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feasible. Typical foils used in naking printed circuit boards are about 9
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causi ng defec i n_the subsequently fornmed circui It has al so been
proposed toP@ ﬁ#ﬁﬁﬂ@hﬂ&ﬂﬂxm%k%5|ng, i nstead of an alun1nun1sheet,
anot her sheet of copper foil. For exanple, by applying adhesive to the

edges of the sheets or nechanically joining the edges of the sheets. Wile

the nethod of Jolnst oplasphitd of'REBtEPAFE Ci @l success, it has certain
di sadvant ages. Cont am natlg ? the copper foil and or. the al um num sheet

by the adhesive (Thg useobmptabilicemas cagiersiot cappert foils i3 lkuiown timhaagt. part of the
copper foil will be reclainmed after the copper foil has been |lam nated to

the substr at-‘-’éecupmsmoarﬁf sappes ne@metabhs@phas&egmprameé upe;dcn torebisin veny
lam nated b ?l%nqa)) ofr copper, wﬁxwﬂmgﬁt othérwise rfopge ﬁeasfls 'flypxcal fmls used in making
printed circuit boards are about 9 to 35 um thick, but by electrodepositing on a supporting
sheet of another metal it is possible to use thinner layers of copper. The copper is
laminated to a substrate and then the supporting sheet is stripped away, leaving a thin
layer of copper on the substrate from which circuit lines are made.

In US Patent 5,153,050 Johnston disclosed a method of supporting sheets of
conventionally thick copper foil on heavier aluminum sheets and sealing the cdges of the
coﬁper foil to the aluminum sheets with adhesive to prevent foreign particles from
infiltrating between the two sheets and causing defects in the subsequently formed circuit
lines. It has also been proposed to use a similar method using, instead of an aluminum
sheet, a_nothér sheet of copper foil. For example, by applying adhesive to the edges of the |
sheets or mechanically joining the edges of the sheets.

' Whilg the method of Johnston has met with. commercial success, it has certain
disadvantages. Contarrﬁnation of the copper foil and or the aluminum sheet by the
adhesive may be a problem since all of the aluminum and part of the copper foil will be
reclaimed after the copper foil has been laminated to the substrate. (The aluminum sheet

is separated and a portion of the laminated board is trimmed away to remove the adhesive
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region). pI yi Ng adhesi-ve _and assenbling the netal sheets is difficult and

i'nvol ves ¢ hﬁmH Hper to carry out on a commercial scale. Furthernore,
copper and fferent coefficients of thermal expansion so

t hat durin |ch i’ s done unpder heat and pressure, distortion
of the copper e expansi on of al um num may occur, introducing

undesirabl e stresses |n the copper clad |am nate. The present I nventors
have found an inproved method of conbining copper foils and al um num or
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appl i ed to alweinw.di ng head. The operating conditions are chosen to provide
adequate wel ding of the netals. In one enbodinent a force up to about 20
| bs. (4.45N) is applied to the foil. The vveI d| ng heads vibrate with a
frequency of about 10-50 kHzSpRMIBET OF THF wiviryRe foil for about 0.1
to 2 seconds. The wel ding headS p [

The method of the invention ultrasonically welds the edges of continuous strips of

copper foil and a second metal, such as aluminum, taken from rolls, aligned, and then
passed through at least one welding station at each edge of the aligned metal strips. The
cdpper foil is placed under tension in a direction transverse to the direction in which it is
moving in order to prevent buckling of the relatively thin copper foil when it passes
through the welding stations. Only the edges of the metal strips are ultrasonically welded.
The welded strips are cut into the desired panel sizes, leaving the cut edges unsealed by
welding. The resulting panels provide a sheet of copper foil flat against the second metal
sheet and the unsealed ends are sufficiently close together as to prevent most foreign
particles from entering.

The ultrasonic welding heads contact the copper foil and press against a
supporting idler contacting the second metal which makes it possible to adjust the force
applied to the welding head. The operating conditions are chosen to provide adequate
welding of the metals. In one embodiment a force up to about 20 Ibs. (4.45N) is applied
to the foil. The welding heads vibrate with a frequency of about 10-50 kHz and miake

contact with the foil for about 0.1 to 2 seconds. The welding heads preferably usc a



smot h. surface in contact with the foil, although the nore comon roughened
surface can be used. In another aspect, the invention is a panel of copper
foil ultrasonically welded to a second netal sheet, such as al um num at
two edges, the renaining edges of the pgnel being unseal ed by the .
ultrasonic welding and preferably not sealed at all. Thus, wth rectangul ar
panel s the panels are congruent at all four edges, but only ultrasonically
wel ded on two of the edges. BRI EF DESCRI PTION OF THE DRAWNGS Figure 1 is a
perspective view of a panel according to the invention. Figure 2 is a
partial per smooth suefave invcontact with gie fojlsalthouglethe indvecorgmoh roughemddosutfaye wel ded
at their edges. The drawings formpart of the present specification and are
i ncl uded tockube need. denonstrate certain aspects of the present invention.
The invention ma
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gener al | y hbeiaghassaled tycthe alteasorit weldifg and preferablyarot sealed dtall. Thus) with ot at i ng
drum from which they are renoved, given further treatnments; and then rolled
for shi prentectangular panels/the panels arecongruegs st all faur edaes,but puly alteasosisallyhi ch
have been nec ically yollgd fromcopper stock into sheet form Either of-
these foils%& (?“%@"’L?fé‘&??‘ﬁe?'he met hod of the invention, which is not
limted as to the type of foil used. Copper foils have been made in many

t hi cknesses. Most commonly for printed circuit boards thinner foils are
used, typically in the r BREELDESCRIPHDN OF THEDBAWINGS oz/ft[err]).
Thinner foils can_be used, although they are nore difficult to make and
handl e. Thi cker Figure1 ifempsrspaciiveviewafapanelaseprding toothg inventien. nost pri nt ed
circuit board-applications. .. 4 One of, the advant age f.th resent
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are | am nat ﬁﬂldeﬂa?&eifb'ﬁgééti ng substrate, such as glass

The drawings form paf-t of the present specification and are included to further
demonstrate certain aspects of the present invention. The invention may be better
understood by reference to one or more of these drawings in combination with the
detailed description of specific embodiments presented herein,

DESCRIPTION OF JLLUSTRATIVE EMBODIMENTS

Copper Foil

The copper foils used in making printed circuit boards generally have been
electrodeposited from a copper solution onto a rotating drum from which they are
removed, given further treatments, and then rolled for shipment. Alternatively, for some
applications foils are uéed which have been mechanically rolled from copper stock into
sheet form. Either of these foils could be used in the method of the invention, which is
not limited as to the type of foil used. Copper foils have been made in many thicknesscs.
Most commonly for printed circuit boards thinner foils are used, typically in the range of
12 to 35 pm ( 3/8 to 1 0z/RY). Thinner foils can be used, although they are more difficulr
to make and handle. Thicker foils generally are considered uneconomic for most printed

circuit board applications.
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tiberqreinforced epoxy resin prepregs or polynmer filnms, e.g. polyimdes,
.they are subjected to heat and pressure which cause the foil to be bonded
to the substrate. If foils are already supported on thicker nmetal sheets,
they are nore easily handl ed when the copper foil and sheets of the
substrate are assenbl ed before they are4placed in the heated presses used
to make the | am nates. The supporting netal sheets may al so repl ace the
stai nl ess steel spacer plates conventionally used as separators. Printed
Circuit Boards After copper foil has been _|amnated to its insulating
substrate, it is Onarfiheiadvagtagesef the prosentinventionyisfounddn improved abiity wt ed
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the circuit shbjoe&dmhednanéphsmwmlﬂdauwthéfddaobabddwtdﬁmtsubstate:dbfmlls foi l
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covered by malmmﬂﬂkpmgpmbomﬁmaﬂynm@stsbﬂmam nation process, which
hel ps to prevent epoxy resin particles or other extraneous contam nant
particles from gWE&bﬂSﬂd&) t he copper foil surface. Then, when the
covering sheet e. shoul
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make a panel copper foil and al um num sheet enphasizedt he seal i ng of
al | of the elbgdamirfate indergoes photoiniaginthand developmert ofithe glesired dirsuitipatiednol es
whi ch may have been needed. VWil e adhesives are effective to seal the edges

of the sheeﬁﬁerﬁh@m@ahm gteimagedan tharopner, she portignf tb%mpr which is pptdg
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attachnent of
it is to survive the processing used to make the circuit pattern,

It will also be evident that the presence of contaminants on the surface of the
cpppe: could interfere with the photoimaging of the circuit or the chemical etching of the
unwanted foil. This is one reason for the development of supported foils as discussed by
Johnston. The surface of the copper foil wtiich is photoimaged and etched is covered by
the suppon‘ing metal sheet during the lamination process, which helps to prevent epoxy
resin particles or other extraneous contaminant particles from gaining access to the
copper foil surface. Then, when the covering sheet is removed, the copper surface should
be ﬁee of particles which could cause problems during the processing to make a printed
circuit board. It is for this reason that the method used by Johnston'and others to make a
panel of copper foil and aluminum sheet emphasized the sealing of all of the edges of the
panel with Meﬁ§e. including any tooling holes which may have been needed. While
adhesives are effective to seal the edges of the sheets, they can lead to contamination of
the copper foil. Also, adhesives will remain on the edges of the panels, which will be

= recycled to recover the c0pper and aluminum values. It would be desirable to avoid the
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thg capper foil and its supporting netal sheet would suffice. Wile use of

.mechani cal fasteners would be possible, it will be appreciated that they
may cThas$heet Ha ’a‘-"-'1f~; ing to the difficulty in making a continuous seal and
t he po Y on of the copper foil at the points where the two
sheet s Mechani cal fasteners would contam nate scrap copper

and al um num Consequently, the inventors have sought an inproved nethod
whi ch provides a | ess expensive and continuous process to make panels
useful in making printed circuit boards. While the invention involves the
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foil with a supporting netal sheet is difficult since the copper foil is

very thi'n fastensosweulddatpogsible, it adll be appreciaied that theymay createrproblems wadng)
certain th { r foil .could be welded,to the, s orting,sheet aon,two
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t he panel s LRI erg %ﬁﬂﬂe AT AT ' wrgng@ne.
However, tﬁ%‘?@t}%m proggesegy?'%ga e 'tgtaccocr%lp I'S ?ﬁg%‘g@ﬁre result of
produci ng gcrapeepper andBheding@p Gonsdquently, thefihvdntapshdvesosght paithprged heet and
yet tightly weltded at only two edges. A typical panel is shown in a_ -
per spect i vanethedwhich proyides alessiexpersiver-and cantinnonsprocess tumakepanebatsefil in 0a- d.

Edges 10a and.b ate not | ded, but 10c and d have been ultrasonically
wel ded at Eﬂm‘;ﬁé‘“ﬁ ges 10a and b coul d be sealed by a separate

| v R . | ed
ul t rasoni o vie! dg ot fveifiBh iveBes o ul ol R et which hle B0 ysed

consi dered necessar many applications. It shoul d°be noted

assenbl i ng foearioay parposes| particuladly for weldding pragticfims) it hfycleen found the tHene under

clean conditiens so that contam nants usually found in circuit board shops

wi || have epphicationofithe ultrsonicswelding peoagsstg the assembling of orpper foil withal ves t he
Frequenci oSuBroriimeta gheet Rt sofe s foportapilinvem Ui sddespendtbenibry ©
renoL . VA UM BRI o f i AL P, Wil e
wi't hout t heupporfing sheet on two sides of continuous strips of metal and then sheared after
welding, with the panels remaining unwelded on the edges where the shearing was done.
However, the inventor’s process is able to accomplish the desired result of producing a
panel in which copper foil is flat on the supporting sheet and yet tightly welded at only
two edges. '
A typical panel is shown in a perspective view in Figure 1. A rectangular panel
10 has four edges, 10a-d. Edges 10a and b are not welded, but 10c and d have been
ultrasonically welded at welds 12. The cut edges 10a and b could be sealed by a separate
ultrasonic welding step, adhesives, or other mcans, but it is not considered necessary for
many applications. It should be noted that assembling the copper foil to its supporting -
metal sheet will be done under clean conditions so that contaminants usually found in
circuit board shoﬁs will have been avoided. .
Ul ic Weldi
Ultrasonic welding involves the application of mechanical energy via ultrasonic
vibrations, typically at frequencies of about 10 to 50 kHz chosen to provide an adequate
bond strength. When sufficient energy is applied, localized heating-occurs and

conseque 1t movement of metal so that bondirg occurs. This is “welding” without the



agld¢tien of a third nmetal or high tenperature nelting, such as is comonly
done with other welding nethods. The exact nature of the bond has not been
est abl i shedThitSheét $lag BdeRépRded © @S "Wel ding” as . is common in the art. The
ultrasonic e [§j}ed by contacting the surface to be bonded with a
vi brating wel ! Eally referredbto as a "horn". The size and shape
of the horn are™n I d to be critical. As practiced in one enbodi nent
of the present invention, the "horn" is a circular disc about one-half inch
thick (12.7 mm and about two inches (50.8 mm in dianeter. The edge of the
di sc cont act Nes | ' dy f : Ol :3Ssur e
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force may be atiertweldifg hethods4 The Biact hituteof theoboid has ndttheen eqatilishédbbegpper
foil can be damaged. If too small, the ultrasonic energy will be
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foils, such as 18 [err]mthick foil, which do _not have nuch ability to .
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and faulty circuit |ines magoresult; It has been found that in order to
wel d the coppMél bedasufficientitebond the swe sheetsof metal. supporting metal surface

t hat tension should be applied to the foil. whil.e weldi.ng. Tepsiqgn i

appl i e Tongi tud JAPeRS AL Prateen SltgRpric WHA e {XRIOVIE o roughEped uifics fof e
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supporting skreweldagcdppet foiltd ackiokerguppdrtiyg sHeet it hisdeew fovat shaaagmooth f rom

the paired contj,nupusly wel ded strips, the cut edges are tight even though
not wel ded oﬁ'feg% . emfﬁ%anﬁmﬂ@wsmgomdm%mg headmmay damage the

copper foil. The process is particularly useful with thinner foils, such as 18 pm thick foil,

which do not have much ability to resist forces placed upon them. Consequently, the foil

could be moved by the reciprocating motion of the welding head. Not only can the foil be
damaged, perhaps causing it to be discarded as scrap, but the foil can be buckled from the
forces placed on it and thus forming ripples in the foil. The foil is then not flat against the
supporting sheet and if used to laminate with an insulating substrate, the ripples could be
pressed down and faulty circuit lines may result.

It has been found that in order to weld the copper foil so that it is flat on the
supporting raetal surface that teasion should be applied to the foil while welding. Tension
is applied longitudinally by the rollers which move the metal strips past the welding
heads. Tension is applied also in the transverse direction. This prevents ripples from
being formed and assures that the copper foil and its supporting sheet are flat and
consequently that when panels are cut from the paired continuously we'4=d strips, the cut

edges are tight even though not welded or glued. One method which has been found



u,se;fuli. | Tproevi-di-ng_transverse tension on the copper foil is to place
rollers unﬂﬁzerht QWupporti ng sheet inboard of the welding heads in order to

pl ace an up lapdde supporting sheet and through it to the copper
foil. Oher ] ccur to those skilled in the nmechanical arts and
t he inventi be considered ITmted to this nethod of providing

tension to the copper foil. Another factor which affects the results is the
fl atness of the edges of the netal sheets, particularly the thin copper
foil. These edges ordinarily will have been cut during the manufacturing
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shearing process or, necessary to take steps to correct

t he di storti suppoftivy sheet iabowd df thetwelding heddsén agdpt topldce an upward forczonthe
wel ding to copper foil is the %J{:ﬂ ity of the surface bei‘;&ﬂ wel ded. Since
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wel ding. In the typical cdse the snpo e of the foil wi Il be in contact
with the second npnotherfhictor which afféctsthe redaltsis the futnesof the edges oftliemeédke

wel di ng head. Although alumnumis a preferred material because of its"
rel atively | Shigetsopartigelarly therthingeppenfoiloThese edgasardinasly vl bave basa cut during
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foils. A preferred” enbodl nment of t"he proce I nvention w e

described in ref eAnother tansidegation i thevipplidatioh of\altrasonic weldingad coppes fsilisithe
view the ultrasoni c_ wel di ngkeprocess as applied to the continuous wel di ng of

two strips ofuality of thesurface beingiyelded. sSines ¢lectrodepgsited capped foil dhag a smpethrarn)
d |l .al uri heet 250 t hi ck t ed hat _t he
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horn" and a npetal idler wheel 26 against whjch the 8 . .
the smooth side of the foil will be in contact with the second metal while the matte side

will be in contact with the welding head.

Although aluminum is a preferred material because of its relatively low cost and
light weight, other metals could be used if desired, such as various types of steels. For
example, stainless steel sheets could be used, which are more costly but stronger than
aluminum and could substitute for the stainless steel plates used in laminating copper
foils.

A preferred embodiment of the process of the invention will be described in
reference to Figure 2, which shows in a partial perspective view the ultrasonic welding
process as applied to the continuous welding of two strips of metal at their edges. A roll
of copper foil 20 (18 pm) and a rol} of aluminum sheet 22 (250pm thick) are mounted so
that the copper foil can be drawn over the aluminum sheet as both are passed over rollers
(not shown) positioned just before the first of the pair of welding stations. Typically, the
width of the strips will be 12 to 36 inches (304.8 to 914.4 mm). The paired sheets pass

between the welding head 24 or * horn” and a metal idler wheel 26 against which the
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wel.di_ng heﬁ's‘“ﬁr*essed. As mentioned above, just before the wel ding head
D45 arllis; Elfas Béenl i JRYNt €d a roller on each side of the netal sheets and
underj S to provide pressure on the alum num sheet, thus

pr odudi se tension in the gopper foil. Utrasonic energy is
applied at a'f cy of about 40 kHz via the wel ding head acting agai nst
the nmetal idler wheel beneath the al um num sheet. The force applied to the
wel di ng head is about 5 to 20 Ibs. (1.11 to 4.45N). The two sheets of netal
nmove t hr oughelting hoed {5 prosshd.aAls mentidnedtabbve; imstiiort therwelding head24lemtidléri e of
the metal sheets below the welding head is brief, only about 0.1 to 2
seconds, bud6 istm‘?@tﬁﬁﬂné{%Faqhél%r‘lfdh%@e%?‘ﬂﬂﬁgnwdﬁ‘ma HRSOABIY to the

passed to d1o0ds irefie B Y5 Abasin shicheplphitBie A AltevelaRRiBR IR
conpl et es tff. WIRERREc enkiis appifed /it adRduées of sboRbSPKITR viathé welling Réader s
whi ch were used to apply pressure on the copper foil and al um num sheet and

to pul | theacting against thdmetabidlemehest bereath thd dluminumsshelets Thefor¢ecapphieditotheecond
sheet of coppér foil _on the other side of the_alum niumsheet the process

fcog: d be r W it“&d‘,?‘&i&%‘?@?bﬁ%?%i@rﬂéd& §-4m-d%“’(9{]5h9%9 mewi moye thraygher
it hough i sefiid RS2 o8 bl 535,40 el LB afiO e F the el GBEE bl
al um num argRe RRRAKEHEA i bIC Al Mot B tPPselBiRIs bt s SOk ips are

cut into the desired panel S|{zﬂgs for subsequent use in maEi ng | am nates and
event ual |'y,weldimngtof thecsopper fivilito theclumiliuen sheetuAfternpassimgsthe firstrvalding heat, theer ent

T AR R eh s S Sl o ol o i o
(rjr}e trg ns }Mo ns "gﬁ’f??l?%@‘g ﬁ[&%gg ?%%@%@W?%gh}é’n@ ﬁ%&i‘eﬂ% ﬁ%‘é&bﬂgﬁg ggﬁl g hes

(508 nm by t6@fpld pivesure UAGh& Esisper &il drdealiniuh3B&k andlo ;rmttaémmuglgggéuent on

-

each of the four "sides, but only two edges are ultrasonically we
t oget her. Iweldinglprévess If itds teditedtto weld psecomeksheetfof topper foilort the othee sidie 0f s

sinpler progcessing than i s necessary to seal copper .to_al um num, pangl s
conpl etely %‘H@lﬂm&ﬁﬁh@)l’mﬁ%@ﬂé’e@.femﬁ wehssigultageous welding oftWoan be

cart e OUEaPbOURP SRS 185 o by By, B L 0

al um num ( Qﬂ&@ﬁé}ﬁhemlym@&mﬁﬁx_ef fective seal is nmade at the cut ends

° Once welded together the copper and aluminum are passed to a shearing station
where the continuous strips are cut into the desired panel sizes for subsequent use in
making laminates and eventually, printed circuit boards. The industry uses a number of
different panel sizes and generally the copper foil and aluminum rolls will be slightly
wider than one of the desired dimensions. The welded strips of metal will be sheared at
intervals which yield the second of the desired dimensions. The result is a uniform panel
size e.g. 20 inches by 26 inches (508 mm by 660.4 mm). The edges of the two sheets of
metal are congruent on each of the four sides, but only two edges are ulmsonically
welded together.

It will be evident that the process of the invention requires simpler processing

than is necessary to seal copper to aluminum panels completcly along all four of the
edges, The process of the invention can be carried out continuously and the positive seal
by welding is applied on only two edges. Since the copper foil is flat against the

supporting aluminum (or other metal) shect, an effective seal is made at the cut ends of



9, the-panelts—so—-that—further processing to positively seal the cut edges is
consi d?ﬂi?&eé{ ecessary I n nost cases. This is a clear advantage which has
not bee ' Rl the previously avail able products of simlar
nature,]mﬂﬂﬁhﬁ i% descri bed by Johnston. Additional sealing of the cut
edges c JMlbut is not preferréd for nost applications. Since no
adhesi ves are used contam nation of the copper foil can be avoided. The
seal of copper to alum num by ultrasonic welding can be quite strong, in
whi ch case the sheared edges of the product nmay contain copper with a small
anount of al ghi 50'that fidher E}dé@sm?@ﬁﬁ%lﬁkﬁgﬂécmkés i90BALdered copper.
These may not De objectionable whenrecClaimng the copper and al um num

scrap. Howevermecessary<dn aiosvcdses Jhis is atcleanajvantagé which has ot bedn avallableittp t hat
t he bondjng is suf_fifi ent, to hold the, copper and_al um num sheets_toget her

whi | e | ani natte peevionslyeyagable products af similar aatups, sucheas those desgribed by Jobnstope cut

edges cont ai gj bgt d um X ual | en ted with
it e o noABehdl sl the tiaR OB R o IR Rtk RERRL 01 oy
adjusting t eRigHs. of pressure and the speed of novenment of the copper
and al um num'strips through the welding heads. It should be appreciated by
those of skill i nSinbenaadhesivas atehused eartarhigation afitsedopperdoil ba/ be awgides dhe

t echni ques di scovered by the inventor to function well in the_practice of

the i nvent i o¥al ¢frePPERIQ aluminym by iTasenicvelding sambe quitastrong, dn whichsasethes f or

its practice [, o) kill.i.n th h I,Neald ah f._t.he
present di scﬁh%ﬁxfﬁﬁﬁ@f§9§&ﬁ%4°ﬁw§°°@ﬁ§wg@ag‘ﬂﬁy{fg"‘ﬁﬁgé‘ﬁ“ The m'.it .
speci fi c enhod diefintm \ontdinRE A stHalnfifofedfipd! These RAY BbfbeobjédtiRnblesi M | ar
result without departing fromthe spirit and scope of the invention. 10
CLAIMS 1.  whenzetlaiming theocoppenamd aliminuint scram tHoseevéry it isdlsh fegsibletoadjustious
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cut edges containing both copper and aluminum can be manually separated with little or

none of one metal left with the other metal. This can be done by adjusting the amount of
pressure and the speed of movement of the copper and aluminum strips through the
welding heads.

It should be appreciated by those of skill in the art that the ieclmiques disclosed
above represent techniques discovered by the inventor to function well in the practice of
the invention, and thus can be considered to constitute preferred modes for its practice.
However, those of skill in the art should, in light of the present disclosure, appreciate that
many changes can be made in the specific embodiments which are disclosed and still

obtain a like or similar result without departing from the spirit and scope of the invention.



skrip of second netal and aligning the two edges of said strips; (d)
*passi ngt he "alrgned—st+ips- of copper foil and second netal between at |east
one ul t rAaARLleNSl.d BgLsati on at each edge of the aligned strips, said
' | ONS conpri Si ng?(ﬁn ul trasoni ¢ wel di ng head

ul trasoni
contacti ng l&ﬂu
foil and th said ultrasonic welding head sufficient to

oil; (e) applyinhg ultrasonic energy to said copper
continuously weld said copper foil to said second netal while applying
tension to said copper foil transverse to the direction in which the
aligned strips of copper foil and second netal are passed in (d). 2. A
method of claim 1 further conprisi ngChAS¥%ng sai d wel ded copper foil and
second netal strips of (e) to at |east a second ultrasonic welding station
at each edde of A neetidd foneshtinhougly ubtrasoniedllyiweldisga stripaf peppef il toand second
netal at |east g second tine. 3. A nethod of claim1 wherein said
ul t rasoni c SHBPRMIRG stEpaf ajsecandanetakegmpristigher foil strip and d supporting

Tl 0 ul trason ¢ Gkl didRite SRR PPidon £ footy B 3RRE AL 0T 1056 ke
5. A method ofopl al dhaing i eip 6PEREAGIGI SUR BHIINEr & ol dedys T pS of

~copper foil transverse to the weld, thereby form ng panels of copper foil
wel ded t o sai d- dekondplavingi swurface wb said gtip.of Gopper Hilradfdeent acsirfa¢endfsaid sthipr ei n
said second netal is glumnium_ 7. .. A nethod Qf claim 1 wherein said
second netal is steelofsecond metahang gligning dedwaedgesobsaid sripsi d steel is

head appli os o 18T e RIS URERe SR 8P ool FEhil Aol bl AR R ae it 0
foi|l and second Nt alone bfirasfnieWeMisl Harioh &icathlcdt Bf RleALEAYR topy, SGH t1 e

with said ultrasonic welding head i3 about 0.1 to 2 seconds. 11. A panel
for use in nmaki ng copiteasonicaneldingistetives conprisingran uitratogia weldinphgadi ses: (a)

a sheet of copper foil; , 11.(b) a slheet of a second netal having edges

congruent with said ©opigeting sid copper foil;

(e)  applying ultrasonic energy to said copper foil and second metal with said

ultrasonic welding head sufficient to weld said copper foil to said second
metal.

2. A method of claim 1 further comprising passing said welded copper foil and
second metal strips of (e) to at least a second ultrasonic welding station at each edge of

the aligned strips and welding said copper foil and second metal at least a second time.

3. A method of claim 1 wherein said ultrasonic welding head is above said copper

foil strip and a supporting metal idler is below said second metal.

4. A method of claim 1 wherein said ultrasonic welding head supplies energy at a
frequency of 10-50 kHz.

S. A method of claim 1 further comprising shearing said welded strips of copper foil
transverse to the weld, thereby forming panels of copper foil welded to said second
metal at two edges.

6. A method of claim 1 wherein said second metal is aluminum.

7. A method of claim | wherein said second metal is steel.
R
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sheet; (c) a linear uftrasonic weld adjacent two edges of said sheets, the
el d s &g Pheet aSBéefl RefIRE] Of copper foil to said sheet of a second netal.
12. Ap 1 wherein said second netal is alumnium 13. A
panel "(Iﬁwmei n said second nefqal is steel. 14. A panel of claim
13 wherein sai Is stainless steel. 15. A panel of claim 11l wherein
sai d sheets of copper and second netal are rectangular and have only two
edges ultrasonically welded. 16. A nmethod of claim 1l wherein said weld
formed in (e)g.is ShQAGH ofltin?? WhEAL Bid QheliohiiinfeopRgy, and second et al
strips‘l eaves portions of copper 1n e second metal strip and/ or portions
of second netal in the copper strip. 17. A nethod of claim1 wherein said
wel d fornmed 9 (el methodefclaionl whein sdid oltrasnicwelding tegdbappliesia forcongitgret al
strips |leaves, each of said strips free of contam nation by the nmetal from
the other st abput 20dbs.£4445ND to sid strips af coppenfoil andisesandimgtal.d of (c) is

strong, whereby when said copper and second netal strips are separated, a

portion of sgixd cQp | .be ft.ip said second netal and/ or,.a portion
of said seco 9 e’ éﬁ&%&%’#‘?‘“} hng‘ﬁﬁeH‘ @'&8@@#&@“’&‘ fi’é‘iﬁ %Wﬁlidfﬂg?’faa 15
wherein said wel da&gté.‘i)to'ﬁ%eé’ﬁﬁg’ wher eby when said copper ‘and second netal
strips are separated, each strip is free of contam nation by nmetal fromthe

ot her strip.

11. A method of claim 1 wherein teasion is applied-to said copper foil in a direction
transverse to the direction in which the aligned strips of copper foil and second

metal are passed in (d).

12. A panel for use in making copper clad laminates wherein said panel comprises:
" (@) asheet of copper foil; B
(b)  asheet of a second metal having edges congruent with said copper foil
sheet; f
(c)  alinear ultrasonic weld adjacent two edges of said sheets, the weld

securing said sheet of copper foil to said sheet of a second metal.
13. A panel of claim 12 wherein said second metal is aluminum.
14. A penel of claim 13 wherein said second metal is steel.
15. - A panel of claim 14 wherein said steel is stainless 'steel.

16. A panel of claim 12 wherein said sheets of copper and second metal are

rectangular and have only two edges ultrasonically welded.
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