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(54) Title: RIGID FLEX PRINTED CIRCUIT BOARD
(57) Abstract

Rigid flex printed circuit boards (10) are
formed with great efficiency and high yield in
an assembly process wherein each circuit layer
is punched in peripheral regions with alignment
slots (16a-16d) along two orthogonal radii and all
layers are assembled without any acrylic bonding
in a single hot press operation. A central flex
layer (6) spans a window (W) defined in the
rigid boards, and is covered with an insulating
layer (34a, 34b) that overshoots the window
and underlaps a rigid layer. At least the first -
rigid layer extends inwardly past die edge of the
window, and provides a cantilevered edge support
ribbon at the flex region boundary. Preferably,
the rigid and flex layers are all formed with a .
glass/epoxy material.
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25 evol ved, with boards now having a dozen or nore patterned conductlve
circuit |ayers. For maki ng such boards, a nunber . of
~standardi zed materials have cone'into use.in - the field, |nclud|ng &
anong ot her things, insulating filmmaterial such as Kapton (a pol yi m de
film, acrylic adhesive used for bonding the filmto portions of a board,
speci al copper clad 30  Kapton or- epoxy glass sheets used for form ng
circuit layers, where the copper is typically a rol | ed beryllium _
copper or other rolled anneal ed high tensile strength netal, and a nunber
of materials for making rigid boards or |am nating themtogether to:
formnmultilayer boards. The - ‘principal nmaterials of this latter type
are prepreg, a pre-inpregnated fiberglass epoxy sheet spacer or
bondi ng material, and various polyinmide or epoxy/glass copper-clad

| am nates. 35 The fabrication of multilayer boards with such
materials has |l ead to several persistent - problens. First, -in conmon
with all printed circuit board fabrication, allgnnent of C|rCU|try ' at
different layers in the board is critical, and provisions nust be nmade to
prevent sliding of any layers in:different planes wth respect to

ot her planes by nore than a tolerance of a few WO 96/ 04773
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t housandt hs of an inch. Mintaining registration of the flexible portion
has al so been a serious problem since the hard board nust be cured
or lam nated by a heat-press process that is likely to cause _
interlayer slippage as well as thermal dinensional changes. These two -_g[
problens in the prior art have generally entailed a nunber of separate and
successive 5 | am nation steps to build up a board with all conponents in
registry, and al so assenbling the different layers in a press using a
great many pins through the layers distributed at a number of

critical points in order to nalntaln an acceptable level of registration
during the sequence
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of lamenation pregs Ot her problens are encountered due to the therma
expansi on of the pically used insulator materials such as acrylic
adhesi ve and polyimde filmutilized in the 10 construction of the rigid
fl ex boards. Thus, failures occur when the board is subjected to PCT/US98/10039
el evated tenperatures in thermal stress testiggrghot oil sol der reflow, and
the like. The relative rate of thernmal expansion of the acrylic
adhesi ve used for bonding flexible polyimde - sheets is about thirty
percent, of Kapton about ten percent, and of copper about four percent.
When hot oil is used to reflow solder plated on the rigid printed circuit
board,  tenperatures 15 on the order of 450-500 degrees F. cause
expansi on, for exanple, of the acrylic adhesive used -to bond Kapton

| ayers to copper layers in the nmultilayer rigid sections. As tenperatures

i ncrease, the board, which is unrestrained, grows nuch faster in the

t hi ckness, or Z direction, , than "copper barrels" fornmed in the plated
t hrough holes in the multilayer rigid board section. The copper
barrels stretch as the acrylic adhesive and Kapton expand, sonetines _
fracturing 20 the copper. Repeated cycles tend to break many of the plated
copper barrels found in the hotN¢s in the rigid board sections.

If less acrylic adhesive is used to{!l‘t expansion, the internal stresses
devel oped during l'am nat i ‘\fs;;;res cause voi ds or del am nations
in the final board, which arg MNaccept abl e. Since these
deficiencies do not becone e - e final stages of

construction, costly scrappi =a»| et ed boards is required.

Anot her difficulty with ¢ §l ms such as Kapton in the
rigid board. ar ea excessive noisture, on the
order of up to 3 perc g Absor bed noi sture in the
circuitry, with no ept abl e

del ami nation in the r - during fabrication
or subsequent high ffect may be nore
destructive than the si goefficients. To

nmust be baked at tenperat ur 8Sgasas
for exanple, 12, 24 or 35 eVv§{
Thus, multilayer rigid flex boaj
acrylic O~
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adhesi ve and Kapton will always place Z-axis stress on plated throu%@g
hol es. The wedsiodtisent of thermal expansion of the acr PCTUSEEWI} e
and the presence of water are dom nant WD 96/ 04773

PCT/ US95/ 10039 3

- influences. Because-of the anmount of acrééic required in many multil ayer
rigid flex applications, all plate /% ough holes will be stressed,
wi th many of these cracking, making t hese boards unusabl e. 5

al t hough | esser consideration, is the use of insulating |ayers
| ayers in the flex cables. While considerable bending
in the | am nated fl exi bl e areas,

Anot her,
such as gl ass
I's possible with a glass |ayer

applications require the cables to be flexed repeatedly through | arge
angles resulting in fractures and other problens: thus, elimnation of ae
gl ass | ayer from the flex cable may, in-certain circunstances, b
desirabl e. However, to achieve flexibility by 10 that route involves
tradeoff in strength. Each ofthe foregoing probl ens has n
addressed in the prigr 8t tQ@song extent, |as shown, for exanplep i
U.S. patent 4,800,46x; (PS. pate : ; US p&ent o %
5,004, 639. Approachey to\addressi kg Rne oy more & the f egopng Yrobl e
invol ve such.lh.._cogst ti gt edlnilg -s%im :d"hgrhads | f@incti ona
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dielectric for certai e Dr NS t%n qyers Si t ORIy
sheet patches of fillNer t | :diqk e x reglors u oM heat
pressi ng assenbly st §pe o] , ogfent} qdd s Mper
reinforcenentto the e a f ;gtﬂ§1i~g; quipe[ ~
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gonsequences on another apparently unrelated problem Thus, for exanple,
the switch w@egn4773 acrylic cenments and a polyi mde fl exi bl e PCI/USHSEOIDeen
| ar gel y responsible for noisture absorption and failure of plated
through holes in nultilayer boards at high tenperatures. Reduci ng t he
size of polyimde/acrylic conmponents to limt thermal stress introduces 25
boundary probl ens where fl exible and riggqqglenents are patched together.
Furt her nore, many of these inprovenents require nore detailed

manuf acturi ng steps that can be costly as wel | as time consum ng.
Thus, taking a larger view, a problemto be noted in the manufacture of
rigid flex 30 printed circuit boards is the relative conplexity and cost
of the manufacturing processes ~required to successfully integrate
flexible and rigid elenments in a S|§gle circuit board assenbl y.
Accordingly, it would be desirable ® have a sinpler, nore efficient or
cost effective 35 - manufacturing pgycess t hat nonet hel ess addresses the
foregoi ng problens in the art. WO 96/ 04773

PCT/ US95/ 10039 ~ Sunmary. of § he I nvention Arigid
flex printed circuit board is assentted in accordance with the present
invention by providing a flex layer \n a defined region which is covered
with flexible 5 i nsu y of the
flex portion, while a hfrdened but very thin | ayer exten i nwar dly
of the boundary over the¢ flex portion t provi ding a
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rantil evered support |ip at the boundary. Miltiple spacer and circuit

| ayers ar evﬂ?éﬁmﬁd together in a stack with the flexXGH/ESIS1P03P
part. Before assenbly, each circuit |ayer is punched with sets of
slots that each allow notion along only one of two orthogonal axes, and al
the 10 punched | ayers are assenbled in a single press curing operation in
whi ch process-induced - notions and 4@&4ignnent are constrained to
occur with a small magnitude that varies with the radi al position

al ong an alignment rosette centered on the board. A top or final cover

| ayer extends over both the flexible and rigid regions to further
assure uni formalignnent at all | evel s during pressure assenbly.
Preferably spacer |ayers are fornegb(ﬁ | ow-fl ow or no-flow 15 pr epr eg,
while the internediate circuft=la ef?\are formed of a netalized gl ass epoxy
har d circuit board. Hgat pressisg-is perforged only once during fina
assenbly of all circuit i nfo~ ) Bri ef

~invention will be underst

t he description thereof, erein: top
perspective viewof arigld flex printed circuit board in 25 cordance
with the present inventifon. /4 Fi gure 2 shows 3 tic
representation of vertiw@my;mmllon t hrough t he—FeE=ot gure 1
taken in a direction pprarfel to its |ongitudinal axis; 30 /

Figure 3 shows an aper(ure configuration of a process panel fé assenbl y
into the rigid Al ex board of Figure 1; 4~ Fildlre 4
schemati cal |y depi ct 1gid flex

6/ an al i gnnept table for assenbwfﬁm;
¢ 1, and 35%

board of Figu

SUBSTITUTE SHEET (RULE 26)



Figure 4a shows details of sheet alignnent. WD 96/ 04773

PCT/ US95/ 19@B$5/04773 Det ai | ed Description FOT/US95/10039hoWs
a top perspective view of a rigid flex printed circuit board 10 in
accordance with the present invention, in its conpleted state. Board 10

- conprises first and 5 second r|g|d board portlons 2, 4 and a flexible
portion 6 interconnecting RIGI X P g 2 JOARD exi bl e portion 6
is a thin sheet, which is preferably but not necessar|ly vertically
centered in its juncture with the adjacent rigid portions 2, 4. Each
portion carri esTbapthsmtlmwenuon relatbewdnulnhyeanaldtﬂw pnnpcbclmnmhoa!ds ahditae

plated thrgu E@d@ﬂffa% n@; gges 14 which serve to forminterl ayer
t hrough-plated circuit c nectlons or to receive surface nounted hardware

or 10 =Xircuit elenents. The rigid portions 2, 4-have generally a greater
number  of IayerByt ﬂbiaesunderstoddltemdahwﬂidmmmwasma idndridher

‘bel ow. Wile t Fi gur,e oar durin bI’I cat,i

has & nunbEEETIYR E{’eé”s‘ 8, which are iy Sy i ot 6F ek s on e iR

of which lines atevlald oﬁntomnmmmmuastmhentﬂ&d/oreach other, anttﬂtaﬂﬂncbaamdhasaa
princi pal %ﬂﬁhﬁ? ¥R @Hﬁ‘gﬁg@ 3?’%‘?

assenbl ed roma nu er o élyrl]]?]lgr conp nent lg%%#ea flgl I C lﬁxas been

p_re-'pulrQ‘,hed with alignnment sl ots 16a, 16b ..., and formed with a
wi ndow 26 corremem;e &eidlﬂecadesmuﬂﬂ&je&ﬁ%iﬂﬂ&ﬁnﬂté&wwaﬁﬁlﬁveba&

DD g o g ety bl ooabtrbaohS ) ConS S hn S b TS ok S B ©"
number of layers and requiring higher degrees of flexibility and environmental resistance or
longevity, and greater circuit density. An early example of the prior art is shown in U.S.

15 patent number 3,409,732 of Teledyne Industries, Inc. In a typical rigid flex printed circuit
board construction, a flexible printed circuit portion, essentially amounting to customized
cabling, extends from one or more edges around the periphery of the'rigid section or sections.
The rigid portions are typically used for mounting electronic components and for
interconnecting different circuit layers of the rigid board to form the desired connection of

20  subcircuits within the assembly, and also used for mounting connectors and hardware. The
flex portion on the other hand serves to connect the various rigid portions while allowing
rigid portions to be located in a hardware piece of equipment in different planes or at
different angular orientations with respect to each other. As the density of electronic circuitry
has become greater over the yearé, more complex multilayer rigid flex circuit boards have

25  evolved, with boards now having a dozen or more patterned conductive circuit layers.

.. For making such boards, a number of standardized materials have come into use in
the field, including among other things, insulating film material such as Kapton (a polyimide
film), acrylic adhesive used for bonding the film to portions of a board, special copper clad

30  Kapton or epoxy glass sheets used for forming circuit layers, where the copper is typically a

rolled beryllium copper or other rolled annealed high tensile strength metal, and a number of
materials for making rigid boards or laminating them tdgether to form multilayer boards. The
principal materials of this latter type are prepreg, a pre-impregnated fiberglass epoxy sheet
spacer or bonding material, and various polyimide or epoxy/glass copper-clad laminates.

35 :
' The fabrication of multilayer boards with such materials has lead to several persistent
problems. First, in common with all printed circuit board fabrication, alignment of circuitry
at different layers in the board is critical, and provisions must be made to prevent sliding of -
any layers in different planes with respect to other planes by more than a tolerance of a few



the type generally used for assenbly of nultilayer rigid circuit boards.

Pl aten 4yoxgpirmats of a flat bed 42 having first anccegspedoedsi rs of
machi ned slots 43, 45, each configured with al i gnnment dowel pegs 44
at the four discrete positions definedyby the slots near mdpoints of -

t he edges of a rectangul ar board (sho I n phanton). A correspondi ng

four - sl GhoRaRaths BE & fackS M mﬁ@iﬁmgule suss&wmwe:nblegs&u hﬁb‘dﬁ&ﬁéeh‘hu't boar d
(PCB) industr s four a ab i Qne u es configured
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al i gnne Quder 19 pain ‘E?ngéﬁ F“Fﬂiﬁn from
Lhte edg&%ﬁ;ﬁtﬂaﬁﬁhbmoessbs oﬂatpmb‘gh;mm girdugrto : efipansion o
et ween 0Nt 6
" ¥ e Jnstanbe palfpts 36 fsaeéﬁk fyerd
IAQ:%@S? Neconstsion of therygid flex boands.| Thus, cmswhenihebaardumgdumed tew Yor k.
As descréléﬁ%ﬁéﬁ?&a&%émi%&hﬂ%@%%uﬁ@h@&d aauasaeﬂbwﬁmmenkeoml oned to

accommdate: an ure et all. of the

al i gnnmerf® ag‘V?) Wmmm Sﬂ% polxjmide,
dowel s ahesth imamﬂmm oﬂ(ﬁﬂmibommtpemnnbﬁdef&@péubmﬂfmp&eeﬁi ots ‘
é?:T 1 US9 5\}@%3@% i%%/s t%?rgﬂow solder plated on the rigid printed circuit board, tempergtures

sucf5t hamn the onkt bf 450560 degreesd. cause iexpgnsinn, fiirexamplegof: the atrylig adhesiveaised he

2L R gy R il it A <1

[ s I ocat e .
mcrease, grows muchfastermthethlckness or Z direction,

than “copper batrels" formed n the plated through holes in the multilayer rigid board section.
The copper barrels stretch as the acrylic adhesive and Kapton expand, sometimes fracturing

20  the copper. Repeated cycles tend to break many of the plated copper barrels found in the
holes in the rigid board sections. :

- If less acrylic adhesxve is used to: hmlt expansion, the internal stresses developed
during hmnanonpmcedurescausew:dsmdelammauonsmtheﬁnalboard,whlcharealso
25  unacceptable. Since these deficiencies do not become apparent until the final stages of -
construction, costly scrapping of nearly completed boards is reqmred

Anotherdlﬁcultymththeuseofdlelectncﬁlms suchasKaptonmthengldboard
area is their absorption of excessive moisture, on the order of up-to 3 percent by weight of
30  water. Absorbed moisture in the circuitry, with no means of escape, may cause unacceptable -
delamination in the rigid board area when it volatizes during fabrication or subsequent high
temperature operation. This effect may be more destructive than the simple mismatch of
thermal coefficients. To remove the moisture from the Kapton and acrylic layers, the board
must be baked at temperatures on the order of 110°C for many hours - for example, 12, 24 or
35 even 48 hours - an expensive process

Thus, multilayer ngld ﬂex hoards mcludmg msulator materials such as acrylic
‘adhesive and Kapton will always place Z-axis stress on plated through holes. The coefficient
of thermal expansion of the acrylic adhesive and the presence of water are dominant - -



t'hey are symmetrically spaced -and’ orlented rad| all'y" in toward the center

of the boawo 9%émary3s t hus all ows notion al ong the direct i POT/GEDSAM39 nal
expansi on or nateri al shrinkage of ‘an 5 unconstrained board, so that all
boards self-align during the I'am nati 05 step. It is only necessary

that the earlier wi-ndow routing and circuit |ithography steps have been
carried ouffluences. Bmau@dﬂthedmumtsnfatryhommred]mmmymmuyeragukﬂmt|on of

I accor o RRRCHofh e BRI sressed, B SEED 0P R4 cracidly

as a st aclthese boardgynusabléi ng a plurality of patterned circuit boards and
I nternmedi ate | ayers of prepreg spacer material, all of which have

been punched with alignnen holes fit t | am atlon | ate 40.
Fi gur eng shows Anathes; a{heeaﬁl e&%“%&fﬁF mg@é!{ ﬂ.lCSf&S&lﬂSﬁgl d
f 1 ex boar Gayess in the ﬂemeshlmawme wﬂstderdhlsbaﬂm poéslmaanmr@mtlaymuemel on.

%iards of lﬁmater e-sl%gtflg nvé am"%{‘b‘ﬂ“’a@ﬁe&@ #oy use%di‘%p%%ig ox gPleat

curabl e rréarscmeweselhngm bnéoasrmbbmssmzskehmmnono | ng

Or Spacer tﬁé‘ﬁ@:f&b?é‘ﬁaﬁ':ﬁ%eﬂﬁﬁﬁ' iréth@anties, beUeSirdHle. m&wrﬁ%ﬁvéﬂﬁbﬂﬁy%
roj | ed anneal ed copg&r f0|I that may be patterned by conventional
igolves a tradgaff i grengthy

photoF?thG@? etching techniques. This material may
be patterned and built up in successive circuit, bondlng and spaci ng
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a pref errehown, for examipleliindh$. patemH;SODMérMSopatenttﬁ %‘l%%ﬁc&pﬂeﬂt used for

bOththefI Zvol h
In gen raI tFns r@?ﬁei?lgﬁsls H ssdn%g‘deto var10us d g ai L oce S|ng,

with the constructigntechpiguespasad
tacky. Ci ngitik |mﬁlﬂe ﬁdwfoh‘cmlaﬁﬁmrpetd@dofhy&s ﬁ’sxﬁg&ﬂmoraryo

provide a of di mensi onal tabl|lt andl S .
Pandl | ng sﬂ%\@? R SO P Bressipl gembloier

t he epoxy wmamtgmahgnmmwdmmglassﬁqufmmmmwaheﬂﬁxmbrf@wewhemng,

350 eg T F anﬁtﬂ%"&géﬁfo&ﬁ@?ﬁé@sever i 0 1B affficturing pIOBERE HiineF SRS

t he w@npsroes problem, andmay;hay,
stage fun ‘ébhébﬁﬁéndﬁlﬁﬁ bothér. @parently mrelated problem. Thus, for example, the swnch to

acrylic cements and a polyimide flexible film has been largely responsible for moisture
absorption and failure of plated through holes in multilayer boards at high temperatures.
Reducing the size of polyimide/acrylic components to limit thermal stress introduces

25 boundary problems where flexible and rigid elements are patched together. Furthermore,
many of these improvements require more detailed manufacturing steps that can be costly as
well as time consuming. -

Thus, taking a larger view, a problem to be noted in the manufacture of rigid flex
30 printed circuit boards is the relative complexity and cost of the manufacturing processes
requiréd to successfully integrate flexible and rigid elements in a single circuit board -
assenibly.

Accordingly, it would be desirable to have a simpler, more efficient or cost effective
35 manufacturing process that nonetheless addresses the foregoing problems in the art.



copper clad circuit |ayers for nost manufacturing steps, while only a

si ngl e Rke@bsies nati on step is required for the fingbramegigesy. | N
particular, different |ayers are stacked and aligned 35 only once, rather
than cumul atively building up a board with many |am nation steps. :

Ret urni ng now to. Fi gure 3, there is &hown a top el evational view of. a

pr ocess Shmieary of the [aVenfidrch 1S to formone l.ayer of the final flex
circuit. A I gnment slots 16a, 16b, 16c, 16d are . shown at the

m dpoi nts' of the sides, with each slot elongated al ong an axis directed at
t he Anmmﬁ/mmucmt board is assembled in accordance with the present

PCT/ US9K/ f . . 22
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subst an pgsien £R aughy PBHMZMh \GEV Y‘B‘e

fo[ ned anemmbahlmwmbmdrighwegiwsﬁﬁﬁhefasﬁnebm gﬁmelit,atamd the & .
mat eri a aneQUS man
stch | aipeRtigRR pressurs BBRARY. Prdreribi) sfale Vi afttBnl b GRS of bl "
pr el seprgpregnwhile theiintermediate circuit layers ase formed 6fia metalived glassepoxy dard

circuit board. Heat pressing is performed only once dunng final assembly of all circuit layers

into a unitary board. :

20
' Theseandotherfeatmesofthemvenuonmnbetmdersmmmthrefereneetothe
figures below and the desenptlon thereof, wherem

Flgute 1 showsatopperspectxvev:ewofangldﬂexpnntedelreunboardm
25  accordance with thepresentmvemmn, )

Figm'e 2 shows a schematic representation of vertical section through the board of
Figure 1 taken in a direction parallel to its longltudmal axxs,

30 Flgure 3 shows an aperture eonﬁgura’aon of a process panel for assembly into the
rigid flex board of Fxgure 1;
Figure 4 schematically depxets an allgnment table for assembly of the rigid flex board
of Figure 1;and =
35 _ SR
Figure 4a shows details of sheet alignment.



15 located precisely in the region of the finished bond which is to be

fl exible. Waesag73of Wi ndows 26 thus defines the regi ARCT/US$951100380
additional layers of prepreg materi al will be stacked, and thus
defines the region of the finished boardewhich remains flexible.

Figure 2 illustrates a basic enbodi nent ¥f this construction, showi ng in
schemat i c P@tailed Deatriptiont he | ayers of a rigid flex board having four
conductive | ayers, viewed |n a, vertlcal section directed along the

| ength of the board. A central layer 30 is formed of a sheet
of epoxy/ gl ass mlahovwammmvamb\mfaugxd expnnteq;gmmtfhmrd 1Giper s
33a, 33b wyi t

conductj ve CII’ w@%’@mﬂ te? hﬂﬁe Qent r@%ﬁgﬁw Hosd 10 fi64 fist and

ayer 30 exte over the
full area Heorhugidhoar pomons =L Hirxibls portion 6 Intsreammerting the g% nesHeRfes s

and is purrmeﬂemrerpo@ﬁ@i61s1£mnsheet1%mt1spﬁefermsmnotneoa@mﬂ sefticaliyl above

he ot hor  Pelirrd AT b i e GlacescrigiBotiBpd p oS “”%%?ugﬁve

portion 6 badalﬂaahdtheabgadpomonshmmeéﬁmmhhgemmml\mwhiohvsexmto

[(l)g:’?:'l{)ﬁsl ﬁstnzl)lgteﬁ? sone Fﬁpﬂt&fﬁfe&ﬁﬁ exﬁ o?) ree%aﬁ’e&t eri aﬁfd&% | cant

achi evidls  afirent elements. mflsldcnsmqqs ﬁ e gengrallys greater mymbes of thzm@m em
- z-axis tﬂ@ﬁmlmmon,awmﬁeléwevmwmwmm@m d&:ﬂ@oaunn

constructi with a descr

structure %En[:ﬁ@nrl?aala&umb&o{)ggﬁg%a,o g‘b“?ﬁ 15 g0 cn‘eedggsb %P% efé?ﬁx
cover of i wilfiest bedisoussed.i al 34a which extends slightly outside the

wi ndow 26 in a further narrow strip or. band 34c of approximately 1.2 to 2.5
mllineters width, with a simlar insulator 34b with oversize

peri phéral bandlmergorsisnes with apriscippiaspect of the presentinvension, & rigid flex boardiser
33b. I nsul gsbriBleddEom h%{msé@oftﬁﬂﬁeﬂwﬂ&em 1Rath/6f whitR R Sken pre-puihedt i C

fimor a coR R O 6s 165 25 foonesm”&a&%saz%ommmgmw i

position of a flex portion 6.

20 Skipping ahead briefly to Figure 4, there is shown a lamination plate or platen 40 of
_ the type generally used for assembly of multilayer rigid circuit boards. Platen 40 consists of
a flat bed 42 having first and second pairs of machined slots 43, 45, each configured with
alignment dowel pegs 44 at the four discrete positions defined by the slots near midpoints of
the edges of a rectangular board (s;hown in phantom). A corresponding four-slot punch press
25  commonly used in the rigid printed circuit board (PCB) industry has four adjustably
positioned punch dies configured to punch slots in single sheets of circuit board material at
- the desired locations so that a board so punched will fit over the pegs. In practice, the punch
dies are adjustably configured to continuously adjust their position along each of two
orthogonal lines on which a peg may be positioned, as is well known in the art of rigid board
30 fabrication. In general, a special pair of top and bottom lamination plates 40 are made up for
each size board which is to be fabricated with the alignment posts 44 positioned about three-
eighths of an inch in from the edge. Typically, the plates are made to accommodate boards
between about nine by twelve inches, to about eighteen by twenty-four inches. A suitable
four-slot PCB punch is that sold under the ACCULINE trademark, by the Multiline Company
35 of Farmingdale, New York. As described above, its slot punches may be adjustably
positioned to accommodate any size board.

, Figure 4A shows a detail of the alignment slots 16 of the intermediate boards during
assembly. The dowels or alignment pins 44 of the lamination plate 40 fit into the slots 16
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preferably has a thickness in the range of .01 - .03 mllineters. Layers
34a, 34b are electrically insufating, relatively inpermeable, and
preferably have a Young's nodul us when fully cured, which is |ess

‘than th%hcl?fha{ﬁ%ﬂlﬁ&oﬁ&tJﬁﬁcﬁﬁcﬁﬂsﬁb%%léﬁloﬁgﬂ%lohﬁﬂhs%ﬂﬂe %ﬂﬂa e of .

conpl i ance. when the .| ayer 30 fl.exes. naterl al for

coat i ng BeHARRAN |°ﬁ§'ﬂﬂ %@.%&Smﬁeﬁhreﬁs%h@%chss&%t 1s @ﬁsteﬁgloasém {S’gF 54{33“% ie.
such as théyeart/symitietrivatly spaceil lahé ofiented 'radialli’S in toWartiié 2hiterasf the bbak)

 Pet 600 sol d
by s, - N WlowRnbilh glong the 4Bk 6 ARkl %?W@Wﬁéﬁmﬁﬁn
Thi 35commmeﬂé>pandssqthemlbm syéﬁ-aim dusing the l}mmmntstﬁp iolsonbext | ayer s

descri begcdasary \thmtheearherv\nndowr&ﬁ{

first apert &%a]y ' refer Qé W o apertured ee
prepregE'z"E’(S‘gé{1 MWI or téﬁﬁ’é"’"g PBF‘V“&'né’

m | | i meloareach boaddl y of the wi ndow forming a canti I evered inner band 36a
extending in from15 the edge over the flex cover. 33a,. 33b and which

rei nforces the edge regi on of the flexible w'ndow area. Thus, each of
thel®irst twdncgordance with the presensinvention,a rigid ﬂes&patdébassembledraQatsmck

the w ”@Bﬁbﬁiufg Rﬁ’ﬁi&%fﬂéﬂ&ﬁ%i&%l t bokrds bhd this ; a"- ' ng
tsnggglrt muc ! gwklﬁhhﬁ ndow gask,et o aent-oel%@; rm ng a

(FI GURE Fiﬁure 3Ghows a rigid PCB layef 20 Qﬁiﬁﬁlm thdfabficdtionof afrlgd;ﬂei b@arl‘l@d er S !
successiye ers 'g'? 38? ?gm e.lgv cer material, and conducti v
copper ?ﬁcé 8 b T"g’fé‘r are pl aced, W|th t he

har §&nabl e prepreg precisely aligned with the w ndow Wand the sheet 40

ext endi ng ﬂg&’gltr&i f

| ayers as des:lehrl 'S assenﬁnggon an %ﬂﬁﬁqﬁ nrrent g‘fégte Zﬁnﬁﬁk&’fﬁ

mating thrammeniyiuseshglassienoxy mlglﬂa as gheet stock for
pressed ubess/mui,g &tspﬁceﬂay%ﬁhnﬂwmeiﬁwdﬁeaﬁﬁo& surfages covered with a350F

for sev %l?ed arlll(l)lgaled copper foil, that may be patterned by conventional photolithography or
20  masking, and etching techniques: 'l'hxsmatenalmaybepattemedandbmltupmsucceesxve
circuit, bonding and spacing layers. A single layerof this material, when hardened, is stiff
but flexible, while multi-layer portions become quite rigid. In accordance with a preferred
embodiment of the invention,. thns glass €poxy is used for both the ﬂexzble and the ngld
pomons of the board. : - : L 3
Ingeneral thlsmatenallshardenedto various degrees during processing, with the
raw uncured or "A stage" material being quite flexible and tacky. Circuit layers are generally
_sema—curedto a "B stage" toprov:deahngherdegree of dimensional stab:hty and less limp
handling characteristics during photopatterning. -In this B stage material, the epoxy is dry and
30 yetnot fully cross-linked. Final "C stage" hardness is attained by assembling with heatand
pressire (e.g..350°F and 300-350 PSI for several hours).: As will be apparent below, the -
preférred assembly process of the present invention utilizes C stage functional layers, i.e.,
copper clad circuit layers for most manufacturing steps, while only a single heat lamination
stepxsreqmredfortheﬁnalassembly In particular, dnﬁ'erentlayersarestaekedandahgned
35 only once, rather than cumulatively bmldmgupaboardthhmanylammauonsteps

Returning now to _Figure 3 there is shown a top elevatlon__al view of a process panel
20 which is to form one layer of the final flex circuit.  Alignnient slots 16a, 16b, 16¢c, 16d are
shown at the midpoints of the sides, with each slot elongated along an axis directed at the



to forma hard unitary board structure. - The outer copper layers 40 are then
patterned wod6/04773 etched, both to formthe desired circui tPOTEISNM3Y | n
this layer, and to renpve the portion overlying the window This
forms a curable stack in which the nul ti pl e-1ayer portions have 30 become
rigid boards, while the central |ayers 32-34 are protected and reinforced,

and remai reenter of therdard, @nd & Genttal régitm 2% iRdadicated by éghﬂnbmmuﬁmy line 24 to

or o1 or abi HELBPE S A0 Wik Riiye sront PRI oy e 1R Ty edact b bor

COMMET Ci alwmlempoaantitolthe mﬁﬂfamdngeﬁpmmmmlemﬁmﬁodzsugeaaaﬂymmmmdm and

uni form : ﬁ%ﬂ%&’? &Q;f&\?j t
ri bbon is W%]| Pv%r a"?ié}an unct1 ons efftecti %ﬂ%&h@%ﬁ@?&wﬁ&g@ﬂﬁﬁ?éd
oo St oriar Al el bl i N e o AALEIs 46 b s LAYt o
as descri lindn iillustratdas theFigie] it will b uﬁd&stoa@ﬂiahmchtmmhbﬁsdfo%ﬁplaﬁi@q

Al NN yinder T e pdbess of manufactulé orly, and the finished board will be tailored to

t he w ndowemionpthesbregidnsakitsiegdgene punched boards or spacers on the :
| am nation plate 40 (Figure 4), without the elaborate drilling and

pinning required in prior art processes ure 2 is.a -
cross-18ect i ona|%mm@epe@ﬂwona&@neprgoaemwﬁéxmmﬂv 2G)dayebesn (top

gon 22? gofohﬁéﬂe:‘k:tgigﬁ sﬁ&taﬂﬁa%ﬁk?ﬁﬁ&h&%&tﬁbﬂhet bn anym@sema@waﬁ ® ina
\V | IS 1 O a ver I N
e o o vioraR BE &R Bheration weh an o B, oF C stage miteria 4hdthe bferiaf may %éoa?d

Wlht hb5| xa mkgﬂmmtmlmm&mm;mmhﬂmswhﬂmsmm bIn prdctivg, the

t he boar f eag

I nt er medi a‘ﬁiéué#??éﬁ@&w#‘*%wmwﬁ%&p {sgirkg regg%r% Frel

pair df a lpeatcdmeewlegmhﬁmglpmosﬂ@tﬂm phogqubeﬁw Bexible. Routing of
windows 26 thus defines the regions where no additional layers of prepreg material will be

stacked, and thus defines the region of the finished board which remains flexible.

Figure 2 illustrates a basic embodiment of this construction, showing in schematic
20 relation, the layers of a rigid flex board having four conductive layers, viewed in a vertical
section directed along the length. oftheboard

A central layer 30 is formed of a sheet of epoxy/glass material 32 with top and bottom

copper foil layers 33a, 33b which have been appropriately patterned into the desired

25  conductive circuit patterns, with the central layer 30 extending over the full area of the board.
Layer 30 has been cured to C stage hardness and is punched with slots 16a . . .16d at its edge
as described above before circuit patterning. However, it has no window like the window of
the other layers, precisely because it is to constitute the flexible portion 6 of the finished
board extending across the window W (Figures 1, 3). By using a glass/epoxy layer for the

30  central flexible portion instead of some form of polyimide or other material, applicant
achieves an all-glass board construction that is free of the major problem — z-axis thermal
stresses — of the conventlonal polyimide-glass constructions.

.  Continuing with a description of the layer structure of the rigid flex board, on top of
35 the copper layer 33a is a cover of insulating material 34a which extends slightly outside the
window 26 in a further narrow strip or band 34c of approximately 1.2 to 2.5 millimeters
width, with a similar insulator 34b with oversize peripheral band 34d covering the opposite
conductive circuit layer 33b. Insulating material 34a, 34b may be an adhesively bonded
plastic film or a coated-on film, such as a conformal cover coat, as is known in the art, and



C stage hardness and punched with alignnent slots 16a . . 16d, and the
foil | ayqfoécospps t er ned before it is assembl ed into ghgusdsa

this case, however, once the internediate board |ayer IS punched with
its four alignment slots, the window \§is milled in the board (or in a
stack of boards sinul taneously). Assenbly of these |ayers over |ayers

32- 36 thﬁefe?mﬁsa&ﬂﬁamé?smtﬂ@%geepmab@ﬁumwg L 3Hads 4y &re! ayers 38a

of slott do re a si at_| ng oper
At or _colpHEEAEHRSHIskRg, FARTeln Resss ke nd prstrrably haym e cteuAgs Sods wherons
for drilfullygured, whidhiis fusgthah ahatof iyer 32 fol forg ahlelastit\coven thab allewsh degres of

connecti e edges 20 of the board are sawn off, at
posi ti on‘g&ﬁpr} | catg%ﬁg%ﬁgfeélr’p E "dotted lines "E' in FlIGURE 3, '
| eavidng the rigid board portions: free to nove on either side of the w ndow

T o0 e L o P Lo e

al | gneriieas utkble Intgécud Afpuiflex H30:600 6l by ASIGanéB?bom ofwigiipmagbepr e

| am nat i Qn.wWak ch QCccurs ng a_fjna senbl ra The

bt ocess SRHER U pgpenias, Plcligh, L Sfef maledal s Jes{iired belbs sBopmily il the
mat i almxtlaydrﬂdwcrihodsbehwnost entirely fabri catlon steps common to rigid
nul tilayer board making, in . which the conplexities of -rigid-flex nultiple

‘| am nation’ rocesses and_its alignnent problens are entirely avoi ded.

Only the stepQverthe m%@@g’@ bl%ﬁatamn%wwf whishisipreferably 8n ar e

added t Capeft@redssiadt f&tﬁiawmf'ﬂhsh aﬁproxhﬁﬁé K. ongdo that th‘-
enent :

manuf act B85 costs re t nificantl he. cast s.

T 2 By o ) e Sl b S

substtSi t uthe odge aved theaﬂexaaovonSSx)BSb b whichlremforcﬁsehb adgetrégion of thedflexjble of -

manuf act t&r@.ﬁg Shsk &

consi der B t%ﬁl n the scg% e I nven%%%%ggsgé?% or%‘ﬁsl n

the cl ai “amdeemtetdmchons,mnsapenp j-eragking supportm
vundowgasketoraﬂexlble flange, and forming ammbetweenthe rigid porhonz 4

and the flexible reglon 6 (FIGURE 1)
" 20 o
Thereaﬁer above these first two layers, successive: layers 38a, 38b of prepreg spacer
material, and conductive copper sheet 40 for forming a circuit layer are placed, with the
hardenable prepreg precisely aligned with the window W and the sheet 40 extending
uniformly over the whole surface. ‘The entire stack of layers as described is assembled on an
25  alignment plate (FIGURE 4), a mating top lamination plate is placed over the stack and it is
. pressed between plates at 300-350 psi pressure and a temperature of 350°F for several hours
to form a hard unitary board structure. The outer copper layers 40 are then patterned and
etched, both to formthedesnredctrcmtfeannes in this layer, and to remove the portion .
overlying the window. This forms a curable stack in which the muitiple-layer portions have
30 become rigid boards, while the central lay_ers 32-34 are protected and reinforced, and remain
free to flex in the window region. Unlike most conventional board fabrication, the layers
38a,38b . . . are preferably formed with low-flow or no-flow prepreg material, such as is
commercially marketed in 1080 and 106 weaves. This assures full bonding and uniform
layer thickness at the window boundaries, so that the support ribbon is well-formed and
35 functlons effectively.

As noted:above, each of these layers is punched with alignment slots and then routed
as described in connection with Figure 3, so that the illustrated edge alignment is achieved at
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rigid flex printed circuit board, such nethod conprising the steps of
~providing a first§flexible circuit |ayer including a
flexible substrate -and a ' flexible metal film patterned into

conduct i ve theewilflow simply by stacking the punchefi boxtids o §pagers lonithe laminsifonplate 40

c i ndow 1 LigeRte A0iRnbuShelBbasid ditl i piind Seied i i ke RBESEE 07 1O

said flexible and said plurality of rigid circuit layers having slots

therein al ong \aeaefaséle&%a&n ﬂaﬁbfafamqaﬁrﬁgmssﬂ%m ﬂh%%u&? (®@pch

of said_|aye ar I n gl stry. he S|Q and
assenbl ? ng and potigm) eqsm&@gcﬁon@may s%w%m gfawwvmhgwl process,
| ayer adj aeﬂ@thetﬂmén ofthe topper byer overlying the isdove sdrcciengved g stohiflg.

w ndow regi on, the step of assenbl i ng including stacking the | ayers
on alignnent pegs extending through said slots whereby circuit

conduct ors of e nmdqngamwumsm-mgmmmmgmthymnhwtﬂdmmwnkxgup

and 20 i board
which s riasbp Out entirely of s Mﬁr&&?gﬁhﬁ&brebfég,wwe&aexuemmw
10  assembly, made up of a prepreg and foil pair or a foil/prepreg/foil triplet, is pre-hardened to a

C stage hardness and punched with alignment slots 16a . . . 16d, and the foil layer is patterned
before it is assembled into the stack. In this case, however, once the intermediate board layer
is punched with its four alignment slots, the window W is milled in the board (or in a stack of
boards simultaneously). Assembly of these layers over layers 32-36 then proceeds as

15  described above, using intermediate layers 38a of slotted, windowed prepreg and a single
laminating operation. :

«_)

After completion of the lamination steps, various conventional operations for drilling
through holes and plating the through hole circuit connections are performed, and the edges
20  of the board are sawn off, at positions indicated generally by dotted lines "E" in FIGURE 3,
leaving the rigid board portions free to move on either side of the window W.

This completes a description of one illustrative embodiment of the invention, wherein

a multi-layer rigid flex board is formed by lamination of sheets pre-punched with peripheral

25 radial alignment slots, such that the flex region undergoes a single hot press lamination which
occurs during a final assembly operation. The process can be implemented without any
acrylic or polyimide materials, and involves almost entirely fabrication steps common to rigid
multilayer board making, in which the complexities of rigid-flex multiple lamination
processes and its alignment problems are entirely avoided. Only the steps of forming a flex

30 coverand routing a window region are added to the usual manufacturing steps for a rigid
board, so that the manufacturing costs arenotsngmﬁcanﬂymﬁ'erentthanthecosw of making
rigid boards. '

It will be apparent that various substitutions and variations of the material used or the
35 steps of manufacturing are possible, and these variations and substitutions are considered to
be within the scope of the invention, as set forth in the claims appended hereto.

‘What is claimed is:



2. The nethod of claim1, wherein the stack includes a first stiffening

| ayer 25v0960477® sai d insul ating | ayer and extendi ng i nt opERUSSIMGOSOW t O
provide a reinforcing lip about edges of said flexible |ayer.

3. The met hod of claim1 ¢ stack i ncludes—spacer—-ayess, and
each spacer :lmmnul “leﬂihw ching slots the¢rfé$ SHEEE(J;‘P@aBélEN
ort hogor@lajmgdi i - The et hod{of .clRERDACEDwWher e n t he
step of assenbling i'ncl‘udes stacklng t he . | aye€Ts oM ar rgnmeEnt - pegs
ext endi ng through the slots, wherein each alignnent peg i s shaped to
prevent notioh per@em!hadﬁ%ﬁormmgangldﬂempnntedtclnembm sweh ngetisghiced to
al | ow ondoyy H{egltg g distribution of  dinensional change w thout

sl aﬁa uri

gl obgl g press | am nation of said 35 stacked | ayers.
5 The -met hod of cIa|m1 wherein the step of prow ding a plurality of

rigid  circui s Bl e dyefinSlulioy 4P Rerlible $86dtrad i C1 T oui
| ayer . .
pCT/ Usodlexihi gretal pagemegm?io cgnductivedeads o of forming a ri gl d flex

circuit board, such nmethod conpri si ng - form ng

g elreut 3??’5@%“9‘%‘%‘%??@ G U, SRR Pl R g,
f or Ang an apestursfo Q}V@&‘P‘lmsﬂléﬂélﬂbl%ﬁthd p05| tionto
expose the flex CI rcuit |ayer

. each of said flexible and said- plurahty of rigid circuit layers havmg slots therein along

twoorthogonalraduwheremconduchvehnesonoachofsaxdlayersareformedmreglsuy " ‘

with the slots, and
15
assemblmg all of the foregomg layers together ina stack wrth an insulating
layer adjacent the first flexible circuit layer extending beyond smd wmdow region, the step of
assembling including stacking the layers on alignment pegs: extendmg through said slots
. whereby circuit conductors of each layer are posmoned in reglstratxon with each other, and
20 .

curing the stack to form a umtary circuit board which is ngld outside said
window,

. 2. Themethod of claim 1, wherein the stack includes a first stiffening layer
25  above said insulating layer and extending into said window to provxdearemfomnghpabom
edges of said flexible layer

3. Themethodofclaiml'whereinthcsmkincludesspacerlayers,am“ch
spacer layer includes matching slots therein along said orthogonal radii.
30
" 4, Themethodofclalml wheremthestepofassembhngmcludessmclnngthe
layef's on ahgnment pegs extending through the slots, wherein each alignment peg'is shaped
to prevent motion perpendicular to a slot axis, the slots being spaced to allow only a uniform
distribution of dimensional change without global slippage durmg press lamination of said
35  stacked layers.

5. The method of claim 1, wherein the step of providing a plurality of rigid
circuit layers includes routing a window in each rigid circuit layer - .

Sheet Has Been Re laced
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assenbling all the layers on posts to forman aligned stack, with an 10

i esomne RN = L2705 oo

areas of the stack out'si de the"wi hddw i dth a unltary sef#bk_: Héﬂ BEEN
assembly with the flex |layer exposed i the w ndow. ”’lz CED The
met hod of cl ai m%s, MP@F‘W%@MPG@‘&@@FS%M G“Qh@ﬁthp pam

formed of glass epoxy material. . A nmethod of formng a

rigid flex circuit board, such nethod o is st e
formng at |east one flex fg e O‘ﬁ%s %?ﬂ?’é?ﬁ‘ﬁuﬁy g‘ﬁa%"FPEY}P%a
| ayers in centermdﬁﬂatdﬁ}yoﬁgﬂiaﬂgmeﬂnb&skﬂtﬂemokmﬁmhsmem cwt | ayers each

havi ng & w ndow across which the flex circuit layer is to extend 25

adhering a dielectric material to said flex circuit in a region ¢overing
sai d wi ndow r egi on dREmiagacHadey ipthegigid cirpuit lapars at a fixed position to

assenbl i ngeﬁﬁgétﬁéﬂ&amnﬁay& other circuit | ayers toget her in an aligned
st ack w t h hardenabl e spacer/bondi ng material between said ot her

| ayers, such that a first layer of 30 -the hardenable nmaterial encroaches
into the wi ndow over an ecgsenthilingladl thé layerstoni postsdo forinedn aligned stackydvith an

curi ngy ne b Blithg layer positioned over the flex layer and extending beyond the window, and

curing the stack to rigidify areas of the stack outside the window into a
unitary self-aligned assembly with the flex layer exposed in the window.

15 7. The method of claim 6, wherein said rigid layers and said flex layer are each
formed of glass epoxy material.

8. A method of forming a rigid flex circuit board, such method comprising the
steps of
20
forming at least one flex circuit layer and a plurality of other circuit layers in
mutually registered sheets, the other circuit layers each having a window across which the
flex circuit layer is to extend

25 adhering a dielectric material to said flex circuit in a region covering said
window region and extending outside thereof

assembling said flex and 'said other circuit layers together in an aligned stack
with hardenable spacer/bonding material between said other layers, such that a first layer of
30 the hardenable material encroaches into the window over an edge of the dielectric material,
and - '

-

curing the stack.

—_—
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9. Arigid flex circuit board, such board corrpri,qing
plurality of rigid | ayers each havi ng}'| wi ndow 5| THIS SHEET HAS BEENa
flexible circuit .l ayer nounted betwee aidrigid | ayerq:{mﬁc:&panm np said
wi ndow to congy,i tUt&n@Jﬂé&‘éMﬂ%ﬁﬂi’,@u datdEorhpris retow
an insulating |ayer covering said flexible layer in said wi ndow and 10
- a hardenabl e bonding | ayer over said insulating | ayer between said
i nsul ating | ayphiralityCofaigidl layvessicdch havdiiga wamdow har denabl e bondi ng | ayer
extending into the w ndow t hereby - providing a support-at a juncture of
rigid and flex regions of the circuit board.

5 a flexible circuit layer mounted between said rigid layers and spanning said

window to constitute a flexible board portion in said window

an insulating layer covering said flexible layer in said window and

10 - a haidenable'bondin'g layer over said insulating layer'bétvv)eeh said msulatmg .
layer and said rigid layers, said hardenable bonding layer extending into the window thereby
providing a support at a juncture of rigid and flex regions of the circuit board.

- ) . ____/
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SUBSTITUTE SHEET (RULE 26)



