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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. The invention also
relates to the fabrication and use of circuit boards
which are laminated through stacked interconnection. The
invention spécifically relates to the efficient
manufacture and use of sﬁackable 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
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

_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

-supply leads, on the surface of the printed circuit

board, to reduce noise.
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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
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 wvertical
interconnect functlons use of the term "via™ hereafter
is intended to encompass both forms of structures.

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
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
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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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
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 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 decoupling capacitors adjacent
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
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
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

laminar stackable circuit board structure.

This Sheet Has Been Replace

I

d



10

15

20

25

. 30

AT9-94-193

I This SHEET HAS BEEN

| REPLACED

4

- 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,
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 wvias. The concluding_yultilayer 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 gfid array flip-chip
devices. o

These and other featurés 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.
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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
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
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 énd 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 integratéd into a
composite which is suitable for connecting fine pitch
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
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
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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

-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
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
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
8 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
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
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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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
significﬁhtly less pronounced. Plating of the dendritic
regions with a joining metalihrgy follows, typically
using a tin/lead.alloy and providing a layer nominally
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
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,
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
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connected to conductor 22 on the upper surfaces of the
board layer. Thereby, surface conductors such as 22, ére
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 1ayér 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 layér
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 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

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 r?iﬁ?famA\
electrlcal 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 sfructures of stackab;e 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
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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, 1o§ 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 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
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
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
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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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
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
incorporéted 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 layer 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
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

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,
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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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
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
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,
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
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 cﬁpric_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
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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
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
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
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
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
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
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
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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
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
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. _ _

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.

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
and provide shielding, laminated above. In 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
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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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
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
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
interpreted to be in keeping with the breadth of the

claims set forth hereinafter.
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Claims
1. A method of fabricating a stackable circuit board

layer, comprlslng 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 1ocati§n form a via 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 metéllic sheet and

fifst dielectric layer; and
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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 location 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

£orming dendrites comprises the steps of:
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'3 selectively inasking areas other than the ends of the
4 wvias; and
5 subjecting unmasked areas to dendritic growth. )
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