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(57) ABSTRACT 

A dimensionally stable core for use in high density chip 
packages is provided. The stable core is a metal core, 
preferably copper, having clearances formed therein. Dielec 
tric layers are provided concurrently on top and bottom 
surfaces of the metal core. Metal cap layers are provided 
concurrently on top surfaces of the dielectric layers. Blind or 
through vias are then drilled through the metal cap layers 
and extend into the dielectric layers and clearances formed 
in the metal core. If an isolated metal core is provided then 
the vias do not extend through the clearances in the copper 
core. The stable core reduces material movement of the 
substrate and achieves uniform shrinkage from substrate to 
substrate during lamination processing of the chip packages. 
This alloWs each substrate to perform the same. Addition 
ally, a plurality of chip packages having the dimensionally 
stable core can be bonded together to obtain a high density 
chip package. 
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DIMENSIONALLY STABLE CORE FOR USE IN 
HIGH DENSITY CHIP PACKAGES AND A 
METHOD OF FABRICATING SAME 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a divisional of application Ser. 
No. 08/747,169 ?led Nov. 8, 1996. 

FIELD OF THE INVENTION 

[0002] The present invention is directed to a dimension 
ally stable core for high density chip packages Which 
reduces material movement variability during the processing 
and the manufacture of the chip packages. The stable core, 
Which provides the stability to the high density chip pack 
age, is preferably formed from a metal and includes con 
currently formed dielectric and metal layers. Vias are sub 
sequently formed to permit the manufacture of a high 
density chip package. 

BACKGROUND OF THE INVENTION 

[0003] High density chip package substrates require many 
vias Which connect the input/output (I/O) of an integrated 
circuit chip to routing layers or poWer/ground layers buried 
Within the chip package substrate. Conventional mechanical 
drilling processes Which have been used in the past for the 
formation of vias are being replaced With laser via drilling 
processes. Laser via drilling processes offer the potential to 
form vias much more rapidly, and at less cost, than conven 
tional mechanical drilling processes. To enable this rapid 
rate of via production, it is advantageous to use dielectrics 
Which are thinner than those Which have been used in the 
past. The thin dielectrics alloW the formation of micro vias, 
i.e., vias <100 microns in diameter. 

[0004] To effectively metalliZe these micro vias after they 
have been formed, the aspect ratio (the via’s height divided 
by its diameter) must be maintained at a predetermined 
value. For example, for blind vias, the aspect ratio must be 
approximately one to insure that conventional metalliZation 
methods Will be adequate to deposit a sufficient amount of 
metal onto the Wall surface of the micro blind via. 

[0005] As should be understood, it is disadvantageous to 
form micro blind vias in a dielectric material that contains a 
Woven glass reinforcement. More particularly, if a Woven 
glass reinforced dielectric is used, the laser poWer required 
to ablate the Woven glass is as high as the laser poWer 
required to ablate a buried copper pad on the layer to Which 
the blind via is to provide connection. Accordingly, the laser 
Will penetrate the copper pad and continue into layers beloW, 
thus extending the via. After metalliZation, the unintention 
ally extended via Will short to subsequent layers, causing the 
entire circuit to be scrapped. 

[0006] In order to solve the shortcomings associated With 
forming micro blind vias in a dielectric material containing 
Woven glass, dielectric material manufacturers have intro 
duced thin, unreinforced prepregs to replace conventional 
glass reinforced prepregs. HoWever, the use of such thin, 
unreinforced prepregs has caused other difficulties in the 
production of high density printed circuit boards and chip 
package substrates. More particularly, the elimination of 
Woven glass from the dielectric material has reduced the 
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dimensional stability of a chip package substrate. When 
thermosetting resins are used as a component of the dielec 
tric material, these resins commonly induce shrinkage in a 
multilayer circuit board, or chip package substrate, upon 
lamination and curing of the resins. The shrinkage is limited 
to the order of a feW thousand parts per million at most, and 
is not in itself a manufacturing problem, as the shrinkage can 
be compensated for When the artWork for the substrate is 
produced. HoWever, variability in the degree of shrinkage 
exists, even for one unchanging circuit design. This vari 
ability in the degree of shrinkage can lead to reduced yields 
in high density printed circuit boards and chip packaging 
substrates. For example, if one of the internal layers in a 
multilayer circuit board is a ground or poWer layer consist 
ing of a plane of copper, and if vias have to pass through 
clearances in this layer, the shrinkage variability induced 
during lamination can result in a variable location of the 
ground clearances from panel to panel. When vias are drilled 
in these circuits, some percentage of these vias may miss the 
clearances in the ground or poWer layer and strike the 
copper. After metalliZation, these vias Would be shorted to 
the ground or poWer layer, resulting in a scrapped circuit. 

[0007] There exists a need for a dimensionally stable core 
to facilitate the manufacture of high density chip packages 
having dielectric materials unsupported by Woven glass. 

SUMMARY OF THE INVENTION 

[0008] The present invention includes a method of manu 
facturing high density chip package substrates by processing 
circuit layers concurrently on both sides of a metal core, 
Which is preferably made of copper. The copper core 
improves the dimensional stability of thin, unreinforced 
dielectric materials used in the substrate. As a result of the 
metal core, material movement is reduced during lamina 
tion, Which facilitates the processing and manufacture of the 
high density chip package. The metal core also provides 
buried capacitance Which helps reduce simultaneous sWitch 
ing noise on the chip. 

[0009] The dimensionally stable core of the present inven 
tion includes a metal core having at least one clearance 
etched therethrough, a dielectric layer on both sides of the 
metal core and ?lling the clearance, a metal cap layer on 
both sides of the dielectric layer, and drilled vias in the metal 
core through the metal cap layer. When the metal core is to 
be electrically isolated, vias are formed to extend through 
the metal cap layer, the dielectric layer and the clearance in 
the metal core, thus isolating the metal core. A metal layer 
is deposited on the Wall surfaces of such vias. The dielectric 
layer and metal cap layer can be placed concurrently on top 
and bottom surfaces of the metal core. Additional dielectric 
layers and metal cap layers can again be concurrently 
laminated on top and bottom surfaces of the cap layers in a 
similar fashion. Additional vias, Where necessary, are 
formed. Repeatedly adding dielectric and metal caps layers, 
and vias provides a dimensionally stable, high density chip 
package. 
[0010] The metal core and the metal layers can be copper, 
or any other suitable metal, such that the coefficient of 
thermal expansion (CTE) of the chip package matches the 
CTE of the printed circuit board. The dielectric can be any 
unsupported prepreg. Further, the vias can be blind vias or 
through vias. The vias are drilled using a laser Which ablates 
material as it drills. 
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[0011] A method for fabricating a dimensionally stable 
core according to the present invention includes providing a 
metal core, such as copper, placing dielectric layers on top 
and bottom surfaces of the metal core, placing metal cap 
layers, such as copper, on top and bottom surfaces of the 
dielectric layer and laminating the dielectric and metal cap 
layers together and to the metal core. The method further 
includes drilling vias through the metal cap layers, dielectric 
layers and the metal core, or clearances in the metal core, 
and then repeating the steps to form a multi-layer high 
density chip package. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] The foregoing summary, as Well as the folloWing 
detailed description of a preferred embodiment of the inven 
tion, Will be better understood When read in conjunction With 
the appended draWings. For purposes of illustrating the 
invention, there is shoWn in the draWings an embodiment 
Which is presently preferred. It should be understood, hoW 
ever, that the invention is not limited to the precise arrange 
ment and instrumentality shoWn. In the draWings: 

[0013] FIG. 1 is a side vieW of a metal core prior to 
processing; 
[0014] FIG. 2 is a side vieW of a metal core having a 
patterned photoresist thereon prior to etching; 

[0015] FIG. 3 is a side vieW of the metal core in FIG. 1 
having a clearance etched through; 

[0016] FIG. 4 is a side vieW of a substrate after a dielectric 
and metal “cap” layers have been laminated to the metal 
core; 

[0017] FIG. 5 is a side vieW of the substrate according to 
the present invention after vias have been laser drilled and 
metalliZed, and circuit traces have been formed; 

[0018] FIG. 6 is a side vieW of the substrate in FIG. 4 after 
additional dielectric and metal “cap” layers are added; 

[0019] FIG. 7 is a side vieW of the ?nished chip package 
according to the present invention, after blind vias have been 
drilled; 
[0020] FIG. 8 is a side vieW of a substrate according to a 
preferred embodiment of the present invention; 

[0021] FIG. 9 is a scanning electronmicrograph of an 
expanded polytetra?uoroethylene (ePTFE) material that can 
be used as the dielectric layer in the present invention; 

[0022] FIG. 10 is a scanning electronmicrograph of an 
expanded PTFE material that forms the matrix that contains 
the adhesive ?ller to form one dielectric material in the 
present invention; 

[0023] FIG. 11 shoWs tWo substrates laminated together 
using a conductive Z-axis material; 

[0024] FIGS. 12-14 schematically shoW the formation of 
a conductive Z-axis material containing irregularly shaped 
conductive pathWays; 

[0025] FIGS. 15-18 are scanning electronmicrographs 
shoWing the node ?bril structure of some ePTFE matrix 
materials used to form a conductive Z-axis material; and 

[0026] FIG. 19 shoWs tWo substrates containing blind vias 
laminated together With a conductive Z-axis material. 
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[0027] FIG. 20 illustrates a high density chip package in 
accordance With the teachings of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0028] The present invention is directed to a dimension 
ally stable core for high density chip packages. The stable 
core is a metal core, preferably copper, that contains clear 
ances therein. Dielectric layers are placed on top and bottom 
surfaces of the metal core. Metal cap layers are placed on top 
and bottom surfaces of the dielectric layers, respectively. 
The dielectric layers and metal cap layers can be placed 
concurrently on both sides of the package. Blind or through 
vias are then drilled through the metal cap layers and into 
and through the dielectric layers and clearances in the metal 
core. A laser is used to drill the vias by ablating material 
Where the vias are to be formed. If the metal core is to be a 
poWer or ground plane, the vias are formed directly through 
the metal core. If the metal core is an isolated metal core, 
then the vias extend through the clearances in the metal core, 
i.e., the metal core does not have vias making direct contact 
thereWith. 

[0029] The stable core reduces material movement of the 
substrate and achieves uniform shrinkage from substrate to 
substrate during lamination processing of the chip packages. 
This alloWs each substrate to perform the same. Addition 
ally, a plurality of dimensionally stable core chip packages 
can be bonded together to obtain a high density chip 
package. 

[0030] FIG. 20 illustrates a high density chip package 1 in 
accordance With the teachings of the present invention. High 
density chip package 1 includes a substrate 2 Which 
mechanically mounts a high density integrated circuit chip 
3. 

[0031] As seen in FIG. 1, the metal core 10 is a metal 
sheet, such as a copper sheet, and has opposed rough 
surfaces 12 and 14 on both sides of the metal. The metal 
sheet has been treated by a process knoWn as a “double 
treat” process. The rough surfaces alloW better adhesion of 
the dielectric layers. Other metals can be used instead of 
copper as long as the coef?cient of thermal expansion (CTE) 
of the metal core is closely matched to the CTE of the 
printed circuit board to Which the chip package Will even 
tually be attached. For example, CIC, a lamination of 
copper-INVAR 36-copper, can be used in place of a solid 
copper core. The nickel alloy that is used can contain from 
30 Wt % to 42 Wt. % nickel. Metal core 10 must be of 
suf?cient thickness to impart dimensional stability to the 
?nished substrate, e.g., betWeen 0.0005 inches and 0.0028 
inches, preferably 0.0014 inches. A thickness in this range 
provides a loWer ?exural modulus to the chip package. 

[0032] As seen in FIG. 2, a photoresist 22 is applied to 
both sides of the metal core 10 and is imaged With a pattern 
of clearances 20 Where vias are to be formed, using a 
conventional method. The imaged areas are chemically 
etched, using conventional processes, to remove the copper 
and form clearances 20 (FIG. 3). The clearances 20 are 
Wider in diameter than vias that Will be formed later. The 
dimensions of the vias are dependent on the type of dielec 
tric that Will be placed on the metal core. The photoresist is 
then removed using conventional processes. 
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[0033] As seen in FIG. 4, the metal core 10, including at 
least one clearance 20, includes dielectric layers 30 and 32. 
Preferably, the dielectric layers 30 and 32 are formed 
concurrently on the surfaces 12 and 14 of metal core 10. The 
CTE of the dielectric layers 30 and 32 can be as high as 40 
ppm/° C. The dielectric layers 30 and 32 must be of 
sufficient thickness to ?ll the clearances 20. The thickness of 
the dielectric layers 30 and 32 is at least 5 microns or larger, 
and is typically betWeen 25 microns and 50 microns. The 
thickness is chosen so that there is no loss of dimensional 
stability of the substrate. The dielectric thickness should not 
be signi?cantly greater than the thickness of the metal core 
10, or dimensional stability of the substrate Will decrease. 

[0034] Metal core 10 includes metal cap layers 40 and 42 
on surfaces 34 and 36 of dielectric layers 30 and 32, 
respectively. Metal cap layers 40 and 42 are concurrently 
placed on surfaces 34 and 36 of the dielectric layers, and are 
formed from copper. The caps layers 40 and 42 can be 
formed from any suitable conductive metal. The metal core 
10, dielectric layers 30 and 32, and the metal cap layers 40 
and 42 are laminated together using any suitable lamination 
process. 

[0035] In one embodiment of the present invention layers 
30 and 32 Were formed from SPEEDBOARD C®, manu 
factured by W. L. Gore and Associates. The dielectric layers 
30 and 32 Were laminated to the core 10 at a pressure of 
300-350 psi, and a temperature ramp rate of 5-7° C. per 
minute up to a temperature of 177° C. The temperature Was 
held at 177° C. for 30 minutes. The temperature Was then 
raised to 220-225° C. and held for 60 minutes. The lami 
nation Was sloWly cooled for several hours While the sub 
strate Was under pressure. 

[0036] As shoWn in FIG. 5, the laminated dielectric layers 
30 and 32, and the metal cap layers 40 and 42 are processed 
to contain at least one via 50 Which is drilled through the 
metal cap layers 40 and 42 and dielectric layers 30 and 32. 

[0037] FIG. 5 shoWs via 50 as a through via, Which can be 
drilled using any knoWn process, such as, lasing, for 
eXample. For through via 50, the laser must be capable of 
penetrating dielectric layers 30 and 32 and the metal core 10, 
When not passing through clearance 20. The through via 50 
can have an aspect ratio varying from 1:1 to 20:1, or higher. 
When blind vias are formed, the laser has to penetrate the 
dielectric layers 30 or 32, but not the metal core 10. Atypical 
aspect ratio of 1:1 should be maintained. HoWever, the 
aspect ratio is not limited to 1:1. 

[0038] In accordance With the present invention, to obtain 
uniform laser via formation With suitable aspect ratios, a 
pulse repetition rate ranges from 1 KHZ to 10 MHZ, Which 
varies the pulse Width of the laser. Residue remaining in the 
vias is then ablated by again adjusting the pulse intensity. 
Lasers capable of producing energy densities in the range of 
0.5 to 20 J/cm2, and those capable of making in situ and 
virtually instantaneous changes in the energy density by 
varying the pulse repetition rate from 1 KHZ to 10 MHZ, are 
employed. 

[0039] In one embodiment of the present invention, such 
as that of FIG. 7, blind vias Were formed With lasers that are 
solid state pulsed lasers such as a pulsed Nd:YAG laser. The 
fundamental output from the Nd:YAG laser is at a Wave 
length of 1064 nm. This Wavelength is in the infrared portion 
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of the electromagnetic spectrum. By installing beta-barium 
borate (BBO) crystals in the optical path, harmonic genera 
tion facilitates the output of light at 355 nm (third harmonic) 
and 266 nm (fourth harmonic), Which fall in the ultraviolet 
range. The 355 nm and 266 nm Wavelengths are particularly 
Well suited for drilling vias in the laminated substrates of the 
present invention. 

[0040] In general, the pulse length, energy density and 
number of pulses can be varied depending on the type of via 
being formed and the type of materials used in the laminated 
substrate. When drilling blind vias in a laminated substrate 
made of alternating layers of copper and a dielectric com 
prised of adhesive, ?ller and eXpanded polytetra?uoroeth 
ylene (ePTFE), and using a 266 nm laser, the energy density 
is 1.5 J/cm2, the energy per pulse is 10 J, and the poWer 
density is 20 megaWatts per cm2. At the 355 nm Wavelength, 
blind vias are formed by setting the energy density at 3.5 
J/cm2, the energy per pulse is 30 J, and the poWer density is 
35 megaWatts per cm2. The post-pulse step for the blind vias 
using a 355 nm laser requires adjusting the conditions such 
that the energy density is 11 J/cm2, the energy per pulse is 
100 J, and the poWer density is 200 megaWatts per cm2. 

[0041] When forming blind vias in the adhesive-?ller 
ePTFE dielectric material using the 355 nm laser, the energy 
density is 7 J /cm2, the energy per pulse is 65 J, and the poWer 
density is 100 megaWatts per cm2. Apost-pulse step Would 
require adjusting these parameters such that the energy 
density is 11 J/cm2, the energy per pulse is 100 J, and the 
poWer density is 200 megaWatts per cm2. 

[0042] As shoWn in FIG. 5, through via 50 is metalliZed 
by forming a metal layer 60 on the surface of the via 50. The 
metal layer 60 includes, for eXample, a layer of electroless 
copper formed on the surface of the via 50 and a layer of 
electrolytic copper formed on the layer of electroless copper 
using conventional processes. The metal layer 60 extends 
onto the metal cap layers 40, 42 and the dielectric layers 30, 
32. Traces (not shoWn), i.e., signal Wires, are then etched on 
the metal cap layers 40, 42 and the metal layers 60 by 
techniques knoWn in the art. That is, for inner layer traces, 
i.e., traces that are not on a ?nal layer, the top most metal cap 
layers 40, 42, and metal layer 60 are imaged With a photo 
resist. The photoresist is patterned and then developed so 
that the photoresist de?nes the signal traces in the area 
beneath the photoresist. The metal betWeen the patterned 
photoresist is then etched and any remaining photoresist is 
stripped aWay leaving traces around the vias. This is referred 
to as a subtractive process. 

[0043] For ?nal layer traces, i.e., traces on a ?nal layer, the 
top most metal cap layers 40, 42 and the metal layer 60 are 
imaged With a photoresist. The photoresist is then patterned 
and developed so that the photoresist is removed Where the 
signal traces are to be formed. Additional metal, such as 
copper, is plated Where the photoresist Was removed. Then 
an etch resistant metal, such as nickel, gold, tin or solder, is 
plated on the additional metal, the photoresist is stripped off 
and the metal cap layers 40, 42 under the photoresist is 
etched off. Areas that are to remain are plated With the metal, 
and areas that are to be etched aWay, are eXposed. This is 
referred to as a semi-additive process. 

[0044] Preferably, as much of the metal layer 60 as pos 
sible should be left on the dielectric layers 30 and 32 to 
further aid in producing a dimensionally stable substrate. If 
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the metal layer 60 is a ground or power plane, a large amount 
of metal, such as copper, Would remain by operation of the 
process employed. 

[0045] FIG. 6 shoWs another embodiment of the present 
invention Wherein metal cap layers 40 and 42, and metal 
layer 60 are not a ?nal layer. In this embodiment, additional 
dielectric layers 70 and 72 are respectively placed on 
surfaces 62 and 64 of metal layer 60. Additional dielectric 
layers 70 and 72 ?ll the via 50 and extend over the metal 
layer 60, the dielectric layers 30 and 32 and the remaining 
cap layers 40 and 42. The additional dielectric layers 70 and 
72 encapsulate the traces. 

[0046] Additional metal cap layers 80 and 82, such as 
copper, are placed on the surfaces 74 and 76 of dielectric 
layers 70 and 72, respectively. The additional dielectric 
layers 70 and 72, as Well as, additional metal cap layers 80 
and 82 can be placed concurrently on both sides of the 
package. The dielectric layers 70 and 72 and metal cap 
layers 80 and 82 are then laminated together as described 
hereinabove. 

[0047] FIG. 7 shoWs an embodiment Where blind vias are 
added to the substrate of FIG. 6. Blind vias 90 and 92 are 
formed in metal cap layers 80 and 82 respectively, as Well 
as, dielectric layers 70 and 72, by using laser drilling 
techniques as described hereinabove. The vias 90 and 92 are 
shoWn as blind vias, but could be through vias such that they 
extend completely through the substrate, connecting any 
layer to any other layer in the substrate. The vias 90 and 92 
are then metalliZed by forming a metal layer 100 using 
suitable plating processes. The blind vias 90 and 92 have 
pads 100 Which can be further processed to have metal traces 
(not shoWn) using techniques knoWn in the art. It is possible 
to continue adding dielectric and cap layer, concurrently or 
otherWise, as set forth above, to form seven, nine, or more 
layers. 
[0048] It should be understood that a preferred chip pack 
age and method for making the preferred chip package have 
been explained. HoWever, for example, the dielectric and 
metal layers can be placed one layer at a time, rather than 
concurrently, on the substrate. 

[0049] In another embodiment of the present invention, 
the substrates, such as those depicted in FIGS. 5 or 7, or 
other containing three, ?ve, seven, or more layers, as set 
forth above, can be bonded together to form a very dense 
chip package, or a very dense printed circuit board. The 
individual substrate layers are bonded together using a 
conductive Z-axis material. 

[0050] For a chip package having a copper metal core With 
dielectric and metal cap layers concurrently formed thereon 
as set forth above, the chip packages have a pressure applied 
thereto of approximately 300-350 psi and a temperature 
ramp rate of approximately 5-7° C. per minute up to a 
temperature of approximately 177° C. The temperature is 
held at 177° C. for approximately 30 minutes. The tempera 
ture is then raised to approximately 220° C.-225° C. for 
approximately 60 minutes. The chip package is then sloWly 
cooled under pressure of approximately 300-350 psi Which 
has been maintained through out the bonding process. Cool 
ing occurs in a feW hours. 

[0051] FIG. 8 shoWs a chip package according to the 
present invention having an electrically isolated copper core 

Oct. 11, 2001 

110 and a prepreg sheet 120. The prepreg sheet 120 is 
produced by W. L. Gore & Associates under the name 
SPEEDBOARD®. Such a prepreg sheet has a dielectric 
constant of about 2.6-2.7 at 1 MHZ-10 GHZ, a glass transi 
tion temperature (Tg) of 220° C., a How of less than 4%, and 
a cure temperature of 177° C. to 225° C. Prepreg sheet 120 
has a thickness ranging from about 25 microns to about 175 
microns. 

[0052] The substrate of FIG. 8 has been evaluated and 
compared to a system using a conventional polyimide core. 
Optical registration targets on the chip package utiliZing the 
substrate of FIG. 8 Were measured after the ?nal lamination 
steps and compared With a chip package having a substrate 
containing a conventional polyimide core to determine the 
dimensional variability of each chip package. Post lamina 
tion shrinkage standard deviation Was found to be on the 
order of 200 parts per million for the conventional polyimide 
core construction. The post lamination shrinkage standard 
deviation Was found to be on the order of only 25 parts per 
million for the chip package made in accordance With the 
teachings of the present invention. 

[0053] For a high density chip package, such a substantial 
decrease in the post lamination shrinkage standard deviation 
can signi?cantly decrease scrap due to shorted and open 
vias. It also alloWs construction of substrates to be carried 
out on larger siZed panels, as the effect of a high post 
lamination shrinkage standard deviation is magni?ed at the 
edges of the printed circuit board. 

[0054] In the above examples, a particular dielectric mate 
rial Was used to form the packages. HoWever, any suitable 
dielectric material can be used in the present invention, such 
as, but not limited to, polyimides and polyimide laminates, 
epoxy resins, epoxy resins in combination With other resin 
material, organic materials, alone or any of the above 
combined With ?llers. Preferred dielectric materials include 
a ?uoropolymer matrix, Where the ?uoropolymer can be 
polytetra?uoroethylene (PTFE), expanded polytetra?uoro 
ethylene (ePTFE), or copolymers or blends. Suitable ?uo 
ropolymers include, but are not limited to, polytetra?uoro 
ethylene or expanded polytetra?uoroethylene, With or 
Without an adhesive ?ller mixture. 

[0055] Preferred materials include SPEEDBOARD® 
bond plies available from W. L. Gore and Associates, such 
as, SPEEDBOARD® C Which is a prepreg of non-Woven 
material containing a cyanate ester resin in a polytetra?uo 
roethylene matrix. SPEEDBOARD® C has a dielectric 
constant, (Dk) of 26-27 at 1 MHZ-10 GHZ, a loss tangent 
of 0.004 at 1 MHZ-10 GHZ, a dielectric strength greater than 
1000 V/mil, a glass transition (Tg) of 220° C., a resin content 
of 66-68 Wt. % and is available in a variety of thicknesses. 

[0056] Another suitable dielectric is the expanded PTFE 
matrix, shoWn in FIG. 9, that includes a mixture of at least 
tWo of a cyanate ester compound, an epoxy compound, a 
bis-triaZine compound and a poly (bis-maleimide) resin. For 
example, a varnish solution Was made by mixing 5.95 
pounds of M-30 (Ciba Geigy), 4.07 pounds of RSL 1462 
(Shell Resins, Inc.), 4.57 pounds of 2, 4, 6-tribromophenyl 
terminated tetrabromobisphenol A carbonate oligomer (BC 
58) (Great Lakes Inc.), 136 g bisphenol A (Aldrich Com 
pany), 23.4 g Irganox 1010, 18.1 g of a 10% solution of Mn 
HEX-CEM in mineral spirits, and 8.40 kg MEK. The 
varnish solution Was further diluted into tWo separate 
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baths—20% (W/W) and 53.8% (W/W). The tWo varnish 
solutions Were poured into separate impregnation baths, and 
an e-PTFE Web Was successively passed through each 
impregnation bath one immediately after the other. The 
varnish Was constantly agitated so as to insure uniformity. 
The impregnated Web Was then immediately passed through 
a heated oven to remove all or nearly all the solvent and 
partially cure the adhesives, and Was collected on a roll. The 
ePTFE Web can be any desired thickness, such as 25 
microns, 40 microns, for example. A 25 microns thick 
material has a mass of approximately 0.9 g and a Weight per 
area of approximately 11.2 to 13.8 g/m2. 

[0057] Another embodiment of the present invention is 
de?ned by dielectric layers 30, 32, 70 and 72 Which are 
formed from a porous matrix system that is imbibed or 
impregnated With an adhesive-?ller mixture. FIG. 10 shoWs 
the node-?bril infrastructure of an ePTFE matrix Which 
exempli?es one embodiment of such a porous matrix sys 
tem. 

[0058] In general, in the present invention, the porous 
matrix is a non-Woven substrate that is imbibed With high 
quantities of ?ller and a thermoplastic or thermoset adhe 
sive, as a result of the initial void volume of the substrate. 
Such a porous matrix is then heated to partially cure the 
adhesive and form a B-stage composite. Substrates include 
?uoropolymers, such as the porous expanded polytetra?uo 
roethylene material of US. Pat. Nos. 3,953,566 and 4,482, 
516, each of Which is incorporated herein by reference. 
Desirably, the mean How pore siZe (MFPS) should be 
betWeen about 2 to 5 times, or above, that of the largest 
particulate, With a MFPS of greater than about 2.4 times that 
of the largest particulate being particularly preferred. HoW 
ever, it is also Within the scope of the present invention that 
suitable composites can be prepared by selecting a ratio of 
the mean How pore siZe to average particle siZe of greater 
than 1.4. Acceptable composites can also be prepared When 
the ratio of the minimum pore siZe to average particle siZe 
is at least above 0.8, or the ratio of the minimum pore siZe 
to the maximum particle siZe is at least above 0.4. Such ratio 
may be performed With a Microtrak® Model FRA Particle 
AnalyZer. 

[0059] Alternatively, another mechanism for gauging rela 
tive pore and particle siZes may be calculated as the smallest 
pore siZe being not less than about 1.4 times the largest 
particle siZe. 

[0060] In addition to the expanded ?uoropolymer sub 
strates described hereinabove, porous expanded polyole?ns, 
such as ultra high molecular Weight (UHMW) polyethylene, 
expanded polypropylene, or polytetra?uoroethylene pre 
pared by paste extrusion and incorporating sacri?cial ?llers, 
porous inorganic or organic foams, microporous cellulose 
acetate, can also be used. 

[0061] The porous substrate has an initial void volume of 
at least 30%, preferably at least 50%, and most preferably at 
least 70%, and facilitates the impregnation of thermoset or 
thermoplastic adhesive resin and particulate ?ller paste in 
the voids While providing a ?exible reinforcement to prevent 
brittleness of the overall composite and settling of the 
particles. 

[0062] The ?ller comprises a collection of particles Which, 
When analyZed by a Microtrak® Model FRA Partical Ana 
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lyZer device, displays a maximum particle siZe, a minimum 
particle siZe and an average particle siZe by Way of a 
histogram. 
[0063] Suitable ?llers to be incorporated into the adhesive 
include, but are not limited to, BaTiO3, SiO2, A1203, ZnO, 
ZrO2, TiO2, precipitated and sol-gel ceramics, such as silica, 
titania and alumina, non-conductive carbon (carbon black) 
and mixtures thereof. Especially preferred ?llers are SiO2, 
ZrO2, TiO2 alone or in combination With non-conductive 
carbon. Most preferred ?llers include ?ller made by the 
vapor metal combustion process taught in US. Pat. No. 
4,705,762, such as, but not limited to silicon, titanium and 
aluminum to produced silica, titania, and alumina particles 
that are solid in nature, i.e., not a holloW sphere, With a 
uniform surface curvature and a high degree of sphericity. 

[0064] The ?llers may be treated by Well-known tech 
niques that render the ?ller hydrophobic by silylating agents 
and/or agents reactive to the adhesive matrix, such as by 
using coupling agents. Suitable coupling agents include, 
silanes, titanates, Zirconates, and aluminates. Suitable sily 
lating agents may include, but are not limited to, functional 
silylating agents, silaZanes, silanols, siloxanes. Suitable sila 
Zanes, include, but are not limited to, hexamethyldisilaZane 
(Huls H730) and hexamethylcyclotrisilaZane, silylamides 
such as bis(trimethylsilyl)acetamide (Huls B2500), sily 
lureas such as trimethylsilylurea, and silylmidaZoles such as 
trimethylsilylimidaZole. 
[0065] Titanate coupling agents are exempli?ed by the 
tetra alkyl type, monoalkoxy type, coordinate type, chelate 
type, quaternary salt type, neoalkoxy type, cycloheteroatom 
type. Preferred titanates include, tetra alkyl titanates, 
TyZor® TOT (tetrakis(2-ethyl-hexyl) titanate), TyZor® TPT 
(tetraisopropyl titanate), chelated titanates, TyZor® GBA 
(titanium acetylacetylacetonate), TyZor® DC (titanium ethy 
lacetacetonate), TyZor® CLA (proprietary to DuPont), 
Monoalkoxy (Ken-React® KR TTS), Ken-React®, KR-55 
tetra (2,2 diallyloxymethyl)butyl, di(ditridecyl)phosphito 
titanate, LICA® 38 neopentyl(diallyl)oxy, tri(dioctyl)pyro 
phosphato titanate. 

[0066] Suitable Zirconates include any of the Zirconates 
detailed at page 22 in the Kenrich catalog, in particular KZ 
55-tetra (2,2 diallyloxymethyl)butyl, di(ditridecyl)phosphito 
Zirconate, NZ-01-neopentyl(diallyl)oxy, trineodecanoyl Zir 
conate, NZ-09-neopentyl(diallyl)oxy, and tri(dodecyl)ben 
Zene-sulfonyl Zirconate. 

[0067] The aluminates that can be used in the present 
invention include, but are not limited to Kenrich®, diisobu 
tyl(oleyl)acetoacetylaluminate (KA 301), diisopropyl(oley 
l)acetoacetyl aluminate (KA 322) and KA 489. 

[0068] In addition to the above, certain polymers, such as 
cross-linked vinylic polymers, e.g., divinylbenZene, divinyl 
pyridine or a siZing of any of the disclosed thermosetting 
matrix adhesives that are ?rst applied at very high dilution 
(0.1 up to 1.0% solution in MEK) can be used. Also, certain 
organic peroxides, such as, dicumylperoxide can be reacted 
With the ?llers. 

[0069] The adhesive itself may be a thermoset or thermo 
plastic and can include polyglycidyl ether, polycyanurate, 
polyisocyanate, bis-triaZine resins, poly (bis-maleimide), 
norbornene-terminated polyimide, polynorbornene, acety 
lene-terminated polyimide, polybutadiene and functional 


















