric chloride and
hydrochloric acid. Fig. 2 shows the CIC layer'following
the etch of areas 3, showing holes 4, preferably
circular, extending through the sheet of CIC. The

~patterned sheet of CIC is then coated on both sides with
a relatively thick dielectric 6 of a photoimagable
polymer, such as epoxy or polyimide, as shown in Fig. 3.

Pﬁotolithographic masking and etching of dielectric
6 follows to create holes 7 as shown in Fig. 4. Standard
etchants are used. Note that holes 7 are electrically
insulated from CIC sheet 1 by walls of dielectric 6 while
the etched openings 8 expose CIC sheet 1. An
electrically conductive commoning layer 9 of copper is
then conformally deposited to a nominal thickness of
0.001 to 0.0025 millimeters meters on all exposed



Fol | owi ng the sol-gel process formation of crystalline thin filmlayer 29,
l-ayer 29 has deposited thereon by chem cal vapor deposition, sputtering,
eYaporatlﬁr, or glatlng, generally 31, a several mcron thick |ayer of

el ectrically conductive material 32, as schematical |y fapinget®dbn Fig. 15.
The concl udi ng three- 13 layer capacitive structureﬁiegrol}\lt%ve% 15_t hen

serves as the REPLACEMENT SHEET

surfaces, as shown generally in Fig. 5. Commoning ;ayer
9 is used to facilitate plating of selected regions
during a subsequent operation. _
Mask 11 is then photolithographically formed over
copper.layer 9 to selectively expose those areas which
are to be plated, as shown in Fig. 6. Following the
platiné and stripping of mask 11, the regions not covered
by mask 11 have a nominal 0.015 to 0.05 millimeter thick
layer 12 of electrically conductive copper deposited, as
illustrated in Fig. 7. Note with reference to Fig. 7
that the circuit board layer at this stage in the
fabrication process includes relatively thick deposits of
copper on the inner walls of holes 13, on the dielectric
walls and exposed areas of CIC sheet 1 at openings 14,
and as selectively patterned lines on one or more
surfaces of the circuit board layer, such as freestanding
signal line pattern 16 or extension 17 of hole pattern
13. Such conductive regions define the electrical paths
within and between the layers of the laminar stackable
circuit board eventually created. \
Next, mask 18 is photolithographically patterned to
cover all but the ends of the vias defined at 13 and the
via like plug structures defined at 14. The purpose of
mask 18 is to define regions for selective growth of
dendrites as taught in US Patent No. 5,137,461. Fig. 9
depicts the cross-section of the board layer following
the dendritic growth process, whereby dendrites 19 are
formed at the opposite ends of the vias at 13 and
dendrites 21 extend over both ends of the ‘via-like plugs
at 14. Note that dendrite material is also deposited
along the inner passages of the vias at 13, though
dendrite formation is significantly less pronounced.

Plating of the dendritic regions with a joining



core sheet for a board | ayer fabrication process anal ogous to that
described beginning wwth Fig. 1. The capacitor board | ayer pattern
formation begins 5 wth the operations which produce fgﬁ vo section
depicted in Fig. 16. As shown, capacitive core sheet é@l g@ﬁvely

covered by a photolithographically processed mask 33 PLACE] rqy
openi ngs 34 and 36. Openings 34 and 36 are preferabl@EC|ch*%Npﬁﬁﬁgﬂzpe.

Etching of the 10 capacitor core sheet follows, preferably enploying an
ani sotropi c etchant such as cupric chldide and hydrochloric acid. Upon the
conclusion of the etch and a

metallurgy follows, typically using a tin/lead alloy and
providing a layer nominally 0.0025 to 0.025 millimeters
thick.

Fig. 10 depicts the cross-section of the layer
following the stripping of mask 18 and etched removal of
exposed .copper commoning'layer 9. Fig. 10 represents a
completed layer of the stackable laminar circuit board
structure. As shown in this figure, the layer includes a
conductive inner core 1 suitabie to supply power or
ground potential through the dendritically terminated
plugs at 14 from above or below the respective dendrites.

| Also present in the layer structure are the vias at 13,
which vias likewise are available for dendritic
connection from above or below the layer. Note that the
vias are electrically isolated from electronically
conductive core sheet 1. However, one of the vias is
connected to conductor 22 on.the upper surfaces of the
board layer. Thereby, surfaéé conductors such as 22, are
interconnected from above or below the board layer
through the dendritic termination of the wvias at 13. The
board layer in Fig. 10 also shows an electrically
isolated conductive line 23 on the upper surface of the
board. Surface conductor 23 illustrates that signal
lines on the surface of the board layer can be patterned
electrically distinct from the vias at 13 and plug
structures at 14. '

Figs. 11 and 12 depict the use of the stackable
circuit board layer in Fig. 10 to create a multiple layer
circuit board. In Fig. 11, the board layer is shown
coated with a viscous dielectric 24. Thereafter, a
second board layer, typically having a different surface
conductor pattern, is aligned and mated under pressure
and heat to form, as depicted in Fig. 12, a two layer



strfp of mask 33, the core sheet appears as shown in Fig. 17 with hol es at

sel ected | ocations-34.and 36. 15 Next, a dielectric such as 6 in Fig.
3 is fornmed over the core sheet. A selective renoval of dielectric 6 by
phot ol i t hographi ¢ nmaski ng and sel ective etching forns1q; Ty gﬁﬁrically

insulated via hole at 37, a dielectrically insulated Via hol€ at 38, an
exposed 20 contact opening at 39 to metallic | ayePREPSAGEMENS SHPEEi ti ve
core, and an opening 41 through dielectric 40 to the other netallic |ayer
32 of the capacitive core. Processing ¥hal ogous to that described with
reference to

stacked circuit board structure. The use of heat during
the lamination step reflows the joining metallurgy on the
via dendrites to form a'high integrity electrical
connection. The stacked structure provides a direct
connection between the respective core conductors through
the plug structures and direct connection of the vias and
associated signal lines. The dendrites ensure reliable.
electrical connection while the viscous dielectric seals
the boundﬁry and binds the two stackable layers.

The second aspect of the invention relates to the
formation of capacitive elements into the fundamental
core structures of stackable circuit board layers. What
makes the board capacitor structures of the present
invention particularly valuable is (1) the exceptional
size of the capacitance, attributable to the use of thin
film high .dielectric constant materials, (2) the
optimized electrical charactg;istics'of the connections
between the capacitor structﬁres and surface mounted
electronic devices, (3) the similarity of the fabrication
processes used to form capacitor structures and to those
used to fabricate other stackable board layers and (4)
the ease with which multiple capacitive board layers can
be connected with signal and power stackable board
layers. The capacitor structure stackable board ladyers
provide high capacitance, low resistance, low inductance
structures which can be used in conjunction with the
dendritically interconnected laminar stackable multilayer
board described with reference to Fig. 12. The
decoupling effect of the capacitive regions is
particularly pronounced in that the capaditance is
distributed, as defined by the array of vias, and is
separated from the device leads by no more than the board

layers along the via paths.



Figs. 5, 6 and 7 follows, thereby producing the structure 25 in Fig. 18.
The processes include the formation of a thin copper connnning | ayer, the
formati on of a mask, and a plating to form.a thick netsa b N r through
the vias at 37 and 38 and into the respective openingé t ég %g t he

| atter formations being electrically common to 30 MERTC tor
plates 26 and 32. After the strip of the mask, thgﬁ%gggglto ?Q;gr circuit

board structure appears as shown in the cross-section of Fig. 19.
11

The fabrication process of the capacitor structure
board layer begins as illustrated in Fig. 13 with the
coating of a conductive metallic sheet 26, analogous to
CIC sheet 1, with a solution-sol-gel (sol-gel) compound
27. Sheet 26 is preferably platinum plated invar, or
copper-invar-copper covered by a flash coating of
platinum to eliminate copper oxidation and reaction with
the sol-gel compound. Sol-gel compound 27 is spin
coated, sprayed, dipped or otherwise deposited onto the
surface to a nominal thickness of approximately 0.001
millimeter. A variety of materials can be used for
compound 27, an-éxample being lead-lanthanum-titanate as
described in IBM Research Report RC 19550 (84975)
4/25/94, entitled "Thickness Dependent Dielectric
Properties of $ol-Gel Prepared Lead Lanthanum Titanate
Films" by. authors Beach et al, as published by the IBM
Research Division, T.J. Watsqp Research Center, the
subject matter of which is-iﬁcorporated by reference
herein. The fundamental concepts underlying the sol-gel
process are described in two articles published in the

technical journal Advanced Materials. The first is

entitled "Advanced Dielectrics: Bulk Ceramics and Thin
Films" by authors Hennings et al, as appear in Advanced
Materials 3 (1991), No. 7/8, on pages 334-340. The
second article is entitled “Sol-Gel Processes" by Reuter,
as appeared in Advanced Materials 3 (1991), No. 5, pages
258-259. The subject matter of both references is
incorporated by reference herein.

The next step in the sol-gel process is depicted
generally in Fig. 14, comprising-a high oxygen
environment thermal anneal involving temperatures
nominally approaching 700 degrees C. The goal is to form
a thin crystallihe film layer 29 on metallic sheet 26,



lﬁ Note that plated conductive | ayer 42 extends through the opening at 37
to the other side of the board froma contact to conductive plate 26 of the
capacitor structure at opening 39 in dielectric 40. Siin@Q NOVYI®I at ed
metallic | ayer 43 extends through the opening at 38 and is electrically

connected to capacitor plate 29 through the COﬂtanﬁgﬁ?CEmqutSHEETA
on,

phot ol i t hographi ¢ maski ng and dendrite formation o anal ogous to

that described with reference to 12

which layer 29 is characterized by a low leakage current
and an extremely high dielectric constant, typically in
the range of 500. One skilled in physics will
immediately appreciate a number of factors associated
with dielectric layer 29. First, since the value of
capacitance is inversely proportional to the thickness of
the dielectric, the thin f£ilm character of dielectric
layer 29 provides a structure of high capacitance per
unit area. The high capacitance also benefits from the
fact that capacitance is directly proportional to the
area, which now extends substantially over the full
surface of the stackable circuit board layer. Lastly,
since capacitance.is directly proporticnal to the
dielectric constant, the exceptionally high dielectric
constant of the sol-gel formed crystalline thin film
materials. further accentuates the capacitance obtainable.

It should nof be overlqeked that the high
temperatures required of the sol-gel process to form the
erystalline thin films such as 29 are outside the realm
of capability for convention printed circuit. board
compositions such as FR4. Such printed circuit board
materials have a glass transition temperature in the
range of 120 to 180° C. In contrast, the thermal anneal
temperature of the sol-gel is suitable for metal sheet
core structures such as 26, when the oxidation and
reaction characteristics of the selected metal are
.consistent with the thermal environment.

Following the sol-gel process formation of
crystalline thin film layer 29, layer 29 has deposited

/. thereon by chemical wvapor deposition, sputtering,

evaporation, or plating, generally 31,-5 several micron
thick layer of electrically conductive material 32, as
schematically depicted in Fig. 15. The concluding three-



Figs. 8, 9 and 10, produces the capacitive circuit board |layer structure
depicted in Fi-g. 20. Note that the dendrite covered via at 37 is common to
one plate of the capacitor structure while the dendrite covered via at 38
is common to the opposite plate of the capacitor str V 1gparallel
connection of nultiple capacitor |ayers produces the structure in Fig. 21.

A viscous dielectric 39 is used in the manner desc _ r nce to
Fig. 12, to seal and bind the two mated circuit boBFgﬁﬂgggF@T Sﬁgﬁ , the
use of heat during the |am nation step 12fl ows

layer capacitive structure in Fig. 15 then serves as the
core sheet for a board layer fabrication process
analogous to that described beginning with Fig. 1.

The capacitor board layer pattern formation begins
with the operations which produce the cross-section
depicted in Fig. 16. As shown, capacitive core sheet is
selectively covered by a photolithographically processed
mask 33 so as to provide openings 34 and 36. Openings 34
and-36 are preferably circular in shape. Etching of the
capacitor core sheet follows, preferably employing an
anisotropic etchant such as cupric chloride and
hydrochloric acid. Upon the conclusion of the etch and a
strip of mask 33, the core sheet appears as shown in Fig.
17 with holes at selected locations 34 and 36.

Next, a dielectric such as 6 in Fig. 3 is formed
over the core sheet. A selective removal of dielectric 6
by photolithographic masking and selective etching forms
a dielectrically insulated wvia hole at 37, a
dielectrically insulated via hole at 38, an exposed
contact opening at 39 to metallic layer 26 of the
capacitive core, and an opening 41 through dielectric 40
to the other metallic layer 29 of the capacitive core.
Processing analogous to that described with reference to
Figs. 5, 6 and 7 follows, thereby producing the structure
in Fig. 19. The processes include the formation of a
thin copper commoning layer, the formation of a mask, and
a plating to form a thick metallic layer through the vias
at 37 and 38 and into the respective openings at 39 and
41, the latter formations being electrically common to
effective capacitor plates 26 and 29. After the strip of
the mask, the capacitor layer circuit board structure

appears as .shown in the cross-section of Fig. 19.

-
et Has Been Re laced

TR



the joining netallurgy on the via dendrites to forma high integrity

el ectrical connection. Wat is noteworthy about the conposite in Fig. 21 is
the ease with which circuit board capacitive structuf{e® &Q%ﬂ@&hnected in
parallel, and in such formare available for further interconnection to
successi ve signal and power distribution |ayers from either g E or above.
Forenobst, note that the manufacturing processes REPHACEMENSa é gﬁ;
capacitive layers are simlar to those practiced to create the signal and
power distribution circuit board | ayersja :

Note that plated conductive layer 42 extends through
the opening at 37 to the other side of the board from a
contact to conductive plate 26 of the capacitor structure
at opening 39 in dielectric 40. Similarly, plated
metallic layer 43 extends through the opening at 38 and
is electrically connected to capacitdr plate 29 through
the.contact opening at 41.

A photolithographic masking and dendrite formation
operation, analogous to that described with reference to
Figs. 8, 9 and 10, produces the capacitive circuit board
layer structure depicted in Fig. 20. 'Note that the
dendrite covered via at 37 is common to one plate of the
capaciior structure whilé the dendrite covered wvia at 38
is common to thé.opposite plate of the capacitor
structure;

A parallel connection of multiple capacitor layers
produces the structure in Fiq. 21.' A viscous dielectric
39 is used in the manner described with reference to Fig.
12, to seal and bind the two mated circuit board layers.
Again, the use of heat during the lamination step reflows
the joinihg metallurgy on the via dendrites to form a
high integrity electrical connection.

What is noteworthy about the composite in Fig. 21 is
the ease with which circuit board capacitive structures
are connected in parallel, and in such form are available
for further interconnection to successive Signal and
power distribution layers from either below or above.
Foremost, note that the manufacturing processes used to
create the capacitive layers are similar to those
practiced to create the signal and power distribution
circuit board layers.

The third aspect of the invention deals with the

ability to interconnect the circuit board layers which



The third aspect of the invention deals with the ability to interconnect
the circuit board |ayers which 15 distribute the electric power and

el ectrical signals with the layers which provide capacitive decoupling in a
| ami nar stackable multilayer circuit board configurhtd §fV M8Bexanple is
shown in Fig. 22. As depicted in the figure, the conposite structure has

the two capacitor REPLACEMENT SHEET
15

distribute the electric power and electrical signals with
the layers which provide capacitive decoupling in a
laminar stackable multilayer circuit board configuration.
An example is éhown in Fig. 22. As depicted in the
figure, the compdsite structure has the two capacitor
layers of Fig. 21 situated at the bottom of the structure
in Fig. 22, and two layers of Fig. 12, which distribute
the electrica; signals, distribute the electrical power
and provide shielding, laminated above. 1In the
furtherance of distributing the capacitance, it likely
that arrays of vias may be used to interconnect

capacitive board layers without being used for further
direct interconnection as component power supply and
ground lines. For purposes of illustration, laminar
stackable multilayer circuit board 41 is shown in
anticipation of a further copnection to balls 42, 43 and
44 of a ball-grid array type flip-chip electronic
component 46. Note in partiéhlar that the power supply
via at 47 and the ground via at 48 are situated in

- immediate vertical alignment with the respective balls 42
and 44. This minimizes any resistive and inductive
effects which might reduce the decoupling provided by the
underlying capacitive layers of the multilayer board
structure. Similarly, note that electronic component
ball 43 receiﬁes signals from the multilayer board
connections directly below. This arrangement reduces the
length of the signal path as well as any'resistance or
inductance in the signal path.

Though the invention has been described and
illustrated by way of specific embodiments, the apparatus
and methods encompassed by the invention should be
interpreted to be in keeping with the breadth of the

claims set forth hereinafter.



Iayers of Fig. 21.sittlatedeahrégheedot tom of the structure in Fig. 22, and
two | ayers of Flg ribute the electrical signals, distribute
the el ectri cal “ “tuﬁ shi el di ng, Ianinate? above. 1n the
furtgerancg of dISt apacitance, it likel §¥}ays of vias
may be used to interconnect capacitive board |aye used for
further direct interconnection as conponent pomgrhggpg¢€ﬂgﬂgq§$®ggd | i nes.
For purposes of illustration, |am nar stackable nultilayer circuit board 41
is shown in anticipation of a further cbhnection to balls 42, 43 and

Claims
1. A circuit board capacitor, comprising:
an electrically conductive first power plane;
an electrically conductive second power plane;

a thin film first dielectric lafer between the first

and second power planes, forming a capacitor thereby;

a first via extending through the first power plane,
the second power plane and the first dielectric layer,
electrically connected to the second power plane and

electrically insulated from the first power plane by a

relatively thick second dielectric layer; and

a second via extendiné through the first power
plane, the second power plane and.the first dielectric
layer, electrically connected to the first power plane

- and electrically insulated from the second power plane by

the relatively thick second dielectric layer.

2. The apparatus recited in Claim 1, wherein the first

aﬂd second vias have dendrites at ends of the vias.

3. The apparatus recited in Claim 1, wherein the first
dielectric layer is a high dielectric constant
crystalline thin film and the dendrites include a joining

metallurgy.

4. The apparatus recited in Claim 2, wherein the first

dielectric layer is a high dielectric constant

A



44 of a bal | -grd—artaytype fiTp-chip electronic conponent 46. Note in
particul ar that the power qgghy via at 47 and the ground via at 48 are
situated in i as Y alignment with the respective balls 42 and
44. This minim ﬁi ve and inductive effecti INBH19%Rght reduce
t he decoupling e underlyi ng capaci t ékd rs_of the

mul tilayer board structure. Simlarly, note that‘@? 'éEﬁEMTé%ﬁﬁﬂhent bal

43 receives signals fromthe nmultilayer board connections directly bel ow
Thi's arrangenent reduces the |ength of17he signal path as well as any
resi stance or

crystalline thin film and the dendrites include a joining

metallurgy.

5. The apparatus recited in Claim 3, wherein the second
dielectric is a photolithographically patterned

formation.

6. The apparatus recited in Claim 4, wherein the second
dielectric is a photolithographically patterned

formation.

7. The apparatus recited in Claim 1, further

comprising:

an electrically conductive third power plane;

an electrically conductive fourth power plane;

a thin £ilm third dielectric layer between the third

and fourfh power planes;

a third via extending through the third power plane,
the fourth power plane and the third dielectric layer,
electrically connected to the fourth power plane and
electrically insulated from the third power plane by a

fourth dielectric layer:;

a fourth via extending through the third power
plane, the fourth'power plane and the third dielectric
layer, electrically connected to the third power plane
and electrically insulated from the fourth power plane by
the fourth dielectric layer; and

L) 0 O



i nduct ance iQ_Lhﬁ,ngnaF~pa%h’-Though t he i nvention has been descri bed and

“illustrated by way of specif enbodi nents, the apparatus and net hods
enconpassed bhit Bhset §hou|d be |nterpreted to be in keeping with
the breadth of m“ ‘ forth hereinafter. 119 NBWIIES CLA MED I S:
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direct connection between the first and third vias

and between the second and fourth vias.

8. The apparatus recited in Claim 7, wherein the third
and fourth vias have dendrites at the ends of the vias.

9. The apparatus recited in Claim 7, wherein the third
dielectric layer is a high dielectric constant
crystalline thin f£ilm and the dendrites include a joining

metallurgy.

10. The apparatus recited in Claim 8, wherein the third
dielectric layer is a high dielectric constant
crystalline thin film and the dendrites include a joining

metallurgy.

b}

11. The apparatus recited in Claim 8, wherein the direct
connection comprises physical bonding of via dendrite

joining metallurgy.

12. A circuit board including capacitor elements,

comprising:
an electrically conductive first power plane;
an electrically conductive second power plane;

a thin film first dielectric layer between the first

and second power planes, forming a capacitor thereby;

a first via extending through the first power plane,

the second power plane and the first dielectric layer,

* c L M S *



1. , A ci rcuirt—board capacitor conprising: an electrically conductive first
power pl ane; ivfh{ Sh&h Redidedac | ayer of uniformthin filmhigh dielectric
conposition f l&“@m n one surface of the first power plane; an
electrically cﬂ |Em¥ d power plane extendi ng quvar @4 r st
dielectric lay ower plane, first diel ec?r ?chgs}g‘rﬁ and second

power plane form ng a capacitor thereby; a first ViﬂEPﬁA IND SHEEJugh t he
first power plane the second power plane and the first dielectric |ayer

electrically 19

electrically connected to the second power plane and
electrically insulated from the first power plane by a

relatively thick second dielectric layer; -

a second via extending through the first power
plane, the second power plane and the first dielectric
layer, electrically connected to the first power plane
and electrically insulated from the second power .plane by
the relatively thick second dielectric layer;

an electrically conductive third power plane;

a relatively thick third dielectric over the

conductive third power plane;

a third via extendiné through the third dielectric
and either side of the third power plane, electrically
connected to a region of the third power plane;

a fourth via extending through the third power plane
and electrically insulated from the third power plane by
the relatively thick third dielectric;

direct connection between the first and the third or

fourth vias; and

direct connection between the second and the third

or fourth wvias.

'13. The apparatus recited in Claim 12, wherein the vias
have dendrites at the ends of the wvias. '

L



connected—by =a tontact to a planar surface of the second power plane and

el ectrical the first power plane by a relatively thick
second dleky lQ&Qi E&HR hﬁﬁg a second via extending thrf @wwhﬁ @lrst power
pl ane, the ane and the first dlelectrlc g *@trlcally
connect ed b a planar surface of the fp Tgﬁ'@{ﬁ- and
electrically |nsulated fronlthe second power plane by 'y thick
second dielectric layer. - 2. The circuit board capacitor as recited in

Claiml, wherein the first and second vizs have dendrites at ends of the
vias. 3. The circuit board capacitor as recited in Caim1l, wherein

14. The apparatus recited in Claim 12, wherein the first
dielectric layer is a high dielectric constant
crystalline thin film and the dendrites include a joining

rmetallurgy.

15. The apparatus recited in Claim 13, wherein the first
dielectric layer is a high dielectric constant
crystalline thin film and the dendrites include a joining

metallurgy.

'16. A method of making a circuit board capacitof,

comprising the stebs of:

forming a relatively thin £ilm first dielectric

layer on an electrically conductive first power plane;

forming an electrically conductive second power

plane over the first dielectric layers;

forming a first via through the composite of the
first power plane, the first dielectric layer and the
second power plane, electrically connected to the second
power plane and electrically insulated from the first
power plane by a relatively thick second dielectric

layer; and

forming a second via through the composite of the
first power plane, the first dielectric layer and the
second power plane, electrically connected to the first
pbwer plane and electrically insulated from the second
power plane by the relatively thick second dielectric

layer.

* [ L M ] *



the first =gFetrectric Tayer is a high dielectric constant crystalline thin

film 4. The circuit board capacitor as recited in aim?2, wherein the

first d|eLesL#+e—+ayer—rs-a—hlgh di el ectric constant crystalllne thin film

and the dendrites include a j.oining nmetallurgy. 5. Th@«NDV boar d
capacitor as recited in Caim3, wherein the seco electric is
phot ol i t hographi cally patterned formation. - CE T SHEET

21

17. The method recited in Claim 16, comprising the
further step of forming dendrites at the ends of the

vias.

;8. The method recited in Claim 16, wherein the step of
forming -a thin f£film first dielectric layer comprises the

steps of:

depositing a sol—gél material on the first power

plane; and

annealing the sol—gel material to form a high

dielectric constant crystalline thin f£ilm layer.

19. The method recited in Claim 17, wherein the step of
forming a thin film first dielectric layer comprises the

steps of:

depositing a sol-gel material on the first power

plane; andg

annealing the sol-gel material to form a high

dielectric constant crystalline thin film lavyer.

20. The method recited in Claim 16, wherein the forming

of the first and second vias, comprises the steps- of:
forming holes through the composite;
forming a selectively thick second diéelectric layer

over the first power plane, second power plane and the

holes through the composite;

* [+ L M S *



6. The circui pacitor as recited in Caimi4, V\,herein'the second

glelgctrlc is a photolithographically patterned formation. 7. The circuit
oard capacitor_as iHted—n Claiml, further conpri g ectrically
conductiv ird povver pl ane; ,an electrically conduct ivﬁ NB‘Z%% power

plane; a thin filmthird. dielectric tayer between t t rth
]E)ower hpI anes; a third via extending through the thlﬂ@‘ﬁgﬂ’&@ngk‘kg*t he
ourt

22

removing second dielectric layer from selected areas

over the first and second power planes; and

selectively formihg electrically conductive vias,
using the holes through the composite, onto the selected

areas of the first and second power planes.

21. The method recited in Claim 17, wherein the -forming

of the first and second vias, comprises the steps of:
forming holes through the composite;

forming a selectively thick second dielectric layer
over the first power piane, second power plane and the

holes through the composite;

removing second dielectric layer from selected areas
ALY

over the first and second power planes; and

selectively forming electrically conductive vias,
using the holes through the composite, onto the selected

areas of the first and second power planes.

22. The method recited in Claim 18, wherein the forming

of the first and second vias, comprises the steps of:
forming holes through the composite;
forming a selectively thick second dielectric layer

over the first power plane, second power plane and the

holes through the composite;

* [ L M s *



power plane and the third dielectric |ayer electrically connected to the
fourth power plane and electrically insulated fromthe third power plane by
a fourth dielectric layer; a fourth via extending thrgqg;wi\?%@i rd power

pl ane, the fourth power plane and the third dielectri el ectrically
connected to the third power plane and el ectri cal 'WEP%EN?&I\ﬂdSHE‘E'T‘the
fourth power plane by the fourth dielectric layer; and connection between
the first and third vias and between the second and fourth vias. 8. The
circuit board capacitor as recited in Claigm 7, wherein the third and fourth
vias have dendrites at the ends of the

removing second dielectric layer from selected areas

over the first and second power planes; and

_selectively forming electrically conductive vias,
using the holes through the composite, onto the selected
E- areas of the first and second power planes.

A



vias. 9. The circuit board capacitor as recited in Caim?7, wherein the
third dielectric layer is a high dielectric constant crystalline thin film
10. The circuit board capacitor as recited in Claim8, wherein the third
dielectric layer is a high dielectric constant crystaﬂlﬂrﬁ[}\mggsfi | m and
the dendrites include a joining netallurgy. 11. The circuit board capacitor

as recited in Caim8, wherein the connection conpRERIACEMENT SHEEToNndi ng of
via dendrite -

Laminar Stackable Circuit Board Structure with Capacitor
Abstract

The invention is directed to a circuit board capacitor comprising
an electrically conductive first power plane (32), an
electrically conductive second power plane (26), a thin f£ilm
first dielectric layer (29) therebetween, forming a capacitor
thereby, a first wvia (37) extending through the first power
plane, the second power plane and the first dielectric layer,
electrically connected to the second power plane and electrically
insulated from the first power plane by a relatively thick second
dielectric layer (40) and a second via (38) extending through the
first power plane, the second power plane and the f£first
dielectric layer, electrically connected to the first power plane
and electrically insulated from the second power plane by the
relatively thick second dielectric layer. This provides circuit
boards which integrate capacitive structures and are conveniently

laminated through stacked interconnection.

Figure 19



joi ni ng nmetal lurgy. 12. A circuit board including capacitor elenents
conprising: an electrically conductive first power plane; . agfq']qj%gtcgrs _
dielectric layer of uniformthin filmhigh dielectric comlo [ A “or med
directly on one surface of the first power plane; an - ty :
conductive second power plane extendi ngl{oyer the fi rstehwce%@&%q'{ggr,
the first power plane, fiést diglectric 1ayer, and secpnd power plane

form ng a.capacitor 3 )
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t ereby; a first via extending through the first power plﬁ%e bh@ éecond
power plane and the first dielectric |ayer, electrically NBt 3 by a
contact to a planar surface of the second power plane and electrically
insulated fromthe first power plane by a relatively t REEKAGEMENT SHEET
dielectric layer; a second via-extendi ng/zhrough the first power plane, the
second power plane and ¢ghe first dielectric layeny electrically
connected by a contact to a surface of the first power plane and
electrically insul ated fm power plane by el ati VPZ t hi ck

second di e ayer LA L

‘\4 :\I\’RJJﬁ'\ﬁ
|\ Y/ /77 /7L
LA

NN N \ﬁ » [
LA W L L
| M _FIG. 6 o
16 17
13 - 13 14
12 (12 /12
Q%}_p;f\\; ,‘trﬁel,', { T (

4
/7(7‘/ Z
L ;/

N
%\%

N\

wt\ 1

\//,




an electrically conductive third power plane; a relatively thick third
dielectric over the conductive third power plane; a ﬂhBrNéVH@%bxtending
through the third dielectric and either side of the third power plane,

electrically connected to a region of the third pow Pﬁb t ’ h via
extendi ng through the third power plane3apd electrrjgﬁ- eE@ENﬁa%ﬂgétron1the
third power plane by the relatively thick third dielectric; copnection
between the first and the third or fourth vias; and connectifn between the

second and the third orl¥F ourth vias. 13
23 f' 23 / 22
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13. The circuit board as recited in Caim1l2, wherein the vias have
dendrites at the ends of the vias. 1111111 11111111111#]9[%%@1 19 14.
The circuit board as recited in Claim12, wherein the ectric

| ayer is a high dielectric constant crystalllne thin film 15. The circuit

board as recited in Caim 13, wherein tE? REPLACEMENT SHEET

27
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first dlelectrlc L  HaSBé&n hqgn<ﬂ|electr|c constant crystalline thin film

and the dendrltes |ng nmetal | urgy. 16. oard
\M@t i nvar - copper sheet fﬁrgtﬂggv&e@éopl ane; a

.capaci tor, conprls
thin crystalline h filmlayer of unif | formed
by sol -gel processing directly on one 5 5face of tﬁ@yﬂhggﬁﬁﬁﬁ'sﬂﬁ opper
sheet fir power plane; an electrical z conductive second power plane,

mat eri al | y'yt hi nner t 34 he first fomer pl ane and ext 3% as a directly
formed | aygr over dlelectrlff$ | mlayer, the first powe
N
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pl ane, dielectric filmlayer and second power plane form ng a capacitor
thereby; a first via layer of plated electrical condgcgog gnq§pd|ng t hr ough
the first power plane, the second power plane and th p ctric film

| ayer, electrically connected by a contact to a pl e of th '
second power plane, and electrically insul ated froﬁﬂgﬂéﬁﬁﬁdén% plane
by walls of second dielectric |ayer p8g¥olithographically deflned I n hol es
extendi ng through the first power plane; a second via |layer of3%l ated

el ectrical con tor extending through the first power plane, Ahe second
power plane and tye
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| o ditelectric filmlayer, electrically conhected by a conf ag:tm}gb} aggpl anar
,surface of the first power plane, and electrically insulate romthe
second power plane by walls of second dielectric | aRePLACEMENT SHEET

"photolith gr aphi cal | y d defined in hol ed/@xt endi ng through the second poyer
p| ane; a prated—derndrrtes—omr the—vira (S roxrmate the extension fof
via | ayer th‘{é)ugh the hol es i ELE@].EBQMGQ.O%?WE second power pl anes.
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20 17 The circuit board capacitor as recited in clai ml6 r
dendrites include a joining netal lurgy. 11111111 111111" I"@% r%@ﬁ@%ﬁshemu

21 17. The nethod recited in Caim 16, conprising the further step
-formng dendrites at the ends of the vias. " Date: ?O?/

13

layer capacitive structure in Fig. 15 then serves as the
core sheet for a board layer fabrication process
analogous to that described beginning with Fig. ‘1.

The capacitor board layer pattern formation begins

S with the operafions which produce the croés-sectién'

depicted in Fig: 16. As shown, capacitive core sheet is
selectively covered by a photolithographically processed
mask 33 so as to provide openings 34 and. 36. Openings 34
and 36 are preferably circular in shape. Etching of the

10 capacitor core sheet follows, preferably employing an

~ anisotropic etchant such.as.cupric chloride and ,
hydrochloric acid. Upon the conclusion of the etch and a
strip of mask 33, the core .sheet appears as shown in Fig.
17 with holes at selected locations 34 and 36.

15 Next, a dielectric such as 6 in Fig. 3 is formed
over the core sheet. A selective removal of dielectric 6
by photolithographic masking and sélective etching forms.
a- dielectrically insulated via hole at 37, a
dielectrically insulated via hole at 38, an exposed

20 contact -opening at 39 to metalii; layer 26 of the
capacitive core, and an opeﬁing 41 throubh dielectric 40
to the ofher metallic ‘layer 32 of the qapa;itive core.
Processing analogous to that.described,with reference to
Figs. 5, 6 and 7 follows, . thereby producing'the'structure

25 in Fig. 18. The processes include the formation of a
thin copper commoning layer, the formation of a mask, and
a plating to form a thick metallic layer through the vias
at 37 and 38 and into the respective openings at 39 and
41, the latter fdrmatiops being electrically common to

30 effective capacitor plates 26 and 32. After the strip of

' the mask, the capacitor layer circuit board structure

| appears as .shown in the cross-section of Fig. 19.
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18. ."I"he method recited in Oaim16, wherein the step of forming a thin film

first dielectric |ayer conprises the steps of: depoqug@qhgrg e ¢ _
material on the first power plane; and annealing the sol-gel ﬁ%ﬁ%ﬁ%gﬁSQ%?pwz
forma high dielectric constant crystalline thin filmlayer. 39. {?e met hod
recited in Caim17, wherein the step ofjgorning a Dates fill mitiTs

' ' ;aéﬁ | : It | -gel material on
?Lglﬁfﬁgic rIé“ﬁEKiﬁE? {Qs steps of: depositing a sol-g

1. - A circuit board capacitor coﬁprising:

an electrically conductive first power plane;

a first dielectric layer of uniform thin film high dielectric
composition formed directly on one surface of the first power
plane; .

an electrically conductive second power plane extending over
the first dielectric layer, the first power plane, first
dielectric layer and second power plane forming a capacitor
thereby:;

a first via extending through the first power plane the second
power plane and the first dielectric layer electrically
connected by a contact to a planar surface of the second power
plane and eiectrically insulated from Ehe first power plane by
a relatively thick second dielectric layer; and

a second via extending through the first power plane, the
second power plane and the first dielectric layer electrically
connected by a contact to a élaﬁar surface of the first power
plane and electrically insulated from the second power plane
by the relatively thick second dielectric layer.

2. The circuit board capacitor as recited in Claim 1, wherein
the first and second vias have dendrites at ends of the vias.

3. The circuit board capacitor ag recited in Claim 1, wherein
the first dielectric layer is a high. dielectric constant
crystalline thin £ilm.

4, The circuit board capacitor as recited in Claim 2, wherein
the first dielectric layer -is- a high dielectric constant
crystalline thin £ilm and the dendrites include a joining
metallurgy.

5. The circuit board capacitor as recited in Claim 3, wherein
the second dielectric is a photolithographically patterned
formation.

* [ L M S *



pl ane; and annealing the sol-gel material to forma high dielectric

cbnstant crystalline thin filmlayer. 20. The net hogid &Cih L Bhddt - -
wherein the formng of the first and second vi as, co}rlrprui ggg@{:ageﬁegﬁjgh%ﬁ '

form ng hol es through the conposite; forning a selectivel tQith cond
dielectric layer over the first power plane, secontpqigi/\er?lﬁl e anfl the
hol es through the conposite; 11111111 11%111 1111111111111

6. The circuit board capacitor as recited in Claim 4, wherein
the second dielectric is a photolithographically patterned

formation.

7. The circuit board capacitor as recited in Claim 1, further
comprising:

an electrically conductive third power plane;

an electrically conductive fourth power plahe;

a thin film third dielectric layer between the third and fourth
power planes; '

a third via extending through the third power plane; the fourth
power plane and the third dielectric layer electrically
connected to the fourth power plane and electrically insulated
from the third power plane by a fourth dielectric layer;

a fourth via extending through the third power plane, the
fourth power plane and the third dielectric layer, electrically
connected to the third power plane and electrically insulated
from the fourth power plane by the fourth dielectric layer; and
connection between the first and third vias and between the
second and fourth vias.

8. The circuit board capacitor as recited in Claim 7, wherein
the third and fourth vias have dendrites at the ends of the
vias.

9. The circuit board capacitor as recited in Claim 7, wherein
the third dielectric layer is a high dielectric constant
crystalline thin f£ilm.

10. The circuit board capacitor as recited in Claim 8, wherein
the third dielectric layer is a high dielectric constant
crystalline thin film and the dendrites include a joining
metallurgy.

11. The circuit board capacitor as recited in Claim 8, wherein
the connection comprises physical bonding of via dendrite

A



22 renoving second dielectric layer fromselected areas over the first and
second power planes; and selectively forning el ect rTialig mex:mvﬂhm'nem sheet,
usi ng the hol es through the conposite, onto the sel ected areas of the flrst
and second power planes. 21. The method recited in

els:l ai t he
formng of the first and second vias, cofgrises th %‘Feps of m%%@ hol es

through the, composi { Stallurgy.

12. A circuit board including capacitor elements comprising:
an electrically conductive first power plane;
a first dielectric layer of uniform thin £ilm high dielectric
composition formed directly on one surface of the first power
plane;
an electrically conductive second power plane extending over
the first dielectric layer, the first power plane, first
dielectric layer and second power plane forming a capacitor
thereby:;
a first via extending through the first power plane, the second
power plane and the first dielectric layer, electrically
connected by a contact to a planar surface of the second power
plane and electrically insulated from the first power plane by
a relatively thick second dielectric layer:;
a second via extending through the first power plane, the
second power plane and the first dielectric layer,
electrically connected byla contact to a planar surface of the
first poﬁer plane and electrically insulated from the second
power plane by the relatively thick second dielectric layer;
an electrically conductive third power plane;
a relatively thick third dielectric over the conductive third
power plane;
a third via extending through the third dielectric and either
.side of the third power plane, electrically connected to a
region of the third power plane:;
a fourth wvia extending through the third power plane and
. electrically insulated from the third power plane by the
relatively thick third dielectric; ,
connection between the first and the third or fourth vias; and
connection between the second and the third or fourth vias.

13. The circuit board as recited in Claim.lz, wherein the vias
have dendrites at the ends of the vias.

(A



formng a selectively thick second dielectric |layer over the first power

pl ane, second power plane and the hol es through thevb@npasé replacemeii shpet'
second dielectric layer fromselected areas over the first and second power
pl anes; and selectively formng electrically conductjye viq§,LE§1 he

hol es through the conposite, onto the sehegcted area-ﬂ%’t e fi stmggé
second power planes. 22. The nethod recifed in Caim18, wherein the
formng of the first and second vias, conprises the .steps of: form ng hol es
t hrough thel¢onprkét eircuit board as recited in Claim 12, wherein the

first dielectric layer is a high dielectric constant
crystalline thin £ilm.

15. The circuit board as recited in Claim 13, wherein the
first dielectric layer is a high dielectric constant
crystalline thin film and the dendrites include a joining
metallurgy.

16. A circuit board capacitor, comprising:
a copper-invar-copper sheet first powef plane;
a thin crystalline high dielectric £41m layer of uniform
cornposition formed by sol-gel processing directly on one
surface of the copper-invar-copper sheet first power plane;
an electrically conductive second power plane, materially
thinner than the first power plane and extending as a directly
formed layer over the dielectric £ilm layer, the first power
plane, dielectric film layer and second power plane forming a
capacitor thereby;
a first via layer of plated electrical conductor extending
through the first power plane, the second power plane and the
dielectric film layer, electrically connected by a contact to
a planar surface of the second power plane, and electrically
insulated from the first power plane by walls of second
dielectric 1layer photolithographically defined in holes
extending through the first power plane;
a second via layer of plated electrical conductor extending
-through the first power plane, the second power plane and the
dielectric £ilm layer, electrically connected by a contact to
a planar surface of the first power plane, and electrically
insulated from the second power plane by walls of second
dielectric layer photolithographically defined in holes
extending through the second power plane; and
plated dendrites on the via layer, proximate the extension of
via layer through the holes in the first and the second power
planes.

[

) A



forﬁfng a selectively thick second dielectric |ayersouer f j q%@g N
pl ane, second power plane and the hol es through theibbnpéséﬁgﬁé%%ﬁ??l t

111111 111111111111112 23 renovi ng second dielectric Ia&ﬁgl;ro l ected |
areas over the first and second power planes; and sBiatsti Vel ytf or fidng
el ectrically conductive vias, 20 '

17. The circuit board capacitor as recited in claim 16 wherein
the dendrites include a joining metallurgy.
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usikng the holes through the conposite, onto the selected areas of the first

and second power pl anes. . . s s the replacement shest: .
5 Date: (~ Lf’ - ‘I?
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