FLEXI BLE Cl RCU T SUBSTRATE FI ELD This invention relates to a flexible
circuit substrate, nore particularly, but not limted thereto, an
adhesi vel ess flexible circuit substrate including a tie |layer structure and
to a process for the manufacture thereof. BACKGROUND Wth the el ectronics
i ndustry noving toward thinner, lighter, flexible and nore functionally
integrated products, there is an increasing demand for fine pitch flexible
circuits for certain advan®EXIBIE CIRCUIT SUBSTRATHI p-on-fl ex (COF).
Adhesi vel ess flexible circuit substrates are wi dely enployed for high
performance flexible <circuit manufacturing. They are normally produced by
any one oﬁwéﬂ? follow ng three approaches: (1) cast |liquid polyimde on
copper f0|}, 2) high tenperature |am nation of copper foil with a polyimde
substrate; and (3) vacuum deposition of metal on a polyimde filmfollowed

by an el eciraopl ating . techni que,, . Vacuum deposition conbined with an .
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exi ble circuit making processes (i erein the

circuit tpmaces fartbe frmnnfadtubytheteett r opl ating i nto resist-defined patterns)
and subtractive flexible circuit nmaking processes (i.e. wherein the circuit
traces are formed by etching away the exposed regions defined by resist
patterns)gathécRiOUNB! € circuit substrate nmade by vacuum deposition and
subsequent el ectroplating technique is described in United States Patents
6,171,714, 5,112,462 and 5, 480, 730. The production process typically starts
wi th a pl ®&tha the edectemicsofinduspryl yowingf itbward Athiner] dyghter, oflexitelt ahnd smore

deposi ted_ by, vacuum sputteri or. vacuum evapqQratjon in_an. iner t phere.
The tie | %wor@i!_ﬁ iBleeirie] RIS s gl IPRpERE dSmang T Jing P%ﬁﬁgﬁgfz
conpri si NG G 5P éfhih advanced applications such as chip-on-flex (COF).

Adhesiveless flexible circuit substrates are widely employed for high performance flexible
circuit manufacturing. They are normally produced by any one of the following three
approaches:

(1) cast liquid polyimide on copper foil,

(2) high temperature lamination of copper foil with a polyimide substrate; and

(3) vacuum deposition of metal on a polyimide film followed by an electroplating

technique.

Vacuum deposition combined with an electroplating technique has been the most
promising of these approaches for finer pitch applications. Its manufacturing process is
fully compatible with both additive flexible circuit making processes (i.e. wherein the
circuit traces are formed by clectroplating into resist-defined patterns) and subtractive
flexible circuit making processes (i.e. wherein the circuit traces are formed by etching

away the exposed regions defined by resist patterns).

The flexible circuit substrate made by vacuum deposition and subsequent electroplating
technique is described in United States Patents 6,171,714, 5,112,462 and 5,480,730. The
production process typically starts with a plasma treatment of a polymer film. A tie layer
of metal is deposited by vacuum sputtering or vacuum evaporation in an inert atmosphere.

The tie layer can be a single layer, dual layers or multiple layers comprising chromium



(Cr), nickel (Ni), cobalt (Co), nolybdenum (Md) etc., or their rel ated
alloys. Tie layer thickness can be as thick as several hundreds of
Angstronms and as thin as a few Angstrons. A copper seed |ayer of about
several tens of nanoneters to 2 mcrometers is then applied to the tie

| ayer using a vacuum deposition process to provide sufficient electrical
conductivity to permt electroplating of copper to a desired thickness.
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interface tlonlat edge o bump 2," asillustrated in Figure 1
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good for elimnation of trace lifting problem however they exacerbate
Pl/Cu i nt®P¥8%¢ delamination | further. In practice, some flexible circuits
made from sputtering flexible substrate have small bondi ng process w ndow.
There is a need to provide flexible circuits with a relatively w de eutectic
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forming a Sn/Au eutectic alloy after tin and Au bumps are contacted and heated at or above
the temperature of the Sn/Au eutectic point. An appropriate choice of bonding parameters
(bonder stage temperature, tool temperatures, bonding force etc.) is important to ensure a

good bonding quality.

Normal defects occurring in eutectic bonding of flexible circuits include trace lifting and
PI/Cu interface delamination 1 at edge of gold bump 2, as illustrated in Figure 1 and
Figure 2. Relatively high bonding temperature and bonding force are good for elimination
of trace lifting problem, however they exacerbate PI/Cu interface delamination 1 further.
In practice, some flexible circuits made from sputtering flexible substrate have small

bonding process window.

There is a need to provide flexible circuits with a relatively wide eutectic bonding process

window and a reduced severity of PI/Cu interface delamination.

It is therefore an objective of at least one embodiment of the present invention to provide a
flexible circuit substrate that prevents or at least reduces PI/Cu interface delamination

during bonding process; or



2 To provide a flexible circuit substrate having inproved retention of peel
strength after thermal aging of flexible circuit substrate. SUMWARY OF THE
INVENTION In a first aspect the present invention provides a substrate for
subsequent eutectic bonding wth a subsequently applied netal to provide,
or as a precursor to the provision of, a circuit substrate, said substrate
conprising a dielectric filmand a | ayer of an oxide or oxides of a netal
on the fiTmprovigs ai flextible diRuAlsubstiade hhayg impas claeenfion W cebly stsgngtt efierng t he
metal of _the netal oxide or OX|des onto a surface of the filmin the
presence B agingof flgxiblsprareubdmie for at | east one reactive gas content
to provide the oxygen of the oxides. In a further aspect the present
i nvention provides a substrate for subsequent eutectic bonding with a
subsequently applied netal to provide, or as a precursor to the provision

a ci trate conprising 1) a dielectric film 2)
a t|e Iayéﬁﬂhgﬁsanhrghghnigtg@ﬁ a netal or oxides of netal alloy on the
filmupon said dielectric film and 3) a |layer of a netal or netals formng
a trace upon said tie layer, wherein the netal oxide |ayer has been forned
by sput t emi axfirst hepenethalprasent ingentenairoudesde substratexprabseqieat entsaicf mndingf t he

filmin the presence of a at m)sphere save for | east ne .reactive
gas. cont eNiih BSUBEEHE PRECORTHLI BV ERTgrdREcuIch o T ston bticctine
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film 2) atie layer conprising an oxide or OX|des of a nmetal or netals on
said di eine@t ou theffilimwharedn 8 raetalay@de leyerdasrbecal founech’eI sihwstefiog thiengetal afr ace

upon said. tie layer, 4),a |aye ti tlnaIIo n the nmetal traces
Wherer n + e T E e g OBl s A Ot Bt et B Ry ot de
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save for at |east one

In a further aspect the present invention provides a substrate for subsequent eutectic
bonding with a subsequently applied metal to provide, or as a precursor to the provision of,
a circuit substrate, said substrate comprising

1) a dielectric film;

2) a tie layer comprising an oxide of a metal or oxides of metal alloy on the
film upon said dielectric film; and

3) a layer of a metal or metals forming a trace upon said tie layer,
wheretn the metal oxide layer has been formed by sputtering the metal of the metal oxide
or oxides onto a surface of the film in the presence of an inert atmosphere save for at least

one reactive gas content to provide the oxygen of the oxides.

In a further aspect the present invention provides a circuit, said circuit being of

1) a dielectric film;

2) a tie layer comprising an oxide or oxides of a metal or metals on said
dielectric film; and

3) a layer of a metal or metals forming a trace upon said tie layer,

4) a layer of tin or tin alloy is on the metal traces

wherein the oxide layer has been formed by sputtering the metal of the oxide or oxides
onto a surface of the film in the presence of an inert atmosphere save for at least one

reactive gas content to provide the oxygen of the oxides.
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reactive gas content to provide the oxygen of the oxides. 3 In a further
aspect the present invention provides a substrate for subsequent eutectic
bondi ng with a subsequently applied netal to provide, or as a precursor to
the provision of, a circuit substrate, said substrate conprising a netal
oxide tie layer sandw ched between a dielectric filmlayer and a netal

| ayer wherein the netal oxide tie |layer has been fornmed by sputtering a
metal onto the dielectric filmlayer in a substantially inert atnosphere
addltlonally containing a reactive gas. In_a further aspect the present
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provi des process for t e production of a substrate or” subsequent

eut ecti c hddiibmad)y wonthindngsaiteaetipecgakl y applied nmetal to provide or as a

precursor to the provision of a circuit substrate conprising the steps of -
sputtering a metal in an inert atnosphere save for at |east one reactive gas
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In a further aspect the present invention provides a process for the production of a substrate
for subsequent eutectic bonding with a subsequently applied metal to provide or as a
precursor to the provision of a circuit substrate comprising the steps of:
- sputtering a metal in an inert atmosphere save for at least one reactive gas
to provide the oxygen to the metal or metals and thereby deposit a ‘tie layer’ of
oxide or oxides of the metal onto a surface of a dielectric film; and

- depositing a metal layer upon the tie layer.

In a further aspect the present invention provides a process for the production of a substrate
for subsequent eutectic bonding with a subsequently applied metal to provide or as a
precursor to the provision of a circuit substrate comprising the steps of:
- sputtering a metal in an inert atmosphere save for at least one reactive gas
to provide the oxygen to the metal and thereby deposit a ‘tie layer’ of oxide or
oxides of the metal onto a surface of a dielectric film;
- depositing a metal layer upon the tie layer; and

- bonding an electronic interconnecting device to said metal layer.

Preferably the layer of metal or metals is patterned to form traces, said patterning may be

performed by either additive, semi-additive or subtractive process to form traces.
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bondi ng an el ectronic interconnecting device to said netal |ayer. Preferably
the layer of nmetal or netals is patterned to formtraces, said patterning
may be performed by either additive, sem -additive or subtractive process
to formtraces. 4 Preferably the tie layer is patterned commensurate with
the metal or netals traces to expose the dielectric film Preferably said
nmetal or netals traces are bonded to electronic interconnecting device such
as IC chip, PCB (printed circuit board), etc. by eutectic bonding.

Pr ef er abl ai.d bondj ng between the el ectronic .i,nterconnecti ng,devi ce and
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conprise amgakX{digge1&fri filnand gol d. The chip may be an IC Chip with gold
I in i I

bunps. Desirably tin is plated on said nmetal or netal traces. Preferably
the eutectic bond is fornmed between the plated tin on traces and gold bunp

on IC chip. .The di.electric filmmay be any suitabl.e.polyimde including, but
ot 1 mt BTy ShiE Sl gy netals RaSharg Bofdrl f PlesBrudfesb e e gRrpp ik ™
| ndust ri eg 1d-dtp, PCRP [t Red)GRAN bodR &itc. bl RatckieBaamE APl CAL from Kaneka

Hi gh- Tech Materials, Inc., Pasadena, Texas (USA); and avail able under the

trade nanmes KAPTON, including KAPTON E, KAPTON EN, KAPTON H, and KAPTON V

f DuPogt .Hi.gh Perf or Mat er | Grclevill ' . th
polyrer's Cead 5 GOMRDBEnERh e Blrfra o EPnaetfine sBife eyl e 'S
napht hal apgials(IEfEN)s fvabdtiadUTResutdicdond & conphlid amikre aMeh aRiqivek(c)

respectively fromDuPont Ticjin Filns, Hopewell, Virgina (USA),
pol ycar bonate and pol yetherim de (PElI) avail able under trade nane of

Lexan(c) d Ute r i Y. .ectric P !

Pttt el 5 kbl 56 anTEP Bl Riesld BMEE 3By B BB R Bl or ¢ e
name PEEKfejal tracs® Preérably theleyetic bbahafohhed bétulén ted platedain be trasetand
Preferably the filmis a polyimde. Desirably the dielectric filmis

f1 exi bl e. 2otd bumpeontlCghihspher e may be argon, neon, and nitrogen, anong

others. Preferably the inert atnosphere is argon. The reactive gas is

capabl e of supplying oxygen to formthe nmetal oxide or netal oxides.
The dielectric film may be any suitable polyimide including, but not limited to, those

available under the tradename UPILEX from Ube Industries, Ltd., Tokyo, Japan; under
the tradename APICAL from Kaneka High-Tech Materials, Inc., Pasadena, Texas (USA);
and available under the trade names KAPTON, including KAPTON E, KAPTON EN,
KAPTON H, and KAPTON V from DuPont High Performance Materials, Circleville, Chio
(USA). Other polymers such as poly(ethylene terephthalate) (PET), poly(ethylene
naphthalate) (PEN) available under trade name of Mylar © and Teonex© respectively

from DuPont Tiejin Films, Hopewell, Virgina (USA), polycarbonate and polyetherimide
(PEI) available under trade name of Lexan© and Uliem®© respectively from General
Electric Plastics, Pittsfield, Massachusetts (USA), polyetheretherketone available under
trade name PEEK© from Victrex Polymer, Lancashire (UK), etc. can be used. Preferably
the film is a polyimide. Desirably the dielectric film is flexible.

The inert atmosphere may be argon, neon, and nitrogen, among others. Preferably the inert

atmosphere 1s argon.

The reactive gas 1s capable of supplying oxygen to form the metal oxide or metal oxides.
Preferably the reactive gas is oxygen. Other suitable reactive gases include nitrous oxide,

nitrogen dioxide, dinitrogen pentoxide, dinitrogen tetraoxide, among others.



Preferably the reactive gas is oxygen. Oher suitable reactive gases include
nitrous oxide, nitrogen dioxide, dinitrogen pentoxide, dinitrogen
tetraoxi de, anong others. 5 The netal |ayer may be deposited onto the tie

| ayer by el ectrodeposition, electroless deposition, sputtering,

evaporati on, anong others. The metal conponent of the netal oxide |ayer may
be, but is not limted to, nickel, chromum cobalt, nolybdenum copper and
al | oys t hEheaictal Pragéremabl e tigosived ainto denpgerevdr of eldorodepbositionx eldetrdlegser
contains nickel. Suitable materials for the nmetal |ayer include, but are not
limted t&FPOSHPRSPULETRE RYARCTAUOR) YBONE fBST® or their alloy. The term
“conprising' as used in this specification and claimset nmeans "consisting
at least in part of', that is to say when interpreting i ndependent cl ai ns

i ncl udi ngThdatetal ecompionent H£ sheunesl pradeatayer mayt beatbut es mait Ninedeh tog | rackel,wi | |

need to b resent t other, features can SO resent.. .Unl ess indicated
A Mt Gt R A e o SRR g
al | oy. Tocdni@@niSdtithd Sidtal Bxfab@a)gfa}somnm&:ﬁé).the invention rel ates, many

changes in construction and wdely differing enbodi ments and applications
of the invention will suggest thenselves w thout departing fromthe scope

of the inyention as. defined in.the appended,cl ai ms,.. Th di scl osures and the
Gescr pt | SibleoRaRFialirior B il e SBHER o Sieanell umitey 19 HpBRhea s S | ¢
any senseghkﬂ%bkngqh&EEMNLTlCNS Where in the spec[fication the follow ng
terms are used they have the foll ow ng neanings: trace' - netallic

connections on a printed circuit board (PCB) that allow electricity to flow
bet ween e 1gect roni.c . co itch dli nes
o

panent s . - Lo the distance between.the m
of Lo aaF G voaEane o8 Digtin Rissprtincarbh Bad SBAPE PaR BEMME Ly
during peml pargoteshatak ttersaP Gtdhnigterfeting independent claims including that term the
features prefaced by that term in each claim will need to be present but other features can

also be present.

Unless indicated otherwise, the term ‘metal’ is intended to cover one or more metal or

metal alloy.

To those skilled in the art to which the invention relates, many changes in construction and
widely differing embodiments and applications of the invention will suggest themselves
without departing from the scope of the invention as defined in the appended claims. The
disclosures and the descriptions herein are purely illustrative and are not intended to be in

any sense limiting.
DEFINITIONS
Where in the specification the following terms are used they have the following meanings:

‘trace’ — metallic connections on a printed circuit board (PCB) that allow electricity to

flow between electronic components.
¢pitch’ — the distance between the midlines of two adjacent traces.

‘trace lifting’-trace separation from die bump during peeling test after bonding.
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BRI EF DESCRI PTI ON OF THE DRAW NGS The present invention will now be further
described with reference to the figures in the acconpanying drawings in
which: Figure 1 is a plain viewof PI/Cu interface delam nation 1 viewed
fromthe polyimde (PI) filmside after eutectic bonding; Figure 2 is a
sectional view of PI/Cu interface delamnation 1 along the trace direction.
DETAI LED DESCRI PTI ON W have found in the manufacturing of substrates and
flexible circuits, that tie l|ayer conposition has a dom native inpact on
subsequen ndi.n nd P interfac del am nati on performance. According
to one enﬁBgﬁﬁg}Eg‘aﬁléj@%%Eé’ﬁfﬂMﬁﬂNﬁ a NCO tie layer can provide a
flexible circuit with a substantially inproved resistance to PI/Cu interface
del ami nati on over the normal nickel-chromumtie layer having a simlar tie
| ayer t hi thapreserdunvengion ewilensw de Horibérndgscritedviaish frefgreice hatheafifsires @ thei e

| ayer had significantly reduced PI/Cu interface delam nation during
eutectic %ﬂg’ipﬁ@”%%dr mﬁgd‘ﬁ’t‘ ‘a NCr tie layer. It was also found that the
t hi ckness of the oxide tie layer could inpact the bonding and PI/Cu
interface del am nation performance. Although the suitable thickness of a tie
| ayer wi Figugiepéna pbin vig @Ud/Cuoderfase delamigatiohduvigwed omathe ipobikmatsdPBqual

to or grelt er. L Q&é‘re%{”ectiA%%%&iBO-”B provi ded favorable results. Preferably, the
tie layer PERASTSTH S PEM Bbout 13 Angstrons to about 300 Angstrons. Tie
| ayer thickness was eval uated by dissolving the tie |layer into 15% aqua
regia and testing by I1CP (Inductively Coupled Plasma Atom c Em ssion

Spect r um) Figurpe? & aisacHpral iyeeys ot Bive rieréase felominationd ralonmthe diace dirscdias. i s based
on the density of solid materials. Here, NiCrOX represents any possible

stoi chionetry of nickel (Ni), chromum (Cr) and oxygen (0) elenments in the

tie | ayer DEYATLGI® DESYTIPTION oxi dation of NNCr alloy, or any 7 formof a
m xture of Nl xOy, CrxOy, N and/or C are included. Wthout wishing to be
bound to any particular theory, we believe that the effect of oxygen in the

tie layerwontRStouhd Rh/ ¥ manufacturing of substrates and flexible circuits, that tie layer
composition has a dominative impact on subsequent bonding and PI/Cu interface

delamination performance.

According to one embodiment of the present invention, a NiCrOx tie layer can provide a
flexible circuit with a substantially improved resistance to PI/Cu interface delamination
over the normal nickel-chromium tie layer having a similar tie layer thickness during
eutectic bonding. It was found that a NiCrO, tie layer had significantly reduced PI/Cu

interface delamination during eutectic bonding as compared to a NiCr tie layer.

It was also found that the thickness of the oxide tie layer could impact the bonding and
PI/Cu interface delamination performance. Although the suitable thickness of a tie layer
will depend on various factors, it was found that a thickness equal to or greater than 13
Angstroms provided favorable results. Preferably, the tie layer thickness is from about 13
Angstroms to about 300 Angstroms. Tie layer thickness was evaluated by dissolving the
tie layer into 15% aqua regia and testing by ICP (Inductively Coupled Plasma Atomic
Emission Spectrum), wherein thickness conversion from element concentrations is based

on the density of solid materials.

Here, NiCrQOy represents any possible stoichiometry of nickel (Ni), chromium (Cr) and

oxygen (O) elements in the tie layer. Various degrees of oxidation of NiCr alloy, or any
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interface delam nation in eutectic bonding is applicable to any tie |ayer
containing nickel alloy, including dual tie |layers and gradual tie |ayers
cont ai ning nickel alloy. In one enbodi nent the present invention provides a
process for manufacturing flexible substrates with a NCOx tie |ayer,
specifically a nethod for deposition of NCrOx tie layer on a polyner such
as polyimde (Pl) filmin roll-to-roll form The nethod enploys reactive
sput t er i ngprinradm MixtirSof Al JY Ct.ax, 061 ard@@%rMdre ind Qftedr Wikitouewghing toé be Bound

at nosphere containing a mxture of argon and oxygen to . deposit a NNCOrOx tie

| ayer. Thi® #nyinagicar thsaryete Pelisne dhagdhe sfesthol ovevesir By tishaperdpaesis Plan be

froml%t 0 1ie [.ay ) ) | e The
copper ety FafidEm ifEecllBboRing BERRICRFEe oY T 3R oRlhil kel
| ayer canalbwey, fnehidivey dyal g égetsand grdduakielagers tortaimirgmi8@dinllofe al so found

that the flexible circuit substrates having the NCrOx tie |ayer
denonstrated inproved peel strength retention after thermal aging. For

exampl e, gf bl ehBSAiIRRht lﬂf‘eafalie%t 3fivenfief pg)\fi@é’s £ Brdfe U TR SmaduTsctstRs HERAbR W th

a NCOOx tie layer thickness of 40 Angstrons ormed by sputtering in an
at nospher sublstistenyith aOICAO, tie dayer.apeoficdlly 0%gthhd doradeposjtien opNeCrOxstie apert h

t ti f 2.99 d .inch i d.t t bst t ith
NGOt o of gy B Rt as Bptyinide b e b EPRRHOE e g RS Sihbner o
of pure argemeOspubterify frORNENADr Alfo@Mstebi(8OMAYI, DO®) CEbY HREMD inGhakhbeherl t er

thermal aging increases with the increase of N CrO« thickness and oxygen
cont ent ofontdsingpumisiia gf gagnesandioxyeea tgrdeposit ai NiCuihniée laysei Py wiioeofved by

i ncreasi ng_t he ;oxygen gont.ent . of .the sputterin L frerent tie |ayer
const r uct Poiesn Sua e BPRERo e LS s8Rl B pEBp G R 0%n 4G B levbtfis e
nmanuf act Uggppef sdeliaxydplaBhé&rtd Galitt T B§%ﬂeﬂfs®1 lag&IR6 iadthl knésroftabeutBIMmAGE Ur e
of tin plated flexible circuits to be bonded by eutectic bondi ng

t echnol og¥000neydihe lcernser bfyeneast bediurther platediia g thickpesspfdypt oddumye circuit
manuf acturing process is to be subsequently enployed. Crcuits may be nade
by a nunber of suitable nmethods such as subtractive, additive- subtractive,

and sem - fddiléd foRnd khint ehet fgiiblalcirsulbtutaghtey Bavihg thieiNiOMOK itiRJayeh de@ssstrated
dielectric substrate is first provided. The dielectric substrate may be a

pol ymer f iorp¥PYRsdeech strenegy redsodiop jafier feTdseme, Fposyanleaftegthermal heating at
250 °C for 60 minutes, the substrate with a NiCrOy tie layer thickness of 40 Angstroms

formed by sputtering in an atmosphere having a O,/Ar flow ratio of 10%, had a higher peel
strength retention of 2.99 pounds per inch (Ib/in) compared to the substrate with a NiCr tic
layer, the latter tie layer formed by sputtering in an atmosphere of pure argon only. A
general trend is that peel strength retention after thermal aging increases with the increase
of NiCrOy thickness and oxygen content of the sputtering gases, with a greater influence

being observed by increasing the oxygen content of the sputtering gases.

Different tie layer constructions and deposition processes are widely known and used for
the manufacture of flexible circuit substrates, especially for the manufacture of tin plated
flexible circuits to be bonded by eutectic bonding technology, regardless of whether an

additive or a subtractive circuit manufacturing process is to be subsequently employed.

Circuits may be made by a number of suitable methods such as subtractive, additive-

subtractive, and semi-additive.

In a typical subtractive circuit-making process, a dielectric substrate is first provided. The

dielectric substrate may be a polymer film made of, for example, polyester, polyimide,

8



liquid crystal polyner, polyvinyl chloride, acrylate, polycarbonate, or
polyolefin usually having a thickness of about 10 mto about 600 m After
the tie layer of the present invention is deposited, a conductive |ayer may
be deposited by known nmet hods such as vapor deposition or sputtering.
Optionally, the deposited conductive |ayer(s) can be plated wup further to a
desired thickness by known el ectroplating or electroless plating processes.
The condutiguidecryssalepolyaer, lpelyyatyl @hheidebycm]atw pbbrabbnate) or Relyokeiinatshdls

e Bt A28 R, L BRSSShe SR SR ST W PBE S
phot or esi ﬁfv%natlmg-{ eCtéli)l Shdd@T QAlGLivR 1a %S}dbe gr@%&?teé %g%o%em@&toﬁé sE@sLd.

side of t c sUbstrate using stand ating techniques with
hot roll ewa)omrdepofsytlmumb@uttaﬁng;da:ttlmglly,ehﬂwdnmamsi (mdgctulmhaf@(s@caam beglatadi e

coati ng, vyre roll tc. he t |cknes t hotore5|st IS
from agougp? fpa ‘3%8‘686}56“%?5 ki ‘%Il-%“rt@g a§1f1g|°§e e%sxlﬁ"(’) Tpgesse

ultraviolet light or the like, through a mask or phototool crosslinki ng
the exposed portions of the resist. The unexposed portions of t he
phot or esi $he aorductize I@b@vetlaopiwdpwemﬁdabw aptpnmmrlczft welbshgentmethodd ingbwlinged

patterns bt ai ned...For | v.e t si st £, ex ortions are
crossl i nkg}&m‘élﬁ ograRhY. urPé%’BB@ﬁHmﬁ Vdﬁé’P %‘f H%r? Or%%f’owgkcps’f‘g%i qﬁg(ﬁus or

devel opedsyidt tastd2RRA Gidy R epdl 8NpositiREPIRXALS QY 2O thdrORfmiRited BEcoated
conductive | ayer are etched away using an appropriate etchant. Then the

exposed pontat de@t dhe trmﬁéaltqoeteriatyéfr 0§rtbe élmimdc awbsirate 9ping stinslant EmainetingThe

remai ni ng n uctive ref.er.ably ha final ..

b ckness CEPURFEEBTR nof S 5 4 dBBbn of¥ind EoBidis et Rpls ol dienen
stri pped %Jtlﬂ?hgra{r@mrﬁﬁﬁc%thfg BteoUTha blikneSPbfhb PRotokdsist @S frbMthbol € pum to
dielectric filmmay be etched to formfeatures in the substrate. Subsequent

pr ocessi ngbat épsyn. dibe lphawrapphs then exposed toalltrmehetbgttoaﬂtb ldatd throughead madkat i ng
may t hen be carrled MA@M her OSSJ bl e rret hod formﬁg the cir U|t
bor ti on wBPRPTRIPPh Frossliking e axposod PRTtiaRs RGN srtete e YRR MSTISASIER st ep

sequence: phyiiiesiseatd 'tHénSH&%‘ld;ﬁElewHHYanbﬁ sBptRE vt Antil %leél?é&ebat%nst b
present |nvent|on A thin first conduc‘[t)lve | ayer may then be deposited
usi ng a velemuned.s put tmmlegcglvwr peotapeistit thonexposed portions are crosslinked and the

unexposed portions of the photoresist are then developed with an appropriate solvent.

The exposed portions of the conductive layer are etched away using an appropriate etchant.
Then the exposed portions of the tie layer are etched away a suitable etchant. The
remaining (unexposed) conductive metal layer preferably has a final thickness from about
5 nm to about 200 um. The crosslinked resist is then stripped off the laminate in a suitable

solution.

If desired, the dielectric film may be etched to form features in the substrate. Subsequent
processing steps, such as application of a covercoat and additional plating may then be

carried out.

Another possible method of forming the circuit portion would utilize semi-additive plating
and the following typical step sequence:
A dielectric substrate may be coated with a tie layer of the present invention. A

thin first conductive layer may then be deposited using a vacuum sputtering or evaporation



9 technique. The materials and thicknesses for the dielectric substrate and
conductive |layer may be as described in the previous paragraphs. The
conductive |layer can be patterned in the sane manner as descri bed above in
the subtractive circuit-making process. The first exposed portions of the
conductive layer(s) may then be further plated using standard

el ectroplating or electroless plating nethods wuntil the desired circuit

t hi cknesstetimiquve Tixngeteoilsanduhicknessest for dizoditlesific mubsirase mmdvedluctivrelayer
cross-|inked, exppsed partions of the resist are then stripped off.
Subsequen?@¥?e?£ SCHYG0R Y SV PIHRYYEPhe thin first conductive |ayer(s)
is/are etched with an etchant that does not harmthe dielectric substrate.
If the tie layer is to be renoved where exposed, it can be renoved wth
appr opr i alke epwdaiive layef cdedier patteried i leewtne mahigrnasndgscbedeabongding thef or m

features in. the substrate. Subsequent rocessing ste suc S |.i.cat i on
of & covetbyatR RGO on ST HR frsbOGRRERPRRIoRE 2 e S0 O BB RHLS
possi bl e ney higch B¢ fhudticr plged NBIngl §tgntiatd PREoEIAIND BT @ledirblcb Blading GdthdBt | on
of subtractive and additive plating, referred to as a subtractive-additive

met hod, awdiltheedesired Ciowiitriyickpess dmthegargs of ahowtrfcmm tonabiivg 56 g isackigbet r at e may
be coated with a tie |layer of the present invention. Athin first
conductive |layer may then be deposited using a vacuum sputtering or

evapor at i PRe clo86NAkQUSpothie phBbaS bRkl RBMEL bR t%léxﬁ‘@ﬁg@féd fodf, Shsedh@MIQCitel C
substrate and conductive | ayer may be as described in the previous
mgmn

par agr aphexpofsepasberiudithe thin Sigss co pelayen(9) éy/arg e idhed avith arbeiehast thagfdesk nown

net hods i ngl.udi .phot ol i £t hogr a .as _described abqve. Wen the

Thot o ot B ED At GBRRER dubAnH Ml i&Ryars ¥ bR EmaRY e Pietd T onp be
conduct i venloa¥@ithtabpropripRsethag@nducti ve materal is typically etched away
using a suitable etchant. The tie layer is then etched with a suitable

etchant. The renmining (unexposed) conductive |ayer preferably has a final

t hi Ck”esSlffcfeg’l@dg&?L&Eel?ct{lg}tié%gagb%Etcﬁgaoto”fon?i*}%atﬁ@?ﬁ‘?ﬁ’e (RaR! 1SMkSHheRtOr L1 ON

of the resis hen"s
processing steps, such as application of a covercoat and additional plating may then be

carried out.

Another possible method of forming the circuit portion would utilize a combination of
subtractive and additive plating, referred to as a subtractive-additive method, and the

following typical step sequence:

A dielectric substrate may be coated with a tie layer of the present invention. A thin first
conductive layer may then be deposited using a vacuum sputtering or evaporation
technique. The materials and thicknesses for the dielectric substrate and conductive layer

may be as described in the previous paragraphs.

The conductive layer can be patterned by a number of well-known methods including
photolithography, as described above. When the photoresist forms a positive pattern of the
desired pattern for the conductive layer, the exposed conductive materal is typically etched
away using a suitable etchant. The tie layer is then etched with a suitable etchant. The
remaining (unexposed) conductive layer preferably has a final thickness from about 5 nm

to about 200 pm, The exposed (crosslinked) portion of the resist is then stripped.
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If desired the dielectric filmmy be etched to formfeatures in the
substrate. Subsequent processing steps, such as application of a covercoat
and additional plating nmay then be <carried out. The present invention wll
now be described in nore detail with reference to the foll ow ng

non-limting experinental section. EXPERI MENTAL The filmused in our study
w Il focused on Kapton(r) E polyimde, however this invention can be applied
t o ot her If\gesisedthepiidlydtrit didm(hy bartthed enfopinhfeatups| iy ke sutstrbet rSaibesuent
Conpar ative Exanple 1-4: A set_ of fIinbIe circuit, substrates as ﬁgong%in
the art wBiOGSSSI@pHFRSd SYlt 5 BRRIicatih Pt pesp¥rigoatFndnpdditiqnal Plalipg mheR MEs s es
(referrin -%j&ﬁble 1) using a production sputter nethod conprising the

st eps of. 11 Polyimde film Kapton(r) 1.5E from Dupont was heated at

200-400 C for 5-30 seconds to renove water fromthe filmin a vacuum
chanber . In Exanpl.e 1, N Cr, alloy tie |ayer with thickness of , 10.

Angstr orrs THLEreScIE RERtige P51 Dap he s gt if sl Bt uts i ERER R Dol Minon,
chanber phr&SEMiEhdxpeAméPal¥Riibn. sputtering power of 1.76 kWand sputtering
dwel I tinme of 1. Second. The argon gas flow was fixed at 450sccmfor all

the sputtering conditions in the experinent. The deposition of different
tie layer | for Exanple 2, 3 and 4 were realized by varying
sputteri n&s@mﬁmutteri ng dwel | tinme. (3) A seed copper layer with a
thi ckness of 2@QnmMIMaKeS N ue SRy QMoo RRANIIK aptoB® E HtB¥imide, RotvevEdhay I -
(4) Athin flash copper layer with a thickness of 2.3umwas el ectropl ated

onto the ingputiqnecen] heoppmited| oy other 1types of polyimide (PI) and even other polymer

subsirates.

Comparative Example 1-4:
A set of flexible circuit substrates as known in the art were prepared with different levels
of NiCr tie layer thicknesses (referring to Table 1) using a production sputter method

comprising the steps of.

(N Polyimide film, Kapton® 1.5E from Dupont was heated at 200-400 °C for 5-30

seconds to remove water from the film in a vacuum chamber.

(2) In Example 1, NiCr alloy tie layer with thickness of 10 Angstroms was
deposited by sputtering process. The sputtering condition: chamber pressure of
2-10 mTorr; sputtering power of 1.76 kW and sputtering dwell time of 1.5
second. The argon gas flow was fixed at 450scem for all the sputtering

conditions in the experiment.

The deposition of different tie layer thicknesses for Example 2, 3 and 4 were

realized by varying sputtering power and sputtering dwell time,

(3) A seed copper layer with a thickness of 200nm was sputtered onto the NiCr tie

layer at 3 to SmTorr.

(4) A thin flash copper layer with a thickness of 2.3um was electroplated onto the

sputtered copper layer.

11



Flexible circuits with a design of 40-50um pitches (totally 842 traces) then
were produced by additive processing using the different tie |ayer

t hi ckness substrates. A layer of tin with a total/pure tin thickness of
0.51 um 0.21 umwas plated on the circuits. A TAB (Tape Automati on Bonder)
bonder (Shi baura-TTlI 810) was enployed to bond all the flexible circuits.
An aggressive bonding condition (490C stage tenp, 220C tool tenp, 220N
force and 120um form ng) was purposely chosen to differentiate t he i npact of

del am nat BN OerHi s R Brih REdy one Ve (RaBrBPEiialibe hetf bE@RC

quanti fi egy addi¥eIbrabeskihg IMinBlthe AiffeRaititie 1PRAHitRidsO MIBANRE. a,geayeebf:elmme
across the width of copper traces. The relationship of PI/Cu del am nation

responsesawtﬁlfpuﬂ'@ﬂf"a‘il@ﬁssc‘lfrfbﬁltqnﬁﬂé’rlfl@%ﬁﬁcﬂ}fﬁ“fﬂnﬂ'&mﬂémﬁ It can be seen
that around 100% PI/Cu interface del am nation occurred on these N Cr
substrates. Table 1 Ex.Tie layer material Sputtering GasTi e | ayer

t hi cknessRer&BTageAafonRiticgBdndedrioader @altaniafBETl ®10)aedsassployeaicte Honliadr Ar 10
A100% C2Ni Cr At 15 A98% C3Ni Cr At 17 A100% CANi Cr At 20 A98% Exanpl e 5-9: Exanpl es
of one prrdicxitle eirmiai /v aessrsitakondingerpdisan EHMFiskaes t%rﬁe?@r%@qléﬂnbf a

set of f C t v
conditi ons W thPul%g 4nfder edl’tn%#?lzﬁ h?}as\gl? t Oczsgﬁeglsoesgﬁ/?r %%ﬁtﬁ%gﬁgé#ﬁa
sput t er eddidfeetar Nat nixs akhearthikhepsesngn tht resporthe foff Bi/Entinteffacd delarhinatiom.at i os (1%

5.5% and 10%, as listed in Table 2. Al the processes to produce these five
Ni Cr Ox substrates are the sane as those used in Conparative Exanple 1-4,

except f OEhé bf?Ch'd%lahﬂ}{ﬁ[mle%lE o &H@b&fd@& eaSujts! WerEX AR SePaccotdifd 3-8 Izayer

wi th thickness of Angstrons was deposited by sputtering process at
eutectic penetratlon/coverage percentage across the width of copper traces. The
relationship of PI/Cu delamination responses with tie layer conditions is shown in Table 1.

It can be seen that around 100% PI/Cu interface delamination occurred on these NiCr

substrates.
Table 1
Ex. Tie layer material Sputtering Gas Tie layer thickness Percentage of PI/Cu interface
delamination across trace
Cl NiCr Ar 10 A 100%
C2 NiCr Ar 15 A 98%
C3 NiCr Ar 17 A 100%
C4 NiCr Ar 20 A 98%
Example 5-9:

Examples of one preferred embodiment of the invention comprises the formation of a set
of flexible circuit substrates that have five NiCrOy deposition conditions with different tie
layer thicknesses (referring to Table 2) sputtered under atmospheres having three different
O, /Ar flow ratios (1%, 5.5% and 10%), as listed in Table 2.

All the processes to produce these five NiCrOy substrates are the same as those used in

Comparative Example 1-4, except for the tie layer sputtering process. In Example 5,

NiCrOx tie layer with thickness of 13 Angstroms was deposited by sputtering process at
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1% of 02/ Ar ratio. The sputtering condition: chanber pressure of 2-10 niforr;
sputtering power of 2.35 kWand sputtering dwell tine of 1.5 second. The
deposition of different NCrOx tie |layer thicknesses for Exanple 6, 7,8 and
9 were realized by varying sputtering power (2.0-10.0 kW, sputtering dwell
time (1.0-5.0 seconds) and 02/ Ar ratio (1 % 5.5 %and 10 %9. Table 2 ExTie
| ayer material 02/ Ar flow ratio Tie Layer Thi cknessPercentage of PI/Cu

i nt er f acel’dwfiORjAs patict ihe rsguotdram cvatliton: eltandss prasace of 8- TF @A IpRBHae

6Ni Cr Ox10923 A}%g]%) g&ag& 5924 Alﬁ% 8Nif(fr§?<1(VQ A21% 9Ni Cr Ox10%10 A8% The
circuit nRARTARGT ook and sRptsERa AN LRt bISOWEr e the same as those in
Exanple 1-4. The bonding results are shown in Table 2. By using NCOx tie

| ayer, PI/Cu interface delami nation can be significant I]?é reduced to a |evel
| ower t hahhetdepositioa ofi different NeCtQyy e layrr thncknesssis dhknEsample & 7. Rapd Orwers

sputtered ynder, 10% 02/ Ar flow ratio provi he .lowest Pl/Cu interface

ol am narPHEE b WA i Byl TBD (PRt L S St BB w L e JIER07C0 1
Subst r at egchids ARy At a6 (E38 S esankiOrl®).and Exanples 14-18 with various tie
| ayer thickness for NG and NCrOx (as listed in Table 3) were prepared as

I n Conparative Exanples 1-4 and Exanples 5-9, respectively. The copper

| ayer wa fLiI’TZheI’ electroplated to a thickness of 25 mcroneters, and then
able : .

a subtractiTveé“process was used to nake substrate peel testing specinens for

al | subst Eat |eJie &kl masdpiaic | NOWAr Adveragre el Tid Later BiitkneaC ¢ OPkierngeetoOPIRGatdEH 30

standard_from The | nstit utéurihgsputtenb@riconnect i ng_and  Pdddoamgtionacrof|teet r gni ¢

Circuits, 2215 $dQdexs Rpad, NS6t hbrook, |lisEnois, |(USA). T8%initial |peel

strengt hs @nd tt}g@@@l sirengfpyafter| heatbng at 250 C for f@pin are gl so

listed i fapte§crox 55% 24 A 15%
g NiCrOx % 29 A 21%
9 NiCrOx 10% 40 A 8%

The circuit making process and bonding conditions were the same as those in Example 1-4.
The bonding results are shown in Table 2. By using NiCrOx tie layer, PI/Cu interface
delamination can be significantly reduced to a level lower than 40%. The NiCrOy tie layer
with a thickness of 40 Angstroms sputtered under 10% O,/Ar flow ratio provided the

lowest PI/Cu interface delamination and was below 10%.

Comparative Examples 10-13 and Example 14-18

Substrates of Comparative Examples 10-13 and Examples 14-18 with various tie layer
thickness for NiCr and NiCrOx (as listed in Table 3) were prepared as in Comparative
Examples 1-4 and Examples 5-9, respectively. The copper layer was further electroplated
to a thickness of 25 micrometers, and then a subtractive process was used to make
substrate peel testing specimens for all substrates. All specimens are peeled at 90°
according to IPC-TM-650 standard from The Institute for Interconnecting and Packaging
Electronic Circuits, 2215 Sanders Road, Northbrook, Illinois, (USA). The initial peel
strengths and the peel strength after heating at 250 °C for 60min are also listed in Table 3.

It can be seen that tie layer conditions (i.e. tie layer thickness, NiCr or NiCrOy and oxygen
content) do not have a significant effect on the initial peel strength. However, they have a

significant effect on peel strength retention after thermal aging. NiCrO, with a higher
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It can be seen that tie |layer conditions (i.e. tie layer thickness, NiC or
Ni Cr Ox and oxygen content) do not have a significant effect on the initial
peel strength. However, they have a significant effect on peel strength
retention after thermal aging. NCrOx with a higher 13 content of oxygen
(i.e. 10%02) has significantly inproved peel strength retention. The
effect of tie layer thickness on peel strength retention is less than the
ef f ect of comengeh oxpgemt @kt 10%f ©orhas segnifadantlgiimgrookd 2861 Orefngth ®Entibnutlks, t he

Ni CrOx tie.l r. wth thickness f .40 Angstr.ons uttered | n.at nosphere
wl th an GOFRF OF d 18y o rors pect e P UBRDI TG Y Ui st oahgt A<Festent i on
of 2.99 pgyaeds A€er indfhal(dghid ¢D250\MIEfof 60 Mihles, s REOIO)Gicdapd il ihkness

ref erence has been made to el ements or integers having known equival ents,

t hen sucholefuAnestessspaitered e lagdamospheres with @y Quéderatindifvi®adhasys reltivelyor t h.
Al t hough t.he i nventi - he [ . of exanple and with

refer encehlgﬁer pgglrsﬁegéﬁéélg@tﬁ%lo%;bﬁgiﬁé{ndgﬁgﬁ lgéll} @ﬁ%%) under st ood t hat

nodi fications and/or inprovenents may be nmade wi thout departing fromthe

scope or spirit of the_invention. Table 3 ExTie |ayer 02/ Ar ratio during Tie
| ayer | ni Whgre ipdlg fopegoingsdoseiipion wfarence has beandnads foredemeisrey ialkegesdayingngt h

o, 451 a1 CIN EIoty b el SN G A AR Yol vt M e e Loas

A6. 752. 21fotthNi Cr Ox109%23 A6. 302. 79

Although the invention has been described by way of example and with reference to
particular embodiments, it is to be understood that modifications and/or improvements may

be made without departing from the scope or spirit of the invention.

Table 3
Ex Tie layer Q2/Ar ratio during Tie layer Initial Peel Peel Strength after
material sputtering Thickness Strength (Ib/in) thermal aging (Ib/in)
C10 NiCr Ar only 154 6.90 1.47
Cl1 NiCr Ar only 17 A 6.45 1.41
C12 NiCr Ar only 20 A 6.55 1.39
C13 NiCr Ar only 34 A 6.69 1.74
14 NiCrOx 1% 134 6.75 2.21
15 NiCrOx 10% 23 A 6.30 2,79
16 NiCrOx 5.5% 24 A 6.68 2.62
17 NiCrOx 1% 29 A 6.77 1.80
18 NiCrOx 10% 40 A 6.89 2.99
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16Ni Cr Ox5. 5%24 A6.682.62 17N Cr Ox19%29A6. 771. 80 18Ni Cr Ox10%10 A6. 892.99 14
CLAIMS 1. A substrate precursor for subsequent eutectic bonding with a
subsequently applied netal to provide or as a precursor to the provision of
a circuit substrate, said substrate conprising: (a) a dielectric film and
(b) a tie layer of an oxide or oxides of a netal or netals on the film
wherein the netal oxide |ayer has been forned by sputtering the netal or

met al s of CLAAMSoxi de or oxides onto a surface of the filmin the presence of
an inert atnosphere save for at |east one reactive gas content to provide

t he oxygen of the oxide or oxides. 2. Acircuit substrate conprising: (a)

a di el ectric Aidub3trad preduisbe fdragi®kequenidaitéotio boalingxivie a0fubsequerdy @15 ledmet al

or metals upon said dielectric film and (c) a |ayer of a netal net al s
upon said ti emctag/@rprowd@pbaw Prigeursen ta theoRHisionpf rciniguis swesiriate; @@i@r@@bswte
sputtering the or netals of the oxide or oxides onto a surface of the

filmin the pcroe enc§ of an inert atnosphere save for at |east one reactive

gas content to py#va dielectrie flxyged of the oxide or oxides. 3. A substrate as
claimed in aim2 wherein a tie layer has a continuqQus distribution on the
substrate on at Rate kyer ofjapexide 0%"545’5@@-&?@&%“@@% %H‘el fHmgy aim 2, 3

wherein 2 11 Sub@URing S el B kn R BunDind By S phaRupst rate

as claimed in darm ein tle ontal nic
the oxide or oxides onto a surface of the ﬁlm 1n the presence of an inert atmosphere

save for at least one reactive gas content to provide the oxygen of the oxide or

oxides.

2. Acircuit substrate comprising:
(a) a dielectric film;
(b) a tie layer comprising an oxtde or oxides of a metal or metals upon said
dielectric film; and

(c) a layer of a metal or metals upon said tie layer,
wherein the metal oxide layer has been formed by sputtering the metal or metals of
the oxide or oxides onto a surface of the film in the presence of an inert atmosphere
save for at least one reactive gas content to provide the oxygen of the oxide or

oxides.

3. A substrate as claimed in Claim 2 wherein a tie layer has a continuous distribution on

the substrate on at least one side.

4. A substrate as claimed in Claim 2, 3 wherein a tie layer is oxide of a metal or oxides

of metals.
5. A substrate as claimed in Claim 2, 3, 4 wherein a tie layer contains oxide of nickel.
6. A tie layer as claimed in Claim 2, 3, 4 has a thickness from 13 Angstroms to 300

Angstroms as evaluated by dissolving tie layer and testing by ICP, and thickness

conversion is based on the density of solid bulk materials.
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6. Atie layer as clained in daim2, 3, 4 has a thickness from 13 Angstrons
to 300 Angstrons as evaluated by dissolving tie |ayer and testing by ICP,
and thickness conversion is based on the density of solid bulk materials.

15 7. The tie layer clained in clains 2, 3, 4, 5 and 6 is deposited by
sputtering. 8. A substrate as clained in Caim2 wherein the dielectric film
is flexible. 9. A substrate as claimed in Caim®6 wherein the dielectric
filmis selected fromany one of polyimde, Upilex(c), Apical(c), Kapton(c)

E, Kapton(c) EN, .Kapton(c) H  Kaptaon(c) V, 10, A suhlstrate as clained in
G al 6 wiver GTBF IO CHIBIER TR £l 0 S 8ME6 FlpPPYEH PR of pol yners
such as PET, PEN, Polycarbonate, PElI, PEEK(c), etc. can be used. 11. A
substrate as claimed in claim?2, 3, 4 and 5 wherein the netal layer is
deposi t ed8. onAcubdimtd asecldimgdiin BYaimriy/whereinghe distestrzffilel mdlextdeposi ti on,
sputtering, electroless deposition. 16

9. A substrate as claimed in Claim 6 wherein the dielectric film is selected from any
one of polyimide, Upilex®, Apical®, Kapton© E, Kapton® EN, Kapton© H,
Kapton® V.

10. A substrate as claimed in Claim 6 wherein the dielectric film is selected from any

one of polymers such as PET, PEN, Polycarbonate, PE], PEEK®, etc. can be used.
11. A substrate as claimed in claim 2, 3, 4 and 5 wherein the metal layer is deposited

onto the tie layer by any one or more of electrodeposition, sputtering, electroless

deposition.
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