. WO 2005/ 082983 PCT/ US20041043143 ETCHED POLYCARBONATE FILMS 5 Field The

invention relates to chem cal etching of polycarbonate filns. Background An
et ched copper or printed conductive circuit pattern on a polyner film 10
base may bgongkeswerd to as a flexible circuit or flexi ernnboatoedsv ri ng
board. As the nane suggests, flexible circuitry can nove, bend and tw st

w t hout damagi ng the conductors to permt conformty to different shapes
and uni que package sizes. Oiginally designed to replace bulky wring
harnesses, flexible circuitry is often the only solution for the

m niaturization and novenent needed for current, cutting-edge electronic
assenblies. 15 Thin, |ightye] j |lJ cated devices, flexible
circuit design solutions rﬁéﬂqﬁﬁﬁig%%&gﬁwgnducti ve paths to
conplex, multilayer three-dinmensional packages. A nultilayer flexible
circuit_is a conbination of two or rmra[ﬁ 'Idayers of single or double-sided
flexibl & circuits |aninated t oget her ‘3 processed with laser drilling and
plating to form TiH iateadoi teiatas gheHooticabetchity of polyealopsic dibmsluct i ve pat hs bet ween
the various layers without 20 having to use multiple soldering operations.
Commonly used dielectric filmbase materials for flexible electronic

packagi ng include polyimde, polyeBagitgememdt er epht hal ate (PET), randomfi ber
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g;electric C rrca er, good thermal

r f or mance peawt donfoamnits to differbit slppes and nuiqurapkkage sizes. Arighdly dgbiged td r ansi ti on
or nelting - D . POGS . hi t enper at ur e,
and | ower n%?ﬂs?&t%glri)e %g%ﬂl‘g% fngér%g%f]”%\gl\g@%ﬁb aFB%ér?]lc} dat asoq'%)urc_)gg‘gls?g ng at higher

f requenci es.miggtufiedtiph pidimofeiment riesded fororment| opttingedeeldstroniepssenitdies. f | exi bl e
circuit thaifi‘I il . i . . i NQ- el ectronic
assenblllges. éﬂéqw%gﬁg@d led&%gﬁ Jé‘n &E@ggé?eﬁﬁ%iﬁ%ﬁﬁ%gés%%%?ﬁg@éa._ng ility and
| ow di el ect riram sieghessidashcondingtive paghsde eamplex amilkilpyeri thrge-dimensional packages. A

multilayer flexible circuit is a combination of two or more layers of single or double-sided

flexible circuits laminated together and processed with laser drilling and plating to form
plated through-holes. This creates conductive paths between the various layers without
20 having to use multiple soldering operations.
Commonly used dieleciric film base materials for flexible electronic packaging
include polyimide, polyethylene terephthalate (PET), random-fiber aramid, liquid crystal
‘ polymer (LCP) and polyvinyl chloride (PVC). Changes in electronic device deéign create
Q the need for new materials with properties surpassing the electrical performance and
25 processing capabilities of the substrates listed previously. For example, a lower dielectric
constant allows faster electrical signal transfer, good thermal performance facilitates
cooling of the package, a higher glass transition or melting temperature improves package
performance at higher temperature, and lower moisture absorption allows signal and data
processing at higher frequencies.
30 Polyimide film is a commonly used substrate for flexible circuits that fulfil the
requirements of complex, cutting-edge electronic assemblies. The film has excellent

properties such as thermal stability and low dielectric constant, but represents a limiting



WO 2005/ 082983 PCT/ US2004/ 043143 factor to additional gain in the speed or
frequency at which el ectronic conponents nay operate. A major drawback to
further progress using polyimde filmrelates to the way in which polyimde
absor bs nowetwds@sigs | evel s that interfere with high freseneysdasuse
performance. H gher frequency operation requires the identification or
devel opnent of 5 substrate materials with | ess susceptibility to noisture
absorption. _ Sumayry. e, aspect of fhe present inyention provides a
conposi tion WM?@W@%@W%%@B@& % ‘qu‘i?‘{‘)%ﬁt%?h eé?%ﬁplﬁ(‘jc’ S TAbnat e at a
t enper at ur e ohéree) Abajvk dROGadkdo Alvthestproghéds Ui polydmiitie ifihh Beatés 10 theak@tid 30wt . % t o
about 55wt. % o0f an.alkali .nmetal salt: and.from .about.|Oam.%to about 35wt . %
of a sol ubi I"Thi%‘rpo ads p Q@Swlsﬁ?g’@}g}s a?%e'.rtoe’e vﬂﬁbb}[]ﬁbﬁrqugggg%wbef t he present
i nventi on pmeiferthasceallighert fraghéncy opgpatios raagiresahd identifitdtion ocdaveluphemt ofipri si ng a
pol ycar ponat il mbhavin hr ough-.hal es_and rel ated shaped voids forned
t her ei n?usi Ao S&ﬁte&a%ﬁlghf‘%@g?ﬁf)&???pltlgﬁgg%%}ﬁ 5%@‘.@%%' aqueous sol ution for
etching 15 pol ycarbonate at a tenperature from about 50C to about 120C
conprising fromabout 30w.%to aboyt ngwt.%of an alkali netal salt; and
from about | Oat.%to about 35wt.% of a i ubilizer dissolved in said
sol ution. Anot heOnasspextiof the ptelent pwasion provideserdomposifirnwimgdsing gar ocess
conpri sing: _providi a pol bonate fil contact i.n i ol ycar bonat e
1wt it 08 3 PR R DOBRME o4 b SRR 405 DR £ B! L2000 e
from about 30CC@mposiug frd@GBHuLSawEHs dmabeut S wt. %adfat aliali weimaltsind rofor om about
30wt . % to a%%#t léé%'tgy b%lt.lt %% 5&'&0‘11%%&!&5?0%&311 Qari](fjsoIlJu%H) about 1 Oam.%to
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regi on.;cAn ' & t.pavention is
that 81 yodrhanpiat b et hoR B PR RO L e T bt L g it
sui t abl e sulP9wt.Ytte ab®0S5Fwit% of 2n alkabimmetd] entt; Hiddrom shout 10w Ubtotabeut 8%wt.%Anot her
advant age of rat iliSifst aR0SQ096H SRk, 0f the present invention is that

Another aspect of the present invention provides a process comprising: providing

a polycarbonate film; contacting said polycarbonate film with an aqueous solution for
20 etching polycarbonate at a temperature from about 50°C to about 120°C, said aqueous
solution comprising from about 30wt.% to about 55wt.% of an alkali metal salt; and from
about 10wt.% to about 35wt.% of a solubilizer dissolved in said solution.
_ Another aspect of the present invention provides an article comprising a dielectric
( film comprising a polycarbonate selected from the group consi_stin_g of substituted and
25 unsubstituted polycarbonates, polycarbonate blends, and polycarbonate copolymers, the
dielectric film including at least one etched recessed region.

An advantage of at least one embodiment of the present invention is that
polycarbonate has low water absorption and dielectric loss making it a suitable substrate
30 material for flexible circuit substrates.
Another advantage of at least one embodiment of the present invention is that

polycarbonate film is less expensive than polyimide film. This can be important in



pol ycarbonate filmis | ess expensive than polyimde film This can be
inportant in 2 WO 2005/ 082983 PCT/ US2004/ 043143 naking flexible circuits
and carrier tapes for electronic devices, especially for applications that
requi re thwolkeess/dsedsss. Brief Description of Figures 5 PFpgousibeydsiaid are
optical digital imges of an etched pol ycarbonate of the present invention.
Fig. 2 is an optical digital inage of a cross-section of the etched

pol ycarbonate. of . Fig, .lh 10 As used_herein all. amounts i.ncluded as
percentagesIW%F@FhF%gﬁﬂpﬂﬁﬁ“ &g I”%?“%“%BEE.SﬁﬁFﬁﬁpﬁﬁﬁﬁéﬁéﬁ@?mﬁmﬁetai|ed
Descri pti on fifs raqeierhicker, filohet ai | s of the present invention are disclosed
herein; however, it is to 15 be understood that the disclosed enbodi nents
are nerely exenplary. Therefore, specific structural and functional details
di scl osed herein are not to be Hrisf Besoriptiechf®garesti ti ng, but nerely as a
basis f@r the clgj n . reor. t LSy f t ' e skilled
in the gart to vgﬁggﬁgfgigﬁﬁ 6§ﬁ?%§§brg%5%¥E?ﬁ%% ?P%%ﬁm?ﬁg&g#gggn i nvention
provi des di ehwotion.c filns as substrates for conposite flexible 20 circuits
that typically iggl A | j (ot £ g}g pper
conductive tracg Iyg%gﬁﬁ%%?éggh§F%%§£§§%%S%Féggﬁéggy%ﬂﬂ&ic e kﬁg silver.)
Specific fl &ig.hbe circuit applications include, |ap top conputers, personal
digital assistants, cell phones, calculators, caneras, plasna televisions,
and any device that has a display with an interface that bends or folds. 25
One of Vhe key béassedthereistalfdmopnts ngludédras percentdges refeeta weighgiversentobn  as
connectors hﬁﬁﬁﬁﬂﬁ%h §&§ﬁ£ronic devi ces such as portable electronics where
Ehere is only ted space for connector routing. It will be appreciated
-hat reduction in thickness of flexible circuits or portions of flexible
circuits will lead to greater cir§a&ﬁeﬂﬂé§§hmkhity. Thi s i ncreases

versatility in the use of flexible circuits particularly if the reduction
in thi ckness of AR&eagired, details of the present invention are disclosed herein; however, it is to

15 be understood that the disclosed embodiments are merely exemplary. Therefore, specific
structural and functional details disclosed herein are not to be interpreted as limiting, but
merely as a basis for the claims and as a representative basis for teaching one skilled in the
art to variously employ the present invention.

' The present invention provides dielectric films as substrates for composite flexible

20 cireuits that typically include a flexible dielectric sybstrate film and copper conductive
traces. (Conductive traces may also be gold, nicke! or silver.) Specific flexible circuit
applications includs, lap top computers, personal digital assistants, cell phones,
calculatofs, cameras, plasma televisions, and any device that has a display with an

(\_ ; interface that bends or folds.

25 One of the key benefits of flexible circuits is their application as connectors in
small electronic devices such as portable electronics where there is only limited space for
connector routing, It will be appreciated that reduction in thickness of flexible circuits or
portions of flexible circuits will lead to greater circuit flexibility. This increases versatility
in the use of flexible circuits particularly if the reduction in thickness of the dieleciric

30 substrate allows the circuits to be folded with minimum siress in the region of the fold. A
key advantage of flexible circuits is its effective use where space for device

intercormection is very limited. Reduced dielectric film thickness allows flexible circuits



30 substrate allows the circuits to be folded with mninumstress in the
region of the fold. A key advantage of flexible circuits is its effective
use where space for device interconnection is very limted. Reduced

di el ect ri cwbhi2bemvosimsgkness al l ows flexible circuits 3 WPrROORIGAINGB

PCTI US2004/ 043143 to bend or fold at relatively sharp angl es associ ated
with stacked nenory chi ps. Selectively thinned portions of flexible
circuits may ce stac. i.ch require the
dielectric ft?F?ﬁdgg Qa S&‘%ﬁ%?@ﬂsaa%%gln é@%&#{& dém)el ectronic
conponents. Sélemlygihmndnomqmveﬁﬂdxﬂm qhmdﬁi%@edemﬂawrb@meemwﬁ ol | abl e

chem cal f cont ai ni ng
a sol ubili zceé?h(?&e%&vg{/cﬁgée%gg % eﬂhléﬁe\é?%%f avi %3@%@@%%%%&§@I eads (al so
known as cardéctrenesompohedtis), through-holes and vias with angled sidewalls,

and othar - shapedrihfinAvelRbd pidfialsd HRRA tcohih ﬁé%ﬂmnaggeeﬁaﬁ of The present

i nventi on also a % e contour rou I'es,“vias and blind
10 vi as demeUFﬂgOI@tﬁcﬁlmsWet @mﬁfshﬂntmlihp@wn@ﬁmm@E}lblﬂizzeﬁoprwlttehélee@bhant and

t he tenperat E}f*’“‘ (EEPED rovi des a
film subst rack% vn??em %lfg?%ufﬁt S ?&"é‘g%% e @gg&%ﬁxﬁy rhueﬁ%dﬁer
frequenci es thﬂ-‘fa‘ﬂth@laglpdaﬁﬂﬁ‘@ﬂué\ﬁaﬂ P sbaped é@édsfﬁisr‘@ulaﬁ thinned oy rgesssed regigap-t i cul arl y
pol yi m de f'iéﬁ%re’ééﬁ?i}w@ﬁmhg%%u Rk r%%’v SO &ﬂﬁmﬁé aﬁ?séﬁ&"ﬁ from 15

E.1. duPont de Nenours an m ngt on, and those aval | abl e under
the tridenayies dapnding upeshe seeaiatiamt pfavlahzebw th%t‘ﬁlﬁﬂﬂ@@d @@éﬁ@perayamﬁm

Attai nment qf.dai gher frequency performance, in response to the demand for
f.aster electronic devices, results fromthe present teachings of nethods
Or processi ng p e 233pe5 O B SESsqTh Hveniien provig pombsigE fagflexdledrcnis at i vel y
intractabl e.g, &%é%éﬁn%ta't &?h&f&e&ﬁh&&%&ﬁ%ﬂﬁ&ﬁlg abdilFBleFag i sdfupbect ri cal

i nsul ati on, nbisture absor ess th Yo at saturation, a dielectric

constant  norerticalagypelwgids Hmg gich ap Heseraypisble sndar theedeneme KAPIRBEE®R | kHz to
45GHz, et t ey ReR EMemd @S COR Sy ISR SR BESH] iBsdRhiibIE ier thower modul us

possi ny enabling nmore flexible CII‘CUItS and o tlcal clarit

Pol ycar bonat Edenaing & Bl fromet ke Hiop ot Osaks. dopap. Affaamesat of; ¢
di ssi pation pigher ﬁ&?&% phAigtthaled) wreapdﬁe 1041 Gdnaddl Bor YRKY cledRRci@RbesPr OPerti es

for applications_a
results from the present teachings of methods for processing polycarbonates that were

once considered to be relatively intractable. Characteristics of polycarbonate films include

20 electrical insulation, moisture absorption less than 0.5% at saturation, a dielectric constant
not to exceed 3.5 over the functional frequency range of 1kHz to 45GHz, better chemical
resistance when compared to polyimide, lower modulus possibly enabling more flexible
circuits, and optical clarity.

( i Polycarbonates have lower water absorption and a lower dielectric dissipation
-. 25 factor than polyimide, which are very important properties for applications at high
frequency (GHz), such as for wireless communication or microwave devices.
The following Table 1 shows the different properties of common types of

polyimide (PI), Liquid Crystal Polymer (LCP), and polycarbonate (PC).
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Modul us (kps!) 800 700 300 ASTM D882, 64T Elongation (0/6) 35 16 100-150

ASTM D882,

64T Prop. Tear

strength (kpsi) 50 15 9 ASTM D882, 6

D570, 63 T de .

>350 300- 350 150 20

(gagruil) 13 15.4 30-55 ASTMD1922-O00A Tensile

ter absorption %2.4 0.1 0.4 ASTM
(pprrl deg C) 14 18 49 70 ASTM
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‘While polyimide and polycarbonate films may be etched using solutions of

potassium hydroxide or sodium hydroxide alone, the polycarbonate etch rate is so slow
that only the surface of the film can be effectively etched. Etching capabilities and

methods to produce flexible printed circuits having polycarbonate substrates with voids

and/or selectively formed indented regions have not been previously disclosed. Until now,

low-cost patterning of the polycarbonate film has been a key issue that prevented

polycarbonate films from being applied in high volume applications. However, as is

disclosed and taught herein, polycarbonates can be readily eiched when a solubilizer is

combined with highly alkaline aqueous etchant solutions that comprise, for example, water

soluble salis of alkali mefals and ammonia.

Etching of films to introduce precisely-shaped voids, recesses and other regtons of

controlled thickness requires the use of a film that does not swell in the presence of

alkaline etchant solutions. Swelling changes the thickness of the film and may cause

localized delamination of resist. This can Iead to loss of conirol of etched film thickness,

shallow via sidewall slopes, and irregular shaped features due to etchant migration into the

delaminated areas. Controlled etching of films, according to the present invention, is most

successfil with substantially non-swelling polymers. “Substantially non-swelling” refers

to a film that swells by such an insignificant amount when exposed to an alkaline etchant

as to not hinder the thickness-reducing action of the etching process. For example, when

exposed to some etchant solutions, some polyimides will swell to such an extent that their



Etching of filnms to introduce precisely-shaped voids, recesses and ot her
regions of | S controlled thickness requires the use of a filmthat does
not swell in the presence of alkaline etchant solutions. Swelling changes
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terial s u |1!3@tilaélaﬁ‘mt to pgeh gtheropmayhiavs aleast onp eplysasepnats laygr pigcprtde Honat e
| am nate. 6;[)1!1 ST niARkRI 1R (JE“L%}@IN G§?2%bLth}ﬁclﬁb%@1§&%on9@}p pRonat e

| ayer s adj acent o0 each ot her may have at |east one polycarponate |ayer

adj acent t o fhorideamingis|feogt B P}?H%@rl lycarhgnate magerigls maymien) dZ‘BI@L which is a

pol ycankonatgipRbis, Qﬂﬁba, aﬁﬁtﬁrah@&ehlﬁé%ﬂ%%gyrc%ﬁdﬁh@é%ﬁ&% flah@! ycar bonat e
materials may also be filled with 15 carbon black, silica, alum na and the

li ke or theyfetﬁ’iéﬁlnt%éﬂfﬁi‘mh?&ﬁdl’lglm‘ﬁén‘%@%hkeas flane retardants, UV
stabilizers, pi gm?érsaﬁsieEzhﬁsﬁltaisﬁfor\ﬁééﬁ&he%%semﬁeﬁ@htu&mufoaaiaﬁpfeor use in

t he present invention include, for exanp Bot assi um hydroxi de (KOH),

sodi um hydr PR Redepgide GGHD: sodigrder substituted ammonium

hydroxides, such as tetramethylammonium hydrox1de and ammonium hydromde or

20 mixtures thereof. Useful alkaline etchants include aqueous solutions of alkali metal salts
including alkali metal hydroxides, particularly potassium hydroxide, and their mixtures
with amines, as described in United States Patents No. 6,403,211 B1 to etch LCP films.
Useful concentrations of the etchant solutions vary depending upon the thickness of the

( polycarbonate film to be eiched, as well as the type and thickness of the mask chosen such
| 25 as a metal mask or a photoresist. Typical useful concentrations of a suitable salt range in
one embodiment from about 30wt.% to 55wt.%, and in another embodiment from about
40wt.% to about 50wt.%. Typical useful concentrations of a suitable solubilizer range in
one embodiment from about 10wt.% to about 35wt.%, and in another embodiment from
about 15wt.% fo about 30wt.%. The use of KOH with a solubilizer is preferred for
30 producing a highly alkaline solution since these KOH-containing etchants provide

optimally etched features in the shortest amount of time. The etching solution is generally



hydr oxi des, such as tetranethyl ammoni um hydr oxi de and anmoni um hydr oxi de or
20 m xtures thereof. Useful alkaline etchants include aqueous sol uti ons of

al kali metal salts including alkali nmetal hydroxides, particularly

pot assi umWwpdomyemes and their mxtures wth am nes, ascidesaeoiolsaes in United
States Patents No. 6,403,211 B 1 to etch LCP filnms. Useful concentrations
of the etchant sol utions vary dependi ng upon the thickness of the
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of the etching solution, the etch temperature, spray pressure, and the desired depth of the

20 etched region. Examples of etch rates for various types of polycarbonate films are shown
in Table 3 and range from about 1.2 to about 26.0 pm/minute, when etched from one side
of the film.

The dependence of etch rates on polycarbonate type and etchant solution
( ) concentration can be used advantageously to make a desired article. For example, a

25 polycarbonate film having a patterned layer of photoresist could be exposed to a solution
having a particular etchant concentration to achieve uniform depth etching of the exposed
areas. Subsequently, different areas could be exposed, or some of the already exposed
areas could be covered, then the polycarbonate film could be exposed to an etchant
solution having a different etchant concentration to achieve different depths of etching.

30 Alternatively, polycarbonate films could be made of different types of polycarbonate, in
different regions, that are etched at different rates when exposed to the same etchant

solution. In another embodiment, a polycarbonate laminate having its outer layer made of



becone soluble by action of the solubilizer in the presence of a
sufficiently concentrated aqueous al kaline solution of e.g. an alkali netal
salt. The tine required for etching depends upon the type and thickness of
pol ycar borwpendsismes o be et ched, the conposition of theceusdeangsigsl ution,
the etch tenperature, spray pressure, and the desired depth of the 20 etched
regi on. Exanples of etch rates for various types of polycarbonate filns are
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ranges wl | typlc about’ 35 to a
ketone (MEK]}, methyl isobutyl ketone (MIBK), may also be added to change the etchant
20 concentration of the composition.

The present invention may also be used to produce flexible circuits having
recessed, or thinned reéions. Composite circuit durability, in terms of flex cycles, can
depend upon circuit thickness and other material properties. Conventional handling

( " techniques for the manufacture of composite circnits work best with dielectric film |

25 substrates at least 25pm thick. The thickness of the dielectric film substrate can affect the
level of difficulty associated with flex circuit processing and manufacture. If the film web
is less than about 25pm thick problems with material handling lead to difficulties in
consistent manufacture of circuit structures. For example, films of uniform thickness less
than 25pm tend fo irreversibly stretch or otherwise distort during the muiti-step process of

30 flexible circuit production. This problem may be reduced using substrates according to

. the present invention that have indeﬁted regions of comtrolled depth to provide localized

areas having a film thickness as low as Spm. Typically the subsirates are in the form of



dependi ng on etchant conposition, tenperature and feature depth. The
side-wall angle also changes with alkali netal hydroxi de concentration in
the etchant solution, such that over the concentration range of from about
35wt . % KOHweasnsesss 55wt . % KOH t he angl e 15 of the si depomitis2oedmamges from
about 25 to about 55. Modification of the angle of the side-wall is not
possi bl e using drilling, punching or |aser ablation. In these |latter cases,
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substantially no swelling or dela:mmatlon from the polycarbonate polymer film.

20 Negative photoresists suitable for use with polycarbonates according to the present
invention include negative acting, agueous developable, photopolymer compositions such
as those disclosed in U.S. Pat. Nos, 3,469,982; 3,448,098; 3,867,153; and 3,526,504, Such
photoresists include at least a polymer matrix including crosslinkable monomers and a

(' photoinitiator. Polymers typically used in photoresists include copolymers of methyl

25 methacrylate, ethyl acrylate and acrylic acid, copolymers of styrene and maleic anhydride
isobutyl ester and the like. Crosslinkable monomers may be multiacrylates such as
trimethylol propane triacrylate.

Commercially available aqueous base, e.g., sodium carbonate developable,
negative acting photoresists employed according to the present invention include

30 polymethyl-methacrylates photoresist materials such as those available under the trade
designation RISTON from E.L duPont de Nemours and Co., e.g., RISTON 4720, Other .
useful examples include AP850 available from LeaRonal, Inc., Freeport, NY, and



techni ques may be used for dielectric filnms having recessed regions as woul d
be used for filns of the sane but uniformthickness. For exanple, flexible
circuits according to the 10 present invention can use standard dielectric
film 25m owo0esmosysEk. This allows inplenentation of crrwesmwismaaks web
handling for formng flexible printed circuits. For advanced applications,
thicker filns nay be desirable while maintaining the flexibility of the
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Aqueous processible photoresists are laminated over both sides of a substrate

20 comprising polycarbonate film with a thin copper side, using standard laminating
techniques. Typically, the substrate has a polymeric film layer of from about 25 um to
about 300 pm, with the copper layer being from about 1 to about 5 pm thick.
Alternatively, a thin metal layer may be deposited onto a surface of the polycarbonate fitm

( using sputtering, plating or a combination thereof.

25 The thickness of the photoresist is from about 10 pum to about 50 pum. Upon
imagewise exposure of both sides of the photoresist to ultraviolet light or the like, through
a mask, the exposed portions of the photoresist become insoluble by crosslinking, The
resist is then developed, by removal of unexposed polymer with a dilute aqueous solution,
e.g., a 0.5-1.5% sodinm carbonate solution, until desired patterns are obtained on both

30 sides of the laminate. The copper side of the laminate is then further plated to desired
thickness. Chemical etching of the polycarbonate film then proceeds by placing the

laminate in a bath of etchant solution, as previously described, at a temperature of from

10



and "CF" series with SF120, SF125, and CF2.0 being representative of these
materials. A5 netal nask may be used in the place of the photoresist.
According to an aspect of the present invention, the polycarbonate

di el ectri cwhizbosroszaey be sel ectively chem cally etched apcseszersahsig: ages in
the flexible circuit manufacturing process. Introduction of an etching step
early in the production sequence can be used to thin selected areas of the

filmuwhile |a%§|}f'50‘gcid”%o£’tl&|25° Ofo &tbPavlaylpBihs dfite garyw-b&ﬁke goliinfekpgss. 10
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t enper at ur e figm furiben efahing. Areas of the polymeric film (on the film SIdeynot covered by the

20 crosslinked resist are then etched with the etchant solution containing an alkali metal salt

and solubilizer at a temperature of from about 70° C to about 120° C, and the photoresists
are then stripped from both sides with a dilute basic solution, as previously described.

1t is possible to introduce regions of controlled thickness into the dieleciric film of

™~

the flexible circuit using controlled chemical etching either before or after the etching of
25 through holes and related voids that completely removes dielectric polymer materials as
required to introduce conductive pathways through the circuit film. The stép of
introducing standard voids in a printed circnit typically occurs about mid-way through the
circuit manufaciuring process. It is convenient to complete film etching in approximately
the same time frame by including one step for etching all the way through the substrate
30 and a second eiching step for etching recessed regions of controlled depth. This may be
accomplished by suitable use of photoresist, crosslinked to a selected pattern by exposure

11



WO 2005/ 082983 PCTI 1 JS2004/ 043143 about 50 C to about 120 C to etch away
portions of the polycarbonate polyner not covered by the crosslinked
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di | ute basi cmg‘g%ﬂ?lis%ﬁ?ordga tP'@W%fﬁ]F?n LSS pBgnt d?%”fgg Ioﬂf?%ﬂoﬁtlaew o introduce
regi onsiof cobkiditraghit mhoessqientairdnh & suphplg Iraltiora vaind-up rollpwhich bdleéth exi bl e
circuit using controlled.chen cal etchi ei ther. bef ot r.after the etching
of 25 1 hr oupre BRSBTS St R IErRRat PR i ol oot r

pol ymer mat ecdnrbliedalepih irethe poleniet film, Attomalad proomssisgets ¥ eclphindlimydevicdr ough. t he
circuit fil he. ste f introducing standard voids,in rinted.circuit
typically ocr:r%(]:1 ﬁtr &8 %nt?g' ?qn'pr -c\?v%sl;}l%tsﬁﬁ%nﬁg ”%’ﬁlgn "Ci ?%Sgnlgtagd ?\Vﬁﬁg\@gﬁir??t%gm%r ocess.

|t is conventwtitgsis veting kichiag fnd Hatig tei nmpl hopastp prdostdhingt ted polyndrdils afre ti ne
frame by, i nchydi Rl BRf1 SRR mle? fanfltd ERMin beheidul GicHBY  hM AN Pt BaRUDSE r 2t €

with jet nozzles that spray etchant on the moving web to etch those parts of the web not

protected by crosslinked photoresist,
To create finished products such as flexible circuits, interconnect bonding tape for
"TAB" (tape automated bonding) processes, flexible circuits, and the like, conventional
<u 25 processing may be used to add multiple layers and plate areas of copper with gold, tin, or

nickel and the like as required for reliable device interconnection.

EXAMPLES

30 The following examples are meant to be illustrative and are not intended to limit

the scope of the invention, which is expressed solely by the claims.
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30 and a second etching step for etching recessed regions of controlled
depth. This may be acconplished by suitable use of photoresist, crosslinked
to a selected pattern by exposure 11 WD 20051082983 PCT/ US2004/ 043143 to

- ul travi ol etwo amds/ag2ogsn. Upon devel opnent, renoval of photegraseamiodseaseal s
areas of dielectric filmthat will be etched to introduce recessed regions.
Alternatively, recessed regions nay be introduced into the polyner film as
an additional step after conpleting other features of the flexible circuit.
The additional step 5 requires |am nation of photoresist to both sides of
the flexible circuit followed by expod#P¥2 to crosslink the photoresi st
according to a selected pattern. @&éﬂb@éﬁﬁi‘!@f the photoresist, using the
dilute solution of alkali netal carbonate_described previously _ exposes
areas of the di eMaterialc fi||m Chemicylicpmpeition: ched Fmcont i oAVailpbledpams |t o
produce i ngent dradepamend gssociated thinned pedigkmesst film_After alll owi ng
sufficient tiddg tolE8XMN 10 |r ecesBdwagpnaesi red dép? #mintjo t KE Bpgicect ffi ¢
substrate o e TIBDRDHIR g r demgot/Matie i oct i ve  crossl i ARHfigMehr asi st

i s stripped| &3 jbef &EEANINd |t he rRo3spIOPRAE cir cli t 260 Wl udj ng GePladies velly
t hi nned regians TRFPD A& ic] dsmpothMa . ssl st eps_descyihed above y be
conduct ed a$ B |bat &FXdbcesis usi Piyoasbaty i dua] s@epwmor jn &R BadeRd flashi on
usi ng equi ppen d&2F 9Rdd2t ot r akeptieally cleagieh 15 material {hrough t he process
sequence frorfa su ol I| Pelyeerbymatewith flame| | wAR&mmcol | ect@ Plasiiss prloduced
circuits that_ilncl El eclti vel v T¢tidiied reqg| ons _and infdent ati ons of
control led ¢epth i K¥LEX pol |y REend pliphetiomobyewiert bd pRoB®ssi hg (HERlagioneb
handl i ng devicel tBEHO vari et Pleeds procesging statiohs for_applying,
exposi ng and Beyel Who B @nd giphaticaglvesigs| ad6hueml as et@hFlagicand
plating the|netjl P01 s land_et chlerd$ the polyner filmpf 20 the stardting
metal to polyFer | 3Rt e. [EPEmndefivketinobrger hcl d6krm nupberGBPlagiet ay (bar s
with jet nozzlels tha®S&prayl et chanblepds t he ing weh taletch those pdrts of
the web not | @rlotldBtAN8B35 cfr oss| Paixatoptint or esi s265 o cr pat €35 Plagtished
products suc¢h flexible cjfllgdwith qafoppleddnect bondingltape for " TAB"
(tape aut ongit'dd| béswes Nafirabr locessRaiycarbonsts bl e i r cifimms, ahdWedtlekq Plastics
conventionall 25 pro@essing} n@pogetneseagie friishydd nul ti pl e | ayefompand pl 4t e
areas of copper| with gold, tin, or _nickel and the like hs (bepmi,PAY f

=

reliabl e deVite iMtlasfeUARfect i on. Polycarbonate 150 pm Bayer Plastics Div.
5014 (velvet/very fine matte (Pittsburgh, PA),
finish)
5 .

Example 1-5 and Comparative Example 1C
For this series of examples, different etchant solutions were vsed to etch different

types of polycarbonate films.

(‘ - For Examples 1, 3-5 and 1C, the films were subjected to two-sided etching. In

; 10 other words, no coatings or resists were applied to either side of the film, so that both sides
we;re exposed to the etchant. To determine etching speed, a small film sample (about 1cm
x about 1om) was cut and immersed in the eichant solution. This resulted in the sample
film being etched on both sides. Etching speed (for one side) was then determined by
dividing in half the reduced thickness by the etching time. V

15 For Example 2, the films were subjected to one-sided etching. A dry aqueous
processible photofesists was laminated over both sides of the polycarbonate film materials,

One side of the resist was flood-exposed and the other side was exposed under a patterned

13



EXAMPLES 30 The foll ow ng exanples are neant to be illustrative and are not
intended to limt the scope of the invention, which is expressed solely by
the clains. 12 WO 2005/ 082983 PCT/ US2004/ 043143 Table 2 Pol ycarbonate Fil ns
Mat eri al Ghenssat2ogoNposition Film Avail able from tradenangecioigkeness Al
LEXAN Pol ycarbonate 132 m GE Pl astics T217 DD 112 snooth/ Matte fi nish)
(Pittsfield Ma) A2 LEXAN Pol ycarbonate 260 m GE Plastics T2FDD 112

(snooth/ Matte finish LEXAN Pol ycarbonat e 254 Pl ast.i ¢ T2F OQ 112
(optic all ﬁaﬂ‘ar'ﬂj}’e ‘%cﬁ%ﬂiﬁ%ﬁ 95@? gl%)‘%’ar?sém @ﬁ“f“ﬁ"’ F’Is‘élﬁg]e %%w%s% 'ﬁ*%st ics FR83
116 r et ar dardsisDvaéYhdneRJomed dy aimayhlaf the upedpyed pelyméPGitpatlilie #uess06s D7010MC
bl ends E XY PC and .al i.phat.i c ' OMC bl ends
F XYLEX PC grl%’ S °a¥"i°8atp%‘1£i‘t§/ﬂe"§t’§$‘h%gjﬁ %ﬂ?%f“%&"ﬁtﬁﬁjé”gﬁ%@%l | e%;(;s G LEXAN
8B25 Pol ycardsishen ee 216 and QBetiRined layer of regift dnltieechthur side.cEhebrosasibbde®) H Zel ux

Nat ur al . Pol : ' (Smoot h/fine matte
finish) 3 Con%%%@m%éﬁiﬁgg e@ﬁ% I ﬁ%g@ﬁ%&ﬁﬁﬁ?gg bonate 150 m Bayer
Plastics Div. 5@&litdhingleupsrimenisyete samiedavitiea peken withoud Binimgpsing a

water bath at 85°C unless noted otherwise. The efching results for polycarbonate films are

summarized in Table 3. The etchant compositions are shown in Table 3 as the ratio of

KOH to solubilizer (ethanolamine)} with the balance of the composition being water unless
10 otherwise specified. For example, Ex. 1 shows ‘45/20° in the etchant column, which

indicates an etchant composition of 45wt.% of KOH, 20wt.% of ethanolamine, and the

e remainder is water. The designations of “A” through “T” correspond to the polycarbonate
o films designated as A through I in Table 2 above.
15 » Table 3
Summary of polycarbonate (PC) etching results
Polyimide Film Type
AllA?.'B]CiD[EIFIGLHII
Ex. | Etchant Single side etching speed (pm/min)
1. 45/20 | 23.0 20 153 | 11.0 | 2.0 | 1.2 - - -
2 | 4221% | - 1260 - - - - - - |47 19
3 40/20 | 156 141 ] 50 7.1 13 ] 12 | 170 - 119
4 36728 1150 148 ] 100 | 79 16 | 15 - - -
5 33/33 | 115 111 ] 7.6 5.0 1.8 | L7 - - -
(g 1Ic| 450 |25 28 | 12 | 1.0 | 02 |0.034] - - -

* Btch temperature was about 92°C.
T Titration results showed an actual concentration of 41.8 w% KOH and 20.9 wi% sthanclamine.

20 Optical digital images were taken of LEXAN T2F DD 112 films, prepared as
described above for Example 2 and subjected to the etchant solution of Example 2 for 5
minutes at about 92°C. The original thickness of the film is about 260 um and the etched
depths are about 100 um. The images are shown in Figs. 1a to 1d and 2. Figs. 1aand 1c
show square and circular patterns, respectively, etched into the smooth side of the film.

25 Figs. 1b and 1d show the same square and circular patterns, respectively, etched into the
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 finish) 5 Exanple 1-5 and Conparative Exam|lp a 1C For this series of

exanpl es, different etchant solutions were used to etch different types of
pol ycarbonate filnms. For Exanples 1, 3-5 and 1C, the filnms were subjected to
* two-si ded ®ctwsigp2ossn 10 ot her words, no coatings or repcsus200868143pplied to
either side of the film so that both sides were exposed to the etchant. To
determ ne etching speed, a small filmsanple (about Icm x about lcm was

cut and Immme%aere,f&e@mﬁtmg s ascdsstgeca&ofﬁg b/ BSWink At e labgaapmli € film
bei ng etched on tch |ng speed (for one side) was then determ ned

by di vi di ngmelfs pabPiATeanddhrietehsd A A 14 e etchlng tinme. 15 For
Exanple 2, the fllns were subjected to one- sided etching. A dry aqueous
proceSS|bIe phot Si sts was nat ver h,sL es of the polycarbonate
filmmterials. bg.aaae%m{wgéwssgfgql d@@%ﬁﬁ%&%ﬁl tt he ot her side
was expgsed diﬁ&tﬁﬁre?chﬁﬁ’éeﬁ fiaf BElmide tme%ﬁﬂ&xﬂaﬂea&l&éa’ hdSiE b 43dadidg MBSk The
exposed port of the hot reS|st becane i nsol ubl e by crosslinking. The
resist was t %’ e Rt MF1Re unexposed polymer with a dilute
aqueous 0. 5- 1 5@6sod|un1carbonate solution, resulting in a polycarbonate
filmwith a solid |layer of resist on one side and a patterned | ayer of
resist on the other side. The neasured etch 5 speeds for the single exposed
sides are shown below in Table 3. Al etching experinents were carried out
in a beaker, without stirring, using a water bath at 85C unl ess noted

ot herw se. The etching results for polycarbonate filnms are summarized in
Tabl e 3. The etchant conpositions are shown in Table 3 as the ratio of KOCH
to solubilizer (ethanolam ne) with the balance of the conposition being
wﬁter unl ess 10 ot herw se specified. For exanple, Ex. 1 shows "45/20" in the
et chant columm, which indicates an etchant conposition of 45w . % of KOH,
20wt . % of et hanol am ne, and the C renmainder is water. The designations of
"A" through "I" correspond to the polycarbonate filnms designated as A
through I -in Table 2 above. 15 Table 3
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Summer of of carbonate (PC) etching results Pol 'wde Filme Al J A2 BCJ

DEFGHj I Ex. Etchant Single side etching speed (niwn) 1 45/20 23.0 20
15.3 11.0 2.0 1.2 - - - 2 42/21* - 26.0 - - - - - - 1 14.7 19 3 40/20 15.6
14.1 9.07.11.31.217.0 - 11.9 4 36/28 15.0 14.8 10.0 7.9 1.6 1.5 - - - 5
33/33 11.5 11.1 7.6 5.0 1.8 1.7 - - - 1C45/0 2.52.8 1.2 1.00.2 0.034 - -

- * Etch tenperature was about 92C. t Titration results showed an actual
concentration of 41.8 w % KOH and 20.9 wt % et hanol ami ne. 20 Optical digital
i mges were taken of LEXAN T2F DD 112,#is! s, prepared as described above
for Exanple 2 and subjected to the etchant solution of Exanple 2 for 5

m nutes at about 92C. The original thickness of the filmis about 260 m and
t he etched d@p@dﬁ@oﬁﬁ&wa ﬁﬂgmgloo pm The irrages are shown in Figs. lato Id
and 2. Figs. la and it ow square and circul ar patterns, respectl vely,
etched into tH a@ﬁ%‘&ﬁ?ﬂ“%‘?rbféf fas‘fhlﬁgrpelywbwt%ﬂ tempriatute fromogt JOCHB APhe same
squar e ando®l dofdididk ek , respectively, etched into the 14 WO

2005/ 082983 PCT/US 004/ 0 3143 matte side of the film Fig. 2 is a

cross- sect i on figm 3bpyg 30v% taphor Wyt-topden dlkali metd sglapnrds have angl es of about

45 and the et ghathhe@ADWLI:S0 AREHSWLADRBMAmihd soMbillzeRfssAPRS if SdiddgioRy those of
skill in the art that, in light of the present 5 disclosure, changes may be

made to the enbodi nents disclosed herein without departing fromthe spirit

and scope, of tA@nipoaseHecdrdiNERiciadi 1 cditaifth@ i abokt 40M CPRRBSH 5dval, NPT i si ng:
an aqueous 1(i)(llutl on for etching polycarbonate at a tenperature from about
50C to abBdkelBee salinsi sting essentially of

3 A composition according to claim 1 containing from about 15wt.% to about 30wt.% of

said solubilizer.

4, A composition according to claim 1 wherein said alkali metal salt is selected from the

group consisting of sodium hydroxide and potassium hydroxide.
5. A composition according to claim 1 wherein said solubilizer is ethanolamine.

6. An article comprising:

a flexible circuit comprising a polycarbonate film having through-holes and related
shaped voids formed therein using an etchant composition comprising:

an aqueous solution for etching polycarbonate at a temperature from about 50°C to about
120°C consisting essentially of

from about 30wt.% to about 55wt.% of an alkali metal salt; and

from about 10wt.% to about 35wt.% of an amine solubilizer dissolved in said solution.
7. An article according to claim 6 including at least one unsupported cantilevered lead.

g An article according to ¢laim 6 including at least one through hole having non-parallel

angled sidewalls.

9. A process comprising:

providing a polycarbonate film;
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from about 30wt.% to about 55wt.% of an alkali netal salt; and from about
10wt . % to about 35wt. % of an am ne sol ubilizer dissolved in said solution.
2. A conposition according to claim1l containing from about 40wt.%to about
50wt . % of said alkali metal salt. 3. A conposition according to claim1l
containing fromabout 15wm.%to about 30wt.% of said solubilizer. 4. A
conposition according to claim1l wherein said alkali netal salt is selected
fromthe group consisting of sodi um hydroxi de and potassi um hydroxide. 5. A -

conposi ti on aceahdinB%aid PolfdafioMtd AMNGIEINMqSRLoRAbMRE bBRE pdika®bii@el am ne.
6. An article conprising: a flexible circuit conprising a polycarbonate film
havi ng t htupietE ey aheid SPE] ekt 127G fald aquspesolvbenoasitting eupmiialisefng an

et chant CcoMPOSfdn MILCRIRY t8 bt SRR IAGUR A QhUL,QRa fOor etching
pol ycarbonate at a tenperature from about 50C to about 120C consisting

essenti al |y offram #hentlistite taakput 33vter ¢fish aning shpbiizepdissglyedingaid solptiopal salt ;
and from about 10O .%to about 35wt.% of an am ne sol ubilizer dissolved in
said solution. 7. An article accarding.to claim.6 includin t | east one
unsuppor t ¥d C fhpropes e aling dogdeim Sgvhersin Sidtiacns sqliig &ﬂ%lS%S&O% &Pt 6 i ncl udi ng
at | east mne%basdnghovol 6f shidvikagmeansapar al | el  angl ed sidewalls. 9. A
process conprising: providing a polycarbonate film 16 contacting said

pol ycarbonate fil mw th an aqueous solution for etching polycarbonate at a
t enper at urle f ropledoatcordIBE I daimPoiHerei?Qid, aqs@uchotjte conspriss|fivin abbutconsi st i ng

essenti al of. fr ) ow..% to about 55wt.% of an al kali netal salt;
and fromla o'lf‘itoﬁlaﬁf?@ﬁt/gggasﬁféﬁ%%@gﬁl % of an am ne sol ubilizer dissolved in

said solution. 10. A process according to claim9 wherein said aqueous

sol ution .rrprA §1%§es£ £cggpd1§??ouélz%imlb%vﬁefe% Sél% \ﬁﬁ(lgf?ﬂ'}etaﬁs%%sas%&}gd é@r}l Hle%*olﬁ l i metal
salt. H process accordrng to “clarm her er'n 'sai d dqueous sdl ution
conpr i sescohsiging abswdium hyEekidegidpotakaiun hy@ewided% of sai d sol ubili zer.

13. A process according to claim 9 wherein said solubilizer is ethanolamine.

14. A process according to claim 9 wherein said polycarbonate film selected from the group
consisting of substituted and unsubstituted polycarbonates, polycarbonate blends, and

polycarbonate copolymers.

15. A process according to claim 9 wherein the polycarbonate film comprises at least two
different polycarbonates having etch rates different from each other such that when the
polycarbonate film is contacted with the aqueous solution the different polycarbonates are etched

to different depths.

16. An article comprising a dielectric film comprising a polycarbonate selected from the
group consisting of substituted and unsubstituted polycarbonates, polycarbonate blends, and
polycarbonate copolymers, said dielectric film including at least one recessed region eiched by

the process of claim 9.

17. An article according to claim 16 wherein the dielectric film has a thickness of from about

25um to about 300um,
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12. A process according to claim9 wherein said alkali netal salt is

sel ected fromthe group consisting of sodi um hydroxide and potassi um

hydr oxi de. 13. A process according to claim9 wherein said solubilizer is
et hanol am ne. 14. A process according to claim9 wherein said polycarbonate
filmselected fromthe group consisting of substituted and unsubstituted
pol ycar bonat es, pol ycarbonate bl ends, and polycarbonate copol yners. 15. A
process according to claim9 wherein the pol ycarbonate filmconprises at

| east twqg, di fsheHRMacRRAINERCRANIE GRerflA W AEcIALSS Bf thatessdirfdigrieRtiudd om each
ot her such that when_ the polycarbonate filmis contacted with the aqueous
sol ut i on ¢ 5% tAnRPRL &AEMpol ycar bonates are etched to different depths. 16.
An article conprising a dielectric filmconprising a polycarbonate sel ected
fromthe_ group consisting of.s tituted and. unsubstituted polycarbonates,
ol year bdar o DB A caito iy Lo BB i e SR | o m

i ncl udi ng@tchdd tb a@dfsteniafepths.ecessed regi on etched by the process of claim?.
17. An article according to claim 16 wherein the dielectric filmhas a

t hi ckness of from about 25mto about 300m 17 18. An article according to
cl ai m 16 20her @dinarticlactddickioemsn o whdiein ntidestswedf the glualityi of racesskscbtledtb 0 | ess

t han abo 5 n t cordj B i plurality of
rec esses%gf{egﬁme%g&h%% \/cvtl) Sﬁpgé&ncilfgéﬁgné?%ogsétw gﬁggﬁﬁgﬁg@?&es#gwp ﬁ%g{)}% Izlegt 20. An
articl e aeclyearkhinatgs.t o cl ai m 19 wherein at least two of the plurality of
recesses etched to different depths are located in different regions, which
different regions conprise different polycarbonates. 21. An article

accor di nglt o dnartirlenecadingioickind eompobipe apdnatbrratd filnyaninaied totacifferat o

di ff er enty,e by Rty bR HMeAT RARAh&Idslid Mor @ thernoplastic film 18
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