2195269 PROCESS' FOR MAKI NG SUBSTRATES FOR PRINTED Cl RCUIT BOARDS Thi s
invadation relates to-a process for manufacturing substrates for printed
circuit boards and the products nmade by that process, Mre particularly,
it relates to a process which can be used to manuf acture, fromthe sane
basic nmaterials, a wde variety of dubstrates especially suited for
printed circuit-boards and having a low dielectric constant and el ectrical
characteristics neeting various end-use requirenents. The various types of
substrates nmade by the.process are especi ally suited for p;ggltg%ezl uit
boar ds whi ch neet. dlver5|f|ed ~needs ranging from gen ronic
devi ces to conputers __ , al_ transmi ssion.
Base materials for pris&s 5 et FOR nvent i onal

el ectroni-c equi prent have |ncI ) 52 S paper/ epoxy
conposite base naterials prepa \§H$9&}JH‘ Ly eﬁ&fﬂpgss cloth or paper with
an  epoxy resin, fol | owi ng by curing; or paper/ phenopl ast base
materials prepared by inpregnating paper with a phenoplast resin, follow ng

by curing; frﬁis invention relates to a process for manufacturing

_substrates for printed circuit boards and the products
made by that process. More particularly, it relates to
a process which can be used to manufacture, from the
(% same basic materials, a wide variety of substrates
especially suited for printed circuit boards and having
a low dielectric constant and electrical characteristics

meeting various end-use requirements.

The various types of substrates made by the process are
especially suited for printed circuit boards which meet
diversified needs ranging from general electronic
devices to computers requiring Thigh-speed signal

. - transmission.

Base materials for printed circuit boards wused in

convehtional electronic equipment have included:

(1) Glass/epoxy ‘or paper/epoxy éomposite base

materials prepared by impregnating glass cloth or papér

- with ah- epoxy resin, following by —curing; or
paper/phenoplast.base materials prepared by impregnating

paper with a phenopiast resin, following by curing;



(2) Flexible insulating materials such as polyimde fil-mand polyesfer
film (3) Heat resistant base naterials nmade of a glass fiber/polyimnm dg"
conposite; (4) Lowdielectric-constant base mterials, such " as- A
epoxy/ Kevlar (Kevlar 1is a- registered trade mark), polyim de/Kevlar and
epoxy/ quartz conposites; and (5) Low4li el ectric-constant " base

mat eri al s conposed of glass cloth and pol ytetrafl uoroet hyl ene.- Each of

the above-nmentioned materials provides final products having well
defined characteristics; that is, it is inpossible or inpractical~to

nmanuf act ure product s(ppvi FlexM¥ e NJinSG2RRENG! | ShACSriL1OM dfth SaFe
base material. Materials of type (1), which are the nost w dely used, have
rel ativel y g yimideé efi1hcandnpbdpeseed €dnmysual |y not be applied-to
conput ers and ot her equi pment for which processing at increasingly higher
transm ssi on speeds (3 Heat r apsirsrant rbanmnt matard al sThaateeoifs arue of
the materials of types (2) and (3), which normally do not provide printed
circuit bomlmssfftbéf/pokyinydel compdisditegtric constant. The level = of

3 dielectric constant of these materials at .a frequency of L
' Low-dielectric-constant 'base materials,

such as epoxy/Kevlar (Kevlar is a fegisteféd*ttrade
mark), polyimide/Kevlar and epoxy/quartz composites; and
| (5) Low-dielectric-constant’ fbasé-"méterials

composed of glaéS'cloth and polytetrafluoroéthylene.’

Each of the above-mentioned materials provides final
products having well defined Chafaétéristiés;'fhaf is,
it is impossible or impractical to manufactufe groducts
having varying characteristics from the same base

material.

Materials of type (1), which are the most widely used,
have relatively high dielectric constant and can usually | \5)_
not be applied to computers and other equipment for
which processing at increasingly highef 'transmiésion
speeds has béen required in recent years. The same is
true of the materials of types (2) and (3), which
'normélly'.do not provide printed circuit boards of

' SUfficieﬁtly ‘low dielectric constant. The 1level of :



1 NPE I s°as folloms 4.5-5.5 for (1), 3.5-5.0 for (2), 4.3.-4.7for (3)
Nat'eri al s of type (4), though excellent in thernal resistance, also have a
dlelectrlc constant ranging fromabout 3.5 to 4.0 and nornal |y cannot neet
the need for higher speed of signal transmission: Materials of type (5)
have dielectric constant of about 2.5 t@ 3 and are regarded as

| ow-di el ectric-constant base naterials. But their disadvantages

i nclude |ow adhesion to nmetal foil and poor workability. Al of these base
materials are not only unable to neet the transm ssion speed requirenents
for conput er diedecheilc lkonstant nef othdisel aatterd alenstand Hueqakaocyexifi bi t
different physical property characteristics, such as therml -

" resistance, AeMHzcdsdast ifolilpwatd nechani cal properties and flexibility.
Hence, the type of base nmaterial to be used nust be selected to neet the

specific requirenents for each end use. Thus, manufacturers
" have to store es of terjals i nve ogder. to tisfy a
vari ety of need oﬁ'%h axxigg'%ﬁ ﬂ% + 3 émﬁ 95Ié§3ed types
of products. ' 4 Even mhen vari ous base naterlals are stored in

Materials of type (4), though excellent in thernmal
resistance, also have a dielectric constant ranging from
about 3.5 to 4.0 and normally cannot_meet the need for

higher speed of signal transmission.

Materials of type (5) have dielectric constant of ecout
2.5 to 3 and_'are regarded as 1ow-die1ectric-constent
base materials. But their disadvantages include 1low
adhesion to metal foil and poor workability.
All of these base materials are nct only unable to meet
the transmission speed requirements for computers or the
like in terms of dielectric constant but also exhibit
s different physical property characteristics, such as
| thermal resistance, heat conductivity and mechanical
properties and flexibility. .Hence, the type of base
material to be used must be selected to meet the
specific requirements for each end use. Thue,
manufacturers have to store many types of materials in
inventory in order to satisfy a varie'ty' of needs, or
the& can accept orders ony for a few, selected types of

products.



inventory, it is not always possible to neet every specific need. ™.
According to the present invention there is provided a process for the
manuf acture of a conposite sheet of a dielectric material conprising, s
i npregnating a sheet of porous, expanded, sintered '
pol ytetrafl uoroethylene (PTFE) with a solution of at |east one other
resin dissolved in a solvent, heating #he inpregnated sheet to evaporate

and renove said solvent,. thereby providing a conposite sheet of expanded,

por ous PTEEevontwheinng warieust obaset haratesialsind aaie wstbired heipores of -
said sheet, and thereafter conpressing said sheet in & press-formng
oper at i oninyeBkPEN sat lteads anedrt R3WagEs sPossible r &in sameetheeverfhe
sheet may be caonpressed following renoval of the solvent only slightly or -
to an ext 8RECERAC a@®G-antially all of the air is expelled fromthe sheet
or to any level in between, to provide for a variety of physical and
electrical characteristics, from the sanme base material. Use of a

Sheet O achakathy, EANE prRRSRE A M 85 R SR,
(ol necPRPRARR HEP Pt Hdn{Rabeurt® ok °l posllS chhede’ G na™ e
dielectric material comprising impregnating a sheet of
' §orous; expéhded, ..sintered' poiftetfafluorbéthyiéne'

(PTFE) with 'a”'sbluti§n of at least one other resin W
dissolved in a solveht, heéting the impfegnatéd sheét to
evaporate and remove said solvent, thereby providing a
composite sheet of.é£péndéd,.pordﬁs PTFE containing at
ieaSt ohe_othér'resin and.air withiﬁ the pores of said
Sheet, and théréafﬁer compressing said sheet .ih: a
press—forming'dpéfafion to expel at ieast a portioh of

SAid air ffom Said sheet.

'The'“sheet may bé. cbmbreséed foilowiﬁg removai of_:the
;solvéﬁt ohlyISIiéﬁEIY:or td an;extenﬁ-that substahtially
all of the airﬁ is expeliéd f;onl the. sheet or to ény
level in betwéén, to.provide for a.variety of physical
and electrical éhéfacteristics from the same Dbase
maﬁerial.. Use of a sheet of pbréus,' expanded PTFE
contéiﬁihg at léést'oﬁe other resin within its poies as
a diélectric 'maférial, particularly as a dielectric
material in a printed circuit board, is disclbsed. :The

other resin may be contained within the sheet in an



5 aﬁﬁunt of at 1east 15 weight percent, based on the total weight of the
sheet and the other resin, and may exceed at |east 24 wei ght percent, based
on the total weight of the sheet and the other resin, The other resin may
be a thernoplastic resin, a thernosetting -resin or a
fl uor opol yner. The other resin may be partially cured or fully cured.
inorganic particulate filler may be incorporated in the expanded, porous
PTFE. The conposite nmay be lamnated to a |ayer of rigid insulating
material such as a |layer of a ceramic. The conposite may be | am nated t
ot her substratemowuciofisan laget 6 Weldghy ansfannky baspdsohe theeaiotal
“layer of galliumarsenide, a cloth of glass fibers, a |layer of quartz
a | ayerdght ofinthe shieets and | ther ogheregiesisuchand mayapxcesid a
‘polyimde resin, a |ayer of ? golyether-ketone resin, a layer of a
g

fibers,

pol yet her - sul dnel @asti n2%r we

yepesteatpolbasadron cthe. toTat wedgdsi tof

al so be lamnated to a sheet of electrically conductive material such as
sheet of net althe fhert pd theeptBercFgsdn.or Thesthenirasini mam beTiee

conposite shee

ot her

resin

may he |amnated,to at | east one other conposjte sheet.
tﬁwm&e aérf-a}@poxfesli@si n, 2 a PREYPAPAEL LRG| n, TASHB| yR¥ er &

resin, an acr%ﬁic resi,n, a tri i ne

uoropolymer. e other resin may be partially cured
or fully cured. An inorganic particulate filler may be

incorporated in the expanded, porous PTFE.

The composite may be laminated to a layer of rigid
insulating material such as a lﬁyer of a ceramic. The
composite may be laminated to other substrates such as a
layer of fiberglass/epoxy composite sheet, a layer of

gallium arsenide, a cloth of glass fibers, a layer of

An

(0]

may
a

The

quartz fibers, a layer of aramide fibers, a layer of

resin such as a layer of a polyimide resin, a layer of a

polyether-ketone resin, & layer of a polyether-sulfone
resin or a layer of a polyester resin. The composite
may also be 1laminated to a sheet of electrically
conductive material such as a sheet of metal, including
a sheet of copper or a sheet of aluminum. The composite
sheet may be laminated to at least one other composite

sheet.

The other resin may be an epoxy resin, a polyimide

resin, a polyester resin, an acrylic resin, a triazine



6 resin, a bisnmaleinimde/triazine resin, a polyolefin resin, da polysulfdne
resin, a polyether-sulfone resin, a quorlnated et hyl ene propylene reS|nM¢&
pol yet her ketone resin, a polyan1de resin, a phenolic resin or a :
per fl uoropropyl vinyl ether resin. A polynerlc coating may be applied over
the conposite to seal it fromthe atnospgere. The invention will now be
particularly described, by way of exanple, with reference to the
acconpanyi ng drawings in which:- Figure 1 is a photom crograph show ng
a typical node-fibril structure of the expanded, porous PTFE used in the

i nvention; Freste, & bismaleinipidedtirdmzireph restmoni ng  pahpohefin
node-fibril structure of biaxially expanded, porous PTFE used in the

i nvention; fregies a3pelysaldg Qﬁgﬁﬁﬁi&osg pedyeshersulfong  reeln; oduct s
obt ai nabl e according tqQ the invention, and Figure 7 shows a product

accor di ng tcfl¢@¢iﬂ%§ﬁ@|GﬁhﬁéﬁmﬁgRiPE¥¥Q¢©h€eSbBby#eMQiXﬁkh@ﬁgk?heﬂeover

-7 A process is provided faqr n factur ng a co 03|tf of a sheet of
. resin, a polyam resin, enolic resin or a

perfluoropropylvinylether resin. -

A polymeric coating may be applied over the composite to

seal it from the atmosphere.-

‘The invention will now be particularly described, by way
of example, with reference to the accompanying drawings

in which:-

Figure 1 1is a photomicrograph showing a typical
- node-fibril structure of the expanded, porous PTFE used

in the invention; .

‘Figure 2 is = a  photomicrograph  showing another o/
~node-fibril structure of biaxially expanded, porous_?TFE

used in the invention;

figures 3-6 are enlarged cross-sectional views of the

products obtzinable according to the invention, and:

Figure 7 shows a product according to the invention

having an airtight, polymeric coating thereover.



exparided, porous pol ytetrafluoroethyl ene (PTFE) inpregnated with another
reskn; the other resin being inpregnated within the pores of the expanded
PTFE. The othér resin inparts desired characteristics to the conposite such
as high thermal resi-stance and | ow diel ectric constant which make it useful
as substrates for printed circuit boards. The conposite is useful as a
dielectric generally and as an adhesive. In particular, a process for

manuf acturi ng substrates for printed circuit boards is provided which
conpri ses using porous, expanded PTFE as a base material, inpregnating the
porous base material with a resin solution that will give characteristics
(thermal resistance, low dielectric constant, etc.) required for intended
citcuit boards, and curing said resin under pressure conditions that wll
give the intended characteristics. Expanded, porous PTFE has a dielectric

constant as | ow Msprobest id .protided.fdr madufernutiag readnipositePsL@natead ¥ th
suitable resin solutions because of its porous structure, although PTFE

itself is expanted| poroverpolgtetbéfusmdthydene f(PITRE) imprdgnated avith heothapes of
resins or adhesives. The electrical, physical and chem cal properties of
t he resin resinytthenotieedrdésin beipg egrmégmiedcwmmh nhet porteseofl NNe eixpaAded € t he
primary, factors that determine the characteristics of the resulting
conposi t ePTHE.s @tenetHeaatesin irhparts desired ndarddteristias aot Biei sormpssind stdie com
posites is the pressure conditions adopted for curing of the resin-inpreg-
‘nat ed, porasubighathermal aesislance aid fowb sdiebdeericf eonspantnimbieic nrakei it eauds
haV|ng widely different el ec- _ _ o
.- as substrates for printed circuit boards The composite is useful as a
"
dielectric generally and as an adhesive.
In particular, & process for manufacturing substrates for printed
circuit boards is provided which comprises using porous, expanded PTFE as &
base material, impregnating the porous base material with a resin solution
that will give characteristics (thermal resistance, low dielectric constant,
etc.) required for intended circuit boards,.and curing said resin under pressure
conditions that will give the intended characteristics.
Expanded, porous PTFE has a dielectric constant as low as about 1.1
to 1.8, and can be readily impregnated with suitable resin solutions because
of its porous structure, although PTFE itself is chemically very stable and is
difficult to bond to other types of resins or adhesives.
/ The electrical, physical and chemical properties of the resin solution
used for impregnation according to the invention are the primary, factors that
determine the characteristics of the resulting éomposites.
A second factor that determines the characteristics of the com-

posites is the pressure conditions adopted for curing of the resin-impreg-

nated, porous base material.



trical, physical and chem cal characteristics can be manufactured fromthé,
same base material by properly conbining these two factors. Characteri st I\
required for printed circuit boards used in electrical equipnent are’ very -
di verse For exanpl e, ultra-high-speed processing el enents based on’ '
gal lium arsenide and other relatively new materi als have been devel oped to
neet the need for high-speed signal transm ssion in conputers, and there is
a great denmand also for printed circuit goards having characteristics that
match this need. On the other hand, substrates to which IC chips are to be .
directly attached are frequently required to have, in conbination, adequate
t hermal expansi | Gl NEini ; d hayd b ' t gt h,

as well as |ow ?gﬁgﬁéé gbgo%rsl?%‘r??ku%ﬂg lsb?’g% r%érva Srﬁ@g%ﬁf@%}e&\; efel .
time, [er r]tri’ca.ﬁs?ﬁﬁiéﬁlgghéQﬁ@?ﬁ&ﬂr"?h‘&r‘%&riéﬁc?'&gﬂoﬁé wgmragﬂnrtegefﬁﬂwu%g root

, and may

of the dielectric constant. of the matertal use e .represented by

the Tol10GhRG bRLdThAer{b b ipkbperly WmHififg] idieehd) radigrein [err] Is the
s . the ve

dielectric constant of the 'material and Cis. ocity of Iight-(3x

Lerr] misec).  TRakRidstieRreqlinks 167 briiled UrelliP AR GsePTp luriaal |V

must be used.in order to provide for higher speeds of signhal trans--"

m ssi on. \ghiprsetstgrat &erf Oawer&d) |CF&ﬁi%rﬁlﬁl%,tQltpﬁfrﬂéﬁ-%ﬁ%ﬁ_aﬁotgggﬂﬁgr on .

the contrary, priority normally should be given to, in co

adequat e lhahaRls BRI ShQFIRART bi ehf an@QﬁheFQ@fﬂiW&l%‘ir%%k WelePRENRL L

strength, even at the sacrifice of dielectric constan a certarn extent.
9 been developed to meet the need for high-speed signal transmission in '

computers, and there is a great demand also for printed circuit boards having \J
characteristics that rﬁatéh this need. On the other hand, sﬁbstrateé io ﬁhich
.l,C chips are to be gireétl)‘ attached are frequem]y_ required .t.c_:__ have, in
combination, adequate th_e'rmall expansion coefficient, heat conductivity land
mechaniéa_] streﬁgth, as well as low dielectric constant.
Thé signai transmission delay time_,_ re .,_ as in high-speed cémpﬁ{érs,
is proportioﬁa] to the scjuare root c;f .the_dielectric constan.t of the .ma.teria]
used, and may be r_eprésented by_ the following formula in a strip liﬁé:
| T = Y& /C (nsec/m)

wlhefeini_ is the dielectric constant of the material and_ C is the v_eloc_i_tyl of v
light (3x108 m/sec). Therefore, materials having low dielectric constant
usually must be used in order to provide fqr higher speeds of signal trans-
mission. B | _

| With substrates to which IC chips are to I_)_e.difec_;l_y_a;tt_éched,: on the
contrary, _prioriiy normally .sr._lould be given to, in combination, adeéuate
thermal expansion co_e_fficient, heat conductivity and mechanical strength,

even at the sacrifice of dielectric constant to a certain extent.



Thi € invention meets the.various needs for substrates for printed circuit
boakds as described above. Polytetrafluoroethylene itself has a very |ow
dielectric constant, and hence its porous products al so possess a val ue as
low as 1.2, even at a porosity of 80% This resin, however, is rather poor
in resistance to tensile and conpressive ,gorces. These di sadvant ages of

pol ytetraf| uoroet hyl ene can be avoi ded by "the use of porous, expanded
products thereof and by inpregnation with a resin of another type, followed
by. curing of the inpregnated resin. Previously known porous, expanded PTFE
i npregnated with a resin of low dielectric constant or high thernal

resi stance, thus Tt dnMentiontmpetsnéberayanjousoneedndon sbatnatiesr dbt eprimtedme of
pores. As a result, the etching solutign can work into these pores, thereby
et chi ng unPHFéHdBGar&Fe%QeMFRe%O”QW‘Fe Folyistraiiuorae thhenasitsplfnbass 8l varyon i's
unavoi dabIY | eft attached to the base material and noisture tends to work

i nto t heselQWrelegne fpPnskant @ad Jeneeds BRTAUS| RIGIBE IS R18R PORyesEia valuarads,

" thus adversely affecting their insul aé'{gg d dielectric characteristics.
n the prolR¥@sol-% RYEN, B\ ErRATGRLY 1ol (i qesine diosievesy is Aekhenypoor
effecting pressure cur,i nq. I:gwevar t he dj el 3ctri Cc C nstaH,t tends to .
increase ad tIFEHBNHi Py IPUF &P 2ERAPESSSIME dOFResss TRASRI Aljaprantages ofhi s
nmeans t hat f{ na{ aﬁ oducths havi n Hi ffer.ﬁné Bi electric q(i.onstant, i nsu] ati ng
char act er i BPYeEtrafugtogthyiene  cail e np¥oifed; PRnLhs, Wfy Yt ROFOUS, oeXpRidedes
can be obt ai ned en en. the sane type of resin i s us for i egnati on,
by perf or npH e PEMRIeTl b BEPRRIT Wit Besh o Ao e Lins. BUSRGR: owe
byl. curi ng. by

U curing of the impregnated resin.

Previously known porous, expanded PTFE impregnated with a resin of
low dielectric constant or high thermal resistance, thus obtained, still
normally.contains a considerable volume of pores. As a result, the etching

 solution can work into these pores, thereby etching unintended areas. Part
of the components of the etching solution is unavoidably left attached to the
base material and moisture tends to work into these pores during service of
the resulting printed circuit boards, thus adversely affecting their insulatihg
and dielectric characteristies. In the process -of this invention, these
difficulties are avoided by effecting pressure curing. However, the dielectric
constant tends to increase as the porosity is decreased by this press forming
process.-

This means that final products having different dielectric constant,
insulating characteristics, flexibility, mechénical strength and other pro-
perties can be obtained, even when the same type of resin. is used for
impregnation, by performing the compression operation under different

pressures, followed by curing.



10 As shown in Figs. | and 2, the porous, expanded pol.ytetrafl uoro- S
ethylene 1 used in the process of this invention can be obtained by roll ivqg
and stretching pol ytetrafluoroethylene filmas disclosed in U S. "Patent
3,953,566 in the formof mnute fibers 12 intertwi ned with one anot hér
bet ween nodes 11 |like a spider web. Sev‘elréil sheets of such porous, expanded
resin nmay be | am nated one upon another,” as required; to give base

materials with a por sity,rﬁligi ng frna/:]’r} SQ to 90% The dielectric constant .
decreases with i OWRg IDoFIBS tly BnGntcHhE aRYFOUSs EXRANGRY RolYtetrafucrog for -

0 e S T R R oo i B B
ool s R Bl ol B SEOE  ERorfenn
pol yol ef i n}? 3@? Sk Bﬂé’,’mﬂgﬁ g’aeﬁse?\-ﬁl-@':ﬁ%tgﬁée aﬁ”a&g .er.ggqtrpgg' .bﬁﬁgeBBrW? |
ot UE AR A SRR o o e 0
0 5, AL AR SR b
sopted oo C/begbe T e MELE A DRPRETEVEFV O 485 L.
1| e olBRRATY st e AR T R P il
sjift fbAtERq BEyeT fnine '

di nensi OnaPO‘ch ‘products will be determined by the pr essurf\) |
condi tions '

The resins to be impregnated into the porous polytetraﬂuoroethylene
include heat-resislaht resins and low-dielectric-constant resins. Illustrative
examples are as follows:

Heat-resistant resins: epoxy, polyvimide, polvester, acrvlic, triazine
and bismaleinimide/triazine resins.

Low-dielectric-constant resins: polyolefin, polysulfone, bolyether-
sulfone and FEP riesiﬁs. |

The porous polytetrafluoroethylene thus impregnated with a resin
solution may then be subjected to a pressure curing operation under differ_ent v -
- conditions appropriate to the intended characteristics of printed circuit

boards. For examplé.. press forming is conducfted under mild conditions when
lbw'dielectfic constant is intended, whereas higher pressure conditions are
adopted when priority is given to insulating charactertisties. I a press or
‘rollers are used to effect the pressure curiﬁg, the porous structure will be
moderately altered and the porosity of thé resulting base material will be
lower. Electrical and mechanical characteristics, as well as dimensional
stability, of final products will be determined by the pressﬁre conditions

adopted.



adopﬁ'ed In a base material obtained as described above, incorporating
an w,organl c substance, such as SiC, SiO2 and quartz powder, into the

pol ytetra- fluoroethyl ene further enhances its heat conductivity,

di nensional stability and nechanical strength. Dinnensional stability and
mechani cal strength can also be inproved by |am nation of cloths of fibrous
reinforcing materials, such as glass fibers, quartz fibers and aram de
fibers or by lam nation or incorporatian of short-fiber reinforcing
majerials. Furthernore, lam nation of a resin filmreinforcenent, such as
pol y- imde, polyet#ebasectroateriglophtainedas descnibed eatiove, inootpoeating ean '
material or on at |east one.side thereof can further enhance nechani cal
properti es ipengania swistangt; sucheassSiGe SiOgepnd uartzcpgwdard iptcettenpolyestreat i on
"of air and noisture into the structure. Providing a rigid insulating

materi al , dlusnoehyignes Spribhek eriishcee itiiheat roaducUmity, shmiensional statslity one
side of the base material can also be effective in inproving bending
strength as@ddneehanieplastrenail| iRinensipnsd ¢tability apdoweahenjcal strength can

heat - conductive material, such as a soft or rigid netal foil, can allow
ef fective @lsosbgatmproves hﬁd@ﬂg@h@%t@dcm}m‘aﬁg {mog%rrﬂrammgem@nerpalsnt ed
circuit boards. Use of a soft nmetal material, in rticular, gives

flexibl e bsHekicast BHass cEihense GUErbE FiRprasanth sramide SfQfr PYn tprainetiodiuet i ve
circuit on the base material obtai ned above by using netal foil (e.g.,
copper), adneaTReRAtien @hyshost-diked redriorcingnByfdPrigls f the inpregnated resin

I's poor in adhesion to that netal foil or if that netal foil is to be
I a\m/nat ed onto a Furthesmoreeilamipation ofeh 8e§infilm, reirdpreement, such as poly-

imide, polyether-ketone, polysulfone and polyester, to the base material or on
at least one side thereof can further enhance mechaniéa] properties (tear
reSistance, tensile strength, ete.) and prevent permeation of air and moisture
into the structure.
| Providing a rigid insulating material, such as glass;/epox_\’ and ceramic
sheets onté both .or at least one side of thé base maierial can. also be
effective in imprbviﬁg bending strength and.dimensional si.'a'bility.'

In eddition, prdviding a heat-cohductivé material, Such as a soft or
rigid metal foil, can allow effective dissipation of heat generated during the
service hfe of pnnted clrcun boards Usé of a Soft metal material, in
partlcular gives flexible boards thal can be deformed as desxred

When forming a conductxve circuit on the base material obtamed
above by using metal foil (e.g., copper), an adhesive may be used for its
bonding if the impregnated resin is poor in adhesion to that metal foil or if
that metal foil is to be laminated onto .a fibrous reintorcing material, & resin
film reinforcement or a hard 'insulating material. Conductive circuits may
also be formed by ion pla'ting. vacuum depdsition or .spattering methods, in

addition to a plating process using & plating catalyst layer.



filmreinforcenent or a hard insulating material. Conductive ci-rcuits may,
al so be formed by ion plating, vacuum deposition or spattering nmethods, iQ_s
addition to a plating process using a plating catalyst |ayer. 12 The -
base materials for printed circuit boards manufactured according to the '
process of this invention may have a certi@ n degree of porosity. Wen

pol yneric coatings 7 are provided on both sides as shown in Fig. 7,
application of a resin solution around the edges nmakes the structure
airtight, therdhe pasevaatéeriglsefurs prinfedabircuitobedrds 6n @iudaeturBl e esPdiEl ON tO -
avoid lowering of insulating and dielectric characteristics and enabling '
et ching ¢6 therpeocesscafi thipantention mdyniavecs redtaiof degree yWingoresityl hWhehocess

of the present invention will now be described,. by way of exanple only. Ca
Met hod 1palybiérieri coatingsi Tk arex peavided PEFEbokimiside axf shewnpdnoﬂgy 1,s

fixed on a pin frame. The nenbrane is inpregnated wiith MEK as a primary

sol vent applipdticredf anrediB sobithon pagwnd thpexdges awikesi thei stpuegirataiftighg,o0 t he
menbr ane under the driving force of the absorbent paper.- The nenbrane wth

pi n franthérebp| prexentingo emtrvoveh aiv, rmoisteret fends eteltng bolutiopi by . avdids
results in a prepreg in which the resin is B-stage. The prepreg .is

| ani nat etbwening ofpipsulating anh diglentrie d@@raﬁtﬂlstmspan@rembhnngMgeof Met hod

2 PTFE dispersion is mixed With 4 to 8 microns particle size quartz powder

to 50 wefiget cizeuitepattamns.t hen coagul ated. Epoxy resin is added to

Scme methods of carrying out the process of the present

invention will no't'-r:b'e described, by way of example oniy. e
- Method 1 -/
A 100 micron thlck expanded PTFE membrane of 7096 por051ty is

fixed on a pin frame. The membrane is 1mpregnated with MEK as a prlmary
solvent and placed on absorbent paper. Epoxy resm is 1mpregnated lnto the
_membrane under the drxvmg force of the absorbent paper. The membrane
with pm frame is placed into an oven to remove the solvent by drylng This
results in a prepreg in whlch the resm is B-stage The prepreg is lammated
with copper foil on both 51des under approprlate pressure.

| | Method 2

PTFE dxspers:on is mlxed w1th 4 to. 8 mrcrons part:cle sxze. qu.ar.tz v
powder to 50 weight pereent and then coagulated. Epoxy resin is added to |
30 weight percent based upon .the total mixture, and unifor.mlj.j mixed. This-.
is preformed extruded and calendered to a sheet matenal The sheet is
fmally cured by hot pressmg _ | |

| :lMethod 3

Fabric woven from quartz fiber is impreg'nated with epoxy resin .a.nd

dried to B-stage. Prepreg made in thls way and ~prepreg made by 1 Vlethod 1

are clad with copper as in Fxg. 3. This is lammated by pressure to 209o



30 V\éght percent, based.upon the total mxture, and uniformy m xed. This
i s preformed, extruded and cal endered.to a sheet material. The sheet is
finally cured by hot pressing. Method 3 Fabric woven fromquartz fiber is

i mpregnated with epoxy resin and dried to B-stage: Prepreg nmade in this way
~and prepreg nmade by Method 1 are clad with copper as in Fig. 3. This is

| am nated by pressure to 20% 13 Met hod ¥ Pol yet her-ether-ketone filmi's
| am nated to the prepreg of Method | A1 ngd Wi th copper under pressure to
33% t hi ckness reduction. Method 5 d y board or filmis used instead

Ceduotion. The T eGSR AR HBrRERA 1RP ar PRt bl MEPPEE (e

i nvention. NEH.ACE WG a e . ded -

pol yt et r af Ietl}jgr g’é?h%?@ngg?ﬁmgﬁéﬁaéﬁ'é%a% ?%lﬁg%ggg&g?s%?é&?n&ﬂq%hd a porosity
of 70% was i npregnated with 40 wei ght t of an epoxy resin as

descri bed above. After drying and cunga{ : | npregnated resin by press

formng to a thi , ; hhks: b, 00t hy,Sis of
the t P CThe. {1 1OIRee 2pBky bodfa B 108 Gisel hit MBLOQMITE third MLHGE

2.2, and vas (RIpdreuhiretlRulifhg Y9203 Mhidined fatigki t board in
~ hi gh-speed conputers. _

The following Manufacturing Examples will further illustrate the
invention.

W, Manufacturing Example 1

A sheet of porous, expanded polftetraﬂuoroethylene fil_m 1 having a
thickness of 0.1 mm and & porosity of 70% was impregnated with 40 weight
percent of an epoxy resin as described above. After drying and curing the
impregnated resin by press forming to a thickness of 0.08 mm, copper foil
was bonded to both sides of the film. The final produet obtained had a
dielectric constant as low as 2.2, and was found suitable for use as a printed
circuit board iﬁ high-speed computérs. )

' Manufacturing Example 2

4 The same type of 1 mm thick, porous, expanded polytetrafluor_'q—
ethylene film as used in Example 1, also containing 50 weight percent of
quartz powder 4 to 8 um in particle size, was impregnated with 30 weight
percent of an epoxy resin. After drying and curing the impregnated resin by -
press forming to a thickness of 0.09 mm, copper foil was laminated onto both
sides of the film. The final product thus obtained had a dielectric constant
of 2.2 and high héat conductivity and was found suitable for use in high-speed

computers.



Manuf acturi ng Exanple 2 The same type of 1 mmthi ck porous expanded
pol ytetrafluoro- ethylene filmas used in Exanple 1, also containing 50 "
wei ght percent of quartz powder 4 to 8 [err] in particle size, was -

i npregnated with 30 wei ght percent of an epoxy resin.
curing the inpregnated resin by press formng to a thickness of 0.09 mm
‘copper foil was laminated onto both sideks?of the film The final product
t hus obtained had a dielectric constant of 2.2 and high heat conductivity
and was found suitable for use in high-speed conputers.
Exanpl e 3. Sheets of polytetrMéndecbring Enemplé 8 having a porosity of 70%

After drying and

© T,

[

14 Manufacturing ,

wer e |rrpregnated with an epoxy resin in the sane manner as in Exanple 1, a
cloth layer of Sheets of pohyetrafluesogthyldngetilmchaving at parosity fhteksware shown =

in Fig. 3, and copper foil

final

di mensi oBatlosh deyeri of, quartznkiber dumes BrAvidasl betwrenthe wo ishegtsspsesrdwn

conmput ers. Manufacturing Exanple 4 A substrate for printed circuit boards

was nmanuimdiigr 8d and eopperi fail AvapstigmEnaiRgl entp detlesideshthergof fadt thef

pol yester-ether-ketone 5 was provided as shown in Flcgtg 4 in place of the
quartz f reestisg gsgembiywas eaessricames th aothigknesiaze
di el ectric constant of 2.8, showed high mechanical strength and was al so

dioneal 208.hekhe

found suifingh| pragdwet | thus rpq!{pg}@ds@@gda dielectric ‘constant of 2.5 and high

dimensional stability and was found suitable for use in high-speed computers.

'-M'a.n"uf acfurgiﬁxample 4

" A substrate for pt"in'ted eircuit boards was manufactured in a similar

way to Eicarriple' '3 except that a sheet of polvester-ether-ketone 5'"v’vas_

provided as shown in Fig. 4 in placé of the quartz fiber 3 and & thickness

reduction of 33% was adopted. It had dielectric constant of 2.8, showed high

mechanical strength, and was also found suitable for use in’ high-speed

computers.

Manufacturing Example 5
A sheet of porous pélyte'traﬂuoroethylene film having & porosity of
70% was impr'égnated with 40 weight percent of an epoxy resin, & glass/epbxy
sheet 6 and copper foil 4 (both 0.1 mm thick) ﬁere laminated on both sides
as shown in Figs; 5 and 6, and the assembly was .press-formed to' a thickness

reduction of 20% and heated to cure the impregnated resin. . The final

product thus obtained had a dielectric constant of 3.1 and high mechanical

strength (e. g bendmg strength) and was found suitable for use in high-speed

' cornputers

4 was | am nated onto both sides thereof and the
resul ti ngmase&wmq WidR g5t epexy desiBdint they semiec myadoer rasdinc Exempdé 120% The
product thus obtained had a dielectric constant of 2.5 and high

\/



conﬁﬁters. Manuf act uri ng. Exanple 5 A sheet of porous
polytetrafl uoroet hylene filmhaving g porosity of 70% was inpregnated with
40 wei ght "percent of an epoxy resin, a glass/epoxy sheet 6 and copper foi
4 (both 0.1 mmthick) were |ani nated on both sides as shown in Figs. 5 and
6, and the assenbly was press-formed to gsthi ckness reduction of 20% and
heated to cure the inpregnated resin. The final product thus obtained had
a dielectric constant of 3.1 and hi gh nechanical strength (e.g., bending
strength), and was found suitable for use in high-speed conputers. 15 As
i s apparent fAsmisheapgmpaesmt nfromhecti ofesegolingh)i chenvpndecesscat behiised
to manufacture substrates for printed circuit boards havi ng varying
characteristitsvénthon tben beneusednttoi aignufaceure pubssratespaficed,
pol yt et raf | uor oet hyl ene. Thi s process ~assures manufacturers
easi er managepehbnted relhreuieriboardad having tvaryingf Ichdatigtertpoiast o

di versified needs. 16 CLAIMS 1. A process for the manufacture of a
conposite’ from the same material, i.e. ' porous expanded,

polytetrafluorocethylene. This process assures
manufacturers easier management of raw materials and

allows them to flexibly respond to diversified needs.



sheet of a dielectric material conprising inpregnating a sheet * . of ~~
por ous, expanded, sintered palytetrafluoroethyl ene (PTFE) A&
with I | east one other resin dissolved in a solvent a
heatl mﬂnemlnlmum de "sheet to evaporate and renobve said sol vent,
thereby providtng & conposite sheet of expanded, porous PTFE
containing at |east one other resin and6air within the pores of said sheet,
and thereafter conpressing said sheet in a press-formng operation to expel
at least a portion of said air fromShadMBheet. 2. A process ‘
according to claim1l wherein said sheet is conpressed follow ng removal of -
said solvent to an extent such that substantially all of said air is
expel l ed from sai d _sheet ﬁhg ocess accordln to’ cla|n11 wherein °
a

sai d ot hef*resin @cBﬁf’é‘rﬁ?@d &o&hi iTARYERCERRe, P rrﬁun‘F°’B?°§P BPeast 15
ht t t d d th

\rNgls?n pzrﬁ‘é@t ?Sf 0 h???é%?d?flﬁg oé]? a _;nmﬁg\%%é'?’g ﬁ'tmpgx%%‘% h‘é‘g Pgm nt s

cont ai ne ﬁ%ngn sai gghee f Q%Id g un gﬁdkﬁgs mgiggérgﬁrceg ,

based on € total werght o éet and sa? resin

process BBQ?&@EE%Efdbfﬁé%ﬁ?lén&hefﬁTﬁE§a'Qlth a solution of at

‘least one other resin dissolved in a solvént; heating

the impregnated sheet to evapofaté and rémove 'said
solvent, thereby providing a composite sheet of \‘)
expanded, éorous PTFE containing at 1least one other
resin and air within the pores of said sheet, and
thereafter compressing said sheet in a press-forming
operation to expel at least a portion of said air from

said sheet.

2. A process according to claim 1 wherein said
sheet is compressed fpllowing removal of said solvent to
an extent such that substantially all of said air is

expelled from said sheet.

3. A process according to claim 1 wherein said
other resin is contained within said sheet in an amount
of at least 15 weight percent, based on the total weight

of said sheet and said other resin.

4. _ A process according to claim 1 wherein said =

other resin is contained within said sheet in an amount



other resin is a thernoplastic resin, or a thernosetting res A

[
progess accordlng toclaim 1 mhereln sai d ot her +es

quoroponner 7. A process accordlng to di ng
partially-or fully curing said other resin. 8. mr@, ! :ﬂl, HMErdI ng
to claim 1 including incorporating anlwnorganlc

in
a
&

sai d expanded, porous PTFE. 9. A process accordlng to claimi
including the step of lam nating said conposite to a |ayer of rigid
insulating material. 10. A process according to claim1 including the

step of " | ami nafi a§ d&aﬁmcﬁﬁ)mi@toparbaye; basedcemartihe total weight

fi bergl ass/ epoxy conposite sheet, or of galliumarsenide, or to a cloth of
gl ass fibers, obrsabdasheesr and qa&dtpﬂﬁqnﬂﬂeﬁﬁneuan1de fibers, or to a

| ayer 18 of a pol yi m de resin, pol yet her - ket one resin, '

pol yet her-sul fone resin, or polyester resin 11. A process according

to claim 1 including the step of lamnating said _conposite to a sheet _of
copper, or apun1nun1 8r PEPREES nBEGPTILPE  CkPercladimcdr j Whereisonsiatdi ve

i al I h
materiat, ocﬁer %%sin? S a ?ﬁerggp?astiglgesin, or a thermosetting

resin.
6. A process according to claim 1 wherein said

-~ other resin is a fluoropolymer.
7. A proeess according to claim 1 1including
partially or fully curing said other resin.
8. A process ‘according to claim 1 including
incorporating an 1inorganic particulate £filler in said
expanded, pofous PTFE.

o/ 9. A process according to claim 1 including the

step of laminating said composite to a layer of rigid

insulating material.

10. A process according ﬁo claim 1 including the
step of _lamiﬁating said composite to a layer of a
ceramic, or of fibergless/epoxy composite she_et, or of
galliuﬁ arsenide, or to a cloth of glass fibers, or to a

layer of quartz fibers or aramide fibers, or to a layer



conposite sheet. 1IZ. A process according to claim 1 wherein said .
ot her esin, a polyimde resin, ~a pelyester resin, \gn
acryl e qm‘m"mummmn“ﬂrem n, a bismaleinim de/triazine resi n, a
pol yol ef it €estn,* as pol ysul f one resin, a pol yet her - sul fone " resin,
a fluorinated ethylene propyl ene resin, a polyether ketone resin, a
polyam de resin, a phenolic resinl8or a perfluoropropylvinylether
resin. 13. A process according to claim-1 including applying a
pol yneri @fcoat ang opelysmideconpm=sire, l4polyethemiketee circeistingoard, or,
other conponent for use in an electric circuit, having therein a sheet of .

d|e|ectnpphnnth¢e&smbﬂeneyresenpr@aeewlﬁeatnn rasany one of “the preceding.
cl ai ns. -

11. A process according to claim 1 including the
SEep.of iaminating'said compdsite to a SHeet of copper,
or aiuminum or other_ meﬁal of other electriCally
conductive material, or to at 1least one other Said

composite sheet.

12. A process according fd claim 1l whereine eaid _**J
other resin is an epo#y resin, a polyimide resin, a
polyester resin, an acrylic resin,'a triazine resin, a
bismaleinimide/triazine 'reSin, a polyoiefin fesin;' a
polysulfone resin, a polyether -sulfone resin, a
fluorinated eth&lene propylene resin, a polyether ketone

resin, e polyamide resin, a phenol1c resin, or a
perfluoropropylvinylether resin.

13. . A process according to claim 1 including

applying a polymeric coating over said composite.

14. A printed c1rcu1t board, or other component for
use in an ‘electric 01rcu1t, hav1ng'therein a sheet of
dielectric material made by the ptocess claimed in any

one of the preceding claims..
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