1 AR gid-Flex Crcuit Board and Manufacturing Met hod BACKGROUND OF THE

| NVENTI ON  5The present invention is related to the field of printed
circuit bwerdg/3end in particular to the structure and wamsGactwoexng net hod
of a cost effective rigid-flex circuit board conprising an inproved
flexible flat cable and a plurality df rigid printed circuit boards.
Rigid-flex circuit boards and flexible printed circuit boards (FPC) are
commonl y used as reljgble platfor for ipterconnecting and nounting
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utilize polyimide insulating material. Typical applications are found in mobile phones,

laptop computers, digital cameras, optical disc drives and MP3 players.

15  However, there are many problems associated with the structure and fabricating
method of existing rigid-flex circuit boards and FPCs such as: a). The complex
manufacturing processes of rigid-flex circuit board and FPC affect production yield and
require intensive use of acidic chemical to etch away a large portion of copper foils
mostly laminated with polyimide insulating film. This etching process produces large

20 amount of toxic waste which is costly to handle during production, storage, transporting,
and disposal. b). In an effort to resolve functional design requirements and improve
reliability of using rigid-flex circuit board and FPCs, circuit designers tend to minimize
mounting components on the flexible section, instead of focusing to assign components
on the rigid section or onto the main circuit board. Hence, a large area of the laminated

25  copper sheet is etched and cut away to form the interconnect section, often leaving a
relatively small proportion of copper traces supported by stiffener to form the rigid
section for component mounting. Thus, this method of making rigid-flex circuit board

and FPCs produces large amount of waste material. ¢). There are also many problems



WO 2012/ 030299PCT/ SG2010/ 000322 2 related to the assenbly processes of
nmounti ng Surface Mount Technol ogy (SMI) 30 conponents on to rigid-flex
circuit bwendizanoebPC particularly during sol der paste pCIBG20M@/0PFNRLESS,
refl ow sol deri ng process and punchi ngznprocess to separate a sheet of
circuit consisting several cavities imito single circuit board. For
exanples, (i) during solder paste printing and SMI corrponent nount i ng,
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board. Flexible flat wiring cable is constructed by lamnating flatten
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i nterconnecting section of a common rigid-flex circuit board reduces a
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structure and nethod of fabricating FFC are relevant to the invention and
hH1coMzpioak etrudRITes bRl refhexe s esbriddtibg rigid-flex circuit board and FPC have

been disclosed. The followings patents are relevant to the invention: U.S. 4,800,461;
4,338,149; 4,931,134; 5,004,639, 5,444,188; 5,175,047, 6,099,745; 6,617,519 B2;
6,835,442.

Flexible Flat Cable (FFC) is used for interconnect purpose particularly for linking circuits

50 boards to circuit board. Flexible flat wiring cable is constructed by laminating flatten
wires with polyester resin insulating films to form straight copper traces of uniform pitch
and width. FFC provides effective, flexibility, foldable, and excellent applications
particularly for repetitive bending movements. FFC is relatively lower cost compared to
flexible printed circuit board made for interconnect purpose and FFC requires no

55 chemical etching on its production process. Therefore, the use of FFC replacing the
interconnecting section of a common rigid-flex circuit board reduces a large amount of
etching chemical used. The followings patents on the structure and method of

fabricating FFC are relevant to the invention and incorporated here for references: U.S.
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4,423, 282; 6,585,836 B2; 6,954,983 B2; 7,223,919 60B2. However, common FFC
havi ng unwvbanmoesombh and pitch of wires traces has constcaisceiooooshul fil l
the vast requirenments of wiring trace' s size, pitch and wiring patterns for
the wiring section of a typical pri nted circuit board. It is the pri nci pal
object of this invention to provide a rigid-flex circuit board, relative
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pesulB2d cost effective rigid-flex circuit board may serve as an
alternative choice to circuit board designers. 70 75 80 WO
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to fulfill the vast requirements of wiring trace’s size, pitch and wiring patterns for the
wiring section of a typical printed circuit board. It is the principal object of this invention
to provide a rigid-flex circuit board, relative inexpensive construction and reduced use of

65 etching chemical utilizing an improved flexible flat cable and rigid printed circuit boards.
The resulted cost effective rigid-flex circuit board may serve as an alternative choice to
circuit board designers.

70

75

80



A cost effective rigid-flex circuit board and its manufacturing nethod are
di scl osed with reduced conplexity in its configuration and fabrication
process. woacpcodance with the invention, the constructrcescaiioones?22
rigid-flex circuit board conprises the followings: (a) a 90flexible wiring
I nt erconnect section consist of an inébroved flexible flat cable; (b) a
conmponent nounting section that is realized by the use of rigid printed

rcuits or flexible pri |t ne end of the flexible
g#at cabl e section and t&mp'mﬂé%ﬁ,ﬁi on are interconnected to
forman unitary rigid-flex circuit board. The other end of the flexible
cabl e section is to form open-ended contact termnals, or soldering 95 pads
for nounting SMI or through-hol es conponents, or interconnecting another
circéi coﬁc&ife@tiva' ﬁgidf—ﬂl@«t:imuit loadideargbits mamuéaoturieg slethod arevdisclosed wiitit hs

nd folded to variou and
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conductor wi dth, and double sided termnals is disclosed. The manufacturing

met h@irectiedsher conprises the fol | owi ng st eps: (1) the wire separating
gui de-roll of the FFC | am nating process is conposed with

In the disclosed structure and manufacturing process of the rigid-flex circuit board, the

100 most distinctive characteristic of the invention is that an improved flexible flat cable is
used for the interconnect section. An object of the invention is to provide a non-uniform
pitch and wire conductor width of an improved flexible flat cable to accommodate
functional requirements of a typical wiring circuit board. Another object of the invention
is to provide an improved flexible flat cable having wiring terminations for soldering

105  through-holes and SMT components. Still another object of the invention is to combine
two pieces of flexible flat cables back-to back with adhesive tape and laminate together
to form an unitary cable having two-sided contact terminals suitable for pairing with a
double sided connector, instead of limiting to the use of a broader single-sided fine-pitch
connector.

110  In accordance with the invention, a manufacturing method of an improved flexible flat
cable having non-uniform pitch, non-uniform wire conductor width, and double sided
terminals is disclosed. The manufacturing method further comprises the following steps:

(1) the wire separating guide-roll of the FFC laminating process is composed with
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non-uniformwire wdth and pitch custom zed to 115specific wre patterns
requi red W 20iwa30m9i nt er connect section of a rigid-fl expcirscadtoobesaz d.
Alternatively, a fully custom zed guide-roll can also be fabricated to have
a different pitch and wdth of flat W re conductors. (2) the lamnated wire
roll is further added with stiffeners for connecting termnals to one end
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Separately, single layer or multilayer rigid printed circuit boards which assure high
mechanical stability are used to form the component mounting section of the rigid-flex

printed circuit board.

130 The improved flexible flat cable is further interconnected to the rigid printed circuit
boards to form a rigid-flex circuit board. Interconnecting the flexible flat cable and rigid
circuit board can be achieved by direct soldering or inserting the cable terminal to a
connector soldered on a circuit board. Alternatively, the flexible fiat cable and rigid
printed circuit board can be interconnected by utilizing anisotropic conductive film, which

135  typically having lower curing temperature relative to conventional tin based soldering

and is suitable for fine-pitch interconnect applications.

This invention thus provides a cost effective rigid-flex circuit board employing an
improved flexible flat cable and rigid printed circuit boards, and can advantageously
replace the use of relatively expensive conventional rigid-fiex circuit boards and FPCs.
140 These and other objects, advantages and features of the present invention will be
apparent from the foliowing description of preferred embodiments, considered along

with the accompanying drawings.



This invention thus provides a cost effective rigid-flex circuit board

enpl oying an inproved flexible flat cable and rigid printed circuit boards,
and can astpanizagenus|y replace the use of relatively expemsiceelomosseent i ona
rigid-flex circuit boards and FPCs. 140 These and ot her objects, advantages
and features of the present i nventi o will be apparent fromthe foll ow ng
description of preferred enbodi nents, considered along with the

acconpanyi ng draww ﬁ9 S6 BRI EF DESCRI PTI ON
OF THE DRAW NGS 1 -5 ' nmbodi ment

fabricated in accordance with present invention; FIG 2 is an enlarged view
of the enbodinent in Fig. 1 illustrating the end section consisting of a

rigi rynted circuit board nounted w SMT ., c onents: LG 3.is an
1350 Pt B EipGHic et aidiecrdia fbSmnt fanen e i Airoioq i piesalt ¢ {0

t hr egwEpflo@y oups of wire extensions for various |ength of connections, and
having different type of bending angles on the inproved flexible flat
cable, .FLG _4-5 is to L,ew o not her preferred.enpodi npent il lustrating
vari 518 16 et aniardel R of L n@boR RSt PG, L Bus g R bR ationc

boar eénsiétﬁhdg)af hirkgid pFihded ditdait Boavd dvsuried Whth! SIMTWEnperdHigd circuit board
IS enbedded into the center part of the flexible flat 155cable; FIG 6 is
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view of ‘the enbodi nent described in Fig. d 8 1 s” anot her
var i handipg anglesabdoe iprovedifexitde figt eaklep vi ew of still another preferred
enbodi ment illustrating the interconnect section having a doubl e-si ded

fl exFhtes sl idta epRli8w I HicHEP efifred embodiment illustrating various folded
extensions connected with three rigid printed circuit boards. In particularly, FIG. 5 shows
a small rigid printed circuit board is embedded into the center part of the flexible flat
155  cable;

FIG. 6 is an exemplary rigid-flex circuit board having an end section of Fig. 5
interconnecting with a partial view of a larger printed circuit board utilizing anisotropic
conductive adhesive;

FIG. 7 is an isometric view of the embodiment described in Fig. 4 and FIG. 8 is another
160 variant of the embodiment;

FIG. 9 is a top view of still another preferred embodiment illustrating the interconnect
section having a double-sided flexible flat cable configuration;

FIG. 10 is an enlarged front isometric view of the embodiment described in Fig.9;

FIG. 11 is an enlarged front section view of the embodiment of Fig. 9 illustrating details
165  of the double sided flexible flat cable interconnecting section;

FIG. 12 is a top view of a preferred embodiment illustrating a wire separating guide-roll
assembly incorporated with various sizes of separator discs.



FIG 10 is an enlarged front isonmetric view of the enbodi nent described in
Fig.o9 FIG 11 is an enlarged front section view of the enbodi nent of
Fig. 9 ilwosvmaping details 1650f the double sided flexipolrschimiooeabl e

i nterconnecting section; FIG 12 is a top view of a preferred enbodi nent
illustrating a wire separating gui de-foll assenbly incorporated with
various sizes of separator discs. 7 FIG 13 is an enlarged front section
of t guide-rall depi.cting details of separator discs aligned.in,a row
Trorr 0044 W ah et e Bl 8 g oS FREBhEhnd e R BRI et g, 12,
FI G aliénéd aeamdw. an enl arged isonetric view showi ng details of a separator
di sc; 175DESCRI PTI ON OF PREFERRED EMBODI MENTS A preferred enbodi nent for

e disclosed.rigid-flex circui,t board. utilizing an i ved flexible flat
léélm gl@hg %8 fipa isRe B ew b e ¢ 08%%%4‘?%@33%‘:{&5 i nated wi t h
several circuit boards can best be appreciated by referring to FIG 1 to 3.
The FIGxiblpecsstis Bhaanla@eddsemdire vieswtdhewiog detdilsii dssepagdtor aidcy | ami nat ed
with a layer of stiffener for inserting to connector 1. The flexible flat
cable can be folded into different angles 3 custom zed to each specific
application. The cable extension 4 is connected to a small printed circuit
board mounted with light emtting diodes. A mniature tact swtch is
nount ed on another group wi res extension connected to printed circuit board
5. One 185 extension of the cable is directly soldered to a stanped netal
plate 6 for convenient screwed to grounding contact. The other end of the
rigid-flex circuit board 7 is connected by soldering to another printed
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A preferred embodiment for the disclosed rigid-flex circuit board utilizing an improved
flexible flat cable showing various extensions for connections and terminated with
several circuit boards can best be appreciated by referring to FIG. 1 to 3. The flexible

180 flat cable end 2 is the contact pads preferably laminated with a layer of stiffener for
inserting to connector 1. The flexible flat cable can be folded into different angles 3
customized to each specific application. The cable extension 4 is connected to a small
printed circuit board mounted with light emitting diodes. A miniature tact switch is
mounted on another group wires extension connected to printed circuit board 5. One

185 extension of the cable is directly soldered to a stamped metal plate 6 for convenient
screwed to grounding contact. The other end of the rigid-flex circuit board 7 is
connected by soldering to another printed circuit board 8. This circuit board is mounted
with a microcontroller 9, a transistor 10 and an USB connector 11.

Referring to FIG. 4 to 7, the inner section of the cable 12 is embedded with a thin rigid

190  printed circuit board mounted with SMT components. One group of wires extension of
the rigid-flex circuit board is connected to another printed circuit board mounted with a
slide switch 13. Another extension of wire pair is terminated with through-hole pads 14.
The other end of the cable 15 is connected to a sensor application board by means of
anisotropy conductive film.



Referring to FIG 4 to 7, the inner section of the cable 12 is enbedded
with a thinrigid 190 printed circuit board nmounted with SMI conponents.
One gr oupwofowiosemoext ensi on of the rigid-flex circuit poasd20®ooanect ed
to another printed circuit board mounted with a slide switch 13. Anot her
extension of wire pair is term nated & t h t hr ough- hol e pads 14. The ot her
end of the cable 15 is connected to a sensor application board by neans of
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cabl es connecti ng pads, i.e. top cable bottom cable 21, are
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the split junction of two FFC layers to firmy secure the nated j oi nt.
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sided pin connector. A tape holder 17 secured by single-sided adhesive is located at
the split junction of two FFC layers to firmly secure the laminated joint. The other
section of the rigid-flex circuit board contents a top layer flat cable 18 and a bottom layer
21, which are not laminated together. Each cable is independently slit and folded into

210 different angie along its length customized according to specific applications. FIG. 11
illustrates the detail of non-uniform wire conductors of larger width 23 and smaller width
24 having different pitches.

The preferred configuration of the flat wire separating guide-roll assembly in the present
invention for fabricating the improved flexible flat cable interconnects section is

215  illustrated in FIG 12 to 15. A number of separator discs 26 are assembled into the
guide-roll shaft 25 to construct a different pitch 28 separating between wire conductors
and accommodating different width 27 of flat wire conductors, to form wiring patterns of

the improved flexible flat cable.

As an additional advantage of the present invention, the use of separator discs provide
220 flexibility and choice for the flat cable fabricator to arrange each type of separator disc

for constructing wiring patterns.

The preferred embodiments of the invention described herein have been with respect to

the use of flexible flat cables as the interconnecting section of the rigid-flex circuit board.



210different angle along its length custom zed according to specific
applications. FIG 11 illustrates the detail of non-uniformwre conductors
of | argerweoi2dtdni@B9and snal |l er wi dth 24 havi ng di f f er entecpiscetemoosthe
preferred configuration of the flat wre separating guide-roll assenbly in
the present invention for fabricati nggthe i nproved flexible flat cable

i nterconnects section is 215illustrated in FIG 12 to 15. A nunber of
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i nproved flexible flat cable. As an additjonal advantage of the present

i nvefR$SAblervasioys CirgHit afierns of a dyriea) printsd eiecuwiberardx bil ity and choice for
the flat cable fabricator to arrange each type of separator disc for
constructing wiring patterns. 9 O particular inportance to the present
invention is the fact that a variety of flat cable a25 wiring patterns can
be constructed using the wire separating guide-roll assenbly to resenble
various circuit patterns of a typical printed circuit board. WO
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Whil e the present invention has been described herein with respect to
several specific exenplary structures and nethods, it is not unduly limted
by this dvechmsisom®eof the Spreferred enbodi nents and netrbods2cesoeszbed.
Instead, it is intended that the invq tion be defined and their
equi val ents, set forth in the followng clains: Wat is clained is: 1. A
cost effective rigid-flex circuit board conprising: A

flexi ble section for interconnectéﬁgéﬁgﬁgonsists of at |east one inproved
10fl exi bl e flat cable, and; a pl i of rigid sections for conponent
nmount i ng which content of at |least one rigid printed circuit board or one
flexible printed circuit board. The rigid-flex circuit board according to
claim1, wherein the inproved flexible flat cable section consist of non
uni f Y¥hilenihespreseanfuioventiqs hasbegh aesaribedhergin with raspect toiseversdspecifior s i s

hi d h ' t i de-roll oL, _di ' d
£ 1 exerpenStRRIraE ahifndioRS &5 hotFREIT ey RSO Et b€ Doar o
as coprifareti@mbadimehts #hé¢ hedtRol dekbiiet 98stbha Xit B iptdrdel thabie ineshtic
consist of non uniformwi re conductor width. The variable width i s achi eved

by ubeldefingd ansbihepaaivalents: seidprtbdn dhe fdlowingclpingl aced onto t he
correspondi ng guide-roll separator disc spaces on a flexible flat cable

| am peratNg cRimperas:us. The rigid-flex circuit board according to claim1,
wherein the inproved flexible flat cable section, one term nal end consists

of non pnifor | deri.ng bad size for sol dering through-holes and SMI
corrponeﬁté‘.cels:{]ﬁfgf’ﬁ‘éer f'@@r'fﬁ’h%lrc%ﬁ%%’érfﬁ'mr?"aﬂ- conductor wires | aninated
with stiffener for inserting into a connector. The rigid-flex circuit board
accor di ng t cAdleribfe decticimefioeintetdomniespwhichdcdrisists bf at lbhatt orgealphprosedt i on

i:oon5| st of aﬁexliﬁg?ltat 8Q§Ie! gxg;r W ring conductors.

a plurality of rigid sections for component mounting which content of at least
one rigid printed circuit board or one flexible printed circuit board.

2. The rigid-flex circuit board according to claim 1, wherein the improved flexible flat

cable section consist of non uniform wire conductor pitch. The variable pitch
15 among wire conductors is achieved by changing the guide-roll separator disc
spacing mounted on a flexible flat cable laminating apparatus.

3. The rigid-flex circuit board according to claim 1, wherein the improved flexible flat
cable section consist of non uniform wire conductor width. The variable width is
achieved by utilizing appropriate width of conductors to be placed onto the

20 corresbonding guide-roll separator disc spaces on a flexible flat cable laminating
apparatus.

4. The rigid-flex circuit board according to claim 1, wherein the improved flexible flat
cable section, one terminal end consists of non uniform soldering pad size for
soldering through-holes and SMT components. The other terminal end consists

25 of conductor wires laminated with stiffener for inserting into a connector.
5. The rigid-flex circuit board according to claim 1, wherein the improved flexible fiat

cable section consist of at least one layer wiring conductors.



WO 2012/ 030299PCT/ SG2010/ 000322 11 6. The rigid-flex circuit board
according to claim5, wherein the inproved flexible flat cable section is
const r uctwo 2012/30m0i ni ng two pieces of flexible flat calkceschewhddt o back
wi th adhesive tape and |lam nated to forman unitary cabl e having two- sided
contact termnals suitable for pairi hg with a doubl e-si ded pi ns connector.
7. A nethod of fabricating an inproved flexible flat cable for the

i ntercenn . ' ] | QL0 Cli L:GUk t 1 onl,l.Si . ep of:
5Py ovit s Gpx itedt bBal bebrlnglioRa b whER RO MR ek BHE: b
one separ shble siction i auhstouctad bgudmbiningtwo Idiecdd ofsliexibie dlait sablet dael- next
to the following discs in a row along a shaft; . tSoth ends of the
haft ar ethBaeWithRdhesiverigee andaminated o fmhgn waitpbLaIB hrying tied

i nsul at i o4kl fl ; I | C ) ' atus to
forma fl g‘tdtega(brq@é@g%ﬁﬁmb(g SLitabid ?glpgcl:ﬁg{/gﬁ@ %%ﬁg)? %gﬁtghd;ﬁégl%gn Q?F'cabl e
ends wi#t. hAdnhéthadeoft fabticatirgnan impoivieddlexitiaiflak catde foradthedktercanmests i ng
termnals. The Oﬁt her lﬂeﬁd of t.ge c%bl e 45may form ﬁ:q%nnecti ng pads; The said
flat cabl 8¢ OF  NG{GHIeX ClECYiRoATALPMRIRIAS theS®RGh an i ndi vi dual
single-sided termnals flat cable and is further slit to separate wre
groups. The separated wire groups are folded to re%ui red angl es and

I%r m nat ed 50wFrevidingraflal wire seppeatiog guiderelhassanably contaivingrimeiepthaned

flexible flat one separator discs having various widths. The first disc is aligned next to

the following discs in a row along a shaft;

Both ends of the shaft are housed by bearings. Flat wires having various
40 width and insulation film are fed into a flexible flat cable laminating

apparatus to form a flat cable roli;

Selectively bonding the said flat cable ends with different stiffener width
and thickness to make connecting terminals. The other end of the cable

45 may form connecting pads;

The said flat cable roll is cut to a required length to form an individual

single-sided terminals flat cable and is further slit to separate wire groups.

The separated wire groups are folded to required angles and terminated
50 with appropriate type of terminals to produce an improved flexible flat

cable;

The said improved flexible flat cable terminal ends can further interconnect
with printed circuit boards to form a rigid-flex circuit board.
55
8. The method of claim 7, further comprising the step of:



cable; The said inproved flexible flat cable term nal ends can further
interconnect with printed circuit boards to forma rigid-flex circuit
board. 55v8.20ikBoyet hod of claim 7, further conprising trhesstennoizzz WO
2012/ 030299PCT/ SG2010/ 000322 12 Arrangi ng two pieces of the said inproved
flexible flat cables back-to-back at fhe si ngl e-ended term nal ends to form
an i nproved doubl e-sided flat cable; 60The said double-sided flexible flat
cabl e term nal . r el ' re Jat [ [ gards to
forma rigidf ﬁi@%@,%@ Big%gg 8fgg§ SAGARTSTed i i =t LGBl Jatk th-LR

at the single-ended terminal ends to form an improved double-sided flat

cable;

60 The said double-sided flexible flat cable terminal ends can further
interconnect with printed circuit boards to form a rigid-flex circuit board

65



