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WO 2009/ 035867PCT/ US2008/ 074830 PARTIALLY RIA D

FLEXI BLE Cl RCU TS AND METHOD OF MAKI NG SAME TECHNI CAL

FI ELD This invention relates to flexible circuits
' jgid portions and to a nmethod of nak

E‘i%r/icog? 3r5g“ﬁavi ng rigid and flexible sections. Berrusz00nn7asso

5BACKGROUND Circuits and circuit boards having

rigid and flexible portions, referred to herein as

PARTIATII REGIS WUEXIBEECHRECC1TS ANIEME B ODOOF MAKING SAME
industry to nount and interconnect electronic

components. Currently, rkegindciATSrqEgippcuits are
general Iy nmade by one of three nethods: (1) the 10rigid
and f Txinyketiopaelpies tesflexitde Fiadvits bantiegirigidpartwne hyd toremethod of

, | exi bl e portion is
Emggﬂ? tath?ﬁ%%“ id %né%)gmbplsf?tgﬁ%r is glued to portions
of the flexible circuit igid multi-Ilayer
structure is nade firstT¥Hé§&®&N@§é is used to renove
por t | O hnd BecuitiBhidls hviketipidand ﬂeﬁﬁ"@%ﬁuﬂs fre@xtdlotherein as
re ion. Al of these processes tend to be sl ow, costly,

flea sipuitsj #re pesgrin helqsiranias indwiierie mopsSwKNAETzonnect elpgironic
9f the present invention features a nethod of
making a partially rigid flexible circuit conprising
pr ovi Gumantly, rigidiflex pidulits ategpeacraldy madd iy enchvhrogmathbds: 1) the

B Ry B tics e Sarich G oty o o e ageherfpd i exible
bdi€od is/tSBriceRn dheatal ied LtEFRMEs is gm@d & FREAIGIRR YdHRle LRI or (3)

over the first polyi mde 20adhesive |ayer; and renoving
aripdroylanayst strusure @c:@w@ s Ithamenrlagen isaisediiodrempee parfiens of the

BRldrTe UGS R hAELRY SRR IRl BLET G bReLBUM Ay,

e porti
mﬁMemﬂmnmo&ﬂauwmaﬁgmnaﬂrticle conprising: a partlally
rigid flexible circuit having a first polyner |ayer, a
patterned conductive circsSMNIARAM on the first polyner

| ayer, a chemically-etchabl e polyimde adhesive | ayer
on' t hen BResieH HMTE@EUHWPP @e@gurwemeth%eﬁ rgaking a partially rigid

ﬁﬁgﬁ‘ﬂe %ﬁ&dlyc epqg E g%ﬁcﬁﬁ ﬁ%mma ek Iaxlgﬁfre Radife a first polymer

m cal l'y- [ e poly de adhes ayer;
lapier, & ﬁé;m(ﬁdkltlweé@m atﬂl‘éhﬁp'@‘ﬁwm la@heﬁiw@oﬂﬁy@e adheswe layer
‘i%gef) tf‘F’rﬁ gcoﬂ(il#) ? gé/ a%rdz?n E{Te];egc?n po attyré?oxfze(% the f\f\lds{] I%IylmIde
adhesive layer; and removing a portion of the second polymer layer and the first polyimide
adhesive layer by chemical etching to form a flexible portion.

Another aspect of the present invention features an article comprising: a partially
rigid flexible circuit having a first polymer layer, a patterned conductive circuit layer on
the first polymer layer, a chemically-etchabie polyimide adhesive layer on the patterned
conductive layer, and a chemically-etchable second polymer layer on the chemically-
etchable polyimide adhesive layer; wherein the chemically-etchable polyimide adhesive

layer comprises a polyamide-imide having the following repeating units:

Cco

co
SN N
N R N—R
N_ SN
co co
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CoCO NItN-it COCO WD 20091035867PCT/ US20051074830 i n
which R represents a divalent radical, R represents a
trivalent radical, and n is an integer of at |east 5;

WO 900asdspt N al i gned portions of the first poly d(f’l?gszloﬁ%oelﬁsso

and pol yi m de adhesive | ayer have been renove
formng a flexible portion. As used in this invention:
5"rigid portion" refers to a portion of the rigid flex

i€ whiohiR rdpedéémiga divaleeBalicSINR’ RPfeertdy RivalchedadiRnl, ad RzaAt
erX|bIe portion, is cap abl e of SUB paorting one or nore
e

ipfegar ok at ﬁQSE écﬂﬂ’éld"’l}eéelil %gl@@ ppuions ofshe frshpolymsyleygcad polyimide
Hﬁééﬂtel % %mea ﬁle%pffb&hﬁgs hxmuﬁfgo bl'e such
t ac ev

at a Ice w not~ det ac en a flexing
or bémdmﬂgmphmggwnmn1s applled to the rigid portion
and ;LOer ortion" portion of th
1ol Iy EofPR hadrigh ot Fesigfnd AR a8 nE g pagmore
18R atthage 'Eicern't Akt bRPoEIoANs chifabfaTalpR @y AR inte Advices
I'east 45 grees and returning to its orlglnal shape.

atpehad it g8 oo Bueh 2s|agagfaccon@iné ApBIMeBh Enb B svﬁ@wpﬂjégﬂwmlﬁ
h i N
s%%ﬁ/tglﬁte drn%gtﬁ{;%lgldl)%%fg%l.l f’létiﬁg{??lh%ﬁgpy ﬁe)l& glebpe%g@g?é%f}gg ésna(]jyphed

secon
tetreaifid/ pdrbom;tahdut t he use of Lasers, which are

typigal l.y. sl ow (e. t aki.n ur.s cost
pr bduAgs @PF%’H(’ Fefoks ton BOIHER g@e &ﬁzda%‘é‘ %rfu%%la‘f"é%%&leaéh@m less
wzbglqh BB AY; a&fnt hEiﬁ p@[‘tﬁﬁeﬁtcalbdwe‘ifﬁﬂeﬂﬂin% gt 16A€ 488 drbdsYind Rturning

produce nany | 8xi'bl e regions w thout incurring an
t‘ad&lmﬂgmﬁéha@ost per each flexible regi on produced

DeCaS BTG [ ShPLRLRELL ISR REL AT, AL 16

sane n an e ocess 1
ratyaribggamofinigbf b«ﬂﬁﬁﬁar @ﬂ@d;e(dcgn damgl Eecﬁﬁds() hﬁe@i@%ﬁ @fd cleanly

|on| t he I|tytor ter yers and alig
Wl@ﬁﬂh@%gseoq e, Wﬁtﬁ‘&ﬁ%’%‘ﬁalb’ Hilze: tﬂkw hgirels catle) VKP produce
dApet her advantage of at |east one enbodi nent of the

present invention is the _ .
Another advantage of at least one embodiment of the present invention is the

ability to produce many flexible regions without incurring an additional cost per each
flexible region produced because multiple flexible portions may be formed at the same
time when an etching process is used.

Another advantage of at least one embodiment of the present invention is the
ability to register layers and align features of the rigid flex circuits very accurately.

Another advantage of at least one embodiment of the present invention is the
reduction of process steps and process costs compared to existing methods of making rigid
flex circuits.

Other features and advantages of the invention will be apparent from the following

drawings, detailed description, and claims.
BRIEF DESCRIPTION OF DRAWINGS
Fig. 1 depicts a prior art rigid multi-layer structure before the removal of any layers.

Fig. 2 depicts a second prior art rigid multi-layer structure before the removal of any

layers.
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reducti on of process steps and process costs conpared

to existing nethods of making rigid 25flex circuits.

O her features and advantages of the invention will be
apparent fromthe follow ng draw ngs, detailed
a@ﬁwwﬁ%n and cl ai ms. BRI EF DESCRI PTI ON OFPERAHOREHT4830
Fig. | depicts a prior art rigid nulti-layer structure
before the renoval of any |ayers. 30Fig 2 depicts a

econd .prior.art id.multi-|ayer re qre
i OpiBl i s SR e Bt elt ooraBurty ss St |
Fig. @av@%@élﬁfemoaed dc@bididgl 18 ¥heGirésemt ihventib®r portions of
therlgld mul ti-layer structure of Fig. 1 have been

r emovEdhaidlopenerstaiisd dpssriptians eaferenasibmedote. thy secompanying

f r

P AR 5ok ST iy SEESLRT5S PR i
amtlodiment irchhick tichoventiby mapye pfactided uThe Hiustraed pabodiments are

T
ARAUSTd tH& oRtfer Bnbo @FRACE I M SitiRELNE! 'sﬁ"tgctltnﬂl &M6gical changes may

invention. It is to be understood that other
bernods wisheus depaytingeiremitha seepr ofitlr presentinuentionoMhe flowdng
t%%tg&%lf%gy 1019 e[h&ﬁ%?e 1S noﬁ,goubeft OV\AS l’% f [ soe'ﬁ} h]?d the %Pope of the

@%aﬁﬁmmmnm téfredibgies appsndediclaims. be taken in a
[imting sense, and the scope of the 10present

invention is defi ne@MAIMMIWi nms. DETAI LED
DESCRI PTI ON gid rrultl-lgﬁ/ structures such as

ri gi dRigi¢ @ulﬁr@y%ryssv%mﬁ Fuchisn sigic g pitsy pigRILY $ayist ofgingle-layer
iﬁ.eluﬂ &lib- §H&r&r§ ycﬁl%féﬁ%ée H%%Fﬁ'y Ld}leﬁeg ihygfs.? ?{ deyl shows an

SIV l'ayers gure 1 oms an exenpl a
nx&mp latly sget msltirlapdrstrectnme dmdb jay adieeing ngeatrad eonduative layer/polymer

ondutlvel /. pol r sub-st.ructure 116/ 118.
u% &H}?}E?ea]ﬁg{) é B ?(1%@0 Swelb 3 Ia an gﬁ‘dmgfh ?ﬂ‘ﬁ ther con%uc?twe
qﬁz@z@ﬂp&ﬁhé‘@ub structure 122/124 on the other side to form a multi-layer structure
comprising polymer layers 112, 118, 124; adhesive layers 114, 120; and conductive layers

116, 122, Figure 2 shows another exemplary rigid multi-layer structure made by adhering
a central conductive layer/polyimide/conductive layer sub-structure 218/220/222 to
conductive layer/polyimide sub-structure 212/214 and 228/226 on each side to form a
structure comprising polymer layers 214, 224; adhesive layers 216, 224; and conductive
layers 212, 218, 222, 228. These examples are not limiting. A rigid multi-layer structure
may have any combination of sub-structures, and the substructures themselves may have
many different combinations of materials. Typically, the rigid multi-layer structure will
have at least a conductive layer/polymer layer sub-structure with a second polymer layer
adhered to the conductive layer with an adhesive layer.

If a conductive layer in one of the sub-structures will form a circuit layer in the
final product, it is typically desirable to pattern the circuit prior to adhering together the
sub-structures. The conductive layer may be patterned by any suitable method, such as a
standard photolithographic method. The conductive layer may consist of any suitable
material such as copper (Cu), nickel (Ni), tin (Sn), silver (Ag), gold (Au), palladium (Pd),

or platinum (Pt), and alloys thereof. The conductive layer may optionally have a tie layer,

o
% et
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| ayer/ pol ymer sub-structure 122/124 on the other side
to forma nulti-layer structure conprising pol yner
| ayers 112, 118, 124; adhesive |ayers 114, 120; and

wontapsiske | ayers 116, 122. Figure 2 shows angtB§2008/074830
exenplary rigid nulti-layer structure nade by adhering

a central conductive |ayer/polyimde/conductive |ayer
sub-structure 218/ 220/222 to 20conductive
d aydEmigkel Miliclensullr)s hickdtchifeen A MCH 1dtharndn@bive 2fetady) or alloys

ac ide to forma structure c rising polyner |ayers
t%a& Sen{lih EXIPEHY Q¥ &t pOLyIRT I 1 PRI ETPRiments, there
YRS & a%ﬂé’&gefl}ﬁr é@ﬁﬁfe HaBe tid NESE 1LMBEPARS 1§y&%u become a

li'm ting. mul ti-layer structure may have any
traserbsiy e ttinaast opicsiihwili beie ceppeslayeind t he substruct ures

t he | ve have many differ caonbi nations _ of
ot oric e AORPRRER It i PRy 6 RILOR: bt gpg o o
ofithd suBstrasercatind fiaathadive tn@tahiyiss ey edd. daltyn@ircheyife of the
sub-structure with a secong pol yner |ayer adhered to
3ty e@éﬁf‘&uf@tmar@'lal%\%&caw vod Sptweah dheisylss s are not sujtpblg for

j I i - s Wigk L fQrm
SRR | DYf WO RE pRlhS i by LRy
Aftionally,althoughasoremonabkestierticarinbsgd polyimitles Ik deémignown to be

a5 DY et PRy aBp amiEaHGR s acviefiace HeRhopTiske
pdBaiaieakte ARokel WhilQgitedbi eheftiah edhing BEcag Qe irk i ficult and

er may consi st of any suitable material such as

Slkcg%@efﬁch(s ang) thergforg st '\fﬂcelltsniﬁed( Eyypse & qtchaple(laysys ingigidiflex
o 0 1 t -

b, Sl mEED 0 L ALLAYT L Lon 50 A OHS e -
siragteres and/\By 2009 {E3686 ZRETF LIS2UGSKO ga30n e rigid multi-layes kecture
i), ch i ckel Ni Cr), ot .

e Sl b R Gl e s

1SRACkIGT: fivtly Wrffed #chstRienheRPd HRBhich Batting MBthS@M making rigid
enbodi nents, there nay be an adhesive layer in place o

fepeirepits Yyapmpying magesial Femdisgid mybi-laggrsirugiires. becone a
t i t. £ VD i |- e .
o RS bl R A SRk, W SRRt A s

5To [ rons 1n't
{dt carc baiclemi@dlytetahnd.  Birtleneomer thebrventofs fotnel polyimide adhesives that

- St { dt hesi
o s Feheif it e sEng pishey Selacussed PhEAGaRRM R ERRIELPS.
PoRbiBBhdtys, HSPHeRRIWERyifiR:s Sihh 18 sdrhk-dadésas 1S @mB @k a similar etch

suitable for chemical etching. Typical adhesive
rpit eri al s i ncl ude epoxy and acrylic adhesives.

pol v o aaer i sy B R RO Aok B PR Having he

fellotiag tepead units ons, pol yi mi de adhesi ves, which are

t her nopl asti c pol yi m des, have not been well-suited for
chem cal etching becau e/f ex}ﬁ e diffficult and slow to
etch, and therefore e notr wel h—-sw+ted for use as
etchabl e layers in rigidMJexgircuits. Accordingly,

t hese adhesive | ayers acted as etch-stop | ayers and

: t dp} | de:
BRI R SRR L HRARERARI R, BYREAOR rhBn PR, BEiRh
ictegdraf bdeastboved by chemically etching. This inability
to chemcally etch the adhesive |ayers significantly
limted the useful ness of chem cal etching methods in
making rigid flex circuits by renoving material from
rigid nmulti-layer structures. Thr ough extensive
and diligent research, the inventors found polyi m de
adhesi ves that can be chenically etched. Furthernore,
the inventors found polyi m de adhesi ves t hat

4
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20can be etched with the sane etchant sol utions used

for liquid crystal polyners (LCPs), polycarbonates, and

t hernoset polyinmdes, and in sone cases at the sanme or

a simlar etch rate. Particularly suitable

P} 303§ 7adhesi ves i ncl ude pol yani de-i mi des BEVURYO$/HES30
followi ng repeat units - COCOIt'Nft / COCO 25 in

which R represents a divalent radical, R represents a

trival ent radical, d nis an integer of at |east 5.
WO 20%9*6@6’3%‘?%@1@:‘1@;@%8/ 074830 I n sone enbodiments, R
is (R1)1(R2) n1(R3) &l in whigh Ais zMH00-, Rl to R3

0

S

r

are i ndependently al kyl, coxy, h gen, provided
that at |east one ahkoxy p[is nt: 1, in, and n
areintegersfroo‘“‘, & . nd y is an
i nteger indicating e nu fr aridg units. In

ot her enbodinents Ris (R3)113(R4) n4gR5) n5 or .
m which A 18 -NH-CO-, R1 to R3 are independently alkyl, alkoxy, or halogen, provided

that at least one alkoxy group is present, L, m, and n are integers from 0 to 4; x is 0 or [;
and y is an integer indicating the number of repeating units.

In other embodiments R is

H O
|
N—C
(R1)n} (R2)a2
Mo o H
_@_l n@n |
N—C C—-N
R3n3 Rans @35S
or
o0
i1 f II_E
- N—C -
(R6)n6 R7Nn? (R3)nB

wherein R1 to R8 are independently lower alkyl groups, lower alkoxy groups, or halogens,

These adhesive polyamide-imides, and suitable variations thereof, are disclosed in
U.S. Pat Nos. 4,847,353; 4,937,133; and 4,939,039, which are incorporated by reference in
their entirety. Suitable adhesive polyamide-imides are available under the trade
designation ESPANEX from Nippon Steel Chemical Co., Ltd., Tokyo, Japan.

and n! to n8 are integers of 0 to 4.

In some embodiments R’ is

For the non-adhesive etchable polymer layers of the rigid flex circuit, examples of
suitable materials include thermoset polyimides, polycarbonates, and liquid crystal

polymers (LCP).

()
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wherein RI to R8 are independently Iovver al kyl _ groups,

| oner al koxy groups, or hal ogens, and nl to n8 are
integers of 0 to 4. 10l n sone enbodinents R is
wbhesm®/asigesi ve pol yam de-i m des, and suit abl epcysaoos074830
variations thereof, are disclosed in U S. Pat Nos.

4,847, 353; 4,937,133; and 4,939,039, which are

i ncorporated by reference in their entirety. Suitable
adhesiiheanquot pepinddesihavdeseclkant popeaiticahich a titanaltstubility asticlow

desi gna io ESPANEX from N.ppon St eel em cal
QR SRtE DL coTR iR & B RS ABG ey B PRl for use in
ta@bﬁém inveMenScotipris&ohdiBis of HR¥mEIikE Hiahhy @R TPMES )Odr
suitable materials include thernoset polyimdes,

afipeiling PRAdr bmhﬁnylldéﬂnhﬂdr&e@?ﬁﬁ)wIpilﬂttyrl@le(dL@m)le (PR(?D
Aa03l gosaTeeT] FRORSARTARE s cnors FRFEIAE R} MRS o

ave ex operti es UCh as
producd ifiéth @edducis acﬂblbteamﬂer thtrydeadesigrationg | K AP RONIH,d0ARTON K,

AR TN Eeort LS honbar Namens Sy Spion: Ccanumiyamd
11 S t C 1 e
&EM%) und@f th@X4dl a&sgnw&mme)u &v aQa phrenxt, b apRvdnLde

, or phenyl ene di am ne . 5Ther noset
(Emrpqmmru Otpo U@mer Eiling of mdsengpaa ram mxrtabio fa npdnytflesibde circuit

TRUEP PReDreaad SRR s RAm e, R R et ©

ANARRE R chrardftd. Cﬂ”ﬁrdflnlg chitigdSenY thiténdVe OPthe FilAREd GRFRamY Iocahzed
Circleville, OHand avajl abl e under the trade

delegyipgiioniof esishplleacandgadiiodosamf eyirolpt stehsdh flmyBickness and
il Ms?@ grfear&ire§ Hue Q%&@gﬁu n%gaﬁsn ﬂﬁo{ SREfNREParB® If swelling
e Cl ut may

suftab many f1 exi rcuit 10products,

1s weiskuel in thehmalpngsbnpatiolarderibéndiicoitalonetwelingahaterials should be
hants, such as al kaline etchants. Swelling changes

‘{Sﬁ t hi ckness of the film and may cause | ocalized

In contrast to the above-described thermoset polyimides, other thermoset

polyimides suitable for use in the present invention are those having carboxylic ester
structural units in the polymeric backbone. These thermoset polyimides will not swell in
the presence of conventional chemical etchants. Examples of thermoset polyimides
having carboxylic ester structural units in the polymeric backbone include those available
under the trade designation APICAL HPNF from Kaneka Corporation, Otsu, Japan,
APICAL HPNF polyimide film is believed to be a copolymer that derives its ester unit
containing structure from polymerizing of monomers including p-phenylene bis(trimellitic
acid monoester anhydride). Other ester unit-containing thermoset polyimide polymers
may not be known commercially. However, to one of ordinary skill in the art, it would be
reasonable to synthesize other ester-unit containing thermoset polyimide polymers
depending upon selection of monomers similar to those used for APICAL HPNF. Such
syntheses could expand the range of non-swelling thermoset polyimide polymers.
Materials that may be selected to increase the number of ester-containing thermoset
polyimide polymers include 1,3-diphenol bis(anhydro-trimellitate), 1,4-diphenol
bis(anhydro-trimellitate), ethylene glycol bis(anhydro-trimellitate), biphenol bis(anhydro-
trimellitate), oxy-diphenol bis(anhydro-trimellitate), bis(4-hydroxyphenyl sulfide)
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del am nation of resist. This can lead to | oss of

control of etched filmthickness and irregul ar shaped
features due to etchant migration into the delani nated
areas. If swelling is an issue in the nmaking of a

B PUFEF flexible circuit, non-swelling nmat BEFES208/074830
shoul d be 15used. In contrast to the
above-described thernoset polyimndes, other thernpset

Pl bL R maVIAe] oSl T Eoethner el ST ap R e s
hirizoDPhye rsmlcmﬁ;amk(a@mm &&@amakmwmmxy?ﬁémwm@ew N

not swell in the gresence of conventi onal chem cal

BisaRbyire-trinsiitng) ek 3-giphenpd bistrarinobsaraptat ]d@'ﬁll’b@%w ng
BRI otch oty By e EDLE S liibbitoohl, bIBeS ihhGbenzoate),

destiphatol bis(aARPhdbahzdaRNMpif(4 amﬂéhmbaeﬁms(mmmﬂ)emategaﬁdj the like,

Japan, . APl CAL de filmi ieved to.be a

copol it i rabRIL PEL e ey et ey pgformarte, lower
AelddicUs R, dndases RAJiIR b @Rt nbmyBee iR pelyini8dsU diidid crystal

p- phenylene bis(trinellitic acid nnnoes¥er anhydri dé

Qplﬁ@nerSéﬁm@fllmaih itdhmeaiemongweliag ety posoynenides above-described

one %EE %r%y %{15 P‘ﬁm‘ﬁﬁq‘pﬂ“é?&%’ﬁ%&)ﬁsg&tlIXYeaﬁgH\ﬁ\éﬁlde tHoSe having

nwamtopbllyestér 1rfeyldtrhge:spnzlyme1ts leontamitggr- plwnylenﬁaieplahnam@e such as

oS Rl B e e BndneBe G FomuP o ork T, O e

i)éﬂ tiagae ﬁ10§@hﬂv%g‘?é6@§1@ﬂleﬁsrb%mra Hfrdr&%fbéﬁir’](‘ﬁé ﬁdl({‘ Quch as those

her noset polyi mde polyners. terials B{/ﬁ
gteaﬂ@bhe addardhd inmiesasignatine LAEBR fromfKursreg |COG ditd-aDkdyama, Japan;

%ncf %gﬁ ﬁfrar %1053% Mm ﬁ%lal%)oq% an&%r ?{1 é:lggtlﬁ gehs atlon ﬂ)’f‘lﬂﬁaﬁgm Rogers,

kﬂhsﬁaﬂﬁh)}(ﬂr @c difni1patly [beteab e )iquie bi‘yyﬂaelbteymbm and APICAL HPNF
blsaai/ o-trinaellitate), hen blsa

PPIvHRF [siiag Bpsengs oL qarlon ?Stes.u R’;‘?@rtéip‘?sr @eymeféﬁﬂé)wr

bi s( 4phydhesirn@ambiessth ifdfilde eléanal insulation, moisture absorptlon less
2009/ 03586 7PCT/ US2008/ 074830 bi s(anhydro-trinellitate),

ias 069 yortirativeny dipleetnio wedstant 8¢tdm byated3 Hrovarthe fungtienal
BBt G 80 Y PHERMsGlt bR Mo resspme s snnmtidys when
bblﬁﬁaiéﬂlbb@*;o@ﬂﬁﬁdenﬁid dpll:xazz‘rl%%jant% Eitad‘lpﬁbﬂa off @blycarlgonates suitable for use
am nobpenzoat e | e naQ enzoate
%9 PEssRnt gm?e@crn igFlugebd Hepen z%dgw@)lﬁst%r EEL zsffarbonates
Eb@éﬁ%ﬁ%ﬁ@tﬁﬁ &) as gPéé’r})gﬁa?Qﬁgﬁht@ﬁcﬁ{ré@r BRR&Y m&ag the

éﬂ am nobenzoat e) am nobenzoate and the
bleq

avagabje tader phgrltgade designa@Rs X YhEXerombitoRiastichi Igthsﬁeld MA,

R B R e e PE T BRI qeesLiquia
%glyx_sirbdn}aﬁﬁﬁ;]ql eﬁemd;/mlgisa l‘(moma B?T)tbﬁéeﬂde bﬁols ge descri be

QP?%E Wgﬂp thyricae &.6-naphbalatg) ¢F f LHPENY @Fn%"rs@dl aRy et Blend of
%B%ﬁﬂ&na‘tmﬁﬁ‘ﬁ tHRAmbIEiE A&k Eﬂéﬁolmvlbdﬁgtejcgﬁél%%'sﬁch as

ol'yesters including copol ynmers contai ni ng
polyharhyragaiealeathsdereteng phthabies (PRI apolyc arbonate/polyethenmlde

(PC/PEI), and the like. Another type of material suitable for use in the present invention is

a polycarbonate laminate. Such a laminate may have at least two different polycarbonate
layers adjacent to each other or may have at least one polycarbonate tayer adjacent to a

thermoplastic material layer (e.g., LEXAN GS125DL which is a polycarbonate/polyvinyl
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t hose avail abl e under the trade designation BIAC from
Japan CGore-Tex Inc., Ckayana-Ken, Japan; those having
copol yrmers cont ai ni ng p- hydroxybenzoi c acid, such as
wbes® @%@y | abl e under the trade designation LeFrEdaobdi@mRae
Kuraray Co., Ltd., Okayama, Japan; and LCP filns such
as those avail abl e under the trade designati on R FLEX
from Rogers, 15Chandler, AZ. A simlarity between
fhiogide thndnats train @GB IPyarm«:ss BoigicaftineiblmdtEtdls pay yisobel ﬁllecswrch
Ce of carb I|c ester units.in both t
OOy o e i and e 11 op sy Il onein SR aS RS Hirge
reffdaHEEUel sebiliARabighlsttnd ke Mi St ure absorption |ess
than 0.5% at saturation, a dielectric constant not to
excedd aglifomipetchahls pplym laya) it nag Ge desispbledn Q@vazfolsrmwwers

tb\%o{ w1ﬁ%%l% g%(ghtfetg tﬁJ] 1ca etaﬁ ntss%:grp%g{e ? goarﬁmgﬁﬁ?%gs oflﬁ?e rigid

XAy e Strafturp @Ieysmd b@fiﬁ‘g&ﬁ:‘er ssgrett@bdeastg@ﬂ” ngﬁ@alls) beleexamplg it
prese vention_ ing¢lude supstjtuted and upsubstitute
R&A}ﬁmﬁ%@é@e c Bﬂ%%%mﬁtfpremﬁnsrdwr 124 In Figs. 1 and 3
%@iu)ég &RAA rf@&@éaq{ dRREhbGHIE %&’Lﬁﬁﬁ ioPb AR gid! fﬂ:ﬁ'cﬁ@ﬁﬁ‘ 9§Maﬁ1e
bl ends avai | abl e under the trade designatlion rom
eBih-Rhistant odymd®s inchide epaky-duataining and acrylate—contammg polymers such

B AR DBHE PR R TSR ERE G e prig bty B0 Fom

Kﬂ ﬁdSorﬂ X lrﬂ@oga@,r@%ﬂ Btnabafigt pylymiee polymers available under
t ha

a C/ PEN) bl ends, and any ot her bl end
the ﬁﬁ?l@élﬂﬁmé@%? f@WJafrqm&pﬁarm astic resin; and

I
Bgl zgsg{; %@H@ia‘?}/ gol S SBf‘ﬁEﬂ r]}]i%‘ z r p;ﬂteﬁa l‘gl%lte acz:% g}nlgr:tﬁl the present

ipainyicany maﬂldewmhyr@t d¢e‘.mmmot}/eme(' 2} ﬁEymlldanﬂhemhelabfm‘&e The

Anot her  t t.eri abI for use the .
SPBEBRE IS R © cihad o BlebBEoE isTp-Plonehat BSersipsnivgs
doAfat tirept ﬁ]nmkedlﬁé’@ oftthel cBgble ¥l bl EpAVimiROAdheaVPROEE Fith a
| ayers adj acent_to each other or may have at |east one

paesieraics @mﬂoes #lggime ctapaiceltion eomprisied #ypicaslvlic alkali metal
ter , LEXAN GS125DL which is a
ngg’laécag? %Igl; ﬁ/w nyl fluoride |lam nate from GE
Pl astWais) sohfbd)é g/lkaalr tnotabtadts sEtablei fart merimytchadm solh@ozfslabctoeding to
i th carbo bIa ilica, alumn
(B reeetR st e, B exfiile et el B aidha ek o Bt
KRRl (ROTD), sddighBidroane (N4TEH), bikBtitutdd apdabdilg 'hy&@)udes such as
etchabl e polynmer layers, it may be desirable to have
nyaiierlammpaiug hydreridegndjammesnivse hpdrexde opyixtyres thewaf. ddseful
C%Lferﬂﬁgt{x(glsg)? 'tl%%ﬁfd%tﬁglrlé &Eﬂa% ‘;ﬁ?ﬂa@q}'&g} (ﬁegén(ﬁﬁ% Eeq?)% thé Bidkness of the
polgtmnelnfﬂm?m bd& atohéd, nmwvell asths jypeFog., mxiahqrrl phptoir¢sistpand teckness of
esira et ch-resi s ant. ri.al s far polynmer
(e Tapicefuseh eSncERistiph S ERER el fpdat SRR P repmes
dffaBoit 3ewioR i€ abdse biid entQdinhéd af atiobe3 wnga i ot lc@3¢ ambtheMi T .
SUI tabl e etch-resi stant polyners include

capposimeng nT wrieal ﬁgefalr?@n@@traﬁmmoéa sl akkadignefal sphdiade apppmer
e oSO B8 R PO PR Y B35l B e other

sRibgdinsent. At least dnhembodinettdios en gbélyinsiabielipohymmenson of about
vaj I ab e gd%r the trade designation KAPTON KJ from
ﬁ'pl ary process for naking a rigid flex

circ Uirﬁm@&&l@t‘éﬁlb sk ds@ irf fi6haRf mwhs hepsRMd ﬁﬂhé‘ﬁﬁésén‘ﬂ GiveSifn
etching certain polynmer and polyimde adhesive |ayers.

ififfede ethylene diamine and propylene diamine, and alkanolamines such as
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15conductive |l ayer(s) may al so be etched. Etching of

t he non-conductive | ayers involves contacting unmasked

areas of the etchable polynmer and pol yi m de adhesive

g%yers with a concentrated aqueous al kaline etchant
WYSPREonprising a water sol uble al kal i mePEI/USH0F/74830

an am ne, and an al cohol. Water sol uble alkali netal

salts suitable for use in etchant sol utions accordlng

R A AR B OB s

Fosical AsdRIioaudntiati ¢lvaPalsuit bk shiné b 18Wemah fabout 10wt% in at
hydr OXI des, such as tetranet hﬁl anmoni um hy roxi de and

ambedjmerband aboyt 14Wio in edcastiptisr embadimant. Typical useful
{
CORECAL Bl 5, M AL
embbdimettcireihboais3 va’d% 11H8 letahl&mbtjnptecmhbdgnent mat &lastame embodiment

hot or e t k. T cal
Br%se“\‘[‘tﬂml’i%‘?f’é’é?ﬂ OB? g m%all ?/rglt al salt

have Rlléaﬁ\ﬁ‘%al%ﬂﬂ’%n@fetcﬁgﬁytsu@fpé&tﬁ@ﬂm@\ e{c?@l&& HaR& 1 imited
embodi ment and about 35wt %in at | east anot her
eetbbityria imater F/lowdeinpersiaras) e.g oReRriemparkiyres Ajfcoaceiritiers/seitable

B Pl B o R R BB ey e g

KNIHINEA eotinduh vty picaly doBdisi dweite Kﬂfba%ﬁﬂﬁhﬁd}ﬁﬁ‘ frevent
al ka nmet a alt copcentration of apout 3040wt % t 0,
t%'%lcaﬂgwﬂﬁ solution ¢ %E’&lnéﬁlﬁ?qdé‘ﬁFléWft?fBeﬁggaFﬁese? Shgﬁtc and

%9&@ HRARVACH Y/afl) Fdﬂﬁd ‘ﬂQit El'@@at&{ t€1§1§ él‘atuké%\ﬁ%[&dﬂ{b ghdd6l UidQtching
et hyl ene di am ne and propyl ene di am ne,

ablllamwctflﬂmmhé@ns dbis labehe t@@@@h@@ﬂb@ﬁfﬁWU@@@@@bW@@m the
th a o aol.n h l.
pr b‘%gg% oanm 1tthr;D ]gpet% 1uﬂ‘r o, form ﬁotgs SI ¢ars en?% 9Q II%[QILH)?S found

@ms@ﬁtgaﬁalmﬁsl @ﬁch&s%ﬂiyleﬂb Igh;rcalmortﬁe Svittonchel ppdes redasgsarbonate
of about | OMm % in at Ie@st one enbodi nent Qqﬂ about

fespiion sndprev e &OB raskeration diicawdmely. 79 gleehsl. sishpgp slycol,
b
g%&m %ﬁapeﬁ@g v‘&%l & Sitkdrbhen %‘?n@tﬁgfeéﬁlérglél neéd@mtn , ), dh?e&@?

abou %in at | east one
ajobuty! BBonst(MIBK).ds alse gpicalin edded to dpbisbantselutionito inerass its

S BB Ran 8 oy P A (PR RN b Sl ARb have o
edvedd adies of S8eah3 as%KoH IMsfofd @fitbdirtent Bﬁﬂ/ﬂadu't Srivit%dn at least one

solubility in water at |ow. tenperatures, g% I‘Oﬁm,
Qﬁb@?%ﬂd@@“ apg o BpRe e pf RS 10 Dl 8 ot kspstone ki prlipget and

%P](:}/Lg %?{I»zfg/ﬁ HPe{tB{éﬁg{ o&%ﬁﬁgﬁﬁ@l Eﬁlé%tjn Gy Qﬁrlﬁas? 9%% ‘?’2? ‘ixﬁi%”z% sautable
cdomechivatii@ib doysT ali%i zat i on. To prevent soli di f i cation,

the s i on can.b nt ai d at

t enp ef%#&?a t one gtr&)()gmgeatta gﬁlaa%iebs@\l}gous ﬁﬁ%@%ﬁpluﬁo? c%gnses about 30
fi@abvat $that% elkehi atced sile apan ad w @R WL ¥ymdrgimbedut H® about
etchln b|| f the solution, This is believed to be
dQéNt?/ el ala%w ¢ bogimenh pEfihle@arsoysichant splntionpamamises

RBAA20 Wil bt RAILAR SIbH IR 20 b PEIE O $6&H M 34 BB S1n some

The inventors found '15that addi ng an al cohol , such as
stbydiowet, fleypdoli matd salh s IKOHUthe eminees Wdoh, tand thedilapdol is ethylene
C@ gpnat e absorption and prevent KOH crystallization.

ROCB di ngly, an al cohol, such as a glycol,

The etchant solution is typlcally maintained at a temperature of about 50° C to

about 120° C preferably about 70° C to about 95° C during etching. Typical etching time

requirements for etching a polymer or adhesive layer with the alkaline etchant solution can

T

¢
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preferably ethylene glycol, or a ketone, such as
nmet hyl et hyl ketone (MEK), nethyl isobutyl ketone
(MLBK), is also typically added to the etchant sol ution
WO 2003m88a%e its stability and performance. Typiek2008/074830
useful concentrations of a suitable al cohol have a
20l ower range of about 3 W% in at | east one enbodi nent
and about 5 wt% in at | east one other enbodi nent and an
reqgeeirom abaye 10 sccabduto about L0 mingies, dependingamithotype and thickness of
tﬁﬁ@p%jnent and about 30wt % in at | east one other

iment. In at | east one enbodi nent, a suitable
conceviyrtapd Gagusoud photoredisis %’ulteib[b fof udedA Sic [@&@nt invention. The
enbodi nent, a suitable agueous caﬁnt sol utjion
TEBHHIPE Be PABYR Oraeedttyet SXaBRigt olswiphloseaakixe Phaipcsists include

1 t
BBt SO0 bt BoRRbIe AR Bfinp itiond S Les dsP isclosed
1aé|1,&d’la$ Naischa6R, 982 B4 B.OAS; o867 1i58 pandadyiRit 5040 Swelpladtdeasists
.retal salt bout about 7
i o s o SR B HciiE SSiutERicRtitnets il phoqigitacor,
ReGhherd ﬂ@m@ Ased i phfvesidRGhdhitR cBh&IoRMels of SncliyMle8RErylate, ethyl
¥co| e etcﬁant solution is typically maintained
e ﬁ@hé}féylat agib coolypda ef gprew eyl aPeigranhyfyide isobutyl ester and

t%p. € SofinRiaRt nofn bl B8 it toCich A0 R B ropane
tnacrgldieesi ve | ayer with the allcaline etchant sol ution
can 2009/.035867PCT1US2 08/0748 0 range fr Pb t
10 s SOOHACCALY AREAPIe F75RPS RSE e £ ROPBIFREOHF JaHE PSR
ane Qbﬁ@‘&%%ilﬂfphbfb@esks@s\ﬁﬁélude those cofNYeréiXIPa il BE URRY She trade
otoresist is suitable for use in the present

rigetiono G 715 s GHEMAGE RS Selon ndssbiosfea. lso uitble
R S R R

desigpo®n RIBTONS Bgh RAST@N@@@O dromclianed OthothSil Raimplbiomclude

%@éﬁ glfq%gﬁ‘[ ‘éomiéﬁfgﬂgl dpe.y 8"5}'{]515"12 Qgﬂ-ﬂg[ﬂgﬁ‘gpsl-?d%ﬂ avaﬂable from

HifehiuGh A8l cAl (RS Std. MieHIS JHeRedtRE %r@ﬁlﬂm%nﬁ’ BRtaQhiibld @{de¥ the trade
Pol-yner s t%éﬁcaluy used in photoresists include

@@g@ﬂt}p fMEBt M@eDhla@d,yWaiﬁ@unetC}Tle@m 87 agvsTad peties of

)
AT MER oty sﬁs?ylﬁ&*’lﬁ’@é <anh” L R oIS VR B0, sigsy e
(Immgrepﬁyelbﬁumdf theac myleritles Aatehl raskinidyiriusyd ol the place of
gro ane trlacrylate Commercially avail abl e
Hase, e. g., sodium carbonate devel opabl e,

neg atme @@9&% aqa-aﬁﬁétufrésl dmml@ nes blﬁiu%s hROMd8bAaeIe

commerci ally avail abl e under” the trade designations KG
ipdisigualhtl TheGprodiceroress ﬁ@n{@brmtmgwmh sulbi-stsyctude mald vanydspending

ilhd Althe ka1 S:aR0) YRS MHLTELBAGTH! ALERIBLAL 85 ShSruction of

hose avali e un esl g
thd SubMuctre e.g., AuBbEMN ks of lagers dinPotticr fAdier Sttiﬁ(ﬁlfrd.lfabncation

les inclu 0O avaj |l able from LeaRonal, Inc.
t@?‘@&g@ﬁ‘iaﬂ Wse‘gW&AWI%?E@WG%val | abl e from Hitachi

Chemcak iHeQub kstrfictulds Hade HeBh PBAEAEE M5 lar CATRARILS %e‘ﬁ[b? uéhe
avai | abl e under the trade deS|gnat|on AQUA MER Trom

cktheble paiyimideadessbigryyersay. fomh@riglda:méﬂéwe staicttge,rﬁuels asghe

sgrué%%éj h%EF{ htp E‘F%tf%ol Si‘éﬁirgguc%%l %% A% &l o a8 %:Flgure 3

derTes
from the rigid multi-layer structure shown in Figure 1, the following process may be used.
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CF2.0 being representative of these materials. A netal
mask may be used in the place of the photoresist.

The separate sub-structures of the rigid flex circuits
are first fabricated individually. The specific process
%)r hﬁ‘?r i at ing each sub-structure will vary dei) endi n%

B pur pose and 1 ocation of the sub- st r BETYP03/R74830
the rigid flex circuit, the construction of the
sub-structure, e.g., nunber and types of |ayers, and
ot her
used ?I&@eﬁgg %hﬁ) tlgl a %ad%d?(%@?& foé@thér&%dtﬂ% a}}llﬂ & & %q@aet‘ely
surbd Sty bythakieg, mpiml-hmk sudhads rimatdlehsk bhay aqeeusaithess edle

oget her USIn bl e po m de, adhesi ve. |, e to
bttt nea mbiict oty B bYaut LSS oL egigid BBl 1y structure
%‘MQWG?ImQ%hlr&ldﬂrﬁ W ghofomabR cWeﬁgg' ?&yﬁlef 1a9é1d1 241183 not be
circuit such as shown in Figure 3 fromthé ri
nedded.- Ifay equesns processadl erhotaresish nitagial is uged, ttrreayfhﬂ dppligdg

TSR o SO PSP

aghaly mﬁn arumh@dteqmanqhxyl Igpﬁrﬂglagavge expayurb ak thaghom@resist to
pot,o Suc net a nas or an aqueou
BR@ Hgptor &%ﬁ@rfggqvgb 2 Fiblor P XSS IFiABE Ob fRe ghetopsist

I
B{Hofhelilofiblq 35 ek, Thp belishh dhondoRBhodty b1
omxeosedgahgbte;m‘emth aylidute aqubonmsoluton, bg., Bﬂéeblé% sodlifumagarbonate

Ao S R R R AP Ro Pl o oo v SR 1 1
fahc&ﬂﬂéﬁﬁtds E]]ﬂﬁllam t(ﬂlblﬂﬁimer'ﬁhb%r 194, ckigste Rfly thgseh@tioveighshd form a

pi cal abqut itmto about 50 pm Upon i nmagew se
é Mff- l@ygfortrw bﬁli’éft‘?fﬁ exposed ¥ stehed featyrasiagy dasirgrhin wﬂym%éayer
% t hrough a mask, the exposed portions of the
phot or esi st becone i nsol ubl e due to crosslinking. The
r esi sThé protdse pontieued \@ipﬂed(pbylre efbe ailgidohulid ayee xipoched to a

ot or W t ueous sol ut.i on , a .
BOrRbRtES] Ahaii ofin eSS <P BmeRihin f S Suepuipe.
P}?Qiaﬂy e6d ipPRturEbdiwtéh STOCAD e20°0N THE oteRE He¥ &k of pSlymer
hotoreS|st is applied to polyner |ayer 124, it may

E?éfelf eelysnida afllaﬁswlayp@hﬂ nob @ vsFae by Gspsshiakedirgsisty gp@r
it J"ﬂ.%nﬁg%% SHs e BEgRRe FRLIERE Rictag overs

oW teeoopdsaive laykr 1 16ds hipgiatly it abohtal;ﬂeaec@tds tredhone20 mirates,
onc ntrated al kal.i ei,t her

FRFIFIDE OR e poTQSion @}cﬁbyﬂgﬁ g@q%ﬁ Zﬂye]isy Godjerye 5aty¥ral 16 acts as an

b&m@@P% HuSe 1 &8 e elah&d Ny BO ik UBRCtchdhd sslu@ibe eRe Hbid nAll€3dyer
mer |ayer 112 and pol yi m de adhesive |ayer 114

mct@é@@bféabssyue@ﬂbbg ExXnoRetioagsgtaitspectie etebapt. guplees thatmwailable
Jrlﬁ% tglt gﬁ%nahen 9#&%4 ﬁﬁ“@ﬁ%ntl ﬁfec&&lh\éﬁl%alsaﬂﬁ when the

y| m
conductwe layer is copper, to remove the exposed portions of conductive layer 116,

thereby exposing portions of the underlying polymer layer 118. The rigid multi-layer
structure may then again be exposed to a concentrated alkaline etchant solution to etch
away the exposed portions of polymer layer 118 and polyimide adhesive layer 120,
leaving portions of patterned conductive circuit layer 122 and polymer layer 124 as the
flexible portion 326 of the rigid flex circuit. A protective cover layer may subsequently be
applied to the patterned conductive circuit. The crosslinked resist may then be stripped

from the resulting rigid flex circuit using a dilute aqueous solution, containing from 2% to

11
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20down to conductive Iayer 116 is typically from about
10 seconds to about 20 m nutes, depending on the
conposition and thickness of t he | ayers Conducti ve
w6l 0dskhy acts as an etch stop because it is
by the al kaline etchant solution. The rigid nu gyﬁ%ggggmo
structure may subsequently be exposed to a
net al - specific etchant, such as that avail abl e under
5t%1 Elkhli a6 dabbgna Lt ©mpeikiMl JE16dtt RouMoElbeat S00CheafeestiBabout
en_the 25conductive layer is copper, to renove
%pﬁéké 568 porti ons of conductive |ayer 116, thereby
expo
Tho. Ty S IRl R A o L PR Ao Plpmor e 112
te ppbmdlaycr @40 dhwe e fered datikathie sanetichiag stepoésredouslo
tch way the exposed portions of polyner |ayer 118 and
4% de adhesi ve | ayer 120, |eaving portions of
pat t Qﬁ B clteane ebbdimest, fdditidnal lAYEE mhy Be addbdPaayem ko polymer
| ayer 124 as the 30f | exi bl e portion 326 of the rigid
1ﬂreé>l2fb| Fhese tayers npwdieasy cosbisaiayofipalyimideadhesinedetsie pelyyer
t
At § E{P& écﬁ’n‘&g&?’\fgé%&g{@ aLic»tr %ﬁzﬁ@ﬂe glg thHgsi bitee aﬁl#d’dﬁﬂél{t a é@ﬁﬁucﬁve
layes ulay ibogddddglidedy mgauantrmﬂ:ymem&yen gzdatodbfmx tewagided tiscuit. Some

SO ,on, contalnin m 2% t 5% al kal

3l B v e R mey Pt et ettt b Bt eBp tme
a@dhﬁfg‘ifc@ﬁ’ﬂs)foﬁﬁ@bﬂm sto? [ARRWn tﬁ@@poﬁk@ﬂﬁ@oﬁh@&tﬁﬁmre For
illustrates through hol e 328, which extends from

cpemplaeif bpthypater layprs are similar podyryerdayersaghsy meyde etehed duringthe

A0S TR R AT LA TR ALY Bl o o
aemmeiﬂ'ymgad fl¢dlyle cBcuitip Widcladglé goidhaae atjateant podhyivetop and

4. ers may be any conbination of
g @H&%@SSgﬁQZﬁW%ﬁﬁﬁ§@W§ pol ymer |ayers, and

C ondug tdriéng BY BhrSiallyREid Eﬂ’éﬁﬂﬂ%' Srcudt, rﬂlﬁ‘&reﬁteﬁﬁs oP IR rigid structure
enbodi ment,” a conductive |ayer may be added directly

raaj ecasehied potliffivent deplesy Fyzﬂxam’lm dfrthe mitiahstredtereds &1 §-tayen .
sﬁ'ﬁgﬁrelgo% Hs o?fth dthmgh%fl %godcfugf rﬁ avle @&q%herg]aghe%eaw%& hl‘f’fje other

et be et che occ
a&émehsmﬁvd fqme,s)rdéwéra%emetamdtaw opp03| te side of the

strugtu For exanple, if both outer |ayers . are
si ni ﬁéﬁpwﬁfﬁ%ﬁi%% Vg {% afﬁlag tserigdd dre araifs iy berrenducted
ﬁ@%ﬁtcﬁbﬁﬂbﬂ?uﬁﬁ@ﬁdw@h&?&gﬂl' Mnfaﬁt@ﬁ?a{%ﬁtr@ll - Qﬂ’lsfaﬂfloﬂ Reing

rigid structure, it is p033|ble to forma partially
qugmnif designid o teanseari & wahnmhnelrthmugln duepumfpctesmgu@pe from a

a t bot h the.t 15bot tom surf a
s]uPﬁel | % p%lrn up I,]roll gﬁ ﬂeﬁ'd Iprocteﬁs‘én%lésr% ia,gvleﬁ )f}ar}@é'lg éiewce that has a
viatiepgiolp bmcéssfngtstdtlonﬂfof ﬁgﬂﬁlﬁg apesg Ald dehelo 1hg 'pﬂotoreswt coatings,
strycture may be etched tq different dept
3§ XgHsp stehing apshglafipg fheanetallly pirisyind tehing,ihg PP]é’V@F and adhesive

Rkl U E{Cﬁh%’sta%lgfgﬁm? fRRudeh nhﬂl% el df@hl%? B RYiRd Hﬁﬂoz%é’tﬂaﬁéf)?ay

SI X ayers et K | e othef areas "have fi ve,
efchant onghe fewag wehyie eish dtosh gafcsaxﬁal}e web not protected by crosslinked

photoresist. If a roll-to-roll process is used and the adhesive polyimide requires post-
processing baking to cure, the inventors have found that the entire wound-up roll
containing the rigid flex circuits may be placed in a bake oven. Alternatively, the web

may be fed through an oven, but a long oven and/or a substantial dwell time for each
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20The processes descri bed above for making the rigid
flex circuits nmay be conducted as a batch process,
usi ng individual steps, or in automated roll-to- roI I

ashi on, using equi pment designed to transport a
H‘ﬁ’(’é’? 3867 hr ough t he process sequence from a gﬁyﬂﬁ%?”&'m"‘s”
roll to a wind-up roll. Automated processing uses a web
handl i ng device that has a variety of processing
peﬁa{nlb (?tgge @ ggﬁ@ %I r&%in'egx gzélgab \Aega[dﬁ Sg‘é dgvc %Bndq gon& for at lcast one
Bmmdmngmttolﬁﬁwlmésahﬂm@ennaﬁisSJneaﬁﬁi‘ ®1831Cng the pol ymer and
adhesive filns Etching stations may include a nunber of
spray bars with jet nozzIEXAMm;Espray etchant on the
nmoving web to etc¢ch those arts of the web not pr.otected
by cr biis vaRtica ip HEwtkted by the foliowing enample, buighe pytigelaiggaterials

b4 éfﬁ(ﬁﬂtsacﬂgeéil}gm% I?l?ﬁfeyeeexﬁﬁlh)ék rﬂs 11"a§ g{ffei: ?&ldltl%ls and details

post - processi ng e Inventors have

ﬁlmuhbhdtbabomtreeceuomddy\l\munﬁrsuwmubﬂ. 30cont ai ning the

rigid flex circuits may be placed in a bake oven.

Bkimgslaat i vel y, the web may be fed through an oven, but

a | on d/ or a substanti al ti f.or each
OO B S aBtar s PAPIGA o MIoD: 3 PHEORERT thick ayer

wpwpgeﬁﬁasrsgﬁ%r dgfbsitHbr AP b BRRESLYSE foHilie: AAML LRRF the

for at | east one enbodi nent of the present invention is
Uﬁé;e designation KBBTONE@RIDESont. A sep ara‘lmi -Bytrsimpturowas made by

aml fnrgl%t %n_g%/ n{ete% l@z%lg.éﬁ)é)l%guf va ble un r%the tr%d name %PICAL

er| al nmoun ere reC|

mefsc&n A beBveed Swaved mi@SmQEprpmw}eﬂrg | Suatomsnd tigket ai | s
shoul d not be construed to unduly Limt this i nvent| %
E struciure wgr gpdagied o ?B&ﬁ ef theropiFe poRmST {Agers of the three

i A 1005 A S

bykesgiofii delyvide halisbive avadibletunder Tid trasld ales] gnitign ZASPANEX SPB-
fro Pant ara er structure was

%%@%@Pﬁ% (816311?@(: nif%@'ro Il, &’é%-r of pol yi m de

avai | aipd Emtb‘dﬁiétef fpptif Iagte oﬂﬁﬁeoﬁ%km TN Erseﬁtﬂ&wwisq)attemed

between two 12 microneter caop ayers. Sections of

fthierma gppesal meskboveng Eaedar%hqmiéﬁ%ﬁt@l%aﬁéia@d The rigaepulgilayer

TR e LR A A et

ZOH20 vothedtianoeBling vt Yofthdenpadlydohiade 33 dtilsvater for a total of about

PRSP D AR Mo Tap g

K@ TONEQRIBL SoutPPReitesl THEktndhurt has gep @@Jjédfé&%@moEwater
structure was patterned to forma netal mask usin

sipsiaarraoystibe SRS YrogrlMT Satfsieh Ja s scome crabiigetep, {hé ctohant

'E%éhéd thkﬁéﬁ [heSBtSrtHﬁfdi’ﬁe?er 3 E%dﬂé@fv?ha TR HARSS &H{u?éée%e
queous etchan olution o ZO wt % 20KOH, 20

\sxr%hee mas ofsmther subjeaitdie athoyivetmerigge yo mimova thet dgolvedadhesive.
water for a total of about

Example 2

A second example was made in the same manner as Example 1 except that the
KAPTON E film had no sputter deposited copper layer and a photoresist mask was used
instead of a metal mask during the etching step. The photoresist mask was patterned using
standard photolithographic methods. In a single etching step, the etchant etched through
the 1 mil KAPTON E layer and the 35 micrometer polyimide adhesive layer in about 12

13



9 mnutes at about 93C. In a first etching step, the
etchant etched through the 1 m| KAPTON E | ayer in
about 4 mnutes. The structure was then subjected to a
hot water rinse to renove the dissolved pol yner
weterwasss7 I n a second etching step, the etchaptT/ebmbseriso
t hrough the 35 mcroneter polyimde adhesive |layer in
about 5 m nutes. The 25structure was again then
subjected to a hot water rinse to renove the dissolved
ramlh@s i The strBgtarepi@s then subjested éxvhot vestanpisetovgmonathe dissolved

ﬁngf%g ergqueer é%agxarrpl e 1 except that the KAPTON E

0 spu er ‘deposited copper |ayer and a

phot or @ﬁ)nhxs tnoﬂﬁii:kh tiovdind sReations Toﬁﬂﬁ’s infention®wiifh Ibedmmpp arent to

ur| t he etchi.ng step.. The ot or esi
@ Hiedn @g.aﬁgmg@gt deREing TOOMS Fo0R @‘f %fk thigaisation and it

ui@ b% 'uﬂ?ér?co@& i ﬂﬂ% i#éabon s g—ﬁ)t %tl‘fel'lﬁ‘lﬁﬁlqu%% AL tive

' ayer an 35 microneter

mmﬁqhnnnmﬁeaﬂhéshmmﬂllayer in about 12 nminutes. The
structure was then subjected to a hot water rinse to
renove the dissolved polyner and adhesive naterial .
Various nodifications and alterations of this invention
wi || beconme apparent to those skilled in the art
W t hout departing fromthe scope and spirit of this
invention and it 5shoul d be understood that this
invention is not to be unduly limted to the
illustrative enbodi nents set forth herein. CLAIMS 1. A
nmet hod of making a partially rigid flexible circuit
conprising: providing a rigid nmulti-layer structure
having a first polynmer |ayer, a patterned conductive
| ayer on the first polyner |ayer, a chem cally-etchable
pol yi m de adhesive | ayer on the patterned conductive
| ayer, and a chem cal |l y-etchabl e second pol yner | ayer
on the chem cal |l y-etchabl e pol yi m de adhesi ve | ayer
wherein the chem cally-etchabl e polyi m de adhesive
| ayer conprises a pol yam de-imde having the foll ow ng
repeating units: COCO\ / \/ \ WNR

14



\ / COCOin which Rrepresents a divalent radical, R
represents a trivalent radical, and n is an integer of
at least 5; and renoving a portion of the
chem cal | y- et chabl e second pol yner | ayer and the
chem cal | y- et chabl e pol yi m de adhesive | ayer by
chem cal etching to expose at |east a portion of the
patterned conductive circuit layer and forma flexible
portion in the rigid nulti-layer structure. 2. A nethod
of making a partially rigid flexible circuit
CLAI rising: providing a rigid nulti-layer structure
having a first polymer |ayer, a patterned conductive
| ayer on the first polynmer |ayer, a chem cally-etchable
1. pAlimythrdod neakiiresd pestislbyyregid daxibleeinpait t@mpristhg onduct i ve
| ayer, .and a chem.cal | y-etchabl.e second pol yner | ayer
on’ PrYREAPeid lidaven Aivchns Byt 5ot naaer 1y agayermed
wher ei dyniihtive 88t Githe Yir@ peljalket BiyBob ¥héthidsllRetbrbld/Solyimide
| ayer conprises a pol yam de-im de having the follown
r epeatddpgsiymipyeon-the paticrmefjconduciive layer; and@ chgmicadly-ctohpblr

in whi ' ' . :

2" PR R IEM Sy e YAl EL LA Rvigtae FERGEE RIS

and  rwelosin g chemboalli-@rchabile pblgimide aileaivk yayet conadrises a

second pol yper Jayer, and the chem cally-etchable

pol i helieigrireds aYIB%EH"fB@OVGH%FﬁPE%HHEéWHFﬁ ng to forma

flexible portion in the rigid nmulti-Ilayer structure,

wherein the second polyner | ayer cpnprises a pol ymer

type sel ected from theyQroyd cansisting of |iquid

crystal polyners, polycarbonaies, @and thernoset

polyi m des. 3. The ne hog of clainmrl wherein Ris

(EN(R2_n-é1t3)4 6-Hand Ais -NH00-, Rl to R3 are ]

i ndépwhigh i repreagnis 3 divalentgndical gr° nepnespydsa trivelss radigals apgdn is an

at le y oup is present; 1, m and n are

i nt egg?{seg&rbgr% ‘8§$§’%g{x is 0 or 1; and y is an integer

i ndireradviimga pdréion ofithe chahicalbpealiablegsecoridt olymer 1dee amdthhod

of cl aéhrg]m}cailg-e\tlc\:dﬂaﬁg pciﬁy%nsﬁde adhesive layer by chemical etching to expose at
least a portion of the patterned conductive circuit layer and form a flexible portion

in the rigid multi-layer structure.

2. A method of making a partially rigid flexible circuit comprising;
providing a rigid multi-layer structure having a first polymer layer, a patterned
conductive layer on the first polymer layer, a chemically-etchable polyimide
adhesive layer on the patterned conductive layer, and a chemically-etchable
second polymer layer on the chemically-etchable polyimide adhesive layer
wherein the chemically-etchable polyimide adhesive layer comprises a

polyamide-imide having the following repeating units:

co co
NN
N R N=R
N AN S
co co .

in which R represents a divalent radical, R’ represents a trivalent radical, and n is an

integer of at least 5; and
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or (RO116HMO wherein R1 to R8 are independently

| oner al kyl groups, |ower al koxy groups, or hal ogens;
and nl to n8 are integers of 0 to 4. 5.The nmethod of
claiml1l in which R is 6The nethod of claim 1 wherein
the rigid nulti-layer structure further conprises one
or nore additional |ayers selected fromthe group

consi sting of polyimde adhesive | ayers,

chem cal |l y-etchabl e pol yner |ayers, and conductive

| % sRovingrortin phihe ehel@%llym@ww rohanes dayepard the
Cayer S EURATERS, PRt bl ekl PELHEY o

o r norfiexdfle pdrdom ddthe rigilahultidyyer stratiira,celrdrein the deeorfd pcﬁ}tmer

er ,are renoved b et chi ng, 9. ),
D hyes SiBPriee A go e fe QLlestrL P the Gionn kst of Hauid
POl y MeryshAYpBlymets, Bé@kﬁﬁ&%@es%ﬁ%&lﬂo&’& pbiyifides, | ayer on
the first pol'ymer |ayer, a chem cally-etchable

pﬁ{y&,e&@@d@% I%Eexje [s on the patterned conductive

| ayer c em cal l y-etchabl e second pol yner |ayer
on the chem call ymet chabl erpol yi m denathesi ve | ayer;
wherein the chern IIy habl e Nm| de adhesi ve
| ayer conpriseg oI L. d in he foll ow ng

repeating unit Ufuo

¥ oy

and A is -NH-CO-, R1 to R3 are independently alkyl, alkoxy, or halogen, provided that
at least one alkoxy group is present; 1, m, and n are integers from O to 4; xisQor 1; and y

is an integer indicating the number of repeating units.

The method of claim 1 in which R is

bt Rom2
iR i L
@.N_c lrghs
(RI)n3 Rd)nd (ELSIns
o
g H H O
@J ! @1 ] ‘@
C—N N—C }— '
A (R&n6 B7Ne7 .8)n8

wherein R1 to R8 are independently lower alkyl groups, lower alkoxy groups, or

halogens; and nl to n8 are integers of 0 to 4.

The method of claim 1 in which R’ is

3@:
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10.

\/ \' R -NNNR N/ / coco in which R represents a
divalent radical, R represents a trivalent radical,
and n is an integer of at |least 5; and wherein portions
of the second pol yner | ayer and polyi m de adhesive

| ayer have been renoved by chem cal etching thereby
formng at | east one flexible portionin the rigid
circuit; and wherein at |least a portion of the

patterned conductive circuit layer is expgsed in the
f Tasanpihad gheleing h whersin the gigid mulgtlayes streqiye futheysamprises poe or

i A 11Sua : ; I :

o R0t o I it e B, GGt afhesive loyers,
atHemigallyretahpblepolymess dayers, dnd qopdwnticte kayarse i nt egers from
Oto4; xis Oor 1, and y is an integer indicating the
nTihdmethod of elpiaat whgreitndresor mbte ddikiticaal lagére amfadfdcanto theifirst
whi_ ch is wherein RL to R8 are independently | ower
aPlymerda¥iins, | ower al koxy groups, or hal ogens, and nil

to n8 are integers of 0 to 4. 12, The article of claim9

i hhegpthad pf clpign § ghered postienstof eneoregsiof $hepgditignallayess adjacent

Cjr M y'! BY fl . . 3 patterned
c{é’ﬁgﬁg{sfe‘@ Cl rggﬁ’rta!r{%gné)rgg%y egh@rg{c‘f?m ol yner |ayer, a
chem.cal | y- et chabl e pol yi m de adhesive |ayer on the
péf’talét}cﬁeec SRt i ve | ayer, and a chem cally-etchable

s ec Qiidatauiftiaving \dirst@dlyinkke 168E Aipatthyd aindbebleircuit layer on the

pol yi m.de adhesi ve | ayer; . )
first polymer layer, a cliemically-eichable polyimide adhesive layer on the

patterned conductive layer, and a chemically-etchable second polymer layer on
the chemically-etchable polyimide adhesive layer;
wherein the chemically-etchable polyimide adhesive layer comprises a polyamide-

imide having the following repeating units:

co co
SN /N
N R N=R:
NSNS
co co .

in which R represents a divalent radical, R’ represents a trivalent radical, and n is an
integer of at least 5; and

wherein portions of the second polymer layer and polyimide adhesive layer have been
removed by chemical etching thereby forming at least one flexible portion in the
rigid circuit; and

wherein at least a portion of the patterned conductive circuit layer is exposed in the

flexible portion.

The article of claim 9 wherein R is

(R R2)m (RIn
* oy
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11.

12

13.

wherein the chem cally-etchabl e pol yi m de adhesi ve

| ayer conprises a pol yam deitnide having the foll oWwg
repeating units: { COCON/ COCONRII in which R
represents a divalent radical, R represents a
trivalent radical, and n is an integer of at |east 5;
and wherein portions of the second polyner |ayer and
pol yi m de adhesi ve | ayer have been renoved by chenica
et chi ng therepﬁ;forn1ng at | east one flexible port

i fck Ay ds N tuR? areandepgpdsnily alkylalkexy, o halggeny ﬁ@ﬁ’lded that at
I r .t p

o AR onf D) BRfp B MEHET T a8 sRenb ot O b Bl tPand s
amdintdger indsetingthe yimbeted rep]:dung'ﬁhnzts met hod of claim 13
wherein Ris (10)1(R2)mR3)i and Ais -NH00-, Rl to
RBhaurdcle od elain 8émivhich&® syl , al koxy, or hal ogen,

provi ded that at |east one al koxy group is present; 1,

m and n are integers fopt x is 0or 1; and y
IS an integer indica 8¢ 'of repeating units.
15. The et hod of cl ai 31in ch Ris (R)al(R2)n2
wherein R1 to R8 are indéPeEndent | % ower al kyl groups,

| ower al koxy group 05{ Jnal I’Hj,u apd_nl to n8 are
integers of 0 to laim 13 in which
R is g)z

(R3m3 (R4)nd (R5)l'l5

0O H H O
@u I@l i _@}
C—N: N=~C —
(REY6 ®R707 {Rems

wherein R1 to R8 are independently lower alkyl groups, lower alkoxy groups, or

halogens, and n] to n8 are integers of 0 to 4.

The article of claim 9 in which R’ is

oK

arigid circuit having a first polymer layer, a patterned conductive circuit layer on the

An article comprising:

first polymer layer, a chemically-etchable polyimide adhesive layer on the
patterned conductive layer, and a chemically-etchable second polymer layer on
the chemically-etchable polyimide adhesive layer;

wherein the chemically-etchable polyimide adhesive layer comprises a polyamide-
imide having the following repeating units:

C

N N=—R

/\ N
\/ /

"

in which R represents a divalent radical, R’ represents a trivalent radical, and n is an

integer of at least 5; and
18



14.

15,

16.

17.

17. The nmethod of claim?2 wherein Ris

and Ais
-NH00-, Rl to R3 are independently alkyl, alkoxy, or

hal ogen, provided that at | east one al koxy group is
present; 1, m and n are integers fromO to 4, x is O
or 1; and y is an integer indicating the nunber of

repeating units. 18. The nethod of claim2 in which Ris
(RON1(R2) 112 911 (R3).34)n4d NCC-Nor HCNHO NC I

( R6) rL6I\/LaOt()n_B wherein R to R8 are independently | ower
al k

yyhegsampRytions ofifas sespidpalymerdayss angpolpimide adhesive fayerpave been
to n8 RhfevedbPEafhicd btcflingheteby forming at least one flexible portion in the
rigid circuit; and wherein the second polymer layer comprises a polymer type
selected from the group consisting of liquid crystal polymers, polycarbonates, and

thermoset polyimides.

The method of ¢laim 13 wherein R is

(R1)] (R2)m ®R3n

*dy

and A is -NH-CO-, R1 to R3 are independently alkyl, alkoxy, or halogen, provided that
at least one alkoxy group is present; 1, m, and n are integers from O to 4; xisOor 1; and y

is an integer indicating the number of repeating units.

The method of claim 13 in which R is

1{ o
|
N=—C
@Dt (R2)n2
H 0O H
@1 ] | I
No= C—~N
RInI (R4)n¢ RSmS
or
O H HQ
@u I |1
C~N N-—C |_ '
(R6)ns ®7? (R&ns

wherein R1 to R8 are independently lower alkyl groups, lower alkoxy groups, or

halogens; and n1 to n8 are integers of 0 to 4.

The method of claim 13 in which R’ is

3@:,

The method of claim 2 wherein R is

19



18.

19.

20.

21

22,

19. The nethod of claim2 in which R is )0Oc 20. The
nmet hod of claim 2 wherein the rigid nulti-I|ayer
structure further conprises one or nore additiona

| ayers selected fromthe group consisting of polyimnde
adhesi ve | ayers, chem cally-etchable pol yner |ayers,
and conductive layers. 21. The nethod of claim 20
herein one or nore additional |layers are adjacent to
the first polymer layer. 22. The nethod of claim 21

herein portions &Wone or me of tf@nagdditional |ayers
adj acent to the st p re la .@ renoved by
chem cal etchi A A

* Ay

and A is -NH-CO-, R1 to R3 are independently alkyl, alkoxy, or halogen, provided that
at least one alkoxy group is present; 1, m, and n are integers from O to 4; xisQor 1; and y

is an integer indicating the number of repeating units.

The method of claim 2 in which R is

G

Rty (B2
H . 0O H
‘@J i i L@}_
N=—C C—=N
(R3)n3 4)nd (R$nS
or
H H
P L0
—N: N"'C ’
(R)6 (R7a? ()i

wherein R1 to R8 are independently lower alkyl groups, lower alkoxy groups, or

halogens; and nl to n8 are integers of 0 to 4.

The method of claim 2 in which R’ is

3@:

The method of claim 2 wherein the rigid multi-layer structure further comprises one or
more additional layers selected from the group consisting of polyimide adhesive layers,

chemically-etchable polymer layers, and conductive layers.

The method of claim 20 herein one or more additional layers are adjacent to the first

polymer layer.

The method of claim 21 herein portions of one or more of the additional layers adjacent

to the first polymer layer are removed by chemical etching.
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