WO 2005/ 083685 PCT/ U 52005/ 00] 340 ETCHED DI ELECTRI C FI LM I N HARD DI SK
DRIVES 5 Field The invention relates to dielectric filnms useful in hard
di sk driv round An etched copper or printed pol { n on a.
pol yrner f3?93%§§%§%ﬁy be 10 referred to as a flexible ci%gﬁﬁ§B@P%$3g&ible
printed wring. Oiginally designed to replace bulky wring harnesses,
flexible circuitry is often the only solution for the mniaturization and
novenent needed for current, cutting-edge el ectronic assenblies. Thin,
| i ghtwei ght and ideal for conplicated devices, flexible circuit design
sol utions range from singl e-sided conductive paths to conplex, multilayer
.three-di nensi onal pa®@daGEED DIELEICTRIDI LY IS HARD IMSKDROVESed i n hard di sk
drives. Modem conputers require media in which digital data can be quickly
stored and retrieved. Magnetizable (hard) |ayers on disks have proven to be
.a reliaple media for fast and accuraterppat a storage and retrieval. D sk
drives that read data fromand wite data tq _hard, di sks have becone popul ar
conponents of coRpLI¥IEY iasso dedelicddws viedit bard dskdiigsss on a disk, a
read/ wite 20 head (also referred to as a "slider") is positioned slightly
above the surface of the disk while the disk rotates beneath the read/wite
head at an essentially constant vel odadkgrouBd nopving the read/wite head
radially over the_r i i I { di.sk can be
accessed. The regafa%?%%ﬂﬁ%ééﬁﬁgw?t%'céﬁggépgﬁgi%ggﬁ?gﬂgg&%qm?ﬁ$ing" head
becaus® it refirtaddess aflstibld etrcuaenr didyiblemnoed wirien Girigguile designet oveplasdbove t he
surface on 25.air. beari l.ocat ed bet the disk and the sl.ider that is
Formad ast RGNS b iy ooy JeelfS e s Y P EBHEIEE ¢ ne
read/ wite hepdorhnendeded @i slreati it edde chechblif RisemblfseTHigdighvaaghtt he
"flying height." A flexible circuit,groyldes connection to the magnetic
head carri e@dideal fgr compliggtedufevigey flexiblgcirqat desigp eplations rangs dipn singlerpided
over comes diffahcileljafS 1o QmflQN RRGHAVRO el Mm e MS1 bk Ltry to small
magnet o-resistive (MR) recording héads. 30 1 WO 2005/083685
PCT/ US2D05/ 001 34BlexiBlanmgrys asf alshiesed miund dighdiiyte Mogeorconputeisgequiresent
i nvention p i tiele I Si1.Ng. f.na hard disk
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layers on disks have proven to be a reliable media for fast and accurate data storage and

retrieval. Disk drives that read data from and write data to hard disks have become popular
components of computer systems. To access memory locations on a disk, a read/write

20 head (also referred to as a "slider") is positioned slightly above the surface of the disk
while the disk rotates beneath the read/write head at an essentially constant velocity. By
moving the read/write head radially over the rotating disk, all memory locations on the
disk can be accessed. The read/write head is typically referred to as a "flying” head
because it includes a slider aerodynamically configured to hover above the surface on an

25 air bearing located between the disk and the slider that is formed as the disk rotates at high
speeds. The air bearing supports the read/write head above the disk surface at a height
referred to as the "flying height." A flexible circuit provides connection to the magnetic
head carried by the slider of a disk drive suspension assembly. This overcomes difficulties
of connecting disk drive circuitry to small magneto-resistive (MR) recording heads.

30



said netal substrate, said dielectric filmconprising a polyner sel ected
fromthe group 5 consisting of polyimdes, liquid crystal polyners, and

pol ycarbonat es, wherein said dielectric film has been etched to a thickness
of 1ess MHARUMBEES 20 gm froman original thickness ofPGRBROOSEIF o
greater. Another aspect of the present invention provides a nmethod
conprising: providing a netal substrate, attaching a dielectric filmto
said netal substrate, said di eglﬁﬁﬁlﬁhcoffthdlﬁweﬂiﬂnponprl sing a polymer selected
fromthe group COI’ISI stin ol yi mi des uid crystal pol yners, and

pol ycar bonat es, Ougaspect PJT‘%? HW%@%“"‘["HPW%% yhcls gogprising: pﬂ‘rﬁ%‘r‘lﬁgr eater,

et ching sajdede bP&Mra qlsfddh% LRt la%mm)sﬁite hi&8 S diklafc 3 Ukakla @i n-

Unl ess otherw sé stated, concentrations of components are presented herein
in 15 ter smdmﬁtal/\‘ltu%‘fr@, saf d@l@s@wlfmllcempmnamlmﬁwhg@d frogy. the grop ustrates a
flexure for ea i mhal f Fi 2a-2m

il ustslraat ec%ﬁmg @%pﬁbﬁqﬁﬁf’ﬁ%ﬁﬁ ﬁlﬁol%lﬁe F%&igggsen a#eﬁ’\%éhﬁaﬁl%%ﬁdf or meking a
fl exure st ﬂid[%t‘,tﬁb @l dms isech awcheddb 8 khicknessef leROthBestaut 20luhdse aporigiral As

required, al | s gse;[uﬁr esent invention are disclosed herein;, however,
itisto ??HQF Ob‘b &t 8TAE" di scl osed enbodiments are nerely exenplary.
Therefore, spechddiker agprectSdfiheCirtteat in@nfor HOEENAhERE g HEd herein

are not to be interpreted as limting, but nerely as a basis for the clains

and as a reprsbabstaity. pEadhig adiglegtrig @&bﬂﬁllsﬁéﬂl‘}ﬁ%s@éwqﬁ’é@ld dielegtdc film t to
| d Fl
50" st ) iRl Saliod SHE He o0ty b AnEb Ao NP RR) 0 T e es

typical |y pdpperns.sad palysa.rbcpmtﬂs; sagl fiethaving avhecknhsiwif Ao 26 ast or (greater,,

sol vent - coat d ctri a or._a | .S ort layer and a thick

di el ectri ceﬁ°§9%f‘alaa§ﬁ1§§ g ﬁ} %%ﬁ‘bc«lfﬁesf 8518?Sﬁ€a|‘”.ab9ﬁi%|8émbastl ng a film2 WO

2005/ 083685 PCT/ US2005/001340 can provide a quick nmethod of obtaining a
thin filmhavin rticular desired. thickness, these types.of filmalso
have di sadvant a‘gréess 0&%‘1’157 SR CRBHMEALOR] 9CPRRPREIISGTRPIERHF M Ban  make
pat t efi ngphs sipogli el ectric filmdifficult. To the contrary, aspects of the

present invention allow for the selection and use of dielectric filnms (and
adhesi ves, if app| i cabl e) Brief Description of the Drawings

Fig. 1 illustrates a flexure for a head gimbal assembly of a hard disk drive.
Figs. 2a-2m llustrate steps, including a method of the present mvention, for
making a flexure structure for a hard disk drive.
20 )
Detailed Description
As required, details of the present invention are disclosed herein; however, it is to
be understood that the disclosed embodiments are merely exemplary. Therefore, specific
25 structural and functional details disclosed herein are not to be interpreted as limiting, but
merely as a basis for the claims and as a representative basis for teaching one skilled in the

art to variously employ the present invention,

Hard Disk Drives (HDD) and Flexures
30 Starting materials for making integrated hard disk drive flexures typically comprise

a supporting metal layer having a cast (i.e., solvent-coated) dielectric layer or a metal

support layer and a thick dielectric layer adhesively bonded together. While casting a film



5 that are readily etchable. Flexible circuits typically use dielectric
substrate materials that are nore than 25mthick. Automated handling and

processing of fil | ess than 50limthick is known to ifficult and,
t her ef or e,g“%@f’:”@c}g% effective. Flexible circuits such agl%fT@E’%z@gﬁgpensi on
circuits for hard disk drive devices can provide inproved device performance

if the 10 flexible dielectric substrate is thinner than 254m As taught
herein, di elaggtovide agules intedlicalof ob@mitpe: thindthachaving b pamicylat despedthicteess, t hi nned
dielectric |ayer. In _sonme enbodipents, ~additional .thinning.,of only selected
regions or PEEOFELY PR dljpdayy @?‘{‘T’g’f‘tégeﬁ‘agasgghﬁssc@flta?fa.du%f)‘ﬂtto P’@F C%rhem' cal
et ching to faeEPaihing ook asldciciiigxdifkat cTd titcdntRtl Stf-at 0 tHeRiosb
advant ageous because it allows the formati on 9f unsupported or cantil evered
| ead 15 st rlatqnapregllo“mraﬁSelsﬁwtanﬁésemfé&éfe&'&fﬁ s @Ffwdbrshenal anphydic al
met hods. T"kﬁ?tfalre%édﬂ?eﬁfhaﬂe.head suspensi on assenbly (HSA) represents a

e o

structural ement1 ~a hard disk drive that may be fabricated using a
mul til ayer conpdixitée cigguits typisally usslielettrgcubiiiety material ShaRa¢ monaban 5, 701, 218

and 5, 956, 0 i.se | ay.er of staij.nl r hani cal

o rength 22oa5) SRR ASRa pARFE aflp ity gl than SO TEURR Pt opper
20 |ayer f ofe d@ffieGlk frd; Glerefdran®pt&séfttiveSEipbiesdivuitd Juek by fs-tlisisphgionnde usi ng
very uni form materj al g whi ch can be céls_tom' zgg to have smal| but very

uni f or m f eatsresior bad disk Anyhéevirayramer ol YRb S8 esrerfopmance Hithe o

per f ongancentpid BeletieXibsRate IGinAB B Bhiml M GAREERASIn MiBleMBE Yubhiratkd cal . The
need for increased data density requires the read/wite head to fly | ower.

Typi cal heats bastchalupdfonaly tppwyide g tyaned didgsiis leyer abesopgrembatimentsequi red to
fly at |less 3| ggw t | ha. ‘ e that the
absol ute st?dgpﬁggiﬂgélh%e %)%%f% g rﬁé&rﬁé%%%gﬁg%&%rsggﬁaﬁegrﬁt he Jstg %IIC ness of
t he di el ect exampleagtemicahelchiogver fiomg blinkholiig Aexide cirhigt smbstpdesichebal | ows
construction _of flexures haying.inproved flexibility. The flexure base
arer al i SR etis fRee e FRRRN AL B P DS ©o 30
producg a fimneurddniiiet fangétdepretubaiChioaveanioha phiical @&gbdsa Y2 hard condition.
It preferably has a ver%( uni formthickness in the range of 12 - 25 um The
¥

steel surface i siheypreart yhadenwgnyen asirmdiudt A renrpsnis agtinereat dspsite of 0.1

- 0.5 um RVEx, ifar CASTMALYhM $BY b bAHEMES i SRh1iRyNCANIsHL R IR wre., as
PCT/ US2005/ 001340 material is non-magnetic A 1.S.1. (Anmerican Iron and

St eel i nst i dageraded 30U.SoPat3yas. §rigtadl s andgedS0.2h 2\ omgrisestatiyek pestgniess &8l un
(1.Ooml), s o Ir}leghsani-Eles?relggQﬁ a%o%n{\éévlé%gﬁr Q}%cth]ba? RRMation and a ductile copper
20 layer for electrical transmission.

Suspension flexures must be made using very uniform materials, which can be
customized to have small but very umiform features. Because the degree of stiffness is
critical to performance of the flexure, the material thicknesses are very critical. The need
for increased data density requires the read/write head to fly lower. Typical heads at 60-90

25 (GB/sq in data capacity are cuirently required to fly at less than 10 nm above the rotating
media. This requires that the absolute stiffness of the flexure be reduced. Decreasing the
thickness of the dielectric layer and lowering the weight of the composite allows
construction of flexures having improved flexability.

The flexure base material is typically stainless steel foil, rolled and tempered to

30 produce a fine, uniform grain structure and to at least a % hard condition. It preferably has
a very uniform thickness in the range of 12 - 25 um. The steel surface is typically etched to

produce a fine regular texture,of 0.1 — 0.5 um RMS. A commonly used stainless steel



Steel, Tokyo, Japan, for HDD applications. A flexure nmay be produced
starting with a conposite |lam nate having a | ayer of 5 stainless steel for
mechani cal stren th and a dielectric polyner layer to provide an

el ectri c¥AP03SeA5at i ng carrier for conductive traces FEAASGVBAHAL surface
of the dielectric polyner filmby either additive plating techniques or
subtractive processing. Either nethod produces the circuit pattern needed

for inter ql%éh%ﬁsln ﬂ-n%n@mrm@@t(ﬁnreﬁ.@dnq%dnva%d S{e@ﬁhsﬁt@éﬂhw 41304 gad to a hard
di sk drive. Fi lustrates a flexure 110 nade” according to the

g.
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support I ayer Aﬂm:xuféouwmm@dupai starting Wit a pergpasite brpwtd homeg adhydrioéxi bl e

i Gt 12 t. T | kal devel
ol utFon, PEIEH EY PURIFER SGU R e LR B SR SRR B | netal sal
and opt i Orwéc{rﬁéal@ ﬁagllhthifg| ch#RF for oriRbtiMeit@BesTbmad oalthiadufab®dfahe Galettrial one  may

be used as an et chant ol yi mj de but has %HBOW etching rate when etching
LCP and 2@opsicy &lp o fidhea add NG tRRRRIATSE 05 B) Ve Peroessants dbFhed wi th ¢ he

al kal'i - met, gl 3@)dducEd O BRkit ﬁa&erﬁﬁ&d@@f&%&céxﬂe&foﬁ%@&'n&é%%éfo Slsehvpol yi m de
copol ymers havi'ng carboxyli ¢ ester wunits in the polyneric backbone, LCPs,

and pol ycdMFomeaderite Wgadde adotdulitkedrivel t s suitable for use in the present

| nveRdTon 1 ncl yles Qi XRRRLE 11BRl RSl NS, £y FRglum hydr oxi de

(NaOH), substi anmoni um ydr oxi suc b FARE anmoni um
hydr oxi de laﬂdorapmma flaxibly dircoii ider@nnectrl 20 whiek sipportenittal hﬁﬁflayersa]]mal i ne

et chants ingl ueoy sol utions salts _.including al kali-
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Useful concentrations of the etchant sol utions vary pendi ng upon the

t hi ckness <gfuit BErgongbiiar bonate filmto be etched, as well as the type and
t hi ck Eess of the photoresist chosen. Typi cal useful concentrations of a
suitable salt range in one enbodi nent from about 30w.%to 55wt. % and in
anot her erftgdithent from about 40wt.%to about 50wt.% 4 WO 2005/ 083685

PCT/ US2005/ 001%9 highty alkaline developing solution, referred to herein as an etchant, comprises
an alkali metal salt and optionally a solubilizer. A solution of an alkali metal salt alone
may be used as an etchant for polyimide but has a low etching rate when etching LCP and

20 polycarbonate. However, when a solubilizer is combined with the alkali metal salt
etchant, it can be used to effectively efch polyimide copolymers having carboxylic ester
units in the polymeric backbone, LCPs, and polycarbonates.

Water soluble salts suitable for use in the present invention include, for example,
potassium hydroxide (KOH), sodium hydroxide (NaOH), substituted ammonium

25 hydroxides, such as tetramethylammonium hydroxide and ammonium hydroxide or
mixtures thereof. Useful alkaline eichants include aqueous solutions of alkali metal salts
including alkali metal hydroxides, particularly potassium hydroxide, and their mixtures
with amines, as described in U. S. Pat. Nos. 6,611,046 B1 and 6,403,211 B1. Useful
concentrations of the etchant solutions vary depending npon the thickness of the

30 polycarbonate film to be etched, as well as the type and thickness of the photoresist
chosen. Typical useful concentrations-of a suitable salt range in one embodiment from

about 30wt.% to 55wt.% and in another embodiment from about 40wt.% to about 50wt.%.



Typi cal useful concentrations of a suitable solubilizer range in one

enbodi ment from about 10wt.% to about 35wt.% and in another enbodi ment from
about 15 %% Qut 30wt .% The use of KOH with a sol yhili.zer i

pr ef erre\c,iwpoép&%orsg%ﬁci ng a highly al kaline solution becgg:?/ed%i@%f(’gb%f’ai ni ng
etchants provide optimally etched features in the 5 shortest anount of tine.
The etching solution is generally at a tenperature of fromabout 50 C (122
F) to aboutTypizal Gefubddiceirapewsffiagpttapletsobilabonngero ot ¢mbaimmytdiomabout 95 C
(200 F) durfg BLED Qpout B LAk id BEROLHRAMER foh b i1 SN @NhogO! ULT On 1S
an ami ne conpound, " preferably  an al kanol am ne. Sol ubi'l'i Zers for etchant

sol uti ons dowotdThguiem KGH pitk senlnbilinraenpreBredy pratificibe a deghbetlledinér om t he

group consisti.ng of amjnes, including ethyl ene diam.ne,. propylene diam ne,
et hyl ani ne SCHHP ?/ffcé’tmﬁyr}%(gﬁicﬂ%t?mﬁ‘ﬁc? CQ?IE%W(?V FriR gb’ueglweggea fﬁ“ﬁﬁé‘?eam ne,

di et hapol ahéieest RAORABOKRAE TR, ettt sbiveioh iskenerdiReat QttehgRtuR QF Bbiibout NCl udi ng
the amne solubilizer, accordin esent invention works npst

to th
ef f ect i vel YOWCt(hid B heabpgbid” Cr@g%orl“g ﬁéfé%a‘gé FOBPAEE’ & 4nd 69 Frtapkow uggest s.

that there g3ay @@o@}:ﬂﬁﬁhgmﬂgni smat work 15 for etching polycarbonates or
liquid crystal polymers,”i.e.7 the amine acts as a solubilizer for the

pol ycar bonat e orlypicellyi @e solystizdr ipbe yivkant sakgtom iedrf aoing veshyounidt drefarablyl i mi t ed

range of congent.rati o of. al kal l,. t 10 eous sol uti.on. Di scovery
of Thi s modt AIPRUEEI oSl 7 R RS ol O R R R e e e o
f1 exi hhe proeRtiected fromuhd gronsedstigpaif amprek Vit dionat@snodiathingWrebyddngst al

pol ymers haying finely structured features previously 20 upattai nabl e using
standard nel#eES egfﬁaa%lwrw}a: et ﬂE‘ﬁMﬁH alkendlagaings eh b5 SO CHRFer 1 he

ccondi tions é?éthaﬁxbfaﬁliﬁbgprdﬁmkﬁ@l a8 ﬁﬁfﬁk@.f’rhﬁ efthalt 86Tt ill’icih.ld%gstH@&h{n%t e becone

sol ubl e by action of the solubilizer in the presence of a sufficiently

concent r at edlubBigere aererding tatthapresht ineengon warks FlokdHectivelawithinlthe abdhe ti ne
required f i u I 3 rbonate
(im0 be H e P e P e b e B R e

t enperlat ur €pr gpiriay pgyassnetes olnphid drestd pslymed, tephdamnine hbte aed sihddlizeegi on.

Materials T ' i,d hed.di g]. i.c .fil
'n a hard deebarDomeores Tk CPbOH PR P SR NG SO atatobe o

regi ons of wasntelideds tikhiCKBRES IS adilesis s3Rtied. f Bitdves ¥ithiB mos] dflecivtat do not
swell in the presence of alkaline etchant solutions. Dielectric filnms of

the present™igslstchaH spiglonsellpnt e appyadies! Tpxiglgpgned gueuts bpsdyRets, 5 WO
2005/ 08368%0W{b9§3%/1ﬁ9ﬁ3&%tal polymers having finely structured features previously

20 unattainable using standard methods of drilling, punching and laser ablation.
| Under the conditions of etching, unmasked areas of a dielectric film substrate
become soluble by action of the solubilizer in the presence of a sufficiently concentrated
aqueous solution of, e.g., an alkali metal salt. The time required for etching depends upon
the type and thickness of polycarbonate film to be etched, the composition of the etching
25 solution, the etch temperature, spray pressure, and the desired depth of the etched region.

Materials
The present invention provides an etched dielectric film for use in a hard disc drive
flexible circuit. Etching of films to infroduce regions of controlled thickness is most
30 effective with films that do not swell in the presence of alkaline etchant solutions.

Dielectric films of the present invention may be polycarbonates, liquid crystal polymers,



or polyimdes, including polyimde copolyners having carboxylic ester units
in the polyneric backbone. Preferably, the filmbeing etched is : ,
subst ant i\?bl n'f %Jy cured. Current continuous roll-to-roll flexible circuit
manuf act u r%é YP&¥asses utilize a base diel ectric subsPFRUS2WOHEII3HG 25m

t hi ck. However, hard disk drive manufacturers are 5 demanding thinner
dielectric layers having a thickness of 15 m 12.5m 10 smor |ess for

be]t ter flee{ﬂrgai%izhid}!?, iﬂf\ﬂiiﬂc'ig_f‘%c?%ﬂﬁﬁ&l opdlythére haliing mﬁ_idx'?]m? .ésitér_ﬁmlﬂuinshd ate can
relate to the level, o 1 fficulty associ ated w.t 1ex e circuit

pr ocessi ngPAABSTdREFRRe U ETerably. thedilp bFine e‘?‘as Sul?sgé‘ga]&%‘ﬁyéiﬁr%t 25m t hi ck,

probl ens w th naieh @nihandkdig-6RAetiddirt 8t Mhfuficeitipeseelds utARBsi St ent
manuf acture of circuit structures. Unsupported filns of uniformthickness

| ess 10 t hbase dslertrienebstrateithat s Sk et thick: Beveteorhaghdigh divempaatfagizars¥e duri ng
the myl ti- 3&:@3‘3&@% ﬁ'ﬁﬁ\%? d%iec@rlﬁg}s%vﬁ%Bﬁﬂé&e&r&qﬁ‘ﬁ}d,(w.ﬁ G RPRsem may be
el ec Il acco to t Ent 1 h

over conme usl ng ric di ng e pres vention in which
t hi nni ng t for ba®s fletibatity? Sthethibkneks o theudidecafa Blim suberdtd tamrblag to thedevebather ed to

a netal su rate such.tk the met.al substrate orts .t t hi.nned

i 6 ect r 1 TR bR st R TR Dhratisy L SR R SRR o A T e b e
circuit 15[cemhan DoisiuRothRiosesiems Mth eaahl haallihg cap pal cadiffvagtics or hi ghl y
flexible, dielectric film substrates having thﬁlgrge(il regi ons_inc| ude
suspensi oncaistgetRREachiE ofraichit sfruskiresy UpsPoTted Bappsp! yndfrmfhicless less

appl i gat i opg, |2§}mf1 R ité’ﬂrx%v&ki%?h&ér&tc& aothewiR AR drf BRing A kitiRRp pRitksstdze portion

of the flexible <circuit in head gi mbal assenbl’y area may advant ageously

have a t hi piviessircoit piogugiion. Thig probleBrmayity qymiceme pEgg dielsetrisdtimepccpiding bi lity.
The exi ste | - i ek j i

contri but e{s;;') %&Eﬁenggg%nglﬁgﬁﬁvﬁgpﬁ%n gé?%‘a{ggt&%ﬁ 351“36%% (E:dgﬁsgﬁéaﬁ%:ﬁirﬁlé?anpl e, in
hard di sk bthenaéheaginbiagadti] onisstratetsingh thaithe maaltsubatrafsuppdriseba thingedci rcuit may be
made from 25m dielectri ilm Reducti.on in ..thi e t.0 about 12.5m

i oo narRr e STt i ¢ ety S et el PR bR e 25

head- g nbahaagsamgbréegi on of the circuit. The reduction in stiffness
mnimzes the influence of the dielectric filmon the nechanical attributes

of the hard di SMdtegratyely. BRbpdNgs onbighE fsebleoficlsstus fibmsphstashed s ¢ he

di el ect ri CyfinkdMeoRAGhohfle bBPSnHAstAdhB ok Rarkt AR dfibd. MELARLIR e read/write
head. This I ncreases signal strength, enabling greater signal area density,

whi ch al | oeplitasions, arilgsiblersmepit pandegpeasie fipm JSpmitlh batihaiporips of thaBetibleat es t he
30 ose O B @ haRRYEL IRl B o PRVRIRELR) hAvS RAELAPIAsNALD drives.
20 12.5um, 10 pm or less for better flexibility.
The existence of controlled depth etching of dielectric materials contributes to
improvement in hard disk drive applications. For example, in hard disk drive applications,
the main portion of a flexible circuit may be made from 25pm dielectric film. Reduction in
thickness to about 12.5um provides a dieleciric substrate having reduced stiffness in the
25 head-gimbal assembly region of the circuit. The reduction in stiffness minimizes the
influence of the dielectric film on the mechanical attributes of the hard disk drive
suspension. Reduction of the influence of the dielectric film leads to less variation in the
fly height of the read/write head. This increases signal strength, enabling greater signal
area dengity, which allows for larger memaory capacity. Film thinning also facilitates the

30 use of a lower power motor in very power sensitive portable hard drives.



Polyim de Polyimde filmis a commonly used substrate for flexible circuits
that fulfill the requirenents of conplex, cutting-edge electronic

assenbl i egyq JRSEickin has excellent properties such as thernmal stability and
low dielectric constant. 5 As described in U S. Pat. NoPCBUgI>¥MUét0m it is
possi ble to produce chemcally etched vias and through holes in flexible
polyimde circuits, as needed for electrical interconnection between the
circuit andlogq;gr' dented circuit board. Conplete renmoval of polyimde

terial, f le. fqrmmt | troll h
W thout ol e { SPEFRBRTT & RSPy FELONE ik A TEORRATR GO m de 11 1 me

swel | uncontdudkmedtk ¥f dfnplek, tnhtanglwg%%mamﬁé ass@niblRAt TR TaMh Wk efenéntsol utions.
Most commercially avail abl e yimde filmconprises nononers of

pyromel | i t iREORGTtiER By &@n(lﬁwtg,&)hty aid lgxyrleshicPR¥aODA) . or  bi phenyl
di anhydri de (BPRA)desc%emerM erengi @81 1R e TR0} pomhewogsr@lﬁcpeﬁ HBlS oroduct s

including one of nore of these nononers may be used to produce

desi gnat ed ettnhdfémawreitblroadehﬁam flenbRaNLnidg cirguits ElSrmedeé\fen dlegiicel from E. 1.
du Pont de [ ny., API V, NP filns
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that may b to Increase t f o
20 In contrast to other known polyimide films there is ewdence to show controllable

thinning of APICAL HPNF films (available from Kaneka Corporation, Otsu, Japan). The

existence of carboxylic ester structural units in the polymeric backbone of non-swelling
APICAL HPNF film signifies a difference between this pelyimide and other polyimide
polymers that are known to swell in contact with alkaline etchants.

25 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 polyimide polymers
are not known commercially. However, to one of ordinary skill in the art, it would be
reasonable to synthesize other ester unit containing polyimide polymers depending upon

30 selection of monomers similar to those used for APICAL HPNF. Such syntheses could
expand the range of polyimide polymers for films, which, like APICAL HPNF, may be

controllably etched. Materials that may be selected to increase the number of ester
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hol es, and a diobyimiderfiips ggnbe sishedusingseludonsad gotsssaimp gdroxifeorsgd®i onal
frequgncy Fgﬂmrdeogloﬁl:kﬂzdegc?ibg@m@%at fﬁb%@l 1keBeh &Hlﬂinogﬁl&lﬁﬁé Ldgstof liquid

crystal s were known previousiy but “difficulties wth processing

pr event ed epydinioge sdwbiliger.| i qui d crystal polyners to conplex electronic

assenblies. The etchant with solubilizer described herein nmakes possible the

use of LCP filminstead of polyimde as an etchable substrate for

flex-on- sugPBnsion assenblies. A simlarity between |liquid crystal polymers
lic.ester. units in

and API CAL HPNF pal,yi m de.is resence of —car

both Lypes of | JomgitePel R LS e, S FERRE FPCRHE 5 yot o
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crystal dielectric constant not to exceed 3.5 over the functional frequency range of 1kHz to

20 45GHz. These beneficial properties of liquid crystal polymers were known previously but
difficulties with processing prevented application of liquid crystal polymers to complex
electronic assemblies. The etchant with solubilizer described herein makes possible the
use of LCP fihn instead of polyimide as an etchable substrate for flex-on-suspension
assemblies. A similarity between liguid crystal polymers and APICAL HPNF polyimide is

25 the presence of carboxylic ester units in both types of polymer structures.

Non-swelling films of liquid crystal polymers comprise aromatic polyesters
mcluding copolymers containing p-phenyleneterephthalamide such as BIAC film (Japan
Gore-Tex Inc., Okayama-Ken, Japan) and copolymers containing p-hydroxybenzoic acid
such as LCP CT film (Kuraray Co., Ltd., Okayama, Japan).

30 Some embodiments of the present invention preferably use a laminated composite

in which the dielectric layer is extruded and tentered (biaxially stretched) liquid crystal
polymer films. A process development, described in U. S. Pat. 4,975,312, provided
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hi gh vol une applications. However, as is disclosed and taught herein,
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While polycarbonate films may be etched using solutions of potassium hydroxide
20 and sodium hydroxide alone, the etch rate is so slow that only the surface of the film can
be effectively etch. Etching capabilities to produce flexible printed circuits having thinned
polycarbonate substrates or polycarbonate substrates with voids and/or selectively formed
indented regions require specific matenals and process capabilities not previously
disclosed. Until now, low-cost patterning of the polycarbonate film has been a key issue
25 that prevented polycarbonate films from being applied in high volume applications.
However, as is disclosed and taught herein, polycarbonates can be readily etched when a
solubilizer is combined with highly alkaline aqueous etchant solutions that comprise, for
example, water soluble salts of alkali metals and ammonia.
Etching of films to introduce precisely-shaped voids, recesses and other regions of
30 controlled thickness requires the use of a film that does not swell in the presence of
alkaline etchant solutions. Swelling changes the thickness of the film and may cause

localized delamination of resist. This can lead to loss of control of etched film thickness
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20 fluoride larninate from GE Plastics). Polycarbonate materials may also be filled with

carbon black, silica, alumina and the like or they may contain additives such as flame

retardants, UV stabilizers, pigment and the like.

Adhesive

25 Flexures for trace suspension assemblies (TSA) can use a laminated material
comprising a metal layer, ¢.g., stainless steel foil (SST) bonded to a polyimide or
polycarbonate polymer film by a bonding adhesive. The polymer film may further be
bonded to another metal layer, e.g., a copper (Cu) foil.

Suitable adhesives include thermoplastic adhesive, such as thermoplastic

30 polyimide (TPPI), or other wet chemically etchable adhesive. The adhesive is typically

applied in a very thin layer, e.g., in the range of about 0.5 to about 5 um thick. The

adhesive-coated dielectric layer is typically laminated to a stainless steel foil by heating

10
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is typically applied in a very thin layer, e.g., in the range of about 0.5
t o about The adhesive-coated dielectric |ay j yoi.cally
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are suitable for formng a conposite structure without the use of an
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adhesive. Thernoplastic filns may be bonded to a supporting netal foil, such
as stainl es}?on—%ﬂ%%lve by using an etching solution containing an al kali netal
salt and solubiTrzer to etchant treat a surface of the film A netal foil

havi ng at | east Anrdtemeiivk toreaatdigedlamngicecopipositefsgpeiiees nigyhd usad to fwmet chant

treated sur [ [ 15

pr oasure ¢ LenE SEERRBRIUAR Aindietiny HinBEhok® HRRLR: B

t enperlét ur els)lydaa:tonn;ta,usesmtalbie farfemmngd astpositd sjtﬂunmteomltﬂoov\theﬁbﬁeofbmndl ng surface
of the nmetal foil typi ca t reat.ed ith a straon cidic etch

conposi ti on’ adhegiyg. &c/{:@arsﬁ? t‘iré’ilg% ctgonflewogfléﬁpﬁﬁélgén eg?%% SF’%ﬁSlfgaélﬁeSéor rosi ve
aci ds such aeedi Q:l?'r\iaﬁ\ilg,an arhidlg 361dticH oontairgy fallalitnidta sﬂﬂmﬁﬂ @htilydioeehkar i ¢

acid. The second f the ther | asti c- net al may al so be
et chant tr %34 5& oo 26‘%?ﬁ ia’tme%}{fm ’Ega"[f}@ri’ﬁl@as’:tOBe iy ‘?&P“ﬁ%fea‘f‘ﬂuf%}ma

| nt er nat i ongdndap Blelefcit @RatMn 8 383 Appltas&d dMA88utt1 06 psl 36 afut Sodpsgh
tenperature lamnating press to forma |lam nate naterial having a liquid

cryst al5 pol pReurete thesaprogtingyaeial fag a’éfb@?\@éﬁmaﬂaétl%ﬁm gidempgrasares flf faugmd a
copper 0l | e Billodtadit kich Y Bw Mk hdniing Slfh fﬂiéﬁfe‘ch'l ({lﬂrsqap iy Raiskspensi on

(FOS) applications, trace suspension sse I'1es ated di sk
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with 20 that 1t may be bonded to a second metal foil. International application WO (0/23987
describes the use of a high temperature laminating press to form a laminate material
having a liquid crystal polymer metted for bonding between a stainless steel foil and a
copper foil. Such a tri-layer material can be useful for flex-on-suspension (FOS)
applications, trace suspension assemblies (TSA), and related disk drive suspension
25 assemblies.
Alternatively, the second side of the thermoplastic-metal laminate may be etchant
treated to make the surface suitable for metallization. Such a metallization process may
include electroless deposition or vacuum deposition of a seed layer to be augmented with
additional metal layers using conventional plating techniques. When using electroless
30 metal plating, the process for producing a metal-seeded thermoplastic-metal laminate may

comprise the steps of providing a thermoplastic-metal laminate substrate to which an

aqueons solution comprising from about 30wt% to about 50wt% of potassium hydroxide
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st yrene andrambtel masknlhgmihgithleet@]ﬁng BObass ;hle phstbesxsfaﬂxmbuthelustahmlly@oossI i nkabl e

nononer s rra‘xdpng Oqlée ahﬁ?ar Xn gomgh &{glecmc ﬁim rimethyl ol propane triacryl ate.
Negative photoresists suitable for use with dielectric films according to the present

20 mvention include negative acting, aqueous developable, photopolymer compositions such
as those disclosed in U.S. Pat. Nos. 3,469,982, 3,448,098; 3,867,153; and 3,526,504. Such
photoresists include at least a polymer matrix including crosslinkable monomers and a
photoinitiator. Polymers typically used in photoresists include copolymers of methyl
methacrylate, ethyl acrylate and acrylic acid, copolymers of styrene and maleic anhydride

25 isobutyl ester and the like. Crosslinkable monomers may be multiacrylates such as
trimethylol propane triacrylate.

Commercially available agueous base, e.g., sodium carbonate developable,
negative acting photoresists employed according to the present invention include
polymethyl-methacrylates photoresist materials such as those available under the trade

30 designation RISTON from E.I. duPont de Nemours and Co., e.g., RISTON 4720. Other
useful examples include AP850 available from LeaRonal, Inc., Freeport, NY, and
PHOTEC HU350 available from Hitachi Chemical Co. Ltd. Dry film photoresist
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Commerci al |y avail abl e agueous base, e.g., sodium carbonate devel opabl e,
negative. actlng photoreS|sts enpl oyed according to the present invention
i ncl ude nmet hacryl ates photoresist naterials e
avai l abl e unc?H? tﬁe trade 30 designation RI STON from E. Iwﬂﬁgﬁﬁﬂo %%Nermurs
and Co., e.g., RISTON 4720. O her wuseful exanples include AP850 avail abl e

from LeaRonaI Inc., Freeport, NY, and PHOTEC HU350 avail able from Hi tachi
Chemi cal Coombesitionprydet ierragersmmsr AR 4 MEB ar@valrbly 0w 865 DeOTUS2005/ 001340

composi t1 oRg URE! cEN,dd 46 SHamesARVAr MéﬁAﬁgﬁR}‘ﬁ@b@Ehﬁn&wﬁ% fMaoger m d,

Wat er bury, re are sever series of otorest sts i ncl udi ng

t he " SF" "CmenwlﬂeSFWOt WBF;L@@ Cfg@l@ﬁng ramQS@@EZVQ)Oﬁbemgnaﬁ@plSesent ative
of these materi The. tr| r nate nay be
chenmical ly et chzhe dplegti \Pelroa eéjto ee§ nl{%la?iaﬁ%e&?? #xé%mh (Iﬂl?atclz Ch%%qnuf acturing

process. | Révegdl uﬁgd:saﬁ tiaffleaibledichit mgmsifae:prin@mpd:qss iImtrddaetiqa cﬁ"dﬂ etchimg sgpquence

can be used he. bulk film e area e fil.mwhile
aavi g T heUMARPRoPYRIR et <ot B WE oY i i Y E KB CE AP ATTOEr
thinning afe S8 PELEHa35LRE bSik of iR it Ggial tmmb@ Aliaxhibler, ity t

manuf act uri ng process can have the benefit of introducing other circuit

feat ures bef &flectss reasioh Q’Gfﬁlmﬁtﬁﬁpé}ﬁ%@e FEYH FPNEREURRS BFOCEHR EAR hade Bet i ve
substrate tBhdnlbaguBERSotd? bt RAARESeford dib MR CAEARIELIP | CS

remain simlar to those associated wth the production o vent i onal
flexi Ble ciwleaistisctive Iﬁulysatezlanmng péersgn thetpeocasspdinhbehdliog clresdcitanigtics fi ne pitch

suspensi on asglg nbml thg{% ag ocmfel%%ltht tﬂé’ ﬁl@&uc?gn OF é Vexﬁ%lnﬁ %\é\%le\?ﬁ%ﬁ@éﬁg : s

substrate fi pica 'éSs stee
lam nated a | ayﬂgsoia-ﬂmellm'atelacmﬁhtchﬁ()t ahkidg 2 fihopitcdrsosi@ndiomassatidy wlihe 15

structure. The di el ri.c e neta ng an
adhesi ve orP"6§ PR °Ibo¢|'§i 8¥'s ﬁmteﬁlf'%‘ﬁ%‘égﬁ’g e Q'Bltcf’lﬁ%suflfﬂlb§ S'flﬁe an
adhesi ve i Solls@dvhiéh 1§ irtiahib®a RgbaFiditeciranatértal RET toGb@ih Balingd eBed such as
TPPI, available under._the. trade nanme Pl XEO from. Kaneka, Tokyo, Japan. The

stai nlléss stwgirer dibp dieleciripmmayhe lgmapsted in themsis! fatlbyjusiag ag adhestye opber
enbodi ment %nélﬁbcgmn;%f%%n@ aéafccakekcmemﬁf af SCddhbGve iU, 4 SrthdPhGisivy about

25 gmto 20 about 75 mth he adhesive thickness is typically about 2
pin to abouwnbe et Chﬁmlqahﬁﬁhﬁdtsécm\@ﬁf’é’ﬂ,rameﬂa@rk@nd@ tbm@ﬂema@gé’m(arf@ugh an etch

QaLh. P Chelps SR rerblleTi EARRLI I fll gayggx%z Ao 8 B @nili

di el ectrlc "ayer ustrate contal ns an
et chant solanlhar(ambednntcaibllé pfooo 26 mmthy:iiebeE didieettie ttyei is tylpioply alampﬂﬁ gattot 0 t he

metal Ot andh A0 AR SanclE 1RSSR, FRMPIIW £ WAL ! e ng depths

The laminate web structure is then passed through an etch bath, which dissolves

the dielectric film layer, to form a thinned dielectric layer 2127, as iltustrated in Fig. 2b.
The etch bath contains an etchant solution suitable for the type of dielectric layer applied
to the metal foil, as taught above. The process can provide uniform etching depths in the

25 cross-web and down-web directions. The laminate web is then placed into a spuiter
chamber where a thin conductive layer is applied to the dielectric surface. The thickness of
the sputtered layer is typically about 10 nm to about 200 nm. Typical materials used for
this process include, but are not limited to Ni, Cr, and a Ni/Co/Cu metal alloy available
under the trade name MONEL from Special Metals Corporation, New Hartford, NY, or

30 other materials with high melting points which are suitable for application by sputtering.
The web is then placed in a plating bath to build up the conductive layer to a total

thickness of about 1 pm to about 5 pm to make it more robust for handling in subsequent
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25 cross-web and down-web directions. The lam nate web is then placed into a
sputter chanber where a thin conductive layer is applied to the dielectric

surf ace. &6'900%1&3%5“%5 of the sputtered layer is typi %ﬁ%ﬁgw’lﬂﬁo urn to

about 20 VpI tal materials used for this process are not
limted to Ni, C, and a Ni/Co/Cu netal alloy available wunder the trade
name MONEL from Special Metals Corporation, New Hartford, NY, or 30 other
mat eri al s pybéchsebi(agh toreduse itgp qmo'am bwvmii&tmcaﬁeldsnﬁtalaibﬁmg mbsecmmjl i cation by
sputtering., . The.web i he aced.in tin d up the
conduct i veelfcﬁﬁ‘?g?“?%ﬁﬂjsf‘iymcg Iﬁ??nglgnnaéesnélso qu od &‘r ?ISLGEbg #“5 mto nmake it
mor e r obusiliuft@kes fianehina@g Wb wikhaealieyr 2148 AV@nZ@&Eﬂ&B&G%s ReTiH5BO05/ 001340
processes (and to cause.it. to a resi e Id nmet al . during
subsequent”se%FOeCd‘{CP’é‘ﬁ? |ﬂ’@m§tf5§“ﬁ§)Tﬁar§}‘%a‘ce§f‘yeﬁW%ﬁ% f‘?ﬁ? OB P %Y"Uﬁe copper
and_nisckel ;3 sJhitln o?ﬁatasstdnuﬁéxm&moédn@tel Qh Rothe: ARIRLY dride Bt Bhdd @WRr 214. A
sem -additive gﬂagcess may then be wused to circuitize the |am nate web. The

surface | affeRERBGHomsE. I(ﬂ“é’d’ﬁé# Nergur Yaipngioni R Bren layen aftrheieres®t pot assi um
per oxy rmno%ﬁl Lk mélg%g ByeRSe dHat o fb 2 o%?étﬁ s'dlﬂ;%{e zﬁb% 29: es;§tUREETCH

fromeE. | Pont Nenour s; m ngt on, tore5|st
218, whi ch2ifeyappdicdvet metal ldyey 214. sTlEmhbioe?dlst b}fﬂrmralthwumsgerdetw@xmeaﬂd | ayer of
phot or esi st

t al 2 ot Iayers are
then i maged'® eg@?ﬁ%gﬁ?@ ?evelogeﬁdl tgg%rlme 1?05% E"lIT%Sna&‘elaln g%fggll 19[5923" t0°formcircuit
pat t erns aﬁmtdrésbkﬁ patadnetbsiridtsiigequelt mafbllealébﬁolﬁlhlﬁﬁgab apdcilc dpalst Bipitallgstri ct s
subsequent ectroplatin ecific cal | t he edges of
the circui®® 5‘%\5 f‘he R paﬁ&‘&t“%?’%g a&ﬁ‘és %YVFH g’éfe‘ﬁeagﬁ%flhf@éeséhgfuﬁr esi st, thus
maki ng- nar yeMh A wIBaL, heMew bidH) repkfitateaitee phRtd T prdassidke. To pr ovi de
close alignnent between the trace patterns tﬁat will be created on rret al

| ayer 214 HigamerdorIehdy raceatiivrmedhat ivihes graialospriaklaye 2t ansibe ek

layers 216¢.ah %ﬂﬁetﬁ%@ﬁrét&@@eﬁiﬁém&ﬂ@a}é@ﬁs ;xﬁmlsrmaml iR dt Ha&Gme
photot ool s. The next step, as illustrafted in Fig. 'S to pl ate up netal

in thé cirtme t1511|'®41tge¢d1plmﬁ0tt>¢ie ‘et gkt dtepy ey illgstgted gn Fw A% site platetupmeatades 220.
During thi ﬁ tfi)e c(?rcﬁﬁ ?atten]i Prg thg%e?fl & ?ﬁ.@hrtg%&m gygulm%fcp ?%‘gtDn@{ gﬁl%gé]gm hal or

at slightly opposite polarity potenti eplatlng
bat h i n ortiemetabsybsteate At Gmbbe zt(gm:lmdpmmaﬂ nmehgmlyaipposﬁtepahpbrab tieg onto the

nmet al substra r substrate Q0 may be 20 protected
by phot or eB{'&Y 1a5 %%ge ‘i"ig%e&? q%tﬁlg%ﬁ%r—*? g%“ztf’ PrEYRYP ﬂ’éﬁ"?@&?&‘ﬁ %%é °Blit or esi st 222
is then aﬁ&h@@@inguﬁa tmhﬁ&t@lrsﬁﬁsln%te Y10y eAlte2kBveap n@hllsbbitiatel 718 6RS b220. The
photoresist is then flood exposed to forman insoluble barrier protect

circd% tr @g@gteéé@phq{gﬁlst Va4 s Mpptrpdedin Figy 24, ﬁnqﬂxeg layer of photoresist 222 1s then
applied over photoresist layer 216 and circuit traces 220. The photoresist is then flood

exposed to form an insoluble barier protect circuit traces 220. Next, as illustrated in JFig.
2g, the portions of metal layer 210 exposed by the pattern of photoresist layer 218 are
etched down te thinned diclectric layer 212°. If the metal layer is stainless steel, sujtable

25 etchants may include ferric chloride and cupric chloride. Then, as illustrated in Fig. 2h,
photoresist layer 222 and the remaining portions of photoresist layers 216 and 218 are
removed. Once the photoresist is rernoved, the underlying surface metal layer 214 and a
thin layer of circuit traces 220 are etched away to leave conductive circuit traces 220, as
illustrated in Fig. 2i.

30 The next steps involve creating features in thinned dielectric layer 212°. Initially,
photoresist is applied to both sides of the existing structure. Phototools are aligned to the

metal patterns on each side of the laminate structure and both layers of photoresist are
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29, the portions of nmetal |ayer 210 exposed by the pattern of photoresist

| ayer 218 are etched down to thinned dielectric layer 212'. |f the netal
| ayer is dobBSessst eel , suitable 25 etchants may i ncl liQer b4 | oride
and cupric |O§8I%de Then as illustrated in Fig. 2h, photﬂfgﬁeﬁsf@tg ayer 222

and the I’EITB.I ning portions of photoresist layers 216 and 218 are renoved.
Once the photoresist is renoved, the underlying surface netal |ayer 214 and
a “thin | ayieegfbyekpasuietto seitgblegadiaipnang deeldiedndbpsprneonmngyes ronenibt i ve

tt 1 by S e a 1 N |
o0l SOt S ] i 0T, Sl ovol v

| ayer phot or esi st
is applied 226 abfbt’tﬁlﬂdlr@be@l Sdfsh'@héllémmmfglyg%srlﬁ@tﬁmﬁé in F!}goljotbéﬁxt,ghiar e aligned

to the netal S On.e nd both

| ayers of prbes BRRER RGN T o il LB ByGRPS e B mged by
exposuge t q;l&matoablheamsaadtchints:) Andithd raeanahppedorsof phcﬁo:saatdamIMandQZG
previously descriped. This.results i at t hot |st yers 224 and
226 al i gned™t TV ‘?(ﬂﬂﬁj‘?av? %c%é‘umf%"’t%fﬁgnug?@ 1Efq‘:er’r’cétz é r’%ﬁt]é djﬁi

respecti velphowdso thbielgiifedtiethe af. SibtGequéitty, M@ﬁfer Iayé}eor 1%@%@%@@%&1&% of
dielectric layer 212 are shaped or renoved EOSUI’E to, 5 plasma or

chenmi cal ethersplies; imeger ey elppadn PhePesB F’P‘ihéﬁ@s fheHBICBIR & %]P‘W AgEiEs 224 and

226 are re&%&eﬂkow S8 wWifiGn aham{aﬁ Eérrdi'e(@ﬂa{l@ude'rhé{é{a!i 3b@Lhid Pl b 2Kk
Sui t abl e ds are “known to those s in the art. Subsequently,

anot héf | ayaecirical bandipgios contct perapabibdity, 1., gely. ashiusapist iteBig. Plridpsidnallyd

devel oped, n r 4 u ! traces
220 t o be. gt DA bt Sk FaP Feal 0 RS B bR ok Ry Ml ety g
suitable fqyrota:ﬁmellagetmecallrcuhtdmdesr@OQas 1lmn~ata¢tnli‘1@rmat| bility, e.g., gol d, as
illustrated in F| na er coat
230 maybe appl i adé%?ﬁc ﬂ%ﬁma%%&lt%%zﬁ%ﬁ? P 87 ﬁ'rﬂ%)gfr@g%ﬁéén‘i over
circuit tral@ﬁasziz?&nlﬁsomﬂelduﬁwmredn the sinkc@ure. 2Mis Iﬂdkead\paﬁsﬁlﬂgﬁ) #@bduchbi s process
is that features in both netal substrate 210 and netal layer 214 can be

fonned any\/\ﬁé(ﬁr@ grsyperted py,diclsrisic) fepres phider glqctirgbgagst er %w‘ar%&%e 15
"flying" (%&%%ehgdopmﬁufld@&é&ﬁ&améﬁm éb"rrﬁﬁnﬁf: m@t‘htﬂ*ﬂseéndeiﬁ@&kf fufi@donhir aces or

structural (e.g., steel enent s tional dielectric materials
conpat i bl e wimiremehis n@mdpeﬁpﬁcmd@ tlﬁdl@émrﬁémme rﬁmﬂ%@mﬁﬂ@n maaydy kebeappl i ed to

the flexure %E{a%ﬁgé’f%% o1 ?deﬁl’c(?%ﬁle!"lgad bRarh Qﬁtﬂe Etﬁﬁéhémh% l?gssellngfn Eﬁ%&ﬁga gl ued or

wel ded to t eam o he suspensi on su assenb conpl et ed
head gi nbal coagdaaitieyd fimbabashemldy dirskhadirdiskeinve0 A si m I ar process is the
manuf aZ%t ure of fA 5611)%11% perogelsg Estﬁlxet r%ar?u?a”gne otl tﬂa%btle cmmlts cporr?grising the step of
etching, which may be used in conjunction with vartous known pre-etching and post-
etching procedures. The sequence of such procedures may be varied as desired for the
particular application. A typical additive sequence of steps may be described as follows:
Aqueous processible photoresists are laminated over both sides of a substrate
25 comprising dielectric film with a thin copper side, using standard laminating techniques.
Typically, the substrate has a polymeric film layer of from about 25 pm to about 75 pum,
with the copper layer being from about 1 to about 5 um thick.
The thickness of the photoresist is from about 10 pm to about 50 pm. Upon
imagewise exposure of both sides of the photoresist to ultraviolet light or the like, through
30 a mask, the exposed portions of the photoresist become insoluble by crosslinking. The
resist is then developed, by removal of unexposed polymer with a dilute aqueous solution,

e.g., a 0.5-1.5% sodmm carbonate solution, until desired patterns are obtained on both
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etching, which may be used in conjunction with various known pre-etching and
post- etching procedures. The sequence of such procedures nay be varied as
desired fwocg the particular application. A typical additive sequence of
steps may WOYEYER bed as fol | ows: Aqueous processi bl epﬁjrsfé'tj%f}% 0 are

| am nat ed over both sides of a substrate 25 conprising dielectric filmwth
a thin copper side, using standard | am nating techniques. Typically, the
substr at e dxis ofithp inyinaee. iThe Ebpper bidy eff tholhmfmatens &loo Girttizbphatetico ddsaed 75 m  with

t he copper_) ayer bei ng from ut .1 ta.about 5 thick. The thickness of

t he phot or ’éﬁ‘g S'Fge?lpgﬁt%%qﬁ om?rgﬂlgboeﬁltpr%cﬁ%g:bﬁ' PIR5Kgfhe F’H‘é’baéev\}lnsae

exposur e dfatthsfterehantdeiatiof, at peviphay oesesbed!] attaderpetratanei o lfietn dbo@o° artot he | ke,
through 30 a maosé, t he exposed pgrti 08%1 of the %}h?t resi st becane insol uble
by crossl i #RIgY” FreetrRaystParionsioé fhegaVEILLPEG VY Petipyerstokeditdpos ed

pol ymer wi-fifis aplick WerBiGbRUFSheSh gitlat i copger%Jer.qhQ r&isﬂ-isﬁ?(@n%gig'é&fﬁﬁﬁr bonat e
solution, until desired patterns are obtalned on both 15 WD 2005/ 083685

PCT/ US200 o g0t theilaraigatein ¢ Be% whitienrban atkadi pefpldudraidsat pmiaheut] ani nate i s
then furthae ' | ; SiMgpa ' f pol ymer
filmt henh%; 93%2‘%@9é@‘o%f‘?i@?eiaggtfh%‘“’%‘%‘r‘#ﬁi?et°9§ a bgt' ﬁﬁl%?‘i‘{e%?%)ﬁg’ﬁ‘%ﬁg%l ution,
as previ ousiryond eSthe ichgidal thin cappee tyerat eicledoking po ptchbv ttat @0 n@ ltaon about 120

Cto etch away port,ions e yner .not _caovered b he crosslinked

resist. 5 %Pé”ﬁﬁrpég?ées'gtg%%Ewg&e{a%mg?ﬁ? h%mgﬁ;{?cérf’%aef% %"tﬁ% EHCCopper | ayer. The

resi 90 i s then Ishi hlpped: fubstmctixofrbcess, desagadout becésaibiaydomrésivtsaradate Sol uti on

of an alkali . netal roxi de at from about . 25 t o, about 80 C_ preferably

£t om about WA PBIORONHEH OF 2 e Bk i (BSEH SR BEPRS Yot ¢ he

original t\ﬂiﬂtg_st?aﬁﬂ)&@llmﬂiﬁatﬁg t€UhBiqBésC Mekub G iafde 0aslste bENBElYmbMafiinti@gs not harm
[

t he pol yner | m %. , PERVA ETCH, available fromElectrochemcals, Inc. 10
In an al t ethABt2 K IpOPECEi e thigkoridhsthe conper lavfs being fiormabents] 1 & #198t or esi st s

are again W ]gm)tt : i f i : r film
si de and a4dc%%rggh?é§?e e, &Esgbﬁtrllsgthidt g%ﬁ?rgg “?’3%5?2% fﬁilﬁ?ﬁgﬁﬂﬁi{%ﬁgsﬁgirﬂherémsubst rate
consilét s ohroagpabyiiableinnsk,i cropsiinkyms the eiposad peBiogar he sistti(Thy Bnapmis theek with

t he copper | . i I :

phot or esi s?elv?ﬁs‘&[dh@ﬁl %%%%JS%@E%%%E%P% gr}t@gésgf %B‘ﬁ# rsélgeio% E(elbécrlnatﬁh %&gét he |i ke,
15 t hr oughofdhesiaintratyl Ehaaphsr layeo sghénrdihad tat dveaiexipoded apbpdriiosofdfe t he resi st.

pat terne. AU SBE ARG IBar I aloab o iR AR e Hh e ayer ©s
then et chegmimteabiéithe Gisf@sistdnythe cupgerRiietah® BB sifikdd s flqaaleyp@uicao kayer thus
becone exposed. An additional |ayer of aqueoys phqtoresist is then
20 radiation source mn order to protect &xposed polymeric film surface (on the copper side)
from further etching. Areas of the polymeric film (on the film side) not covered by the
crosslinked resist are then etched with the etchant solution containing an alkali metal salt
and solubilizer at a temperature of from about 70° C to about 120° C, and the photoresists
are then stripped from both sides with a dilute basic solution, as previously described.
25 It is possible to introduce regions of controlled thickness into the dielectric film of
the flexible circuit using controlied chemical etching either before or after the etching of
through holes and related voids that completely removes dielectric polymer materials as
required to introduce conductive pathways through the circuit film. The step of
introducing standard voids in a printed circuit typically occurs about mid-way through the
30 circuit manufacturing process. It is convenient to complete film etching in approximately

the same time frame by including one step for etching all the way through the substrate

and a second etching step for etching recessed regions of controlled depth. This may be
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| am nat ed over the first resist on the copper side and crosslinked by flood
exposure .to a 20 radi ation source in order to protect exposed polyneric film
surface ( bigosarper side) fromfurther etching. Area e | ymeric
film(on the (Fbﬁf m si de) not covered by the crosslinked ?%@/bgioga/p@?irﬁen
etched with the etchant solution containing an alkali netal salt and
solubilizer at a tenperature of fromabout 70 C to about 120 C, and the

phot or esi stascomplehtdimrsuiells pysed rhetoresibioehssiinkiddo aistlbctad mhitteuthy dypesute

solution, as previously. [ LE ] Bﬁﬁ? to Lntr ce regions of
control | ed PR cvﬁ'«legéaql%ltog‘e@ﬁo& %?%P%%%‘rt’ir%m?‘?dg m-°o kop‘%s SérefQIFael%ar %)Sgolfci rcuit using
cont rol | ed d&dlerdicfilm tachillig etdbbherinbefvoe ecesedatgiens.t he et ching of through

hol es and rel ated voi.ds that conpletely r ves .diel ectric polyner naterials
as required toIﬁWBH%X’ew%CS??g6@?1§@%H%§G$H%8§@Pé3ﬂ’éﬁa%@éIa’i‘ film The
step of i ntidafisein@peRan@daiplivgotsr feltuies Bf o fledbicireut. trht ¥@iitedal epccur s
about m d-way through the 30 circuit manufacturing process. It is

conveni ent T@Ees psIBRtETOf PRATIEHEFith GOt sidehpftidisraie Fruitdpiloved Ry SKPORITS r ane by

i ncludi ng ope RERR thOfhoRir&d: Beoflihg foRQeMaYa pdMeRUBR Iifjimaubsht ate and a
second etching step for etchln? recessed regions of controlled depth. This

maybe 16 \iboroest.083688 diot Wintepobylkdinaal cadwaderpescsbridreioushi t abl e use of
phot or esi st i : o} traviol et
Padi at i on. B0 ARvLErukRo: TEh A6 G RAGEED B FHROBHAF o ibalte! (f

di el edri c ihiddnmtichasndvasideialre teitmdiadgions iffimobifimallvengssfidienedino tsatch

AR R s [ b R Dy A
circuit. Thgoatsidlipha@lessi i€ pripp&lisive Rse, halhe adsiil@fg CifcuRNBERABS s8lkctivelybot h

sides of the flexible circuif followed by exposure to crosslink the
phot or esi st thiagebregdion 11 4nsgd gléfect ed pattern. Devel opment of the

phot oresi st, usimg prdi@sskdpy igsca UL RIMAS bedlok@lcked B h Bhtck BfdRORALG descr i bed
previously, exposes areas of the dielectric filmthat wll be e%ched to

cont r diSl ed iadividysl steps pr Bgtoenated frfhirarsagicoHsmar desiswd ¢9 mansdort hiwshed regi ons

of film Af . Al i J. G j < fr:desh depth

"hto the ai Lz Sl pbted CofBlos Hofifa hibplFutilo L FEASHERL UnARNERS

cr ossl i nkedmpdsgr@iunesi dtcuitsthatindipipedlestsvehehoned reginok 4ndendeaitibts ofg circuit,
ocess steps

i ncluding selectively. éhin ed regipns, is rinsed clean, .The pr
doscr i bed ABBVE PP B ee A Ao pab SRt DR ues 3 e el URERS v
steps or i nthattaeavtbedy bigbitingahiigs EFuppmRptexfasione detdofifidfopatdsta Web
mat eri al through the rocgss sgquenc% froma supply roll to a wind-up roll,
whi ch ol | egqzangs, as well as etching and plating the metallic parts and eiching the polymer film of
the starting metal to polymer laminate. Etching stations include a number of spray bars
with jet nozzles that spray etchant on the moving web to etch those parts of the web not
protected by crosslinked photoresist.
To create finished products such as flexible circuits, interconnect bonding tape for
25 "TAB" (tape automated bonding) processes, microflex circuits, and the like, conventional
processing may be used to add multiple layers and plate areas of copper with gold, tin, or
nickel for subsequent soldering procedures and the like as required for reliable device

interconnection.
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mass produced circuits that include selectively thinned regions and

i ndentations of controlled depth in the polymer film Automated processing
uses a i device that has a variety of process] stations for
app|yin35982§§g%%§9and devel opi ng phot or esi st 20 coatin%ibﬁggm%@PP“hs
etching and plating the netallic parts and etching the polynmer filmof the
starting netal to polyner |am nate. Etching stations include a nunber of
spray bars with jet nozzles that $XANPBEEShant on the noving web to etch

t hose partﬁ of ih? geb not protected by crosslinked photoresist. To create
finished p £4=-3tich as flexible circuits, interconnect bondi ng tape for
25 "TAB" (MapgiaBut omat ed bondi ng) processes, mcroflex circuits, and the

i ke, conventi onal. IO essing may be used to add nmultiple layers and plate
areas of c§§%391a£3%—§§ﬁ%$§tin, or nickel for subsequent sol dering

procedur essand g EirﬂﬁeLgﬁidrceﬁtﬂl pEImEqUCPRTInabs 8n theoki i€ Broduddid@y gagimect i on. 17
WD 2005/ 083685 PCT/ US2005/ 001340 EXAMPLES Exanples 1 - 4 Materials

Di el ect ri cUpferFexSupsPrae@a-SsnAapt) AC film - Liquid crystal pol ymer (LCP)
film25mthick j d - cdd & l66R pan B.
API CAL HPNE'- f%?%??ggpﬁ?c;@%(%??%gmﬁgﬂgﬁgﬁﬁﬁééngygﬁgﬁgggﬂgggggfg%?on, QO su,
Japan 10 Efappant Conpositions AA. 33 wt % pot assi um hydroxide + 19 wt %

et hanol am ne + 48 wt % de-ioni zed water. BB. 45 wt % pot assi um hydroxi de + 55
wt % de-ioni zed water. CC. 35 wt % pot assi um hydroxi de + 15 wt % et hanol am ne
+50 W6 deEichamitLoehpogitiens. 15 Photoresist A dry fil m photoresi st was used

for selective location of regjons f ntroll ed ching,. The phot oresi st
material |45 avail AbP BOFFOH ﬁ?&féﬁé G ggr‘f'ﬁ/g?ﬁ%lfd eeJrr%gw,/“ (%'Fom '?‘ijd‘g? “r oduct
nunber s SFRBLO, 455k198 p&ta@funShyd@Gde 265 wableidnized oniceles evi dence that 251m -

liquid crystal polyner filmand 50m_polyimde filmconprising a polyner
derived fr&Mm p-%ﬂ‘é’%;/yp%tﬁg"ﬁ‘i‘niéﬂr?’?%ﬁ 5] ‘tvfg/& e@f‘}?(’g"m“‘e +50 w4 Be-tonized wardr

15 Photoresist

A dry film photoresist was used for selective location of regions for controlled
etching, The photoresist material is available from MacDermid Inc. of Waterbury, CT
under product numbers SF 310, SF 315 or SF 320.

20 Table 1 provides evidence that 25pm liguid crystal polymer film and 50pm
polyimide film comprising a polymer derived from p-phenylene bis(trimellitic acid
meonoester anhydride) monomer can be handled using conventional automated equipment
for producing flexible circuits. During the flexible circuit production process, the etchants
indicated in the table were sprayed automatically for controlled thinning of regions of film

25 that were exposed by selective removal of photoresist. This produced recessed areas

having a film thickness that was reduced to 25% to 50% of the original film thickness.
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"monoest er anhydride) nononer can be handl ed using conventional autonmated
equi pnment for producing flexible circuits. During the flexible circuit
producti the etchants indicated in the tabl g-yRikSnSRIBYF
aut omat i ﬁpﬁ@%ﬁ%?&éont rolled thinning of regions of film25 that were
exposed by selective renoval of photoresist. This produced recessed areas
having a filmthickness that was reduced to 25%to 50% of the original film
t hi ckness. is WD 2005/ 083685 PCT/ US20889b1340 Table 1 Pol yi mi de and Li quid
Crystal Polymer Ex.1 EX.2 B%jvimidend4iqdia CR &P dRaker Et chant AA BB CC BB
Tenper at ure_71C 93C_82C 88?%‘?}% Shead e} Pl T

. 75cin/min [Thi ckness After Ex2l 5m 12. 0x12. Om P1. 6% EEt cHi ng Fhe paﬂki al
t hi nni ng methodpf—therpresent—tnventtog cam pe vaﬁ/—pf—eei—se.—ﬁor—*e: anpl e,
Ex. 4 was a Ia\rffq1 te of stai?‘nl ess steeIUBand 50 min API CAJ HPNFfilmwas 5

. etched with a dbhask. %0 KOH esshant (to r@&duce its ovecall tihi ckreiss. The film
experiencef—_a dwell tine of about 1.5 m nutes.—The resuliti Lal had

H— Tt SO

1 . ting.materi
an average|t AFERF&EE [edudfi®n to 21.F3Cmwith a®tlndarid de$$%tion|of 0.85
jinn. The stargarit-gev|at{m o, The T ougNess bRt 10T MatnARh HPNF
filmwas 0{65 pmshow hg that thejetching prbcess_was uniform across and
down t he weRhisktdss After ni nmdR.5gfd ect onl3.hen sur f ace 14um oughneds.6pin t he
finished Ii@i nétiengeb. | Exanples %-9 and Conparative Exanple O For this
series of exanplTas parilf th@mBptimetiodhdite psabittivensonvandc ws®rdciseefoh di f fer ent

types of polycarbonate filns. The agueou r cesabi&g %@ sists are

| ami nat ed o Wplfsg’bétvﬁséli1%@“810?&&@%5%55‘?&;?’& 5@&9‘?‘ . § %‘ﬁ’?:wf*f'l m si de.
using st andagida halianatidg KOreHRinfiteaSduct ROV ctAIBERIARES. EXPRAEExBe@dnchPt h si des
‘of the photoresist to ultraviolet light or the |like, through a mask, the

exposed pora $wmkiineg ofihevighomsiuesi The satvremitedd beabitbaysiree 81698 nking. The
resist s tRANIHRIANGHN A o BARNALeALicHIPYRORRATROLIIRI Mhkllofofthd Ut ©

aqueous solution, e.g., . 5% sodi um carbonate solution, until desired
patt erns armughness of the original APICAT. HPNF film was 0.65 num showing that the etching

process was uniform across and down the web with a minimal effect on the surface

10 roughness of the finished laminate web.

Examples 5-9 and Comparative Example C1

For this series of examples, different etchant solutions were used to etch different

types of polycarbonate films. The aqueous processible photoresists are laminated over

15 both sides of a substrate having a polymeric film side using standard laminating
techniques. Upon imagewise exposure of both sides of the photoresist to ultraviolet light
ot the like, through a mask, the exposed portions of the photoresist become insoluble by
crosslinking. The resist is then developed, by removal of unexposed polymer with a dilute
aqueous solution, e.g., a 0.5-1.5% sodium carbonate solution, until desired patterns are

20 obtained on both sides of the laminate.

For Examples 5, 7-9 and C1, the films were subjected to two-sided etching. In
other words, no coatings or resists were applied to either side of the film, so that both sides
were exposed to the etchant. To determine etching speed determination, a small film
sample (about lem x about 1cm) was cut and immersed in an etchant solution. This

25 resulted in the sample film being etched on both sides. Etching speed (for two one sides)

was then determined by dividing in half the reduced thickness over by the etching time.
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20 obtained on both sides of the |lanmi nate. For Exanples 5, 7-9 and O, the
films were subjected to two-sided etching. In other words, no coatings or
resists were gg@lled to either side of the film so that hoth s

exposed W& 1A% hant . To deternine etching speed det é’Fﬁf%&?qq@H”*% small
film sanple (about 1cm x about 1cm) was cut and inmmersed in an etchant
solution. This 25 resulted in the sanple filmbeing etched on both sides.
Et chi ng speed FOOExdnwle 6tke ﬁim:‘.:e&?)re subestet] heeneekiited etvhingd Abdtydipwiods ng i n hal f

t he reduced thlckness qver Ny 1 2005/ 08368

PCT/ US20057T0%71530/p Phtospsity &’ﬁﬁ%&“@ Edt%’&fhtf qiPsides e g PSEVB}’ASB?%% (%m %‘?ég%i ded
et ching. Aol §deadURABSst R0 F1866 blosedning tier dlis Sis waRsxgosdtl uhdéth-av@Ed bot h
si des of the polycarbonate filmnaterials. ide of the resist was

f1 ood- exposesd- dhelcHPREedgioriges of the Pb\%%“@%p?ﬁ%a@& 1&%?&}@11 ‘éymﬁ@f%c}’he mask. The
exposad p%&ﬁ%% dﬁe{vl d&&%&l@%%ﬂ&daﬁsftﬁ@&@ ydlﬁﬁ@@%lew@ 9. The 5

resi st was el oped by renoval e unexpose polymer with a dilute
aqueous 0.55% EO@%S}@E@W @élitMn@E‘étﬂ%P @ﬂapbmarb@r@ﬁﬁlm wigh & polid lgek 9Car bonat e
filmwth b r of

resi st on It%ﬁ ﬂe%ﬁés/i%{ e?ga'FhlréEé %“‘3%‘&?9?3%?8%&(:%?‘%‘8@% alé‘?%% eglg gol(? tc %a sanpl e
are shown ﬁ@l@mﬂ& of a‘Emhbba&slﬁwn belomgh dalge deFatsotglargjde gclgng, e\mewhencoverl ng

one side with. hotore5| t he. e speed I al f af the speed of
the 10 t woSF'EHE BE EHF Ry *8?185’8 57}%? @&%égﬁﬁfﬁﬂ%%ﬂfﬁf%ﬁ%& of BShe si de of
the resi stm(o%ld@dtchtdgl cﬂﬂrpom@abéﬂaemmnﬁmsesehté brisdidead¥dhd ReisQD AT thigkde s

exposed under_ a mask and then devel oped. et chi ng experinents were
carried outasfipog-eprosrbfirst Wdtth?)ﬁtpﬂssﬂqerl? ‘i”iﬁ’@sedd@?fﬁ@ mashandihendsvslorsd 85C unl ess

speci fical ly e Tpérﬂl%nw e ca38d 6l Gk BAKEEHHhIu® shiPibe ARy Garagnahe films -
are summari zed 1 n . The et chant corrp05|t|ons are shown in Table 3 as

the ratio &85 (hunkessnesifiselbimiied otherwiset Ramuttard mayts dpnnehichdorad¢ filmse of t he
conposi t i %@ﬁﬁﬁ&ﬂé@&eﬁb&w €88 t@ﬂa@k%o&}ﬁ%giﬁ&%eﬁé {HoS8 1n TO0ie ?%@ﬁg L&io dFX: O

shows " 45/ in the etcharnt col I ndi cat es "an et chant corrp05|t|on
of 45\t . %KDHKO}QIIITQEM (%anblaemramthahnha@pcmfdhﬂ dvmposlenmbmn@wamsulﬂas er. The
desi gnati on

" i, 0 rbon films
desi gnat ed” 4% ggw}ie Sg 9? m’?%bﬁx qu'g%esf Q;g/zb ttbleafg %If y%é?‘bonat e Filns
Mat eri al Gagigatedn eruhmmbbﬁﬁoﬂﬂmﬁmiflm{,eofwmf e'ﬂ’(aﬁd&mﬂﬁnﬁd'ﬂiﬂ ckness
remainder is water. The designations of “A” through “T” correspond to the polycarbonate

fitms designated as A through I in Table 2 below.

20 Table 2
Polycarbonate Films
Material Chemical composition Film Available from
tradé name Thickness
Al LEXAN Polycarbonate 132 um GE Plastics
T2ZEDD 112 (Smooth/matte finish) (Pittsfield Ma)
[-AZ LEXAN Polycarbonate 260 pm GE Plastics
T2EDD 112 __ (Smooth/matte finish)
B LEXAN Polycarbonate 254 um GE Plastics
T2FOQ 112 {optically clear)
C LEXAN Polycarbonate with flame 128 um GE Plastics
- FRE3 116 retardant
D XYLEX PC and aliphatic 125 um GE Plastics
D7010MC polyester blends
E XYLEX PC and aliphatic 165 pm GE Plastics
D5010MC polyester blends
F XYLEX PC and aliphatic 164 um GE Plastics
D56 polyester blends
G LEXAN Polycarbonate 265 pm GE Plastics

20



Al LEXAN Pol ycarbonate 132m GE Plastics T2F DD 112 (Snmooth/ matte fini sh)
(Pittsfield Ma) A2 LEXAN Pol ycarbonate 260 gm GE Plastics T2F DD 112

( Snoot h/ fjnish) B LEXAN Pol ycarbonate 254 gm GE Pl i _T2F OQ 112
(opti cal FS\F(% Oeoﬁ)?%yﬁ% LEXAN Pol ycarbonate with flame 128 gﬁ?@gép%{%[ﬁF s FR33
116 retardant D XYLEX PC and aliphatic 125 m GE Pl astics Dr010MC pol yester
bl ends E XYLEX PC and aliphatic 165 gm CGE Plastics D501 pol yest er _hl ends
F XYLEX PC and al i p§B23 ¢ 164 (flerwith ggshanddackps ester blends G LEXAN
Pol ycar bonatl® (Z&HuxkatGal ﬁlnaqfti csPolGrwBaR005/ 08368buRCT/ USYOBSAeFIa4c |8B25
(filled with darbon bl ack) H @ebeiiNabaiedinish)i | m Pol ycar bgnat eC&tipamy W\estil ake
Pl astics Sndot h/fine matte fini sh) Conpany | (Lenni, PA)| | WNknipP8) DRF
Pol ycar bonate {15MakioBsiyerF Pljast i eslyflrbonate5014 | (vealsogind Ver¥aykt PlestimbDie
(Pittsburgh, RA) fhmiash) Tableldt/Seryrthe ynank Bol ycar bonatle (P@sirghiPag
results Polyijmde FilmType Al A2 i@ D E F GHI1 Ex. Etchant Single |side
etching speed (mMmn) 5 45/20 2370 - 20 15.3 11.0 2.0 172 - - - 6 42/ 21* -

26.0 - - - - - - 14.7 19 7 40/20 15.6 - 14.1 9.0 7.1 1.3 1.2 17.0 - 11.9
Table 3

Summary of polycarbonate (PC) etching results
Polyimide Film Type

AIVAZBCDJEFGHIJ

Ex. | Etchant Single side etching speed (pum/min)
45/20 [230] - | 20 [153)11.0] 2.0 | 1.2 - -1 -
22147 | - 260 - - - - - - 147 19
40/20 [156] - |141]90 [ 71|13 | 12 [ 170 ] - |119
36/28 (150 - [1481100{ 79 | 16| 15 - - -
3333 [115] - [111] 76 5.041.8 1.7 - - -
Cl { 450 125 - (28112 1.(1 0.2 | 0.034] - - - j

* Btch temperature was about 92°C.
5 T Titration results showed an actual concentration of 41.8 wt% XOH and 20.9 wi% ethanolamine.

Wl oo 1) O Lh

It will be appreciated by those of skill in the art that, in light of the present
disclosure, changes may be made to the embodiments disclosed herein without departing
from the spirit and scope of the present invention.

10

21



8 36/28 15.0 - 14.8 10.0 7.9 1.6 1.5 - - - 9 33/33 11.5 - 11.1 7.6 5.0 1.8

1.7 - - [-Cl02 .5 - 2.81.21.00.2 0.034 - - * Etch tenperature was about
92C. 5t Titration results showed an actual concentration of 41.8 wt % KOH
-and 20.9 wt % ethanolamne. It will be appreciated by those of skill in the

art that, in light of the present @'Ls%ggrgure, changes may be made to the
enbodi nents di scl osed herein wthou ting fromthe spirit and scope of
the present invention. 10 21 CLAIMS 1. An article conprising: a flexure
assenbly of a hard disk drive conprising a netal substrate and a dielectric
filmlamnated to said netal substrate, said dielectric filmconprising a
pol yner skl ect/StArR¢lepRmpBng: oup consi sting of pol yi ni de copol yners

i ncluding carb e & REVSUTE i j i ¢ backbone,
liquid crystal (%l)|c()f%)élkymglsggjrl gn%aglold;}ﬁc%r 6@%;@%8%&%%@?%@%%%6' ectric film

has been ediclhedc filn minatasiin eaid mefal pubsizate, lsaid digleoiric (o comrpfisiegn pelpmer i gi nal

t hi ckness g A [t 2 i I claim1l

wner e -t hgeaEari B g8 PonsBREb opoice SheRilard iy BuBRE Sl e 7oy

st r uctur al sttubtutas unites frhthe polyyere bdzkibddogivmid kst polkmenyt drdglobycabonne ng t o
claiml1 wherei.n the dielectric filmis attached to the net bstrate by
an adhesi v@ﬁf}r%ﬂ}éar‘c.l gﬁgcﬁﬁﬁg‘f“ﬁaﬂ@nﬁ@%ﬁaiaﬁlaaf“ﬁsscqf GSRhEn alpnat (#Hmt 3 di el ectric
filmis a id&hifi Gidketsbf aRat 398h offkaeéhed to the metal substrate without an
adhesive layer. 5. An article according to claim1 wherein the dielectric

filmhas been etched to a. 15 thickness of | ess than abqut 10 pm 6. An
article ap%ordiwlget’“ffcﬁf%gfofciﬁ“f‘ﬁ . eff’&ﬂv‘g? p@ﬁ"ﬁﬁ‘céﬂrﬁéﬁ H eé&ﬁ’&ﬁét! ve |ayer
on the di ghR&YEd &t Sy @hural fnitdh BE pdighe badgeRdi ng to claim 1 including at

| east one unsupported cantilevered ead. 20 8. A nethod conprising

PT O\“l%l ng 3a. et 2 ar"csléig gécrc)?(hI?g’ to claim 1 wherein the dielectric film is attached to the metal

substrate by an adhesive layer.

4. An article according to claim 1 wherein the dielectric film is a liguid crystal

polymer attached to the metal substrate without an adhesive layer.

5. An article according to claim 1 wherein the dielectric film has been etched to a

15 thickness of less than about 10 um.

6. An article according to claim 1 further comprising a patterned conductive layer on

the dielectric layer.

7. An article according to claim 1 including at least one unsupported cantilevered
lead.

20 8. A method comprising
providing a metal substrate,
laminating a dielectric film to said metal substrate, said dielectric film comprising
a polymer selected from the group consisting of polyimide copolymers including
carboxylic ester structural unites in the polymeric backbone, liquid crystal polymers, and

25 polycarbonates, said film having a thickness of about 25 pm or greater,
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lam nating a dielectric filmto said nmetal substrate, said dielectric film
conprising a polyner selected fromthe group consisting of polyimde

copol ynmers including carboxylic ester structural unites in the polyneric
backbone, liquid crystal polyners, and 25 pol ycarbonates, said filmhaving a
t hi ckness of about 25 pmor greater, 22 etching said dielectric filmto a

t hi ckness of | ess than about 20 pin. 9. A nethod according to claim$8
wherein the dielectric filmis a polyimde having a carboxylic ester
structural unit in the polyner backbone. 10. A nethod according to claim3$8
wherein the dielectric filmis attached to the netal substrate by an

adhesi ve | ayer. eRhihksai dERichRditacs o tikikagsstonlesd BammBuvdtgmei n the diel ectric
filmis aliquid crystal polyner attached to the netal substrate w thout an

adhesi ve | gyer. AlidethdN 4¥edraR@ tR6iaT Thvhigeih thetdidbdRid MMM ameiyiinidb @avih@ ectric
filmhas been etched to a _thickness of |ess than about 10 pm 13. A nethod
accor di ng CHOeREICHSEr HHENE! N R PRy B PRAKOORS | m i s etched with an 10

aqueous sol ution conprising about 30wt.%to about 55wt. % of an al kali netal

salt; and abhout AlQwhodackerdRMb editlaidbMvhSeiathedid dnibiilnt & aftallES®QhyREni N sai d
solution. 14. A nmethod according to claim8 wherein said alkali netal salt

i s sel ect eduiisiraimby3s adhgsiye Yeonsi sti ng of sodi um hydroxi de and pot assi um
hydr oxi de. 15 15. A nethod according to claim@8 wherein said solubilizer is

an amie. 36. AsRIHQFARGAREN Aind Pwhtidh SV SHil SaiiduRaQkybi | | zer is
et hanol am ne. 17. A nethod according to claim@8 wherein the '‘etching is

carri ed oubolmenattashysp sheypgal sppstralsFuthogog adkesiisdarer- 120C. 23

12. A method according to claim 10 wherein the dielectric film has been etched to a

thickness of less than about 10 pm.

13. A method according to claim 8 wherein the dielectric film is etched with an
10 aqueous solution comprising
about 30wt.% to about 55wt.% of an alkali metal salt; and

about 10wt.% to about 35wt.% of a solubilizer dissolved in said solution.

14. A method according to claim 8 wherein said alkali metal salt is selected from the

group consisting of sodium hydroxide and potassium hydroxide.
15 15. A method according to claim 8 wherein said solubilizer is an amine.
16. A method according to claim 8 wherein said solubilizer is ethanolamine.

17. A method according to claim 8 wherein the etching is carried out at a temperature
of about 50°C to about 120°C.
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