
1.3 February 2006 OM-9 NICKEL COATED COPPER AS ELECTRODES FOR  EMBEDDED
PASSIVE DEVICES 5 BACKGROUND OF THE INVENTION FIELD OF THE INVENTION The
invention relates to the. production of passive circuit devices such as
resistors, 10 capacitors and inductors that can be embedded in printed
circuit boards (PCB's).  Such may be formed using an electrically
conductive substrate comprising a  copper foil having a thin layer of
nickel on both sides of the copper foil as the  primary electrode. 15
DESCRIPTION OF THE RELATED ART Printed circuit boards are well known in the
field of electronics, and are used for a  wide variety of-commercial and
consumer electronic applications. They are useful  for large scale
applications, such as in missiles and industrial control equipment,  as
well as in small scale devices. For example, they can be found inside radio
and 20, television sets, telephone systems, automobile dashboards and
computers. They  also play an important role in the operation of airborne
avionics. and guidance  systems. The surface area on printed circuit boards
for the mounting of  components is becoming a limiting form factor as the
need for function and speed  increases. Currently, 40+% of the surface area
of conventional PCB's: is occupied 25 by passive devices, such as
resistors, capacitors and. inductors. Through the  



redesign of these devices into a planar configuration, they can be embedded
in. the 13 February 2006 body of the printed circuit board thereby
increasing available surface area for  active devices. It is known in the
art to produce printed circuit boards having integrated resistors,  5
capacitors and magnetic components such as inductors and transducers. There
are  various available technologies that partially address the
technological requirements for the fabrication of passive devices, but each
has a its drawbacks.  This invention enables the fabrication of planar
passive-devices that maybe  embedded in the body of a printed circuit
board. Further, the nickel layer allows 10 for the fabrication of devices
with wider performance spectra thereby increasing  scope of application.
Additionally, nickel whether as a pure metal or in alloy form  is- known to
increase foil adhesion to resins commonly used in the construction of
printed circuit boards, has an affinity for ceramics and metal oxides and
has-added  benefits of increasing thermal stability and resistance to
chemical corrosion.. The 15 invention provides foil planes that can be
separated by a dielectric medium and  can be configured. to act as a
capacitor. The foil can also be coated with resistive  or inductive
material in order to perform these functions. Improved adhesion to these
materials and enhanced thermal stability are important features of the
invention. Processes for imaging and generating clearance holes and other
circuit -20-. features using photoresists and chemical etching techniques
are well known. The passive elements may then be embedded into the printed
circuit board of an  integrated circuit package by standard lamination
techniques. 



25 SUMMARY OF THE INVENTION The invention provides an electrically
conductive substrate comprising a copper  foil having opposite surfaces,
wherein one or both of the opposite surfaces have 2' 13 February 2006
optionally been subjected to a electrochemical polishing treatment, a
mechanical  polishing treatment or a roughening treatment; and a layer of
nickel each of the  opposite surfaces. 5 The invention also provides a
process for producing an electrically conductive  substrate comprising
forming a copper foil having opposite surfaces; optionally  subjecting one
or both of the opposite surfaces, to a electrochemical polishing
treatment, a mechanical polishing treatment or a roughening treatment; and
depositing a layer of nickel onto each of the opposite surfaces. 10
DETAILED-DESCRIPTION OF THE PREFERRED EMBODIMENT An electrically conductive
substrate comprising a copper foil having opposite  surfaces, wherein one
or both of the.opposite surfaces. have been subjected to a  electrochemical
polishing treatment, a mechanical polishing treatment or a  roughening.
treatment, such that one or both opposite surfaces of the copper foil have
been polished to a smoothness   each of the opposite surfaces. The fast
step in the process of the invention is to produce a metal foil,
prefeaably. - 



20 copper, by either electroplating onto a rotating dim or by rolling a
capper ingot with subsequent annealing, According to the invention, them
"copper fail"  includes copperor copper alloys, and may include copper
foils containing Vie,  brass; cower nickel, aluminium, stainless  steel,
iron,gold, silver, titanium and combinations and alloy thereof. The
thickness of the copper foil may vary according to each particular
application. In a preferred embodiment, the cooper foil has a thickness of
from about 5um to about 50 um . It is well know to produce copper foils by
electrodeposition preocesses. One preferred process     13 February 2006
includes electrodepositing copper from a solution of a copper salt onto a
rotating  metal drum. The side of the foil next to the drum is typically
the smooth or shiny  side, while the other side has a relatively rough
surface, also known as the matte  side. This drum is usually made of
stainless steel or titanium which acts as a 5 cathode and receives the
copper as it is deposited from solution. An anode is  generally constructed
from a lead alloy. A cell voltage of about 5 to 10 volts is  typically
applied between the anode and the cathode to cause the copper to be
deposited, while oxygen is evolved at the anode. This copper foil is then
removed  from the drum. Electroplated foil is available from Oak-Mitsui of
Hoosick  Falls, 10 N.Y.. Rolled copper. is available from Olin Brass of
East Alton, Illinois, 



The surfaces of the foil can be modified to enhance the performance of the
embedded passive device. If a rougher surface is required to assist in
adhesion of  the embedded passive material to the foil or the subsequent
adhesion of the 15 printed circuit substrate to the foil, the foil maybe
pre-treated with a bond  enhancing treatment known in the art, which may
serve as an adhesion promoter  for the foil. In this regard, a treatment of
either nickel or copper nodules can be  applied to either. or both sides of
the foil. One roughening technique such as by  electrolytically depositing
micro-nodules of a metal or alloy such as copper or. 20. nickel and
increase adhesion to the foil. Such maybe conducted according to U.S. .
patents 6,117,300; 5,679,230 or 3,857,681 which are incorporated herein by
reference. The nodules may range in size from about 40 microinches to about
200  microinches,  or more preferably from about 40 microinches to about
150 microinches.  25 The surface microstructure of the foil is measured by
a profilometer , such as a  Perthometer model M4P or S5P which is
commercially available from Mahr 4 13 February 2006 Feinpruef Corporation
of Cincinnati, Ohio. Topography measurements of the  surface grain
structure of. peaks and valleys are made according to industry  standard
IPC-TM-650 Section 2.2.17. of the institute for interconnecting and
Packaging Circuits of 2115 Sanders Road, Northbrook, Illinois 60062. In the
5 measurement procedure, a measurement length hn over the sample surface is



selected. Rz defined as the average maximum peak to valley height of five
consecutive sampling lengths within the measurement length Im (where lo is
im/5). Rt is. the maximum roughness depth and is the greatest perpendicular
distance between the highest peak and the lowest valley within the
measurement 10 length Im. Rp is the maximum leveling depth and is the
height of the highest  peak within the measuring length Im. Ra, or average
roughness, is defined as the  arithmetic average value of all absolute
distances of the roughness profile from  the center line within the
measuring length Im. The parameters of importance for  this invention are
Rz and Ra. The surface treatments carried out produce a surface 15
structure having peaks and valleys, which produce roughness parameters
wherein  Ra ranges from about I to about 10 urn and Rz ranges from about 2
to about 10 In another embodiment of the invention, a smooth copper surface
may be 20, required. For example, capacitors require the dielectric spacing
to be minimized.  In order to prevent shorting of the electrodes, it is
desired that the surface be as smooth. and free of defects as possible.
Techniques to accomplish this are  electrochemical or mechanical.
polishing. A smooth surface may also be required  for resistors to help
insure uniformity. Mechanical polishing may be conducted 25 according to
the techniques described in U.S. patents 5,688,159. or 6,291,081  which are
incorporated herein by reference. Electrochemical polishing may be
conducted by submersing the foil in a copper pyrophosphate bath. A current
is 5 1 3 February. 2006 applied in such as way as to make the foil anodic.
A suitable current ranges from  



about 0.2 amps/cm2  to about 2 amps/cm2 for from about 10 seconds to about
I  minute. The copper will effectively de-plate on the peaked areas of the
foil and become more smooth. 5 A layer of nickel is applied onto both side
of the copper foil to thereby form an  electrically conductive structure.
The nickel layer preferably includes nickel or a  nickel alloy, comprising
other metals such as zinc, brass, chrome, aluminum;  stainless steel, iron,
gold, silver, titanium, and combinations and alloys thereof 10 The nickel
layer may be applied to the copper. foil by any. conventional method  such
as by electrodeposition , electroplating, sputtering or electroless
plating. In a  preferred embodiment, the nickel layer is deposited by
electrodeposition. The  thickness of the nickel layer may vary according to
each particular application. In  a preferred embodiment, the nickel layer
has a thickness of from about 0.1 m to 15 about 5 m, preferably from about
0.2m to about 2 m, and most preferably  from about 0.4 it to about 0.6 g.
This can be accomplished using Watt's nickel, an aqueous solution of nickel
sulfamate, nickel chloride and boric acid or other  commonly known plating
solutions in conjunction with a soluble nickel anode.  Plating times and
current density will vary with chemistry and desired deposition 20.
thickness. The inventive electrically conductive substrate comprising a
copper foil applied  on each side by a 'nickel layer is useful for the
fabrication of electrodes and  passive electronic devices. Such.planar
passive devices are to be embedded in 25 printed circuit boards or
integrated chip packaging. These devices are produced  



by applying a suitable additional layer onto the nickel. The nature of the
additional layer depends on whether a capacitor, resistor or inductor
device is to 6, 13 February 2006 be produced. In order to form one of the
aforementioned passive devices, after the thin nickel  layer of appropriate
thickness has been deposited on the copper foil surface, an 5 additional
layer may be applied. to one or both nickel layers. The composition of
this layer will determine the function; i.e. capacitor, resistor or
inductor. Suitable  additional layers may be composed of a metal, a
polymer, a.ceramic or  combinations thereof on one or both of the nickel
layers. One preferred material  suitable for forming inductors is.NiFe.
Materials suitable for forming capacitors 10 non-exclusively include
thermoplastic polymers and thermosetting polymers such  as
epoxies,.polyimiides , Teflon, and polyesters. .A pair of polymer coated
sheets  are attached together forming a sandwich of two sheets of nickel
coated copper  and the dielectric polymer material therebetween. Resistive
elements can be  produced by forming a layer of nickel phosphorous alloys
as described in U.S. 15 Patent No. 3,808,576. Electrically resistive layers
may be formed by forming a  uniformly dispersed layer of an electrically
resistive composite material  comprising'a conductive material and a
non-conductive material. Such may be  formed by well known
electrodeposition processes using an electroplating  solution including
solid non-conductive particles and a conductive metal ion that 20. forms a
conductive metal upon electroplating. The conductive metal used in the  



resistive material and/or in the conductive metal layer of the layer foil
material of  .this invention may be any metal, metalloid, alloy, or
combination thereof that is  able to conduct an electrical current.
Examples of conductive metals that are  useful as the conductive metal or
alloy in-the resistive co-deposit material include 25 one or more of the
following: antimony (Sb), arsenic (As), bismuth (Bi), cobalt  (Ce),
tungsten (W), manganese (Mn), lead (Pb), chromium (Cr), zinc (Zn);
palladium (Pd), phosphorus (P), sulfur (S), carbon (C), tantalum.(Ta),
aluminum 7 13 February 2006 (Al), iron (Fe) titanium (Ti), chromium,
platinum (Pt),. tin (Sn), nickel (Ni), silver  (Au), and copper (Cu). The
conductive metals and alloys may also be chosen  from alloys of one or more
of the above-identified conductive materials or a  plurality of layers of
one or more of the above-identified conductive metals or 5 alloys.
Non-conductive materials in the resistive composite materials may be any
non-conductive material that can be combined with a conductive metal to
give a  useful co-deposited electroplated resistive foil layer. It is
preferred that the non- conductive material is a particulate material that
can be evenly dispersed throughout the resistive foil material. Such
particulate materials include but are 10 not limited to metal oxides, metal
nitrides, ceramics, and other particulate non- conductive materials. It is
more preferred that the particulate non-conductive  materials are selected
from boron nitride, silicon carbide, alumina, silica, platinum oxide,
tantalum nitride, talc, polyethylene tetra-fluoroethylene (PTFE), epoxy
powders, and mixtures thereof. The additional layer may be applied by 



15. using any suitable technique non-exclusively including sputtering,
chemical vapor  deposition, combustion chemical vapor deposition,
electrodeposition such as  electrochemical deposition (plating), electrodes
plating, sol-gel process, coating  such as roll coating, screen printing,
dispensing, lamination and spraying.  Preferably the additional layer has a
thickness of from about .01 to about 25 20. microns.. The fabrication of
electrodes would involve the steps of a) producing a copper foil by
electrodepositing copper from a solution of a copper salt onto a rotating
metal drum, or by rolling a copper ingot with subsequent 25 annealing; b)
optionally treating one or both sides of the foil with a mechanical
polishing  treatment or a roughening treatment such as a bond enhancing
layer of nodules; 8' 13 February 2006 c) optionally modifying one or both
sides of the foil by electrochemical or  mechanical polishing to improve
its surface smoothness; d) coating a layer of nickel on one or both sides
of the copper foil; e) applying an embedded passive material suitable for
forming a resistor, capacitor or inductor, onto either side of the nickel
coated copper foil;. f) drying, curing or annealing the embedded passive
material as needed;.  g) applying an electrode to the device if required.
The following non-limiting examples serve to illustrate the invention. It
will be  10 appreciated that variations in proportions and alternatives in
elements of the 



components of the invention will be apparent to those skilled in the art
and are  within the scope of the present invention. 15 EXAMPLE 1 A 35
micron electrodeposited copper foil, without adhesion promoting treatment
(structural or chemical) is run through a plating bath having the following
constituents; nickel sulfamate, nickel chloride and boric acid where the 20
[Ni] 80 gpL, [CI] = 8 gpL and B = 6 gpL. In the plating tank is a soluble
nickel  anode. A current is applied to the foil to yield a CD ="50 ASF. The
current is,  applied for approximately 10 seconds resulting in the
deposition of nickel layer  with a thickness of -j0.5 microns. The nickel
layer is then coated with a 7micron  layer of a polymide resin. A liquid
polyimide.resin is adjusted to 25% solids, a 25 viscosity of about 20,000
centipose, with, N-methylpyrrolidone in a stainless steel  mixing vat. The
polyimide solution is supplied to a dispensing system and ..film  of
approximately 50 microns is applied to the shiny side of the moving foil
using  gravity and the liquid polymer viscosity as dispensing forces. 9`'
13 February 2006 A doctor blade is adjusted to produce a wet film of 43
microns in thickness,  resulting in a flexible composite having a dried
polymer film in thickness of about  7.6 microns. A continuous liquid head
height and volume of dammed material is  maintained on the upstream side of
the doctor blade to maintain a constant  flexible composite film thickness
and a film free of included air bubbles. The solvent is evaporated off and
the polymer is cured in an oven. As the coated  



foil first enters the oven, an initial temperature drop should be
anticipated. Once 10 steady state temperatures are achieved in the oven,
film thickness is checked by  taking a foil sample and comparing the coated
weight to the base weight of the  foil using the polyimide density to
convert from weight to film thickness.  Adjustments to the rate of
polyimide dispensed and or doctor blade height over  the foil are made
based on this measurement. This process is repeated' until the 15 desired
film thickness is attained. A capacitor is formed by laminating two pieces
of this coated foil in a hydraulic press at 275 C and 150 psi for 30
minutes. The  press. is under vacuum of 28. inches of mercury. A parallel
plane capacitor is  formed with a capacitance of 0.2 picofarads. and a peel
strength of 8 pounds per  inch. 20 EXAMPLE 2 A structure is formed similar
to that of Example I except BaTiO3 is. added to the  resin at a ratio of
50% by weight yielding parallel plane capacitor of 1.2 .25 picofarads and a
peel strength of 6.5 pounds per inch. 10 EXAMPLE 3 (Comparative} Example 1
is repeated except using electrodeposited copper foil with no nickel
layer. The resulting structure yields a parallel plane capacitor of 0.2
picofarads  but has a peel strength of less than 2.0 pounds per inch.
EXAMPLE 4 The foil of Example 1 is produced, except one side of the copper
foil is also plated  



10 with nickel. A slurry of barium titanate is coated onto a smooth side of
the copper foil using the sol-gel process. The slurry is dried and annealed
at 600 C to yield a  high dielectric constant layer of 300 to 900
nanometers. A top electrical contact is  applied by sputtering on a nickel
layer to which copper is electrolytically plated.  The resulting capacitor
has a capacitance of 100 to 500  nanofarads/cm2. 15 EXAMPLE 5 The foil of
Example I is produced, except a nodular treatment' of copper is applied  to
the. shiny side of the foil. The nodule treatment is then coated with the
nickel. 20 To the nickel layer, a thin layer of platinum is applied using
combustion chemical  vapor deposition. The thickness is between 50 to 300
nanometers. This provides  resistors having a resistance of from 200 to
1200 ohms/sq.. 25 EXAMPLE .6 The foil of Example 4 is produced and a
ceramic paste. containing silver particles,  commercially available from
Dupont, is screen printed onto the nickel surface.  This material is then
annealed in a high temperature oven at 400 C to form a 11 resistive
material. The resistive material is then laminated onto epoxy reinforced
fiberglass to form a core. This core is then patterned to form an
electrical path to  and from the resistor. 5 While the present invention
has been particularly shown and described with  reference to preferred
embodiments, it will be readily appreciated by those of  



ordinary skill in the art that various changes and modifications may be
made  without departing from the spirit and scope of the invention. It is
intended that the claims be interpreted to cover the disclosed embodiment,
those alternatives which  10 have been discussed above and all equivalents
thereto. .1.3 February-2006 What is claimed is: 1. An electrically
conductive substrate comprising a copper foil having opposite  surfaces,
wherein one or both of the opposite surfaces have been subjected to a
electrochemical polishing treatment, a mechanical polishing treatment or a
roughening treatment, such that one or both opposite surfaces of the copper
foil have  been polished to a smoothness of about 10 microinches or less;
and a layer of nickel  each of the opposite surfaces. 2_ The conductive
substrate of claim 1 wherein one or both opposite surfaces of i o the
copper foil have been subjected to a electrochemical polishing treatment or
a,  mechanical polishing treatment. 3. The conductive substrate of claim i
wherein one or both opposite surfaces of  theoopperfoil  have been
subjected to a roughening treatment 15 4. The conduc ive. substrate-of
claim I wherein one-or-both  opposite surfaces of  the copper foil have
been provided with copper or nickel nodules. 5. The conductive substrate of
claim I wherein the copper foil is an  20 elecoeposited copper foil, . .6..
The conductive substrate of claim .l wherein the copper foil is a rolled
and 



annealed copper foil... 7. The condudive  substrate of claim k
whercin-one.or  both.opposite  surihe of . the copper foil have been prow
from 40 to. 200 microinhes . 13, 13 February 2006 8. The conductive
substrate of claim 1 wherein one or both opposite surfaces of the copper
foil have been provided with copper or nickel nodules ranging in size from
40 to 150  microinches. 9. The conductive substrate of claim I further
comprising an additional layer of a metal, a  polymer, a ceramic or
combinations thereof on at least one of the nickel layers. 10. The
conductive substrate of claim 1 further comprising an additional layer of a
metal, a  polymer, a ceramic or combinations thereof on both of the nickel
layers. 11. The conductive substrate of claim I further comprising an
additional layer of a resistor,  capacitor or inductor forming material on
at least one of the nickel layers. 12. The conductive substrate of claim I
wherein the nickel layers have a .thickness of from  about 0.1 p.m to about
5 pm, 13. A process for producing an electrically conductive substrate
comprising forming a copper  foil having opposite surfaces; optionally
subjecting one or both of the opposite surfaces to a  electrochemical
polishing treatment, a mechanical polishing treatment or a roughening
treatment, such. that one or both opposite surfaces of the copper foil have
been polished to a  smoothness of about 10 microinches  or less; and
depositing a layer of nickel onto each of the  opposite surfaces. 



14. The process of claim 13 wherein one or both opposite surfaces of the
copper foil are  subjected to a electrochemical polishing treatment or a
mechanical polishing treatment. 15. The process of claim 13 wherein one or
both opposite surfaces of the copper foil have  been subjected to a
roughening treatment. 16. The process of claim 13 wherein one or both
opposite surfaces of the copper foil have  been provided with copper or
nickel nodules. 17. The process of claim 13 wherein the copper foil is an
electrodeposited copper foil.  18. The process of claim 13 wherein the
copper foil is a rolled and. annealed copper foil.  19. The process of
claim 13 wherein one or both opposite surfaces of the copper foil have
been provided with copper or nickel nodules ranging in size from 40 to 200
microinches. . 20. The process of claim 13 wherein one or both opposite
surfaces of the copper foil have  been provided with copper or nickel
nodules ranging in size from 40 to 150 microinches. 1.3 February 2006 21.
The process of claim 13 further comprising depositing an additional layer
of a metal, a  polymer, a ceramic or combinations thereof on at least one
of the nickel layers. 22. The process of claim 13 further comprising
depositing an additional layer of a metal, a  polymer, a ceramic or
combinations thereof on both of the nickel. layers. 23. The process of
claim 13 further comprising depositing. an additional layer of a resistor,
capacitor or inductor forming material on at least one of the nickel
layers. 24. The process of claim 13 wherein the nickel layers have a
thickness of from about 0.1 pm  to about Sum.  



ABSTRACT  The invention relates to the manufacture of metal foil electrodes
useful in the  manufacture of printed circuit boards having passive circuit
components such as  capacitors, resistors or inductors configured in a
planar orientation. A copper foil  is coated on each opposite side with a
thin layer of nickel, which increases the  range of functionality of the
foil.  


