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DRUM S DE TREATED-METAL FO L AND LAM NATE FOR USE I N PRI NTED CI RCU T
BOARDS AND METHODS OF MANUFACTURE FI ELD OF
I NI ON Drum or snooth side-treated netal foil can be used
ithet as an 5 i nternmedi ate product for use in the manufacture of

| am nate or as a part of the flnlsheQJam' nate to be used in the
menuf acture of multi-layer printed circuit "board (PCB) packages. By

treating the drumzqmssmsf’rgv_sﬂ%gﬁi METAIL Foil, M;@Mmﬂ‘m Eo,g SISECTgt h
enhancer rather than treating e matte si de or rough S|de both S|des

several time- consRINhEDAEHR 5 3
of 10 mul ti-layer printed CII’CUIt boards (PCB) Wmle the |ntegr|ty of t he
nmetal foil, | am nate and ‘'nulti-layer PCB are not conprom sed and are

actual |y enhanced by way of ']:LELDVQ !I'mmggcontrol and adhesi on
characteristics after rel am nati on. I'sS novel foil can be intially
bonded to substrate on either si de before circuit formation and can
be used either as an nternal yer a 1
I nvention i ncl udes h’uis tflefaée%r f“?%%ﬂ f&@ \lg'n 58 ﬁ&el 5'§E§a?s an
and mul ti -l ager 1ﬂfdn'itbﬁdte ﬁﬁﬁttfobﬁﬁ’é th the manufacture of laminate or as a FNCKCREUND
OF THE | NVENTI ON %
finished laminate to be used in the manufacture of mult-layer printed circuit board
(PCB) packages. By treating the drum or smooth side of metat foil with a bond
strength enhancer rather than treating the matte side or rough side, or both sides,
several time-consuming and costly steps can be bypassed in the manufacture of
10  multi-layer printed circuit boards (PCB) while the integrity of the metal foil,
laminate and multi-tayer PCB are not compromised and are actually enhanced by

way of improved impedance control and adhesion characteristics after
relamination. This novel foil can be initially bonded to substrate on either side
before circuit formation and can be used cither as an internal foil layer or as a foil

15 cap. The invention inclides methods of manufacture of the metal foil, laminate
and multi-layer printed circuit board.

BA R THE INVENTION

Metal foil, primarily copper foil, has long been manufactured for vse in

printed circuit boards. Of the various types of metal foil used, electrodeposited

20 foil is the most common. Electrodeposited copper foil is electroplated from a

copper plating solution onto 2 revolving drum, typically, with a titanium or

stainless steel surface acting as the cathode in the plating process. The matte side,

or side away from the drum suvrface of electrodeposited foil is rough which

enhances the adhesive strength, especially when coupled with subsequent adhesion

25  cnhancing treatments. The drum side of the electroplated foil is very smooth, and
has a shiny appearance, and is regarded as a poor adhesion surface.



Metal foil, primarily copper foil, has | ong been manufactured for use in
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is typically run through the adhesion promoting treating line a second time and
plated with additional adhesion promoters on the drom or shiny side of the foil.
10  The purpose of this product is to replace a subsequent step known as the oxidizing
process in the manufacture of printed circuit boards. Problems with this double-
treat product are extremely common at each of the discrete steps in the circuit
board process, namely, at the metal foil manufacturer step, the laminate
manufacturer step and the multi-layer pnnted circuit board (PCB) manufacturer
15 step. The double-weat metal foil typically has a much higher scrap rate than
single side treated foils and additional processing steps are required, thus
increasing both cycle times and costs. At the laminate and PCB manufacturer,
handling problems can drive scrap rates to unacceptably high levels. The problem
is so siguificant that only a very limited number of manufacturers will even
20 attempt to usec this double-treat product.

The foil-and-substrate laminate for use in the printed circuit board industry
can be constructed from a variety of subswates including paper, glass, and
TEFLON. These substrates are coated or impregnated in a contipuous fashion
with a resin system to facilitate adhesion with the metal foil which will

25 subsequently be clad to the substrate on one or both sides in a process referred to
in the PCB industry as pressing. This unclad substrate shall be referred w0 as

. prepreg.

Both the prepreg and the metal foil are typically sheeted although

technology does exist for "continuous lamination®. The laminate can be
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and pl ated with additional adhesion pronoters on the drum or shiny
side of the foil. 10 The purpose of this product is to replace a
subsequent step known as the oxidizing process in the manufacture of
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side treated metal foil can be masked by a subsequent processing step referred to
as oxidizing, thus resulting in higher processing yields.

The next typical step of multi-ldyer PCB manufacture is to remove the
oxidation retardant, which was applied by the metal foil manufacturer. This
15 removal is accomplished by means of a mi!d acid cleaner, a mechanical scrubbing
of the surface or a combination of both. In the industry, this step is referred to
as the scrubbing or cleaning process, :

Next, the cleaned panel is laminated with a polymeric light sensitive photo

resist. An image is printed onto the photo resist by means of exposure to intense

20  light under controlled conditions. The unexposed film is then chemnically removed
from the metal surface and the now exposed metal surface is chemically etched

off. The remaining photo resist is stripped off through additional chemical
processing. The result is a pattern of conductive lands separated by insulative

grooves to form a printed circuit. “
25 These etched laminates, hereafter referred to as inner fayers, are inspected

for defects in the metal circuitry and the substrate. This inspection typically is
done by automated optical inspection equipment commonly referred to as AOL.
The technologies for various brands of AOI equipment differ. Some equipment
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(3) manuf actured with either single or multiple plies of prepreg

which wll result in various thicknesses as dictated by custoner

and/ or design criteria. The prepreg and netal foil ar& bonded toget her
by neans of heat and pressure under controlled condi tions whi ch depend
on the required product properties. 5 {4) The pressed units,
referred to in the industry as |am nates, nust then have . the edges
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not negatively affect the 10 functiconality of the finished printed circuit
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resulting in hia tn he "nex typi ca
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retardant, which was applied by the netal foil manufacturer. This 15
renoval is accol@¥ef-shed by nmeans of a mild acid cleaner, a mechani cal
scrubbi ng of the surface or a conbination of both. In the industry,
this step is referred to as the scrubbing or cleaning process.

After iaspection, the inner layers will undergo an additional chemical

process known in the industry as the oxidizing process. Under current industry

10  practices, the typical inner layer has the drum or smooth side of the metal exposed
to the environment and the matte or rough side imbedded within the prepreg.
This smooth outer surface alone does not ;ffer sufficient surface topography to
allow for subsequent relamination with acczptablc adhesion characteristics. The
purpose of the oxidizing process is to “grow”, under controlled conditions, an

15 oxide crystal layer which is designed to increase the surface area and thus create
acceptable adhesion characteristics, on the smooth surface, for the subsequent -
relamination process.

An optional, but widely used and exﬁensive final step of the oxide process,

is a post dip bath which essentially reduces the valence of the copper to a +1

20 froma +2 state. The benefit achieved from this is the cmﬁm of what is

known as "pink ring", a term widely used in the industry. Pink ring is the

dissolution of the copper oxide around drilled holes,’ forming a pink ring of
exposed, bare éopper. It is cause for rejection of the part.

A typical oxide process consists of many different chemical baths including

25  but not limited to one or more cleaning baths, a microetch bath to aid in
increasing surface topography, an oxide bath where the oxide crystals are actually
formed and numerous pre-dip and rinse baths, followed by a post-dip, reduction

bath. This process is difficult (o optimize, expensive 0 operate and extremely

time consuming. As poted previcusly, laminate which is clad with “double trcat™
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Next, the cleaned panel is lamnated with a polynmeric |light sensitive photo
resist. An inage is printed onto the photo resist by neans of exposure to
intensle 20 |light under controlled conditions. The unexposed filmis then
chem cal ly renoved fromthe nmetal surface and the now exposed netal
surface is chemcally etched of f. Theigyemai ni ng photo resist is
stripped off through additional chem cal processing. The result is a
pattern of condugidiMgollaesnseRbiné afls Procestig atp.ve grooves to forma
printed circuit. 25 These etched | am nates, hereafter referred
to as inner layers, are inspected for defects in the netal circuitry

and the substrate. Thi g, .inspecti t VR C | : lq!ﬁ%
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I nner | Y €layer printed circuit board is the ability of the many different components used in

its manufacture to remain firmly bonded together. The adhesion strength of both
10 the metal foil treatment and the oxide play integral roles in the reliable life of a

multi-layer printed circuit board. Typically, the weakest link in this package is

the oxide adhesion to the relaminaion prepreg. This weak point many times

results in product failure in the ficld. These and other difficulties experienced

with the prior art devices have been obviated in a novel manner by the present
15 invention. '

It is an object of the present invé'ntion to provide a product which can
reduce multi-layer printed circnit board manufacture cycle time through the
elimination of several manufacturing steps. A direct consequence of this objective
is the reduction in costs associated with the manufacture of multi-layer printed

20  circuit boards.

A second, equally important objective of the present invention is to
improve the reliability of the overall multi-layer circuit board package. By
strengthening the weakest adhesion fink which exists in today’s technology, the
oxide, the finished product will be less prone to delamination when operating in

25  harsh conditions or normal conditions for long periods of time.

One additional consideration was taken into account as an objective of the
invention. This is the systematic reduction of chemical processes required in the

manufacture of multi-layer printed circuit boards. This objective will reduce the



After inspection, the inner layers will undergo an additional cheni cal
process known in the industry as the oxidizing process. Under current
i ndustry 10 practices, the typical inner |ayer has the drum or snooth side

of the metal exposed to the environnent and the matte or rough side
I mhedded within the prepreg. This smpgt h outer surface al one does not
of-fer sufficient surface topography to al'l ow for subsequent
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or the subsequen el am nat i on process. n optional,
but w dely used and expensive final step of the oxide process, is a
post dip bath which essentially reduces the _val ence of the copper to.a, + 1
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Pink ring is the di ssolution of the copper oxide around drilled
hol es, formi ng aospecificationendafovered by the claimsl appended berpiger . It is cause for
rejection of the part. A typical oxide process consists of

many different. chemical baths including 25 but not limted to one or
nore cl eaning baths, a m croet sﬂ%ﬁ@X&piﬂﬁ MNVENTIQRC! easi ng surface
t opography, an oxi de bath where the oxide crystals are actually
formed and numerous pre-dip and rinse baths, followed by a post-dip,
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which is clad wiihttrmedisie! fro8dct 3br use in the manufacture of laminate or as'a part of the
10 finished laminate to be used in the manufacture of multi-layer printed circuit board
(PCB) packages. By treating the drum or smooth side of metal foil with a bond
strength enbancer rather than treating the -matte side or rough side, or both sides,
several time-consuming and costly steps can be bypassed in the manufacture of
multi-layer printed circuit boards (PCB) while the integrity of the metal foil,
15  laminate and muldple layer PCB are not compromised and are actually enhanced
by way of improved impedance control and adhesion characteristics after
relamination. This novel foil can be initiglly bonded to substrate on either side
before circuit formation and can be used cither as an interna) foil layer or as a foil
. cap. The invention includes methods of ﬁmufacmm of the metal foil, laminate
20  and mmlitiple layer printed circuit board.

A variation of the invention involves a component or tool for use in
manufacturing articles such as printed circuit boards. The component is a
temporary laminate constructed of one or more sheets of drum-side-treated copper
foil mounted on a sheet of aluminum. The copper foil, which, in a finished

25  printed circuit board, will constitute a functional element, has a drum-side, which
has been subjected to an adhesion-promoting treatment, and a rough side, which
has not been subject to the adhesion-promoting treatment. The sheet of aluminum -

constitutes a discardable or reusable element. Either surface (treated drum-side



(5) metal foil does not require this processi.ng step.
After this operation, oxided inner layers (or inner |ayers clad with double
treated netal foil) are ready to be conbined with additional prepreg

mat eri al | am nated on both sides (and additional inner layers if
requi red) and generally, 5 clad on the @mternost surfaces with
additional netal foil. This package wll be heat ed and pressed in a

similar fashion drourtreatedohatichsidenof eachecappetshieet garebe bondedd@sdejahedingBove.
Anong the critical characteristics,of thi em finished multi- .. | ayer
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strength of both 10 "‘the netal foil treatnent and the oxide play integral
roles in the relstgghle life of a multi-layer printed circuit board.

Typically, the weakest link in this package is t he oxi de adhesion to
the relam nation prepreg. This weak point many tines results in
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with the prior art devices have been obviated in a novel manner by the
present 15 i nveast¢apper herein, because coppartisithe mpshspamongpaterial frp@swhich
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BRIEF DESCRIPTION OF THE DRAWINGS

10 The character of the invention, however, may be best understood by
reference to one of its structural forms, as illustrated by the accompanying
drawings, in which: +

FIG. 1 is a diagrammatic sectional view of a foil treated in the "single-
treat® method of the prior art,

15 FIG. 2 is a diagrammatic sectional view of a foil treated in the "double-
treat” method of the prior art,

FIG. 3 is 2 diagrammatic sectional view of a foil embodying the principles
of the present invention,

FIG. 4 is a diagrammatic se;:tional \;iew of 2 step in a first embodiment of

20 the process of the present invention in which the foil is formed on a smooth
surface,

FIG. 5 is 2 diagrammatic sectional view of a step in a first embodiment of
the process of the present invention in which the smooth side of the foil is treated
with an adhesion enhancing plating,

25 FIG. 6 is a diagrammatic sectional view of a step in a first embodiment of
the process of the present invention in which the treated smooth surface of the foil
is bonded to a substrate,

FIG. 7 is a diagrammatic sectional view of a step in a first embodiment of

the process of the present invention in which the matte surface of the foil is coated



I's the reduction in costs associated with the manufacture of nulti-Iayer
printed 20 circuit boards. A second, equally inportant

obj ective of the present inventionis to i nprove the reliability of
the overall nulti-layer circuit board package. By strengt heni ng the
weakest adhesion link which exists in todagys technol ogy, the oxi de,
the finished product will be | ess prone to del am nati on when operating in
25  harsh condidiitopoi® resi® Wiklou€ thatieed dorsa pelor svitdbimepiooess, of tine.

One addi tional consideration was taken into account as an_ objective of the
i nvention. This is t&éGs$ds adizgrammatirusectionnl viewcofansiemie afitst eabedimeatef r ed
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oxidized matte side of the foil.
F1G. 10 is a diagrammatic sectional view of a step in a second embodiment

10  of the process of the present invention in which the foil is formed on a smooth
surface,

FIG. 11 is a diagrammatic sectional view of a step in a second embodiment
of the process of the present invention in which the smooth side of the foil is
treated with an adhesion enhancing plating,

15 FIG. 12 is a diagrammatic sectional view of a step in 2 second embodiment
of the process of the present invention in which the treated smooth surface of the
foil 1s bonded to a substrate, |

FIG. 13 is a diagrammatic sectional view of a step in a second embodiment
of the process of the present invention in which the matte surface of the foil is

20 coated with photo resist without the need for a prior scrubbing process,

FIG. 14 is 2 diagrammatic sectional view of a step in a second embodiment
of the process of the present invention in which the photo resist has been removed
from the matte surface. It will be understood by those skilled in the art that if this
foil is a cap or outside foil layer, it would now be complete, without the next step.

25 FIG. 15 is a diagrammatic sectional view of a step in a second embodiment
of the process of the present invention in which a second substrate is bonded to
the unoxidized mate side of the foil.

FIG. 16 is a diagrammatic sectional view of a step in a third embodiment
of the process of the present invention in which the foil is formed on a smooth

30  surface,

FIG. 17 is a diagrammatic sectional view of a step in a third embodiment
of the process of the present invention in which the smooth side of the foil is



specification and covered by the cl ainms appended hereto.

SUMVARY OF THE | NVENTI ON Drum or snooth side-treated netal
foil can be used either as an i ntermedi ate product for use in the
manuf acture of lam nate or as a part of the 10 finished |lamnate to be
used in the manufacture of nulti-layer pringed circuit board (PCB)

packages. By treating the drum or snooth side of netal foil wth a bond
strength enhancertrzramdwithtahaﬂhts:maeﬁmchg@mmgte side or rough side, or
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of the process of the present invention in which a second substrate is bonded to
the treated smooth side of the foil,

15 FIG. 22 is a flow chart showing a process embodying a second major
aspect of this invention, '

FIGS. 2344 are diagrammatic s:ectional views of various foil-tool -
combinations and the steps in various proéesses involved it this variation of this
invention,

20 FIG. 23 shows cross-sectional view of a single-sided too 50 of the present
invention, with_thc untreated matte side of the foil 52 toward the plate 51,

FIG. 24 shows a varation of the tool shown in FIG. 23, the variation
being that the tool 60 in FIG. 24 has the treated drum-side of the foil toward the
plate 61,

25 FIG. 25 shows cross-sectional view of a double-sided tool 70 of the
present invention, with the untreated mauc;side of the foil 72’ and 72” toward the
plate 71, |

FIG. 26 shows a variation of the tool shown in FIG. 25, the variation
being that the tool 80 in FIG. 26 has the treated drum-sides of the foils toward the

30 plae8l, |

FIGS. 27-32 show a fourth embodiment of the process of the present

invention,



(7) or untreated nmatte side) of each copper sheet can be bonded to
the al um num dependi ng on whi ch embodi ment of the basic invention is
bei ng used. The side of t he copper foil not bonded to the al um num
will be bonded to the resin in the next st ep. 5 It should
be understood that, although the foil wll ﬁﬂgtlnes be desi gnated as
copper herein, because copper is the npbst co n material fromwhich to
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whi ch: ., Jreaudd Gith dn bdndliot] ARTEPlating PLS, Al G mbtyiiod 112 60k foil

treated in the "single treat” method of the prior art, 15
FIG 2 is a diSagrH@niatmaunsadeen teabol @My of a foil treated in the "doubl e-

FIG. 29 shows a step in which the treated smooth surface 111 of the foil
110 is bonded to a first surface 115 of a substrate 116, and then the tool 101 is
removed from the foil 110,
FIG. 30 shows a step in which the matte surface 112 of the foil 110 is
10  coated with photo resist 117 without the need for a prior scrubbing process,
FIG. 31 shows 2 step in which the matte surface 112, from which the
photo resist has been removed, is treated \;aith an oxidizing process, to form an
oxide layer 118, without the need for a prior microetch and rinse process,
FIG. 32 shows 2 step in which a second substrate 119 is bonded to the
15 oxidized matte side 112 of the foil 110~
IHGS.3538smawzzﬁmM<unmxﬁnwntofﬂm: process of the present
invention,
FIG. 33 shows a step in which the foil 120 is formed on a smooth surface
124,
20 FIG. 34 shows a step in which the smooth side 121 of the foil 120 is
treated with an adhesion enhancing platitig 123, and the matte side 122 of the foil
120 is mounted on 1001 sheet 102 or plate, preferably of aluminum,
FIG. 35 shows a step in which the-treated smooth surface 121 of the foil
120 is bonded to a first surface 125 of a substrate 126 after which the tool 102 can
25 be removed,
FIG. 36 shows a step in which the matte surface 122 of the foil 120 is
coated with photo resist 127 without the need for a prior scrubbing process,
FIG. 37 shows a step in which the photo resist 127 has been removed from
the marte surface 122, "
30 FIG. 38 shows a step in which a second substrate 129 is bonded 1o the
untreated and unoxidized matte side 122 of the foil 120, - )



treat” nmethod of the prior art, FIG 3 is-a diagrammtic
sectional view of a foil enbodying the principles of the present

i nventi on, ‘ FIG 4 is a diagrammatic sectional view of a step
in a first enbodi ment of 20 the process of the present invention in which
the foil is forned on a snmooth surfac? FIG 5is a

di agrammatic sectional view of a step in a first enbodi nent of t he
process of the presentFigy.e-dudkhb® ARixth ehivedswenotdi the deradess be thoipresest
treated with an adhesion enhancing plating, 25 FIG 6 is a
di agrammati c sectindgRionyi ew of a step in a first enbodi ment of t he

process of the bresent gid\aiiodd ol dep'fishlch [ foliAB0GLI1GHERA'oR S4FSGHE Suitfee! M

foil S bondedto strate I's a diagranmti c
sectional view of13,step |n a first enmbodi nent of the process of the

N th phot o rodh ot w t nElE- ¥ ahora s T Bl b seitan fidg 137 Hiode Foir 130 is
FIG 8 is a di agrauis with 28Gdhesicl eﬁﬁaﬁ%%laﬁnﬁﬁ% hfd ﬁeﬁ itheStrefREDQEbSRRdeOf

the process of the present invention In ich"the matte surface, from which
t he phot o r k3l ef thadeil 33@1s bendeddd a toel 10%kated with an oxi di zi ng

FI G o 16 a di agrammat FIG-CECHoNa ot i hieh 1 Pfsafty it e A2 T Bt ol
130 is bonded to a first surface 135 of a substrate 136, after which, the too} 103
10 is removed,
FIG. 42 shows a step in which the treated smooth surface 131 of the foil
130 and plated layer 133 are coated with pilDlO resist 137 without the need for a
prior scrubbing process,
FIG. 43 shows a step in which the photo resist 137 has been removed from
15 the treated smooth surface 131, and <~
FIG. 44 shows a step in which a second substrate 139 is bonded to the
treated smooth side 131 of the foit 130.

RIPTI | MBODIMENT

The details of the invention, however, may be best understood by reference

20 to its three structural forms, as illustrated by the accompénying drawings. The

first embodiment is characterized by an oxidized matte surface facing out, and is

shown in FIGS. 4-9. The second embodiment is characterized by an unoxidized

matte surface facing out, and is shown in FIGS. 10-15. The third embodiment is

characterized by a treated smooth surface facing out, and is shown in FIGS. 16-

25 21. Each embodiment has two subembodiments; one in which the foil ends up

sandwiched within 2 multi-layer PCB, and:a second in which the foil ends up as

a cap or outer foil layer on the outer surfacé of the PCB. The cap subembodiment

would apply to both single- and double-sided (clad) PCB’s, which are not
considered "multi-layer™ PCB’s.



K]

t he process of the present invention in which a second substrate is bonded
to the oxidized matte side of the foil. FIG 10 is a

di agrammati c sectional view of a step in a second enbodi nent 10 of the
process of the present invention in which the foil is formed on a snooth
surface, FIG 11 is a diagranqﬁgjc sectional view of a step in
a second enbodi nent of the process of the present invention in which

the snooth side of thegl h-djsare diagranibftittsgetionat Views ofoiiviuk dstiseamdane siegs
pl ating, 15 FIG 12 is a diagranmatic sectional view of a step in

a second embodi mimwarious proggissesheFlfr dohows affolt ieeals dr dhe “sinaleHEIo MEthpd il ch
the treated snoo surface - foil,] t S t -
FIG 13 is a di aé'?ca t%rg' g@%tfélgﬁe{\as\a/isemv?/og'fgl%éZtag%gﬁ&g sg%eg%ngﬂgr%ﬁ%n%ent

of the process of isheatedaseptatngwithicopperizinapartties e FIGL Reshowsfaofoll wéatéde
foil is 20 coated with Photoﬂ resist without the need for a &;ior
scrubbi ng pr o€esdn the "double-treat mﬂh@"iﬂ’qw'qaﬁﬁ-aﬁm‘aﬁﬁ%i 3 & ROQR side Gandy of

astep \n a secoqinfithadd = Bom the smofih $idh6 BEPEHE Harlside "2 uRaRAby gy | O

in which the photo resi ‘has "been r Vv mthe matte s It
wi || be under st omdthgoppimesiac piditicles 8. iFIG. Bashaws a féthembodyting the principlesafithe s a

cap or outside foil layer,. it would, now be conplete, w thout th xt_step.
25 FI GPressat; @ventigng o Theft 1@ hgseetsmgﬁn sréq uvaﬁé aamé‘f’eﬁg? Hsa T ond

LI 91l S it 18,1 S

FIG 16 is a diagrammtic sectional view of a step in a third enbodi nent

ool B T P Gt A T 6B oS S BT

of a step in a thiedi6iRPdhih the foil 1(]2 istq%gh Oioilﬁ'h;%gﬁéﬁ) RIrfabd $4 07 PRES shows

i nvention in which the snoboth side o
a step in which the smooth side 11 of the foil is treated with an adhesion

enhancing plating 13. FIG. 6 shows a step in which the treated smooth surface
11 of the foil 10 is bonded to a first surfice 15 of a substrate 16. FIG. 7 shows

15  a step in which the matte surface 12 of the foil 10 is coated with photo resist 17
without the need for 2 prior scrubbing process. FIG. 8 shows a step in which the
matte surface 12, from which the photo resist has been removed, is treated with
an oxidizing process, to form an oxide layer 18, without the need for a prior
microetch and rinse process. It will be understood by those skilled in the art that

20 if this foil is a cap or outside foil layer, it would not need the oxidizing treatment
and would be complete without it and without the next step. FIG. 9 shows a step
in which a second substrate 19 is bonded to the oxidized matte side 12 of the foil
10.

FI1G. 10 shows a step in a second embodiment of the process of the

25 present invention in which the foil 20 is formed on a smooth surface 24. FIG. 11
shows a step in which the smooth side 21 of the foil 20 is treated with an adhesion
enhancing plating 23. FIG. 12 shows a stei: in which the treated smooth surface

21 of the foil 20 is bonded 1o a first surface 25 of a substrate 26. FIG. 13 shows

a step in which the matte surface 22 of the foil 20 is coated with photo resist 27

30  without the need for a prior scrubbing process. FIG. 14 shows a step in which



(9) treated with én adhesi on enhanci ng plating;- FIG 18

Is a diagrammatic sectional view of a step in a third enbodi nent of
the process of the present invention in which the untreated matte surface
of the foil is bonded to a substrate, 5 FIG 19 is a

di agrammati c sectional view of a step in gi3hird enbodi nent of the

process of the present invention in which the treated snooth surface of the
foil is coated whe phplootesist 23itas beet emovadhfromethd iatte augiadeor2.scit vl be
tional view step in

: FIG., 20 j
B ot embodi miersiood by spose skTigf it e SrEFaT s Pl o it ey o
the photo resi styohasoudde b h@v@z\/e@bsé&eni iaﬂminaﬁoﬁrabézemwrapac S0 thé nékil qiepe
under st ood by those skilled in the art that if il is a _cap or

outside foil |ayeuld pet dorecessayy BS.cldnsions @, srtm mmh@w@cqx@mbmp is

of the procets SPORRESIPEABRENRE SR mbTteA! mins hOB Z2brdm RilAR Tare 1s

bonded to the treated snooth side of the foil, 15 FIG 22
is a flow chart shovm n a_process enbodying a second maj or aspect of
this invention, . 16 showy wls irga shird;eraboimgnicafithe | proeass of tegireseniws

“nvorved 1t thi é"v%ﬁ#*?%mwﬁgﬁb 0 A8l op { EpBhBGabe 38 PR 1 R 55°

shows cross- sechi sijfin Whith te s@n&tmgide Hi et the! 1 30 Gs Beatedh Qvil eﬁeaahesxon
i nvention. with the untreated matte side of the foil 52 toward the plate

51, - 10 enkancingplatingcids BlG:ahS Showsis stap inrwhietydie untresied imate| sarfaces,
drum of de.of 1 n32 P RELoR 1 8pnddio Sty Al 3F oPy siBfiiEsd."Pi6T Pk
shows cross- sechistepain whietwtief reatediosdoth sardasd 31osfl the Poid BOtideoated with photo
resist 37 without the need for a prior scrubbing process. FIG. 20 shows a step in

which the photo resist 37 has been removed from the treated smooth surface 31.

I5 It will be understood by those skilled in the art that if this foil is a cap or outside

foil layer, you would not have a subsequesii relamination over this layer, so the

next step would not be necessary. FIG. 21 shows a step in which a second

substrate 39 is bonded to the treated smooth side 31 of the foil 30.

In inventing a system which achieves the objectives of the present

20 invention, processability was constantly emphmzed The manufacture of the

untreated metal foil is identical to current technology The adhesion promoting

treatment chemistry and oxidation retardant treatments are also the same. The

primary difference is the application of -said adhesion promoting treatment.

Current technology requires that the matte side of the metal foil be treated with

25  the bond enhancers or, on "double treat” metal foil, both the matte and drum sides

are treated with the bond enhancers. The present invention provides that only the

drum side of the metal foil be treated with the bond enhancers. This is exactly
opposite of current industry practices for single treat metal foils.

It is important to note that this change in the side of the foil that is treated

30  requires no additiopal processing equipment or steps by the metal foil



present invention, with the untreated matte side of the foil 72' and 72"
toward the plate 71, FIG 26 shows a variation of the
tool shown in FIG 25, the variation being that the tool 80 in FIG
26 has the treated drumsides of the foils toward the 30 pl ate 81,

FI GS. 27-32 show a fourth enbodi ment of the ocess of the present

I nventi on, FIG 27 shows a step in which the foil
110 i's formed on maf(RaefubPer3d pfctiuce this produkids opposcd to emstma nﬁth:dE&estbdfml a
step in which the spmpoth side 111 of the foil ed with_an

adhesi on enhanci nghisiiayantign peformanbest Mathatlpw PIP&@ f&*i 6\“”{ Wé‘hf'-B‘? mattg side1 10

I s nounted on thegtool i’liﬁ'g he
treated snooth suﬁaéc)em%%n“%?s?ﬁe olled bf&ﬁmﬁ |§¥\%%ﬁ%ggg EQ 1}9@ ?ﬂte
surface 115 of a foibgRz at e5.1fiicroms) ant estanidid fodbo{ncl B2 reguirement) alsotpeefdrir om
the foil 110, FIG, 30 s ich the tte surface
112 of the foid 13¢septablyg m&%‘&?%ﬁ%@iﬁyp@é}gm@ﬂ?mﬁ%& t he need
for a prior scrubbing process, FIG 31 shows a step in which

the matte surface 112, from which the photo resist has been renoved,
is treated with an oxi Theinventioroemaploys & singlersideatreated metabfoitiwhere)the aditesion

without the need f g Sink Heatmen: s applisd odly To the Stk b Smooth side of the foil. This
is exactly opposite of current industry practices. See Figure 3 for the invention
and Figere | and 2 for prior technology. Curmrent industry practices of

10  antioxidation treaunem application would remain essentially identical.

This metal foil is used by a laminate manufacturer lo produce 2 metal clad
laminate for use, after circuit pattem formation, in the multi-layer printed circuit
board industry. The laminate manufacnirer will also continue to follow virtually
identical processing steps as in the manufacture of single treat metal foil clad

15  laminate. The laminator will press the treated drum surface of the foil against the
prepreg in the lamination process. This is the only significant processing
difference used in the lamination step of the process.

The printed circuit board manufacturer will experience several significant

changes in existing processes. The first step which can be elimipated in the multi-

20 layer process was described previously as the scrubbing or cleaning process, which
normally takes place after the fojl is bonded to the substrate and before the pboto

resist is deposited on the foil’s outer surface. This step is completely eliminated

with this invention. This is made possible because the exposed surface of the
laminate of the present invention (either the treated smooth or untreated matte) has

25 sufficient topography or texture to allow for the adhesion of the photo resist
without requiring the removal of the antioxidation treatment. Subsequent benefits

of the elimination of this scrubbing process will be discussed at the inspection

step. It is important to note that the elimination of this step is a benefit in two
separate sitvations. The first situation is the multi-layer situation in which the

WL



FIG 32 shows a step in which a second substrate 119 is bonded to the 15
oxidized matte side 112 of the foil 110, FI GS. 33-38 show a
fifth enmbodi nent of the process of the present i nventi on,

FIG 33 shows a step in which the foil 120 is forned on a snmooth surface
124, 20 - FIG 34 shows a step in pghch the smooth side 121 of the
foil 120 is treated with an adhesi on enhancing plating 123, and the

matte side 122 QkcHel9ofi Wit be subsequbdtly rdlamiiztidad férm drDibhersfofiaiyet O Theotipr at e,
preferably of alum num FIG 35 shows a ste

num Fl ! _,pinwhic?th&
treated snooth sitnftaneisiehencihe etehed $pit is a foil capothatisy #rMlbe letitor foray the

surface 125 of a suhstra 126 s ] t hea.: :
renoved, buter anglcgih%égléﬁ%&mgr% S eBd'i n véﬁgtghr %ﬁéﬂ%tﬁ?’éé&ﬁ?? gé%rCSZZ
of the foil 120 tpes of PCBBPaivitiHayet,"daubls-layer sind singEAayert hout the need for

a prior scrubbing process, FIG 37 shows a step in which the
photo resist 127 has been renoved from the matte surface 122, 30

oo ook S hac S5O, 0 ek s, B b i
FI'GS. 39-44 showdeamage whithitadbsemhored it bergin sitestionaf In Ndoubletreatl foil, the
‘nvention. surface texture created by the adhesion enhancing plating process on the smooth
side sometimes acts to degrade the resolution which can be consistently achieved
in the chemical etching process. This degradation of resolution would be even
10  more serious if the circuit formation were done on a so treated matte side. Thus,
in the present invention, production quality of higher resolution circuit patterns is
increased when the photo resist is laminated to the untreated matte surface of the
foil. At the inner layer inspection operation, the number of false cail outs by the
AOI equipment using reflective technology will be greatly reduced since the metal
15 surface will not oxidize as readily as in current industry practices. As the aumber
of false call outs is reduced, the numbe;i of escapes by human verifiers will -
decrease as they will have less call outs to verify thus allowing them to
concentrate on finding functional defects. Also, this benefit will atiow PCB shops
to experience added flexibility in schedulin’é and should reduce cycle time as well.

20 Another step in which the foil of the present invention offers advantage is
in the climination of the pre-oxidizing microetch and associated rinses.
Conventionally, after the circuit pattern is etched through the shiny side of the
foil, the shiny surface must be partially etched to give it sufficient texwre to form
a foundation for the subsequent oxidizing step. The untreated matte side has

25  sufficient texture to allow oxidizing without need for the microeich and associated
rinses, while the treated shiny side out does not require the oxidizing process,
because of the treatment.



FIG 39 shows a step in which the foil 130 is forned on a snooth surface'

134, 5 FIG 40 shows a step in which the snooth side 131 of the
foil 130 is treated with an adhesi on enhancing plating 133, and then
the treated snmooth side 131 of the foil 130 is bonded to a tool 103,

FIG 41 shows a step in which the untreated!fatte surface 132 of the foil
130 is bonded to a first surface 135 of a substrate 136, after which, the
tool 103 10 is renpvéehother step in Wh‘Ch the|fgil oft theqiesgat ‘&"%ﬂ“e‘ﬂ offersgrvantage s
treated snooth s [ 131 f th o fa r re
coated with phot gﬂ i g%’%gtmgl W}f' {‘%eﬁemnese Qfﬁ %'pk&wcgm}cg%%s%ﬁﬁ%%

process, shiny-side-6at cidult Ipeuemaros ‘stﬂj@equ&m/\hmiingt toanpthet dnyee of atepit&?
has been renoved from 15 _the tre?@g Ql?tfoth surface 131, 3\5
FIG 44 shows a Of &pstratenFiler Quiet oflof the present invesition SPB‘”{“F?&"“

treated snootd si f

THE PREFERACD ENGLE Tkt oxidifing % have ifgient adhesion propertics wlsatei) 2l
however, may -be immost extredne specifidations: dhes,dhere agOapphications whenedhe wdumgmep
forms, as il Iustratg P\F/'Qt he acconpanying draw ngs. The first

enbodi ment is ch&AhOE&NMRAed,y an oxidi zed matte surface facing out, and is
shown in FIGS. 4-9. The second enbodi nent is characterized by an unoxidi zed
matte surface facing out, and is shown in FIGS. 10-15. The third enbodi ment
i s characteri zedn gyneaalt howtved, theroxigdizing procesewobuldistil bo employed by #C8hown

in FIGS. 16- 25 21 Each nbodi sub rrent ne | ch
the foil ends upmanufac cf(% BIITE%?}P%PQ%I’Wwﬁg&%m é’ﬁsgmﬁ‘ é"d@g’h
which the foif eras abliedd by th presend iV 66.€7 The st mﬂm&'tﬁ I
surface of the PCB. The cap su?oenbodl rlrer?%l e @bﬁtﬁete
elimination of the microetch bath and the rinse baths (typically two) associated
with this microetch bath, as mentioned above. This results in the reduction of the

volume of waste liquid and a reduction in the generation of hazardous waste.

The second advantage is the reduction of the amount of oxide crystal
13 formation required to achieve bond sfrength equivalent to current industry -
practices and requirements. This results di;-ect!y in lower chemical, material, and
production costs and improved cycle time.

1f the PCB manufacturer chooses to continve to maintain current dwell time
in the oxide bath, adhesion improvements of greater than 40% have been achieved
20  during experimentation with the present method. This essentially means that the
overall reliability of the completed printed circuit board will be improved by over
40% in regards to delamination at the oxide/prepreg interface.
1f the PCB manufacturer chooses to keep the adhesion strength between the
oxide and the relamination prepreg at existing levels, experiments have shown a
25  reduction in dwell time of 40% and 2 chemical consumption reduction of over
50%. Reduced costs and faster cycle times will yield results equal to current
methods. »
Angther important advantage of the present invention when compared to



woul d apply to both single- and doubl e-sided (clad) PCB s, which are not
considered "nulti-layer" PCB s.

(12) FIGS. 1-21 are diagrammatic sectional views of various
foils and the steps in various processes. FIG | shows a foil treated
in the "single-treat" nethod of the @for art. The foil | has a

smooth side 2 and a matte side 3. The matte side . 3 is treated bry
plating with copperdoubifeiegal; pradugirespltsirq W ecppomicvasly; invelved wign adarze |
the "doubl e-treaf, : | ine oR8hd Sihy HdPRSeBnIRAIVInSHEE ©
and a mat {aatén %%éh@g @o%i&f%@g%%? Lat"gFEqu g‘hd’ t%e?ssrr%tte si de nilhgre
treated by pl at iakguit formationtproceppbn thei presepaptocessceved. if Bxidizidp shwosssayf oi |
enbodyi ng the pr.inciples of the . . present invention.. The foil 10 has a
Smoot h side 11 dh@Hly RERFS og; e rpmainipe circuil tracgs 0y that fhere) 15 Je5S yasia O by
plating wi thscopRpénsive’wriadé tresthit Baded onPea treated. FIG 4 shows a step
in a first enbodi ment of the process of the present I nvention in
which the foil 10 is fornmed on a snooth surface 14 . FIG 5 shows

a
step in which the smopth side 11 of,.the foil is_ treat wi .h an adhesj.on
enhancing pl ating 13.‘9”3}&&’ %%%mfugg ?(%%"C* l‘i’r\ﬁ?{f é%?tfehg’?‘f'mé?’é@?s%ﬁgﬁbf#‘p
surface 1 redttioh bahiwiiith follohs dikaid@flionh®ath. FEXpetimHsMavestbwmthatdhe
substrate 16. FIG 7 shows 15 a step in which the matte surface 12 of the

foil 10 is coat dedfarithip hrmicalaeduntion process is ngilongss neeensannincerdento paeyent or
scrubbing proc es’%ink':rlin%". %&&8‘& %aﬁé gpsfzicg o\ﬁhvblﬁ& {hre]%xide crystals are formed, the
10 leaching of acid in subsequeat PCB mat;ufacturing steps, is prevented. The
removal of this step is significant as it is extremely hazardous {the mixture of
reducing agents and oxidizing agents is highly volatile) and costly.

Another advantage of the embodiments of the invention in which the matte
side is inward facing and oxidation requirements are eliminated, is the avoidance
15  of a phenomena called "pink ring". A basis for rejection of 2 multi-layer circuit
board can be that, when the board, with plated-through holes, is dipped in weak
(10%) HCI, the acid leaches, from the {hole, into the oxide layer that shows
through the substrate, dissolves the a:»cicle-i ang allows a ring of copper 10 show
through the substrate. By eliminating the outward-facing oxide layer, this basis

20  for rejection is eliminated.

The circuit board construction of the present invention has been found to
have an additional advantage. A very important test of circuit board quality
involves thermal cycling of the board until the board delaminates at one of the
bond layers. Unexpectedly, the circuit boards employing the present invention

25  were found to be more resistant to thermally-induced initial delamination than
circuit boards of traditional construction. Upon investigation, it was determined
that the bond between the oxided drum-side of the foil and the resin can
sometimes have a tendency to weakness, delamination and, therefore, board

failure. Both sides of the foil of the present invention form uniform and highty



matte surface 12, fromwhich the photo resist has been renoved, is treated

wth an oxi di zing process, to forman oxide |ayer 18, w thout the
need for a prior m croetch and rinse process. It will be understood
by those skilled in the art that 20 if this foil is a cap or outside foil
layer, it would not need the oxidizing treggéent and woul d be
conplete without it and wthout the next step. FIG 9 shows a step I n

whi ch a second subkihiabends Svittsthboeded The dnifermity tinge o ahitetesthd dwedk GAkt he
foil 10. we. s N &5 10 s.hovys.a SLR??E in a second enbodi nent

of the process of°ft failusepoint) found in traditignal Gircuiy ﬁd_éh the foil 20 is forned
on a smooth surface Zﬁnoﬁ{e@em%dﬁnem of BleQPHBseit MveRidninVhIveda EOReBIWRICH 11 de

21 of the foil 20 is treated with an adhesion _ enhancing plating 23.
FIG 12 shows a at\anation ofia ¢oolingeconcaph ed prarossideseriheddn dJ).S. Patenp. 168,058

foil 20 is bonpded to,a fjirsi suyr 25 of substrate 26. FIG 13 .shows
a step in which F’Wge‘?r&f‘tgc@é"r"f g{:ga% ‘%3“‘?‘?&93‘? C#’P‘“sé%“l @ec‘ggﬁl‘é?fr H"'ﬂglbt‘%
resist 27 30 Wiﬁ&&%ﬁmﬁeﬁ@sz&ﬁ@@yf@fe@\c@! | SinpBCEtted] e JBRARES SoncepGnvdives
shows a step in whic

(13) t he pemperarilysadhering thaddrbmenide ernshinny-side mft & sheattofecanyestional 22
It will be undetstood hy, those ski | | Dt rt, that. if | Sof Oi |
is a cap or out Sic&gpir&frpuf—gggﬁfogl to one 0%9[' %ﬁ@%@%’%ﬁé}g 32}“2‘&5@@3%}87{{ c
rel am nation overcoppérsalhsmitiin (-86ppel)claiingte %0818 be assemble@und zﬂgie_sbﬁy-? or
necessary. FIG 15 shows a step in which a second substrate 29 is

bonded to t hdOunthookt asjendnpanclisandepasatons (if bow sidesof the alumingmi were Joiled),
in the formation of circuit boards. This too structure would protect the drum-side

of the copper foil from damage or contamination before and during the foil-t0-

resin lamination process. After the foil-to-resin lamination process is completed,

the bond between the copper and aluminum is terminated and the aluminum is
15  reused or discarded.

This concept car be combined with the basic concept of the present
invention (single-treated-drum-side foil) to form a variation which offers some
substantial and unexpected advantages.

Basically, this variation of the invention involves a component or tool for

20 use in manufacturing articles such as printed circuit boards. The component is a
temporary laminate constructed of one or more sheets of drum-side-treated copper

foil mounted on a sheet of aluminum. The copper foil, which, in a finished
printed circuit board, will constinte a functional element, has a drum-side, which

has been subjected to an adhesion-promoting treatment, and a rough side, which

25  has not been subject 1o the adhesion-promoting treatment. The sheet of aluminum
constitutes a discardable or reusable element. Either surface (treated drum-side

or untreated matte side) of each copper sheet can be bonded to the aluminum,
depending on which embodiment of the basic invention is being used. The side of

the copper foil not bonded to the aluminum will be bonded to the resin in the next

30 swep. The bonding agent which serves to join the surfaces of the copper and



FIG 16 shows a step in a‘third enbodi nent of the process of the present

. invention in which the foil 30 is forned on a snooth surface 34. FIG 17
shows a step in which the snooth side 31 of the foil 30 is treated
wi th an adhesion 10 enhancing plating 33. FIG 18 shows a step in which
the untreated natte surface 32 of the(iBpil 30 is bonded to a first
surface 35 of a substrate 36. FIG 19 shows a step in which the
treated snmooth sualminungshests wgathdrqirbtedd the interface dragi ehtepiad contamination aad st

37 without the negd for rior scrubhi rocess. FIG 20 shows step in
whi ch the photo r‘gé"f&gf aﬁgaﬁsé'?‘c‘b?%@sia@%@‘gﬂ_ %‘&GFF‘&&%&&“%M_ ys‘ﬁr"ﬁ%ce
31. .15 1t will daged HfE SHeeRbnibhe 0r B sides of Bt alhdinhfifshéd vérglimgﬁrﬁﬁm
foil is a cap or outside foil Iayer, you would not have subseqlent
rel am nati on overthisHemppmye structusretpisovides a venyeprotestivg phiysidali supporttfer the foil.

necessary. Fl .shows..a step in whi.ch a.secon . subst.rate 39 i.s
bonded to t hegt ri’t‘i%?g%%? ﬂt‘es‘?ﬂ'gﬁg& °5fv°f¥1§‘f'oqu é{gg'.wtsc very dséixcate conc?qcﬁvc
inventing a syst doily\Faiexampies vEs tddd vorld ﬁ‘fd\#‘h@gﬁdlﬁ% of'¥6il Mia? 3£AT 1@ thin to be

i nvention, processability was constantly enphasi zed. The manufacture of the
untreated netal f@ﬂﬂeﬂgﬁ\éﬁlﬂﬂx by ronventional means. cThis Huprpyed iandlability svamld be

Bl 0 the sane. TR iniRtibhn g Aitel Seisflas 3 S bR of BT ias™ ©
adhesi on pronot i rthet ability T hiandle ultra-théaEsppet foibeduld i rédge teaimdune

matte side of the nmetal foil be treated wWith 25 the bond enhancers or, on
"doubl e treatl? nef £OPPasithat st ke elrhedavai taafosmthe sireyitpaths and theegfere twasdd ed

drum si de of t ne ‘NeRAauty FrgBbENERbunt Bf Eplhdtls WSk A el E6hn o e
exactly oppgestess of current industry practices for single treat netal
foils. It is inportant to note that this change in the side

of the foil that is treated 30 requires no additional processing
equi pment or steps by 4 Ngaihalt bP'tbol described above is employed in 3 method of

manufacturiog a copper and resin laminate, either as simple one or two foil-layer
15  boards, as intermediate Jaminates, or as multi-layer boards. The process, sef out
in the flow chart in Fig.-22, begins which a group of pre-press steps, which can

be performed in any of a number of seqn;ncs. These pre-press steps are 41)
forming a tool sheet baving a first surface, 42) forming a sheet of copper having
a drum-side and a rough side, 43) subjecting the drum-side of the copper foil 1o

20  anadhesion-promoting treatment, but not subjecting the rough side to an adhesion-
promoting treatment, and 445 reversibly bonding one of the sides of the copper
foil to one of the sides of the tool sheet to form a copper-clad tool.

Following the pre-press steps, the press steps are 45) positioning the copper

foil, which is on the copper-clad toof, in contact with a resin fayer in a laminating

25  press, to form a stack of layers, and 46) applying laminating conditions to the

copper-clad tool and resin layer o bond the copper foil to the resin fayer.

Following the press steps, the post-press step 47 involves terminating the bond

berween the tool sheet and the copper foil and scparating the tool sheet from the
copper foil, which is now laminated to the resin.



(14) manuf acturer to produce this product as .opposed to existing

matte side treated foil. This invention perforns best with a "Il ow
profile” foil. a foil with the nmatte side Rz < 10.2 microns as
recogni zed by current industry standards. Very |ow profile foil (Rz <

5.1 mcrons) and standard foil (no Rz requirenent) also perform 5
acceptably. Rz is the nmean peak-to-valleygi ght of the matte teeth.

The -invention enploys a single-side-treated netal foil where the adhesion
enhanci ng treat ment FIGSapp3-idddaenidjagraminlide dectiondl \dewotdf sadessofoil-towlf oi | .

Thi s I s exagtly, opposite of current industy ractices., See Figure 3

for the invent i?ﬂ‘(\b‘“g{“"@&ﬁ‘i&ﬁ Hersen vagays EW%F&B&ﬁé‘CW%’YW@ @E rd%ént

i ndustry pract iiﬁ?élti%}x. 10 antioxidation treatnent application would remain
al .

essentially identic This nmetal foil is used by a | am nate
manuf acturer to produce a netal clad | am nate for use, after circuit

pattern formation, i h | ti-layer,prjnted,circuit d industry.
The | ani nate manuf ac?ﬂ{;e&‘ g%v{s_cé?%éegﬁfﬁ’d HGE“FB%&%MP?H?Q&% present -
i denti cal pSOC RGNS MR todIs b&féxﬁ?y@f&dﬁﬁ?&!ﬂiﬁiﬁé shdef' @t Blated SPdlufmiudh fOi |
clad 15 lam nate. The lamnator wll “press The treated drum surface of the
foil against tHe. The copduetivefpil 52, preferably oficopper phascesmootitior Sdium-side” onl y
si ani {1 cant ProSESS! B a mane o fobglh 538347 SFil oo iak 330 BkbR o5 (iRusR] 1"

typically, with copper-zinc particles, to form an adhesion enhancement layer 55.

FIG. 22 shows a foil 52 with the rough side 54 toward the plate 51. Bonding

10  agent or adhesive 56 reversibly bonds the foil 52 to the plate 51.

FIG. 24 shows a variation of the tool shown in FIG. 23, the varation
being that the tool 60 in FIG. 24 has the treated drum-side of the foil toward the
plate 61. - The conductive foil 62, prefctibly of copper, has a smooth or “drum-
side” side 63 and a matte or rough side 64 The smooth side 63 is treated by

15 plating, typically, with copper-zinc particles, to form ar adhesion enhancement
layer 65. FIG. 24 shows a foil with the treated drum-side toward the tool.
Bonding ageat or adhesive 66 reversibly bonds the foil to the tool.

) FIG. 25 shows cross-sectional view of a double-sided tool 70 of the
present invention. The tool is preferably a rectangular, rigid sheet or plate of
20 aluminum 71. The conductive foils 72" and 72", preferably of copper. each have
a smooth or "drum-side” side 73" and 73"’ respectively, and a matte or rough side
74" and 74", respectively. The smooth sides 73" and 73" are treated by plating.
typically, with copper-zinc particles, to form adhesion enhancement fayers 75° and
75", FIG. 25 shows the foils with the rough sides 74" and 74" toward the plate
25 7). Bonding agent or adhesive 76’ and 76" reversibly bonds the foil 1o the 1001.

FIG. 26 shows a variation of the tool shown in FIG. 25, the variation
being that the tool 80 in FIG. 26 has the treated drum-sides of the foils toward the

plate 8]. The conductive foils 827 and 82", preferably of copper. each have g



The printed circuit board manufacturer will experiencé several significant
changes in existing processes. The first step which can be elimnated in
the nmulti- 20 | ayer process was described previously as the scrubbing or
cl eani ng process, which normal |y takes place after the foil is bonded
to the substrate and before the photo 1 esist is deposited on the
foil's outer surface. This step is conpl et@lil el i m nated with this

invention. This j nPOSSI . hergs?gaﬁ;g :

| am nate of the sﬁﬁ%‘g@ﬁf &ﬁv&egﬁ%“gsﬁ&?gt er8t3t he treat g’d%g%g@ﬁ[égér ‘ISE rgg%ed
matte) has 25  g4'ahi G4eniesp@fioelyaihe stiootirsidies 83* and 831 oavefuwatediby pdatingsi on
of the photo resist ,.Wthout requiring_the re&r&/_al of the .
anti oxi dati on t rgicatint vitlscepperawaPaniclas; 1q form an adhgsion PIREBIRYS B0t
this scrubbing process w l’ﬂiw% treAteP Frdch RMUe toward ik It
Is inportant to note t'h\gﬁq‘hie@% |mpﬂr1i§1?§igsn@§?t‘§fl S stgg‘h?g ae ggﬁléflﬁlt Ei:inanmtwo
separ at e sit gat i s Bodding hpent or adhesivei 86" ahd 86Hareverkibly bendethe foil tathieaool. n
whi ch the . (15)

etched foil will be subsequently relamnated to forman inner foil |ayer.

;I'{\ew_olt Ihelrae | ef t tsijt ?gﬂﬁh%ﬁ?'mtg%gﬁhlcayer %tt(?@h?i :??gieéééagthrci It * s
board. This ot hejnvettioaat FiG 2ZMRidwesSa sep dh Iwhitht d foil 110 isyfoemed bn RCRhsoth
milti-layer, dou b e 3Ye" FiB" 98 Shows & step i which the smooth side 111 of the foil 110
is treated with an adhesion enhancing plating 113. FIG. 28 shows the foil 110
10  mounted on tool sheet 101 or plate, preferably of aluminum. The mane side 112
is placed against the too} sheet 101. FIG. 29 shows a step in which the treated
smooth surfacc 111 of the foil 110 is bonded to a first surface 115 of a substrate

116. This is accomplished by placing the stack shown in FIG. 29 into a lamination

press. Pressure is applied inwardly and perpendicular to the tool sheet 101 and
15 substrate 116. Simuhtaneously, heat is applied. Although FIG. 29 shows a very
simple stack, those skifled in the art of laminate or circuit board manufacture will
understand that this is diagrammatic of a more practical stack which would include
numerous copper-resin interfaces and numerous tool-sheet-copper interfaces. Once
the bond between the copper and the resin is formed, the bond between the tool
20  sheet 101 and the copper 110 is terminated. The tool sheet or sheets. 101 are
removed from the copper and from the stack. The copper-resin laminate goes on
to further processing, in carlier-recited ways. FI1G. 30 shows a step in which the
matte surface 112 of the foil 110 is coated with photo resist 117 without the nced
for a prior scrubbing process. FIG. 31 shows a step in which thc mattc surface
25 112, from which the photo resist has been removed, is treated with an oxidizing
process, to form an oxide layer 118, without the nced for a prior microctch and
rinse process. It will be understood by thosc skilled in the art that if this foil is
a cap or outside foil laycr. it would not nced the oxidizing weatment and would
be complete without it and without the next siep.  FIG. 32 shows a step in which

30 z sccond substrate 11€ is bonded to the oxidized maite side 112 of the foil 110,



5 From this point through the inspection process, there is one
desi gn . advant age whi ch has been noted in certain situations. In
"doubl e-treat"” foil, the surface texture created by the adhesion
enhanci ng pl ating process on the snooth side sonmetines acts to
degrade the resolution which can be consisten g achi eved in the
chent cal etching process. This degradation of sol ution would be even 10

more serious if the ciroplcls, TR 8RhoW Y Qﬂﬂ&n%n@o?%é r&q,tcgg Q@Me presélfe-

Thus, in the present invention, production quality o
resol ution circuit 'p‘éﬁMl@ﬂnsHCs 33 shows nsiepds echicihthe ﬁoﬂel%ﬂhxstformeds bata $mooth

| ted to th f.th th
| ayer | nspect i on ogbitar G- FIG"H SR 5% it Shichahe smapl sy T41eol te Toil fp
equi pment  usi ng r efi§ @ehded it 85 AGh&WH ¥iHahcik gp%ﬁgtm 'ﬁéugackh%wctﬁe tf&? 120

netal 15 surface will not oxidize as readi as i n current I ndust
practices. As tfe rousied on tool sheet 102 eeplatel predtrablyldalmninnmd ‘lhmammﬁerlmf

by h Ll h ||
e DL IRk BiaeE Rt the 1) snéel I0Z2FAGE 35 sHEYs sten Mcvhih The weated
functional def ects smdotipsurfabé 32D o0 eid fmmid is Bbhd BHish QRBace 125 offaosubstra:e

experlence added erX|b|I|ty I n schedul ing and shoul d reduce cycle
well. 20 126 pn dihiscis aeeomplishedhibyhpleeiag fibe |stask shoanpine RiGt 35 xmo a

meroet ch and- agsock ey aqor pies, Pressurt & dgpfediBlRnd BeBendinlind oTaf oo sfect

pattern is etciied t102andbubstratesiZon\Simuigmestsly, hféal is appliddi Althd FIG' 13 shows

surface nust be partially etched to give it sufficient textur form
a foundation for tReVEYbSEplke itackyitiose skilled dn . thehant oft lamitiatel cuatcireummd

1025 oS LB A AR 8 S e
does not require tkhicxwoibidiinghude AeMERUS copper-r&ﬁiiﬁl!é‘t&cgi apd'RuneRAs W8 sheet-
copper interfaces. Once the bond between the copper and the resin is formed, the
15  bond between the tool sheet 102 and the'copper 120 is terminated. The too] sheet
or sheets 102 are removed from the copper 120 and from the stack. The copper-
resin laminate goes on o further processing, in earlier-recited ways. FIG. 36 -
shows g step in which the matte surface 122 of the foil 120 is coated with photo
resist 127 without the need for a2 prior scrgbbing process. F1G. 37 shows a step
20 in which the photo resist 127 bas been removed from the matte surface 122. It
will be understood by those skilled in the art that if this foil is a cap or outside
foil Jayer, you would not have a subsequent relamination over this layer, so the

next step would not be necessary, FIG. 38 shows a step in which a second
substrate 129 is bonded to the untreated and unoxidized matte side 122 of the foil
25 120

FIGS. 39-44 show a sixth embodiment of the process of the present
invention. FIG. 39 shows a step in which the foil 130 is formed on a smooth
surface 134, FIG. 40 shows a step in which the smooth side 131 of the foil 130
is treated with an adhesion enhancing plating 133. FIG. 40 shows the foil 130 °

30  mounted ou tool sheet 103 or plate, preferﬁbiy of aluminum. The treated smooth
side 131 js placed against the 100l sheet 103. FIG. 41 shows a step in which the



(16) Anot her step in which the foil of the present invention

of fers advantage is the oxidizing step which is used in
"single-treat” foil to prepare the originally shi ny-side-out circuit
pattern for subsequent bonding to another |ayer of prepreg or
substrate. Either outer face of the foil E 3§ he present invention has been

found, 5 even W thout oxidizing to have suffl ci ent adhesion properties

to.satisfy all it eld§ mane surfiBS13EE (RMIISPOGS boRedd @6 firstiusfacd b5 of ar e
appl i cati ons where the oxidizing step can be elim nated

I n general, howeubstratd ha6.0Rkhisl uzaatgrqphsimdsizy pbemﬁl g ptack H&P"éhﬂl Bifeg4 b&"‘PCB
manuf act urers Wno enpl oy the f

" penefits 10  arfelaFpRauoBdRresy ?Ffés"g;éégﬁ?ﬁ g{#@gﬁnelﬁ?ﬁl rs?‘lr gvg%ltg%te is

the conplete sneeﬁh,fs%%&bs%:@fsst fﬁmmﬁﬁmsghhéawamﬁdr rmmaugh@xﬁamhs
(typically tw) assocl ated th this m_croetch hath, as nenti

above. This Besishows |amm'h51mpldl§ackoﬂw§¢ skifled in the W?cSHf Jamingte opcrenit B
and a reduction in on r e
second advant agd™@¥ Tqi‘ér% ngﬁé’% 'grodﬁﬁ OXI o2 I@P{/%P?Fmﬂ sta-&l

formation requi rgglch QodfdinRiRle HRbidréis c@pprtresia intéefacssian umierouwsniool-shibest 1y
practices and requirenents. This results directly in |ower chem cal

material, and coppemintaifaces. o@m@ﬂ%bmddbﬂmwm 13( and: the resin 136 is

e o o e S SRR e e 4 15 P et 501K dticd |

achieved 10  The too! sheet or sheets 103 are removed from the copper 130 and from the stack.

The copper-resin laminate goes on to further processing, in earlier-recited ways.
FIG. 42 shows a step in which the tredted smooth surface 131 of the foil 130 and
plated layer 133 are coated with photo resist 137 without the need for a prior
scrubbing process. FIG. 43 shows a step in which the photo resist 137 has been

15 removed from the treated smooth surface 131, It will be understood by those
skilled in the art that if this foil is a cap or outside foil layer, you would not have
a subsequent relamination over this layer, so the next step would pot be necessary. -
FIG. 44 shows a step in which a second substrate 139 is bonded to the treated
smooth side 131 of the foil 130.

20 Tt is obvious that minor changes may be made in the form and construction
of the invention without departing from the material spirit thereof. It is not,
however, desired to confine the invention to the exact form herein shown and
described, but it is desired to include all such as properly come within the scope
claimed.

25 The invention having been thus described, what s claimed as new and
desired to secure by Letters Patent is:



20 during experimentation with the present nethod.. This essentially neans

that the overall reliability of the conpleted printed circuit board
will be inmproved by over 40%in regards to del amination at the

oxi de/ prepreg interface. I'f the PCB manUHESHEET HASORSRS] t O
keep the adhesion S”mml"nMﬁ he ,4)oxi de angl the p;ﬁi@ptﬁnatlon
prepreg at existing “ nts ha\/é shown a 25 regdeton_in
dwel | tinme of 40% antl & cHeni®caF cbnsunpt_@_g_l#%juction of over 50%
Reduced costs and faster cycle tines will yre results equal to current

met hods. - Anot her inportant advantage of the present invention

when conpared to . . . . . (17)
the "doubl e-treat" product fesMsd foilofariyse infommineclaminates ?”h‘&‘o?‘i?@ﬁgﬁﬁéﬁ a

| ar ge amoungbebuddi Sprfbie Sireit $oasRoh GombAtihd 4 Bl REcEBBPbsitid foil S

etched away in the circuit formation process: In the present process,
even if oxi di zi ndiavingne dests ealatively smootht side|whicic has deem subjectr tonan radhgsion

circuit traceg so that there is | ess waste of. 5 expensi v rface

t r eat ment basgd Jrompling freatmen); and a second refative Tapgh ﬁ@%‘&cﬁgﬁggﬁé 1o jbeen

product brings i Subjeet @l dndNedio BrethorthePsikmelic reduction bath whi ch

foll ows the oxidation bath. Experinents have shown that the need for

this chem cal reduction process is no |onger necessary in order to prevent
2. The metal foil as recited in Claim 1, wherein the nominal

conductive thickness range is between 0.0001" and 0.020".

3. A laminate for use in forming printed circuit boards, szid
10  faminate comprising:
(a)  an electrically insulative substrate having a first substrate side, and
(b)  a metal foil having a first relatively smooth side which has been subject to
an adhesion promoting treatment, and a second relatively rongh surface
which has not bé€n subject to an adhesion promoting treatment, wherein
15 the first side of the foil is bonded to the first side of the substrate,

4. A laminate as recited in Claim 3, wherein the substrate is clad
with the metal foil on both sides.

5. A laminate as recited in Claim 3, wherein the nominal
dielectric thickness range of the substrate is between 0.00019" and 0.2510".

20 6. A laminate as recited in-Claim 3, wherein a second electrically
insulative substrate is bonded to said second side.

heet Has Been Replaced

" i



""pink ring". Due to the-+ratte-surface on which the oxide crystals are
formed, the | eac h n f acid in subsequent PCB manufzet

prevent ed. The mlﬂ)nl lumep is signifi canit THi3 MEH ﬁ@{@
hazardous (the m xture g agents and oxildi zi nGRERLAEDs |

hi ghly vol atile) and costl y (2Anot her advantage of the

enbodi nents of the invention in which the matte side is inward facing
and oxi dati on requi renents dr eAeliminaat fod usé 3n tfhemiag pritaedt: eirt@it boefdsa said
phenonena cal l ed %lnk ring.. A basis for rejection of a nulti-Iayer
circuit boaP sl’f& when the board, wth plated-through holes,
I's dipped in weaky) an élé&%aligl%smsﬁ\?e ﬁﬁ%@a&%ﬂﬁh@% first Qjﬁsirﬂ@s'iﬂ%' Qng! Nt O

the oxide |ayer that shows hr ou he subsfrate, dissolves the oxide

and al l ows a ri ndgbbf cbppmfetlﬁmingm fxrst relata?ﬂl)bsrgm!hls@cﬂ!nd! h@&bf:enlybjea o
elimnating tRe outward-faci.ng oxide | basi s f.or ection
i s elininat edg an adhesio ?ﬁ%’“&%&:%"ﬁ& r c%ﬁ%“PP‘&E?qPB ‘5ff°? ﬂﬂ'&gé"ent
i nvention has been fouggich Bas not baeh%\iﬁ;eéﬂmaéiﬂtdﬂeﬁ prefiniiy Ge4tmeft, WeHetein

i mportant test of circuit board qualit i nvol ves thermal cycling of
the board until the bdhcmsdaﬁerﬁftlbsfaimdeﬂtqumtﬂdebﬁﬁwsmts
Unexpectedly, the circuit boards enploying the present invention 25 wer e
found to be nore resistant to thermally-induced initial delamnation than
circuit boards of traditiong| & ofifinkidGsiredited i4d Olaiin,aoldréid the Substrbte\is elad
det er m ned that the bond between the oxided drumside of the foil and
the resin can  Wwith theemetabfoilon both sidesdency to weakness, del ani nation and,
t herefore, board failure. Both sides of the foil of the present

i nvention formuniformand highly

10 9. A laminate as recited in Claim 7, wherein the nominal
diclectric thickness range of the substrate is between 0.00019" and 0.2510”.

10. A laminate as recitedin Claim 7, wherein a second electrically
insulative substrate is bonded to said first side.
11. A method of forminé a printed circuit board:
1S (a) depositing a quantity of an electrically conductive material onto a smooth
forming surface to form a foil haviog a first surface which forms against
the forwing surface, and a second surface which forms away from the
forming surface,
(b)  plating an adhesion promoting layer on said first surface,
20 (c) bonding said first surface to a first electrically insulative substrate, and
(d)  Dbonding said second surface 1o a second clectrically insulative substrate,
without applying an adhesive promotion layer to the second surface.



(18) reliable bonds with the resin. This uniformty tends.to
elimnate the "weak |ink" or "failure point" found in traditional

circuit boards. Anot her enbodi nent of the Imamu“mmlﬂlmr

i nvol ves a concept which is ~avariation of a tooli

process described in U.S Patent 5.153,05Qp 5 issued on ‘Cctob8r &, 1992
to Janes A. Johnston, the disclosure of which is I ncorporated herein

by reference. Sinply stateg. tAtedRBRTIOMIARACHPId BivalivBSard:
tenmporarily adhering the drumside or shinny-side of ,a sheet of

convent i onal (@) cclspesitng 7 guantinpefanielpesricalyocondcibie Balerakonie @ sgfooth

di bl Lum ' C ] .
wout d be aseenbl ed | APANEe sce to form SRt THEM Whifick A0REh Yors Bedfce
separators (if both sheléorniihg ishdace| 4nd ausecomd surfatel which forms away fidie the

formation of circuit boards. This tool structure would protect the
drumside 3  of tHermpgspdace oi| from danmge or contanination before and

during the foil -4p- : Do dﬁ?&qng . e foil-to-resin
| am nati on pr oce(ls’jS? [ 31%:51&]0#3%555’1&@6} gagégﬁg.f‘%gq \f/\lgétrﬁeﬁﬁéecbcopper and

al um num i s ternenat ednding shidefirst surfaoe 00 i firdtoeleatdcallydinsulativesqubsieiael.

This concept can be combined with the basic concept of the present

i nvention (singl{@)tr oxidizing stithsesond spease, apd form a variati on which offers
sone substignt i t : . : : peally,
(?ﬁ X h?olnﬁi\'i}g SHIACEBSHA! St adna electrically tuésg}aqfvg rsug%%h?.

this variation o ntion 1 nvolves a conponent or use
I n manufacturing articles such as printed circuit boards. The conponent is

a te rary [ am nate_ construycted of ,one: or r heet s of

(a)  depositing a quantity of an electrically conductive material onto a smooth

forming surface to form a foil having a first surface which forms against
the forming surface, and a second surface which forms away from the
forming surface,
15 () plating an adhesion promoting layer on said first surface,
(c) bonding said setond surface to a first electrically insulative substrate
without applying an adhesive promotion layer to the second surface, and
(d)  bonding said first surface to a second electrically insulative substrate.

14. A method of forming a printed circuit board:

20 (a)  depositing a quantity of an electrically condﬁctive material onto a smooth
forming surface to form a foil having a first surface which forms against
the forming surface, and a second surface which forms away from the
forming surface,

(b)  plating an adhesion promoting layer on said first surface, and
25 (¢} bonding said first surface to a first electrically insulative substrate.

e
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foil mounted on a sheet of alum num The copper foil —whichs+-i-pr-a-f+nished
printed circuit board, will constitute a functional elenent, has a

drum si de, which has been subjected to an adheSIkuumﬂnamulﬂ
treatnment, and a rough side, which 25 has not been s ARLLL '
adhesi on-pronoting treatnent. The sheet of (ahum num const "tufes™ a
di-scardabl e or reusable elenment. Either surface (treated drumside or
untreated matte side) of edfh A oppexi ehveminganphietedsirded boardt he al uni num
dependi ng on whi ch emhodi pent of t.hewbasi C i.n:ﬁg,nt ingn 1 s being used. Thg1

si de of t hEtYcopPeRositie| a P ANEIESEHY CANGHFUNGIHFIE QAL B SRR ¢ o
the resin in the next sgbhine $hieRe 1816rP 3101 TRvRE Y firshiibdte SAHYP ForhR dpding: t he
surfaces of the copper and

(19) al um num s theefsming) strfare. prdizesereond huficatwhich dormy away fros the
cont am nati on, and darra&;'? and dssures a substantially uncontam nated
central zone 7 nwar dl y SMIRESIHace, ~ o4qeq of the sheets on one or both sides
of the al um num gjeet pla}fﬁﬁ!n'aﬂﬁ&ié@ﬁidmbﬁng layer onMiafd fissieerTatey afid r uct ure
provi des a very protective physical support for the foil. 5  This

expedit es the haf®l i njording 82ig seerind e toed firs electrically dnsulative substeatest i ve

foils. For exanple, this tool would allow handling of foil that is far to

thin to be handl ed effectively by conventional means. This inproved
handl abi lity would be 1610@‘(&6:6};511%?1{ﬁbr'uﬁ@ﬁf:hﬁiﬁfaétﬁriﬁ%éﬁi&]%&@@wﬁrm of
t he production of circuit boards. The ability to handle ultra-thin

copper foil coul iretiyhedtide eempgisingsduce the anount 10  of copper that nust
e e SR O b kb 20 herefore e e
et chi ng processj) a sheet of conductive foil which, in a finished printed circuit board.
constitutes a functional element, and which, has a drum-side, which
has not been subjected to an adhesion-promoting treatment, and a
rough side, which has been subjected to ao adhesion-promoting
15 treatment,
i) a tool sheet of material which constitutes a discardable element;
(b)  one surface of each of the conductive foil and tool sheet being essentially
uncontaminated and engageable with each other at an interface;
()  a bonding agent which serves to join the uncontaminated surfaces of the
20 foil and sheet together and assures a substantially uncontaminated central
zone inwardly of the edges of the foil and sheet on opposite sides of the
sheet.

17. A component as recited in Claim 16, wherein the foil is

copper.

—_
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A conponent or tool described above is enployed in a nethod-ef-

manuf acturing a copper and resin |laninate, either ‘a5 sinple one

foil-layer 15 = boards, as internedi ate | am nates, m\‘\\! g&“

boards. The process, set out in the flow char £gi ns
whi ch a group of pre-press steps, which ca(a, be*peﬂrderred in any of a
nynber of sequences. These pre-press steps are 41) formng a tool
sheet having a first surfage, At%)andyfb%rﬂ‘ﬁgeéxcﬁfi?gﬁm&fw m*!ﬁé’io%gshecus a
drum side and a rough side, /5 jecting t rum side of the copper foil
to 20 an adhesalomimmonoting treatnment, but not subjecti ng t he rough side
to an adhesi on- pronoting treat rrent, and 44) reversibly bonding one
of the sides of the copper foil to one of the sides of the tool sheet
to forma copper-clad tool jg A component for use':ﬁ|!ﬁdﬂ\ﬁfa@ﬁxrin§€hrﬁél€s RUcASS pFnieS

the press steps are 45) positioning the copper , Which is on the
copper-cl ad toolt;lrﬂwﬁ lmamsammmwtg aresin layer in a I am nating 25 press,

to forma st nrs and 46 | a o} t he
copper-cl ad t ooI &; Jampjiate 59’5?"%‘8358% $ ?ﬁﬁﬁucﬁgﬁ’ fﬁlp%hfh’eﬂr‘eé Fpela
| ayer. Fol | ow nﬁm‘itEG chﬁﬁ %&P@p&nsﬁﬂ& AfRtionk Cements And 'whith O hi€ 3
termnating the bond between the tool sheet and the copper fail and
separating the tool strapy-sifie,onmbich bas been subjogipd to Amadhesighipromoting treatment,

lamnated to the resi diid a rough side, which has not been subjected to an adhesion-promoting

treatment, and a tool sheet which constitutes a discardable element;

10 (b) one surface of each of the conductive foils and both surfaces of the tool
sheet being essentiatly uncontaminated and engageable with each other at
interfaces;

(¢)  abonding agent which serves 10 join each of the uncontaminated surfaces
of the foils to opposite uncontaminated surfaces of the tool sheet and

15 defining two substantially uncontaminated central zones inwardly of the
edges of the she€ts on opposite sides of the too] sheet.

20. A component as recited in Claim 19, wherein the foil is
copper.

21. A component as recited in Claim 19, wherein the tool sheet is
20  aluminum.

22, A method of manufactuning a conductive foil and resin
laminate, comprising the steps of:
(a)  prior to step ¢), forming a tool sheet having a first surface,
(b)  prior to step e), forming a conductive foil having a drum-side and a rough
25 side, |
{c) prior to step e), subjecting the drum-side of the foil 10 an adhesion-
promoting treatment, but not subjccting the rough side to an adhesion-

promoting treatment,

This Sheet Has Been
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(20) FIGS. 23-44 are di agranmati c secti onal views of various

foil-tool conbi nations and the steps in vari o.us Hﬁﬁmﬁnu"mw it
this variation of this i nvention.

cross-sectional view of a single-sided tool 50 of the present *
invention. The tool is preferably a rectangghar, rigid sheet or pI ate of
al um num 51. The conductive foil 52, preferabl y of copper, has a
smoot h or "drum @) de"prior to siep )¢ rdBriblg bnding todre AF HhOLUEs 6f R - 10 UM of
snmooth side 53 is treated by platin ically, with copper-zinc
particles, to form art ‘aéWéEPBH‘eéﬁﬁ g@@r@rfpfm pl-aigl iool, FIG 22 shows a
foil 52 vmthth ou t Q ...Aagent. or
adhesi ve 56 rev:(r55| blYy ioqg‘g%ﬁtf&mﬁs éﬁ? ?’plht% fg"%#é’ttgggclﬂ.‘ '}gn&m withl 47dsin
FIG 24 shows a varl anyemnqﬂabimtmgqiresshom in FIG 23 the variation

bei ng t hat ttge t B’n FI G, 24 has the treated drumside of the foil
toward the ( IataePP ing lapinating copditions toghe faibelagiool and psin lgyercohsad |
has a snooth or "dru i de 63 and a matte or rough side 64.
The snooth side 63 |gh%rfoelfa%"em(é l‘éﬁ%y’yfpl ating typically, with copper-zinc

particles, to fdg arfoliowingistep Dniceminatingithe bond betweer thdtool Ficet arditefalls a

foil with the treated grum5|de toward the t ool Bondi ng agent or
adhesi ve 66 reversi bl3pdiseparating,hertppl sheet from the, foil. FIG 25
shows cross-sectional view of a doubl e-sided tool 70 of the pr esent

invention. The tool is preferably a rectangular, rigid sheet or plate of 20
al umi num 71. The conducti 3. f Aithath@® as secited &t ClameZZerv&hl‘Qianfxe foiPiRejopp&rach

have a snooth or "drumside" side 73" and 73", respectively, and a

matte or rough side 74" and 74", respectlvely The snoot h sides 73

and 73" arejpreated by pl &4 Nd, method as recited in Claim 22, wherein the tool sheet is
aluminum.

25. A method as recited-in Claim 22, wherein the foil is bonded
to both sides of the tool sheet.

\_
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typically, with copper-zinc particles, to form adhesi on enhancenent | ayers

75 and 75". FIG 25 shows the foils with the rough sides 74' and 74"’
toward the plate 25 71. Bondi ng agent or adhesive 76" and 76'' reversibly
bonds the foil to the tool. FIG 26 shows a variation of the
tool shown in FIG 25 . the variation being that the tool 80 in FIG
26 has the treated drumsides of the foils toward the plate 81. The
conductive foils 82" and 82'', prefe i y of copper. each have a

(21) snooth or "drumside"” side 83 and 83 ', respectively, and a
matte or rough side 84' and 84", respectively. The snooth sides 83
and 83". are treated by plating, typically, wth copper-zinc

particles, to fghwgnﬁi?ﬁémmq\n@mmmnmwﬁm@&re FOR us@nd 85' FIG 26
shows the foils with the treated drumside toward the pl ate

Bondi ng agent %PRHE@P\‘F@% BAABDSAND NETHPBEYOh HHNY THF? to the t ool .
FIGS. 27-32 show a fourth enbodi nent of the process of the present
invention. FIG 27 shows a step in which the foil 110 is formed on a snooth
surface 114. FIG 28 shows a step ABSWMHMEh the smooth side 111 of the foil
110 is treated with an adhesi on enhancing plating 113. FIG 28 shows

the foil 110 . . .
Drum or smooth side-treated metal foil can be used either as an intermediate

product for use in the manufacture of laminate or as a part of the finished laminate
to be used in the manufacture of multi-layer printer circuit boards (PCB) packages.
By treating the drum or smooth side of metal foil with a bond strength enhancer
rather than treating the matte side or rough side, or both sides, several time-
consuming and costly steps can be bypassed in the manufacture of multi-layer
printed circuit boards {PCB} while the integrity of the metal foil, laminate and multi-
layer PCB are not compromised and are actually enhanced by way of improved
impedance control and adhesion characteristics after relamination. This novel foil
can be initially bonded to substrate on either side before circuit formation and can
be used either as an integral foil layer or as a foil cap. The invention includes
methods of manufacture of the metal foil, laminate and multi-layer printed circuit
board. A variation of the invention involves a component or tool for use in
manufacturing articles such as printed circuit boards. The component is a
temporary laminate constructed of one or more sheets of drum-side-treated copper
foil mounted on a sheet of aluminum. The copper foil, which, in a finished printed
circuit board, will constitute a functional element, has a drum-side, which has been
subjected to an adhesion-promoting treatment and a rough side, which has not
been subject to the adhesion-promoting element.  The sheet of aluminum
constitues a discardable or reusable element. Either surface {treated drum-side or
untreated matte side) of each copper sheet can be bonded to the aluminum,
depending on which embodiment of the basic invention is being used. The side of
the copper foil not bonded to the aluminium will be bonded to the resin in the next

step.

(no appropriate figure to accompany Abstract)



10 nount ed on tool sheet 101 or plate, preferably.of alum num The matte
side 112 is placed against the tool sheet 101. FIG 29 shows a step
in which the treated snmoot h surface 111 of the foil 110 is bonded to
a first surface 115 of a substrate 116. This is acconplished by
placing the stack shown in FIG 29 into a |amnation press. Pressure
is applied inwardly and perpendicular t0ighe tool sheet 101 and 15
substrate 116. Sinultaneously, heat is applied. A though FIG 29 shows a

very sinple stack, those skilled in the art of lam nate or circuit
board manufacture wl|l under qﬂ hat this is diagrammatic of a nore
practical stack which woul d |nclude numer ous copper-gesin interfaces

and nunero bet ween t he

copper and heet 101
and the coj qqr e

renmoved fr OTRRRe te goes
on to fu ows a

¢ﬂi0 is coated with

step in which the matte surfack 112 of the foi

photo resist 117 w thout the need for a prior scrubbing process. FIG
31 shows a step in which the matte surfacc 25 112, from which the photo
resi st has been renoved, is treated with an oxi di ng process, to form
an oxide layer 118, without the need for a prior mcroetch and rinse
process. It will bc understood by those skilled in the art that if this
foil is a cap or outside foil laycr. it would not need the oxidizing
treatment and woul d be conplete wthout it and w thout the next

step. FIG 32 shows a step in which 30 a second substrate 119 is bonded to
the oxidized matte side 112 of the foil 110

Fig2




FI GS. 33-38 show a fifth.enbodi nent of the process-of the present
I nvention. FIG 33 shows a step in which the foil 120 is forned on a snooth
surface 124. FIG 34 shows a step in which the snmooth side 121 of the foi
120 is treated with an adhesi on enhancing plating 123. FIG 34 shows
the foil 120 5 nount ed on tool sheet 102 or plate, preferably of
alum num The matte side 122 i ¢ bpaced agai nst the tool sheet 102.
FIG 35 shows a step in which the treated snoot h surface 121 of the
foil 120 is bonded to a first surface-125 of a substrate 126. This
i s acconplished by placing the stack shown in FIG 35 jto a
| ami nation press. Pressure is bBpRl i efdardlA AaR¢ RENEN A
tool sheet 10 102 and substratk 153‘\ \
Al t hough FIG 35 QWs a v ph e Nt a0 ala the art
of lam nate or ci Qig,ﬂard 6

r A

2rey

to the

M‘ﬁ.‘m appl i ed.

A N .%\- Ak
diagrammatic of a no pract i Coledda i cl g e nuYker ous

copper-resin interfaces and nunerous tool -sheet- copper i nldr f aces.
Once the bond between the copper and the resin islg@ormed, the 15 bond
bet ween the tool sheet 102 and the copper 120 is Aernminated. The tool sheet
or sheets 102 are_renoved fromfKne SEPDR™ : stagk. The
copper - resﬁllgn@ate g ‘ '
earlier-recited ways.*¥F 36 RIS he matte surface
122 of the foil 120 is coated with photo ' wi=t [But t he need
for a prior scrubbing process. FIG 37 shows a yhi ch the photo
resi st 127 has been renoved fr{ v, N\ il will be
understood by those skilled in a cap or

out si de foil |ayer, u5u_“ ) I nati on over
this layer, so the next Rﬂﬁ"}l@]lj’%ﬂlﬂjw?_‘-"A?!’-‘I!’-GR" 38 shows a

step in which a SESQ@ reat ed and
unoxi di zed matte Si 1 of t

~~ || FIGS. 39-44
show a si xth enbodi nent of t

I nvention. FIG
39 shows a step in which tIfg h

17




surface 134. FIG 40 shows a step in which the snmooth side 131 of the foil

130 Is treated wth an adhesi on enhancing plating 133. FIG 40 shows
the foil 130 30 nount ed on tool sheet 103 or plate, preferabl y -of

al um num The treated snooth side 131 is placed against the tool sheet
103. FIG 41 shows a step in which the

(23) untreated matte surface 1321 ®f the foil 130 is bonded to a first
surface 135 of a substrate 136. This is acconplished by placing the
stdck shown in FIG 41 into a |l am nation press. ssure is applied

I nwardly and perpendicular to the tool d substrate 136.

Si mul t aneously, heat is appl A, A p W very sinple
stack, those skilled in the art of

manuf acture w || ! and t(0 ' practi cal
st ack whi ¢ ncl ug ! a

nunmer ous tool -sheet - copp™ PE he
copper 130 and the resin 136 is forned %é)rond bet ween e tool
sheet 103 and the copper 130 is term nated. 10 he tool sheet or sheets

103 are renoved fromthe cop Q The
copper-resin la es m arI' -recited
ways. FI G FTQ?J% a stiep )4 s o i %gface 131 of
the foil 130 and pl at ed TEY# """"'f'""'"""‘v""'r' oto resist 137

wi thout the need for a prior scrubbi ng procpgs. 22 3hows a step
in which the photo resist 137 has heen 1 re dfr éreated snoot h
surface 131. It will be under{stoQd Y T ; ‘ tlhe art that

if this foil is a cap orpgutgiNe NQil 30, ) woulNg ™t have
(- 20
Fig.l2 o)




a subsequent relam nation over this |ayer, so the next step would not be
necessary. FIG 44 shows a step in which a second substrate._139 is
bonded to the treated snmooth side 131 of the foil 130. 20

It is obvious that m nor changes may be made in the formand construction
of the invention wi thout departing fromthe material spirit thereof. It is

not , however, desired to confin®1%e invention to the exact form
herpin shown and described, but it is desired to include all such as
properly come within the scope cl ai ned. 25 2 The invention

havi ng been thus described, what is clainmed as new and desired to

secure by Letters Patent is:34
preprogs for sngﬁ ﬂ prirlfn SR et 0N — 6P

el ectrodeposite @JJ vi ng MWW
subject to an adhesion prona < . e el
surface which has not been subject to an adhesion pronot i ng

i nates with

a net al

BOhas been

.@tive rough
r eat-nent .
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2.

The metal foil as recited in Cdaim1, Metal foil for use in formng

| am nates with prepregs for subsequent printed circuit formation,

conprising a ne

t al

el ectrodeposited foi
si de whi ch has been subject to an adhesion pronoting treatnent,

second rel ative rough surface which

pronoting treat
bet ween 0. 0001"
printed circuit
i nsul ative subs
.metal foil havi

ment ,
and 0. 020".
boar ds,

trate

ng a first

wherein the nomTal

3.

said | am nate
having a first substrate side,
relatively snooth side which has been subject to

relatively snooth
and a
ot been subject to an adhesion
conductive thickness range is
A lam nate for use in formng
(a) an electrically
and (b)

having a first

on

a

an adhesion pr reatment, and a second relatively rough surface
whi ch has not Heen@ubjgct to an adhesi on pronoting treatnent, wherein
the first sidd of €he floil is bonded to the first side of the-substrate.
4, A | am natetaigr ciffed in daim3, Alamnate for use in formng
printed circuit A qg, i m nate conpri sing: (a) an
electrically irs@&gfigge fsubstripte having a first substrate side, and
(b) a nmetal flo@t qydirg &fiyst relatively snooth side which has been
subi ect to o & A~a¥ adhesi on pronoting treatment, and a second
rel atively rough sgfface whi ch has not been subiect to an
adhesi on pronotii ng Treatjmrent, mherein the substrate is clad
with the netal foil on both sides. 5. A lamnate as recited in
Claim 4 , whed@mtne romnaljdielectric
wl ™~
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t hi ckness range of the substrate is between 0.00019" and 0.2510".

6. A lamnate as recited in CaimA 4 wherein a second electrically

i nsul ative substrate is bonded to said second side.

-25 - 7. A lam nate for use in formng printed circuit boards,
said |amnate (a) an electrlcally I nsul ati ve substrate haV|ng
a-first substrate side, and (b§/ 0a metal foil having a first
relatively snooth side which has been subject to an adhesi on
pronoting treatnment, and a second relatively rough surface

whi ch has not been subj ect to an adhesi on pronoting trgg wherein
the second side of the foil is bonﬁbﬁ to t he flrst of e substrate.
8. A | am ng 3 ol 8 y o '
boar ds,

50

Fig.23




said | am nate conpri sing: (a) an electrically insulative substrate
having a first substrate side, and (b) a metal foil having a first
relatively snmooth side which has been subject to an adhesi on
pronoting treatnment and a second relatively rough surface

whi ch has not been subject to an adhesion pronoting treatment, wherein
the substrate is clad with the.netal 7ffeipl on both sides. 9. A

| ami nate as recited in CaimS8, wherein the nom nal dielectric thickness
range of the substrate is between 0.00019" and O. 2510" : 10. A

| am nate as recited in d ai m 8 V\:h'?él n a second ?lsctrl cal75 i nsul ative
substrate i bnd L o.sal d thod of formng a

printed ci r ~ oSk .Wﬁhﬁﬁ&%%ﬁ‘m ‘fkf

el ectrical | ) W x 6 o /. Y
certiiee, WW& re
the formng J | 1‘\\ f---- ?

form ng surface, S\ PN at 1 ng_an aynhesi of pro |ng ., on said
first surfafe, \(©¢) bondihng sand fi gt surface tw
el ectrical ly insyl ativa subst\ate, d) Rondi Ny s d_,aecond
surface to pzseconq el eciN(i ' | ati g subsyirate,

wi t hout app] ylNog anNadhesi | ayex to tNQe secdod suly ace.
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(26) 12. A method of formng.a printed circuit board: |

(a) depositing a quantity of an electrically conductive material onto a
snoot h formng surface to forma foil having a first surface
whi ch fornms agai nst the formng surface, and a second surface
which forms away fromthe 5 /ggrning surf ace, (b) pl ati ng
an adhesion pronoting |ayer on said £/ & surface, (c) bondi ng
said first surface to a first electrically insulatuggisubstrate, (d)
oxi di zing said second surface, and e) bopding sai d second surface
S

to a second electrically i nHé@ at RS 13. A

nmet hod of formng aérinted chrc

?g?nmtln;ysgrfgﬁgg Irzaa mm [ fornms agai nst

D16

q

the formng surface, and a second surtace I C orns away fi{pm the
formng surface, 15 (b) pl ati ng an adhesi on pronoting | ayer on said
first surface, (c) bondi ng sai d sdl@nd surface to a first

app!l yi ng an adhesive
bondi ng said first

electrically insul ative subgtr=te Aot
pronotion | gyfjog :WMI[I)’M
surface to a se d*el ctria HOAERY WS REHK
14. A nmethod of formng a pbLN -mmw
3Oy VLV N Y, QNI

) ar (10 depositing a
quantity of an el ectrical |l y<“cdmdt ) ) ATs --u
formng surface to forma foil having elalzfi rst surfigce whic or ms agai nst
R TT T
Fig29 DSOS\ N1
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the formng surface, and a second surface which forns away fromthe

form ng surface, (b) pl ati ng an adhesi on pronoting | ayer on said
first surface, and 25 (c) bonding said first surface to a first

el ectrically insulative substrat-e. 15. A
method of formng a printed circuit ghqard: (a) depositing a

quantity of an electrically conductive naterial onto a snooth

formng surface to forma foil having a first surfac¢zghich forns against
the formng surface, and a second surface which forngfaway fromthe 5
form ng surface, éﬁ pl ' TAS

LN m% | ayer on said
first surface, and ‘ Noohdi g SR Sk S'cong A PZ first
el ectrical IfLy i ve s 3 6! conponent
for use inW%ﬁring W

. {gfFuit boards
conprising: 10 (a) a lam nate constructed o 1) a sheet
of conductive foil which, in a finished printed circuit board.

constitutes a functional elenent, and whi 882 has a drum side, which

has not been sybj 87 ” o ”4%3 nment, and a
rough si de, iC ;,g.,:« -‘ ot &d L ol b FodheSidndpr onot i ng
Fig-3% "R
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15 treat ment, 1) a tool sheet of materia

whi ch constitutes a di scardable el enent; (b) one surface of each of
the conductive foil and tool sheet being essentially
uncont am nat ed and engageabl e with each other at an interface; (c)

a bonding agent which serves to johgyglae uncontam nated surfaces of the 20

foil and sheet together and assures a substantially uncontam nated central

zone inwardly of the edges of the foil and sheet on{g@osite sides of the

sheet . 17, A component as reciged in C aim1l6,

wherein the foil is 34 cofdpe 18. A

conponent as recited in §ai RIB WK 30 al um num
)

19. A conpoggg %use meﬂ as printed

circuit boardS¥c i sihgs B ) A N3 Aﬁnstr~¢3pd of two sheets
of conductive foil which, 1n a finlIshed printed circuit board,
constitute functional elenents and which, has a

132

Fig40 | N T 130
A 133

103~ 13

Fig.4l

103

Fig42

137

Fig43
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drum si de;—whi-ch has been subjected to an adhester—pronpiing-treatnent
»and a rou i de, whi ch has not been subjected]t o BEPIAGEMENH- FHER#ES | n§G

t r eat ment EH I ” @H t which constitutes g%‘é’é?ﬂ&m Fogbénernto; paged .....
(b) one of the conductive fofl¥ Edagbbt h: sxed Ade miged 18
t ool sheet Dbei ng essentia?4y unco 1tlédt"natrezﬂs)andtgemgageqhged .....
with eac i nterfaces; 1 wfract a hyeped ng ta bd .....
whi ch se% join each of the uncontanmi nat eH surfaces %g
the foils to opposite uncontamni nated surfaces of, ,ts e. QO\LFQE s
defining two SJﬁbst Mbdplehy cUncont apd pat ed cent 1 aks '

edges of the sheet s o OPPOSLLE S des Of The Tool Sheet o0 o coovoas

20. A corpgrimbehd reatibe.codrmprSing ':--‘“::“?:,. elsbirodupositdfofl baling a-firstrelatieadpper
21. A conponent. as recjited in Cl. 19, wWierein the foql sheet is 20

al uni numsMee VhIGH hae-boon SubjeSto-g0 et TTOd foT eI taeL Ut Py - & conguct i ve
f0|| and :“:'- alro -'--'::‘:“'="" -"—"'"' 5 BidetidxnadhieBiopromoeting “’51:“.:.:
to step e), form ng a tool sheet havi ng a first surface. (b) pri or

to step e), formng a conductlve f0|I having a drumside and a rough 25
si de, (c. iR Ml FOIProf isEInSbMen@ lantiRge§ 01 | tO

an adhesi on- prom)tl ng treat ment, but not subj ecting the rough

si de to|aMtihdpreprags- for subsequent prntedntdineyit ¢ fosmetiemt comprising a metal

electrodeposited foil having a first relatively smooth side which has been subject fo an
adhesion promoting treatment. and a second relative rough surface which has not been

o
subiect to an adhesion promoting treatment, wherein the nominal conductive thickness
range is between 0.0001” and 0.020".

b/ 4. A-laminate-as—trecited-in-Claim-3; A laminate for use in forming printed

circuit boards, said laminate comprising:

{a) an electrically insulative substrate having a first substrate side, and

(b) a metal foil having a first relatively smooth side which has been subject to

an adhesion promoting treatment, and a second relatively rough surface

which has not been subject to an adhesion promoting treatment, wherein

the substrate is clad with the metal foil on both sides.

5. A laminate as recited in Claim 4 4, wherein the nominal dielectric
thickness range of the substrate is between 0.00019" and 0.2510".

6. A laminate as recited in Claim A 4 wherein a second electrically insulative

substrate is bonded to said second side.

|_AMENDED  gyger




(29) (d)- erior to step c), reversibly bonding one of the sides of

*the foil to one of the sides of the taol_ sheet to forma
foil-clad tool, (e) positioning the foil, which is on the f0|I-cIad
tool, in contact with a resin | ayer E”ﬂm
(1) applying lamnating conditions to the foil- ﬁm mmﬂg[;n Iayer
to bond the foil to the_rzgsil n | ayer, * o (g)
step f), termnating the bond between“the tool sheet and the foil
and separating the tool sheet fromthe foil.
method as recited in Cl.aim22, V\,herlnthe]‘ 1s copper. . 10
24. A net hod 3 ,A.é‘k‘ ae U ..,.., : —B¥R :: e ..--_ ;-.: arRate
al um num NGrRSIR 25. Amethod as recited in Caim22,

o lin - [ a ra{e ata [ a ratoe oo
- = = e - B UE Tm- 2 cto-Oo1GY;—

wherein the foil |s bonde- ~ to both S|des of the t ool sheet

8. A laminate as—recited-in-Glaim—#for use in forming printed circuit boards,

o
said laminate comprising:
(@} an electrically insulative substrate having a first substrate side, and
{b) a metal foil having a first relatively smooth side which has been subject to
an_adhesion promoting treatment, and a second relatively rough surface
which has not been subject to an adhesion promoting treatment, wherein
the substrate is clad with the metal foil on both sides.
9. A laminate as recited in Claim # 8, wherein the nominal dielectric
thickness range of the substrate is between 0.00019" and 0.2510".
10. A laminate as recited in Claim # 8, wherein a second electrically
s insulative substrate is bonded to said first side.

11. A method of forming a printed circuit board:

(a) depositing a quantity of an electrically conductive material onto a smooth
forming surface to form a foil having a first surface which forms against
the forming surface, and second surface which forms away from the
forming surface,

(b) plating an adhesion promoting layer on said first surface,

{c) bonding said first surface to a first electrically insulative substrate, and

(d) bonding said second surface to a second electrically insulative substrate,

without applying an adhesive promotion layer to the second surface.

g

AMENDED SHEET




