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WD 2004/ 030427 PCT/ US2003/ 027362 FLEXIBLE CIRCU T
W TH ELECTROSTATI C DAMACGE LI M TI NG FEATURE Background

w@boogosbnvention 5 Mcroflex circuits are w dedyUus®es027362

for applications such as integrated circuit (1C)
packages, inkjet cartridges, hard disk drives (HDD),
medi cal devices and ot her advanced flex circuit-based
el ectrical connections. Such connections require

el ectrical syBEXIBLE CIRGUUE WHIDEIIROTROSTATIUI i ng
product manufact urp ANAGHE IAVETTNG FEANURE! NY
insulating materials (plastic, polyners) and nanual

operations. ESD concerns are 10 anplified in hard disk

drive manufacturing gowlif 5. AVELARP! | cati ons,
especially for head‘m—r%gl"]ﬂ?}ssen%—res—( HGA) using
g: agtMmﬂg leg toxc@isd dre atidal e usedefor d]ﬁli@tlcme Rach s integtdeel circuit (IC)
sliders. /For current conmerc hard di driv )
PaFises tnlgeteartedses, hard a!efk&nvs&fm@?bé%de?af ﬁe lffzsesmgwgrsivanced
ﬂ?e!x %ﬁtﬁﬂ? %5% lefecth SEOHNIGI S OS E&SH do%ﬁedtl%nﬁ ?éltﬂr@ efbctrRal static
rotect these sensitive read heads. equi renents
dasrchargp €E3D) patechion dumeg mbdist nfaau@ctuemg ahd assembhynebniiBising
om n onent s

il G Aty s D e OeE Pand st Lonsl e " Rs HETROR AR

a%ﬁbﬁﬁb& Rl QIR dirve MM R BB AR HAG I iR sppliBslionatpkcially for
surface resistivities should preferably be controll ed

head pimbahassembliesdHGAoiminggiunt mapgcomsyictive readd(AMBDgnsors in the

d
it E%”ﬁuggﬁ GeRAe i PR VR IBR R BREPGHELT o 60
gifabiti#GB /Qﬁ;’ d&&dﬁ@tﬁkﬁdlsﬂwgﬂ;ﬁotﬁa@rﬂﬁ BE[udEB td\protecbthese
80 to 100 GB/ platter or gher, and wll have
sensitivetresd iegds.r Eﬁ@.rﬁwme@w(aw saseified gy terng 9§ surfag resistiyjty and
A BE AR SATBPOEN AR S pReL PS5kt
workgations., The spcéficatbnsiedm siany ¢IDID esanafdtiacd |1mdlcmad surface

I e
asauﬁgd Pmas EaR. nﬁﬁt@ﬁmtsﬁrfa&rv ug@ﬁeﬁ tﬁeeséﬂ ngﬁmgme 1EGAhan 10

yI el osses i e HOD 1n try, as a
\&lgiiv).i cant |n'pact on industry proflts Therefore t he

abi l'ity r ol D.is ve to t
i ndufia Of}lﬁ m@ E@%lowoa%pgggl %fB]Pﬁéogramsw be 80 to

190 0JB/6RHEQS} 1REheR atnh'vﬂll HaRE §tﬂWe§ESDGSq191feme@1%r(q%HchM§e less than 5
conposition was applied across at |east two of the

Ododmeoming colmpopents insfuding Bxilfle eir¢utsdocseduifiex pp suspension

T e IR
ch@R@GonsTddSttasithés dhisGdpendion willsel i gddicdonabBet FED as well.

the -1
Damage caused by ESD accounts for a large portion of the HGA yield losses in the HDD

industry, which has a significant impact on industry profits. Therefore, the ability to
control ESD is very important to the HDD industry.

In U.S. Serial No. 09/823,220, the application of a thin, narrow stripe of
conductive composition was applied across at least two of the conductive elements of a
flexible circuit to reduce the accumulation of static charge and balance the electrical

potential across all of the conductive leads. This application also discloses that placing the
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WD 2004/ 030427 PCT/ US2003/ 027362 conductive pol ymer
| ayer beneath the protective covercoat |ayer allows

wo be4nsmet ting FOS circuit to pass the HDD i nPUBUS3005027362

strict ionic contam nation testing. However, it has

now been di scovered that a flexible circuit having a

thin conductive polyner coating applied over a
caaiuttivnpaimar lhyetichtsh dierprotettivercovbreoatdayet allowe tie resulting FOS
region re P&ﬁn)the neasured surface voltage

cgwgt@M% SRRy y SBICT (o GaNATNPRIER t?%glgpr esent

I nvenfolBed § nas ﬁév@’ébéﬂ (ﬁS&dvEféH'tEat'aMﬁﬁ@&?édxﬂ%v1ng a thin
el ectrostatic discharge (ESD) limting features and

cazteisllcgvﬁemblf/mcr apsting apyilied oveis partion oha Bexihkradrcdit sikthe non-critical
rives for ut.er i cat | I n accordance
r%‘%ﬂrfeaﬁ nﬁ? gaPef aﬁ? %@’gﬁf‘tl% ention, a thin
conducti ve polyner coating is applied over a portion

of a flexible circui tSunimifefiiemesitioncal region to
reduce the neasured surface voltage by enabling the
f 1 owIBe Prepemh dRvsRliQN I8 flaxkle ecuitingergaratipg clepogyin dspharge

(égﬁe; mﬁmﬁmg'éaqwegg%({ @%iggq td $orakh AL fsﬁr&%wsﬂgg gafsk%gves for

conta conducting, groun
cdhputeicapplicitions. | ayer I|mts the rate of 15 di scharge
due to its inherent resistivity. If the coatin in

cont Jriccqidapcevith Ak enb mel&ﬂf}}h%pregqnit Iygntiqr, é%hln conductive
pOlyiel cdHin R 608 o 34&9033& SnaGhRTAEA: HHOHGH AN Fgion to

tactin coated, non-critical surface.
rerdesmtht- |mﬁggs1med swifdcs vhlage aoohellitgSDe flowt ddnbmhat@ngusleced

Cl&qﬁ%qs(félg %g@até%d\é%é%g%%l q(iﬁgé\ﬁﬁ?l}efr agilﬂge gfllogl? ?rﬁge?t(ﬁ)% area When
c&it&qmﬁsc&ﬁl@w SRR ALYroBE ETRE EHAREkve 1BV irdverhb Rl of

peak voltage on the " 20 surface by enabling and
d@dmgetxlluel ta gtsmdiet@g eeSlSQvéy I:fébeagqatlsg ircia cohlactawith b abhductive

GBFERabP yERTTAR e RMETS: LS BEBRIG oM B Pifcriine e

cSeedts nbh-¢AtiEdYRuSaRs The résﬁlﬁnngii@hltﬁlﬁbﬁ/E QdeSESP estection Beause the
thin conductive filmwll significant|ly reduce surface

congyriye syrfage will enable discharssiaf apy sharessi developedypn Hpisface by
s AL W 1y SV By RO v on

sxhﬁwe bl bﬁa‘tﬂmlglaﬁd\fcmgrdmﬂ@vaﬂ%e lével ddeay.t Binoe thecavaitabilé ety to
gi on" nmeans the region of the circuit_ between the

d%%gfef%ﬁMR dsadjs ﬁaonoggqnahwatha veltage devebwhen thicapreyris eonpled
I for part
th&@%l{h%seélgﬁ M]%tgglgsggéﬁ% y p?@ﬂggﬁ's ICH%%GZ The terns
"i nt €hé '&Mecomlattﬁra it wdhslgtlifinarglyl redhee shifyeerresisteaty & the
.layer of a terlal ych as ase liner place
ingidihe PisTals i 004 107 @heRer Segie 1P SRmsih 6 grreeyidgbout 10°
ohrfi¢ & about 10® ohms.

As used herein, these terms have the following meanings:

1. The term “non-critical region” means the region of the circuit between the
actuator flex bond region and the gimbal region of the circuit. This is the area normally
used for part handing during the assembly process.

2. The terms “interlever material” and “interlever layer” mean a layer of a
material such as a release liner placed under the circuit to transfer the flex circuit web into

the printing machine through splicing. .
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the printing machine through splicing. . -2 WO
2004/ 030427 PCT/ US2003/ 027362 Brief Description of

WO w48y ngs Figure 1 is a plan view of a fl exdbU$2003/027362

circuit for use in a hard disk drive and featuring a
conductive polynmer filmlayer disposed in the
non-critical area of the circuit in accordance with
t he present i nvent Beief Dbsdriptioi ef theiDrawirgghemat i c

representation of the t hod of .nmking. the present

i nveRtgusn] ¥4 iR &icw %fr?gﬁg‘ﬂ_glﬁ cBRURF 850 qlwé& Biskdpiyg and

fé&ﬂlﬂr&ﬁ‘c&n‘&é&tid&%lﬁﬁfrﬁlﬁﬂ%ér%ﬁ’sg@%d%%hé -crMcdlf feQbf e circuit in
I exi . Fig

f e circuit we - gure shows the relationship
atyrerdenee withehsprefant envertsorst i vity of a circuit on the

ConpELET b s RGEPE SPERERITHY PEmal ARE I isdeRmsent

idvegtisur face resistivity of a circuit and the use of a
plasma treatnment step prior to coating the conductive

pol y Figured alayes at exampleredithe porfedpattarn giat bes sen apelied across the
I IQ0: 1 nt invention is a flexible circuit
“Tﬁﬁﬁﬁéggggiglpﬁgggﬁéctrostatic di scharge 15 (ESD)
|'i m Figuge # eledvins 86 rel@fonship\Wetween theuii fcd resRtiditglefa gifad!t on the
for use in the fabrication of hard disk drives.
parpentagy eiNMBapshegoadpeiivg Rolwnea seBmpsideon. A static
char QF%uP?é’ sttt tfle ati ABhib Betwith R S Bk H&E%i@i't é{ ?Li‘fcuit and the
circui®t during suc and'lng As & resurt o ont acti ng
usehef a plasny dédtivent spepqiree to swatiager coadictivetpo]yuing rcompdsidon.
probes, tools, or fixtures or by contacting another
dielectric materi gl ) I'n
accordance with anC@HE; APL IS IRYEIUBH o 5 ant
I nvenhé Btser itvehiof BRAUEEBIY 8irfl8! YOREopBRkinE 818 Rodtstic discharge
applied over a portion of a flexible circuit 10 in
(EHe) loitingfeatinss, asskeyymim BigureTh enddesigneid tfprousk im tgi fabridagion of

the.region of .t [fcuit between the agtuator flex :
g Rty P AR T P BN ReOB * Frletnatie Ry buitd wp
orf the suffatSof the FIBGbRI@RIR QLA $ueh hardidglds ar&dlt dFalddiadEng the
~during the assenbly process. The conductive polyner )
ingwlativ e @rotectiysspy ergoad withametunded probes tedly oF fixmeproyibyegntacting
arF)ortﬁér%(i:G%léé{Sc é%}e%%yg{cﬁ %Ql'udbgly@%vésolnz &r&a%%g V&ﬁtthl a\ﬁeenflﬂchFpFent of
ayer formed rromthe conductive polymer coating w
theipgéeveht inagtioy, 4 thnicandubieyvepolyracracoathsg 60 isvippNeddver agortion of a
materials froma range of . about 1011 ohns to about .
flgnble cens 10 on themapygelies! ragierP0-16ke BoErEeH! sigiRn is fgregion of the
cittiBpetlen th8hGugPedl mtreéiBn h§ aH@{herﬁl‘ﬁ ﬁest@%%n%? lEhe.tJill%uit 70.
conductive polyner coating to contact” the Tonductive
This dagitheiarcaototi@ally osefd fat fact hanimgceiuriap ithe dssaomblizPdcess. The

conductive polymer coating is applied on top of the selectively deposited protective

covercoat layer 40. The conductive film layer formed from the conductive polymer
coating will significantly reduce the surface resistivity of the materials from a range of
about 10'' ohms to about 10" ohms to a range of about 10* ohms to about 10® ohms. In
this embodiment it is not necessary for the conductive polymer coating to contact the
conductive leads in order to protect the circuit from ESD.

The conductive polymer compositions can be coated in a continuous reel-to-reel
printing process to form a thin conductive polymer film element having a final cured

thickness in the range of about 0.2 microns to about 25 microns, more preferably from

-3-
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30 The conductive pol ynmer conpositions can be coated
in a continuous reel-to-reel printing process to form

wa@2dohisn4eonduct i ve pol yner film el enent havi ngpar/i/s1va3/027362

cured thickness in the range of about 0.2 mcrons to
about 25 mcrons, nore preferably from -3 WO
2004/ 030427 PCT/ US2003/ 027362 about 0.5 micron to

aBRAWLS HidibE f0AbDUPH nilcréad b18d Yarity bflﬁlldﬁlatmgl@laféﬁhﬁﬁhcﬂhcﬁng polymer
|nclud|ng pol ymer films, plastic surfaces, ceram

fifinagdastic Spitansp.cceramies, @igsass: félvqr*g» af csesiallpion flatgpigcgits. The
ﬂl-g?%le (g#c%ﬁ(tg H‘l glhﬁ{lé f‘,’ﬁﬂe} 3 ng%fl@g}é? Ihghfg& vs| stél ngjﬁ[éh gl/éiﬁ:n% substrate
hhﬁag tt lens 0a® Doiuhlttlveatrideamat tmastainelserfade afitie dlarefsamesubs‘trate The

the dielectric substrat 5 conductjve traces Y
CHBISIY O FrAREa haye 5P ngie%y wits EBhdprepist Bt GSEahe Sitee of the

d?ell’é'cftl‘?v;cﬁlb‘é‘tfratE rk%tteﬁhr?é @6 bdit wittnd dated chalit &{t{éh{‘ Und B&ditively

resist wt desired circuit pattern,
phatidg said eiryult pdlttﬁm Mgthsaandakﬂuph as conpat,maﬂml \gpldrprahamlteal

uch .a ni ckel t he

e iy S By szt aelon S e Aifilovrd e rmale the fexivle
cR&uie r@aﬁﬁ@sﬂsu‘bﬁ a§ fiRaigh e bhih®¥iab)vlnd&w ¢, @epriessidridar WhiftSer areas of
such as through vias, blind vias, w ndows, depr essi ons

therdielnetrin ewbsirateaandghe fike edndednasedn the dicleets filmtby saplimethods as
h%fuﬁl%ll kﬁh aﬁ‘asgle atﬂgtﬂﬁl Héf:l{lﬁ?ca%@cﬁﬁlfgra{ngl ‘l[ flllggh F’Xﬁec'rl{ﬁpmrcult has

em Ca

bﬁaﬁdb&ifpl@tadl dprorbiingpdndet dweﬂcbktenay%d ¢ithet be applied yklectively or to
has been conpl eted, a protective pol ynmer covercoat

toially everthe werpu%eTh?)ﬁﬂqdéatl@aqoéewr\ﬁ@rrgpwﬂloaeﬁ thep eeatedon the
s&r?ac% orthi® r%'té % Eove%&%t fopductive pol ymer conposition

s then ¢ ate on the su ace of this protective
C ov efTaisahvdnaipe trelatkd sprioi feallytoefidxilin cireditst fes HGA components having

S e G PR 8 Oy ol B reAe Rt e 50 V.
Mdte ?)f@er%‘l'ﬁes% ehdd 19 V‘H@ga{dﬁié% the $erridaassiaRity of tﬂ@croﬁductlve

preferably less than 1 ependi ng on the Surface
polysics filaicogtingf t he conductive polymer film coating.
Exanpl es 20 The preferred conductive pol yner
conposi tion conprises a mxture of a conductive

pol ynmer, a nonionic blnder—§§?8¥$ a wetting agent,

and ané pfdﬂ&&éﬁrd&ﬁuctﬁ%ow ebmgdsm@né&ﬁpmsee apak @6t 4 S
an aqueous di spersion of

cendwgileneal Yokl eiosionitands ﬁtﬂt@@édl WetHAg pengand adiem former.

sul f

pi 11 CAPEF BB AL R s RpRD L B potyra-s-
eth@&hé(hakythmph@e%nqﬂmde& Rith pﬂ@tﬁ%ﬁkﬂﬁ)nm apailapbefrom Bayer

suspension.is supglled havihg about |19% to about .4%

Comorgionf Rigsbyrat, PA igoames Badtrooni knhShayingdey rruiduyl jopic
chrterfN ARk ¥ndierité polWeP ghsbéns?onsig Elﬁpphed having about 1% to about 4%

solids by weight.
A preferred nonionic binder material is Rhoplex HA-16, which is a self-
crosslinking acrylic binder available from Rohm and Haas Company of Philadelphia, PA.
The preferred wetting agent is Zony1®FSN available from Dupont Chemical
Company, Wilmington, DE. The chemical structures will be “R{CH,CH,0
(CH,CH,0)H”, where R¢ = F(CF,CF,),, where X = 0 to about 25, and Y =1 to about 9.

The wetting agent is used to modify surface energy at very low concentrations, and is

-4-
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crosslinking acrylic binder avail abl e from Rohm and

Haas Conpany of Phil adel phia, PA. The preferred

is Zonyl (r)FSN avai |l abl e from Deppn$2003/027362
Chem cal 30 Conpany, WI m ngton, DE. The chemni cal
structures wll be "RfCH2CH20 (CH2CH20O),,H', where Rf

= F(CF2CF2)y, where X = 0 to about 25, and Y =1 to
carppatibl@with Tt aq;tepmg mient-bissd saletionso Thedvdttingsagentcge

5ty gadin Y ShteerBiitnar o et oL [ dheyll sy weisht

aquegHs pRifersel a\d@mveb@ﬁ@l%ﬂfﬁﬁlzuﬁyr@%nefwt"ltHerfGnélﬁ)ﬁrbtf&le NMP
are typl cal |y added at concentrations in the range of

isdb aelease moys ' Geaippin” foons dachyaindiagietof thﬂw@néu@f‘@rmésdner chain to
th NVP
ex%?a%g%&eovlﬁwﬂlfys nlﬁq rXJ:t 2tu8é/ Bpéongﬁ)&s/lt& 1m|p ove %wﬁpgetpﬁgc? on the

ease nore rom

qliitiny 6 NP afded. h&“hélNMRIistadﬂﬁi mahy rappe Ghﬂjdmt 2% to about 8% by
enhance conducti vity. nmagni t ude of conductivity

wietght a%ﬁewemprﬁferqblﬂ%&%dﬁ apoiet 47 bumeighl of NVP added.

ESG e e Bl e I RER p BT Sy B gl ifoned
ingeddignts. Hihmxtﬁmm}um% eI Icyllmhlcti‘z@pqﬂgmiet dispersisn ifBalgrdmyP-LS) is

co [ t he aforenenti oned ngredi ents. I n. ) .
?;? &ﬁqghe selesdid WeGbseeshasady OFRATHEE AN the PPy This

d&g@iﬁbﬁ Nedmbimld Wﬁh a HAxRPHE 9084 oM 3R ab e SRIESIE@RHOPLEX HA-

wetting agent already incorporated in“the dispersion.
1d)han§ 2% @p&% SNMR. iThe pbihdfi th@tbsmlimgl IEX T exis tea aglfusgEArang about 3.0

G5l SR8l A iy 21, 18 8 i

hf/dr@mléimlcﬁoﬁ Eolufién. ORIHIE B RhéRO Eorp1®o AillsBative Wik hidplehe
addi ti on of about 0.1% to 1% of a 50% anmoni um

hydr oxi de (NHAOH) solution. Table 1. shows a couple of
illustrative exanmples. 15 TEa¥el1 Exanple fornul ations
for the conductive polynmer conposition and resulting

conducti ye 3
Exanpl e EXarm %ﬂ\l
P-LS 90 wt. % &Birz:snvmng %rﬁlﬁctﬂve\qgolvr%r&'ﬂn&)meﬁﬁeg 2 w. %

R 10 vyt 060 Q9 wt 060 6yt 0650 D bt 043 it
NVP 0 2 wt %|4E¥amps g Hkampleg FxampleT, Eggmplay dﬁxagple
1(-';n v 10-30 Vvi5-161v ¢ 1082 <10y N&Be: Al 1 1Aondiict il
pal BAXTREONIBS| 1 | Bhwt- Gont882edoq, 8p-Apvia%, F&hY wt.8N| THewt.%
canBHEPLEX Hioll§ e d 0 wbipas PBivade i|s 98ppihed Xovthe | 8 wt.%
NngnNMPi t i cal regi onOof HQOS2 wth 4wt % 8 wt.% 20 wt.%
Tribo-charging 10-50 V 1030V 5-15V <10V <10V

Note: All conductive polymer compositions contained 0.1-0.3% Zony1®FSN

The conductive polymer composition is applied to the non-critical region of FOS
circuits via a reel-to-reel pad printing system comprising an automatic web handling
system capable of handling webs from about 70 mm to about 300 mm wide, preferably 70
mm wide, a printing station, and a drying station. The system configuration and set up
shown in Figure 2. This process may be integrated with FOS circuits manufacturing by
removing the web handling equipment and inserting the printing station into the flexible
circuit manufacturing line either before or after the application of the protective covercoat
layer or used as a stand alone process on a finished web of flexible circuits having a

protective covercoat layer.
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20 circuits via a reel-to-reel pad printing system
conprising an automati c web handling system capable

wobkoohasidk’ ng webs from about 70 mmto about 308CTTS2003/027362

wi de, preferably 70 mmw de, a printing station, and

a drying station. The system configuration and set up
shown in Figure 2. This process nay be integrated with
FOS dhe paper %nnlmrmoacmmlimgwﬁybe pwrinvidegneatieofighb microflex web

handl.i ng,equi. pnent and i n ting.the print.i statiaon
AR e Bt AR st A bR A B i R B R ol griprea
fidef BE @n@hntdd teiodsh@ha@pivh@ab pRbedént tblerapEOls@6hiryiged by the
covercoat |layer or used as a stand al one process on a

spropke Halgs (k20 ibFigures) ¢ tesides of the fssiblangireait yrbol Weanidiean be
e%ﬂ'gs%%&; Qat, -(#Lé‘yéf“fnm fnSaC%aQ%ﬁ/ &30 G¢dr 38%[@9&219%%@%?\&7@%6 2The Cross
e pol'ynmer 11 ner wll" be put in

paper I'iner or
weh peintirgitoteraricetihisonmévaiad tiepend svet lon dhi ¢irvgittdesigh dding coated, but is
grin ing pr ce?s in which functioning to prevent ink
nemEi N gOM A0 ead from the unwanted regions. The

downyRd . RLAGEERED hifIRER)SEEm cap £ RnHERL B¥bd £#6m about 70 mm
%) h es O§H¥%e

sprocket holes (320 in"Figure on the s
tf dboxt B0Gemoi wilej prefeedb]B 00 mom oidea notopriGng x prebsmeandistation 205

oo 860 PR e vt T 4G 2P0 Al g Senc 245, The

ufRiHWhAbn d8PaREBModatt tWdGold 6CHAtrislem SLRAIRYAIO&&Sts 215 and
but is nomnally about 40 mls. The automatic web

a relhefl dnigteglyear ematerzad 2b0.e The pirnast ofibe intdslever materibloahelp@ontain

mm_to.about 300 mm w.de. .preferably 70 .nm w de, .
R B e oAl e 8 BBt b R e e imertver
1a9Ed BEing\gibstantidINhe Simanilit asde Nakible dftusitvadd, By &6iffrolling the

after the ovens 245. The unw nd station can o
argew e dhspoadyaiiye pelymer gpmpesitien administpsed ohe surface wf Bleesircuit

. . I . e

o515k SRR sl e LA R et o

albowihgihe backedecofitiel ciréuiictopidoyherbated,pltsh ir wm will provide additional

vaporation of the solvent. The interlever |I|ayer

Eglei pRfeeitde sh Girautty Froqueathndlexibla gircyus wuk hayesgpepings through the

dielebidi shibMBR: toBYcifAM thobddangiohlde iréﬁViaﬁ@bSQﬁs.gé CO& olling the
conductive polymer conposition adm ni stere Yo tﬁe

arpoutft @€ theaonduvtive pplyuier compakitidrg thertmakdide vdni lereolatediby material

delivered, the inter|ever r serve an.additional. ro| e
P el e REREIE L Y R 6t ARl ol S digleot
subRRAte And WRIiGBrIéver diddial The RERMVSemALTAIHRpelectedfrom the

protection to the circuit. Frequently, flexible

groip consisiingiof h bhmped oyestevery e relbase lighr erreeT efttinghtselevérc The

.supstrate to fagili separation of.individual ..

infStRPY Aafaet RS toh Brd St RS Tbe St el isctificn are

feB Ay SRheif FINNO Shd dabit, sptdtEinRRC W ED BRedtidN VD Bevral RilerYllers are used
mat erial that passes through these openi ngs and w cks

toeaipiairthe RRPTPESE Heb tensiompfthesfilar. cBha flexibls gisstit web ontley
in%gﬁgéﬂéﬁ{%@%ﬁ?#ﬂ%ﬁﬁ&é%ﬁﬁOJBfo'nterlever mat eri al bei ng

The conductive polymer composition is applied to the non-critical area of the HDD
circuits on the flexible cfrcuit web. The application method may be a transfer printing
technique such as screen printing or pad printing. The printing station shown in Figure 2
is a pad printing station, by way of example. As the flexible circuit material 215 is

advanced into the printing station, the print head 230 is loaded with the conductive
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group consisting of a bunped interlever, a release
liner or a Teflon interlever. The interlever unw aps

wobkdo4o80421s roll 210. It then passes the roll BET/US2003/027362

flexible circuits which are 25 fed off of their roll

at the same speed in the web direction v. Severa

idler rollers are used to nmaintain the appropriate
pmbbndr&nﬁipomtmri aridhaibbéquentlyl stempédadrédsehecwels uThe peidt hend 230 is

nterl ever thep enters the ting station 220.
demgned Rttt § VY iAo et B PRSP ETIBRFeP iffas non-
RiPBaIGESibA GPihe @f[?]@ cBEuitdarksi¥Psel ¢ hérﬁ&k‘ thé el‘ﬁﬁe tv&h@thfdf??fé LS (see

circuit web. The application nethod nay be a transfer

Fpgurnﬁio nfhugstep e&:llﬁpcaq%atsm@hnh@ igteresdnisugh ithet ieagh ow @EEDD circuits

[ Qitjll n Th g?éc{a%@k?&@h%e{p%@% Sigge\gnwﬁll? grel:@'hreﬁé'% a sirﬁilgr manner.
A }&Mftdb@orﬁbﬂt @apdr B! R hsdll irkddnjirtioR NRANEE Prihtit titltﬁl as shown in
1:tﬁ)rlntlng station, the print head 230 is | oade th

e & o gudet fovmainginihe necessay MVOWU%@@Pwmgane conductive

PR B B i 8 B T by 8T suich & way

as t Afete pasiiig, titefllodibld eirtuivmaeoblpreceedoime ai leastoneé Bven. The
t he naon- n of the HOD circuits

I
eKFesh §%¢r§§f{ @%ﬁc?fsg%defgﬁ g“@ﬁf fesig lw&@ﬂmls?g iyiBe quens( g preferred
oIS ;I%)nent-ql‘ﬁ%s%le@ ﬁ:hakg Qt\%?&@gva%l) ratt e §51'v91ﬁqui a bake step to

interval s suc circurts 5 [ocat ed
ckasslinkt the resal dngd remosa¢ auly bednqj sbhvent. éthtpine—bﬁkd {ome\vé thearven is set

stanped in.a simlar ent
%a&@?peme%twg%sw ‘ﬁ)nGtt?ﬁ?P oDi e BW}I?)@PWP may be
dBhEEHIRR oA%ine BPYIT- IR i in E'sgéb'hﬁ o%ert o@ Gin) taﬁemb BrbikelRecuits
necessary | evel of cleanliness contain the

hgvmbkentwanad up enyhewirslopstationi dhe ﬁnalcblakmg teupgratuesiapnin the range
520 b B SRR Ty A8 R hdc

c@%@ﬁﬁ§n§ﬂﬁgent is dried off and the binder resin is
crosslinked in the ovens. The preferred oven
arr aﬁg@fb@m@d aripengpmoeessalt rimpprk te haye undfoamiy of teeconductive
p%ﬁfgné grm egheérﬁ)%qu g(R% ab guer cg 8{ off [H%Sb%}e prbli%ﬁrkge gug)%{é&gf These
stiffgce® Wpicalls haed lowadurface elmiagéamuhe rdnge bhﬁodu&ﬂ& ﬁyﬂé/cm to about 39
about 40C to about 90C. The final, bake step
dypieme SuHase egLgissirerg detsrmingd Ry uﬁlﬁg Hagldpg ﬁ@PSdRPé‘FﬁllPﬁg)ﬁtandafd
A Fed ve been wound
SR sl oo e S R SRk Trpags, D&Y
t enp&lsatguaie@son mﬁcﬁoscdﬂy&eafmngles 10Wasadnnmﬁuﬂ521(1ﬁ‘attthe admiut:tlve
180C. _The .ovens. .may he either infrared. ovens or forc
g SR Juck oo 5 ioHEon R P abod %&mmqfﬁéo AP Squicrons.
Vahohsc‘cdnweﬂ'[&namurfaee H@é’[ﬁleﬁmtéﬂg B ¥xRbrell Iﬂ? a GRAHYGE 1n¥1%as1ng the
pol yner | meither on the covercoat surface or on
stfiace epmgylomtbtecmb@airmpealylﬂihhs whichGn sun shadd imppive dflel qdheswn

3-6@ ﬁglﬂ é’b gﬁillrprgsgt?grl sitface resxlgt%ncgeargga%u%fme%% slfltowzeg that plasma

etching raises the conductivity of the film by at least a factor of ten when compared with a

surface without plasma treatment. Corona treatment should yield similar or better results.
The plasma pretreatment is done just prior to coating the conductive polymer
composition onto the circuits. A mixed gas plasma is used that contains argon, nitrogen,

and oxygen. The web speed is set at about 3 mpm at a temperature of about 120°C.
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dyne/cm Surface energies were determ ned by using
mar ki ng pens contai ning standard surface tension

weoloubsm@es avail able from Sherman Treaters, UKPCT/BE51993/027362

el ectron m croscopy techniques, it was determ ned that

the conductive polyner filmthickness distribution

range was about 0.2 mcrons to about 5 mcrons. 25

Var i dizatiagthiektesoeumlbesmaribdbe singleadonbld, os tegemuktipte printing to

expl ored as. a neans, of |ncreas|n the surface energy
laﬁe%Sﬁé‘?@&S@}%a@n%rth‘ﬁm YPHRMYEViRhi ch in turn shoul d

| mpr %fak@?esﬁ%@@hﬁﬁ’suréﬂ&tg W BREIREdB dither single circuit surface or
Surprisingly, surface resistance neasurenents Showed

atlea tfi Ll sasfaee havingd engpdnetivegolymher fdonahutbe swifaog. dhe mipasurements

et Fiag uhe nafiesds RO P I sn R AR B RS Chefhical,

TORQY) Mpaii)evith &1 ARKamg@rotet ter results. 30 The plasma
pretreatnent is doneJust prior to coatlng t he
i

condu&il e@sﬁmty@é HGA s apistated torihodisehargrebleienengiyos theypart, which
can ?8 gggcﬁgd Hu &rmhé %M’ﬁ g%ﬁmen%fbtﬁg ﬁtggdé%t"él 'Bgz?cp I{ thebﬂextlblg circuit’s
diél&tﬁ& swirfice ﬁ@ﬁfn@dotﬁdﬂ)y(ﬁno&bﬁdielet&ﬂﬁor ungriinded 0dn iz haterial,
PCT/ US2003/ 027362 Coati ng t hickness can be varied by
vhendhedifiesn materigls asq eparid: ApmstapianaeysHpliase P‘?tﬁ%tfaééi*%]é be
c@éalt&? Jd%'tg seﬁ@éjof élﬁlnglsan é}&és gk‘lﬁtvé Yt ﬁé’gatlwc‘uhéﬂaége% forming on
resi stance neasurements were con ucte on elt
the ngfaee.clfitbeisitrfase hﬁsalugh assistigityahe Eharga will feamen, nat/beigg able to
conduct i yer m.on the surf.ac
frstretian nlteeeTh Temitt Derigesy e MG Op i A3stse gub find a
nBﬁﬁél%ﬁg/ ¢HaY, §e'\@5@ary) (Pdte3dthionficileiRdliopad dlelezﬁﬂﬁateﬂﬁlﬁ’ af)usually
ri ng probe. ESDsenS|t|V|tyo HGA's is
deskaiwabich mmhsatrdtpstcahgng eﬁmtsvg’n@pghynqmn the part, which

can di ect ed throu t.he e

Fo e ol 5 fi%aeRg ro1h g o s RufiBRL S Hardel] Supsthgr rea on the
sﬁ#fﬁée@ﬁ@hd‘ SrAN I Beh&y 1sQf‘1‘éEt|l'5eﬁieﬁidu V\%‘fﬁé du@fac@{/oltage is by using a
ungro%nded conductive materi al, en the different

Im@bq aElgctms@tls Msdimetesd Megdel 24A éMtom(ﬂl@ctm@WaTgﬁldonvﬂle New
t(ﬁ rﬁor hMeswtaRcee ClaEAl {ﬁ% gﬁ? véif E'Bf V&Ea%%%}f 2 a%I‘oss the parts can
er a excess O%u OSf e or n r%

lfe@ﬁdﬁbﬂi}@d @detém€ns LfTsﬁﬁﬁ& trdafméxhl@reﬂu&ef the mdaa&ech V@hige levels.
reS|st|V|ty the charge will remain, not being able to
di ssifpgre 45hows therclafahshiprboweery e BIFAE sty gfiacirgut on the

ptgﬂzgxrl%g@%ggwn. th?:gérrdfu ect;?cg)ﬂméf &)91 sitioff lﬁtoﬁﬁ" Hg%k%ples shown in

or e IC Ci UI ts,
Tibk! efot nicondmtiee palymenfibn ofa giviey {HiBkrebes i TI&cbonhimfvity can be

es tribochar ects very common. The voltage
flq&reéle“]i‘@‘cﬁ‘ggiéé?ﬂq géltéff]éﬂﬁ@ t he number of char ged
sit esﬁ d@ﬁ’ﬁ 58h&@s % rElQ@onsﬁfH Bedh€enthe biliact rétativity oPR®ircuit and the
method” 1s directly measuring the surface voltage is b

ugs pHigplasma gogmbés(tcg prEtréc coaimgahé eond@btnwawéymer depwelsition. The
244A (NMonroe El ectr Syndon d New
surtace resistance of a pretreate mrchlt 15’ compared to a'non- pretreated circuit as well as

a circuit that does not have a conductive film layer for ESD Protection.
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York). For high resistance surfaces, the peak voltage
or voltage range across the parts can 20 be neasured

wo eoodeseemi ne if surface treatnents reduce thePEES200ER7362

vol tage levels. Figure 4 shows the rel ationship
between the surface resistivity of a circuit on the
percentage of NMP in the conductive pol yner
Wlatrpodaitiedns:f r om t he exanpl es shown in Table 1 for a
conductive polynmer filmof a given thickness The
conductivity can be  further, enhanced by ap
t hi cker fi ﬁw 5 CEPY L ANEOTROEHGAN elestroHatiy ¢léﬁb§fﬂedlmltmg feature,
sﬁgg%@m&r{g&sﬁ%é dtfc rﬁéshtﬁ&ga‘(ée%e:fec?édof?mﬁ e blo e&&shlng of
polyimlide or qurlankyslm Ipolynmp Gismthiaving affeast ons célainetlve trace coated on at
resi sta treated circuit is conpared. t

legghpns sut fwee @80% ﬁ?@ dischagge {imitingfeatuze comprisme %'1193% CQ%‘B%UVG

pagltnep@&ﬁm seld %éfliﬁ ﬁbb@déﬂ@a&ti%&rﬂ@@f? héd- @ﬁﬁéa‘? c?lon of the
WO 2004/ 03042 / US2003/ 02736 VWhat Is clali ne

cireuit, $aid Aedtire xedvicmgahe surface 'rests@'lvijy) pﬁthem:grcamto about 10* ohms to
el gastati g dischar LLimgtin sai d

oo b Eb St arebE b B pE Bk S0V sl ect ed
fromthe group consi sting of polyi m de or liquid

C r ys§a| &%le C rétgl {};ggfd'ﬁgg t%tcléll raifs\tvh&@l?lhs%%?ﬁﬁﬁét}{% J)olymer

trace coa e on at ast one surtace ereo
calitimgltampeisdsi fiorh iabgntflOad abaut 60 mpalgm pageat dffah aqueous dispersion of at

cond cti pol ymer coating sel ectively appli over a
158t s LR StEhEperBe Cm s vapola et ior &hts 145 Bipub 0 ateht pércent of

a&hc{xfe%hé em§1§ioﬁ JraBE 148 se& 'ﬂégcehhﬁorﬁ&{lé %Fc&?ﬁinﬁﬂg\@cww
the circuit to about 104 ohns to about 108 oh

bmder fesinj angl Q.1 idbbekmhtpergendaqievys selhon abahotit m)welght pekeent
fl exibl ircuit according to claim1 wherein said
W&U’@?& @Fyrrer 10 coating conprises from about 10
to about 90 wei ght percent of an aqueous di spersion of

at t;eaSt Alf M@'cﬂg%t é&g%ﬁg to%%%h%@m%g &S harde" 1M ting

about 10 to about per cent an aqueo

featmit sorapriek a@bl}@er%atﬁngirrginisiqgerbiem oﬁmﬂwaﬂmlmedejx&thmphene
crosslinking acrylic . binder re

. o1 .
AR Y KLY 5B ﬁ{’at&ciﬂé%‘%}’% ALY mﬂr%%b%ﬂnt%s fxgmg%l?fmt 2% to
ik 89\ londBERPomdpy dr oxi de. 15 3. A flexible circuit

according to cldim2 wherein said discharge limting
feature conprises a polyner coating conprising a blend

of pal yet hyflexitadciponit decogaigne clamd wherein the conductive polymer is
enesul fonat e,, wherei n the agueous di spersion

r
Sl&’é?@?ﬂﬁlibétfmsﬁ?ﬁ%‘kf@&he visipledight RAGITUBY, conduct i ve
polymer. 4. A flexible circuit according to claim1l

wher gi n tg;a cgnduct i.ve 0, substanti a
t r anspar e ﬂfixg’qf’ FECWS ae?f’g‘i%é'}/ tf’gﬂﬁ‘m pégtp?rlﬁﬂmpnsmg a Se¥eCtlvely
deposited protective covercoat layer over said trace, said conductive polymer coating

being coated thereover.

6. A flexible circuit according to claim 1 wherein the conductive trace has
been formed by applying a photoresist to at least one surface of the dielectric substrate,
patterning the photoresist with a desired circuit pattern, and additively plating said circuit
pattern with a conductive metal selected from the group consisting of copper, nickel, and

gold.
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5. Aflexible circuit according to claim21 further
conprising a selectively deposited protective

weooensaat | ayer over said trace, said conductP&BUS2003/027362

pol ymer coating being coated thereover. 6. A flexible
circuit according to claim11 wherein the conductive
trace has 25 been fornmed by applying a photoresist to
at | gast anfexsble taest adcotdivg tdickdimct furtheseudsprisirigeat least one
patterni the photoresist with a desired circujt

fosture éfﬂ?ptecgﬁamaaﬁ Broup &pysistingof Hyoush vasib ﬁeﬁ vias, Wpdpws,and

[ ed fromthe group

11'}(@8%@%1@%5??%&?&1 t}{gdmaﬁ [ cEétfd?é and gold. -9 WO
2004/030427 PCT/U82003/027362 7. Aflexible circuit
accogdi NgAtflexiblaiciioit 40¢bidhes to @I I Whétginathe rtdShar@ is less
feature selected fromthe group consisting of through
thand8 V.bl i nd vi as, wi ndows, and indentations fornmed in
the dielectric substrate. 8. A flexible circuit

according,to claimil wherein t tripoch i ' ess

5 han 19Alegie T pLa o i | WRCER PR el les
thhinWo&fein the tribocharging is less than 10 V. 10. An
apparatus for formng a flexible circuit incorporating

an electrostatic discharge limting feature, said
circubt canmppsing for fdirringatflexibls uihmiltriac@phﬁmhg gn alkectrostatic

| east one. 10 trace coated on, at st .one surface
d{sp}@(g‘olpmltg\gcfegugeh sqid e%%W%lw cﬁ?l]@?trle §Y qt]ﬁ{f havmg at least one

tra& Gk V! oY }e%%de%%ﬁyﬁﬁﬁéoiaﬁn& £agh c@nd%l%{/é B(E)lg;ﬁgrn tdi8ing

non-critical region of e ¢ircuit, forned
scledtioatytappliedbven aratildasig Rysoreh thapatbbntlcn‘l régordéf thg cinahts formed
havi n of . from about ,70.rm t.o abpu

wi.dt h 300
bR SEB DB BT AP e S ERIGRE BEpb g widlhs of from

attfult 76 hf to Mk B@@m@ﬁll&v BSmAEnSa Web ulivitill ditiont BéfoRM printing
after the ovens, said web unwind station 15 havi ng

statdtl, sn bwen 4yt b Webevind sn |St31|tlen gifter thetovemny, aid n‘@bamwmd station
i nterl

i ol S iR e exfe ExR8Tbh BHP R iliievel fl o1 |

conductlve pol ymer coating on at |east a portion of a

non- gy it gaéonflﬁlgd Nedfro-Fed? Hlﬁl‘ﬁ#g }]S%cesg leSpdeRevety rf&'Hhﬁg a thin

conpri si ng: prOV| ing aro nterl ever materi al

c@mﬂcmverpﬂlymmf colatieg b hieleast a puition diaviongritinhltregioe of 2@lurality
cuits. positi.oned across a transverse wi dth of the

ﬂFE-F‘Wﬁ“%CWBRPHB%d a plurality of rows positioned

P LT A 40,5 i acbe AP i
cmoiis pgsitibeedmshbosa adrankierienwidihl afithe rofeinarrow), ard a plugality of rows
pgset(?oended iapon% a longitudinal direction of the roll, unwrapping the interlever material
from the roll onto a web, moving the web and the interlever material at a set speed in a
web direction to pass by the roll of flexible circuits, feeding the flexible circuits off the roll
at the same speed in the web direction while maintaining a web tension by means of a
plurality of idler rolls, moving the web into a printing station, applying a conductive
polymer composition by means of a transfer printing technique to at least a portion of the

non-critical area of the flexible circuits in a transverse manner across one row of flexible

circuits, moving the web a prescribed interval in the web direction, repeating the printing

-10-



web direction to pass by the roll of flexible
circuits, feeding the flexible circuits off the rol
wa@tootso4sane speed in the web direction whil e PCT/US2003/027362
mai ntai ning a web tension by neans of a 25 plurality
of idler rolls, noving the web into a printing
station, applying a conductive polyner conposition by
stefe an sheaddj v ehtr @msdfeftexjiie ¢itduity, repeating thecprinmingtstdpeqatsciibed
.portion of the non-critjcal area of the flexible
ingeryvly syl thaf each Fosnissinied, %&W@Vmgé%wgb B2 dpjpgpven.
flexible circuits, noving the web a prescri bed
interyal i,n_the web directi.on epeating.the printin
110 W 20647553 5Fop Bt} b BES onlitisipity s pideatment
stasljiRepridr t6 @é Srintfnigexdpbl € circuits, repeating the
printing step a prescribed intervals such that each
rowis printed, and noving the web into a drying oven.
5 12. B.pr oAgusceaseaodliingjtotadaiol B whdrginfamnixedigas plapma s usgd,
l. asma gget{eatnen step just prior to the printing

a
CUPIIINESATEIN, PATRF Y HEO%YETr ding to claim 12 wherein a

m xed gas plasma is used, conprising argon, nitrogen,

and AYQeR. rgféless &OQRH&%&)SCIQ&CPF Hl'rtﬂgr éo?n sﬂ{gnﬁ Jo]r na treatment step

furthér conprising a cbrona treatnent step JUS? prior
jukwpridieo firel printing sepep. 15. A process according to claim

11 wherein nultiple coating steps are 10 performed on

each circuit. 16. A process according to claim1l

wher &}.-n af negesssaccofdingie damdulcwherein multiplemoating steps are

10 %ﬁggg bkkga%gﬁm%pplied to the circuit web such that

PEIATER QB S8 ?oms'through any openings in the web and

wi cks between the interlever material and the circuit

web, 1@l sos \X?Q@fztsé E&oftﬁ‘ﬁ% Bagks AewRdretnB A&k 8F e Gnductive

substrate th a thinTayer of conductive polynmer. 15
pelyrher composition is applied to the circuit web such that the excess flows through any

openings in the web and wicks between the interlever material and the circuit web, also

coating the backside of the dielectric substrate with a thin layer of conductive polymer.
15
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