\\\ELEXIBLE PRLNTED Cl RCUI T HARNESS DEVI CE AND FLEXI BLE PRI NTED Cl RCU T USED

. ‘EHERECF The present invention concerns an FPC harness device 5 I ncl udi ng -
a flexible printed circuit board (FPC) which is forned in order to transmt
a plurality of signals at high speed, and an FPC used therefor. _BACKGRQJND
.OF THE | NVENTI ON Various types of connecting nmeans are used to connect 10
conput er-rel at ed devi ces. For exarrp#e, har ness devices using tw sted-pair .
cabl es have conventionally been used for the nutual interconnection of
devi ces such as di.sk arrays and work stations. Tw sted-pair cables are
flat nulti-core cOMNEBXEIRLE RRINEEDMUIRCULE JARNESS L gﬁg@ PNP15  which
pairs of lines are tW&EEIBLE RRINEEP €IRGULA UPEEr T ent crosstalk,
and fused parts in which the lines are fused toget her at appropriate
intervals along the direction of length. In the corH‘nectlon of
tw sted-pair cab/Tl®§ PFesepy 1DY¥RRELP r§°nF§rn§cé‘
pr essur & welididlgidimgnec filexiblel prihtedca:krcuﬁ.ns bd»apcdr t(sFRﬁ) twielalwiiss ed-

bai 1 cabl e /6866 QUNBAALEd, LN LhG e s Wierl i P Slilichfls at mign

pressur e- wel' ARG erm nars rn e “connect or wWever
of convent|@memalamdsgmwcce@e%theﬁgfﬁg‘ twi sted-pair cables, there is a

need for i MyR%eRRIND OF AaE qlvagmmgNrespects first of all, as was

descri bed above the <connectign of twsted ?al r

acconpl i shed by Ye&i®ug: t¥res; QEPgqting n %aﬂﬂ%é‘s?—éﬁe‘?/é?ombee%tause of
t he nead f orconAdangela®rid devildees .30 Fogi shamgsise behaenestheberiemsed

parts cannot be s ort Accordingl vy, _an arhit ) h f t :

t wi st ed- pai ™ ‘@rﬁéﬁ%ﬁ@?’c’%nﬁ%‘?f%e H@Xﬁ' co&"f%rﬂwmjtlg?%necessary (lin sone
cases to use&an tnhmeme‘suall lijtiescgnhegyibnofo adewicrisi cdueck Aas disk

appr opr i ate jgf 'EE}Hft NLEQ0io Twis 3&3&:&’ ,c8be8 Ehe iathyi dual

tw sted palrs of a vmste -palr ca e do not an |ntegral structure,

handl i ng i s M#litidi-ceme, conductor ¢ahlaswhirhs hawe peebREeenPaTH N t h
surround ng wicecipairdt ©f lines are twisted in helical form in order

to prevent crosstalk, and fused parts in which the lines
are fused together at appropriate intervals along the
direction of length.

In most cases, the connection of twisted-pair cables

20 to connectors is accomplished by pressure-welding
connections. 1In this case, fused parts of the twisted-
pair cable are accommodated in the pressure-welding slots-
of pressure-welding terminals installed on the connector.:

However, in the case of conventional harness devices

25 using twisted-pair cables, there is a need for improvement
in the following respects: first of all, as was described
above, the connection of twisted-pair cables is
accomplished by means of the fused parts of the cables.

- However, because of the need for impedance control, the

30 distances between these fused parts cannot be short_ened'.
Accordingly, an arbitrary length of the twisted-pair cable
employed cannot be used, so that it is necessary in some
cases to use an unnecessarily long length of cable, which
is not appropriate for compact mounting.

35 Secondly, since the individual twisted pairs of a

twisted-pair cable do not have an integral structure,

handling is difficult, e.g., the twisted pairs may become
entangled with surrounding objects, etc.



. -2 ~Thirdly, conventi onal tw sted-pair cables are termnated with

‘Fpressure wel di ng type connectors. Such pressure-wel di ng connectors are

relatlvely expensive, so that the harness device as a whole al so becones
expensive. 5 Accordingly, there is a need for a harness device which can be
| nexpensi vely constructed while at the sanme tine allow ng easy assenbly and
connection. The present invention canjbe used with conputer- related

devi ces, etc. An FPC harness device ifcluding an 10 FPC is provided. The
FPC (FIeX|bIe Printed Circuit) is a two-sided FPC, i.e., an FPC whi ch has
two layers of ci rR#%AI4t t eFBventionad or fWaPEES-BAATs oFaRHRS ci %R t

patterns ar e;auﬁ&iaamd aiviyhp@fralsbahse ar@clda&@ ygd edonﬁetherbt ansswme
direction, rect

. ur eelecg Il or a Lav i %91 usi ng
the FPC of %ﬁﬁa %ﬂ it Qrﬁgﬁﬁ?%% ?t F? FE38LAVE ?b WA doﬁ%ﬁct
el ectrical ddwtedhieoharhessdidevdcenasan whgheal alsarkadanes redpangiore .
comput el I el ARGIGES . chGrdNEENaCIRe dtdr! s BREHERLCGde? il

i npedance i s nai nt er nor e, arness devi ce of the
present |nvé@ﬁ(ﬁﬁa}§@XE8§SéUGﬁBnP@n§§FWFGQ¢tWhﬁlﬁrﬁﬁnﬁheféémﬁwikﬂethe

connectors md%@@gﬁplysggmﬁlggé{mr@sﬁng@m&e can be acconplished
relatively inexpensivel addition,., since the connectors are

mechani cal |y con eBTBFeRk %eml Ggrogbe used, sWith, FAMPELE he
I nt er nedi at eglattes] deviwedPEtar.e Mo IFRT dedrigss [ewiorel uoicdneliodg tae

ci reui Eooat FHd S &H% ided S M %tpg,“‘f(fﬁéréét d rtQ.—lrl\‘%Hcf%’e:fc 1B S &eting

t he FPC and CIrCUI TS hs used ypes Cofinector's. can be
ef fectively t@@"r 'F@Ceacia ®t he@an aF@C3owhiche haf néwo bayere @fh al so

be used in apRIGGA ';SHLStéf\:YQ' wmefiﬁeaeﬂédmaverrﬁa&tgf JPOlhed YRR ES, SO
that there is an extrenelgB g@ngﬁgree of freedom The object, of the

present inv&REEEFIS 3%8Sp Y PRTTddelde AR AKEr SPALESOFPAR | 5.
used in the tdxevit&e.nsa&rsd\/rdﬁ‘eqlﬂrdn,tsl €0PhE ttig® EEEh O sredOidbr . made

bet ween conput er - vices while preyventi crosstalk and ai ni ng
an app gprlatel Aé’gtﬁ@g‘gdle By s fng’ *tHE" ' BB OF T Prergae%

invention, it is possible to realize compact electrical

connections for differential signal transmission between

computer-related devices, in which crosstalk is prevented

while a high impedance is maintained. Furthermore, the

20 FPC harness device of the present invention also has

economic merit in that the manufacture of the connectors

and the assembly of the harness device can be accomplished

relatively inexpensively. In addition, since the

connectors are mechanically connected by an FPC, handling

25 is easy, and since the intermediate parts of the FPC are

reinforced by the conductors of the circuit patterns, the

FPC is resistant to bending. Moreover, by selecting the

FPC and circuit patterns uéed, different types of

connectors can be effectively. connected to each other, and

30 the harness device can also be used in applications

- involving frequent movement of both connectors, so that
there is an extremely high degree of freedom.

The object of the present invention is to provide an

FPC harness device wherein an FPC is used in the dev1ce,

35 which permits compact connections to be made between

computer-related devices while preventing crosstalk and

maintaining an appropriate impedance.



ﬁéerhe present invention -provides an FPC harness device conprising an FPC

" Mith circuit patterns formed on both surfaces, and a pair of connectors

mounted on the FPC at the opposed ends on one surface, wherein at |east the
5 internedi ate portions of the respective conductors of the upper and | ower
circuit patterns of the FPC extend substantially in the sane direction and
are shifted in the transverse directiqgn froma back-to-back position.
Furthernore, the present invention al g’o'provi des an 10 FPC wi t h upper- and
lower circuit patterns in.two |ayers each having | urality of cqnductors,
wherein the FPC Bas Eﬁﬁﬁé@to%§VﬁEEﬁPPnBrﬁUF@P§n§nfSEFbBaSHeFﬁe depecst t he

opposed endscRPr P8engurdmCepd ek eaf ,cﬂﬂéﬁhﬂ hgaEpBRrast ot b gbpeht i ons
being nmutual ly_el ectric IIy Conn%P%ed t he con uctogﬁ' g % % | east
t he |nterneﬁV%f%Cﬁ§rtPB s 2oP3% e § oﬁﬁnﬁﬁﬁ?ﬁ? 8P Fhe E #‘and

| ower cir cuthe paippeysesl oéndibe omoenededlrEla@eexmhelrembstaa:ntlaMly_ ithet he
Sae dlgeCt#P@e% di‘éﬁe”gwékbﬁs a:;lf {:Egcﬁcﬁaﬁagtﬁ. NYbaRe L ik ﬁeﬁtf' Rl roma

back-t o= back posi ness evi ce of the present
i nvention happern RRGlantowemneskesuiwhiratteme ortfecttéte t Fhthe erbendrhe FPC

is a two- S'Q@sEEEtlaﬁ!Q | $nCORStddthd i St 1o dit® LB fior by t he
circuit patterns (which | ncl yde ci rcubgpgl%ﬁ(eern wi.th a two-|ayer

structure) ‘e5@Rsyerse diggetinp; frey Fo-Fase P HEi t hin t he
respective | ayer sugbtekbmbween thike prasssr :".Ehmme:lsqmcalse prostidesr amf t he

first tend.in_the directj of h aj 'n i ons
t hat ai@ysh]i? g&’ oFP o%mfni{’ﬁért Fé%g:\{}gtrts \M(}': Fec o_%ﬁwi:?h g;%ﬁ:]s: to
t he respecteavehislma\flngndlmhm%liﬁy tofe mm:meg/erwhevemﬁdzﬂ rﬁé’lﬁ t he
| nventi on %Hanaewobg tiﬁfj E)Sr xsngf %ﬁﬁ@&edﬂtbhéefﬁcﬁ“&t? tthd he

acconpanyi ng amnngs I n ure I.s plan view of the FPC harness of
the 35 prekResedneads an ‘Fﬁ‘%u?‘érﬁap§ Fher®otsi iR thE EPBETRSSMss

shown in Figsigting portions being mutually electrically connected by

15 the conductors; and at least the intermediate portions of

| the réspectivé conductors of the upper and lower circuit
patterns of the two-sided FPC extend substantially in the
same direction and are mutually shifted in the transverse
direction from a back-to-back position.

20 The FPC harness device of the present invention has
an FPC and connectors which are connected to the FPC. The
FPC is a two-sided FPC, and is constructed so that the
conductors forming ‘the circuit patterns (which include
circuit patterns with a two-layer structure) extend

25 substantially parallel to each other within the respective
layers and between the layers. The respective conductors
of the first layer extend in the direction of length while
maintaining positions that are shifted to one side in the
transverse direction with respect to the respective

30 conductors of the second layer.

'An embodiment of the invention will now be described
by way of example with reference to the 'accompanying~
draw1ngs in which: .

Figure 1 is plan view of the FPC harness ‘of the

35 present invention. _

Figure 2 is a side view of the FPC harness shown in

Figure 1.



. -‘4-“-.Fi gure 3 is a plan view showi ng one side of the FPC:harness

"I {llustrating the conductor pattern on side A as identified in Figure 2. For

t'he purposes of illustration, the top surface in this viewis assuned to be
transparent 5 so that the conductor patterns are visible. Figure 4 is a
pl an vi ew showi ng the opposite side of the FPC harness illustrating the

conductor pattern on side B as identified in Figure 2. For the purposes of
illustration, the top surface in thi-s4view is assunmed to 10 be
transparent so that the conductor patterns are visible, Figure 5is a
cross-sectional FigwreaRedsaleomjlan rmeidw sshewingupee3sidewphigthiRe FPC

conductors hQrﬁeéér331§W§d¥§Elﬂ§ EﬁgaéﬁﬂdﬁﬁéorF QHEérﬁ 68 8ide A as

cross-sectional view taken, along_line 15 § ka[i t he

conduct or s %‘ﬁeﬁﬁlf-ﬁ?@rﬁﬁd?hg%rﬁa?t dfox @%me#&r’-éz ysgEgakion,

cross-sectignal typesuirakes ahonpils vdew Lsobssgede td deowragspheent

conductors in copnd end art of ess. , Figures 1 and 2
g?ﬂg gﬂaespg é% Jh 5% f%& le.

show t 2 FPE2h e pr sENt- i vention. FPC har ness
devi ce 10 has a F:Lgurecénmecaopla@g vi eve sbowingh tde oppegitengide PEC
(f1exible ppgt '15&:!:&2 5Q 1R ri el v SEANGS decé&ihSonand
second conne%tgo%?(go ég% ‘Mﬂ agﬁgfégt” bed ab%ve I%he FPC 5Q is a

f1exible pr$h@@d50|%ﬂ:u%@e%¥€heﬁa§-rblIFJfﬁlHJ’Ee patt erfRY o‘h“%o?’iﬁ@?%eﬁpﬁgr and

| ower fﬁcesu’f@ét%he&bhy thieess lé@ﬁéc@aiﬁgtﬁisaWeWO‘isShéwumed Eogur e ﬁ
A5|ssown|nF|ure orned so t It corr s to the
o dt hsiBf e FredPbeERtEcRe g@ e e ier Pl oY IRRRAES 0
portion of the FPﬁJgﬁerst \d@ratd:teos-mect:bonabemgwf taked aihoag llne
substantial Ly u |

rei nforci ng‘l-’p? {’g a‘r?'jén E{‘ é&:t?ft h%n?%?ggg}?ve?% |t| ons of
the first c@ﬁnbb&ohaggeaﬁd second 35 connector 40. These reinforcing

plates 61 and 62paggrbOEMaG f4 oe%asaeééctféhéia%ewatakaeﬁl a3bel asine gl ass-

added epoxy nmaterial, and are bopded to the FPC 50.
E y 6-6 of F:.gure 3 show:l?ng the conductors 1n an intermediate

part of the harness.

Figure 7 is a cross-sectional view taken along line
7-7 of Figure 3 showing the conductors in a second end
part of the harness. .

20 Figures 1 and 2 show the FPC harness device 10 of the
present invention. FPC harness device 10 has a first
connector 30, a second connector 40, and an FPC (flexible
printed circuit) 50 which electrically connects the first
and second connectors 30 and 40. As was described above,

25 the FPC 50 is a flexible printed circuit which has circuit
patterns on both its upper and lower faces. For clarity,
these circuit patterns are not shown in Figure 1. As is
shown in Figure 1, the FPC 50 is formed so that it
corresponds to the widths of the first connector 30 and

30 second connector 40, with the portion of the FPC 50
between the connectors being formed in a substantially
trapezoidal shapé. Furthermore, as is shown in Figure 2,
reinforcing plates 61 and 62 are installed- at the
respective positions of the first connector 30 and second

35 connector 40. These reinforcing plates 61 and 62 are
formed from a heat-resistant material "such as a glass-
added epoxy material, and are bonded to the FPC 50. The
reinforcing plates 61 and 62 facilitate the attachment of



relqnform ng plates 61 and 62 facilitate the attachnment of -5- the

Tespectlve connectors and snooth the bending of the FPC 50. Furthernore,

the reason that the surfaces of the FPC 50-to which the reinforcing plates
61 and 62 are bonded are on opposite sides of the FPC 50 is that the 5
contacts of the first and second connectors 30 and 40 have different forns
(as will be described later). The contacts of the first connector 30 have
post-formtines or through hole sol-der tails 31. These ti nes 31 are
inserted intg through-holes (first connector connectin parts) 51
formed in th eFﬁ'@wq:l%%e@orSan@Qr SOt iR ﬁBiiéPS IXF s"tﬂ%lerl ng.
As a resul t FRCheof.i r surehapmotrer, 8lei sehadhe e tatthet @UIFH®SE taf tdRe FPC

50. Meanwhi E.e, t%a egnt s 3{3&1 o{__h he SEG ongccogge tqr 40§ﬁreeaf$gl ggred to pads

(second connector connecting part
Figure 3). bonded paus cmeopypscam pidegerofodthe #FPCsFT ate mhartt Eh:d der

pads. Ag a eeﬁelat:tst 8e éﬁ&oﬁﬂr§€'ﬁlﬁftsf€{cé}ﬂi'éoﬂﬁéé€&f€ 30 448 fPQrR

Figure 3 and,4 show a see-through_view fromone sid side Ain Figure 3)

of the ci rcgf‘-fffﬁ§?f1§r formgr feg Wildiwpeodesaniked I@eMe FPC 50 of the
present inventi ofhe &ntﬁ@téV\QﬂﬁY@rfiﬁt Cddrﬁiéét@ﬁt?,(ﬁ&fa'i;e s tiEYim Si de

circuit pattern, I I r U|t rn, de I n ure 2, is shomn
in Figure 3E1E55h°5f tl?]ﬁ%u%ela ‘f gbae’rf$ oﬁ' (ﬁb?ﬁ? ’3')‘ 013\1

the circui _tlpaertaed hmoa tthremgliéholmd (ﬁ&ﬁs&laonhecboextcmmﬂadﬁm;g t he
corT eSagn! BeLhy oul ebhaSy fba SREECPILEDBANEA! 1y, pECACUEU!
arranged, ﬁonﬁﬁéﬁﬁ@dﬁaﬁ@eﬁa tby Bolderingxt edds @i ngdwht) ytheorﬁltrfﬂé‘- first

end part 21éonﬁ8@tér3%@nﬂse@%s%@nedpaéﬁd2%%ﬂﬁééﬂbcfxﬁsn%ef repesagl
i nt er medi at?ds% é i% l_‘ﬁg‘l\/vard t he second connhector 40 in substantlall -t he

same direct & SFORTRCHRr P2 e BeERNGe GARPRSEPHa,P i's
connect ed tsohdeaédSEa ipaddie (deomid r conakctads Gohnéetibgr pares)t g2 pads

52b 'n ghe EEhelO% the FOR0Sy 86l Fig2RRCGHEd qm, U Oughholes 53,

and' a

typically referred to as. surface mount solder pads. 2As a
result, the second conriectqr 40 is fastened to the FPC 50.
' Figure 3 and 4 show a see-through view from one side
(side A in Figure 3) of the circuit patterns formed in two
20 layers on the FPC 50 of the present invention. Of the two
layers of circuit patterns, the upper-side circuit
pattern, i.e., the circuit pattern on side A in Figure 2,
is shown in Figure 3. Each of the conductors (copper foil
conductors) 20a forming the circuit pattern has a first
25 end part 21la which extends from the corresponding through-
hole 51 in a direction substantially perpendicular to the
direction of length of the rows in which the through-holes
51 are arranged, an intermediate part 22a which extends
diagonally from the first end part 21a, and a second end |
30 part 23a which extends from said intermediate part 22a
toward the second connector 40 in substantially the same
direction as the first end part 2la. Each second end
part 23a is connected to a pad 52a in the front ‘row of
- pads 52. Furthermore, the pads 52b in the rear row of
35 pads 52 are connected to through-holes 53, and are
electrically connected with the circuit pattern on the
lower side of the FPC 50, i.e., the circuit pattern on
side B in Figure 2 (as will be described hereafter).



" electrically connected with the circuit pattern on the |ower side of the:

- FPC 50, i.e., the circuit pattern on side Bin Figure 2 (as will be

descri bed hereafter). -6- Figure 4 shows the |lower-side circuit pattern
of the two layers of circuit patterns, i.e., the circuit pattern on side B
in Figure 2. As in the case of the conductors 20a, each of the conductors
20b formng the circuit'5 pattern has a first end part 21b, internediate
part 22b and second end part 23b. The @espective first end parts 21b,
internmedi ate parts 22b and second end parts 23b extend parallel to the
respective first Bhguparf#sshows the ckomelr 3tdegincwity palttedr fd @Rl part s

23a of the l@wo URPErsSbfleceréaitt ap@ééﬁﬁé‘ iJae serondh endh Pydtse 3P are
connected to the agpﬁr-m de ci rc§ %ttern Vi a t he throuegh hol es 5%2 and

are el ectric3f§l etPed1B85Fa iR e i€ (g
Fi gur es 5 6 20al, 7 ench r efpechevecqadicttonss Mtfomhncjﬁ thei esiraiit he

arrange uit r e, firs b,
_interne par(]?h']?rl lz‘rélga d %{)éte é}%i séc%gdzgiﬁd %g??%%gl%%ed% dzlisl

- conduct ors mda%GCQD@ gnd pagtakBbd afThen rgspestive: & iptatclend masrtal ) on
bot h surfaces;f Qrﬁﬁﬁﬁéafh?:é’aﬁsrgé ?219' anll Cé’é’@éz’i‘&' dha PYrEsSpeplive

pol yi m de coveang | ayers 25a anhd 25b. Fi gures show respecti ve
sectional vi%¥ke PﬁEal’lP-reé-t @ dthar respestivg fﬂﬁ's&nde%‘éc@ﬁ&'tén@lp?a-rts 23a
and 23b | ocaimtermediabe barss m mndeeaﬁae@har :pa?ﬂ:@ndséoofAsChé shown

in Fig S 2 res nd duct-or Oa and 20b
are ins (gl I eo‘%;?r aga‘f’%yc’ﬁ c%a'f%e’frhe f %ts ‘f b A S han in
the second eftrhpected?23o arthe 3pper-shidesecinduitthd patterf3avimd 28b, the

conduct or s gg?ra@,ezggl@gesgrraﬁaegréu%%%&agagg PROEHU R Ied patls

order to fa conneciion wt he secon
hand, in theP3P rit ERR FOR¥ sroMohfehe 1AdRAd52 nt er nedi ate parts 22a and

22b, the conduct orsg?bés e 2Ha I ereht-ésplct ivéd skt FYVEN Sfect gl on by
a 15 views of the arrangement of the circuit patterns in the
 first end parts 2la and 21b, intermediate parts 22a and
22b, and second end parts 23a and 23b. The conductors 20a
and 20b are installed at an appropriate pitch (interval)
on both surfaces of a polyimide base 24, and are covered
20 by respective polyimide covering layers 25a and 25b.
- Figures 5 and 7 show respective sectional views of
the first end parts 2la and 21b and second end parts 23a
and 23b located near the first and second connectors 30
and 40. As 1s shown in Figures 5 and 7 and in Flgures 3
25 and 4, the conductors 20a and 20b are installed at a
greater pitch in the first end parts 2la and 21b than in
the second end parts 23a and 23b.
~ In the second end parts 23a and 23b, the conductors
20a and 20b are arranged substantially back-to-back in
30 .orxder to facilitate-connection with the second connector
40. On the other hand, in the first end parts 21a and 21b
and intermediate parts 22a and 22b, the conductors 20a and
20b are shifted in the transverse direction by a
substantially equal pitch, as shown in Figures 5 and 6.
35 As a result, the capacitance between conductors is
uniformly increased, so that the impedance can be set at
a2 uniform and relatively high value.



Stj‘b.\s‘t,a.ntially equal pitch, as shown in Fi gures 5 and 6. 35 As a result,

. the’ capacitance between conductors is uniformy increased, so that the

i'npedance can be set at a uniformand relatively high val ue. -7- Next,
one exanpl e of the operation of the FPC harness devi ce of the present

i nvention wll be described. S1 through S3 and Gl through G3 in Figures 5,
6 and 7 indicate that the respective conductors are for signal use 5 (S1
through S3) or ground use (Gl through7G3). |In this case, differential
transmssion is performed using the corresponding pairs of conduct ors S1
and Gl, S2 and GNexd Sieangxagplpereff tidre | pErEatd@masobl Wil G1IFPetc.).

In the Secorl%ﬁ{@sé)éﬁéﬁc?e%%@%@xezﬁges%%t‘ $n¥BAWA onNwhilgube d@scz?lb& and
Gl, etc., are disposed back-to-b o&@x esult crosst IS ({e);ent ed.
Meanwhi | e, |$11tﬁ]érPP9§t %oalb%rﬁé 'H’af vk fi"rﬁ‘&?‘??ed 8 p?e{f 22a
and 22b, as irdidowe thatigiy &%s’i)e&nﬁ_\ﬁa cShdmmto@b a:re Sloxf segnah ke
transverse djfection cardin S I prevgnt ile a
hi gh i dan %hﬁg}lﬁ{laﬁﬁgd orRéP%?lynrlidng&%g Ii—égurléeéjo (5;32 t hfglpflﬁri'%tyn
connect or 3Ccamel, sdaﬁnﬁ@r(e@rmedt otrramsmssaonacﬁedperﬁﬁrmﬁéu usdmgagehent

surfaces faciqg d06,3@1Eg Spdgre! deh it Albrel 8Cablie d1RC A dmalbaxi bl e,
the first an conetors 30 and 40 _can he Orrﬁfé,f in a
5

desired di re%iﬂ 0$|3 afde fFagiengaitomt Hﬁ@lﬁﬁﬁﬁ@c?ﬁr $1 3 %ﬁgepym nce

the FPC is imttaié efbddh@ iR pai@s 3e andh23bCaiss 1subhewheﬂntE1gtubend| ng
| oad. § _}he |nter ate arts 22a nd 22b,are i ' th
e d

h
transver r B d?fl theaf§ HPRERSGi BN on as shown SI n®Fi gure
6, the rrecharemalt,stceogsbamct hsrprpw@tted.sudlea;mﬂexkﬁnglmo%\hlel Eiraproved

compared o Lt Al 9ee wie A Cass Shxakataackocashl daaasss) such

as that shown 1 erred e I ment resent inyention
has 30 beet® descehoen aBoFégurHévxévé‘Pd téhe Slpr%?%r‘?%daﬁﬂb%]a?-ﬁ’éﬂ@ &Bes

not limt dhe dg¥Ae8Arsd nm@édﬁﬁzon Accbddions yodickkoeathORs aBd
changeslsc Omgreb\?erirt?eg bl‘\{lfe a hlgh impedance is maintained.

Returning to Figures 1 and 2, the first connector 30
and second connector 40 are attached with their engagement
surfaces facing the same side of the FPC 50. Since the
FPC 50 is flexible, the first and second connectors 30.and

20 40 can be oriented in any desired direction and engaged
with mating connectors. In this cése, gsince the FPC is
installed in a bent position, the FPC is subjected to a
bendihg load. Since the intermediate parts 22a and 22b
are shifted in the transverse direction, i.e., in the

25 pitch direction, as shown in Figuré 6, the mechanical
strength with respect to such a bending load is improved
compared to that obtained in the case of a back-to-back
configuration such as that shown in Figure 7.

_ A pfeferred embodiment of the present invention has

30 been described above. However, the preferréd embodiment
does not 1limit the present invention; various
modifications and changes could be made by a person
skilled in the art.
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skiblea I'n the art. 8 CLAIMS: 1. Aflexible printed circui

device (10) conprising a flexible printed circuit (50) with ci It

patterns formed on both surfaces, and a pair of connectors (3“ H rlwum”,m

on the flexible printed circuit (50) at opposite ends thereof'); i L

| east the internediate portions (22a, 22b) of the specific conductors of

the circuit patterns on both surfaces of s&i d flexible printed circuit (50)

extend subst aiiipkdy in the sane direction and are shifted in the

transverse direction fro back- to-bac Qsiti.on.and the conduct on

each surface incl uble fi%&fﬁﬁgﬁiﬁcgﬁ&ngﬁg %&Fﬁ“& sh(affa?,sszfge:v’fo%, ?ééb)

joined by sedmbrisiegnadifllexinier tpuoirsted 28arcullb)(50¢ haviddt ecirzeditn

t hat: conductors, in ong of | d,fiRsS co e t . fted

in the transHseHy eg?%ené%%nqog %Easgkq{}%(‘g:-%%dc nggﬁyggﬁ_égf'@o .iﬁ%éﬁ—éexi bl e

printed circu(20 hatdkswourvedeonf theaifiexiblenprdmtede wigitnid ofZ0bnakach

surface incl ude,diisl 8AdsSeRaRdopldyREEiANSY Akl bhsaitditheameeat e
nauc

portions, co ors in one of said first and SEf‘QOI’]d en ortlon% bej ng
shifted in tmRoXtieRTer(22adi r82R] oRLf r'the a SPEERILS- tf%f?:‘k&'b%s?’f‘?oﬁ’. 3the " e
flexible pringgeoeit pattdisness it sardhcelsablh daid fibexibbaeprintedd
connectors inc)udes, c cts ., havi ng.,thr e;le t he. f

sai d connect FFEF LY uggb?c ﬁ&tg&ds %lf%%}%?%ic@ n%)%nt%g%e%gqe Qflpé%féOR
flexible prirdmedl arecshifhednéssthevitzansivedisei diyegtdios rfndwe adrackt s
having through, ol & | 680l &1 & PRHd | @20 bBnBRKECEEWSohN QAGhCARRRELQE and

the contacts W th surface nount |eads are positioned in two rows in the
ot her connectimclude first and second end portions (21a, 21b, 23a, 23b)

joined by said intermediate portions (22a, 22b),
characterized in that:

conductoxrs in one of said first and second end
portions are shifted in the transverse direction from a
back-to-back position.

2. The flexible printed circuit harness device of
claim 1 in which the conductors on each surface include
first and second end portions joined by said intermediate
portions, conductors in one of said first and second end
portions being shifted in the transverse direction from a
back-to-back position.

3. The flexible printed circuit harness device of
claim 1 in which one of said connectors includes contacts -
having through hole leads and the other of said connectors
includes contacts with surface mount leads.

4. The flexible printed circuit harness device of
claim 3 wherein the contacts having through hole leads are
positioned in four rows in one connector and the contacts
with surface mount leads are positioned in two rows in the
other connector.
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9 5. }he flexible printed circuit harness device of claim1l inérﬁding
reinforcing plates bonded to the flexible printed circuit af'

connector to inprove the resistance of the flexible printed “mﬁ“umﬁm“'“‘
bendi ng so that the harness device can be used in applications ¢ ihvdlvi’ng”

frequent novenent -of bot h connectors.q 6. The flexible printed
circuit harness device of claim1l wherein one connector is laterally offset

relative to the other nnect or e_i dj rid s
respective conducfors b|%uf%ﬁ@?g%gr&%%ﬁgégiéféggﬁgchh%§§%§.é%§aceTﬁg
fl exible prialadmci Acuindladigys deeinfortingai mlptgrer donded pbet i Sheof
the flexibl eepekibad Pg;ﬁwehed betyBeRit! NgajaUMICt Wach | SconWésBEr | o a
substantially trapezoi dal shape. 8. The fPeX|bI rinted cirguit  harness
devi ce of cl AMRFPVEhENS Fasistareeneli the Saﬁﬁkﬁiéiﬁrﬁq&ﬁidﬁﬁﬁEPbFSt&re
shifted-in thentiiagsvebse thiarectinn MaOrnesHacdetrdcbackaposbei onsled ain
sufficient & t. to.prevent, cr Kk d Lhtain | I npedanc .
The f1 exi bl 2g§ Lheakiong | tl%"é%ojrs]‘g{s'gédeﬁi%&%ﬁé ai ‘r‘r‘mgfg ggrtei n?’?he Boct
connect ors afennegtoa®-.on the sanme side of the flexible printed circuit.
10. The flexible printed circuit harness device of claim1l wherein the

conductors form ng. fl etidl £l@xibled priintdd @EBiéalas vk sabsiaat o#l |y

parallel to E ot h .each surface and .sulystantially rallel. to,

conduct or s oﬁié gn%tﬁé$9§&§f§gg_%od3ector 1stlaterafiy oPESeL relative
to the other connector, the intermediate portions of the
respective conductors being angled relative to each

connector.

7. The flexible printed circuit harness device of
claim 1 wherein the portion of the flexible printed
circuit between the connectors is formed in a
substantially trapezoidal shape.

8. The flexible printed circuit harness device of
claim 1 wherein the intermediate portions of the
conductors are shifted in the transverse direction from a
back-to-back position by a sufficient amount to prevent
crosstalk and maintain a high impedance.

9. The flexible printed circuit harness device of
claim 1 wherein the connectors are mounted on the same
side of the flexible printed circuit.

10. The flexible printed circuit harness device of
claim 1 wherein the conductors forming flexible printed -
circuit patterns extend substantially parallel to each
other on each surface and substantially parallel to
conductors on the other surface.
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