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HEAD GUSPENSI ON W TH FLEXI BLE Cl RCUI ﬁmm&#@m FOR REDUCED MOl STURE APR 1003
PERVEABI LI TY Bac nd of the I nvention the I nventi

i nvention rel‘??)edg)g%@ga di sk drive suspen¥i®¥®*of a_ head suspensi gﬁ.!sgi)@sg%l y
using a flexible circuit interconnect with reduced noisture perneability,

and att end@ab SUERENSIGY VUM FLEXNSIEr GRCUIRINTERGBNNEOTEOR REDUCEISMOISARE PEMAABEITY
circuit is selectively or continuously coated with at | east one | ayer of

di anond |i ke carbon film Description of the Related Art 10 Head suspensi on
assenblies used in rotatable data storage devices are spring structures

that hold and position a floati dlg %lna&sﬁ]e giEters away froma rapidly
spi nni ng data storage device su%mmre%d di sk drive or optical
di sk drive. The assenbly conpri sesFjsddT igORRemAt S as t he suspensi on.
usual ly forned of a netal such as stainless steel, a spring, a |oad beam
and a gi nbal fixt iheinventitn wiatesip elliskxiringstspeasien pf ghepdspengasiomabsdmly
spring areas, .andﬂa,.h&aad whi.ch i ncl ude% a highloy sensiti g,? tra(gsdu er that
is attached tHR&A TGP RmIRCIRORHFch WIthIpdused molspyrg permEgRINty. andgriendgnty o
MoSt Cri ticajed(i6d QRS whbrei15t 18455 BROSLRR surfle of RS Seul G eRUGRANSI On assenbly
can float on a cushion of air (or "fly'') to the surface of the data

st or age devi cmtinubeslyrooaedwithat ieastwhetayat oodiamend ke stlomddmon t he devi ce.
20 However, it is critical that the suspension assenbly not touch the disk

as the inpact with the spinni ng1 di sk .canggeztEOé not only the suspension
assenbly but the storage di sk ar8*RECBELAS hereon. Therefore there
must be pgeci se bﬂeaat%s?gns%n Ld3EmBIHSRREF QA REd Moﬁgédéﬁ&s%@ﬁhg _
fixture. The ginbal nust be responsive in order to maintain a | evel hei ght
above t he m strasuzethapbalkdandpdsitiat b Bpstingf hdal gust asreonstos agey Romdirghdlyl t nust
al so resist statjc pitch and roll. Conventi onal ‘?i al fixt,urss ?{r_e f or ned
from a si ngl SPBRREAaESIoFARSLIGVATS sYRRaY hrgrRtichaphdisk drveRiophcal disk fEVe ar s
around a cenff 8 ; & & Pa NSy A o] fhe head
reads and writrt géss?gl %ﬁfn&rg?ngt Cg %Pgnsttg?satgegﬁg%?sc%% |Z‘%a 1?6%%1'%\3/88 and sends
el ectrical pulesdsudf as sifinlessediéedma spfings®lopdbsas amd & gindlahfigwred, eacB®f which

appropriate anpljfying,and processing circuitry. D screte wres have

typi cal | 9gbe§W5t have rigid greagepad 3spr%arf@ﬁ,?féféieﬂft%lwgwﬁwes?l@yed to
connect the A » Their use is
advant ageous%ktg‘%g%ﬁ?%%éﬁ%gwstggaﬁgﬁ6?%2%6?%#@2’62‘?gfgﬁ ?/*a'nd can adapt to a
vari ety of confi gihatgiraba.is bleenefitke moascritiealneglongyf the vasperassort. 1ihs closer

"interconnect” systemnust he able to carry a plurality of siagnal s, and may
requi res nul thepfuspesiomasicortdy seflont paa oyshian efipieéor “Aywde dre)sugacetd dherunber

of conductorsg,i ot i J f. 0t t,.System may
i npose unpre ?%[%gﬁééﬁécgé{sh%gﬁg%%gy %@ﬁtléﬁpgﬁ&aﬁﬁrg@ﬁ% dﬁ?)l)s{?ti oni ng of
the head 20r Ghovesvef]iifif cfititdl yhat thel Suspehsivpassehbly assewdhlthedisk sathé ingracof

variation in the disk surface. This would significantly affect density if
i nf ormati on SYiBy g spigamediek qap|destFay nat gniyfthe susgensipn spently Petthatiodee The

I nterconnect oSt AThd{"BMa stored thereon. Therefore there must be precise balancing of the

suspension assembly and the gimbal fixture. The gimbal must be responsive in order
to maintain a level height above the microsized peaks and valleys of the data storage
25  disk. It must also resist static pitch and roll.

Conventional gimbal fixtures are formed from a single sheet of material and
include a pair of outer flexible arms around a central aperture. See, e.g., U.S. Patent
4,167,765. As the head reads and writes to and from the data storage device, it
receives and sends electrical pulses of information. These pulses are related to

30  appropriate amplifying and processing circuitry. Discrete wires have typically been
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10 al so negatively affect the flexibility of the ginbal region by add3nfR 2003
rigigity tothis critical area. Further, fragile conductors may be danmaged
durl ng produchigfdrsdigps. Various types of i nprovenment s have beenustidmogpt ed
t'o upgrade the interconnect system without reduci ng data storage density or

i ncreasing the potentlal for read/wite er rs cal flex circuits
have al so bel#fdi8&anmestt Fﬁf“e?’rhébﬂﬁﬁé\‘ﬁ‘e‘%%‘b"e%‘? i Ef’élﬁg}'o helkWSEibl i es. The

flex circuit y-sand
mmy be at t achad iR T AR sk AR Atk fseéi??ﬁﬁ%ﬁt@?ﬁ% B R o
decreasi ng t benfigsdthanFlowakenss febteholstlAdacthdisf hmm&bectc:lsyszmtmusﬂhey are
| oner profile than discrete wires, and have controlled i npedances. However,
t heir use 20ablsds caneapkirality béagnals,wod giay mmreawltmwméwmwm sthar e

ve Pth'e(’#\ CHeAES. dRPReer 2% e o réqsrso?m@@&tor‘%;%a'sé‘s%wq B Eohatlsr T ex bl o
circuits, I i [ n the °
Cndust ry. FI Dseicpfeel %Eﬁ?agr@ﬁ%e?@af%ﬂféé B o A "

di el ectric suphbsitivaihgsf tadleadisr by digfiduty mathersuaiesmamdssémblliasdmmmeobr nor e
conductive layers as in U S Patent 4,231 The_ circui tg may al so

i ncl ude ot hearigtesyis ﬂi*erf?:‘P}uéHrfﬁjeaarﬁlst"i’%lllfidfl‘g’}’ﬁgfmﬂé(tafﬂ‘?@ dengjtyri nf%maﬂa? ng
adhesi ve | ay K h

i nt er connect ?goﬁeddg Rfﬁ]ﬁg}laao%%loé%cﬁd J&ﬁﬁt@s ?Mloﬁgt ﬁhL Hf&corl}{%@t@ﬁstglﬂ % | exi bl e
circuit, 18 pralgatiReatbielyCaffdct hQ&Ied;bxﬁt@d)ftH&%lﬂubzkl&eﬂ&yby?lhcfdmg/ﬁgmny #hGircuitry

may be on only one surface or on both major surfaces, see e.g., U S. Patent
No. 4, 480, 288riticg area. F@nhmf@g@ecmuggxsmm dagREesSHgINg IOGCIDSStePat ent  No.

4,819, 094 di s¢l ose WG hea nsi on se mhere a

{1 exi ble i r oUTOU PRUREERBH s bre e S iRan oP B EE Hgstn G ng
and profile rs?QHﬁntvlu%ui)%%ﬁcﬂg%ﬁfa%tcﬁrag@ deBsity dé-invred3fHoQM p&erﬁﬂﬁfo@;’é}adﬂbﬁt@' oses
a suspension assenbly having an interconnéct 5 syst'em which includes a

sheet of poI yarrorsle mat eri al sandwi ched between two netal |ayers. A

plurality condygt or.s n be f t he | aye U.S. Patent No.
5, 491, 715d| scl os}geﬁrlﬁqlﬁﬁélmrﬁlﬁ%ﬁy ﬁﬁs?eﬁdlsﬁﬁ?cg Ertc?r?’%’ﬁtl Sylsﬁf“ér“?:onnect
asseﬂbl y Wwhi Qﬁsﬁéxsx%ﬁ%s‘éﬂqbﬁ@éj PR flexSHURRAY folIBG th@axrfafc@ﬁ)pm%rg% of iHeer connect
systemis shaped and used as a gi nbal when attached to a head suspension
assenbly. 10 shspensighabminbinamt mey he ettacheicdt wabdsusaregiens. dfhey ffeethe ppédresfabl y
formed from beryl l.ium copper, and coate vmth ah'hgln db‘g] ectric goatln

The traces neyCl5esiPeoh afc@amsaheﬂﬁ@st%%? B BRfh peltn dexiPlefircwiin LRIXAS  whi ch
may al so be g, P@%ﬁier thén GRERI WHres, Hﬁﬁa@& @&hrdﬁ%@'ﬂag bhQE, FBwdofdBAse

di scl oses a heag{ uspensi on system for supporting magnetic read/wite
head (sl i2fer)ddeavieag dt Vaast thvexsigreficantprobletis. Maistife abbaerptidol cmuiasrmgéersnmh\lm ons.
The el ectrical interconnect systﬁm i ncl udes el egiri al, con(wé{t to the
head posi t i onBEFSHKE 3R CWHBE AndRs Rlme pubstistes gy srihedlexiily drcae g sUbBESout si de
of, the secong,flexure armso as not to contribute to the stiffness of the
second fl exure arm The conductors are conposed of a |lam nated nateri al

whi ch includes a cuadusttgpeslcfyekiblecittuiy, @eit is drchay farmedich ﬂeﬁblppohistraiea,yer
20 However, a difficulty with flexible circuits not addressed

previ ous ef f orrednpwn i iie fadustryy Eleésﬂ%mpqun&ﬁrecwrcvlh%wmﬂearéé@meé Or‘?éieéihl%l used
in the flexible cjrcu the dielectri. absor bs

expands i choiseEetheapes B b Porimencriak s B EcbBe RO gpeR cRbRGre e
suspensi on asggeRlaY A0S, @a&nwasli 154 MR chrediss ﬁfa%ﬁl's&lﬂﬁlude Bafefla§éror age
deV|ces such as disk drives need to operate in

including additional insulative layers including adhesive layers, encapsulants,
stiffeners and the like. Means for interconnection of the flexible circuits to another,
e.g., another flexible circuit, a printed circuit board, and the like may also vary.

30 Circuitry may be on only one surface or on both major surfaces, see e.g., U.S. Patent

No. 4,480,288.



25 environnents. It would therefore be desirable for flexible circuits3ABR 2003
having | ess water absorption and curl. Hum dity variations between the

poi nt of di skwiyewreBssenbly and the point of use can cause NnPCIUSOE03057

rel ated problens in the suspension flex circuit. D am)nd coatings and

di anond |i ke carb 4l r nown. These 30 uc rovi de hard
coatings and i rrprgf%c#a\wglgﬁa gé?éﬁ%’h%‘ 80%&%3 dgplé)eq W?’ % ‘%%léﬁ)é‘&mn -

APR 2003 D 95%%%@1 FBET/AAN QAORTs et Ely iU bAGRRIUPIOARINiEO 1] cti on
and wear, such as ‘glass for use as eyeglasS | enses, w ndshields, and the
like. U.S. Paampmgl‘dodpﬁyfﬂé)&dﬁlatiordm@cﬂms:es varai armnd coating for an annul ar
interior surface ijnslrrpro S| on resi stance. %coatlng i s deposited

br
on a substrate su é)sa“??éﬁéﬁ‘;%@? ﬂ&ﬁ@sesa?rfﬁske@?@ma&% B iNgeN AMEPRIAEC! vapor
deposition ( f
Lonper at up es Trmanid BEROE: 4 BB doi kM T B ASE A BRI R0 el
pol yi m de whizglrsMA pluggd aﬂ@orﬂhctbﬂetaﬁ'b@\fcﬁrhféd 1ﬂtmrmﬁ;§i=frquye} ng tenperatures.

Further, the polycrystalline nature of CVD dianond dictates a very hard,
brittle coating wlh RatentNe. ﬁl4@i<,|53'r’ HlsclyseS'Bfwnb@lrfthrdlhamzldn tledtacatar bon" is
10 typically. I|ed to np al ials ially those in which
tetrahedral Y4l g‘p b%SﬁS‘Q ‘%%@H ﬁ&{rg}’ ﬁ%ﬁrﬁyQP@ﬂPg th%?t%ﬁ V%‘?%“‘ﬁ%&“‘afi Lcl oses
barrier fil ey ades {Hapea hlCocehhea PRABATRAES atdtRSd 103 1R BABEAHARRIRIIPUS
carbon coatings adhering thereto. U S. Patent 5,508,092 discloses optically
t ranspar é0t dbrsaginbal-intacomestiistlades alsst mfdmtmjprs&mﬂymgd frompeiydliung a
parent substrate, ge or reé’n‘h"b‘frl at¥ers and coating of dia nd i ke
carbon or ot REPPI-ARGFOREH MEth Hihimediplgptric epating, E lac‘?sﬁ’@aé'rhe pRIngted L0

di scovered thaty I i arbon

deposi t ed onto a&?ﬁe@'rﬁﬂs%f%@ﬂ{ﬂ%’signwhl?ﬁéﬁa é‘gfr(\)cgjg ?1‘?5@’& }cr)liég{:l%ll on agai nst
abrasi on but redudi Pateht Applivatian 6@ m%hlﬁm&fselaseed Headiudpénsionysy2€ém gorovi di ng

an effective noisture barrier, and provide a neasure of stability and
mat eri al r ob§YPPRIYER B MBENEHQ neacywsqlsﬁqfi (gides) hawing dwo ﬁﬁ%@wwﬂu%ge of

these dehiatedind BHiaksiofl Ml decndaPARLLAGLA' LATRAGL LitErear bon w ||

provi de a non-0 covercoa Insu e con ors. The

fl exible cireuhlisctsrayo e heed psitionell Yiongaheor 51k Ifneid}atamﬁm ala}hﬂditttgbaf eais
25 kept free of the coating or fully coated and then abl ated from bondi ng
areas. Furt héutside efpthese ﬂeay@ranafsoars aﬁ‘ﬁﬁ gontriRute sy s st ifResy obhe sepondd
directly ont n l.

circuit, Q}e&ﬂ% ﬂﬁeﬁ%&#ﬁ%&é g gr%' QR st efsagg'glsn‘a%eveaiq"g”atl I&%cfh lﬁ%&%ng, and

plating of t f%@nﬁﬂxd%&ﬂhj’tdﬂa d@recalcll@e%n@am@@nqmt ed at each of these steps.

43 2'(6)\PR 2003 However, a difficulty with flexible circuits not addressed by the previous
efforts is the moisture absorption of the dielectric material used in the flexible circuit.
When the dielectric material absorbs water, it expands which causes it to curl. This
changes the static attitude of the suspension assembly and can result in a loss of
signal. Data storage devices such as disk drives need to operate in humid

25  environments. It would therefore be desirable for flexible circuits to having less water
absorption and curl. Humidity variations between the point of disk drive assembly
and the point of use can cause moisture related problems in the suspension flex
circuit.

Diamond coatings and diamond like carbon films are also known. These

30  products provide hard coatings and improved wear resistance, and are typically coated



‘WO 00/ 22613 PCT/ US99/ 03057 Summary of the Invention The present inventj MR 2003
provides a di sk drive suspension incorporating a flexible circuit having at

l east one | ay@ro @l226h3anond | i ke carbon deposited on at | east @ag/uU%p9/68057
surface thereof, and a process fox making the ginbal including the flexible
circuit. Disk drive suspensions of .the invention conprise: a) at |east one
layer of pol PROME SWERIES SYDISFhICLICUIN Mg sueh ?seégﬁsn%rn@e|aagéﬁ%§ﬁ

conductive i gl 0 . layer having two nmjor surfaces, at |east
one of said aséegr’?l%cgs\gfe}fgs’ gﬁdtﬁggg' one aperture therein, 10 b) at |east one

I ayer of di amond IJ 8epaédt o5 808,071 diecdsdes @ARNBRAIRbatfgl foRgLadfulAlintkg@St one
| ayer, said coating having a thickness of between 300 Angstrons to 3000

Angst roms, addrfzreliatiproys abhsipn mnisBnte The doatingnie depasveld amasubsirateayer of

di anond I%ﬂl;e car n“i S degosited ver the entire fl exibl e&@;ﬁ‘it' In

anot her embodf ", 87 P4Ye e Ge p6 A P et BHf VFW@QP‘@&%’J a , 15 such as
around vi as @fantdHdquahs ﬂ%l@e%lplage !g?bé?}fhigﬁ el RS, i dBn G RRB fRYnaRy SO be

deposited on the interior wall such vias or through holes. In yet
anot her enbogblyarric substeates so¢h aipaiwmdiel wiieh will degradaraethdepayaictl dthnaomda

plurality of layers as the circuit structure is built. The flexible circuit
may be att acA¥aipg lamreraispeliuthsh ths Resrysipliine patwis of Y diempnd digjases af

adhesive or i Ry i olg ct i (- spot
bonding). In v{e e e%bmggﬁ%eéﬁﬁ%ﬁg\h\gﬁeﬁwh%exﬁﬂrl U?f{h%?é'sr&ata?%%%nggﬂ{e&%hg zsﬁspensi on
with a cooti nysicdlyl sppHEd &f nonclyeailve materiaity edpe€iblyihasoindvilitketreidddean i s
required only on the side of the circuit opposite the adhesive |ayer. \Were

the circuit idamendhandsprpdomsdies of spot-bonding, a |ayer of dianond |ike
carbon shoul d be t bqgt ipdes ,of the 25 circuif, i rovi des an
addi tional benefi ﬁSyﬁ%?%%\% od?ﬁ26,§!5%§1]s$l%elstbgrgr§f ﬁg?s %ﬁ%lesﬁrﬂpygﬁg’tlﬁeen t he
circuit and tjagymdResiBhivatesTRUMG aRBrMous tBEPEYatiAdd h&ingthBRtd. ng t he

noi sture in this area substantially inproves fly characteristics and
di mensi onal st abi IU.ByPatate’, 5081098 wisalysesenptisallyavaaspanent dbfasion dveaemnistags  when

Suspens 0t AP e REMALSIRE : BRPYTOSAE pIG eroreanerisy el Jgig 9803 | o
001 22613 PCTNGAHDBOHAmand TREcaHBr o5 RANBIABH nfiRaAE the conponents that
carry the head and provide the spring force which acts against an air
bearing force to rEiemuaient inhentdre haveaowadismsred Hiat b githoralsonforildaybrsk .
of diamond like carbon deposited onto a flexible circuit can provide not only
protection against abrasion but reduce curl associated with increased humidity by
20  providing an effective moisture barrier, and provide a measure of stability and
material robustness that will substantially reduce processing damage of these delicate
materials. Finally, a coating of diamond like carbon will provide a non-outgassing
covercoat or insulator for the conductors.
The flexible circuits may be selectively coated such that the bonding area is
25  kept free of the coating or fully coated and then ablated from bonding areas. Further,
a conformal layer of diamond like carbon may be coated directly onto the
nonconductor side of the substrate of the flexible circuit, or it may be coated after

such steps as development, etching, and plating of the circuitry, or a layer can be

coated at each of these steps.



3. The terns "dianond |ike carbon" and "carbon rich filn are 5 syno PR 2003
and innterchangeable in the industry, and refer to carbon filnms primarily
consi sting ofweaphRediaw t hout | ong range atom c order as di scl psgdsionzgdhasnma
Deposited Films, Ed. J Mort and F. Joanne, CRC Press, Boca Raton, FL, |986.

4. The term "aperture" refers to,an ope inq in.a layer of the flexible

circuit. The aperture may extends—'ﬂﬁl-%cg&g—mﬁ—%ﬁfﬁ%n of the layer, or may

extend 10 conpl et [8]a i d Ly di 0 T oT-N et e Yo W \VATE: W
St s e e R B,

vari ety of techniques 1nc ng nmechani c

| aser abl at i dreuithavibiget teast mné (dyeoefghanhaiddikercaften slepasitad ompeleddt oge Whi ch
extends conpletely through a layer of the flexible circuit exposing a netal
trace on onemajogsurfae thaseoft andm progess for ataking thegimbabingludingdhe flpxiblégh hol e

t hat connects a.15 conductive trace to anot her conductive trace or plane.

7. The term “Fi%'nd via" refers to a netallized aperture which does not

extend conpl et el YD'ishUd@Mgﬁus%eﬁMrofgfe ihVtibh exhphi®: circuit. 8. The terns
"etching" and "mlling" are used synonynously, and include nmechanical,

cheni cal and opti&al patdessewdayenof p@ymet digleotsit epdterial haviog atdeasgonheni cal 20
etching, |aser abl atian, chani cal Eﬂ |'1in %d he, Iike. All rg.ati 0s,

parts, and percent¥SqU<RRIUSHYE MateBpiherren. | YGHEYINg AV SR Yt SHER A<
specifically stat Wel.: (Wl HY e lllg igure 1 shows a

per spective view %%tgﬁ%l:o{se al%&?%hgﬁggg}g{%ﬁﬁ% ﬂébﬁ% t??lr\e/@hti on. 25 Figure 2
shows a 860 de cut Bapnay aileast are laydliof Riaghohd Hks cerpenen arieat ofidw@ajonwefice on.
Figure 3 shows a side cut away view of a disk drive suspension. Figure 4
shows a per spect i 9Eatsastprsrlaverceideoateranyingenthncsness of petvegh BO& suspensi on

of the invention. A?gstgd'rngs%%oéo igg%rr%, Er[cfask?érér?e% é{)ﬂ%é&\’tb@w of conventi onal

substrate for a di I've ‘suspension’ 1'nterconne - 3 APR 2003 WO

00/ 22613 PCT/ US99]{Detembold hiére, HlapdioNdiathosd ke taben W dePositep onvérahdranize
enhanci ng di anond |ike carbon coating applied to both sides of a polyimde
film Figurefloxiblegissuis. Bvapothesembedimpntaa fseer ig dapasited enlkiamssletdedaredsace

com 19 39PL LGk A G L8R B S0 BB A R B L 2
absor ption t @epRit6®ass theGteri S0k Aislof udRBsAIdr Miro@gh Bdled. A yenuRMHd on Di sk drive
suspensi ons of the invention conprise at |east one conformal
embodiment, layers of diamond like carbon are deposited on a plurality of layers as
the circuit structure is built.
The flexible circuit may be attached to the suspension either with a continuous
20  layer of adhesive or it may have adhesive only at pre-selected locations (spot-
bonding). In the embodiment where the circuit is attached to the suspension with a
continuous layer of adhesive, a layer of diamond like carbon is required only on the
side of the circuit opposite the adhesive layer. Where the circuit is attached by means
of spot-bonding, a layer of diamond like carbon should be coated on both sides of the
25  circuit. This provides an additional benefit by providing a barrier against moisture
between the circuit and the assembly. Reducing or substantially eliminating the
moisture in this area substantially improves fly characteristics and dimensional
stability.
The following terms have the defined meanings when used herein.

30 1. The term “gimbal assembly” means the portion of the suspension that

allows the head to roll and pitch.



coating of dianond-1ike carbon (DLC). Also known as "thin film carbon-gikPR 2003
10 coatings", dianond-|ike carbon coatings contain two types of

car bon- car borwboones 3t ri gonal graphite bonds (sp2) and tetrahedras$ssssenond
bonds (sp3), with tetrahedral bonds predom nating. The filnms thus exhibit
many of the propejti ?S¥9J e%agﬁggnsi&’ﬂnean's Ehe'c%rr@ghén?s tﬂﬁ%%ﬁﬁﬂ% Ad Y

inert, corrosion Tesistant an npervi ous to water vapor and oxygen, and

some of the pboReid $in@fforde AL Kis &%-aihst arSAIPBdaRRE Sstce @MehiSthinANOhekd at
adhesion to polyneric materials. It also has an extrenely |ow el ectri cal
conduct i vi t ya eondtapkbeghtebpveolibeidsk. t ransparency over a w de range of

wavel engt hs. Useful di nd-1jke carhon | ayers for, flexihlg circuit
carriers and flexible ?Fe‘r)@[fpf s‘ﬁB‘F’OP‘EBE‘f Fﬂf@?vﬁ 28 FRIbRn réé‘tfﬂi“cléﬁess of from
300 Angstsr o 300D ARGRGL AR IR B 4903 QOQANTRHE BARalig 2000
Angstromss, 2’%«1\9&& testeld aga?%%%) euncoa?g%l‘%’oﬁ?rgnkde UFI er tlﬁg sg

condi ti ons, @nsBeg oHEarborawithal:tllokgeraage omidadéerray disclobedak Pésemaof 1000

Angstrons coated onto a 50 pmé{Z m_|) polyimde has been found to
subst ant i al | yerasited fHps. Bdid|Moxt gad Ealaane fddnbiess Boga Batan.fdgil 886 at i on of

|aser ablated apegt ur egy by s, fueh a5 90%. decrzase, g Atanpglgsi on rate
as 0 an ('R ;

of water and oxygen by"as much™a: spectively, decr ease
adhesi on | osgrdwgt Vﬁﬁmp&ﬁ@eMyydxmrﬂqm%ﬂgh & PBRIBH obYhedsyele hagex@RJ0 1 ncCrease
the flexural stiffness by as much as 43% In sone cases, a |ayer or layers
of di anold- | ¢deepleehbibroughithe laperd efpsiuresdnayrbetthemdsihyer waniotytafdechnidies ectri c
material, typically a polyimde film .priofp. to fqrm pof the circuit. In
ot her cases,g]lcfu%\ﬂg pegian gfsﬁl}nﬁg’lng’ %ﬂg@a&m@wgi Wg?%aﬁ%ﬁo@‘ | ayer or layers
of 30 dianond-Iike carlygai@taetsh Rl AldrOlSanCipt Atk tWHi @ dXiends St eps such as
devel opnment, etching, and plating, or between each of these steps. A |ayer
of di anond- | ¢kmeplewhbibnough a layer of therfexiifle 8ircuxpOsie 6 hBtaPCAlelUBINE 6i@e57 may
al so be coated onto an;fhdi el ectr,c netallic |ayers. The
t

Jc.layer such th
desired attributeb of (AETES Y ITRErCBranrlrs st hole 4 ferngest gn
pl acenmen a gpte? f i e n |l ayers. Any additional
| ayers rrLSSt g(?nsdglu e ?%Q?%F@hg]n%ﬁgﬁg{dgt g?]%aﬁvlmggh the flex circuits to’
facilitate proces$ing, Thardi ‘thlindrth”asfeest laynamltieduipedae sihivh doeswdi ng or
causi ng danage to the ci r@git. Crcuits of the invention may conprise
di amond- | i ke®¥ERrbeMPlalrby Yreushiadayenp! thafleyble fiecvitar ety of met hods (i on
beam plasnma, etcg) whi e » i h
i ncl udi ng t hose ugi ng gﬁ?#&r@l\ésS'Ilgﬁg’%cgﬁ%ﬁrhﬁ%?gdhaglg?%ggf@&kmgg%)r”gégy& &
deposi ti on meicebshicmychemidahbmhoptial prepasts foormovinganterildndudiep dgnticadn, 10
al t hough_conti nuous deposition is preferred for. manufacturing efficiency.
I n pref ef? ed Clhinge laser ablatiopy peehwaisa!l willipgand thg 8ke.i on, di anond-1i ke carbon

| ayers are deposit i i or, .cQu i.th.Lon
acceleration. In éégﬁreaﬁg%%ﬁéﬁgﬁﬁ:@%@:ﬂ?%ﬂﬁbg{f%ﬁg a?eg&i‘ggg@é'g‘hgsg Ogﬂﬁé 351% ng a
hi gh frequengpesfi€tiiyrstated.i €l d to a carbon containing environnent by
powering a rotatable electrode elenent. lons 1 Swithin the carbon rich
pl asma accel erate toward the el ectrode, where they strike a substrate in
contact with the rotating el ectBagidlesenplion ol deejeunese carbon may al so be
functionalized wt rial fl i silicon,. oxydgen, sulfur,
nitrogen, copper, ﬂ@%‘frg%qﬂgn%% ?ipf %H?CEI%’]% v&r\‘g&{]ﬁ%q{e‘?r}‘/e‘fﬁgepﬂ?? P%‘ge Hfé'ff(])“solnti on
can be agbi eved usﬁi%»gea shbwad side catawabyiewans ark el onspéRRnidfarl 20 stages
o]

of di anond-1i ke carbon deposition, by gradually increasing the respective
gas invention.

Figure 3 shows a side cut away view of a disk drive suspension.
Figure 4 shows a perspective view of another embodiment of a disk drive
suspension of the invention.
30 Figure 5 shows a cross-sectional view of conventional substrate for a disk

drive suspension interconnect.



concentration and decr ea5| ng the hydrocarbon precursor concentrati on. 3SMRMI3
process is also called "doping”. The flexible circuit substrate is a

fl exi bl e pol ywerhus2dibel ectric fi1m which may be partially curmecrases/ 3057
substantially fully cured. Useful organic pol ymers include 25 polyim des

i ncluding nodi fi oI |mdesscha ol yest er i des and Ly-imde
esters, polysil ojg% i h83'§as aﬁo‘f%&?ﬁ TMAYEVHRT %Wgréarﬂggdﬂy%éacg@on

pol yesters %ﬁhng?ﬁ;pn@hyawx RREof Loaplifialiag e) . _pol ycar bonat es,

pol yt etraf | uor oet hyl enes an mxtu eS thereof. The polyinides are
preferred, wth dhigesfeshbat bypuiptrafearittedpgfiryamedahpringmriatraioagngrade from
t he anhydrl de of pyronel litic acid and 4,4 diam no 30 di phenyl ether

avai | abl e f rapilied o batyFdeg o cpeconemﬁdspoému@fﬁpany under the t r adenane

Kapton. Variatio Q and Ka APR
2003 WO 00/ 22613%’@'\:/385%5?/6%9’ qﬁ%%K gorws? ABERE ucsf"et P’“gﬁ?m“%ﬁede
precursor i s@‘b@b@go,avcabé Abkdsarddgr om DuPont as Pyral inTM  Upi | exTM avai |l abl e
from Ube Industries Ltd., and Apical TM available from Kaneka Filns, are
al so useful herein. The conductive | ayers) are typically formed from
conductive metal s such as ti Petaged Besasiptiomef the lyygptiomand the li ke. The

t hi cknesses and sition of su ers i s hi e n the
particul ar type g[lf)lsg%PcYﬁF‘ESPB‘?S‘%’IS ﬁ}f"dmy 18%18?2’&16&%&%?3 5 8m?£eX| bl e
circuit may &a8fp b \GiaHEsd-1iRE eareasit@ﬂe) 'nx&mwﬁs"iﬂlﬁn%%arbgﬁnund pl anes,
further insulative layers, and the like, which will be discussed, infra,
with theOpr ecfosatmgd mlahmdd-ﬂnkat:arbod@oaﬁhgs chnaanmtw:b tb/pwe)fccarbbnmar(om@)mdsayer s or

coati ngs are Sit onflelblec |ts us i,n djsk rlvsofthe
i nvention, gaw@ lta 9%98.@%%5 a8 @t tdéﬂwdebﬁ@d%;ﬁsxv Pt é‘ﬂ{i‘?’?q{%‘ di sk

drive suspe of
car bon-car b(r;?]dr%gﬁcf-sgghﬁ%lgg na @g?g%‘% g’%on@‘é"’%@??@%ﬁ@h{a Seﬁ)f:maﬁﬁlg’ﬁgé di anond
bonds(sp3), g duiteétardlebemiakllpimerscqprosido mesisednt agl imifeevibusl towvatenwapoexhi bi t

many of the 15 properties of dianmond, e g it is quite hard, chemcally
inert, corro¥IA¥YRESia8E Serne ghtheiPRRSFIES 8ﬁ§raf’}i‘jte\z\&8eﬁm@%‘ﬁﬁ?ssaﬂ’?€] SH®&en, and
sone of e esi on
o pol yrisr cRURg 14,y RuORARlC 1 Sehes o SR R P bR
conduct i vi t yamhekcelpint oplical trampp@neneyer avede @nyd dfewarvangghs Useffull di anond

| i ke carbon | ayers have a thickness of from 300 Angstrons, to 20 3000
Angst rons, pdiemepddike caperlayen fm@@@bleﬁgcm@agmmf@ml@ﬁ%cmt@ewﬁ| ption of
the Carrier gnd,( nrhca%tatﬁ(@ﬂcf@oﬁ{rgx%%ﬁ Sr fé%%o% rg?@&h?%ﬁ&l:r@l%‘l b o
circuits and carriers accor % On compri ses

deposi ting atromei@®d AQfgetrJ);ﬁy&jQ(lm /dig’@ﬂ‘@ﬂﬂgi I|ke carbon thereon whi ch may be
used in conjunction wth various known procedures such as_netal 2~
sputteri#fy, plati H@wrxéeﬁt%itagpaﬁﬁ WEPRtAd polyerife undsx BEShmg corérbwswlaw of

etching, and Iat| uence of s roc dures
desired for fiﬁl ‘?(Féu'ibg? ay Ip‘?l “”%“%@P %’S{T?%E%ﬁ’ % ps may be

used where ngfig bi}'ﬁﬁ]d&ﬂﬁs besneroum toduBaRMAHY Elkrﬁlnﬁﬁrchﬂnldc&a&%héém&b e.g., a
| ayer dep05|ted d| rectly on the substrate for |nproved pl anarity and via

creation, andndregisiraionieflassr abldtedtapgrtuesht asiniuch as 9%y, deagease the

transmission rate of water and oxygen by as much as 92% and 93%, respectively;

25  decrease adhesion loss between the polyimide and copper by as much as 96%;
increase the flexural stiffness by as much as 43%.

In some cases, a layer or layers of diamond-like carbon will be deposited on
the bare substrate dielectric material, typically a polyimide film, prior to forming of
the circuit. In other cases, it will be desirable to coat an intermediate layer or layers of

30  diamond-like carbon between the various circuit forming steps such as development,

etching, and plating, or between each of these steps. A layer of diamond-like carbon

-7-



-30 provide such benefits as abrasion resistance and thermnal rranagerre_ng 'APE-IZW
procedures descri bed herein apply equally to carriers and flexible
circuits. -9 waoudhe¥R 2003 WO 00122613 PCTI US991 03057 One agdgtikymapet hod
for making a flexible circuit or carrier has a typical sequence of steps

described as follows: First, a conformal dianond-I|ike carbon_|ayer is

deposi ted onf8Y £ii@ bpspgabpnieiane dicecic laysssyihmasdee wr@lic layery Thedesetbst rate.
The substrat g, iy R, BY: YALLOH A B RE HR0RBHOAA%ANNAS bYShy gondi ng
cured pol ynmer Tayer onto cop%er 0|]|, coati ng ¥ qui d”pol yi'm dé on Copper

foil or the {nekigamohapiieadakon [bytes. SASAddAthal Rk ust &80 Be POlivIERAO GO M
| ayer of from25 mcroneters to 15 mcroneters, with the copper |ayer being

from1l to 5 bindnetetherfiexicircaks toThndlitgioproaessimp yhabdingepd sseadowitbnity one
side or g,)n bot h, Sid?{ef?i' of the,lﬁggl%’i?ﬁgi de. 10 Next, sputtering of the
pol yi mi de fi FAHSINECTREREBAT F2pSIREdTABh e SHEWH film wish a seed | ayer of

chronme and copper ~i.S.;: . j : h r
sol vent based, ang&nrs'm%lgse {)fgf?énf'é‘iggr%t}o@gﬁ W"g@ﬁ% ?@gwghg{%%ﬁg% syg g<L51ér%gﬁalta Rgn

| ami nat ed onamy dahb vaide st mbthads(itisbaasit, ldaau] aig) ahihlhynebien deldlopelitde and a
copper side, using standard |am nating techniques with hot rollers. The

t hi ckness of denssit $uchilawers nskiding thaserysing etben 9114 garhpe pohxdragagbomsqurces.

phot oresi st kgt . i.de ul Vi, ight or the like,
Phrougn = madhe SHESHETaRasR Aty BEbte e S rb R E B Sl oot e

resist. The uWRRRSEAIMRLS HEOSItoh id fefcRBO TR MRMuEcnaing cffi@encgevel oped with
the appropriate, solvent, in the case of aqueous resists a dilute agueous

sol ution, e.g., alropsferedgstindesiantpmcesses efsbe inventiomh dinmoaddike gaibon Jayers
applied until 20 desi,red patterns are obtai hed ﬁn bothh side]s ?f t@e

| ani nat e. Thé’epq??B? fﬁgé’is‘é‘é’ 3CQNERNS PERBR BIPCes SOrRIST MRdOTBSEEFAISN al of t he
l'am nate cangbgriih@e chiboh Bieh p@sﬁaﬁ%r&&ecﬂ?}séﬁpﬁﬂnghh%iﬁeqh@ﬁ@%ﬁ% fidge or

h
nore | ayers of dianond-Iike carbon may al’so be deposited atop the copper,
or on the opposcargorscorftanmg enfiretesint by poWdreng amtateeclestradeetenpinacleds i nto a

bat h of ncentrated base at a te rature of from3B50C to 120C whi ch
ot ches. t 1S POV IHOHE CBIoOR Fish BRTHEFFErT IHaH0 heciksabat "HyPTe ey SABS3! | nked
resist. This ;eXRARETH c6RGLAIh MESASIR elddd@q@r i gi nal thin copper |ayer. The
resist is then stripped off both sides of the lamnate in a 2-S% sol ution
of an al kal i ne neftlak dmptmdxileteagion mayral @M€ fhoct®alizeg vafhesuabimaterialsras20C t o

60C. Subsequently, the original thin copper |ayer .is etched where exposed
with an et chdWeriae SWHOBHXIEYS SRS HaPas ﬁ%vpﬁ&%fpéww, Hifapm, @ng nickel.

Per ma- et ch, i-1-abil : t bemisal £ I I have
copper cir cu?;hr%ﬁ]g% %ﬁgglg?%g%n anatrﬁﬂl?lo SF@ %bliécg&zsatggﬁ%h%g:ba%%ﬂtgylﬁtn§]

PCT/ US99/20305%ges affdiadeohd-kke cavbdri degositiom bly gradudidy sisreasiag tierespeetiagassi ng
side, and any dianmond |ike carbon | ayers deposited between internal |ayers
or on indivi ¢QBfenraweny .ecmﬁ@n&rhe&uﬁrtogars%pteﬁ@rﬁord‘@ﬁmlta@an-aﬁwhama@eﬁ%d;
that is, the i§Hl?§E£lf’etde‘di>ﬁin§’“.t into smaller strips, and checked for quality.

The flexible circuit substrate is a flexible polymeric dielectric film which may

be partially cured or substantially fully cured. Useful organic polymers include

25  polyimides including modified polyimides such as polyester imides and poly-imide-
esters, polysiloxane imides, and polyamide, polymethylmethacrylate, polyesters such
as poly(ethylene terephthalate), polycarbonates, polytetrafluoroethylenes and mixtures
thereof. The polyimides are preferred, with an especially preferred polyimide
polymer being made from the anhydride of pyromellitic acid and 4,4 diamino-

30  diphenyl ether available from E.I. DuPont de Nemours and Company under the

tradename Kapton®. Variations include Kapton® H, Kapton® E and Kapton® V,

.8-



In an alternate type of process called a substractive process, pol yl.nxgipR 2000
filmis sputtered with a seed layer of chrome and copper. The aqueous
processi bl e phebpbmissts are lanm nated onto both sides of a spdrstsesiosns?
having a polyneric fil m SI de and a thick copper side, using standard

| am nati ng techni tra uedlnthl process sts of a
pol yreri c f.%?f}ga@ﬁ?m FB il oty imigle PREUSPEIS G taéglga%%(frqrﬁggko%qsh t he
copper | ayerp fif 1,2 r K, .{4 ve

o ocess, t ndaaund, AR ded m@r%@%*e%%‘%kﬁf‘d LT aME S
t hen exposediron KphdkaHies atelddl dseuvhakigat |11 ght or the |ike, through a

sui tabl e mask, crosslinking the exposed portions of the resist. The inmage
i s then devel opedThd eandactive layeé(smémgallyd‘pmdd&rpmﬁ@ridlucrwgmt@la Slpﬂé‘tatser ns are

obt ai ned .on 15 t race s te. Ihl ck c r IS
Chen ot criod % 281k aiftcrarget e kG TBThARiSscsrng APty PRE R ¢ hus
exposed. An lﬂﬂﬁl'fytdeﬂ&?den{ &Y fe p@ﬁmﬁ%‘%’é%f HF&‘itQ{r%f%'c%mb BackRg kR, nat ed over
the first resist on the copper side and crosslinked by flood exposure to a
radi ati on source The fexble dirouipmay etsb 1mhpiasmdrrmﬂ1qm‘ayers, dmfﬂemrs;lgrrchmde (on the
copper side) fro rther, 20 etchin [eas. 0 f|| on the
Co P Si ey - MR bt ANSy el O bAde, PBGR eyl B BRFHET BYh Bt bt he
concentrat ed rature of from about 70C to about 1200 and the
phot or esi sts’ Igg%%t hsennb%gpﬁimsged fromboth sides with a dilute basic

sol uti onl) The cirThé Hiannd l&hembsmrlme@)leybraaoboaﬂﬂ@stae@ldepbmﬁ misflexibie

substrate is cut into smaller strips, and checked for quality. 25 As with
the additi vecifrussased indigk dnvesshtheinveatiom thpyovidgganrie Pt b@eﬁtﬁa&%‘w after

nitial | an nal)ng andaspuil eliae, sk, CoRl sliedu e Rhgulpus et hods

coat the dianon ke~ car bon ér over e én e su ate. '1'nthe

sel ective cosj?wgf@&m)esama bdrkde: trepoasl r@hﬁ@abm (gﬁ)ynd Riraiedas dRindnbie
pol yi m de surface where protection is desired. These processes are

typi cal |y 30bewskfspd). evithpsteheidral bprdsraedominatioge The filies ivechiticmery ofghe

mechani c maski cess 0 00/ 72613 PCT./ U 99/ 03057
Wherein The Bogranaf Fegnid shn isgplie B SumiealBiRoh Shrosbr SiP i rat o sk
after the fl gaperfloadidWanvapgop MyEstyigas ahid %1e6¥th@¥)ro§§me§of@ypmde8@ ghe

i ncluded in these processes, such as soakin I'min hot water before

or after thesmbethness, #nak swrong eghesiontte pelymarc maeenlalskét alsadiag amextresnelmlovs al so

be used as a osI et c neutra tion steps may fol |l ow

pl ating step§ ectrigal Croé’gi’gg'f‘ yrﬁ“gﬁB{i aﬁ?régapgfpgcycquc(:aw@e g%frt her |ayers may be
added and processefeful BRABMRE cBibah | la?&s'ﬁﬁ% mld%ags%@frwj@ogm Ghrorhé,Re OF
ni ckel for subsequent sol dering procedures and the |ike accorgl ng to

convent i dhal 3RedAsgstiimes praferally drose FYAngstromd te 240 Amgspemeess such as the
mechani cal nmaski ng process, the dianond |ike carbon |ayer may al so be

coated after this final D%lsgltpltlg oﬂhee%arrier and Circuit-Making Process

The process of making flexible circuits and carriers according to the invention
comprises the step of depositing at least one layer of diamond-like carbon thereon

which may be used in conjunction with various known procedures such as metal

89
(9]

sputtering, plating resist laminating, resist exposing, developing, etching, and plating.
The sequence of such procedures may be varied as desired for the particular
application. Multiple deposition steps may be used where more than one layer of
diamond-like carbon is desirable, e.g., a layer deposited directly on the substrate for
improved planarity and via creation, and a layer deposited atop a metallic layer to

30  provide such benefits as abrasion resistance and thermal management. The

procedures described herein apply equally to carriers and flexible circuits.

9.



Means for interconnection of the flexible circuit to the suspension o3 APR&0]
suspensi on may be selected from any conventi onal neans, connecting the pads

.or other conpgshdARPoI nts including solder balls, reflow solggiysdblgssial
conpression 15 bonding, wre bonding, inner |ead bonding and the like. The

enbodi nents di scussed |n the drawi ngs are neant to be illustrative and are
not intended to I9n%2additiys metddopmaking aiflsyibia GitpHit AR e e Basexdiypisdlsed sol el y

by the clai 13 e@@é@“t%%dg?&%rehm%foﬂﬁ gf the Drawi ngs 20 Figure 1 shows a

hard di sk dr| e suspension I n a conventional stainless steel flexure

100 has attached Flﬁera%ﬁfo@mfaﬂcﬁ%rh&{cﬁhl@‘d dafibintlayle? & depobifedton@r@e pdBehen t he
exposed surface of the flexible circuit 12Q° and a bonded heat 140 to the

flexible cisisig e.g1p0lyimsledidenafiafili wbsteze. bbire pbstrategay e prads biitvanaus he
res 2 and .show a side

exposed de he fl exjble c it,120 5 Fi
Ut away Syt G oRASIE B FAT S U S5 PN IR A PRERIO BUAGE2. { he
Clroult has ol GDThRKBY a2y RSy Ble marmRilaly KFe GREDAD 3R pp. | aver o

each surfac yi m substrate e circult traces 270 are

t hen for ned polyméricgfiinela3er dffione2bmibromettrshasd2 Antadinetets) usthahatdppgr of

di anond I|ke carbon 360 _on _the side of the polyimde adjacent to the

stai nl ess st®er bspgfeam i &> migomssinibick g\k‘éﬁo%mgd’i“'&/rﬁ?rﬂfpﬁll@é 0B ANBOHANE360 has

been sel ecti t CUIt traces 350. -12 - 3 APR 2003 WO
001 22613 PC‘FK@Q%/ 8@%’%@99& (gqh{:&qyl ,laa di sk drive suspension is shown in
whi ch ajetai nl eSSN@IteﬁJuttaﬂngﬁﬁﬁd Sulyiftfide filas od dfahforidlike caibofi Ubdted iBA, at t ached
thereto, with traces 430 on the exposed surface of the flexible circuit

420, and a wmhlédeddéaxbr@ﬂdﬂamacfhe@pﬁblstphtfow@x|P@b@r¢$nst$;mmcm®y bé¢n this
enbodi nent, a_di anond tli%%a atlng460 hasben5§%§ ted on the
exposed si deaqbl?o‘{shoé Sf’]lv&‘( P ’86¥ ¢ ve,:?rggmsgwgp RISTESISE> &5 ti onal
substrat e 5Q0QmfiRiedorld Bhth@ldeY Bf H4HRRAS h&n P&"yﬁﬁﬂﬂﬁ% shiR\ihAd cBppayer of
polyim de 510 with a | ayer of copper 520 plated thereon. In the substrate

600 of Fi gursed® USlbstShméUdﬂaimestlr@fteQﬂnﬁlupDWythﬂﬁptil@llélﬁO Thashiblgwss ofbef i ed with-

a di ano i ke car.bon_.coajing.630 that r noi st re and

permeabmglt Ii’é’ﬁ?fe?ﬂés @815‘3’5#0%8%?08{? §s é%’é??oéfsé‘ﬂ '} W’fﬁ?ée‘g%’?lg?% de 610
by such Iayesrdé?@uul%vwml t&hﬁéﬂfﬁk@tﬁ 4 Ah& Jr%owcnrwoﬁhmhme de. | ayer
710 and a copper clad |ng Both sides of thé clad film havé a di anond
| i ke car bon expasédupri®s Cd@l&tlesistt Hée @nexpodesl portionginf ¢chephohomstaret then fi xt ure”

800 wherein ) e.810 is conditioned in a chanber with a _known humdity
and tenper at‘?afr éﬂ’%wé‘%éﬁ BRREORTRE- Yoty ‘}éfs“éé%?fgﬂqé‘ao‘%ﬁnff’%“%F‘gt“ﬁra@“eous

absorpti on t%l&?omﬁgs Woeds Sﬂ‘ﬁadm fotdsSivhl @a?l?rﬂxaic“{?flm%ﬁ xk%g@ eﬁ%ﬂnﬂ‘t one end

into the fixture and exposed to an environnent umdity than
t he condilt i odusirgd hattarol§ 4ry obthimed onlbbthlssieaofrthastammmenfrhebhotheesdt sttaerce t he

srple 20 deflects LrmANe Suigcs ol il Logh LAE, When ool oe
hum di ty (RA)ircdif\RickHEss. YRS or more layers of diamond-like carbon may also be deposited
atop the copper, or on the opposing surface, if desired.
The laminate is then placed into a bath of concentrated base at a temperature
25  of from 50°C to 120°C which etches the portions of the polymeric film not covered by
the crosslinked resist. This exposes certain areas of the original thin copper layer.
The resist is then stripped off both sides of the laminate in a 2-5% solution of an
alkaline metal hydroxide at from 20°C to 80°C, preferably from 20°C to 60°C.
Subsequently, the original thin copper layer is etched where exposed with an etchant
30 which does not harm the polymeric film, e.g., Perma-etch®, available from

Electrochemicals. Inc. The final circuits have copper circuitry on one side, and

-10-



approximately 5 nm Wen sanples simlar to those shown in Figures 6 ~ankPR7200]
wer e coated and subjected to 100% RH, no curl was observed. 13 - 3 APR
2003 What isvéaires is: 1. A disk drive suspension conpri Si IPgT/1899/03057
transducer. head electrically connected to a suspension, by neans of a

f1 exi bl [ it id ci it i Si t |.east I f I t
i ol oot ri c. AATRIGRR PG S0 NG TRGY e Bp T Mpatise o g eny HEoing. | ayer

of conducti ‘{ﬁ%eri‘.%tb%ﬁil;%!ers(d%BQS)iteB%@fu%@ﬂﬁ{terﬁﬁl\’lﬁﬂé?s bV iRV RuaseEdRGES, C) at
), East one layer of dianond-|ike carbon (730) on. 81; ).east one ngjor

surface of at | edBt conaitdaaydren convedted aydaudifed pthatrin nkk dubkieate grdnomtdhravi ng a
thi cl cness of. between about 30 nm_to shout 300 nm and, a hardness of
from about SBalgr #ppspnd ehecked for guality-dri ve suspensi on accoxding to claim 1

wher ei n sai d 11 exbh gy GLAEWH. (950 ANEL 2 HsuflRTBALEL 8y 67EPAM Goat ed

onto at [east a portion o one nmjor surface of ayex of

pol yner di elspgitdrbd withla@eddlayerdf chrotednd @bpped. THS BRRELFoesBledi Ng to claim
2 v~~b, exein said |ayer. of. dianond-Ilike carbon iIs coated over both major

surfaces of phatodesisis/arg laminatad anjodioyhsmidesdif @l substratechavingarpodtmers:. film sddesk dri ve
suspensi on acgor ljéfggtochaiml d flexible. circu as,.a |l ayer

| i i it h
o R eeg- 1o S ek Ropr H08 Rk AR B bl e et e B St D B 2T ¢

conduct i ve. Thisiicaks cchlis 81 8 ol erRImOb U viofimebrétoalhs dibitreigpensi on.

. 4 .
according to claim1. erein. ‘sai exXibl.e ci.xcuit has a layer of

di anond-ll0i kehckmatrthe oapipedlagert teingfeormd R oo 40 smicrbmetersahick $imi the adrhiivect | ve
material, and one ﬂ%%'or surfacg of, said gglEglger dielectric material.. -14
- 3 APR 200FTesesi thejrapRerdpy ey ds L disrpanedsy rding to claim1 wherein,

said. T1exibl. e oryabolordis iSRkARYES oPforfl IRk ViGARMPANHE ARL CC
continuously on at I|'east one sur? ce. A dcl)Sﬁ rrve susperision according to
cl ai m 1 whertarough aisditdblemadd, erosslinkitigtthtiesposed portienysaf tiof resistarthedmbgdie car bon

coated selectively on_at | east one surL&ce. 8) . A dj sk drive suspension
accordi ng t ohen devsioped Wi aedintesagugoyssoiitiopuntibdegiied paftermssfertained en

e el A B 81 e o PR St o+ 19
circuitry, and portions of the polymeric layer thus exposed.

An additional layer of aqueous photoresist is then laminated over the first
resist on the copper side and crosslinked by flood exposure to a radiation source in
order to protect exposed polymeric film surface (on the copper side) from further

20  etching. Areas of the polymeric film (on the film side) not covered by the crosslinked
resist are then etched with the concentrated base 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. The circuits are then converted and audited; that is, the substrate is cut
into smaller strips, and checked for quality.

25 As with the additive process, the diamond-like carbon layer may be coated
after initial laminating and sputtering steps are completed.

The previous methods coat the diamond like carbon layer over the entire
substrate. In the selective coating processes, the layer is coated only in areas of the
polyimide surface where protection is desired. These processes are typically

30  completed postcircuitization. One selective process is a mechanical masking process
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15 . Figure 8 shows a test fixture 800 wherein a sample 810 is conditioned in a
chamber with a known humidity and temperature. This allows the curling associated
with moisture absorption to be measured. The sa;nple is placed into a clamp 820 at
one end into the fixture and exposed to an environment with a higher humidity than
the conditioning humidity. The curl is a measurement of the distance the sample

20  deflects from the surface of the test fixture. When samples without any diamond like
carbon coating were exposed to 100% relative humidity (RH), the curl was

approximately S mm. When samples similar to those shown in Figures 6 and 7 were

coated and subjected to 100% RH, no curl was observed.
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pa-aqd b) at Jeast one lggrero@i" conducti\ge) material (720 )thercgover haw'r(l.% two major 0

surfaces,

c) at least one layer of diamond-like carbon (730) on. at Jeast one major
surface of at least one layer, said layer of diamond-like carbon having a thickness
of between about 30 nm to about 300 nm, and 2 hardness of from about 8 10 about
9,

2, A disk drive suspension according to claim 1 wherein said flexible circuit
has a layer of diamond-like carbon coated onto at Jeast a portion of at least one major

surface of said layer of polymer dielectric material.

3. A disk drive suspension according to claim. 2 wherein said layer of
diamond-like carbon js coated over both major surfaces of said Jayer of said polymer

dielectric matenial.

4. A disk drive suspension according to claim 1 wherein said {lexible circuit
has a Jayer of diamond-like carhon coated onto ai least one major surface of said

conductive material of said flexible circuit.

5. A disk drive suspension according to claim. ] wherein said flexible circuit
has a layer of diamond-Jike carbon coated onto one major surface of said conductive

material, and one major surface of said polymer diclectric material,
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conductive material 1s ached to said layer of polymer diclectric material.
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