RI A D- FLEX PRI NTED Cl RCUI T BOARDS BACKGROUND COF THE | NVENTI ON The present
invention is related to the field of printed circuit boards. R gid-flex
circuit boards have been fabricated so that they have the desirable
characteristics of both rigid and flexiblije circuits. The rigid areas of the
rigid-flex boards are used for nounting circuit conponents, attaching
external cables via connectors, and providing electrical circuit

i nt erconnections anong th nectors. The relatively

fl exi ble areas of the rigﬁHSﬁ?gggggg%ﬁgﬂﬂgﬁéﬁgégﬁE¥5A5%¥3y el ectrical

i nterconnections and to enable the board to be bent as required by the
physi cal characteristics of the product in which the board is to be used.

Rigid-flex circuit boards have a variety of structures. One type of

mul ti | ayer BAGKGROUMR OF MHE INPBRTASNI S disclosed in U S. Pat. No.
6, 350,387. The disclosed rigid flex circuit board is conposed of a series

of alternating t i I i conductive | ayer, Portions of

t he outer Iayergﬂﬁy\ygéébde?gwés@qégg% i“%ﬁgie@qgé%\?@@%fém”ﬁédFﬁ%’fbaa ‘a
relatively thi nger., Ilexibl_e region. One problemwth this type of rigid
flex circuit boRt¥d-ieX CHEHt hrAdseRave rkeaxfabideatadr se sthahehept haee dhecui t
board, both in the flexible and rigid parts of the circuit board. This
resul ts i ndesitatfie enasaaeristmsi oigosthmididuandriigrasierdiuitas THe fifiel dleabbfRAE i on
of the circuit board. Therefore, this type of circuit board is not as

]1: : :i: g: 2 S@%lglfgér%( g?bidhsgaiéi ?Jg%?f%{)@lggm& ol &% ol E" Eﬁgcﬁiﬂgtehﬁemal
cables via connectors, and providing electrical circuit interconnections among the
components and connectors. The relatively flexible areas of the rigid-flex boards
are used to carry electrical interconnections and to enable the board to be bent as
required by the physical characteristics of the product in which the board is to be
used.

Rigid-flex circuit boards have a variety of structures. One type of multilayer
rigid-flex circuit boards is disclosed in U.S. Pat. No. 6,350,387. The disclosed rigid
flex circuit board is composed of a series of alternating insulating insulative and
conductive layers. Portions of the outer layers have been selectively removed so
as to produce a relatively thinner, flexible region. One problem with this type of
rigid flex circuit boards is that the flex core extends across the entire circuit board,
both in the flexible and rigid parts of the circuit board. This results in the flex area
being similar in material as in the rigid portion of the circuit board. Therefore, this
type of circuit board is not as flexible as a circuit board that has only flexible

material in the flexible portion of the circuit boards.

Another type of rigid-flex circuit board is disclosed in U.S. Pat. No.



Anot her type of rigid-flex circuit board is disclosed in U S. Pat. No. 2
4,800,461. This patent discloses a rigid flex circuit board conposed of a
basestock | am nated on both sides to two insulator prepeg sheets that have
cutouts. A flexible insulator KAPTON (avail able from Dupont conpany) is
positi oned over each cutout to produce the flexible region for the circuit
board. This circuit board also has limted flexibility because the flex

core eXtenQ%@Fﬂﬁzs Tfnhe vvktlol e circuit board, both in the flexible and
rigid parts ot thE cil PELIRAIHALAFCIoRGS anbgikrlerypiscwt begrrd i sarpresed gifdaf | ex
circuit boards is disclosed in U S. Pat. No. 5,723,205. This patent

di scl oses Rapestork dgarinatedi anfhath wtlesuot tvmansiilatoayiragea sheehs ehai Hade
basest ock conposite. The basestock conposite is conposed of two inner

i nsul ator ehieets cAnflexidladnsulbtex KAPT ORI gaaAREM %W.D@ﬁér}ﬁféﬁ'mb‘éﬁ}/)o% er

conductive sheets. One drawback associated with this rigid cui t
boards is i rni the flexible core is relatijvel
arrrreut PRslioted Oggpg%éﬁs%‘g%“%oﬁq b e ASHbIE, Rofal fost e’ GHalbbeahni ns
a need in Jgh.e art for a nultilayer rigid-flex printed circuit board that
has i npr ovEdSdifeHitinaayd @isq hasilimitedtiexibily kaompse the flesmore extarsts. acrStNARY
OF THE I NVENTI ON The present invention is directed to a nmultil ayer
ri gi d- f1 exthprimledirciit boatd, botairdthedridls ang rjidpats bote GRITMASIAG W th a
flexible insert. The basestock conposite is conposed of a core insulating
layer sandw chegbbghdRen tJo¥ of multilayer rigid-flex circuit boards is disclosed in U.S.
Pat. No. 5,723,205. This patent discloses a multilayer rigid-flex circuit board
having a double-sided basestock composite. The basestock composite is
composed of two inner insulator sheets containing a flexible core sandwiched
between two outer conductive sheets. One drawback associated with this rigid flex
circuit boards is that the process for forming the flexible core is relatively difficult
because of the step profile of the flexible core.

There remains a need in the art for a multilayer rigid-flex printed circuit

board that has improved ductility or flexibility, yet simple in construction.

SUMMARY OF THE INVENTION

The present invention is directed to a multilayer rigid-flex printed circuit
board comprising a basestock composite with a flexible insert. The basestock
composite is composed of a core insulating layer sandwiched between two
conductive sheets. The core insulating sheet has a cutout region that is filled with
a flexible insert, wherein the cutout region has substantially vertical sidewalls.

Furthermore, the side edges of the flexible insert do not have a step profile.



conductive sheets. The core insulating sheet has a cutout region that is
filled wth a flexible insert, wherein the cutout region has substantially
vertical sidewalls. Furthernore, the side edges of the flexible insert do
not have a step profile. 3 The advantages and novel features of the
present invention will becone apparent fromthe follow ng detailed
description of the invention when considered in conjunction with the

acconpanyi ng dr RI EF SCRI PTI ON OF THE DRAWNGS FIG 1 shows a
cr osrsmsegti gnal ?W?e%svép 087,88 tr@é’ﬁ‘a B PeiNEc BESENh N iogNWnBRAMR Nt

of the present invention. FIG 2 shows a cross-sectional view of a
basest ock @PPYEST fr@"ab“tﬁodeipwgﬁg detadeddiescrigtidoodi treninvenftidrhehpneseistdered
invention. FIGS. 3-8 show six different enbodiments for the rigid-flex

print ed CImmumund@@arvﬁtwfhet&ﬁ:om;%Sﬁm dravghgd on. FIGS. 9-12 show four
addi ti onal enbodi nents of the rigi g]ex printed circuit board of the

present invention, in which the printed circuit board is provided with
sol der masks. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The
resent invention is shown in FIG 1. The

ngggt ggt %%%bé@é'%&@tﬁr ebHR RIBAWINGRII ating | ayer 2 sandwi ched
bet ween two conductive sheets 3 and 4. The core insulating |ayer 2 contains
a FIG. 1 shows a cross-sectional view of a basestock composite according to
an embodiment of the present invention.
FIG. 2 shows a cross-sectional view of a basestock composite according to
another embodiment of the present invention.
FIGS. 3-8 show six different embodiments for the rigid-flex printed circuit
board of the present invention.
FIGS. 9-12 show four additional embodiments of the rigid-flex printed circuit

board of the present invention, in which the printed circuit board is provided with

solder masks.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The basestock composite 1 of the present invention is shown in FIG. 1.
The basestock composite 1 comprises a core insulating layer 2 sandwiched
between two conductive sheets 3 and 4. The core insulating layer 2 contains a
flexible insert 5 that is formed in a cutout region. The core insulating layer 2 is
made of a conventional insulation material, for example, fiber glass impregnated
with an epoxy, commonly referred to as a “prepeg.” Other suitable insulation

materials include aramid fibers (e.g. “THERMOUNT” from DuPont company),



flexible insert 5 that is forned in a cutout region. The core insul ating

|l ayer 2 is nade of a conventional insulation material, for exanple, fiber
glass inpregnated with an epoxy, conmonly referred to as a "prepeg.” O her
suitable insulation mnaterials include agamd fibers (e.g. "THERMOUNT" from
DuPont conpany), 4 polytetrafluoroethylene (PTFE)-based materials, and
polyi m de. The flexible insert 5 may be nade of a polyimde such as KAPTON
or a flexible solder can be seen in FIG 1, the side
edges of tB@ytez@é'PPf%hwéﬂe IGBVEE)ibé?@% maiepalp) and wakinsigadudia lexielkdesert 3
and 4 are preferably nade of copper, but it should be understood that

ot her net abgney womiads iofea nadlgimidé sswohe apoKAPIICN drna dfexabicesdlakl Weask
enbodi ment shown by FIG 2, the core insulating layer 2 is conposed of two

coext ensi vigatdhy! ﬁ%‘d’éﬁw 5@¥@ér$|n2PIGan1d t%@lg er eﬁbsaéﬁhg‘?r%% bo EP? védiStep

insulation materials. FIGS. 3-5 show enbodi rren

| am nate ¢ i Si asest ock conposite 1. The basestock conposite 1
is the san@gﬁLe Hngg ng%qqugds‘h‘?ﬂslﬁcé”dl 'R RRE 8P BEEeneheePPehdUt it
basestock conposite 1 is sandwi ched between two outer insulating |ayers 6

and 7, wheihauid baangarsieod imilodhermetals er sonchantiee cuaterialsraegipossibldhat
contal n flexible inserts 8 and 9, respectively. The flexible i nserts 8 and

9 may be made df dfARITENaBVe 8mboairh&hiesHow ey F'I'@Si( thetdrd h%d?éﬂ layer 2 s

insulating |ayers nay be nade of prepeg rraterla or mat er1 al S|m ar to

inserts 8 gﬁ%s%d vad"Soé%HBRQ{/é“‘r‘ﬁguliﬁh hylels 5LGng 2b WS cRR5RSyS U fiaces

of the out

same insulation materials.

FIGS. 3-5 show different embodiments of a stack laminate comprising the
basestock composite 1. The basestock composite 1 is the same as that described
in FIG. 1. In these embodiments, the basestock composite 1 is sandwiched
between two outer insulating layers 6 and 7, wherein the outer insulating layers
have cutout regions that contain flexible inserts 8 and 9, respectively. The flexible
inserts 8 and 9 may be made of KAPTON or a flexible solder mask, and the outer
insulating layers may be made of prepeg material or material similar to inserts 8
and 9. In the embodiment shown in FIG. 3, the exposed surfaces of the outer
insulating layers 6 and 7 are substantially coplanar with the exposed surfaces of
the flexible inserts 8 and 9. In addition, the flexible inserts 8 and 9 are
substantially aligned with flexible insert 5, but the side edges of the flexible inserts
5, 8 and 9 are staggered relative to each other so as to compensate for the weak
areas at the boundaries between the flexible inserts and the insulating layers.
Referring to FIG. 4, the flexible inserts 8 and 9 are made to be slightly larger than

the corresponding cutout regions in the outer insulating layers 6 and 7, and each



insulating layers 6 and 7 are substantially coplanar with the exposed
surfaces of the flexible inserts 8 and 9. In addition, the flexible
inserts 8 and 9 are substantially aligned with flexible insert 5, but the
side edges of the flexible inserts 5, 8sand 9 are staggered relative to
each other so as to conpensate for the weak areas at the boundaries
between the flexible inserts and the insulating |layers. Referring to FIG
4, the flexhg,lle inﬁerts 8 and 9 are nade to be slightly | arger than the
cor r espondPh{ & {EETHE iNsersnd and 9 Reedape R Persian afithg dcapspengingniasylatingd
each 5 of the flexible inserts 8 and 9 overlaps a portion of the

cor r espondiaygriahdhg atiout rediay.ein e eimbodimenttshorgi PNFIQ. 15, tthe fleribtslinzgent
shown in FIG 5, the flexible inserts 8 and 9 are nade to be slightly

| arger thag dH%EQCd?érrﬁécﬂ’é’&ﬂb@%liﬁgﬂf%?é?maﬁ’f‘ﬁm wp%sﬁ?ﬁ?ﬁg ‘E%hpf%@ﬁ% g 1S

formed under the corresponding region sot I nsu ayer
overl aps a i f the flexible insert at the cutout region. FIG 6
shows an e?gﬁﬁpﬁlgﬁzy’% I%ﬁ%sggfeﬁe{wmleﬁ m%ht%teh@ré‘?%ﬁ&@dfrégrﬁ%%ér $eso ftihes 3
is stacked to another simlar |amnate so as to forma hollow region 10.

The stack IngkiaiRgdaxaicmeriaps rIpGIticn pétheckexiblatinsbrhst tieankoltasgivat e 20 in
FIG 4. A second stack lamnate 30 is stacked to the stack | am nate 20 by

the use of cenFiGl6 shews ahi H@m@sgr erhbodintdhtan D¢ S8ER M Patd BSovwgcond
stack laminate 30 is simlar to the stack lam nate 20 in construction.

st ook MEHERS g ERAN, AL REARAC A S48 BT o0k
The stack laminate shown in FIG. 3 is designated as stack laminate 20 in FIG. 4.
A second stack laminate 30 is stacked to the stack laminate 20 by the use of
central insulating layer 11 with a hollow region 10. The second stack laminate 30
is similar to the stack laminate 20 in construction.

FIG. 7 shows another embodiment of a printed circuit board comprising the
basestock composite 1. In this embodiment, the basestock composite 1 is
laminated to two outer prepeg layers 21 and 23. The outer prepeg layers 21 has
a cutout region 27 that contains a flexible insert 22. The outer prepeg layer 23 has
a cutout region 28 that contains a flexible insert 24. An outer conductive sheet 25
is laminated to the outer surface of the outer prepeg layer 21, and another outer
conductive sheet 26 is laminated to the outer surface of the outer prepeg layer 23.
The outer conductive sheets 25 and 26 also have cutout regions that correspond
with the cutout regions 27 and 28 in the outer prepeg layers 21 and 23. The
cutout regions 27, 28 and the flexible inserts 5, 22, 24 are substantially aligned so
as to define the flexible region of the rigid-flex printed circuit board.

FIG. 8 shows another embodiment of a printed circuit board according to



lam nated to two outer prepeg layers 21 and 23. The outer prepeg |ayers 21
has a cutout region 27 that contains a flexible insert 22. The outer
prepeg | ayer 23 has a cutout region 28 that contains a flexible insert 24.
An outer conductive sheet 25 is lamnatgd to the outer surface of the
outer prepeg layer 21, and another outer conductive sheet 26 is | am nated
to the outer surface of the outer prepeg |ayer 23. The outer conductive
sheets 257pand 26. al S0 have cutout regions that correspond with the cutout
regi ons 27 §rAT0EVERUIPR. |8 thisrerpPediaipntagesare dnsuating tayeTa8 iscsanslwiched)i ons
27, 28 and the flexible inserts 5, 22, 24 are substantially aligned so as
to defi ne Ratween pnduetiveeghasts @5 amk 361 gTHe fdoes insulatingdlager 88idontmias @. FI G
8 shows another enbodi ment of a printed circuit board according to 6
present i rflexitie imsert 84 timtsis domoeti ireatcuteutoegRN iASHE ajord thdupativg 13Per $3.

sandwi ched between conductive sheets 35 and 36. The core insulating |ayer
egion in the

33 contai ihlg insert 34 that i.s formed in a cutout r

core insuﬁg}eﬁﬁ%ﬁdj‘g&;ie %‘y_et%%nug fggn@ﬁgpf‘ggdéﬂ@é‘to@t@r insuiafinthayepsidedicty an
outer insulating layer 31, which also has a flexible insert 32. The
conduct i v&l&hBag aflexiblg insarbB2hohide conduative sheetr 36ris dughenpohdgerntodh A
surface of the flexible insert 34 is exposed by an opening 38 forned

oo Thoen SiMELEREr .| A/ o8t e i 8 '8gioncily iy e
bet ween t ¢heAIHEss k&ﬁ%&th‘?@u@?%e%ute‘?"i‘r%ﬁéﬁhé E?/e%&ee{n ELShd i sheet
36.

In the embodiments shown in FIGS. 9-11, the basestock composite 1 is
sandwiched between two outer layers 40 and 41, wherein the outer layers have
cutouts that contain solder masks 42 and 43. Referring to FIG. 9, the cutouts in
the outer layers 40 and 41 are filled with solder masks 42 and 43, respectively, so
that the outer surfaces of the outer layers 40 and 41 are substantially coplanar
with the outer surfaces of solder masks. The outer layers 40 and 41 may be made
of materials similar to solder masks 42 and 43, e.g. flexible solder masks or
photoimageable materials, or materials different from the solder masks 42 and 43.
In another embodiment shown in FIG. 10, each solder mask is made to be slightly
larger than the corresponding cutout and the solder fnask overlaps a portion of the
outer layer at the cutout area. In the embodiment shown in FIG. 11 , each solder
mask is made to be larger than the corresponding cutout, but the solder mask is
formed under the cutout so that the outer layer overlaps a portion of the solder

mask at the cutout area.

In yet another embodiment shown in FIG. 12, the basestock composite 1 is



cutouts that contain solder masks 42 and 43. Referring to FIG 9, the
cutouts in the outer layers 40 and 41 are filled with solder nmasks 42 and
43, respectively, so that the outer surfaces of the outer |ayers 40 and 41
are substantially coplanar wth the outer surfaces of solder masks. The
outer layers 40 and 41 may be made of materials simlar to solder masks 42

and 43, e.g. flexible solder nmasks or photoi mageable materials, or
| n anot her enbodi nent

materials ¢jffere fromithe solder masks 42 and 43.

Chown (n” FAITEE o o BRI S8R S B pIdThiae HpBs 1icraHeRy A ed GbrdconanI he
correspondi ng cutout and the sol der mask overlaps a portion of the outer
| ayer at tRENQUktYEtShaeda45andbined Zabbdi, meitit thehonepetiafer6. altknatarits ahgler
mask is made to be |l arger than the correspondi ng cutout, but the sol der

mask is foomegctivedehedthe CUidMtregforihal 4 58ULer 1drANeS %%ﬁ?@ﬁ? BB tion

of the solder mask at the cutout "area. In yet another e in
FIG 12, t t it i .| am pat ed opposite sjdes to a
plurality % e%?%%%’g@{déy@ga §§£n 4{%@5&%(@5,@ S%@BFS % 4%0&%@014:75«50#@8@? $heisa,
45b, 47a, A7h,, with the prepeg |layers alternating with the conductive
sheets. culfibleregion tae PHREISH it Gasd mde aanrkrigeen fronpFipetp, thayetost 44a,
44b, 46a, 46b and conductive sheets 45a, 45b, 47a, 47b to define the

flexible regiaws 54 antié5mre subdtaitintiybtighpnih tHSHGaplciBsseen $6188 Mhsks 12,
the cutout regions 54 and 55 are substantially aligned with the flexisbl e

i nsert 5. SohAgBIBmEHEMERoAIANE S FoRel Y MEE.SVEr the exposed surfaces.

It is preferred that a flexible solder mask material is used in the
embodiments shown by FIGS. 9-12. An example of a suitable solder mask is an
epoxy-based material known by the trademark PALCOAT®. Another example is a
photo-imageable solder mask sold under the trademark Imageflex™.

Even though prepeg layers have been described in FIGS. 7-12, it should be
understood by one skilled in the art that other insulating materials, e.g. aramid
fibers, may be used in place of the prepeg material.

The rigid-flex circuit boards of the present invention have excellent ductility
and flexibility, yet simple in construction. Because of these characteristics, the
rigid-flex boards of the present invention are particularly suitable for dynamic
flexing.

While the preferred embodiments have been described above, it should be
understood that other variations may be made therein by one skilled in the art

without departing from the spirit and scope of the invention.



It is preferred that a flexible solder mask material is used in the

enbodi nents shown by FIGS. 9-12. An exanple of a suitable solder nmask is an
epoxy-based material known by the trademark PALCOAT(r). Another exanple is
a photo-i mageabl e sol der nmask sol d under the trademark | magefl exT" Even

t hough prepeg | ayers have been described in FIGS. 7-12, it should be
understood by one skilled in the art that other |nsulat|ng materials, e.g.
aram d égwg$ay be used in place of the prepeg nmaterial. The rlgld flex
circuit boar t he present invention have excellent ductility and
flexibility, yet sinple in construction. Because of these characteristics,
the rigid-flex boards of the present invention are particularly suitable
for dynamic flexing. Wiile the preferred enbodi nents have been descri bed

above, it shoul A rizfd-fler einsdPOiIEcditEdaratdagipn r‘éﬁ‘ftg ations may be made therein
by one skilled in the art wthout departi ng romthe spirit and scope of

the i nvention flex nted circui.t hoard co r|S|ng
a basest ock comos%ﬁ%n%??égéhgfwy%wg n%tﬂoé?l”ﬁﬁﬂﬁﬁg}%qa‘é%fn%ﬁlﬁ
bet ween t\/\é)1 conductive sheets, the core insulating |layer having a cut out
region th3¥VEETFWQ eandliGtivesshests, theesarsliasilatieg fayastendng at tidoouteginn
regi on has substantially vertical sidewalls.

that is filled with a core flexible insert,

wherein the cutout region has substantially vertical sidewalls.

2. The rigid-flex printed circuit board of claim 1, wherein the sidewalls of the

cutout region do not have a step profile.

3. The rigid-flex printed circuit board of claim 1, wherein the core insulating

layer is comprised of two thinner insulating layers.

4, The rigid-flex printed circuit board of claim 1, wherein the core flexible insert

comprises polyimide or flexible solder mask.

5. The rigid-flex printed circuit board of claim 1, wherein the core insulating
layer comprises an insulation material selected from the group consisting of
fiberglass impregnated with an epoxy, fiberglass impregnated with polyimide,

polytetrafluoroethylene-containing material, and aramid-containing material.



2. The rigid-flex printed circuit board of claim1, wherein the sidewalls
of the <cutout region do not have a step profile. 3. The rigid-flex printed
circuit board of claiml, wherein the core insulating |ayer is conprised
of two thinner insulating |ayers. 4. Thegrigid-flex printed circuit board
of claim1, wherein the core flexible insert conprises polyimde or

flexi ble solder mask. 5. The rigid-flex printed circuit board of claiml,

wher ei n th:é corﬁ_ insul ating. elscf%/'er .conprises an insulation materi al

sel ected fromt Qedl%%-gew Bieq Firgitdroarioh stadmak whersinelheacsgugiitansheets
epoxy, fiberglass inpregnated with polyimde,

pol yt et r af Ripmegersflooppecont ai ni ng material, and arani d- cont ai ni ng
material. 9 6. The rigid-flex printed circuit board of claim1l, wherein

t he conductive sheets are nmade of copper. 7. The rigid-flex printed
circuit board of claim1l further conprising: a first outer insulating |ayer

having a first Ut .k egi t hat ntains a second flexible insert; and a
second out Z'r i n(gﬁ%g'kjl}dngg)?g@@&edh%?fjﬁg)oé@8@@%“iJ’HHB?r FHPB#NPhat cont ai ns
athird flexible insert, wherein the basestock conposite is |am nated
bet ween the firatirgupdier ingylatiagi lager Aquvingaadirsheuted ordiouthat dansainata ng
| ayer, and the core flexible insert is substantially aligned wth the
second f| esédune flexitee inseng ahbe third flexible insert.

a second outer insulating layer having a second cutout region that contains

a third flexible insert,
wherein the basestock composite is laminated between the first outer

insulating layer and the second outer insulating layer, and the core flexible insert is

substantially aligned with the second flexible insert and the third flexible insert.

8. The rigid-flex printed circuit board of claim 6, wherein the side edges of the
core flexible insert, the side edges of the second flexible insert, and the side edges

of the third flexible insert are staggered relative to one another.

9. The rigid-flex printed circuit board of claim 6, wherein the second flexible
insert overlaps a portion of the first outer insulating layer at the second cutout
region, and the third flexible insert overlaps a portion of the second outer insulating

layer at the third cutout region.

10.  The rigid-flex printed circuit board of claim 6, wherein the first outer

insulating layer overlaps a portion of the second flexible insert at the second cutout



8. The rigid-flex printed circuit board of claim@®6, wherein the side edges
of the <core flexible insert, the side edges of the second flexible insert,
and the side edges of the third flexible insert are staggered relative to
one another. 9. The rigid-flex printed cjycuit board of claim6, wherein
the second flexible insert overlaps a portion of the first outer
insulating |layer at the second cutout region, and the third flexible

i nsert overlaps a rtion of the second outer insulating |ayer at the
third cut o(ﬁg'&é’g@r@fﬁt_ S1RLCOPRePPingUFating Iavarmvedaps ecRertionehthe dirddlexiies,
wherein the first outer insulating |ayer overlaps a portion of the second
fl exi bl e i mserttatdie thied setoohcbgiat.out 10 regi on, and the second outer
insulating | ayer overlaps a portion of the third flexible insert at the
third cutout region. 11. The rigid-flex printed circuit board of claim®6,
wherein the first outer insulating |layer has two outer surfaces, each of
whi ch bei ng, subst anti.gl coplanar. with a uter surface of the second
flexible iﬂkert,h%r(ép'ar{‘@%é’é@ﬁ%d Gifcdt 'P?u%fﬁp 8? iGRIM [GyWherRis hRofieit @uter
surfaces, each of which being substantially coplanar with an outer surface
of the thilpgulptisgilayer hassta outep surfaees; iegich -of Menictpbiimgeslibstartiaily cbprndr of
claim1 further conprising: a first outer |layer having a cutout region that

contai ns awith astouel defad@skine Sitdnad IRRAM The@rl @hdlA¥ 8chAY bt ranSUh Y
region that contains a second sol der
layer has two outer surfaces, each of which being substantially coplanar with an

outer surface of the third flexible insert.

12.  The rigid-flex printed circuit board of claim 1 further comprising:

a first outer layer having a cutout region that contains a first solder mask:
and

a second outer layer having a cutout region that contains a second solder
mask,

wherein the basestock composite is laminated between the first outer layer
and the second outer layer, and the core flexible insert is substantially aligned with

the first solder mask and the second solder mask.

13.  The rigid-flex printed circuit board of claim 12, wherein the first and second

outer layers are made of materials similar to the first and second solder masks.



mask, wherein the basestock conposite is | am nated between the first outer
| ayer and the second outer |layer, and the core flexible insert is
substantially aligned with the first solder nask and the second sol der
mask. 13. The rigid-flex printed circuit;poard of claim 12, wherein the
first and second outer |layers are made of materials simlar to the first
and second sol der masks. 11 14. The rigid-flex printed circuit board of
claim 12, qﬂereHﬂgthe first and second outer |ayers are nmade of materials

different from tRHE 19¢-dexRrintateisrit kerrderf clams ke, whereimthe filsgirddfdesrnd
printed circuit board of claim1l further conprising: a first multilayer
stack conppPHtidlagtrakremadé g rhateiss afiffémastliadin neeMseningl se@ solder
conductive material |am nated to one side of the basestock conposite, said
first nmultihlaaker stack having a first opening that exposes a first portion
of the basestock conmposite; a second nultilayer stack conprised of
alternating layers of insulating material and conductive nmateri al
| am nated to the opposite side of the basestock conposite, said second
mul til ayer stack havi ngea second opening that exposes a second portion of
the basest bek cohiposid-iex prntedsirgart boaskof ¢lhins 1dortbei comphsingxposed
surfaces in the first and second openings, the exposed horizontal surface
of the first muafirdtayeltiayeastacksbrihiesed of alternating layers of insulating material
and conductive material laminated to one side of the basestock composite, said
first multilayer stack having a first opening that exposes a first portion of the
basestock composite:
a second multilayer stack comprised of alternating layers of insulating
material and conductive material laminated to the opposite side of the basestock
composite, said second multilayer stack having a second opening that exposes a
second portion of the basestock composite; and
solder mask films covering the exposed surfaces in the first and second
openings, the exposed horizontal surface of the first multilayer stack and the
exposed horizontal surface of the second multilayer stack,
wherein the core flexible insert is substantially aligned with the first and

second openings.

16.  The rigid-flex printed circuit board of claim 1 further comprising:
a first outer insulating layer having a cutout region that contains a second
flexible insert;

a second outer insulating layer having a cutout region that contains a third



exposed horizontal surface of the second nultilayer stack, wherein the core
flexible insert is substantially aligned with the first and second
openings. 16. The rigid-flex printed circuit board of claim1 further
conprising: a first outer insulating laygr having a cutout region that
contains a second flexible insert; a second outer insulating |ayer having
a cutout region that contains a third 12 flexible insert, wherein the
basestock ¢o ,Psite is sandwi ched between the first outer insulating |ayer
and the seﬁﬁg'g Slisert, wheugintthaPaseptaok compesite susandvdonell detwesrs Heefirst

| am nated to an outer horizontal surface of the first outer insulating

| ayer; andoatesétsutatiruiager annthecteoondshiaet insaritinglg@ri o the an outer
horizontal surface of the second outer insulating layer. 17. Arigid-flex

Fi ot “basest ook ot ke snk8 et okl to pafel A A3hE el T dle ng °

| ayers, sajd first sest ock conposite conprising a first core insulating
| ayer sand FSEHB{W '%E%g%la’f/%@f‘dand second conductive sheets, said first

core insulating |layer having a cutout region that is filled with a first
fl exibl e inserta segeededuter heormitadive sheaptolaminakeai tb the sin outer hosiwbatal ng

| ayer has
surface of the second outer insulating layer.

17. Arigid-flex printed circuit board comprising:

(a) a first stack laminate comprised of a first basestock composite
sandwiched between first and second insulating layers, said first
basestock composite comprising a first core insulating layer sandwiched
between first and second conductive sheets, said first core insulating
layer having a cutout region that is filled with a first flexible insert,
wherein the cutout region in said first core insulating layer has
substantially vertical sidewalls;

(b) a second stack laminate comprised of a second basestock composite
sandwiched between third and fourth insulating layers, said second
basestock composite comprising a second core insulating layer
sandwiched between third and fourth conductive sheets, said second
core insulating layer having a cutout region that is filled with a second
flexible insert, wherein the cutout region in said second core insulating
layer has substantially vertical sidewalls;

() a central insulating layer having a cutout region, said central insulating



substantially vertical sidewalls; (b) a second stack |am nate conprised of
a second basestock conposite sandw ched between third and fourth
insulating |ayers, said second basestock conposite conprising a second
core insulating layer sandw ched betweep third and fourth conductive
sheets, said second core insulating |layer having a cutout region that is
filled wth a second flexible insert, wherein the cutout region in said
second core insulating |ayer has substantially vertical sidewalls; (c) a
central insulati néav Ing anAYicheghalween dog bist stankdaminate @ndithe segonsg 13
| ayer bei ng sandw ched between the first stack | am nate and the second
stack | ami nate so staek lamihatd smthae gi loodloinsredidhi isetbfipetiwrencsaisdid firesétask ack
| am nate and said second stack lamnate. 18. The rigid-flex printed circuit

board of claim 1, s anbheid sesdnd SisH b | ayer has a cutout region
that is filled with a third flexi%(%e ig%sﬂéfétrbmtgeé second insulating |ayer

has a cutout region that is filled with a fourth flexible insert, the
third insulating | ayer has a cutout region that is filled with a fifth
flexible insert, the fourth insulating |layer has a cutout region that is
filled withBa sIRRigid-SRK Hratea icuit baand dftwain rswheteutite Bisktihsilating bl e
inserts are substantially aligned relative to one another. 19. A
rigid-fl exiaper magda wutewi tefoRrtlat WBNES IV a third flexible insert, the second
insulating layer has a cutout region that is filled with a fourth flexible insert, the
third insulating layer has a cutout region that is filled with a fifth flexible insert, the
fourth insulating layer has a cutout region that is filled with a sixth flexible insert,
and the first through sixth flexible inserts are substantially aligned relative to one

another.

19.  Arigid-flex printed circuit board comprising:

a core insulating layer having a first cutout region that is filled with a first
flexible insert, the first cutout region having substantially vertical sidewalls;

a first outer insulating layer having a second cutout region that is filled with
a second flexible insert, the second cutout region having substantially vertical
sidewalls;

a first conductive sheet sandwiched between the core insulating layer and
the first outer insulating layer;

a second conductive sheet having a third cutout region; and

a second outer insulating layer having a fourth cutout region,

wherein the second conductive sheet is laminated between the core



a core insulating layer having a first cutout region that is filled with a
first flexible insert, the first cutout region having substantially
vertical sidewalls; a first outer insulating |ayer having a second cutout
region that is filled wwth a second fleyi ble insert, the second cutout
regi on having substantially vertical sidewalls; a first conductive sheet
sandwi ched between the core insulating layer and the first outer

insul ating.|layer: a seco conductive sheet having a third cutout region;
and a sec&?&%ﬁgé‘?‘yqrrﬁﬁg‘ﬁ $RyoNdyrererHasulatnglaysupe shatubedinird egiosh reg?Wr ein

the second conductive sheet is |amnated between the core 14 insulating
| ayer and tHeesecond condestiienshdeadexpgsdsagtdeastaa pbriont dfehe Hirstdiegil® Hsektegi on
in the second conductive sheet exposes at |east a portion of the first

flexible iamette fourNEUAR rbgontis afighedivithesd Mrd SutBLt Qfch Wi th the third

cut out region.



