WO 2007/ 095011PCT/ US20071003162 FLAME RESI STANT COVERCOAT FOR FLEXI Bl LE
CIRCU T FIELD The present disclosure generally relates to the field of
flame-resi stant covercoats. In particular, the disclosure relates to
flame-resi stant covercoats for flexible circuits. 5BACKGROUND Fl exi bl e
circuits aMO MUY lused in the area of consumer el ectreci/uszodumestso t he
substantial reduction in the thickness and size of the resulting product. In
particular, flexible circuits are currently being used in the construction
of disc drives and flat panel displays for consuner products such as

tel evision nonitors, conputer nonitors, and 10nobil e tel ephone nonitors. As
el ectroni c technol ogy continues to progress, consuners are increasingly

interested in thi i1 use of
flexible circui tsW%ﬁ?ﬁm@@ﬁ%ﬁbg@l%%gk‘g%&}g@“ﬁ%ﬁgﬁ%and phone
monitors allows the thickness and wei the panels to be substantially
reduced, providing a nore conpact pro .~ 15When el ectrical conponents are

used i n consuneThepeednt disclosyre gameealipuelatdsao tiekinld bbilgnevesistart hevapc@diict from
igniting of shorting. Thus, to ensure cons r safe he, gl ectri cal
cgnpone%tsﬂkﬁmgﬁﬁmbgﬁgﬁﬁgpm@F%@F?ghﬁ%gﬁﬂﬁ§¥ﬂ§8@§r hﬁ?ﬁﬁf?8§§"fﬁﬁ%ratories
UL) registration, which provides fjr ion testing and approva
éro%eéu?es. Additionally,pto preve%*“ﬁ%&ggﬁgﬁ@ shorting gf eIecFPica
conponent s, fl eKiekitde circuits ateswidelyueed ith therhreh af corshker eledtaniicsidvako ttesi st ance
inrelatively harsh.enviro nts, such.as 85%.r el atJ ve .hum di and 85
degr ees Ce?"sti\slf?ggf(‘lé?d‘&ﬁ\?f‘ t“b&%&f’fl‘?‘ieﬁ%ﬂ'ﬁﬁ&e qfﬁg%lgs?‘ogﬂ%mog?’rﬁtntlg PAiCR)| ¢
circuits aflexiblepireaitd are conertBhenig dtedinpthe tegtinutorcofdisccdrivtes tand Alsogaael t he
flexible circuit fromthe external elenents of .the environnent. Tae -
covercoat GHPKLIOF CRBIHEICE PERARESS sich;as t%EE‘FlPBHP‘SP“PTSaﬁ%’-‘P‘gﬁ @?ﬁ%‘s’é‘ﬁ moi sture
i Mperni ousmopil@widphbge Rioaitas! KoBle2Bbmic tdehndlbgxiditiaues toguodresshedhsaxpased to a
hi gh hum dity or hi h,ten¥%£at re environnent. TE%s,grotgcts ains% t he
el ect ri cal AEIRPERTERS EFre oo  PIBRT AR ERQTR EP PR FIEPRIGAROLYET-+ HRguse ©
¥\r1i | e soneflexibRidikgitemrthe &anﬁﬂt&foﬁ@ﬂ&el@ﬂﬁ@%fdoﬁﬂ;?ﬁbﬁ, aﬁxﬁ@hﬁﬂ@lﬂi&hﬂo@fallfﬁﬁ fHeng
ame-resi gtgnce tests, st are not capabl.e, o assing..electrical bias
tests at h LR TR RS R R ToH4e0; ROHAINE ARPIEIRR ¢ hat
the covercpridgct end to absorb noisture from 30the environnment, causing the
el ectrical resistance to break down over.tine. An_exanple of a current
coverlPoat co npo%?&??cﬁ'&“ﬁbofﬁ?é‘amﬁ &Iy B’()W‘Bﬁgre%ecé@ggﬁscﬁé‘f mu XPased
cover coat StAsrevdny BieGRbdukt RS iAINAE besHIrtiM SR Jtof o th@kintk 84fe6y, RSt S
w t hout the use of a WD 20Q7/095011PCT/ US2007/ 00316 halog%P such as a
br oni nat ed®iFFiEk OBPRRERR ot Alhorasuper AlSAYORIeH IpShiAss Uaéarbwer@f aBaralqrisy
el ectri cal (WEPleglsBRGES, :@SdSpravid& fire prdtectionQEting 2Bd GFIBOAI PR6eedaRE, t O prot ect
flexible circuits_in consuner eleﬁtnoni%s. Additional |y, current ,covercoat
conposi t i oftddiFRRIbA 19 preyverttigRandshoiag of gleeicpermParets fssiiie cipiieh can be
envi rapnmentully/ meidtdih GeH dlectBBRIETEtaRtdMARY tively harsPRviesiRditdlendh Afant he
present invention is a conposition for a flanme-resistant electrical circuit

cover coat PHEITEERHRhumisHs apt £5 desee{crlsun S marenasptieFo meskthesen anot her )

enbodi ment rQhirkentB! RKENE cirdi8 BEd 19Picaldy EdverddRlith & pictdtiilve H¥rile s Frofdbst rate
and a flame-resistant covercoat cqQnprisi n% a mxture of _a urethane and a

10phosphi nthedlexible circyit from thegxirrd clemmntiibsnenvironmsat. pheconercpa@ihe on, a

met hod of fiekiBlebrcait id @%irRb1@ Naik Ghiftatahl) nididthRMRpES &S] HBLidaRVGbeeddn
includes (1), m xmge a phosphi nate_and a urethane sol der nask to forma
conpa®i ti off PEMXE HPErEISaErP2Y tabigh Ay FdrgoSTpeIE SNYRMISEXi bl e
circuit, amHis(pBdte&ybidifstihteelsdadaeorhpdhehidlof tid Jré@idt either igniting or shorting.

While some existing current covercoat compositions are capable of passing flame-

resistance tests, most are not capable of passing electrical bias tests at high humidity and
high temperatures. This is due to the fact that the covercoats tend to absorb moisture from

30 the environment, causing the electrical resistance to break down over time. An example of
a current covercoat composition being used is an epoxy-based covercoat. Epoxy-based

covercoats are typically not capable of passing flame-resistance tests without the use of a

1



15These and ot her aspects of the present application will be apparent from
the detail ed description below. In no event, however, should the above
sumari es be construed as limtations on the clainmed subject natter, whi ch
subject matter is deflned solely by the attached cl ai ﬁ@ﬂ) Pﬁ anended
during prd¥R&W7PEAL BRI EF DESCRI PTI ON OF THE DRAW NG 28The 80 igure is a
cross-sectional view of a covercoat derived fromthe conpositlon of the
present invention on a flexible circuit. While the figure sets forth
an enbodi ment of the invention, other enbodi nents are al so contenpl ated, as
noted in the discussion. In all cases, this disclosure presents the

i nvention by way of representation and not |imtation. It should be

under st oodh#thgdn, ’a‘uﬁﬂwmrtnumnmttdmiammwfdamatahd afe pidadyheictiapaid of gasinge

o hel oY Her BRIt panideth ottt il fheseitte fotptof e wit oottt TP B Segig o e

DETAI LED DESfstinkr¢1€ironics. Addmonﬁhse, Gufrest dolvEiebat doﬁqp@sﬁb%ﬁ?ﬁﬁn& RNk ayi ew of
covercoat 10 of tE {)resei i nventi o in 30usea:lf1¥|m exenplary flexible
circuit 12lcagppgragricalip %%ﬁ‘?p‘f“’lt@éﬁ% sPHdioasptatty vpfiiandlier  phosphi nat e

conposition that is flane-resi staMgWs el ectrical bias in harsh
WO 2007/ 095011PCT/ US2007/ 003162 e r an extended period of tine.
The high flanme aneealibedinidnt af the psdseritamention DREEdnREitbh EOY REGOadsistdht make
covercoat 10 and.fl exi bl e ci rﬁ@ 12 durabl e and catgabl e of withstanding

hi gh humi dPESIISHEETPEROYRRYA I YARE2 PHQSBRARE 25d ¢ XrBHE SBHCEBGEF-coat 10 i s

that the thi Cknﬁﬁ&dﬂﬁeﬂeﬁﬂnoﬂﬁﬁéﬂt agtherpretsh&xmkanaoﬁlamwxme ticiisindRdeeased.

Addi ti onal | t he ositjon can also be easil pplied to flexible
circuit 12% trét?r'ﬂ} aﬁf?a’[es’é@ﬁt ?C}’(ﬁmﬂéttcﬁﬁ’(%mm?ﬁéng@gﬁloﬁﬁbeﬂﬁnsﬂ‘ Pe circuit
121 t hus mapRdsphidgtee! ectrical -resi stance and fl ame-resistance needed in the
construction of _consuner electronics, inproving the durability of flexible

circuit 12 that Ib¥srepeihsr embrdimenssiheqresegt iny - & sthpd i fpwpipg & sl ¢ ne

conposi t i oBir&fit whN Srfl%ﬁﬁtreéiﬁtaﬁﬁé&vb&tiétaﬁdlﬂde@%ﬂ tBkhEa bRSspRinatet®lt iaNGethaRXi bl e
circuits when 10constructing el ectrical conmponents of consuner_ el ectronics.

Wi | e covefldgimasy tp forgp & spBedtionfor brepesieeats ) coptingthe sporpasition® 1B r cui t |

cover coat ﬁ@x@ﬁg’blﬁgﬁta@rtg?]wthé EcttedCIPOEREuit. N Whi ch fl ame-resi stance and
el ectrical -resistance in h tenperature and high_hum dity environnments are

desi r’@d char act EF?S&@@@%@@&M&M RISSGR *tPPhE%RPé‘r%’é'dtc apparehicremdie o

phosphi nat geilh desbififidIeRow Oty em%eveﬁ dhoGRINEE BbdRIsuRRGrREHEI N are
expressed in wei ght percent, unless otherw se stated Suitabl e conponent

concent r at CoffErugd as ﬁIth‘WS%r’FB%§1F“t*"ieélr$“?15ﬁfg€ﬂt‘r‘qﬁo‘fﬂnﬁb6Ehleq@5tteblsé1§58?d 30%
phosphi nat @ol@?%ﬁﬁ@&&acﬁga/‘bfaﬁn@l%’%y%@%Hﬁcfédktﬁﬁﬁéar té@@ﬁndﬁmk based on the

total conposifional weight of the conposition icularly suitable

conponent concentrati ons R®REEFDEITRICVTPRSHE TEE DRAgENG om about 15%to
about 25% phosphi nate and 75%to about 2085% ur et han smdgfraqlf sk, based on

the t¥® al conpodPf sRIREGS Grrrossmeqtivaal c"’d??‘ngPf’?Yﬁﬁc"&?‘ d in the art

Wi I appregh@bssifot bdk BreORAR@ibn 698 Gekibleddiicanit. r anges for obtaini ng

compar abl e phys perties o the nuf act red articles phosphi nat e
i s represent ed b@}“l t?‘e%g‘tﬁ?eﬁe@ P&‘T igeRt qf) R OH’ieW’BP%‘ﬁ’t“e’étﬁ Qre

each Cl- 05 aBbk¥htembpldf@B ks A6ted) irHihe Bﬁdussxon. In all cases, this disclosure presents the
invention by way of representation and not limitation. It should be understood that
25 numercus other modifications and embodiments can be devised by those skilled in the art,
which fall within the scope and spirit of the principles of the invention. The figure may
not be drawn to scale.

DETAILED DESCRIPTION
The sole figure is a cross-sectional view of covercoat 10 of the present invention in
30 use with exemplary flexible circuit 12. Covercoat 10 comprises a single or multi-layer

phosphinate composition that is flame-resistant and maintains electrical bias in harsh



and/or aryl groups; Mis My, Ca, Al, Sb, Sn, G, Ti, Zn, Fe, Zr, Ce, Bi, Sr,
WMh, Li, Na, and/or K, and nis fromlto 4. Exanpl es of suitable
phosphi nat es i ncl ude hal ogen-free organi ¢ phosphi nates. Comrercially
avai |l abl e exanpl es of suitable phosphinates include, but are not limted to
WO 2007/ 095 WPEPFUE2007/ 003162 those avai |l abl e under t HET/U$2800008k681 gnat i ons
EXCLIT OP 930, EXCOLIT 935, and EXOLIT OP 1230, from d ari ant Corporation,
Charlotte, NC. An exanple conposition of a suitable phosphinate includes a
pol yol m xture, polypropylene glycol, polyisocyanate, and phosphi nate.
S5Exanhpl es of suitable commercially avail abl e urethane sol der masks i ncl ude,
but are not limted to those avail able under the trade designati on AR7100

Sol der Mask... jcl jne.. D , .

o aki - ohmvtchBhEIbaTE ol B LERRS. 9% KOMRARY apl WGRRRIBSEAGs H0s,
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test provided, bel ow.n.the Ex .es section of .the specification,.An exanmple
o St Pkt OF o IRUSToRGRMIH Rctroles TS ey o8 @™

of the flah®%¥ e coat e &1t e
present i n¥lexibleatirciis 12 et coveecann b iseprotecding tThessthanateristichomaks e a
significant_ anount time after.t S_expos to a flane for ten
Seconas. - TheRGR gty D Bk bR R MBI e i Bener 1on -
seconids, anchstustingdilettriat compbranteenitcondnurer Electraniss. gWibile cavircad@ it of ti ne.

Addi ti onal | the s | e di d not rn,to a.cla hol di ng the s Le, or
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ignition and,hurning. FElexible circuit 12 coated with the conposition is

t hus capab?‘éghg?“’%é‘f’ﬁ?tvérﬁaﬂﬁ RS %Wagfwﬁgs. 25The conposition of
covercoat 10 al She sahpdsiticisofdoeat6dtdalindheies atphogshinale hat s bredaut saderent s f or
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cover ts. e.electri o, €SI S e 0 e, conposi.ti on a a
(T oxi br o coPR PR Ea gt 710a S 8P A Srethate At Bapealo e RTR),
t enper at ur esmasxitidnabWweightoitthe gompdditdost Pdati@mbirlyguithle cbepbidne cancestdations The
| ectrical ISt f th it f t 10 i
bursuant -t 8R4 SRRPP R Biesd bt oS ab B o g A aredt B on
of th _rm)h V\Dsﬁﬁﬂﬁéﬁaﬁ%_ﬂd@e}i{t alhlSZf%g&Yg &Qﬁ&Gﬁﬂ%ﬁ@bﬁﬁﬁﬁﬂ:vﬁﬁight/éfﬂ&(sjdo&‘llpaﬁifiepeq:Jal to
r higher an r,oxi,mat el \ +9. ohns an _exanpl e of good electrica
sl st ance 0P ROREGH BT Vi ot Sr R ebR Bl SR etempatoy eIt ont 10
i ncreases heiding anpardble pliysidabpiobtreiecofithe ianlcmeat dcles.t h covercoat 10. )

Because the co si}%ci)o . n§|.nt aiergss te‘égc_tri cal resistance when exposed to high
humi dity 5and %ﬁp éﬁ%‘éﬂ?‘ tBFREFFe bl e circuit 12 protected by covercoat
10 can withstand harsh environnents for an ended period of tine.

covercoat 10 is prepared by adding sphi-pal ev?nt o a uret hane sol der nask
at a ratio of between approxi mtely % to approxi mately 20% by solid weight
of the solder nmask. 10The m xture is well mXxed. After m xing, the
conposition is applied to flexible circuit 12 to obtain a final film

t hi ckZfess GOVhdreRyaed Rappe thel sumicedrydiferent axdonrs castd Ca@aradixilhdieal yr Bfhnoh&l, ons
when dry. The final filmthickness,.i ef er abl t yee PLOXI [ 25
m crons an&nfiﬁlﬁ)%gg’f?ﬁ%l 1§§ﬁgﬁr}gq"&']s§%hc%rﬁ%%@%’t@%%%&%ﬁf‘%y"t hen
cured i n anndvel; &id hetiween tappr oxi mately 100 C and approximately 200 C for
about one hour. _The 15cpate terial Is ferably cured at approxi mtely
150 C. At |east E8HEPIEHE ﬂiﬂﬁgm%m%éeslmﬁ%ﬁ?a TerpeHR SRR BhesgESathe
conposi ti otCoafmeicially e¥tiable dkhdbles aNsudabld PREshihatddn8udd, daeard hotlimitad td cl e
where flane-resistance and el ectrical bias are desired. Al though the

illustrati ve enbodi nent of the covercoat is described with reference to
flexible circuits for use in consunmer elgctronics, it is

Covercoat 10 may be made using a m Xign nd ¢oating process. A sanple of
hosp



20under stood that the covercoat may be adapted for use with materials or
substrances of any type. EXAMPLES The present invention is nore
particularly described in the foll ow ng exanpl es t hat are i nt ended as
illustrati | si nce nunmerous nodifications and v tions wthin the
25scope of&p%g&gr%aslent invention wll be apparent to t Z"%??‘Fﬁ?%@ in the
art Unless otherwi se noted, all parts, percentages, and ratios reported in
the foll owi ng exanples are on a weight basis, and all reagents used in the
exanpl es were obtained, or are available, fromthe chem cal suppliers
descri bed bel ow, or may be synthesized by conventional techniques. WO
2007/ 095011PCT/ US2007/ 003162 Materials Used EXOLIT 930: a hal ogen-free

or gani ¢ phhsghivaiiaide uvaden theapdde dfeﬁlgmtﬁnaEmIT@F P30, a}t@m*r GRehdEROINE, TX

EXQOLIT 123 ee organi c at ava | abl e from.C ari ant
5Cor por at |(gﬁ 13%&%‘6’8%%5 %¢° %1%”“ C%F@PEQHQ é‘d‘led@ﬁnp POSURPICEBI e from
Aj i nonot o ﬂ@aememmaegmmmmpmyo}lmﬁaﬁaqro%aqqyldﬁawﬂn poBAsocy skalfR @nd

The foll ow gkilest nmet hods were used to characterize the filns produced in

t he exanpl Bt¥derwriters Laboratories UL94 VO Fl ammabi | i ty Resistance
Test 3 Thi SE&B8pled oF sQitARA SRR IyQvaildite GrR1HEAEH S madks Mddde! Butt O
either extinguish or to spread a f|anme once the article has been | nlted
The articl%®§ na*r]emftF‘r@tth%a‘f’é‘éPWﬁ s Hie trags dpsianation AR G0 Soldes Mg i nch

by five In&ﬁn@haeqsnemﬂnabgy ChfHady,dn r;?‘cﬁ@t@ﬁj'ﬁdvﬁﬁ%ﬁﬁ -SHi, Hﬁe(a&mlﬁm and 23C
for at |east 48 hours. k/é_%as burner and arre are set up ursuant 15to

Ameri can SewRblerseldesdas Fog7Laiye, nkManpiagtyripg EoBprBht ed
and cl anpediniifedaT¥/ol Tdpah. POSI t| on and subj ected to the flame for ten
seconds The flame is then withdrawn and the first burn tine is recorded.

Af't efCt he bur ni Hee easpositionof govarenpp 19 gy ghpiledudenddifipnghapterials an varying
seconds. Th@céltARRnd & lﬁ@mdmame!ehg Xleecﬁlr}é F&%xaﬁﬁende%mﬁogﬂsn hﬁa.y feaRr ded.
Addi tional data recorded i nclude: fterglow after the second
20app! i catinekide pipaacmis; Qrﬁeleasfsﬂoar-ewmﬂﬁsas@ % Nscosiyipodifig. ddet her t he
articles dephifidifikagR@rticles that ignite cotton positioned underneath the
article. Steady State Tenperature Hum dity Bias Life Test (JEDEC/ EI A Al01-B)
This test is a FRaeEROSHAn ofFovdaeoas | @ é Hamagresistast whidelso gfainipiping| es coat ed
wi thishe cQoRasltlofamt. The ARhE$6: arldd b8 e BRmoklibR s heasiRR ﬁ&gagmttbe

covercoat, the sanples are 25cleaned in an ultrasonic cleaner for

seconds. 'Iﬂ@maﬁwl@{ tesf papadedieaiovs|im thedExgmples sectionof the spegidicpiigye rAlan d d ri ed

with fi1 ¢ ethn COMRE ARREdeMtine A b hmPleRRRER lim!hEcdthbdsHiiPordhipaat ed Wi th
the conpositi on of e covercoat to a hi ckness ‘of appr oxi rrately 50

m crons. Tipwentioniig ﬂ@éﬂlarsempheirri poteroatinyafo AHmelns Highi fifeny ampwnt gbtige after
tenper at ur @ Rihi-AMIRRbosedMo 4 Rhfie $OP4kA Q&Hﬁ&t THe sﬁtﬂ?fe' WAOMEr 8okt Eosthé S

applied to the articles and the current between he positive and negative
bi asé@ r egflemeagain fiyanathes tep secoads apd alse Aisknot centinae de buirciar a sigpifemts

I ndi cat e highyJ: 88 s 2 AR AR She £ léhﬁ%oh&)(rhwa LERiphAAGe tﬂ@sl,aﬂ‘ﬁ)?e %EOU”d
1E+9 WO 2007/ 095011PCT/ US2007/ 0031 are considered to have very good

r €si st anceignit¢ cetrm pogitioaerd baretbdhe sa@nm Bedapsegpysrcopthld is flame-resistant,
flexibie circuit 12 coated with the composition resists ignition and burning. Flexible

circuit 12 coated with the composition is thus capable of withstanding high temperatures,

25 The composition of covercoat 10 also maintains electrical resistance in harsh
environments for an extended period of time. This is accomplished by using phosphinate
in the composition of covercoat 10. The phosphinate maintains the electrical resistance of
eovercoat 10 in harsh environments when compared to currently used covercoats. The
electrical resistance of the composition allows a flexible circuit coated with the

30 composition to be exposed to high temperatures and high humidity without damaging the
flexible circuit. The electrical resistance of the composition of covercoat 10 is measured

pursuant to an electrical bias test provided below in the Examples section of the



voltage to that article is shut off and the article is considered to have
failed the test. Exanples 1-8 Exanples 1, 3, 5, and 7 are conpositions: of
the present invention, with conponent 5concentrations (in weight percent) of
EXOLIT 930 _and AR7100 Sol der Mask applied onto a polymde film as provided
in Table 1WOEBUHPPYE 2, 4, 6, and 8 are al so conposi ti offS/BF200HE318? esent

I nvention, wth conponent concentrations (in weight percent) of EXOLIT 1230
and AR7100 Sol der Mask applied onto a polymde film also provided in Table
1. Exanple 1 was nmade using a m xing and coating process. A sanple of the
10covercoat was prepared by adding the phosphinate into a urethane sol der
mask at a ratio of approximately 15% by solid weight of the sol der mask. The

m Xture Wag,eSabaRaH oA tdsyralfed baull %38 hidiet ﬁ{an%?ﬂoﬂgmatélgqm@mi ikhpn was
applied to'a polymde filmto obtain a final "Tilmthickness of between

appr oxi mat @ypictEced shstrigakresipiarexe it earypostion dihssieciffehregisiancaple coat ed
materi al wWage Lh&i (CibRokes hethr by neRR Qeelifabebited W9thColBlcod@pout one

of
hour. Exanples 2-8 were nade .us[%g the sane process as di scussed for Exanple
1, except Berausethe cempedian meinkins efctioebresiFtapso wheriemosed P ighbumihity vari ed.
The thick : ' s | | | S was
O b R R R S
t est ed f orenfviranmmeits fortan ex®atédperiodradines t he conposition concentrati ons,

burn tines, aft ' . art| : t , and
whet her the artlé((g: ég‘?vgéﬁ‘?ﬁdég%%é‘% g%?i%gg@%%ﬁ%yélg%%h@%gﬁg&t%St gke?r{éffhods
di scussed aiverceat Y is Erepaysddy hd8ing Pabiphirhtdiato £i@thaite solder, mynk @akPdioofi de

E:Ih ;?rg ness, bemelr; ap%%ﬂmHeHPI 0% ?ocaﬂpgoﬁ}ﬁg&f id% by 365 &’Lfgﬁ{ 91’ t(l)x@/mlﬁ@rcmmr nto

10 The mixture is well mixed. After mixing, the composition is applied to flexible circuit 12
to obtain a final film thickness of between approximately 20 microns and approximately
40 microns when dry. The final film thickness is preferably between appfoximately 25
microns and approximately 35 microns when dry. The coated material is then cured in an
oven at between approximately 100 °C and approximately 200 °C for about one hour. The
15 coated material is preferably cured at approximately 150 °C.

At least one embodiment of the present invention provides the composition of a
covercoat that can be used on the surface of any article where flame-resistance and
electrical bias are desired. Although the illustrative embodiment of the covercoat is
described with reference to flexible circuits for use in consumer electronics, it is

20 understood that the covercoat may be adapted for use with materials or substances of any
type.

EXAMPLES
The present invention is more particularly described in the following examples that
are intended as illustrations only, since nu:ﬁerous modifications and variations within the
25 scope of the present invention will be apparent to those skilled in the art, Unless otherwise
noted, all parts, percentages, and ratios reported in the following examples are on a weight
basis, and all reagents used in the examples were obtained, or are available, from the

chemical suppliers described below, or may be synthesized by conventional techniques.



Ignite Cotton VO Test 1 15% EXOLIT 930 4 0 O O No No Passed 2 15% EXOLI T
1230 4 0 0 O No No Passed 3 20% EXCOLIT 930 2 2 0 0 No
WO 2007/095011 PCT/US2007/003162

Materials Used
EXOLIT 930: a halogen-free organic phosphinate, available from Clariant
Corporation, Charlotte NC, TX,
EXOLIT 1230: a halogen-free organic phosphinate, available from Clariant

5 Corporation.
AR7100 Solder Mask: a urethane solder mask, available from Ajinomoto Fine

Technology Company, Incorporated, Kawasaki-Shi, Japan.

The following test methods were used to characterize the films produced in the

examples:

10 Underwriters Laboratories UL94 VO Flammability Resistance Test

This test is a measurement of the tendency of an article to either extinguish or to
spread a flame once the article has been ignited. The articles are first coated with the
covercoat and cut into one-half inch by five inch pieces. The articles are preconditioned at
50% humidity and 23°C for at least 48 hours. A gas burner and flame are set up pursuant

15 to American Standard Test Methods (ASTM) D5207-97. The articles are oriented and
clamped in a vertical position and subjected to the flame for ten seconds. The flame is
then withdrawn and the first burn time is recorded. After the burning ceases, the flame is
applied for an additional ten seconds. The flame is again withdrawn and the second burn
time is recorded. Additiona! data recorded include: the afterglow after the second

20 application, whether the article burns to the clamp, and whether the articlels drop flaming
particles that ignite cotton positioned underneath the article.

Steady State Temperature Humidity Bias Life Test (JEDEC/EIA A101-B)

This test is a measurement of the electrical resistance of articles coated with the
composition of the present invention. Prior to applying the covercoat, the samples are
25 cleaned in an ultrasonic cleaner for 30 seconds. The articles are then placed on lint-free
tissue paper and dried with filtered, compressed air. After cleaning, the articles are coated
with the composition of the covercoat to a film thickness of approximately 50 microns.
The articles are then placed in an 85% humidity and 85 °C temperature environment. At
this environment, a continuous 90 volts is applied to the articles and the current between
30 the positive and negative biased regions of the articles are measured. Low electrical

currents indicate high resistance values. Articles having resistance values around 1E+9



No Passed 4 20% EXOLI T 1230

2 000 No No Passed 5 20% EXOLIT 930 4 0 0 O No
No Passed 6 20% EXCLIT 1230 4 2 0 O No No ' ‘

WO 2007/095011 PCT/US2007/003162

are considered to have very good resistance. If the current exceeds (.01 milliamps, the

voltage to that article is shut off and the article is considered to have failed the test.

Examples 1-8
Examples 1, 3, 5, and 7 are compositions of the present invention, with component

5 concentrations (in weight percent) of EXOLIT 930 and AR7100 Solder Mask applied onte
a polymide film, as provided in Table 1. Examples 2, 4, 6, and 8 are also compositions of
the present invention, with component concentrations (in weight percent) of EXOLIT
1230 and AR7100 Solder Mask applied onto a polymide film, also provided in Table 1.

Example ! was made using a mixing and coating process. A sample of the ~
10 covercoat was prepared by adding the phosphinate into a urethane solder mask at a ratio of
approximately 15% by solid weight of the solder mask. The mixture was subsequently
well mixed. After mixing, the composition was applied to a polymide film to obtain a
final film thickness of between approximately 20 microns and approximately 40 microns
when dry. The coated material was then cured in an oven at approximately 150 °C for
15 about one hour. Examples 2-8 were made using the same- process as discussed for
Example 1, except that the concentrations of EXOLIT 930 and EXOLIT 1230 were varied.
The thickness of the polymide film as well as the final film thickness was also varied.
Articles coated with the compositions of Example 1-8 were tested for
flammability. Table 1 provides the composition concentrations, burn times, afterglow
20 time, whether the article burned to a clamp, and whether the article ignited cotton, as

analyzed pursuant to the methods discussed above, of Example 1-8.

Table 1
Polymide
EXOLIT type, | thickness, | 1 Burn | 2°¢ Burn | Afterglow, | Burn to | Ignite Vo
Ex. Wt % mm time, sec_ | time, sec sec Clamp | Cotton | Test
1 15% EXOLIT 930 4 I 0 0 No No Passed
2 15% EXOLIT 4 ¢ 1] 0 No Na Passed
1230
3 | 20% EXOLIT 930 2 2 0 0 No No Passed
4 20% EXOLIT 2 [ 0 0 No No Passed
1230
5 | 20% EXOLIT 930 4 0 1] 0 No No Passed
6 20% EXOLIT 4 2 0 H No No Passed
1230
] 15% EXOLIT 930 2 Consumed N/A 0 Yes No Failed
8 15% IE.XOLIT 2 Consumed N/A 0 Yes No Failed
230




Passed 7 15% EXOLIT 930 2 Consunmed NV A O Yes No Failed 8 15% EXOLIT '1230 2
Consuned N'A 0 Yes No Failed WD 2007/095011PCT1U52007/ 003162 The data
provided in Table 1 illustrates the flanme-resi stance exhibited by the

addi tion ofyg QJ}%ﬁh{ nate, such as EXOLIT 903 or EXOLIT 1230, to the coating
conposition of2 anarticle, as depicted by Exanpl es 1-8. PCh@&samvhoohes of
Exanpl es 1-6 exhibited mninmal to no burn tinme after being subjected to a
flame for 10 seconds, as well 5as no afterglow Additionally, the articles
of Exanples 1-6 did not burn to the clanp maintaining themin position
during the flanmability test, and did not drip flam ng particles that

i gnited cotton placed under the articles. The only difference between

the articles of TEéaﬁBlpﬁﬁchedaﬂd‘a&e ﬁﬂdstfa'f@, tﬁé ﬁm&e@lﬂncﬁkﬁmit&ﬁbi gand 2,
respectlvel%ﬁawas t he thickness of | m The conpositions 100f

Exanpl es 72 O%O%P@SBIBE%%OF”G?\%EK%TQ% GéB?(ﬂWH§§pﬁﬁﬂéP ¢Blie&ness of 2
11 1Tet €1 Gomb S aSiicid B dSABRASY EhaRpLeSl- SO AMRAS LBt uer 6 COal od

onto a polymde film havin i cknéss o lineters. Whil'e the articles

of Exanpl egxhibifgdminimalitp np %S‘%%Fﬂfﬁ péenheing Sa‘hi’?ﬁlﬁﬂ rttp pjlamedpr lQ ﬁ'@O@dss aw@é of

Exanplkes 7 t8e aft!, IRk ¢4 &4 BPb FJE% d}ﬂj
secong The Exan%@wa'i&and 8 grt?%ﬁglsegg Hrne 15tno t anp hol ding the
articles. nwrtt@mngalsqm 1qm:tmdm5hmﬁmﬁnamb@sstamwdzoum flgningurn -

particles that ignited cotton placed under the articles.

The only difference between the articles of Examples 7 and 8, and the articles of

Examples 1 and 2, respectively, was the thickness of the polymide film. The compositions

10 of Examples 7 and 8 were coated onto a polymide film having a thickness of 2
millimeters. In contrast, the compositions of Examples 1 and 2 were coated onto a
polymide film having a thickness of 4 millimeters. While the articles of Examples 1 and 2
both passed the VO Flammability Test, the articles of Examples 7 and 8 were consumed
after being subjected to a flame for 10 seconds. The Example 7 and 8 articles also burned

15 fo the clamp holding the articles. In contrast, the articles of Examples 1 and 2did not burn
after being exposed to a flame, exhibited no afterglow, did not burn to the clamp, and did
not ignite cotton. The fact that the articles of Examples 7 and 8 burned after being
exposed to a flame for 10 seconds can be attributed to the fact that thinner asticles tend to
burn more easily than thicker articles.

20 The only difference between the articles of Examples 7 and 8, and the articles of

Examples 3 and 4, respectively, was the weight percent of phosphinate in the coating

s

compositions. The articles of Examples 7 and-8 were coated with cbmpositions that
comprised 15% by weight phosphinate. In contrast, the articles of Examples 3 and 4 were
coated with compositions that comprised 20% by weight phosphinate. As can be seen in
25 Table 1, while the compositions of Examples 3 and 4 both passed the VO Flamumability
Test, the compositions of Examples 7 and 8 did not. Thus, the addition of more
phosphinate increased the flame-resistance of the coating compositions,
The articles of Examples 5 and 6 differed from the articles of Examples 7 and 8 in
two respects. First, the compositions of Examples 5 and 6 were coated on thicker
30 polymide films and second, the compositions of Examples 5 and 6 also comprised a
greater amount of phosphinate. As with the articles of Examples 1, 2, 3, and 4, the articles

of Examples 5 and 6 also did not burn after being exposed to a flame for 10 seconds. The



after being exposed to a flame, exhibited no afterglow, did not bumto the
clanp, and did not ignite cotton. The fact that the articles of Exanples 7
and 8 burned after being exposed to a flanme for 10 seconds can be attri buted
to the fact that thinner articles tend to burn nore easily than thicker
articles. XHE7¥PN difference between the articles of PERESEW3IB2and 8,
and the articles of Exanples 3 and 4, respectively, was the wei ght percent
of phosphinate in the coating conpositions. The articles of Exanples 7 and 8
were coated with conpositions that conprised 15% by wei ght phosphinate. In
contrast, the articles of Exanples 3 and 4 were coated wi th conpositions
that conprised 20% by wei ght phosphi nate. As can be seen in 25Table 1, while

t he conposj i - h gm}%i ity Jest,
t he comosﬁlkgﬁgf%ﬂ@gﬂgﬁs ?Sgggétgﬁglﬁgﬁ %%ﬁ?%t eogggi tl hblt)l%}{lrtr%re
phosphi nat ectiongositisne bdneathithemxamplisst ance of the coating conpositions. The
articles of Exanples 5 and 6 differed fromthe articles of Exanples 7 and 8
in two reshramgles E12st, the conpositions of Exanples 5 and 6 were coated on
Lhi cker 30pol ¥ kgLl &8P ad S6RR0IHERGRIRISH [RBRE] W ATRS5eR and 6
al so conprised a greeater anmount of phosphi nate. With the articles of
Exanpbes Ilgon2¢niBitionnin 4veight peraent) of BXOBIT Biianpl AB.750GhBelder Masioapplidd poie bum

after bein ed t > 0 C s

2007/ 0950 1%5@?‘%?’63?%@@% {rIQt(E:lF é‘s B} Efxl’g?r% |a;e[§I Tz %&s%c"éﬁ‘%"os‘tﬁ’u“é of the

exhi bi t anpmdnéinyeotivn, vthreoinpotdng cah@nations (ingmight protendrefpBEOEII0NEE beneat h
t he exanpl v 9., an kLA of the
present i n%gdnﬁﬁq%vﬁ ??‘lr%g%%pagﬁfeg%@@g% 8leYn lg%%ﬁja’%é&(é}ﬁvﬁg‘?%?&gg%'cent) of
EXQLI T 930 and BR#ifes FAL cere hddusiggpth sgine ptogess a9 desanibed abiverfpr Bsamplovi ded
in Tahle 2, Exanples 11 and 12 are al so conpositions of the present J
i nventi on, W th conponent concentrations (in weight percent) of EXCOLIT 1230
and AR7100 Sol dartidiéssioatap ptithable cortigositiqns lof Exaleples P12 vedrs despaddor eledricai Tabl e
2. Exanpl es. 9- re made using the sane, process._as . describe ove for
Bcanpi o 1075 TS bR rbe i DR S S R BBl s o 12
wer e t est epurkwint &l the hretledk dbc@ased Atalyk,eofEqampld 91438. t he conposi ti on
concentrations and resi stance, as anall?%?dzpursuant to the methods di scussed
above, of Exanple 9-12. Table 2 Exanple 9“Exanpl e 10 Exanple 11 Exanple 12

EXCLIT type, wt % 15% EXCEAdalp@30 20%Ekatipiid 10 930 15%enbl@L 1T |12 3Bxample 12 |
EXOLIT type, 15% EXOLIT 930 | 20% EXOLIT 930 | 15% EXOLIT 1230 | 20% EXOLIT 1230
wt%

Resistance after 1.69E+10 1.67E+10 6.57E+10 9.53E+9
112 hours, chms
Resistance after 1.90E+10 1.56E+10 6.25E+10 9.43E+9
185 hours, ochms
Resistance after 4.62E+9 2.66E+10 1. 88E+10 9.08E+9
255 hours, ohms
Resistance after 4 9E+9 3.20E+10 2.80E+10 2.08E+9
426 hours, chms
Resistance after 6.35E+9 3.09E+10 1.98E+10 1.32E+9
525 hours, ohms ) }
Resistance after 2.77E+9 3.66E+10 2.8E+10 1.71E+9
595 hours, ohms
Resistance after 1.27E+10 2.69E+10 1.44E+10Q 3.08E+9
693 hours, ohms )
Resistance after 7.69E+9 3.53E+10 2.97E+10 2.09E+9
767 hours, ohms
Resistance after 1.30E+10 4. 57TE+10 3.20E+10 3 48E+9
863 hours, chms
Resistance after 9.51E+9 4.04E+10 228E+10 3.8E+9
1014 hours, ohms

15 The data provided in Table 2 illustrates the electrical bias, or non-conductivity,

exhibited by articles coated with the compositions of the present invention. The articles
coated with the compositions of Examples 9-12 exhibited good resistances after being

subjected to the Steady State Temperature Humidity Bias Life Test. In particular, after



20% EXOLI T 1230 Resistance after 112 hours, ohns 1.69E+10 1.67E+10 6. 57E+10
9. 53E+9 Resi stance after 185 hours, ohns 1.90E+10 1.56E+10 6. 25E+10 9. 42E+9
Resi stance after 255 hours, ohns 4.62E+9 2. 66E+10 1. 88E+10 9. 08E-1-9
Resistancgﬁggbﬁ%gﬁﬁ hours, ohns 4. 9E+9 3. 20E+10 2. 80E+10 2. 08E+9 Resi st ance
after 525 Rodrs Py 6. 35E+9 3. 09E+10 1.98E+10 1. 32E+FGHAE207ARHE? af t er 595
hours, ohns 2. 77E+9 3. 66E+10

1014 hours, Example 9 had a resistance of 9.51E+9 ohms, Example 10 had a resistance of
4.04E+10 ohms, Example 11 had a resistance of 2.28E+10 ohms, and Example 12 had a
resistance of 3.8E+9 ohms.

As can be seen in Table 2, articles coated with the compositions of Examples 9-12

5 comprising phosphinate exhibited electrical resistivity in a high temperature and high
humidity environment. - .

The covercoat composition of the present invention is flame-resistant and exhibits
high electrical resistivity at high temperatures and high humidity without using any
chemical halogens. The covercoat also may have a reduced thickness and is easily applied

o by conventional coating methods, making its application desirable in the field of consumer
electronics, particularly for use with flexible circuits.

Although the present invention has been described with reference to preferred
embodiments, workers skilled in the art will recognize that changes may be made in form
and detail without departing from the spirit and scope of the invention.

15

10



2. 8E+10 1. 71E+9 Resistance after 693 hours, ohnms 1.27E+10 2. 69E+10 1. 44E+10
3. 08E+9 Resi stance after 767 hours, ohns 7.69E+9 3. 53E+10 2. 97E+10 2. 09E+9
Resi stance after 863 hours, ohnms 1.30E+10 4.57E+10 3. 20E- HO 3. 48E+9

Resi stance after 1014 hours, ohns 9.51E+9 4. 04E+10 2. 28E+10 3.8E-P9 15The
data provided in Table 2 illustrates the electrical bias, or
non-conductivity, exhibited by articles coated wth the conpositions of the
present invention. The articles coated with the conpositions of Exanples
9-12 exhi bited good resistances after being subjected to the Steady State
Tenper at AN dity Bias Life Test. In particular, after WO

2007/ 095011PCT/ 1152007/ 003162 1014 hours, Exanple 9 had a resistance of

9. 51E+9 ohns, Exanple 10 had a resistance of 4.04E+10 ohnms, Exanple 11 had a

resi stange of pzﬂaﬁéfremtaahmlblar&ﬁcﬁmﬂve}csaﬂeampaﬁn@n Eqaprajance of 3. 8E+9 ohns.
As can be seen in Table 2, articles coated with the conpositions of Exanples

9-12 5conpri si ng phobpirhivatedlamchichirdasti 2ad ectrical resistivity in a high
tenperature and hi g}ﬁrethane solder mask

wherein the phosphinate flame-retardant comprises:
a polyol mixture;
polypropylene glycol;
polyisocyanate; and

phosphinate.

2. The composition of claim 1, wherein the phosphinate flame-retardant comprises

between about 10% and about 30% by weight of the composition.

3 The composition of claim 2, wherein the phosphinate flame-retardant comprises

between about 15% and about 25% by weight of the composition.

4. The composition of claim 1, wherein the phosphinate flame-retardant is halogen-
free.
5. The composition of claim 1, wherein the urethane solder mask comprises between

about 70% and about 90% by weight of the composition.

6. A flexible circuit comprising:
a substrate; and
a flame-resistant covercoat comprising a mixture of a urethane solder mask resin

and a phosphinate flame-retardant.

7. The circuit of claim 6, wherein the phosphinate flame-retardant comprises

between about 10% and about 30% by weight of the covercoat.

11



hum dity environnment. The covercoat conposition of the present invention is
flame-resistant and exhibits high electrical resistivity at high
tenperatures and high hum dity w thout using any chem cal hal ogens. The
covercoat also may have a reduced thickness and is easily applied 10by
conventional coating nethods, making its application desirable in the field
of consuner electronics, particularly for use with flexible circuits.

Al t hough the present invention has been described with reference to
preferred enbodi nents, workers skilled in the art will recognize that
changes Bay b&hesidenit of clanm ahercighaphosphitdto famdegardantngnipriosn t he spirit and

scope of the ventlon A.fl app-resistant flexible circuit
cover coat co &F?}@Hméb%%PPélm@&§§4%Wd§%ﬂFﬁ C?Wﬁﬂﬁgretardant and a

ur et hane sol der nask wherein the phosphi nate fl ame-retardant conprises a
pol yol m xture; polypropylene glycol; polyisocyanate; and phosphinate. 2.
The conpési ti She eifcuet ofic rm 6, wheteisi the substrash syl vimide subsirate.r et ar dant

conpri ses between about 10% and about 30% by wei ght of the conposition. 3.
The conposition of claim2, wherein the phosphinate flanme-retardant

conpri segpbet vielertiRbioul cldmY6, avltkreih chet phdSitaye Nehghdiardint ch@piegposi tion. 4.
The conposition of claim 1, wherein the phosphinate flame-retardant is
hal ogen-free. 5. Tﬁﬁobﬁﬂﬁ€§Fﬁlon of claim 1, wherein the urethane sol der

mask conprises betﬁgﬁ&.ga 1? ?band about 90% by wei ght of the conposition.
6. Aflexible circ c nprl% ng: a substrate; and a flame-resistant

cover coat COﬂpFiSIp@yﬂmﬂEKﬁﬁMﬂdOf a urethane solder mask resin and a
phosphi nat e fl ame- r rdant. 7. The circuit of claim®6, wherein the

phosphi nate flane-P B‘Bgﬁt conprises between about 10% and about 30% by

wei ght of the covercoat. 8. The circuit of claim7, wherein the phosphinate
flame-retardant conprises between about 15% and about 25% by wei ght of the
cover coatll. 9 Ttrhelrcnmtrqf@lauméf wherainthGcovistrentdian a thiekneabefthetweeniabowt 280l yi mi de
substrate. . The %da%&h%O?mc&#a'”]G wherein the phosphi nate

ICI‘OHS 2l
flane- retarda i'Ses m Xt ure;

12. A method of forming a flexible circuit with a flame-resistant covercoat, the
method comprising:
mixing a phosphinate flame-retardant and a urethane solder mask to form
a composition for the covercoat;
coating the composition on the flexible circuit; and

curing the coated flexible circuit.

13.  The method of claim 12, wherein coating the compesition comprises coating the

flexible circuit to a thickness of between about 20 microns and about 40 microns.

14.  The method of claim 13, wherein coating the composition comprises coating the

flexible circuit to a thickness of between about 25 microns and about 30 microns.
15.  The method of claim 12, wherein curing the coated flexible circuit comprises

heating the coated flexible circuit at between about 100 degrees Celsius and about

200 degrees Celsius.

12



pol ypropyl ene gl ycol ; polyi socyanate; and phosphinate. 11. The circuit of
claim6, wherein the covercoat has a thickness of between about 25 m crons
and about 30 microns. 12. A nethod of formng a flexible circuit with a

fl ame-resi stant covercoat, the nmethod conprising: mxing a phosphinate

fl ame-retardant and a urethane sol der mask to forma conposition for the
covercoat; coating the conposition on the flexible circuit; and curing the
coated flexible circuit. 13. The method of claim 12, wherein coating the
conposition conprises coating the flexible circuit to a thickness of between
about 20 !fd cr Shemathad gbelamm hg wheegin paringithe copted flpsithoeirait comaiipgs13, wherein
coating the c circuit to a

t hi ckness of E%@mgg%c%g%g?ﬁg%hﬁﬁéP%%@ﬁgﬁgﬁhgﬁg%m§g&§¥§rons 15. The nmet hod
of claim 12, wherein curing the coated flexible circuit conprises heating
the coated flexibl CIrCUIt at between about 100 degrees Cel sius and about
200 degré@s céhemgod of gainyhd wheraypeursie the ‘&iaFﬁdlf?th}\h@F‘éli'trFo&HFP%g t he coat ed
flexible circ SEF t at about 150
degrees Cel si Eﬁsﬁngct[;é@{la'ﬁe nétﬂﬁ@%i&&? fg{%%% %gmﬁlgﬁéﬁ&%%gﬁ‘%{)%gwghe coat ed
flexible circuit conprises curing the coated flexible circuit for between

one hal f _hour u 1 The et od of m.17, wherein curing the
coat ed fllgm bl e’&’lc&V\gPFaE%?’ "g’é’é IR B ‘?‘f‘ﬂé"te&f%t"g’&e P85 BMBTIEESy cuit for one
hour. 19. TheciiihRélctedaivR diduitthesRiduf Xi ng the phosphi nate

fl ame-retardant and urethane solder mask to forma conposition conprises

formng a conposition constituting between about 10% and about 30% by wei ght

phosphin Jil‘ﬁlérﬁé{hg{l g dant l%ﬁxg'lere-m éeﬁl%gpgsfé)hﬁla?e' fgn%egre]ta\?@fnﬁ g m xing the

phosphi na e flrane-retar ure orm a conposition

conpri ses for tifeft@nasdtdsrposk td mnma:nﬁipbsltim SgnaBks\RemingoisimpbSioand about 25%
by wei ght phosphi nate fl ane-retarda
constituting between about 10% and about 30% by weight phosphinate flame-

retardant.

20.  The method of claim 19, wherein mixing the phosphinate flame-retardant and
urethane solder mask to form a composition comprises forming a composition
constituting between about 15% and about 25% by weight phosphinate flame-

retardant.
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