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The invention specifically relates to th

Laminar Stackable Circuit Board Structura

and Manufacture

Background of the Invention
l. Field of the Invention

The present invention relates generally to
electronic circuit board structures.
relates to the fabrication and use of circuit boards

The invention also
which are laminated through stacked interconnection. The
invention specifically relates to the efficient
manufacture and use of stackable circuit board layers,

and the use of such circuit board layers in conjunction

~with board iayers providing capacitive structures.

2. Descrlgtlon of Related Art

Fine pltch pattern multilayer printed c1rcu1t boards
are routlnely used to interconnect integrated circuit
deviqes in complex electronic'apparatus, including but
As the pitch of the

conventionélly used copper pétterns in the various layers

not limited to computer systems.

of the boards decrease, the layer-to-layer

interconnection has proven to be more challenging when

_accomplishéd through the conventional practice of

dri;ling 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 supply
paths and as shields between signal line layers.
Integrated circuit packages routinely have decoupling
capacitors mounted immediately adjacent their power
on the sufface of the printed circuit

board, to reduce noise.
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mnth board Iy ggVvi di ng capaci.ti-ve structures. 2. De=EFF§r T,
EI ngipIa ﬁ by r~d§":§ "éAS BEEN ‘

Related Art Itch pattern nultilayer printed circui E2flCep
routinely used to interconnect integrated circuit deviced_in cdnb ;
el ectroni c apparatus, including but not linmited to conputér syStems. As the
pitch of the conventionally used copper patterns in the various |ayers of

t he boards decrease, the |ayer-to-layer interconnection has proven to be
nore chal | engi ng when acconplished throdh the conventional practice of
drilling and plating vias, including the use of blind

The difficulty of manufacturing multilayer printed
circuit boards in the fine wiring pitches needed for
direct attach of integrated circuit die, such as eiists
with the flip-chip technology, led to the use of high

5 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 muitilayer board

10 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

15 are created through patterns of vias and plugs during the
mating of successive layers by aligned compression.

Given that wvias and plugs serve similar wvertical
interconnect functions, use o} the term "via" hereafter
is intended to encompass both forms of structures.

20 Reliablé connection between the wvias is accomplished
through dendrites formed on the ends of the wvias. 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

25 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
Patent No. 5,363,275; the subject matter of which is also

30 incorporated by reference herein. This patent focuses on
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
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viias or pl ug In such nmultilayer boards, it is common to use planar sheets
of copper adT§r84ndSaths, as power supply paths and as_shields hetueen
signal line |layers. Integrated circuit packages routil s BareT decasHN
capacitors mounted i medi ately adj acent their power siupply ggRdgsPn t
surface of the printed circuit board, to reduce noise

3

interconnecting groupings of such layers as may be used
with a modularized component éomputer system. '
Fabrication of the laminar stackable circuit boards
which comprise the individual layers of the multilayer
5 interconnect systems sought in the aforementioned US
Patents 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.' |
10 As digital system clock rates and the number
integrated circuit die I/0 lines increase, capacitive
decoupllng of the power supply at the leads of the
- integrated circuit die becomes more important. The prior
art practice of_mounting'decoupling capacitors adjacent
15 the integrated circuit packages is not desirable fér_a
number of reasons. _First, the use of such capacitors
requires extra fabrication operations. In addition, the
capacitors are relatively iarge in relation to
contemporary integrated circuit devices. Lastly, since
20 the capacitors are surface mounted devices, the ground
and power supﬁly connections must be routed to the
surface at the capacitor leads, introduqiné resistance
and inductance in the decoupling path.
Though capacitive structures may be incorporated
25 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 process
suitable to create the individual laYgrs of an advanced

30 laminar stackable circuit board structure.
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2 The difficulty of manufacturl ng nultilayer printed ci rcwt boards in the
fine wiring®fid&ted9Feeded for direct attach of integratst=eiretit=tie
such as exists with the flip-chip technology, led to thg U]E@Sﬁ:&*ﬁsghSBEEN
density circuit boards or substrates as described in US:Pat enReRDACED
5,146, 674, the subject matter of which is incorporated b*y'
- The technol ogy characterized by this patent involves the formation of
i ndi vidual |ayers, for a concluding nmultjlayer board design, from

el ectrically conductive planar sheets. Vias

- Summary of the Invention
In one form the invention is directed to a method of

fabricating a stackable circuit board layer comprising
the steps of forming holes through a metallic sheet,

5 forming a first dielectric layer over the metallic sheet,
forming first and second holes through the first
dielectric layer at respective first and second
locations, selectively forming deposits of metal -at the
first and second locations, whereby the deposits of metal

10 at the first location form a via electrically insulated
from the metallic sheet by first dielectric and the
deposits of metal at the second locations form a via

- electrically connected to the metallic sheet, and forming
dendrites at the ends of the vias.

15 The individual board layers are stacked for
electrical connection through the dendrites at the ends
of the wvias. The concluding_yultilayer board has a
laminar configuration preferably including capacitor
layers, ground planes, power planes and signal lines.

20 The vias can be fabricated in the fine pitch patterns of
surface mount devices, such as ball gfid array flip-chip
devices. o

These and other featurés of the invention will be
more clearly understood and appreciated upon considering

25 the detailed description of the embodiments which follow.

Brief Description of the Drawings
Figs. 1-10 depict by schematic cross-section various

stages during the fabrication of a circuit board layer
- 30 having a power plane and signal lines.
Figs. 11 and 12 depict by schematic cross-section

the preparation and laminar connection of two power plane

circuit board layers.
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and plugs are fornmed in dielectrically insulated holes through the sheets.
Signal |ine?AER-®%HdtA3erned in conductive | ayers deposit edjordieleetrit———
layers formed over the netallic core sheet. Vertical irﬂe¥é@ﬂaétEEﬁM%&BEEN
created through patterns of vias and plugs during the mat i ng of RERIAG®I ve
| ayers by aligned conpression. Gven that vias and plugs SEerve srmrtat
vertical interconnect functions, use of the term"via" hereafter is
intended to enconpass both forms of structures. Reliable connection between
the vias is acconpllshed t hrough dendrit®s formed on the ends of the vias.
The '

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

Fig. 21 depicts by schematic cross-section the

5 laminar interconnection of two circuit board capacitor
layers.l _ _ | _ )

Fig. 22 depicts by schematic cross-section the use
of a four layer'laminar_stackable circuit board structure
to convey groﬁnd, power, and signals to a flip-chip type

10 electronic component, the composite structure including'
signal layers, power supply layers, and'capacitive
layers, interconnected through successive via and plug

structures.

15 -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 c%re circuit board layer.
The second relates to the structure énd efficient
20 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 integratéd into a
composite which is suitable for connecting fine pitch
25 surface mount compoﬁents, 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
30 board. ' ' o
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
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dendrites pQ Lgﬂ_l Jcontact correspondi ng dendrites in
when t he allé%e &éers are conpressed. The formation &
dendrites is described in US Patent No. 5,137,461, the
whi ch is incorporated by reference herein. Further refifmements i n the use
of such vertically interconnected board structures are described in US
Patent No. 5,363,275, the subject matter of which is also incorporated by
reference herein. This patent focuses orgthe selective | am nation of
numerous | ayers to both interconnect high density flip-chip devices as well
as to

core could be composed of pure copper, chromium, invar,
molybdenum, of coppef-molybdenum-copper. The core is
covered by a photolithographically patterned mask 2 so as
to expose areas 3 to etchants such as cupric chloride and
5 -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
patternéd sheet of CIC is then coated on both sides with
a relatively-thick dielectric 6 of a photoimagable

10 polymer, such as epoxy or polyimide, as shown in Fig. 3.

Photolithographic masking and etching of dielectric
6 follows to create holeé 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

15 the etched openings 8 expose CIC sheet 1. An
electrically conductive commoning layer 9 of copper is
then confbrmally deposifed tq‘a nominal thickness of
0.001 to 0.0025 millimeters motExs on all exposed
surfaces, as shown generally in Fig. 5. Commoning layer

20 9 is used to facilitate plating of seleéted regiohs
dﬁring a subsequent operation.

Mask 11 is then photolithographically formed over
copper iayer 9 to selectively expose those areas which
are to be plated, as shown in Fig. 6. Following the

25 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 electrically conductive copper deposited, as
illustrated in Fig. 7. Note with reference to Fig. 7

_ thét the circuit board layer at this stage in the

30 fabrication process includes relatively thick deposifs of
copper on the inner walls of holes 13, on the dielectric
walls and exposed areas of CIC sheet 1 at opehings 14,

and as selectively patterned lines on one or more
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rovi de the i c flexible cable resource for 3inte
groupl ngs ofabgi‘&'*‘llag%rs as may be used with a nodul ari
cbnputer system Fabrication of the |am nar stackable clirc
conprise the individual layers of the multilayer interconnect systens
sought in the aforenentioned US Patents-5, 146, 674 and 5, 363, 275 depend upon’

-the process

7

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
5 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

10 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

15 dendrite material is also deposited along the inner
passages of the vias at 13, though dendrite formation is
significﬁhtly less pronounced. Plating of the dendritic
regions with a joining metalihrgy follows, typically
using a tin/lead.alloy and providing a layer nominally

20 0.0025 fo 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

25 structure. As shown in this figure, the laver includes a
conductive inner core 1 suitable 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,

30 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

This Sheet Has Been Rei




in 5,146,674 to create the individual |ayers. Though viab
unf-ort unat elATLTM 83 and- therefore costly. As digitR
ahd the nunber integrated circuit die I/OIlines incre
decoupling of the power supply at the | eads of the i )
becomes nore inportant. The prior art practice of nounting decoupllng
capacitors adjacent the integrated circuit packages is not desirable for a
number of reasons. First, the use of such capaC|tors requires extra :
fabrication operations. In addition, the

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
through the dendritic termination of the vias at 13. The
5 Dboard 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 1ayér can be patterned
electrically distinct from the vias at 13 and plug
10 structures at 14.

Figs. 11 and 12 depict the use of the stackable
circuit board layer in Fig. 10 to create a multiple layér
circuit board. 1In Fig. 11, the board layer is shown
coated with a viscous dielectric 24. Thereafter, a

15 second board layer, typically having a different surface
conductor pattern, is aligne@ and mated under pressure
and heat fo form, as depicted in Fig. 12, a two layer
stacked circuit board structﬁ}e. The use of heat during
the lamination step reflows the joining metallurgy on the

20 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 dendrltes ensure retigfamA\

25 electrlcal connection while the v1scous dielectricNseals
the boundary and binds the two stackable layers.

The second aspect of the invention relates to the
formation of capacitive elements into the fundamental
core sfructures of stackab;e circuit board layers. What

30 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
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Capacitors gtg gglgé?vely large in relation to contenporary integrated
circuit dev S since the capacitors are surfarﬁ—ﬁhnn—gn—nau-a
the ground and power supply connections nust be routed
t he capacitor |eads, introducing resistance and inductafjce i nREPACED
decoupl i ng pat h. Though capacitive structures may be in
Integrated circuit die, the cost in silicon area and nagnltude of
capaci tance obtai nabl e sel domjustify that approach. Therefore, there
remains a need for a process

optimized electrical characteristics of the connections
between the capacitor structures and surface mounted
electronic devices, (3) the similarity of the fabrication

processes used to form capacitor structures and to those
S5 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 ‘layers
provide high capacitance, low resistance, 1o§ inductance
10 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 capacitance is
15 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.
The fabrication process of the capacitor structure
board layer begins as illustrated in Fig. 13 with the
20 coating of a conductive metalli; sheet 26, analogous to
CIé 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
25 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 example being lead-lanthanum-titanate as
30 described in IBM Research Report RC 19550 (84975)
4/25/94, entitled "Thickness Dependent Dielectric
Properties of So0l-Gel Prepared Lead Lanthanum Titanate
Films" by authors Beach et al, as published by the IBM
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suitable to create the individual |ayers of an advancs ' le
circuit boar¥T8tPéclBBe. 4 Summary of the |Inventi ap THe BREET bARBERY
invention is directed to a nethod of fabricating a st@ckatﬂﬁﬁﬂﬂhﬁﬁﬂ t bodrd

| ayer conprising the steps of form ng holes through a T _sneet ,
formng a first dielectric |ayer over the netallic sheet,

10

Research Diviéion, T.J. Watson Research Center, the
subject matter of which is incorporated by reference
herein. The fuhdamental'concepts underlying the sol-gel
process are described in two articles published in the
5 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,
10 as appeared in Advanced Materials 3 (1991), No. 5, pages
258-259.  The subject matter of both references is
incorporéted by reference herein.
The next step in the sol-gel process is depicted
generally in Fig. 14, comprising a high oxygen
15 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,
which layer 29 is characterized by a low leakage current
and an extremely high dielectric constant, typically in
20 the range of 500. One skilled in physics will
immediately appreciate a number of factors associated
with dielectric layef 29. First, since the wvalue of
capacitance is inversely proportional to the thickness of
the dielectric, the_thin film character of dielectric
25 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
aréa, which now extends substantially over thé full
surface of the stackable circuit board layer. Lastly,
30 since capacitance is directly proportional to the
dielectric constant, the excéptionally high dielectric
constant of the sol—gél formed crystalline thin £film

materials further accentuates the capacitance obtainable.
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formng first and second holes through the first dielectric |ayer at
respective AM9s94a1®3second | ocations, selectively formg d Ik éq
metal -at . the first and second | ocations, whereby the &éﬁ%%ﬁ%ﬁ?%@?ﬁ%%a_ At
the first location forma via electrically insulated fr om THe el :
sheet by first dielectric and the deposits of netal at the second | ocations
forma via electrically connected to the netallic sheet, and form ng
dendrites at the ends of the vias. The individual board | ayers are stacked
for electrical connection through the ddidrites at the ends

It should not be overlooked that the high
temperatureslrequired of the sol-gel process to form the
crystalline thin films such as 29 are outside the realm
of capability for conventibn printed circuit board

5 compositions such as FR4. Such printed circuit board
materials have a'glass transition temperature in the
range of 120 to 186° 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

10 reaction characteristics of the selected metal are
cdnsistent with the thermal environment.

Following the sol-gel process formation of
crystalline thin film layer 29, layer 29 has deposited
thereon by chemical vapor deposition, sputtering,

15 evaporation, or plating, generally 31, a several micron
thick layer of electrically ponductiVe material 32, as
schematically depicted in Fiq. 15. The concluding three-
layer capacitive structure in Fig. 15 then serves as the

- core sheet for a board layer fabrication process

20 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

25 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 cﬁpric_chloride and
hydrochloric acid. Upon the conclusion of the etch and a

30 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
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£

of the vias. The concluding nmultil.ayer board has a | am nar configuration
preferably AFE-34A§3capacitor layers, ground planes TEaFes Al

signal lines. The vias can be fabricated in the fil
surface nount devices, such as ball grid array flip
other features of the invention will be nore clear |y==ttaekr

appreci ated upon considering the detailed descrlptlon of t he enbodlnents
which follow. Brief Description of the Pypawings Figs. 1-10 depict by
schemati c cross-section various

by photolithographic masking and selective etching forms
a dielectrically insulated via hole at 37, a
dielectrically insulated via hole at 38, an exposed
contact opening at 39 to metallic layer 26 of the
5 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 tha formation of a
10 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 info the respective openings at 39 and
41, the latter formations being electrically common to
effective capacitor plates 26 and 29. After the strip of
15 the mask, the capacitor layer circuit board structure
appears as shown in the Cross- section of Fig. 19.
Note that plated conductlve 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
20 at opening 39 in dielectric 40. Similarly, plated
metallic layer 43 extends through the opening at 38 and
is electrically connected to capacitor plate 29 through
the contact opening'af 41.
A photolithographic masking and dendrite formation
25 operation, analogous to that described ﬁith 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 via at 38
30 is common to the opposite plate 6f the capacitor
 structure.
A parallel connection of multiple.capacitor layers

produces the structure in Fig. 21. A viscous dielectric
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stages duri rication of a circuit board |ayer
and si gnal ?&ﬁb%ﬁ ﬁ?%

5 Figs. 13-20 depict by schenmatic cross-section the vari-ss
formation of a circuit board

13

39 is used in the manner described with reference to ?ig.
12, to seal and bind the two mated circuit board layers.
Again, the use of heat during the lamination step reflows
the joining metallurgy on the via dendrites to form a

5 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 avallable
for further 1nterconnectlon to successive signal and

10 power distribution layers from either below or above.
Foremost, note that the manufacturing processes used to
cfeate the capacitive layers are similar to those
practiced to create the 51gna1 and power distribution
circuit board layers. _ -

15 The third aspect of the invention deals with the
ability to interconnect the circuit board layers which
distribute the electric power and electrical signals with
the layers which provide cap&éitive decoupling in a
laminar stackable multilayer circuit board configuration.

20 An example is shown in Fig. 22. As depicted in the
figure, the composite structure has the two capacitor
layers of Fig. 21 situated at the bottom of the structure
in.Fig. 22, and two lavers of Fig. 12, which distribute
the electrical signals, distribute the electrical power

25 and provide shielding, laminated above. 1In the
furtherance of distributing the capacitanée, 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

30 ground lines. For purpoées of illustration, laminar.
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 flip-chip electronic
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capacitor structure. Fig. 21 depicts by schematic cross-section the |am nar
i nt erconnectARSr#-X9%Wo circuit board capacitor |ayers. Fig 22 depicts b
schematic cross-section the use of a four layer lamn 2 ; “q
board structure to convey ground, power, and signals ;1 BB?
el ectroni c conponent, the conposite structure includir
power supply | ayers, and capacitive |ayers, interconneered 'rough
successive via and plug structures. 14

component 46. Note in particular that the power supply
via at,47 and the ground via at 48 aré gituated in
immediate vertical alignment with the respective balls 42
and 44. This minimizes any resistive and inductive

5 effects which might reduce the decoupling provided by the
ﬁndérlying:capacitive layers of the multilayer board
structure. Similarly, note that electronic component
ball 43 receives signals from the multilaver board
connections directly below. This airangement reduces the

10 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 thé invention should be

15 interpreted to be in keeping with the breadth of the

claims set forth hereinafter.
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Descrl ption of the Preferred Enbodi nent The present inv_e

enbodi ed hadTP1RATI&ES of facets. The first relates to thé m|glgname~lﬁ@ﬁn€EEN
fabrication of a conductive core circuit board |ayer. Th‘ secoREPL&GEQes
the structure and efficient fabrication of capacitor cor é-ekreas
structures Lastly, it relates to a |lamnar stackable rrultl I ayer Ci rcwt
board structure having both signal, power supply, and capaC|t Been Replaced
efficiently integrated into a corrposi tel\%/ni ch is suitable for (i ﬁ”ﬁl I“",
fine pitch surface nmount conponents, suCh as flip-chip devices

Claims
1 1. A method of fabricating a stackable circuit board

2 layer, comprlslng the steps of:

3 forming holes through a metallic sheet;

4 forming a first dielectric layer over the metallic
S5 sheet;

6 forming first and second_holes through'the first

7 dielectric layer at respective first and second

8 locations;

S selectively forming deposits of metal at the first
10 and second locations, whereby the deposits of metal at

11 the first 1ocatibn form a via electrically insulated from
12 . the metalllc sheet by first dlelectrlc and the deposits
13 of metal at the second locatlons form a via electrically

14 connected to the metallic sheet; and
15 forming dendrites at the ends of the vias.
1 2. The method recited in Claim 1, comprising the

2 further step of forming a joining metallurgy on the

3 dendrites.

1 3. The method recited in Claim 2, wherein the step of

2 selectively forming deposits of metal comprises the steps
3 of:

4 , masking non-selected areas of the metallic sheet and

5 fifst dielectric layer; and
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the |ike. ngyénygntign will first be descrlbed with reference to
conductive - 1ayerT then with reference to the c u
and finally in the context of a stacked multil ayer P bpar d.

Fabrication begins as shown in Fig. 1 with a core s
s thi CJfhls §1Ig8 ﬁg&een Replaced

copper -i nvar - copper (ClC) approximately 0.025 milli

| ess desirable, the netallic : _|

16

6 plating the metal on areas not covered in the

7 masking step.

1 4. The method recited in Claim 3, comprising the
2 further steps of:

3 forming a commoning layer before the step of

4 plating; and

5 removing exposed commoning layer after the step of
6 plating. .

1 5. The method recited in Claim 2, wherein the metallic
2 sheet comprises a copper-invar-copper composition.

1 6. The method recited in Claim 1, wherein the step of
2 selectively forming deposits of metal provides a

3 formation at a third location on the first dielectric

4 layer electrically insulated from the deposits of metal
5 at the first and second locations.

1 7. The method recited in Claim 2, wherein the step of

2 forming dendrites comprises the steps of:

3 selectively masking areas other than the ends of the

4 wias; and
5 - . subjecting unmasked areas to dendritic growth.

1 8. The method recited in Claim 6, wherein the step of

2 £orming dendrites comprises the steps of:

* T L ] S *



6 core coul%f 2 70 ed of pure copper, chrom um
copper-nnlyb enum copper. The core is covered by a

chloride and hydrochloric acid. Fig. 2 shows the CIC y
etch of areas 3, showing holes 4, preferably circular, extending through
the sheet of CIC. The patterned sheet of CICis then coated on both sides
with a relatively thick dielectric 6 of ig phot oi nagabl e pol yner, such as
epoxy or polyimde, as shown i-n Fig. 3.

'3 selectively inasking areas other than the ends of the

4 wvias; and

5 subjecting unmasked areas to dendritic growth.

'I‘hllsl |S|liietllllii Been Reilaced
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Ph0t0|ith092ﬁ@u#9 ﬁﬁérlng and etching of dielectric 6 follows to create
hol es 7 as g. 4. Standard etchants are used.DNote-that=tvetes—7
are electrically insulated fromClC sheet 1 by walls of dined SHEET HAB BREN d
t he etched openings 8 expose CIC sheet 1. An electricalily com#pt
commoni ng | ayer 9 of copper is then conformally deposi tiegd=6-2
t hi ckness of 0.001 to 0.0025 mllineters - on all exposed surf aces,
as shown generally in Fig. 5. Comoningjlgayer 9 is used to facilitate

pl ati ng of selected regi ons during a subsequent operati on.

Abstract of the Disclosure

Laminar Stackable Circuit Board Structure
and Manufactufe '

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

10 fabrication of board layers by beginning with a metallic
core, batterning the core, selectively enclosing the core
in a dielectric, selectively depositing metal to form
vias, plugs'and signal lines, and forming dendrites with
joining metallurgy 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 sol- gel process to form a thin
high dielectric constant crystalline f£ilm onto a metallic
sheet followed with a deposition of a metallic layer onto

20 the high dielectric eonstant 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 and the power, signal. and

This Sheet Has Been Rerlaced




Mask 11 is A{ag_ngﬂ@%%l i thographically fornmed over copper L
sel ectively expose ose areas which are to be plated, aﬁ_.‘@@p;\gmimsmgﬁN
Followi ng the plating and stripping of mask 11, the refi ons gopLACERr ed
mask 11 have a nominal 0.015 to 0.05 mllineter thick Lz
electrically conductive copper deposited, as illustrated in Fig. 7. Note
with reference to Fig. 7 that the circuit board |ayer at this stage in the
fabrication process includes relativel yyg hi ck deposits of copper on the
inner walls of holes 13, on the dielectric walls and exposed areas of CIC
sheet 1 at openings 14, :
capacitive decoupling layers of the composite board

through the dendrites and joining metallurgy of the via
and plug formations.

This Sheet Has Been Replaced
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and as selectlvely patterned | i nes ongne or nore 7 surfaces of the

circuit Be abd as freest AéggESNgnal l'i ne e
_extenS|on ﬁm tern 13. STh dékti ve r egi of
a

electrlcal and between the | ayers of the ljlam n
circuit board eventu creat ed. Next, mask 18
photollthographlcally patterned to cover all but t he ends
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of the viag.definpe nd the via2mz ke plug struc

The purpogﬂ"ls s i R':'iaﬁcet@o def i neAF¥¥Yit%hs for sel edfi
dendrites ai[] Ew s“ mLPatent No. 5,137,461. Fig. " e
Cross-secti. _ | ayer follow ng the dendriti=e=gFoWt T pr ocess,
whereby dendrites 19 are forned at the opposite ends of the vias at 13 and

dendrites 21 extend over bohh ends of the via-like pluggqat 14. Note that

dendrite material is al so dg ited along the inner passpges of the vias at
- 13, though dendrite for ' Is sbymhficantly | ess pr&nced. Payfi ng of -
the dendri{dic_ L A T AL, N— A

e
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regions wt a 0|n|ng netallurgy fol laws, typically u5|ng a t|n/Iead al l oy
and provi di %ﬂ |y 0. 08PE4183 0. 025 milli

depicts the H

and etched r

a conpleted | ayer of the stackable | ami nar circuit boar '
shown in this figure, the layer includes a conductive inner core 1 sui tabl e
to supply power or ground potential through the dendrltlcal;?/ﬂdrnlnated

‘plugs at 14 fron1above<qé bel ow t he respectiYg dendri tes.
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Al 'so present in the |layer structure agg the vias at 13, which vias Ilkemnsea :
are avallabﬁgmﬁamhggﬁgkélug connect A4 figlom above or bel gu=tlre=taye N

. INO
fhat the vi ally isolated from el ectroni call yH&So®d W‘;‘ 0
sheet 1. Ho he vias is 8 connected to cd duct@k“ﬁﬁcu- he

upper surfa d | ayer. Thereby, surface conduetd uch as 22,

are
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term nation 13 The M9a4-483l ayer in Fig.

electricall “ﬂ “m uctive line 23 on the upper sulf fai® SHEET H&SH :d. .
Sur f ace cond rates that signal lines on thg surfBERUVASEY

board | ayer can be patterned electrically distinct from tH s at 13 and
plug structures at 14. Figs. 11 and 12 depict the use of the stackable

circuit bodBd |ayer i Fi49. 10 to create a nultiple | aggegcircuit board. In
Fig. 11, the board JAyer is shoPSS L\

N h Ry
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;coated mﬁt .a Ie tric 24. Tgereafter, a second board
typically surf aceAlsghtidct or pattern, | ég\n‘_ﬁng BEEN |
smat ed under eat to form as depicted in Flgh @tﬁwwcimyer

stacked cir cture The use of heat during tHe
refl ows the JOInIng netallurgy on the via dendrites to forma high
integrity electrical connection. The stacked structure provides a direct
connection between the respective core conductors through the pl38g
structures and d&¥nect connection of the vias and associated sigdfal |ines.
The dendrites ensE}f reliable
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“electrical @@ﬁ&{ﬂ@lﬁeéﬂmeblﬁ:eﬂ he vi scoum di el ectric seal &=t
bi nds the t\)clxg THﬁ/eHEEB

ers. The AJeBL\9Y aspect of th
.to the format \nmg ive elenents into the fundan _
cuit board | ayers. Wat make

structures of

capacitor structures of the -present invention particularly valuable is (1)
the exceptifonal size of the capacitance  attributabl
filmhigh {ielectric constant @E@m@ﬂ@ CAMPONEST
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9 optim zed el ectrical, characterlstlcs of the connectlo
capaci tor structures and surface noun] ER V“REPLACEMENFSHEET
similarity of the fabrlcatlon proces§°§Hd%§UEEBHﬁ§ﬁﬁi‘.ba0|tp uEQgres
and to those used to fabr| te other ‘bt ack&HPAAGER d | affl @ets andSFA)

ease with which nu citive board rayers can be connectet—wi——
si gnal an ﬁgﬁboard | ayer The capacitor struct uﬁe?éw}a 5’%

board Iay apacitance, f?owremstance | ow i nduct ance

CLAIMS

1. A method of fabricating a stackable circuit board layer,
comprising the steps of:

forming holes through a metallic sheet;

after forming the holes in the metallic sheet, forming a
first dielectric material layer over the metallic sheet
and holes therein;

forming first and second holes through the formed first
dielectric material laver at respective first and second
locations, the first location being aligned with one of the
holes formed in the metallic sheet and the second location
being not aligned with one of the holes formed in the
metallic sheet;

selectively forming deposits of metal at the first and second
locations to have the deposit of metal at the first location
form a via electrically insulated from the metallic sheet by
first dilelectric material and the deposit of metal at the
second location form a via electrically connected to a
surface layer of the metallic sheet; and

forming dendrites at the ends of the vias.

2. The method recited in claim 1, comprising the further
step of forming a joining metallurgy on the dendrites.

3. The method recited in claim 2, wherein the step of
selectively forming deposits of metal comprises the steps of:

masking non-selected areﬁs of the metallic sheet and first
dielectric material layer; and

plating the metal on areas not covered in the masking step.

This Sheet Has Been Reﬂlaced
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structures which can be used in conjunction with the den
i it er connect ed | am nar stackable nultilayer board descri
td Fig. 12. The decoupling effect of the capacitive regi
pronounced in that the capacitance is distributed, as d
of vias, and is separated fromthe device |eads by no
| ayers along the via paths. The fabricagtion process of
structure board | ayer begins as illusttated in Fig. 13
~a conductive netallic sheet 26, anal ogous to

SFRHAGEMETeE 5L
Bhie: ﬁgﬁiﬁ

4. The method recited in claim 3, comprising the further
steps of:

forming a commoning layer before the step of plating; and
removing exposed commoning laver after the step of plating.

5. The method recited in claim 2, wherein the metallic
sheet comprises a copper-invar-copper composition.

6. The method recited in claim 1, wherein the step of
selectively forming deposits of metal provides a
formation at a third location on the first dielectric
material layer electrically insulated from the

deposits of metal at the first and second locations.

7. The method recited in c¢laim 2, wherein the step of
forming dendrites comprises the steps of:

selectively masking areas other than the ends of the vias;
and

subjecting unmasked areas to dendritic growth.

8. The method recited in claim 6, wherein the step of
forming dendrites comprises the steps of:

selectively masking areas other than the ends of the vias;
and

subjecting unmasked areas to dendritic growth.

This Sheet Has Been RTlac
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CIC sheet 1, with a solufion-sol gel (sol gel) conpou
preferably platinumplated invar, or copper-invar-cop eﬁEpQMHHWENb9H§ETI

ot herwi se deposited onto the surface to a nom nal thi
approximately 0.001 mllinmeter. A var%fty of material g
conpound 27, an exanpl e being | ead-|

Research Report RC 19550 (84975) 4/25/94, entitled "Thlckne
Dielectric

-gel compound. Sol -gel conpound 27 is spin coated,

F

hanumtitanate .§HH%§H 3

%!II

9. The method recited in claim 1, wherein the metallic
sheet 1s a three layer composite comprised of a crystalline
thin film center layer between electrically conductive
material outside layer.

10. The method recited in c¢laim 9, wherein one of the
electrically conductive material outside layers is comprised
of a copper-invar-copper composition.

cet Has Been Replaced
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Properties of Sol -Gel -Prepared Lead Lant hanum Ti tanate Fil ns; ’Dyﬂ/[é

Beach et al, as published by the |IBM 10 Research EXVISIOH tson
Research Center, the subject matter of which is |ncorporated reference
herei n. The fundanmental concepts underlying the sol-gel NQXJ

described in two articles published in-the tEChniCalﬂéﬁbﬁﬂﬁﬁEﬁF%ﬁﬂﬁﬂd

Materials. The first is
1

Laminar Stackable Circuit Board Structure
and Manufacture

Background of the Invention

l. Field of the Invention

The present invention relates generally to
electronic circuit board structures. The invention also
relates to the fabrication and use of circuit boards
‘which are laminated through stacked interconnectien. The
invention specifically relates to the efficient
manufacture and use of stackable circuit board layers,
and the use of such circuit board layers in conjunction
with board layers providing capacitive structures.

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

are routinely used to interconnect integrated circuit
devices in complex electronic'apparatus, inéluding'but
not 1imited 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 supply
paths and as shields between signal line layers.
Integrated circuit packages routinely have decoupling -
capacitors mounted immediately adjacént their power
supply leads, on the surface of the prinﬁed circuit

board, to reduce noise.



entitl ed‘ "Advanced Dielectrics: Bulk Ceramcs and Thin Filns" by authors
Henni ngs et al, as appear in Advanced Materials 3 (1991), No. 7/8, on pages

334-340. The second article is entitled "Sol - Gel Processes” gw ﬁﬁ
appeared in Advanced Materials 3 (1991), No. 5, pages 258- 2% bj ect
matter of both references is incorporated by referenCﬁ guﬁ The next
step in the sol-gel process is depicted %snerally in BE EJ I ng a
hi gh oxygen environment thermal anneal irfvol ving tenperatures non1na||y
approaching 700 degrees C. The goal is to form

The difficulty of manufacturing multllayer prlnted
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 muitilayer 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 ok 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 ié
incorporated by reference herein.

Further refinements in the use of such vertically
interconnected board structures are described in US
Patent No. 5,363,275, the subject matter of which is also
incorporated by reference herein. This patent focuses on
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



athincrystalline filmlayer 29 on netallic sheet 26, which layer 29 is
characterized by a |ow | eakage current and an extrenely high dielectric
constant, typically in the range of 500. One skilled in physics mngé

i medi ately appreciate a nunber of factors associated vmti1 |NOWGB c layer
29. First, since the value of capacitance is inversely proportional to the
t hi ckness of the dielectric, the thin film charact _er%Ep‘ AQEMENQT BHEETayer 29
provi des a structure of high capaci tance Yer unit ar he hi gh

capaci tance al so benefits fromthe fact that capacitance is directly

proportional to the
interconnecting 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 multilayer
interconnect systems sought in the aforementioned US
Patents 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 I1/0 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 decoupling capacitors adjacent
the integrated circuit packages is not desirable for a
number of reasons. First, the use of such capacitors
requires extra fabrication oaerations. 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 incorporated
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 process
suitable to create the individual layers of an advanced

laminar stack?ble circuit board structure.



area, which now extends substantially over the full surface of the
stackabl e circuit board layer. Lastly, since capacitance is directly

proportional to the dielectric constant, the exceptionally, giBB 3jakectric
constant of the sol-gel formed crystalline thin filn1nate4 | BOY (886 r

accentuates the capacitance obtainable.- It should not be owfk%&&ﬁed t hat
the high tenperatures required of the sol-gel procesEEPkAGEMEN
4

Suﬁmarz of the Invention
In one form the invention is directed to a method of

fabricating a stackable circuit board layer comprising
the steps of forming holes through a metallic sheet,
forming a first dielectric layer over the metallic sheet,
forming first and second holes through the first
dielectric layer at respective first and second
locations, selectively forming deposits of metal -at the
first and second locations, whereby the deposits of metal
at the first location form a via electrically insulated
from the metallic sheet by first dielectric and the
deposits of metal at the second locations form a via
electrically connected to the metallic sheet, and forming
dendrites at the ends of the vias.

The individual board layers are stacked for
electrical connection through the dendrites at the ends
of the vias. The concludinglpultilayer board has a
laminar configuration preferably including capacitor
layers, ground planes, power planes and signal lines.

The vias can be fabricated in the fine pitch patterns of
surface mount devices, such as ball grid array flip-chip
devices.

These and other features of the invention will be
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
stages during the fabrication of a circuit board layer
having a power plane and signal lines.

Figs. 11 and 12 depict by schematic cross-section
the preparation and laminar connection of two power plane

circuit board layers.



crystalline thin films such as 29 are outside the realmof capability for
convention printed circuit board conpositions such as FR4. Such printed
circuit board materials have a glass transition tenperature in the range of

120 to [err] C In contrast, the thermal anneal terrperaq#qw:‘{w sol - gel
is suitable for nmetal sheet core structures such as 26, € oxi dati on

and reaction characteristics of the selected netal REPEACEMENStSHEETV t h t he
thermal environnent. Follow ng the sol-ggl process formation of crystalline
thin filmlayer 29, layer 29 has deposited
Figs. 13-20 depict by schematic cross—-section the
various stages in the formation of.a circuit board
capacitor structure. .
Fig. 21 depicts by schematic cross-section the
laminar interconnection of two circuit board capacitor
layers. . _ .
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 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 c%re circuit board layer.

The second relates to the structure and efficient
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 conducti&e 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



t herreon by chem cal vapor deposition, sputtering, evaporation, or plating,
generally 31, a several mcron thick layer of electrically conductive
material 32, as schematically depicted in Fig. 15. The co f;@ NﬂNn hree-

| ayer capacitive structure in Fig. 15 then serves as the core for a
board | ayer fabrication process anal ogous to that dBEBtA(Eﬁd Nﬁmng W th
Fig. 1. The capacitor board |ayer patte.r(r#nfornmlon begins with the
operations which produce the cross-secti depicted in Fig. 16. As shown,
capacitive core sheet is selectively covered by a photolithographically
processed core could be composed of pure copper, chromium, invar,
molybdenum, or copper-molybdenum-copper. The core is
covered by a photolithographically 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
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 epoxXy or polyimide, as shown in Fig. 3.

Photolithographic 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 - - on all exposed
surfaces, as shown generally in Fig. S. Commoning layer
9 is used to facilitate plating of selected regions
during a subéequent operation.

Mask 11 is then photolithographically formed over
copper layer 9 to selecfively 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 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



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 enploying an anisotropic etchant such as cupric chI?B#igasand
hydrochl oric acid. Upon the conclusion of the etch and a si sk 33,

the core sheet appears as shown in Fig.” 17 with hol e sel ected | ocations
34 and 36. Next, a dielectric such as 6 in Fig. 3 |§$EéLNaEM ENle SHERF core

sheet. A selective renoval of dielectric®

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 viés at 13, though dendrite formation is
significantly less pronounced. Plating of the dendritic
regions with a joining metallhrgy follows, typicélly
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 suitable 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



12'by phot ol i t hogr aphi ¢ maski ng and sel ective etching forns a
dielectrically insulated via hole at 37, a dielectrically insulated via
hol e at 38, an exposed contact opening at 39 to netallic |ayer 26 of the

capacitive core, and an opening 41 through dielectric 43 gomjliue‘?@ her
netallic |ayer 29 of the capacitive core. Processing anal t hat

described with reference to Figs. 5, 6 and 7 follo PL%CEM@WM ‘BHBETici ng the
structure in Fig. 19. The processes incl (Ble the fornatlon of

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
through the dendritic termination of the vias 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 laver
circuit board. 1In Fig. 11, the board layer is shown
coated with a viscous dielectric 24. Thereafter, a
second board layer, typically having a different surféce
conductor pattern, is aligned and mated under pressure
and heat to form, as depicted in Fig. 12, a_two layer
stacked circuit board structﬁ}e. 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 rel&csg:];m‘L
electrical connection while the viscous dielectricNseals
the boundary 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 fhe use of thin

film high dielectric constant materials, (2) the



thin copper commoning |layer, the formation of a mask, and a plating to form
a thick netallic 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 appea%? ?m s1ggg/n in the
EMENT 5

cross-section of Fig. 19. Note that plated conductiﬁg-l ds
t hrough the opening at 37 to the other s®de of the gﬁ tact to
conductive plate 26 of the capacitor structure at opening 39 in dielectric

40. Simlarly, plated .
optimized electrical characteristics of the connections

between the capacitor structures 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 layers
provide high capacitance, low resistance, loﬁ 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 capacitance is
distributed, as defined by the array of wvias, and is
separated from the device leads by no more than the board
layers along the via paths.

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
CIé 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 example being 1ead~lahthanum—titanate as
described in IBM Research Report RC 19550 (84975)
4/25/94, entitled "Thickness Dependent Dielectric
Properties of Sol-Gel Prepared Lead Lanthanum Titanate
Films" by authors Beach et al, as published by the IBM



netallib | ayer 43 extends through the opening at 38 and is electrically
connected to capacitor plate 29 through the contact opening at 41. A

phot ol i t hographi ¢ nmaski ng and dendrite formati on operation,

anal ogous to

endrite

that described with reference to Figs. 8, 9 and 10, proqu eﬂgyng§§apacitive
a d

circuit board |ayer structure depicted-in Fig. 20. Note t

covered via at 37 is conmon to one plate of the capaRERLACEMENTc SHEETWHI | e
the dendrite covered via at 38 is conmori@ o the opposite plate of the

capacitor structure.

Research Division, T.J. Watson Research Center,

the

subject matter of which is incorporated by reference

herein. The fundaméntal.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.

S, 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 crystalline film laye;'29 on metallic sheet 26,

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

immédiately appreciate a number of factors associated

with dielectric layer 29. First, since the wvalue of

capacitance is inversely proportional to the thickness of

the dielectric, the thin film 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 proportional to the

dielectric constant, the exceptionally high dielectric

constant of the sol-gel formed crystalline thin film

materials further accentuates the capacitance obtainable.



A parallel connection of nultiple capacitor |ayers produces the structure
in Fig. 21. A viscous dielectric 13 39 is used in the nmanner descri bed
with reference to Fig. 12, to seal and bind the two mated circuit board

| ayers. Again, the use of heat during the |am nation step reafl t he
joining nmetallurgy on the via dendrites to forma highli tuﬁgﬂggfelectrical

connecti on.
11 REPLACEMENT - SHEET

it should-not be overlooked that the high
temperatures required of the sol-gel process to form the
cryetalline 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 vapor deposition, sputtering,
evaporation, or plating, generally 31, a several micron
thick layer of electrically conductive material 32, as
schematically depicted in Fig. 15. The concluding three-
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 photolithogfaphically 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 fqrmed

over the core sheet. A selective removal of dielectric 6



VWhat is noteworthy about the conposite in Fig. 21 is the ease wth which
circuit board capacitive structures are connected in parallel, and in such
formare available for further interconnection to successive signal -and

power distribution layers fromeither bel ew or above. Fonfﬁn D .Bg$e t hat
t he manuf acturing processes used to create the capacitive a@ YS e

simlar to those practiced to create the signal and ABUE ﬂv ﬂf!$wﬁ' n

circuit board layers. The third aspect &2 the |nventﬁgEE@% E Wi ghe

ability to interconnect the circuit board | ayers which
by photolithographic masking and selective etching forms
a dielectrically insulated via hole at 37, a
dielectrically insulated via hole at 38, an exposed
contéct 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. 1S. The processes include thé 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 info the respective openings at 39 and
41, the lattér 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.

Note that plated conductive layer 42 extends through
the opening at 37 to the othé} 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 capacitor 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
capacitor structure while the dendrite covered wvia at 38
is common to the opposite plate of the capacitor '
structure. '

A pérallel connection of multiple capacitor layers

produces the structure in Fig. 21. A viscous dielectric



distribute the electric power and electrical signals with the | ayers which
provi de capacitive decoupling in a |am nar stackable nultilayer circuit
board configuration. An exanple is shown in Fig. 22. As depicted in the
figure, the conposite structure has the two capacitor |qy9rno\bﬂ996 g. 21
situated at the bottomof the structure in Fig. 22, and two | ayers of Fig.

12, which distribute the electrical signals, distributgEpiaems '
power and provide shielding, |aninated abdve. In the furt eraé@§t§Hggw

distributing the capacitance, it likely that arrays of vias nmay be used to

I nt erconnect .
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 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
cfeate 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
distribute the electric power and electrical signals with
the layers which provide capa;itive decoupling in a
laminar stackable multilayer circuit board configuration.
An example is shown in Fig. 22. As depicted in the
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
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
antié;pation of a further connection to balls 42, 43-énd

44 of a ball—grid array type flip-chip electronic



capacitive board | ayers w thout being used for further direct

I nt erconnecti on as conponent power supply and ground |lines. For purposes of
illustration, |lam nar stackable multilayer circuit boara ﬁlN@?I wn in
anticipation of a further connection to balls 42, 43 and 94 all-grid

array type flip-chip electronic 14 conponent 46. hﬁ%ﬁiddtmgﬁfigﬁgE%r t hat

t he power supply
14

component 46. Note in particular 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
ﬁnderlying capacitive layers of the multilayer board
structure. Similarly, note that electronic component
ball 43 receives signals from the multilayer board
connections directly below. This afrangement 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.



Vvia-at 47 and the ground via at 48 are situated in imedi ate verti cal
alignnment with the respective balls 42 and 44. This mnim zes-any resistive
and inductive effects which mght reduce the decoupling provided by the

under |l yi ng capacitive |ayers of the nulf)layer board Struciguig NOY 18061l arly,
note that electronic conponent ball 43 receives signals fromthe multilayer
board connections directly below. This arrangenent reduces the |ength of
the signal path as well as any resista or i nduct amEPLAGEMENTSSHBET pat h.

Though the invention has been descri bed™and

Claims
1. A method of fabricating a stackable circuit board
layer, comprising the steps of:

forming holes through a metallic sheet;

forming a first dielectric layer over the metallic
sheet;

forming first and second holes through the first
dielectric layer at respective first and second

locations;

_ selectively forming deposits of metal at the first
and second locations, whereby the deposits of metal at
the first location form a v1a electrically insulated from
the metalllc sheet by first dlelectrlc and the deposits
of metal at the second locatlons form a via electrically

connected to the metallic sheet; and

forming dendrites at the ends of the vias.

2. The method recited in Claim 1, comprising the
further step of forming a joining metallurgy on the

dendrites.

3. The method recited in Claim 2, wherein the step of
selectively forming deposits of metal comprises the steps

of:

masking non-selected areas of the metallic sheet and

flrst dielectric layer; and

I



il ustrét ed by way of specific enbodinments, the apparatus and nethods
enconpassed by the invention should be interpreted to be in keeping with
the breadth of the clains set forth hereinafter. 15 Cains 1. A et hod

of fabricating a stackable circuit board | ayer, conpri i'ﬁgﬂéﬁsﬁ eps of:

16 REPLACEMENT SHEET

plating the metal on areas not covered in the

masking step.

4. The method recited in Claim 3, comprising the
further steps of:

forming a commoning layer before the step of

plating; and -

removing exposed commoning layer after the step of

plating.

5. The method recited in Claim 2, wherein the metallic

sheet comprises a copper-invar-copper composition.

6. The method recited in Claim 1, wherein the step of
selectively forming deposits'of metal provides a
formation at a third locatioﬁ‘on the first dielectric
layer electrically insulated from the deposits of metal

at the first and second locations.

7. The method recited in Claim 2, wherein the step of

forming dendrites comprises the steps of:

selectively masking areas other than the ends of the

vias; and
subjecting unmasked areas to dendritic growth.

8. The method recited in Claim 6, wherein the step of
forming dendrites comprises the steps of:

N



f or mi ng hol es through a netallic sheet; formng a first dielectric |ayer
over the netallic sheet; formng first and second holes through the first
dielectric layer at respective first and second | ocations; selectively

form ng deposits of netal at the first and second Iocati'oiuz13 ﬁﬁ@y t he
deposits of netal at the first location forma via electr I ul at ed

fromthe netallic sheet by first dielectric and the démyQACEM@NTngﬁgtTat

the second locations forma via electricafly

selectively masking areas other than the ends of the
vias; and

subjecting unmasked areas to dendritic growth.

_—

T



connected to the netallic sheet; and formng dendrites at the ends of the
vias. 2. The nmethod recited in aim1, conprising the further step of
forming a joining nmetallurgy on the dendrites. 3. The nethod recited in
Claim 2, wherein the step of selectively form ng deposits of netﬁb

conpri ses the steps of: masking non-selected areas of the]nﬂtNﬂVi 96 heet
and first dielectric layer; and

18 REPLACEMENT SHEET

Laminar Stackable Circuit Board Structure and Manufacture
Abstract

The invention relates to the fabrication of board layers by
beginning with a.metallic core, patterning the core, selectively
depositing metal to form vias (12, 13, 37, 38, 39, 40), plugs
(14) and signal lines (16), and forming dendrites (19) with
joining metallurgy on the vias and plugs to provide stackable
connection from above or below the plane of the board layer.

In another aspect, the invention is directed to the use of a
sol-gel process to form a thin high dielectric constant
crystalline film (29) onto a metallic sheet (26) followed with
a deposition of a metallic layer (32) onto the high dielectric
constant f£ilm. The film serves as the dielectric of a capacitor
layer (26, 29, 32) which is thereafter in succession patterned,
covered by a dielectric (40), and has selectively deposited

a metallic layer (42, 43) for interconnecting the capacitor and
forming vias (37 through 40).

Figure 20



16 plating the netal on areas not covered in the masking step. 4. The .
nmethod recited in Claim3, conprising the further steps of: formng a
comoni ng | ayer before the step of plating; and rem)viil% Wm commoni ng

| ayer after the step of plating. Fl. :
REPLACEMENT SHEET
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5. . Thé method recited in daim2, wherein the netallic sheet conprises a
copper-i nvar-copper conposition. 6. The nmethod recited in (O 1,
wherein the step of selectively form ng deposits of nthB Mv s a

formation at a third location on the first dielect I cally
i nsul ated fromthe deposits of netal at2{he first Eﬁ@LéQE@EH? %ﬁ%ﬁTons .
The nethod recited in Caim2) wherein the step of formnrd dendrites

conprises the steps of: sel echt sking areas other t an t he ends of
t he vias; and : f

» s z 4 a s Z -

“\’ ’- \\\\\\r : \\\x ‘\\\ ] ‘\\:W
' |
N NN\ \

L ULILZ A~ \

\~

-

2
A
1/

%
LA

\%
14

/1

zZ  Z 7 7
ﬁ/
_L/-i
L\/
VAR A A A
2L Z 7 Z- 7
pra
./
N
N
—A./-N
N
N
r\
yd
1]
v
ya
P y
4
’—J:::E;///~

L‘I‘Ij‘/‘/.
VA S
—y
o/
/////
/]
/1
~</
N
1
N |
N A
A
V=4
h,
q
%N

13 18 FIG. 8 14
19 14

\\\\S

v .




subj.ecting unmasked areas to dendritic growh. 8. The nethod recited in
Claim6, wherein the step of formng dendrites conprises the ste gcég: 1
9 NOV 1996 REPLACEMENT SHEET sel ectively nasking areas othel 8§ i ends
of the vias; and subjecting unmasked areas to dendritiﬁEﬂfAmNT SHEET
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