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OlUJM-SIDE TREATBD METAL FOIL ANQ LAMl.NA TE FOR USE IN 
• 

PRINTED CIRCUIT BOAR'Q-S AND METHODS QP MANUFACTURE 

FIELD OF INVENTION 

Drum or smooth side-treated metal foil can be used ~ither as an 

5 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 printed circuit board 

(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 ~n be bypassed in the manufacture of 

10 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 imually bonded to substrate on either side 

before circuit formation and can be used either as an interaal foil layer or as a foil 

lS cap. The invention includes methods of manufacture of the metal foilt laminate 

and multi·layer printed circuit board. 

BACKGROUND OF tHli INYENTION 

MetaJ foil, primarily copper foil, has long been manufactured for use in 

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

20 foil is the most common. Electrodeposited copJ)er foil is electroplated from a 

copper plating solution onto a 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 sudace of electrodeposited foil is rough which 

enhances the adhesive strength. especially when coupled with subsequent adhesion 

25 enhancing treatments. The drum side of the electroplated foil is very smooth, and 

has a shiny appearance, and is regarded as a poor adhesion surface. 
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.. fypical adhesion promoting treatments consist of plating addi1ionai copper 

and zinc onto the mane side of the foil. Other agents such as silanes arc also 

being used. The foil is then processed through a stain proofing solution to act 

as an oxidation retardant of lhe metal surface. 

5 An alternate foil product which bas also been manufacrured historicaJJy is 

what is known in the circuit board industry as "double-treat" metal foil. This foil · 

is electroplated identically to what is described in the preceding paragraphs but it 

is typically run through the adhesion promoting rreating line a second time and 

plated with additional adhesion promoters on the dram 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 ~il manufacturer step, the laminate 

manufacturer step and the multi-layer prin~ circuit board (PCB) manufacturer 

15 step. The double·ueat metal foil typically bas a much higher scrap rate than 

single side treated foils and additional processing steps are required,. thus 

increasing both cycle times and cosu. At the laminate and PCB manufacturer, 

handling problems can drive serap rates to unacceptably high levels. The problem 

is so significant that only a very limited number of manufacturers will even 

20 attempt to use this double·treat product. 

1be foil·and"'5Ubstrate laminate for use in the printed circuit board indusuy 

can be constructed from a variety of ~bstrates including paper, glass. and 

TEFLON. These substrates are coateA or impregnated in a continuous fashion 

wilh a resin system to facilitate adhesion with the metal to1J which will . 

25 subsequently be clad to the substrate on one or both sides in a process ref erred to 

in_ the PCB industry as pressing. This unclad substrate shall be referred to as 

. prepreg. 

Both the prepreg and the metal foil are typically sheeted although ' 

technology does exist for "continuous Iamination". The laminate can be 
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manufactured with either single or multiple plies of preprcg which will result in 

various thicknesses as diccated by customer and/or de~!gn criteria. The prepreg 

and metal foil are bonded together by means of heat and pressure under controlled 

conditions which depend on the required produce properties. 

5 The pressed unics, referred to in the industry as laminates, must then have 

the edges trimmed off. Oftentimes, smaller units are fabricated from the pressed 

unit. These steps require additional handling and any minor surface damage may 

result in the rejection of laminate clad with "double treat"' metal foil. This minor 

surface damage is typically aesthetic onl~ and will not negatively affect the 

I 0 functionality of the finished printed circuit board. Minor surface damage on single 

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-layer PCB manufacture is to remove the 

oxidation retardant, which was applied by tbe metal foil manufacturer. This 

ts removal is accomplished by means of a mild 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 poly~eric light sensjtive p~to 

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

20 light under conJr()lle.d conditions. The unexposed film is then chemically 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 layers, are inspected 

for defects in the met.al circuirry and the substrate. This inspection typically is 

done by automated optical inspection equipment commonly referred to as AO!. 

The technologies for various brands of AOI equipment differ. Some equipment 
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inspects the substrate surlace to detect flaws. others use a reflective technology 

where the metal foil surface is inspected for flaws. One problem experienced by 

all users of reflective technology is that when any oxidation occurs on the metal 

surface, it is detected as a flaw. After the automated inspection, human operators 

5 verify all defects. Almost more times than not, a flaw detected by the AOI 

equipment is not a functional flaw and the human verifier will accept the inner 

layer. 

After inspection, the inner layers will undergo an additional chemical 

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

10 practices, the typical inner layer has the drum or smooth side of the metal exposed 

to the environme11t and the matte or rough side imbedded within the prepreg. 
J 

This smooth outer sudace alone does not offer sufficient surlace topography to 

allow for subsequent relamination with ae~ptable adhesion characteristics. The 

pmpose of the oxidizing process is to ·yow•, 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. 

20 

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

is a post dip bath which essentially reduces the valence of the copper to a + l 
from a + 2 state. The benefit achieved frbm this is the elimination 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 copper. It is cause for rejection of the pan. 

A typical oxide process consists of many different chemical baths including 

25 b~ 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 balhs, followed by a post-dip, reduction 

bath. This process is difficult to optimize·. expensive to operate and extremely 

time consuming. As note.d previously, laminate which is cbid with "double treat'* 
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metal foil does not reqtJire this processing step. 

After this operation, oxided inner layers (or inner layers clad with double 

treated metal foil) are ready to be combined with additional prepreg material 

laminated on both sides (and additional inner layers if required) and generally. 

S clad on the outermost surfaces with additional metal foil. This package will be 

heated and pressed in a similar fashion to that of the laminate manufacture 

described above. Among the critical characteristics of this semifinished multi­

layer printed circuit board is the ability of the many different components used in 

its manufacture to remain firmly booded together. Tbe 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 relamination prepreg. This weak point many times 

results in product failure in the field. 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 invention to provide a product which can 

reduce multi-layer printed circuit board manufacture cycle time through the 

elimination of several manufacturing steps. A direct consequence of this objective 

is the reduction in costs associated with tbe manuf1:cture of multi-layer printed 

20 circuit boards. 

A secondt 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 link which exists in today's technology, the 

oxide. the finished produc1 will be less prone to delamination when operating in 

25 ~b conditions or normal conditions for long periods of time. 

One additional consideration was ta.ken 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 
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atnount of hazardous waste generated by an circuit board shops which will utilize 

this means of manufacture. Additional direct costs will be reduced and regulatory 

fees should also decline. Our environment will also benefit as a result. 

With these and other objects in view, as will be apparent to those skilled 

5 in the an, the invention resides in the combination of parts set forth in the 

specification and covered by the claims appended hereto. 

SQMMARY OF THE INVENTION 

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 

10 finished laminate to be used in the manufacture of multi-layer printed circuit board 

(PCB) packages. By treating the ckum or smOOth side of mead foil with a bond 

strength enhancer rather than treating th&· matte side or rough side, or both sides, 

several time-consuming and eostly stepS can be bypassed in the manufacture of 

multi·layer printed circuit boards (PCB) while the integrity of the metal foil, 

15 laminate and multiple 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 subsuare on either side 

before circuit formation and can be use.cl eiiher as an internal foil layer or as a foil 

cap. The invention includes methods of manufacture of the metal foil, laminate 

20 and multipJe layer printed circuit board. 

A variation of the invention involves a component or tool for use in 

manufacturing articl~ such as printed circuit boards. The component is a 

temporary laminate cons1Iucted of one or more sbeetS of drum-side-treated copper 

f~il 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 co 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 (ueaced drum-side 
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or umreated 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 wm be bonded to the resin in the neltt 

step. 

5 It shouJd be understood that) although the fo;J will sometimes be designated 

as copper herein. because copper is the most common material from which t0 

form the foil. any electrically conductive sheet material, including copper alloys, 

are encompassed by the disclosure. 

BJUEF DHSCRIPIIOO OP THE DltAWJNGS 

10 The character of the invention, however, may be best understood by 

reference to one of its suuctural forms, as illustrated by the accompanying 

drawings, in which; ~· 

FIG. l is a diagrammatic sectional view of a foil treated in the "single­

treat" method of the prior art, 

15 FJG. 2 is a diagrammatic sectional view of a foil treated in me "doublew 

treat" method of the prior an, 

FIG. 3 is a diagrammatic sectional view of a foil embodying the principles 

of the present invention, 

FIG. 4 is a diagrammatic sectional view of a step in a first embodiment of 

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

surface, 

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

che process of the present invention in which die smooth side of the foil is treated 

with an adhesion enhancing plating, 

2S 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. 1 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 
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with phom resist without the need for a prior scrubbing: process, 

FIG. 8 is a diagrammatic sectional view of a step in a firsr embodiment of 

the process of the present invention in which the matte surface, from which the 

photo resist hu been removed, is ueated with an oxidizing process without the 

5 need for a prior microetch and rinse process, 

FIG. 9 is a diagrammatfo sectional view of a step in a first embodiment of 

the process of the present invention in which a second substrate is bonded to the 

oxidized matte side of the foil. 

FJG. 1 O 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. J 1 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 FJG. 12 is a diagrammatic sectional view of a step in a second embodiment 

of the process of the present invention in wbi.ch the created smooth surface of the 

foil is 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 sWface of the foil is 

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

FIG. 14 is a diag~mmatic 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 understoocf;-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 seep. 

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 unoxidiied matte side of the toil. 

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 fonned on a smooth 

30 surlace, 

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 
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treated with an adhesion enhancing plating> 

FIG. 18 is a diagrammatic sectional view of a step in a third embodiment 

of the process of the present invention in which the untreated matte surface of the 

foil is bonded to a substrace, 

5 FIG. 19 is a diagrammatic sectional view of a step in a third embodiment 

of the process of the present invention in which the treated smooth surface of the 

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

FIG. 20 is a diagrammatic sectional view of a Step in a third embodiment 

of the process of the present invention in which the photo resist has been removed 

10 from the matte surface. It will be understood by those skilled iD the art that if this 

foil is a cap or outside foiJ layer, it would now be complete, without the next step, 

FIG. 21 is a diagrammatic sectional view of a step in a third embodiment 

of the process of the present invention in which a second substtate 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. 23-44 are diagrammatic sectional views of various foil-tool 
t. 

~ombinat:ions and the steps in various processes involved it this variation of this 

invention. 

20 FIG. 23 shows cross-sectional view of a single-sided tool 50 of the present 

invention. with the untreated matte side of the foil 52 toward the plate S l 7 

FIG. 24 shows a variation of the tool shown in FIG. 239 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 invention1 with the untreated maue;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 bas the treated drum-sjdes of the foils toward the 

30 plate 81, 

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

invention, 
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FlG. 27 shows a step in which the foil 110 is formed on a smooth surface 

114. 

FIG. 28 shows a step in which the smooth side 111 of the foil 110 is 

treated with an adhesion enhancing plating 113, and the mane side 112 of the foil 

5 110 is mounted on the tool 101, 

FIG. 29 shoWs a step in which the treated smooth surface 111 of the foil 

t 10 is bonded to a first sudace 115 of a substrate 116. and then the too1 101 is 

removed from the foil 110, 

FIG. 30 shows a step in which the matte surface 112 of the foil l 10 is 

10 coated with photo resist 117 without the need for a prior scrubbing process, 

FIG. 31 shows a step in which the matte surface 112. from which the 

photo resist bas been removed, is treated with an oxidizing process. to form an 

oxide layer 118, without the need for a prior microetcb and rinse processt 

FIG. 32 shows a step in which a second substrate 119 is bonded to the 

15 oxidized matte side 112 of the foil 110;'''" · 

FIGS. 33-38 show a fifth embodiment of the process of the present 

invention, 

FIG. 33 shows a step in which the foil 120 is formed on a smooth sudace 

124, 

20 FIG. 34 shows a step in which the smooth side 121 of the foil 120 is 

~ted with an adhesion enhancing plating 123. and the mane side 122 of the foil 

120 is mounted on tool sheet 102 or plate~· preferably of aluminum. . 

FIG. 35 shows a step in which the· treated smooth surface 121 of the foil 

120 is bonde.d 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 bas been removed from 

lhe matte surface 122, 

30 FIG. 38 shows a step in which a ~econd substrate 129 is bonde.d to the 

untreated and unoxidized matte side 122 of the foil 120, · 
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FIGS. 39-44 show a six.th 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, 

S FIG. 40 shows a step in which the smooth side 13 I of the foil 130 is 

treated with an adhesion enhancing plating 133, and then the treated smooth side 

131 of the foil 130 is bonded to a tool 103. 

FIG. 41 shows a step in which the untreated matte surface 132 of the foil 

130 is bonded to a first swface 13.5 of a substrate 136, after which, the tool 103 

10 is removed, 
'• 

FIG. 42 shows a step in which the .tteated 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 whkb 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 13 l of the foil 130. 
·:: 

llfiSCRIP'fION OF 1J[fi PR.EfEJUWJ} J3MBQDJMENT 
i 

The details of the invention. however, may be best underst.ood by reference 

20 to its three sttUCtUral forms. as illustrated by the accompanying drawings. The 

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

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

mane 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 a multi-layer PCB, and; a second in which the foil ends up as 

a cap or outer foil layer on the outer surface of the PCB. Tb.e cap subembodiment 

wouJd apply to both single- and double-sided (clad) PCB's, which are not 

considered "multi-layer" PCB's. 
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FIGS. 1-21 are diagrammatic sectional views of various foils and the seeps 

in various processes. FIG. I shows a foU treated in the ''single·m~at'' method of 

the prior art. The foil J has a smooth side 2 and a matte side 3. Jhe matte side 

3 is treated by plating with copper-iinc particles 4. FIG. 2 shows a foil treated 

5 in the "double-treat" method of the prior an. The foil S has a smooth side 6 and 

a matte side 7. Both the smooth side 6 and the mane side 7 are treated by plating 

with copper-zinc particles 8. FIG. 3 shows a foil embodying the principles of the 

present invention. The foil 10 has a smooth side 1 J and a matte side 12. The 

smooth side l I is treated by plating with copper-zinc particles 13. 

10 FIG. 4 shows a step in a first em~iment of the process of the present 

invention in which the foil 10 is formed on.a smooth surface 14. FIG. S shows 

a step in which the smooth side 1 J of the foil is tteated 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 surfllce 15 of a substrate 16. FIG. 7 shows 

15 a step in which the matte surface J 2 of the foil 10 is coated with photo resist 17 

without the need for a 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 an 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. 

25 

FIG. 10 shows a step in a second embodiment of the process of the 
•· present invention in which the foil 20 is formed on a smooth surface 24. FfG. l l 

sh~ws a step in which the smooth side 21 of the foil 20 is created with an adhesion 

enhancing plating 23. FIO. 12 shows a stei> in which the treated smooth surface 

21 of the foil 20 is bonded co a first sudace 25 of a substrate 26. FIG. 13 shows 

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

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

... 



the photo resist 27 has been removed frorn the matte surface 22. fl wilt be 

understood by those skiUed in che an that if this foil is a cap or outside foil layer. 

you would not have a subsequent relamination over this layer. so 1he next step 

would not be necessary. FIG. 15 shows a step in which a second substrate 29 is 

5 bonded to lhe untreated and unoxidized matte side 22 of the foil 20. 

FIG. 16 shows a step in a third embodiment of the process or the present 

invention in which the foiJ 30 is formed on a smooth surface 34. FIG. 17 shows 

a step in which the smooth side 31 of me foil 30 is treated with an adhesion 

10 enhancing plating 33. FIG. 18 shows a step in which the untreated matte surface 

32 of the foil 30 is bonded to a first surface 35 of a substrate 36. PIG. 19 shows 

a step in which the treated smoolh surface 31 of the foil 30 is coated with photo 

resist 37 without the need for a prior scrubbing process. FIG. 20 shows a step in 
which che photo resist 37 has been removed from the treated smooth surface 31. 

15 It will be understood by those skillea 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 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 emphasized. 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 lhe matte and drum sides 

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

d~m side of the metal foil be treated with the bond enhancers. This is exactly 

opposite of current industry practices for single treat metal foils. 

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

30 re.quires no additional processing equipment or steps by the metal foil 
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manufacturer co produce this product as opposed to existing matte side treated foil. 

This ioven1ion performs besl with a "low profile" foil. a foil with the matte side 

Rz < 10.2 microns as recognized by current industry standards. Very low profile 

foil (Rz < 5.1 microns) and standard foil (no Rz requirement) also perform 

5 acceptably. Rz is the mean peak-to-valley height of the matte teeth. 

The invention employs a single-side-treated metal foil where the adhesion 

enhancing treatment is applied only to the dmm or smooth sjde of the foil. This 

is exactly opposite of current industry practices. See Figure 3 for the invention 

and Figure l and 2 for prior technology. Current industry practices of 

I 0 antioxidation treatment application would remain essentially identical. 

This metal foil is used by a laminate manufacturer 10 produce a metal clad 

laminate for use, after circuit pattern formation, in the multi-layer printed circuit 

board industry. Tbe laminate manufactlft'er will also continue to follow virtually 

identical processing steps as in the manufacture of single treat metal foil clad 

15 lammate. The Wninaror will press the treated drum sudace 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 eliminated in the multi· 

20 layer process was descnDed previously as the scrubbing or cleaning process, which 

normally takes place after the foil is bonded to the substrate and before the photo 

resist is deposited on the foiJ's outer surface. This step is completely eliminated 

with this invention. This is made possible because the exp~ surface of the 

laminate of the present invention (either the treated srnooth or untreated matte} has 

25 · su!ficient 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 situations. The first situation is the multi-layer situation in which the 
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etched foil will be subsequently relaminated to form an inner foil layer. The other 

situation is when the etched foit is a foil cap, that is, it wilJ be left to form the 

outer layer of the finished circuit board. This other situation applies to all three 

types of PCB's; multi-layer, double-layer. and single-layer. 

S From this point through the inspection process, there is one design 

advantage which has been noted in certain situations. In •double-treat" foil. the 

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 

l O more serious if the circuit formation were done on a so treated matte side. Thust 

in the present inventiont 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 call outs by the 

AOI equipme11:t using reflective tecbnolOgy will be greatly reduced since the metal 

15 surface will not oxidize as readily as in current industry practices. As the number 

of false caJI outs is reduced. the number of escapes by hutnan verifiers will 

decrease as they will have less call outs to verify lhus allowing them to 

concentrate on finding functional defects. Also. this benefit will allow PCB shops 

to experience added flexibility in scheduli~g and should reduce cycle time as well. 

20 Another st.ep in which the foil of the present invention offers advantage is 

in the elimination 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 texture to form 

a foundation for the subsequent oxidizing step. The untreated matte side has 

25 sufficient texture to allow oxidizing with~t need for the microetch and associated 

ri!JSCS, while the treated shiny side out does not require the oxidizing process, 

because of the treatment. 



' 

(16) 

i 

Another step in which the foil of the present invention offers advantage is 

the oxidizing step which is used in "sin!?Je .. treaf' foil to prepare the originaUy 

shiny-side-out circuit pattern for subsequent bonding to another layer of prepreg 

or substrate. Either outer face of the foil of the present invention has been found, 

5 even without oxidizing to have sufficient adhesion properties to satisfy all but the 

most extreme specifications. Thus, there are applications where the oxidizing step 

can be eliminated. 

Jn general, however, the oxidizing process would still be employed by PCB 

manufacturerS who employ the foil of the invention, but several distinct benefits 

10 are achieved by the present invention. The first advantage is the complete 

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 

15 formation required to achieve bOnd strength equivalent to current indusuy · 
.. , 

practices and requirements. This results directly in lower chemical. material. and 

production costs and improved cycle time. 

If the PCB manufacturer chooses to continue 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 . . 
,, 
:--. 

If the PCB manufacturer chooses lO keep the adhesion strength between the 

o~ide and the relamination prepreg at existing levels, experiments have shown a 

25 reduction in dwell time of 40% and a chemical consumption reduction of ove; 

50%. Reduced costs and faster cycle times will yield results equal to current 

methods. 

Another important advantage of the present invention when compared to 
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the "double-treat" product results from the economic waste involvi!d when a large 

amount of the adhesion enhancing plating on the shiny side is etched away in the 

circuit formation process. In the present process. even if oxidizing is necessary. 

it only occurs on the remaining circuit traces so that there is Jess waste of 

5 expensive surface treatment based on area treated. 

Another advantage this product brings is the elimination of a pOSt-dip 

reduction bath which follows the oxidation bath. Experiments have shown that the 

need for this chemical reduction process is no longer necessary in order to prevent 
11pinlc ring". Due to the matte surface on which the oxide crystals are formed, lhe ., 

I 0 leaching of acid in subSCQuent PCB manufacturing steps. is prevented. The 

removal of this step is significant as it is extremely huardous (the mixture of 

reducing agents and oxidizing agents is highly volatile) and costly. 

Another advantage of the embod~ents of the invention in which the matte 

side is inward facing and oxidation requirements are eliminated, is the avoidance 
; 

IS of a phenomena called "pink ring". A basis for rejection of a multi-layer circuit 

board can be that, when the board, with plated-through boles. is dipped in weak 
t. 

(10%) HCl, the acid teaches, from the hole, into the oxide layer that shows 
·; 

through the substrate, dissolves the oxide and allows a ring of copper to 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 constructio,µ. 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 highly 
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reliable bonds with the resin. This uniformity tends to eliminate tht! ''weak link n 

or "failure point" found in traditional circuit boards. 

Another ·embodiment of lhe present invention involves a concept which is 

a variation of a tooling concept and process described in U.S. Patent 5.153,050. 

5 issued on October 6, 1992 to James A. Johnston. the disclosure of which is 

incorporated herein by reference. Simply stated, the Johnston concept involves 

temporarily adhering the drum-side or shinny-side of a sheet of conventional 

copper circuit-board foil to one or both sides of a disposable aluminum plate. The 

copper-aluminum (-copper) laminate would be assembled into a press Jay·up or 

IO book, as end panels and separators (if both sides of the aluminum were foiled), 
.1 

in the formation of circuit boards. This tool.structure would protect the drum-side 

of the copper foil from damage or contamination before and during the foil·tO· 

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 reuse.d or discarde.d. 

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

invention (singJe-treated..cfrum-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 constitute a functional element. bas a drum-side, which 

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

25 bas not been subject to the adhesion-promoting treatment. The sheet of aluminum 

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

or untreated mane side) of each copper sheet can be bonded to the alumjnum, 

depending on which embodimel';lt of the basic invention is being used. The side of 

the copper foil not bonded io the aluminum will be bonded to the resin in the oex.c 

30 step. The bonding agent which serves to join the surfaces of the copper and 
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aluminum sheets together protect~ the interface from external contamination and 

damage and assures a subSLantially uncontaminated central zone inwardly of the 

edges of the sheets on one or both sides of tile aluminum sheet. Very importantly. 

this temporary structure provides a very protective physical support for the foiJ. 

S This expedites the handling of very thin or otherwise very delicate conductive 

foils. For example. this tool would allow handling of foil that is far to thin to be 

handled effectively by conventional means. This improved bandlability would be 

particularly important in automated versions of the production of circuit boards. 

The ability to handle ultra-thin copper foil ~Id significantly reduce the amount 

10 of copper that muSt be etched away to form the circuit paths and therefere would 

significantly reduce the amount of hazardous waste which results from the etching 
fr 

process. 

A component or tool described above is employed in a method of 

manufacturing a copper and resin laminate, either as simple one or two foil-layer 

15 boards, as intermediate laminates, or as multi-layer boards. The process, set out 

in the flow chart in Fig:-22, begins which a group of pre-press steps, which can 
,• 

be pedonned in any of a number of ~uences. These pre-press steps are 41} 

forming a tool sheel having a first surface, 42) forming a sheet of copper having 

a drum-side and a rough side, 43) subjectiilg the drum-side of the copper foil to 

20 an adhesion-promoting treatment, but not subjecting the rough side to an adhesion­

promoting treatment. and 44) reversibly bonding ooe 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 tool, in contact with a resin fayer in a laminating 

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

copper-dad tool and resin layer to bon4 the copper foil to the resin layer. 

Following the press steps, the post-press Step 47 involves tenninating the bond 

between the tool sbeel and the copper foil and separating the tool sheet from the 

copper foil. which is now laminated to the resin. 
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FIGS. 23-44 are diagrammatic sectional views of various foil-tool 

combinations and the steps jn various processes involved it this variation of this 

invention. 

PIO. 23 shows cross-sectional view of a single-sided tool SO of the present 

S invention. The tool is preferably a rectangular, rigid sheet or plate of aluminum 

SI. The conductive foil 52, preferably of copper, has a smooth or "drum-side" 

side 53 and a matte or rougb side 54. The smooth side 53 is treated by plating, 

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

FIG. 22 sbows a foil 52 with the rough side 54 toward the plate SI. Bonding 

10 agent or adhesive S6 reversibly bonds the foil S2 to the plate SI . 

FIG. 24 shows a variation of the tool shown in FIG. 23, the variation 

being that the tool 60 in FIG. 24 has the trCated drum-side of the foil toward the 

plate 61. · Tbe conductive foil 62, preferably of copper, has a smooth or "drum­

side". side 63 and a ma~ or rough side ~. The smooth side 63 is treated by 

l S plating, typically, with copper-zinc particles, to form an adhesion enhancement 

layc;r 65. FIG. 24 shows a foil with the treated drum-side toward the tool. 

Bonding agent or adhesive 66 reversibly bonds the foil to the tool. 

FIG. 25 shows cross-sectional view of a double-side.d tool 70 of the 

present invention. The tool is preferably a rectanguJar, 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 .. ,r:espectively. and a matte or rough side 
~ 

74' and 74", respectively. The smooth sides 73· and 73u are treated by plating. 

typically. with copper-zinc particles~ to form adhesion enhancement layers 75 · and 

15". FIG. 2S shows the foils with the rough sides 74· and 74 .. toward the plate 

25 71. Bonding 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 varialion 

being that the tool RO in FIC. 26 has thP- tre.ated drum·sides of the foils toward th~ 

plate 81. The conductive foils 8:!. :ind 82 .. , preferably of copper. each h,l\"'...! :..i 
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smooth or "drum-side" side 83' and g3••, respectively, and amatte or rough side 

84' and 84''1 respectively. The smooth sides g3• and 83''. are treated by plating, 

typically, with copper-zinc particles, to fonn an adhesion enhancement layer 85' 

and 85''. FJG. 26 shows the foils with the treated drum-side toward the plate 

S 81. Bonding agent or adhesive 86' and 86° reversibly bond the foil to the tool. 

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

in\rention. FIG. 27 shows a step in whieh the foil 110 is formed on a smooth 

surface 114. PIG. 28 shows a step in which the smooth side 11 l of die foil 110 

is treated with an adhesion enhancing plating 113. FIG. 28 shows the foil 110 

10 mounted on[()()} sheet 101 or plate, preferably of aluminum. The matte side 112 

is placed against the tool sheet 10 I. FIG. 29 shows a step in which the treated 

smooth surface 111 of the foil 110 is bonded to a first surface I IS of a substrate 

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

press. Pressure is applied inwardly and perpendicWaJ' to the tool sheet 101 and 
' 

15 substrate 116. Simultaneously, heat is applied. Although FIG. 29 shows a very 

simple stack, those skilled in the an of laminate or circuit board manufacture will 

understand that this is diagrammatic of a more practical stack wbich would include 

numerous copper-resin interfaces and numerous tool-sheet-copper interfaces. Once 

the bond between the copper and the resin is formed, che bond between the tool 

20 sheet 101 and the copper 110 is terminated. The tool sheet or sheets .101 arc 

removed from chc copper and from the stack. The copper-resin laminate goes on 

to further processing. in earlier-recited ways. FIG. 30 shows a step in which the 

matte surface 112 of the foil 110 is coated w·ith photo resist 117 \\ithout the need 

for a prior scrubbing process. FIG. 31 shows a step in which the matte 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 need for a prior microctch and 

rinse process. 11 will be understood by those skilled in the art that if tb.is foil is 

a cap or outside foil layer. il would not need the oxidizing treatment and would 

be complete without it and without the next step. FIG. 32 shows a step in which 

30 a second substrate 119 is bonded to die oxidized maac side fl:? of the foil I W. 
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FIGS. 33-38 sh<.>w a fifth embodiment of the process of the present 

invention. FJG. 33 shows a step in which the foil 120 is formed on a smooth 

surface 124. FIG. 34 shows a step in which the smooch side 121 of the foil 120 
is treated with an adhesion enhancing plating 123. FIG. 34 shows the foil 120 

S mourned on tool sheet 102 or plate, preferably of aluminum. The mane side 122 
is placed against the tool sheet 102. PIG. 35 shows a step in which the treated 
smooth sutface 121 of the foil 120 is bonded to a first surface 125 of a substrate 
126. This is accomplished by placing the stack shown in FIG. 35 into a 
lamination press. Pressure is applied inwardly and perpendicular to the tool sheet 

JO 102 and substrate 126. Simultaneously, heat is applied. Although FIG. 35 shows 
a very simple stack, those skilled in the an 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 fonned, the 

15 bond between the tool sheet 102 and tbe~copper 120 is terminated. The tool sheet 

or sheets 102 are removed from the copper 120 and from the stack. The copper­
resin laminate goes 01fto further processing, in earlier-recited ways. 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 se~bbing process. FIG. 37 shows a step 
20 in which the photo resist 127 has been removed from the mane surface 122. It 

will be understood by those skilled in the, an that if this foil is a cap or outside 
foil layer. you would not have a subsequ~t 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 fojJ 

25 120. 

FIGS. 39-44 show a sixth embodiment of the process of the present 
in_vention. FIG. 3_9 shows a step in wh.i~h 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 oo tool sheet 103 or place, preferably of aluminum. The treated smooth 

side 131 is placed against the tool sheet 103. ~IG. 41 shows a step in which lhe 
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untreated matte surface 132 of the foil 130 is bonded to a first surface t 35 of a 

substrate 136. This is accomplished by placing lhe stack shown in FIG. 41 into 

a lamination press. Pressure is applied inwardly and perpendicular to the tool 

sheet 103 and subsuare 136. Simultaneou~ly, heat is applied. Although FIG. 41 

5 shows a very simple stack, those skilled 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 130 and the resin 136 is 

formed, the bond between the tool sheet 103 and the copper 130 is terminated. 

10 The tool 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 treated smooth surface 13 J of the foil 130 and 
~ 

plated layer 133 are coated with photo iesist 137 without the need for a prior 

scrubbing process. FIG. 43 shows a step in which the photo resist 137 bas been 
I~ 

1 S 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 rela.minatiCJn over this layer, so the next step would not be necessary. · 

FIG. 44 shows a step in which a second substrate 139 is bonded to the U'eated 

smooth side 131 of the foil 130. 

20 It is obvious that minor changes may be made in the form and construction 

of the invention without departing from the material spirit thereof. Jt is not, 

however, desire.cl 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 is claimed as new and 

desired to secure by Letters Patent is: 
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CLAIMS 

THIS SHEET HAS BEEN 
REPLACED 

l . Metal foil for use in forming laminates with prepregs for 

subsequent printed circuit formation, comprising a metal electrodeposited foil 

having: a first relatively smooth side which has been subject to an adhesion 

5 promoting treatment, and a second relative rough surface which has not been 

subject to an adhesion promoting treatment. 

2. The metal foil as recited in Claim 1, wherein the nominal 

conductive thickness range is between 0.0001 11 and 0.020'". 

3. A laminare for use in forming printed circuit boards, said 

l 0 laminate comprising: 

(a) an electrically iusulative 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 bas not beeo subject to an a~ion promoting treatment, wherein 

15 the first side of the foil is bonded~ the first side of the substrate. 

20 

4. A laminate as recited in Claim 3. wherein the substrate is clad 

with the cnetal foil on both sides. 

5. A laminate as recited iD Claim 3, wherein the nominal 

dielectric thickness range of the substrate is between 0.00019• and 0.2510". 

6. A laminate as recited in-Claim 3, wherein a second electrically 

insulative substrate is bonded to said secoiid side. 
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THIS SHEET HAS BEEN 
REPLACED 

i. A laminate for use in forming printed circuit boards. said 

laminate comprising: 

(a) an electricaJly insulative substrate having a first subsuate side, anti 

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

5 an adhesion promoting treatment. and a second relatively rough surface 

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

the second side of die foil is bonded to the first side of the substrate. 

8. A laminate as recited~ Claim 7, wherein the substrate is clad 

with the metal foil on both sides. 

10 9. A laminate as recited in Claim 7, wherein the nominal 

dlel~tric thickness range of the substrate is between 0.00019 .. and 0.2510 ... 

10. A laminate as recited-in Claim 7, wherein a second electrically 

insulative substrate is bonded to said first side . 
. ... 

·, 

11. A method of forming a printed circuit board: 

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

forming surface to form a foil having a fust sutface 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, 

20 (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 surlace. 
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12. A method of forming a printed circuit board: 

(a) deposi6ng a quantity of an eJeccrically 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 

5 forming surface, 

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

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

(d) oxidizing said second surface, and 

(e) bonding said second surface to a second electrically insulative substrate • 

. , 
10 13. 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 a second surface which forms away from the 

forming surface, 

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

(c) bonding said secbnd surface to a fsrst electrically iosulative substrate 

without applying an adhesive promotion layer to the second surface, and 

(d) bonding said first surface to a second electrically insulacive substrate. 

20 (a) 

14. A method of forming a printed circuit board: 

depositing a quantity of an electrically conductive material onto a smooth 

forming surface to form a foil having a fttst 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 (C) bonding said first sudace to a first electrically insulative substrate. 
,. 

-----
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15. A method of forming a printed circuit board: 

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

forming surface to form a foil having a first surlace which forms against 

the forming surface. and a second surface which forms away from the 

5 forming surface, 

{b} plating an adhesion promoting layer on said first surface, and 

(c) bonding said second surface tQ a first electrically insuJative substrate. 

16. A component for use in manufai:turing anicles such as printed 

circuit boards comprising: 

10 (a) a laminate consuucted of 

15 

20 

i) a sheet of conductive foil which, in a finished printed circuit board. 

constitutes a functional element~ and which, bas a drum-sid~ which 

bas not been subjected to an adhesion-promoting treatment, and a 

rough side. which bas been subjected to an adhesion-promoting 

treatment, 

ii) 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; 

(c) a bonding agent which serves to join the unco~taminafed surfaces of the 

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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18. A component as recited in Claim 16. wherein the tool sheet i~ 

aluminum. 

19. A component for use in·manufacturing articles such as printed 

circuit boards comprising: 

5 (a) a laminate constructed of two sheets of conductive foil which. in a finished 

printed circuit board, constirote functional elements and which, has a 

drum-side, which has been subjected to an adhesion-promoting treatment, 

and 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 su~ce of each of the conductive foils and both surfaces of the tool 

15 

(c) 

sheet being essentially uncontaminated and engageable with each orher at 

interfaces; 

a bonding agent which serves to join each of the uncontaminated surfaces 

of the foils to opposite uncontaminated surfaces of the tool sheet and 

defining two substantially uncontaminated cenual 7.0lles inwardly of the 

edges of the sheas on opposite sides of the tool sheet. 

20. A component as recited in Claim J 9, wherein the foil is 

copper. 

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

20 aluminum. 

25 

22. A method of manufacturing a conductive foil and resin 

laminate, comprising the steps of= 

(a) prior to step e), forming a tool sheet having a first surface. 

(b) prior to step e), forming a conductive foil having a drum-side and a rough 

side, 

(c) prior to step e), subjecting the drum-side of the foil to an adhesion· 

promoting treatment, but not subjecting che rough side to an adhesion­

promoting treatment, 
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(d) prior to sLep c), reversibly bonding one of the ~id~s of lh(! foil to one of 

the sides of the tool sheet to form a foil-clad tool. 

(e) positioning the foil. which is on the foil-clad tool, in contact with a resin 

layer in a laminating press. 

5 (f) applying laminating conditions to the foil-clad tooJ and resin layer to bond 

10 

the foil to the resin layer, 

(g) following step f), terminating the bond between the tool sheet and the foil 

and separating the tool sheet from the foil. 

23. A method as recited in Claim 22. wherein the foil is copper. 

24. A 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. 

--
/flilUT 


