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1. 

STEEL ALLOY SEPARATOR SHEETS AND 

COPPER/STEEL LAMINATED SHEETS FOR USE IN 
MANUFACTURING PRINTED CIRCUIT BOARDS 

BACKGROUND Of THE INVENTION 
Ej@Jd of tba lnventioq 

Thie Invention pertains generally to circuit board fabrication, and more 
partlcularty to a steel alloy separator sheets and copper/metal laminated structures 
for use in the manufacture of printed circuit boards. 

to 2. D"Krip~ion of the Backgmund M 
tn eerty stages of manUfacturlng technology. prtntad circuit board (PCB) 

lay-up panels were laminated using presses similar to those uaed in the wood 
i~u~ for laminating, for example. &heats of plywood. Hydraulle>driven presses 
were used, and steam or electric power was used to heat the presses to 

15 temperatures exceeding 36CJt' F. The parael components In the presses were 
submitted to pressures between 300 psi and 500 psi at 3508 F for approximately 
one hour to achieve lamination. Highly polished and precision ground $talnless 

·steel pJates approximately 0.06.2 Inches thick were used to separate each panel 
within a press opening. TyplcaHy, a T-304 full hard alloy or equivalent material 

20 was used for these 0.062 Inch stainless steel separator plates. A problem, 
however. was that these 8talnless steel 0.062 Inch separator plates required 
cleaning or scrubbing '.to remove debris after every use and periodically needed to 
be resurfaced to remove donts and 8Cratdles due to handling and use. 
Eventually, the plates had to be replaced. 

25 During the late 1980'&, the Introduction of vacuum assisted presses 
parmftted the use of lower prussunts during the lamination cycle. The pressures 
used in vacuum assisted pres•es typically ranged from approximately 150 psi to 
250 psi, as opposed to the 300 psi to 500 psi range used In the hydraulic steam 
drive~ or electric presses. With vacuum assisted presses. aluminum separator 

30 sheets ranging in thickness from 0.007 to 0.015 inches were tested and then used 
extensively. Test rt1tsults published during that time indicated that thin aluminum 
separator plates far exceeded the perfonnance of steel plates for lamlnadng PCB 
panel&. These thin aluminum separator sheets were discarded after the 
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lamination proc:ess, thus eliminating the need for e>epenslve steel plate d~n&ng 

a".Kf handling operaUons and the frequent and· high capital investment needed to 

replace the steel plates. The ellOy used for aluminum separator plates is typically 

3000 series (e.g. 3003, 3004, 3105 or equlValent) wlth a H19 hardness 

s deaignation, which Is Identical to the alloy used to make aluminum beverage cans. 

The prooess using thin aluminum separator sheets along with low pressure from 
vacuum assisted presses has worked well for typic;al 4 layer to 6 layer PCB's with 

circuit lines of approximately o.ooe fnctles In width and approximately 0.008 

fnchae apart. A fyplcal Gonflguratfon In a press opening would be a gteel plate on 

10 top and bottom of the stack wHh thin aluminum sheets separating each PCB 

panel. The rate of pn;idw;tlon in lhese vacuum assisted presses increased to 
about 10·14 PCB panels pertyplcaf 1·1/z Inch press openJng from the 6 to 8 PCB 

panels achieved usJng .0;062 Inch atalnlaas steel sheets. 

Technologlcat adVancements, however, have driven a need for PCBs 

is having more and denser drcuftry. This means that circuits must have finer lines 

(less than o.<>Oe inches wide) and closer spacing between circuit Hnes·(1ess than 

o.ooe Inches). Denser surfaces on a PCB permit a higher quantity of electrical 

componenb to be mounted thereon, thus enabling faster information processing 

and greater miniaturizatlon of electronic hardware. These greater technological . 
20 demands have mado tho surface quality of the laminated circuit bOard panels 

even more Cl'ftfcaf. Prob(ems such as surface roughness and imege transfer that 

also prevtousfy existed. have now become crilicat Issues thaf require resolution. as 

any minute bump on the surface of the alumrnum sheet will be transferred to the 

top surface of the board neceS&ltating scraping the board and reworking the PCB 

2s fa~ricatlon. process. 

To prevent and minimize sorap and rework due to Image transfer and 

surface quality problems, almost every press configuration used today employs 

0.062 ineh 9talnless eteel plates (usually T ""304 or T -600 stainless steel) placed 

adjacent to the thin aluminum separator sheets in addition to .on the top and 

30 bottom of the stack. Many press loads have at least three steel plates added to 

the lay .. up, which then reduc;ea the number of panels that can be laminated in 

each press cycle. Some of the lay-up configurations have both aluminum sheets 

and steel plates separating every panel ln the press, with the aluminum separator 
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$heets bell'\g disearded after the press cyde. This approach, hOWever~ nas not 

com~letely cured the problem as It causes a decrease In the produdion rate of the 

press. Also, pits, dents and other surface Imperfections due to the te·lntroductlon 

of steel plates Into the process are still causing scrap and rework of PCB panels. 

s Moreover, many PCB fabrlc:atars have to ~urchase addttional new 0.062 Inch 

stainless steel plates and again Install expensive plate deaning and handling 

systems. Although the thin aluminum separator sheets are dl$Carded after every 

~sa cyole. the steel plates must be cleaned before each use. adding additional 

operational atepa and cost to the PCB fabrication process. To maintain produCtlon 

10 demands, fabtlcatorG must purchase addltlonal vacuum presses, at a cost of 

approximately $250,000 to $1,000,000 per unit, to compensate for the loss of 

productivity due to the re-Introduction of steel plates Into the PCB fabricatlOn 

process. 
Today. fabricators are producing between 3 and 8 PCB panels on high 

., technology dense boards with more quality problems and at a high cost. Dense 

state of the art PCBt• now require 2 separators. an 0.082 Inch stainless steel plate 

and a·thln sheet of aluminum. Thia Is an expensiVe step backWard to the 

begtnning of the evolution of the PCB fabrication process. 

Use of a thin piece of aluminum In a· copper/aluminum laminate structure 

20 slmply does not meet today's demanding requirements fOr high technology, dense 

PCB's. Such laminates suffer from a number of drawback& Which include 

susceptibility to print =through a·nd Image transfer, mlsreglstretlon. blistering~ 

warpage and delaminatlon. In addition, they exhibit unacceptable surface 

raughnesa. 

2s Off contact printing often resutts from Image transfer. This generally Inhibits 

the adhesion of dry film and the ability 1o expose a one to one image on p11nels. 

As a result. such laminates are typically limited to tabricating four to six layer 

PCB's. In addltk>n. shims are often required between every PCB panel. The use 

of shims adds significant cost to PCB manufacture. The shims must go through a 

30 labor intensive cleaning process between each use. Shims are very expensive 

and many PCB manufacturers have had to set aside space In their manufacturing 

facilities fOr shim cleaning. 



Misreglstratlon results from too much movement In the inner layers. Thfs 
causes drtll breakage and renders the PCB useless. DrlU breakage also results 

from mlsreglattation In high technology PCBs where aman holes which are less 13 

mDs and as small as 4 mils are typical. 
s aestirrtng results from the uneven coefficient of thermal expansion 

exhibited by aluminum. · The uneven ClE create$ more hot spots which cause· 

blistering. This problem may not even show up for six months or more after 

fabrication and, therefore, may.cause major system failures. 

Surface roughness is also a problem with aluminum. The high surface 

10 1'.0ughnees wiH cause off contact printing, broken drill bits, and loss of materials. 

The laminates are also susceptible to warpage which renders them useless. And. 

delaminat1on has been Observed using the laminates at low pressures. 

BRIEF SUMMARY OF THE INVENTION 

The deflciendes Inherent in conventional PCB laminates and lamlnatlon 

\S proceese& are owrcome by the laminate stru~re of the present invention which 

generally comprises a steel alloy separator sheet for att&chment to a sheet 

copper. as well as a sheet of corrosion resistant metal. other than aluminum or 

copper. that ia attached to a sheet of copper. By way of example, and not of 

limitation. In acoordance with one aspect of the Invention the deficiencies are 
I 

20 overcome with a sheet of steel alloy material havh"lg a corrosion resistant coating 

and unique metaUurglcal properties. The steef alloy sheet can be used as a 

separate component, can be bundled with unattaohed copper foil, or can be 

optfonally attached to a copper fail layer In any conventional manner using, for· 

example, adhesive mateJ1als in the manner described in used In U.S. Patent No. 

2s 5.1 ~3.060, U.S. Patent No. 5, 120.590. or U.S. Patent No. 5,512,381. In . . 

accordance with another aspect of the invention. the deficiencies are overcome 

wHh a laminated con•truot preferably comprtstng a steel layer hav1ng a corrosive 

resistant coating, and a copper foil layer attached to the steel alloy layer using 

similar •ttachment techniques. Therefore, it doi;s not matter whether the adhesive 

Jo is applied in a band as described in U.S. Patent No. 5.153,050 to provide a 

continuous seal, or applied tn intermittent spots or islands as d~cribed tn U.S. 

Patent No: 5, 120,590 where neither a contfnuous nor substantially continuous seal 

is provided. Nor does it matter whether the adhesive Is flexible or rigid. It will be 
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appreciated, hoWever,, that the adhesive should be of a ~ that either releases 
the sheets at p~ temperatures or otherwise does not Interfere with the 
subsequent separation ·Of the sheets. In accordance with a stlH further aspect of 

the Invention, the sheets are c:Hrectty bonded to eaoh other using raistance 

s welding or the Rke, so thatbondJng takes place without the use of an adhesive. 

In tho laml~ed <XJnstn.lcts of the present invention, the copper fOlt layer is 

attached to either one or both sides of the steel layer. When heated and 

compressed onto the PCB panel, the copper ~heres to and beoomes a IUnctional 

eJement of the flnal PCB. The stael layer Is _subsequenUy removed and discarded. 

10 Use of the G1eel layer of the pl'8Sent tnvenUon elimlnates ~nd/or reduces the need 
for conventional 0.062 Inch atainless ateel plates In the press lay-up. As a result.. 

the surface quality of the PCB is Improved, image transfer is reduced and a flatter. 

less wavy PCB Is produced wffhout the cost of using separate 0Jl62 inch slalnless 

steel separator plates. Furthermore, the simllarlty in the coefflotents of thermal 

ts expansion (CTE) between Steel tn accordance with the present invention and 
oopper allaws the PCB's produced to be flatter, thus providing for a better 
registration of the foU layer to the substrate fayer of the sheet laminate. 

Addltlonal lnfOrmatlon regarding sheet laminate fat>rfoatton technology and 

· processes for manufacturing PCB's can be found In U.S. Patent Nos. 4,876,283 • . 
20 5.120,590, s.512,381 ~nd 5, 153,050. 

The steel alloy eoparator sheet, as well as the copper/steel laminate 
structures of the present invention exhibit superior performance over 

copper/aluminum, copper/copper. and other known copperlmetal laminate 

structures. For example. with the laminate structure of the present Invention It is 
2s possible to manufacture PCBs having. up to eighteen layers without the need to 

use shims. Because the steel. sheet used in the present invention does not exhibit 

. the Image tranefer problem• associated with alumlnum/copper and copper/copper 

laminates, the Invention also allows more PCBs per book as compared to 
QOnventJonal lamfnates thereby facHitating increased production. In addftion, the 

30 steel layer allows PCBs to be run at hlgner pressures. thereby providing a flatter 

. and more usable PCB area. Funhennore, the need for conventional 0.062 inch 

stainless steel separator plates Is eJlmlnated, with a resulting reducing In material 

and faclllty cost. Also, tho stool layer used In the present invention exhibits a 
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more •table heat rise than aluminum. thereby reducing the possfbUlty of 

misregistration and drill breakage. Blistering and warpage are also reduced 

because the CTE of the metal substrate of the present Invention Is similar to that 

of copper. And, the smooth surface of the st~I of the present invention _promotea 
· . .s the fabrication of high density PCBs. Also, dalamlnatlon problems assciclated with 

alumlnumlcopper and copper/copper laminate structures are eliminated. 
An obJ•ct of the Invention Is to provlde a separator sheet for use in a press 

tay-up between PCB layers, that eliminates the need to U$e both an 0.062 Inch 

stainless steel and an aluminum separator sheet In PCB fabrication. 

10 Another object of the Invention Is to provide a .sheet laminate. for use In a 

press lay-up between PCB layers. that ellmlnates the need for aluminum separator 

sheets and their aseociated problems. 

Another object of the invention is to ellminata the need tor usfng adhesives 

between the functional layer and the separator layer of PCB laminate structures. 

u Another object of the invention Is to reduce the amount of wa$te in PCB 

manufacturing. 

Another object of the invention Js to eliminate the surface quality and image 
tranofer problems associated with alumlnum separator sheets. 

Another object of the invention Is to eliminate the need for constant 

20 scrubbing asid deaning of conventional 0.062 Inch stainless &teet separator plates. 

Another object of the invention Is to provide a sheet laminate, for use ln a 

press lay-up botween PCB 1eyers, that eliminates the need for ustng an adhesive 

be1ween the funcHonat element and the separator sheet 

Another object of the Invention la to provide a sheet laminate. for use in a 

2.s proae i~y-up between PCB layers, that eliminates the need for conventional 0.062 

inch stainless steel plates and their associated problems. 

Another object of the tnventJon Is to provide s sheet laminate, for use In a 

press Jay-up b~tween PCB layers, that reduces and/or eliminates image transfer 

rrom the suti.trate fayer onto the foll layer. 

· lO Another object o1 the Invention Is to provide a sheet laminate, for use in a 

press lay-up between PCB layers,· that results· in flatter, Jess wavy PCB panels. · 

Anothet object o1 the invention is to provide a sheet laminate for use In ·a 

press lay-up b•lween PCB layers ~hat has a CTE less than or equal to the CT·E of 
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copper. 

Still another object of the invention ls to provide a sheet laminate. for use in 
a press lay·up between PCB layers, that maximizes the number of PCB panels 
that can be produced for a given press opening. 

s Further objects and advantages of the Invention Wl11 be brought out In the 

folfowlng porttons of the specification, Wherein the decalfed deseriptlon is for the 

purpose of fully disclosing pre~ embodiments of the JnventiOn without placing 

llmitatlons thereon. 

BRIEF DESCRIPTION OF THE DRAWING 
10 The inventiOn wOI be more fully understood by raference to the following 

drawings Whfeh ere for Illustrative purposes only: 

FIG. 1 is a schematic plan vieW of a directed bonded laminate sheet In 
accon:fance with the present invention. 

FIG. 2 Is a cross-sec;tion of the laminate sheet ehown in FIG. 1 taken 

as through line 2·2~ 

FIG. 3 Is a sch~matic plan view of an adhesive bonded embodiment of a 
laminate sheet In accordance with the Pr.e~e,tnt Invention where the adhesive Is 
applied in discontinuous oc:currences. 

FIG. 4 Is a schematic plan vJew of an adhesive bonded embodiment of a 
20 laminate sheet In accordan·ce With the present Invention where the adhesive is 

applied as a band. : 

DETAILED DESCRIPTION OF THE lNVENTION 
Referring to FIG. 1 through FIG. 4, where like reference numbers denote 

Hke parts,, as well as the following technical description, embodiments of the 

2.s invention comprise a steel alloy separator sheet having a corrosion resistant 
coating and unique metallurgical properties. as well as a lamtnate aheet strudure 
comprising 8 thin sheet of steer material bonded to a thin sheet of copper. (t wlll 

be appreciated that the apparatus may vary as to configuration and as to details of 

th& parts without departing from the basic concepts as disclosed herein. . 

30 In. FtG. 1 and FIG. 2, a sheet laminate 10 for PCB manufacturing in 
accordance with the preferred embodiment of the present tnventlon Is generally 

shown •. Sheet laminate 10 comprises a metal substrate layer 12 bonded to a 

copper foil layer 14. In accordance with the invention, metal· $Ubstrate layer 12 



preferably comprises a steel alloy having the prapetUes described herein. And. 

whDe the Invention Is described herein in terms of a copper/metal laminate. It wlU 

bo appreciated that the Inventive concepts appiy equally to laminates having 

additional layers, such as copper/metal substrate/copper laminates typically used 

s In the PCB manUfacturing industry. 

Copper ron layer 14 can be present on either or both sides of steel layer 12. 

U$e of a steel layer in acc;ordance with the present Invention has been found to 

be superior to the commonly used 0.010 Inch to 0.015 inch 3004 aluminum 

substrate for reducing image transfer and improving aurfaee quality of the PCB. 

10 while atao •ignificantly Improving produetivtty of PCB panels. Sheet laminate 10 of 
the present lnventiOn Is designed for use In both traditional low pressure vacuum 

pressee that operate In the range between approximately 150 psi and 250 psi. as 

well as high pressure presses up to 500 psi. which Is weU beyond the capablllty of 

aluminum. 

1s Nlckel or zfnc-nlekel plated 1008 low carbon steel has been detennlned to 
be ideal for meeting_ th~ objectives of the invention, although 1001 low carbon 

steel should also be suitable. The thiCkness o1 steel layer 12 can range from 

approximately 0.002 Inches and 0.025 inches, although the preferable thickness 

range Is between approXlmately 0.005 Inches and 0.015 Inches. Copper foll layer 

20 14 preferabiy has a thickness ranging from approxtmately 0.00025 tnches to 
approximatety 0.005 i~ches. 

Greater produetMty Is accomplished, whHe still meeting the other objectives 

of the invention, through uso of a steel layer 12 that is approximately 0.008 inches 

thick and this thickness represents the preferred embodiment of the Invention. 

2' The use of a stet;tl layer approximately 0.008 Inches thick eliminates the need or 

reduces the number of steel plates requfred in a press lay-up. resulting in a 

greater number of PCB panels capable of being placed Into the press for a g1ven 

lamination process. The •kiss cycte• during the lamination process. which is a 

prerequisite for the suc.:essful use of aluminum substrates, can also eliminated as 

lo a result of the use of a eteel layer in accordanee With the invention, th~reby 

reducing the overall produotlon time. The function ofthe· .. ki&& cyde" Is to soften or 

melt the epoxy before full pressure Is applied. Fully llquofted epoxy flows aw14y 

ftom the high pressure area Into regions between circuits to minimize print 
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thmugh. 

For iUustratlve purposes, the metaUurgical and other characteristics ofthe 
preferred steel alloy used In the present Invention are compared with aluminum in 
Tabl$1. 

. . 
s It wlll be appreciated that the surface of the PCB laminate that is produced 

Is only as smooth as the material .that Is pressed against it The surface quality of 
the PCB laminated with metal substrates ~ improved slgnJflcantly by employlng a 

steel layer haVfng a surface finish of no greater than approximately 12 RMS. In 
comparison, aluminum has a surface flnieh around 18 RMS to 25 RMS. The issue 

10 of surface finish ls c11ttca• espectauy when mlnlaturlzatton Is an objective. because 

the fewer imperfection• that exist on the surface of the PCB when dense electrlcal 

paths are awhed thereon, the more reliable the 'final PCB produd. The steel 

•ubatrate 12 employed In the present invention also has a low propensity to 

scratch, pit or dent because It Is many times harder than ·other metals, such as . 
1s a•umlnum. Therefore.~ PCB laminated With a steel substrate acco~lng to the 

Invention wsll have le1SS HkdlhOOd of $Urface imperfectfons. 
Another the advantage proVided by the steet substrate used in sheet 

laminate 1 o is the addlUonaJ hardness steel offers, atong with greater rigidity. 

Which significantty reduces Image transfer onto foU layer 14 and ultimately, onto . 
20 the finished PCB. For purposes of the present invention. a Knoop hardness of 

appro:dmatety 200 for the steel of the invention provides satisfactory results at the 
dea1red. A PCB laminated with such a steel substrate is also less wavy as 

compared to a PCB laminated with an aluminum substrate. It will be appreciated 

that harder stee• substrate ts also satisfactory and contemplated within the scope 
2s of ~e present 'nventlon. For example. at tha spec1fled thicknesses. it is possible 

to obtain steel substrates from suppliers with Knoop hardness ratings as tilgh as 

approximately 850. Typically. though, the .harder steels tht• thin ere not easily 

avallabte in the Industry. It will further be appreciated that softer steel substrate Is 

acceptable provided that it is not too $Oft. For example, a steel allow substtate 

JO haVing a Knoop hardness of approximately 150 should also provide satisfactory 

results. It will also be appreciated, that the _steel substrate of the present Invention 

should be han:ter than either ailumlnum or copper to achieve the desired results 
described herein. 
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Preferably the steel substrate Is plated with nickel or nickel-zinc to provide 

conoaion resistance. although other oommon resistant eoats, lndudlng polymers 

or electrolyzed aluminum (chrome), could be used. Lead. however, would not be 

an appropriate matertar since it Is very soft and wlll bond to the copper foil layer 

s during when heated. An addltlonal surprising charactertstlc results from nickel 

plating steel substrate 12; namely, the hardness Increases as it gets hotter. For 

example, the hardness of the nlckel plated steel increases by approximately 20% 

as the substrate is heated to the curing temperature of 3500 F. The optimum 

. thickness of the niokel plating ls typically between approximately 20t1- inches and 

SO· approximately 50p Inches. 

The greater rigidity provided by the steel layer 12 used in the present 

Invention also provides better sup(Jort for copper foil layer 14 and practically 

ellmlnates the beDow&oeffect a5aoclated with aluminum substrates. Because of 

low rigidity, an aluminum substrate flexes easlly and, when flexed, the aluminum 

as substrate momentarily separates from the copper foll layer thereby creating a 

suction that draw'$ duet and debris Into the resultant gaps; that 1s. a bellows effect . 

occurs. As a result of dust and debris entering the gaps_, dent and epoxy spots 

appear on the finlShed PCB surface. A complete seal between the steel layer 12 

and foil layer 14, which Is essen~al for aluminum substrates, ls therefore 
. . 

20 unnecessary for steel subStrates~ 

Slgntftcantly. t~e atomic crystal lattice patterns for aluminum and nickel 

plated steel are very different. The atoms in aluminum are arranged In a face · 

centered cubic (FCC) pattern~ The atoms In steel. however, are arranged 1n a 

body centered cubic (BCC) pattern. The nickel plating on the steel substrate Is 

2s amorphous with no definite microstructure. This material is not a wrought product 

and ls created by an electrical platlng process. These crystal lattrce patterns 

significantly Influence the physical and mechanical properties of each material and 

•lCplain why they present different characteristics in the same heated environment 
The heat transfer characteristics of steel provide a consistent and uniform 

30 heat rise with little variability. It is this uniformity in heat rise that reduces PCB 

panel thickness variations anct provides a more consistent lamination quality with 

the present invention. The steel should have a CTE le$s than that of copper (e.g~ 

less than approximately 9.8 J.Llnches/OF) so as to allow the copper foil tayer to 
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proportionally register with the steel substrate layer. During the thermal expansion 

process, copper foU layer 14 moves more than substrate 12. so a substrate 

material having a CTE equal to or less than copper would optimize TegistretJon 

between the two substances. Substrate 12 p~ferably has a coefficient Of thermal 

s expansion ranging between approximately 6.5 µlnchesl'F and approximately 7.5 · 

pJnchesl°F. Copper expands to approximately 50% as compared to expansion of 

aluminum while steel expands to approximately 90% as compared to aluminum. 

In direct comparison, the CTE of aluminum Is 84% greater than that of steel. This 

means that a 24-lnch wide unrestrained sheet of aluminum heated rrom room 

10 temperature (70° F) to curing temperature will have Its width Increased by 

apprux1mately 0.090 inches. A steel sheet of Identical proportion wDI have a Width 

Increase of approximately 0.049 Inches and copper will have a width Increase of 

approxlmately 0.066 Inches. tt can be clearly seen that not only are the 

dimensional differences between copper and steel less than the dlmansJonaf 

•~ dJfference between aluminum and copper, the steel expands overall less than the 

copper which has been determined to be preferable. As a result. the PCB's 

produced using steel substrates are flatter and more unlfonn as compared with 

those produced using aluminum substrates. 

The primary material for PCB panels is woven fibeiglass. which ts pre-

20 pregnated (pre.preg) with a viscous thermosetting resin. Copper from the foil 

layer tn the sheet 1arti1nate Is transferred onto each face of the pre-preg in the 

press during laml_natlon. During lamination, the woVen fiberglass and resin pre­

preg are heated and become a viscous liquid, free to expand afong wt,h-the 

~etals In the stack. Therefore, no significant atrassas are induced Into these 

25 composite materials by thermal expansion during heat up for curing. Since copper 

foll layer 14 Is very thin compared to isteel layer 12. frictional forces witl re~tralri 

copper foil layer's 14 movement during heating. The copper Wtll therefore yield as 

the substrate material expands. If the substrate material is aluminum. the copper 

foll layer wt11 be stretched 0.024 inches over the width of a twenty-four inch circuit 

30 board heated to the curing temperature, and uneven localized loading wm cause 

the foll layer to be stretched non-unlformly. more In some areas than others, 

reautung in a ·r1ppling• or "waV'j effect In the copper foil layer. On the other hand, 

if the substrate material is steel accorctiog to the invention herein. copper foil layer 



14 will not be stretched during heating to the curing temperature, and thus no 

uneven loading wUI occur on copper foll layer 14 and also blister causing $trains In 

copper fon layer 14 la reduced. 
Instead of using an adhesi\le as Is used In co~ventional laminate structures 

s in the PCB manufacturing industry, steel layer 12 of the present invention Is 

preferably attached to copper layer 14 through the use of a plurality Of spaced­

apart welds 16. Welds 16 are contact bonds between the surfaees of the 

materials and generally comprise clrcular..shaped wefds of approximately 4.mils to 

20-mOs In diameter. In this manner, the surfaces of the two materials are directly 

to bonded Without the use of adhesives or other intermediate bonding agents such 

as solder. WhRe resistance welding Is a technique known In other industries. Its 

applleatlon to the PCB manufacturing industry la unique. 

Resistance welding is a thermoelectrlc process in which heat is generated 

by passing an electrical current through the parts to be Joined. The process uses 

t.s electrodes to push the parts together with sufficient force to remove the surface 

o>ddes that would otherwise inhibit current flow. Once physical contact is 

established, a controlled combination of resistance generated heat and physical 

pressure is applied through the eleotrodes to create the actual joint. The amount 

of heat generated is a funcUon of the current applied, the length of Ume \t is . 
20 appUed, end the resistance profile between the parts being joined. 

Resistance we1~1ng Is generally understood as a method for bonding 

materials In one of three ways. One way Is through brazed or soldered bonds, · 

where resistance heating of the parts to be joined genef8tes sufftcient heat to melt 

a tntrd metal, such as silver solder alloy or tinAead solder that Is used as an 
2' Intermediate bonding agent A eecond way ls use forge welds where a very short 

weJd-Ume current is used to forge the parts together without meltlng them: that is, 

to establlsh a metal to metal bond. rorge welds are partlcutarty well suited for 

joining dlsslmllar materials. The third way is through fusion bonding where a 

longer pLJlse is usad to melt both parts to a liquid at their Interface point, and the 

lO parts are held together as they coot to establish metal to metal bonds. Fusion 

. bonding fs particularly well suited for joining two similar materials. 

ln the preferred embodiment of the Invention, tho materials are Joined using 

forge welds rather than using fu=sion bonding or an Intermediate bondlng agent 
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such as solder between the materials. It la important that welds 16 be sufficiently 

weak that, when the laminate structure Is placed Jnto the press and the copper is 

heated and compressed onto the PCB panel, the strong bond between the copper 

and pra-pteg In the PCB panel automatically breaks the welds_ so that the metal 

s sut>strate 12 can easily be removed and discarded. For a copper/steeVcopper 
laminate structure using the materials described herein, satisfactory bonds can be 

~chieved. using approximately _to.a watt-s~nds of energy and a welding head . 

torce of approXimately five pounds. These levels are affected by the. following 

variables; the welding energy used to generate heat. the amount of Ume the 

m energy Is applied, the physical weld foJQt that is applied, and the properties of the 

materials being joined such as metallurgic propetdes, reslatance. thickness, 

configuration and coatings. Preferably from approxfmately 6.0 watt-seconds to 

·appro>dmately 26 watt-seconds of energy and approXimately two pounds to ten 

pounds of force ahould be available to accommodate production variances. Exact 

15 v.aluea can be determined empirloally. 

A system suitable for canying out resistance we1ding In accordance with the 

present invention is available from UNITEK. and Includes a model 125DP dual 

pulse power supply with a maximum output of 125 watt-seconds, a moclGI PM7S 

programmable AC power supp&y rated at 2 f<:\/A, a model 80Al24 air actuated weld 

20 heldt rated 125 WSl2kva and 8 ounce to 20 Pounds of force, model ES0413 

tungsten electrodes,: and mod~1s EW4002 and HW1090 wheel eleotrodes. It will 

also be appreciated that other types of welding techniques could be used. and that 

the bonds need only be sufftciently etrong to· remain Intact during material handllng 

but be capable of being broken In the press. · 

2S Welds 1'6 are placed around the perimeter of the sheets and within a 

marginal area 18, While the width of marginal area 18 can be larger if specified by 
. . . . 

the customer, the present Invention permits the use of a smaller marginal area 

than that common1y found In the Industry. More particularly. because of the 

pracision with whfch the resistanee welds can be madet it is possible With the 

1n present invention to reduce the width of marginal area 18 to approximately 0.25 

inches or le$S from the outside edge of the sheets if desired. For example, 

conventional laminate structures typically have marginal areas of between 

approximately 0.50 Inches and 1.0 Inches wide, which provides a·totat overlap of 



approxlmately 1.0 Jf\Ches to 2.0 inches. This is due to the llow charaderlstlcs of 
the adhesive leaving a unusable araa around the perimeter of the laminate 
structure. In practice, the unusable marginal area Is trimmed away In the 
manufacturtng process, leaving a finished board size. For example, In order to 

' achieve a standard sized 18-lnch x 24-inch cln:ult boan:I panel where adhesives 
· are used. a 19-tnch x 25-oinch la~lnate Is generally required b8cause there is a 
o.so inch border along each side which Is cut away after lamination. Hence, the 

resistance welding technique of the present invention Is advantageous In that It 
eliminates waste, thus providing a larger effective usable area Of the PCB panel. 

10 Welds 16 are arranged generally llnearty in a plurality of occurrences such 

tht!l gaps at openings 20 are defined between welds 16. The length of a•ps 20 
can vary, but would typlcallY range from approximately·% 1nch to 2.5 Inches 

depending upon the product type and specification. Apertures 22 along each 
edge of laminate 10 represent typical tooting positions. Aperture8 22 are typically 

1s disposed between the outer edges r:af apparatus 10 and the finished circuit area 
24. The finished panel edge 26 ls formed after ftash trimming by the customer. 

Note also that. because use Of a steel layer In accordance with the present 
invention eliminates the bellows effect found In copper/aluminum laminate 

structures, there Is no need for a continuous seal between the layers to guard 
20 against entry of dust .. nd debris, Therefore, in the present invention not only la the 

need for an adhesive eliminated, bot the bonding points do not have to form a · 
band around the perimeter of the sheets. And, while welds 16 Sr$ shown 

positioned along all four sides of the structure, they could be alternatively 
positioned along one sl(ie, two opposing sides, two adjacent sides, or along three 

.zs sides. 

Referring now to FIG. 3, for Hlustrative purposes an 'altematiVe embodiment 
of the invention using an adhesive as a bonding agent Is shown. Here. the 

laminate stNcture Is the same as descnbed previously, except that discontinuous 

oecurrences 28 or adhesive 30 are used instead of welds 16. The adhesive 

l<> material 30 preferably comprises a rubber compound. as rubber compound 
adhesives offer more durability In handling prior to its use. Adhesive material 30 I$ 

placed around the perimeter Of the sheets and within margin 18 that le typically 

between approxlmately 0.50 inches and 1 inch wide, dependlng on end product 

-14-

....... 



and customer requirements. Adhesive mater1al 30 is arranged _generally linearly In 

a plurality of oocurrences 28 such that gaps or openings 20 are defined betWeen 
occurrences 28 of adhesive material 30. The width of adhesive material 30 In 

each occurrence 28 typically varies between approximately 0.002 Inches and 
s approximately 0.100 Inches, but Is typically between approximately 0.060 Inches 

and approximately 0.090 inches, and the height or thickneas is typleally between 

approximately 0.001 Inches and approximately 0.003 inches. Each occurrence 28 

of adhesfVa material 30 can take the form of lines, $trips or dots. While there Is no 

need to do so using steel layer 12 of the present invention because the beUows 
10 effect has been eHmlnated, adhesive material 30 could altematively be applied as 

a continuous band 32 as shown In FIG. 4, as Is done with copper/aluminum 
lamln .. te structures. However, the preferred placement of adhesive 30 would be in 

• gapped conftguratlon as shown Where the occurrences 28 of adhesive material 

16 .make up between approximately 40% to 60% of the perimeter length. thus 
is leaving: gaps 20 formed along 40% to 60% of the perimeter. 

Accordingly, It Will be s~ that this Invention provides for Joining a steel 
a.ubstrate layer and a copper foft layer using resistance welds for use as a 

lamln$te structure that is. placed In a press lay-up for lamlnatlon to produce PCB 
panels. In addition, the invention also provides a metal substrate layer that is . 

20 superior In its charactertsttcs than conventional metal substrate layers. Although 

the doscripUOn above= contains many· apecifici6es, these should not be constru~d 
aa limiting the scope of the invention but as merely providing illustraUons of some 
of the presenUy preferred embodiments of this invention. Thus the scope of this 

1n".'entlon should be determined by the appended dalms and their legal 
2' equivalents. 
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Table1 

jOQ8 CS SIEEL 3~ l:f:l& 6LUMl~UM 
Composition Iron and carbon Aluminum with traces of 

magnesium and 
manganese. 

Hardness (Knoop) 199-220 60-70 

Denalty eo1n1
) 0.290 0.098 

CTE~"I.,) . 7.2 13.9 

Yield Strength r1n 2) 133,000 41,000 

Tensile Strength ("t.,t) 140,000 43,000 

Modulus of Elasticity ("1,;•) . 29,000,000 10,200.000 

Roughness (RMS) <12 18·25. 



What is dalmed Is~ 

1. A separator sheet tor use In manufacturing printed circuit boards, 

5 eomprlslng a metal substrate, said metal substrate having a Knoop hardness 

between epproxlmately 150 and epproximately 850, said metal substrate having a 

eurfa<;e finish of less than approximately 12 RMS. 

2. A sepa~tor sheet as reo1ted in claim 1, wherein said substrate has a 

10 thickness between appro>Clmalely 0.002 and ·approximately 0.025 Inches. 

15 

· .. ··,. 

3. A separator sheet •s recited in claim 1, ~~rein said substrate has a 

coefftcient of thennal expansion less than approximately 9.8 flinches per °F. 

4. A separator sheet for use in manufacturing printed circuit boards. 

c;omprlsing a metaf substrate having a coefficient of thennat expansion less than 

approximately 9.8 J.tlnche$ per "F and a surface finish of fess than approximately 

12 RMS. 

20 5. · A separator sheet laminate as recfted In claim 4. wherein said 

substrate has a thickness between app.roxtmately 0.002 and approximately 0.025 

inches. 

e. A eeparator sheet as recited in claim 4. wherein said substrate layer 

2s has a Knoop hardness between approximately 150 and approximately 850. 

7. A separator sheet for use in manufacturing printed circuit boards, 

comprising a metal substrate having a coefficient of thermai expansion less than 

approJdmately 9.8 µ.Inches per°F, a Knoop hardness between approximately 150 

~o and approximately 850, and a surface f1nish of less than approximately 12 RMS. 

8. : A separator sheet as radted in claim 7, wherein said substrate has a 

thickness between approximately 0.002 and approximately 0.025 inches. 
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9. A eeparator sheet for use In manufacturing printed circuit boards, 

·comprising a metal substrate having a coefficient of thermal expansion less than 

approximately 9.8 µinohes per°F. a Knoop hardness between approximately 160 

and approximately 850, a surface finish of la$s than approxmately 12 RMS, and a 

5 thickness between approximately 0.002 and approximately 0.025 Inches, 

10. A sheet tamlnate for use· In manufacturing printed circuit boards, 

campdsing: 

(a) a mc1al substrate layer, said meb!ll substrate layer having a 

10 coefficient of thermal expansion less than approximately 9.8 J&ind1es per°F and 

wherein said metal substrata layer has a Knoop hardness between approx•mately 

150 and approximately 850; and . 

{b) at least one c:opperfoil layer bonded to a surface of said metal · 

substrate •ayer. 

11. A Gheet laminate as reca"ted in claim 10, Wherein said substrate layer 

has a thickness between approximately 0.002 and approximately 0.025 Inches. 

12. A sheet laminate as recited In claim 1 O, wherein said substrate layer · 

10 has a surface finish of less than approxtmately 12 RMS. 

13. A sheet laminate as recited in claim 10, wherein said copper foil 

layer has a thickness bemeen approximately 0.00025 and approximately 0.005 

inches. 

14. A sheet laminate for use In manufacturing pri,nted circuit boards, 

comprising: 

(a) a metal aubatrate layer, said substrate layer having s coefficient of 

thermal expansion less than approximately 9.8 flinches per OF and a surface finish 

lo of less than approximately 12 RMS; and 

(b) at leaat one foll layer of c;opper bonded to a surface of said metal 

substrate layer. 
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15. A eheet laminate as recited in dalm 14. wherein said substrate layer 

has a thickness belWeen approx'lmately 0.002 and approximately 0.025 lnchesi. 

us. A sheet laminate as recited In clalm 14, wherein said copper foil 

.s layer has a thlclme&s between approximately 0.00025 and app~mateJy 0.005 

inches. 

17. A sheet laminate as recited in claim 14, wherein said substrate layer 

.. has a Knoop hardness between approxlmately 160 and approximately 850. 

to 
18. A sheet laminate for use In manufacturing printed circuit boards, 

comprising! 

{a) a metal substrate layer which has a coefficient of thermal expansk>n 

less than approximately 9.8 µinches per •F. a Knoop hardness between 

15 approximately 160 and approximately 850. and a wrrec:e 1inl&h of less than 

approximately 12 RMS; and 

(b) at least one copper foll layer bonded to a surface of said metal 

substrate layer. 

io 19. A sheet laminate as recited in claim 18, wherein said substrate layer 

has a thickness balween approximately 0.002 and approximately 0.025 inches. 

20. A sheet laminate as recited In claim 18, wherein s~id copperfofl 

layer has a thickness between approximately 0.00025 and approximately 0.005 
2.s inches. 

21. . A sheet laminate for use In manufactunng printed circuit boards, 

comprising: 

(a) a metal substrate layerwhioh has a coefficient of thermal expansion 

Jo less than approximately 9.8 µ.inches per 6 F1 a Knoop hardness between 

approximately 150 and approximately 850, a surface finish of l~ss than 

approximately 12 RMS. and a thickness between approXlmately 0.002 and 

approximately ·0.025 lnehes; and 
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(b) at least one copper fol layer havrna a thickness between 
approximately 0.00025 and approxtmately 0.005 Inches bonded lo a surface Of 
said metal substrata layer. 

22. 

comprtslng: 
(a) 

(b) 

(C) 

A sheet laminate for use In manufactut1ng printed circuit boards, 

a metal subatrate layer. 

at least one foll layer of copper disposed over a surface of said 
substrate layer; and 

a plurallty of spacecHlpart welds joining said substrate layer and said 
foil layer arranged generally lineally along the periphery of said foil 
layer. 

23. A sheet ramtnate as recited In clalm 21, wherein said metal substrate 
u layer~ a coeftlcient of thermal expansion leS$ than approximately 9.8 µinches 

per °F and wherein sald metal substrate layer has a Knoop ha~ness between 
approxtmately 150 and approxtmately 850. 

24. · A $heet laminate as recited In claim 21, wherein said substrate layer 
20 has a thickness between approximately 0.002 and approximately 0.025 inches. 

25. A sheet laminate as recited In claim 21. wh•reln said substrate layer 
has a surface finish of less than approximately 12 RMS. 

2s 26. A sheet laminate as recited In daim 21, Wherein said foll layer has a 
thic;kness between approximately 0.00025 and approximately 0.005 inches. 

27. A sheet laminate for use in manufacturing printed circuit boards. 
comprising: 

JU (a) a metal substrate layer; 

(b) al leasf one foil layer of copper disposed over a surface of said 
substrate layer. and 

(c) a plurality of metal-to-metal bands joining said substrate layer and 
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said foU layer. said bonds arranged generally H11early along the 
periphery of said ~n layer such lhat gaps are deftned between said 
bonds. 

s 28. A sheet laminate as recited In claim 27, wherein said substrate layer 

has a.coefficient o1'.thennal expancion lees·than approximately 9.8 pinches per°F 

and. Wherein said metal substrate layer has a surface finish of less than 
approximately 12 RMS. 

to 29. A sheet laminate as recited in claim 27, >Yhereln said substrata layer 

has a thickness between approximately 0.002 and approxlmately 0.025 Inches. 

30. A sheet lamfnate as recited in Claim 27. wherein safd foll layer has a 

thickness between approxfmatefy 0.00025 and approximately 0.005 inches. 

31. A sheet laminate as recited in claim 27, wherein said substrate layer 
has a Knoop_ hardness between approximately 150 and app!"°xlmately 850. 

32. A sheet laminate for use fn manufacturing printed circuit boards. 

20 comprising! 

(a) a metal substrate layer Which has a coefficient of thennaJ expa~slon 
less than appmlCimately 9.8 tiinches per °F, said substrate fayer 

having a Knoop hardness between approxJmatefy 150 and . 

approxtmately 850, said substrate layer having a surface finish of 
u . fess than approxirnatoly 12 RMS; 

lO 

(b) at least on• copper foil layer, said foD layer disposed over a surface 

of said substrate layer: and 
(c) a plurality of metal-to-met.I bonds Joining ~aid substrate layer and 

said foll layer, said bonds arranged generally 1inear1y along the 
periphery of said foil layer such that gaps are defined between said 

bonds. 
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33. A sheet laminate as recited In claim 32, wherein said substrate fayer 

has a thickness between ·approx1mately 0.002 and approximately ~.025 Inches. 

34. A sheet laminate as recited in daim 32, wherein said foll layer has a 
' thlekness between approximately 0.00025 and appro">dmateJy 0.005 Jnches. 
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