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Thin, lightweight and ideal for complicated devices, flexible circuit design solutions range

from single-sided conductive paths to complex, multilayer three-dimensional packages.
The use of flexible circuits is known, for example, in electronic devices including ink jet
20 print heads, hard disk drive suspension assemblies and touch or finger sensors.
Commonly used dielectric film base materials for flexible electronic packaging
include polyimide, polyester terephthalate, random-fiber aramid and polyvinyl chloride,
Changes in electronic device design create the need for materials with properties or design
possibilities surpassing previously attainable performance and processing capabilities. For
25 example, a lower dielectric constant allows faster electrical signal transfer, good thermal
performance facilitates cooling for a package, a higher glass transition or melting
temperature improves package performance at higher temperature, and lower moisture
absorption leads to signal and data processing at higher and higher frequencies. Additional
improvement in device performance could be achieved by selective reduction of dielectric
30 film thickness, but a cost-effective method is required to achieve the desired substrate

thinning.
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20 of providing specified flexible circuits using dielectric substrate materials less than 25um
thick. For further improvement in device performance there is a need for flexible circuits,
including regions thinner than 25um, which can be mass produced to economically

acceptable standards of yield and quality.

25 Summary of the Invention

The present invention provides flexible circuits of the type also referred to herein
as dynamic flex circuits comprising composites of dielectric substrates and copper circuit
features, Properties of materials and circuit design affect the number of flex cycles thata

30 given circuit is able to withstand.
The thickness of the dielectric film substrate, for example, determines the level of

difficulty associated with flex circuit processing and manufacture. If the film web is less
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images of higher resolution than larger nozzles in thicker film print heads. Thinner regions

25 of dielectric substrate reduce the volume of fluid that a laser ablated nozzle can hold.
When the dielectric film is less than 15um thick, the droplet formed in the each ink jet
nozzle has a size of approximately 8 picoliters or less. The ability to form selectively
thinned regions in a dielectric film creates an inkjet print head part having robust material
properties in non-critical areas and desirably thin film in the location of a nozzle array.

30 In hard disk drive applications, a flexible circuit can be made from 25pm film, but
the portion of the flexible circuit in the head gimbal assembly area may advantageously

have a thickness of 12.5um or less for better flexibility. Selective thinning of dielectric
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according to the present invention. Chemical milling techniques are appropriate for use
with either batch or continuous manufacturing schemes for producing flexible printed
circuits.

25 More particularly, the present invention provides a dielectric film for use as a
substrate for a flexible circuit. The dielectric film comprises a polymer selected from the
group consisting of liquid crystal polymers and polyimide copolymers including
carboxylic ester units in the polymeric backbone. The dielectric film has a thickness less
than 60pm including thinned, recessed regions wherein the thickness is reduced to less

30 than 15pm.

One embodiment of the present invention provides a flexible circuit for use in an

ink jet print head. The circuit comprises a dielectric film comprising a polymer selected
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20 As required, details of the present invention are disclosed herein; however, it is to

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,

25 The present invention provides dielectric films as substrates for composite circuits
that include a flexible dielectric substrate film and copper conductive traces. Composite
circuit durability, in terms of flex cycles, depends upon circuit thickness and other material
properties. Conventional handling techniques for the manufacture of composite circuits,
also referred to herein as flex circuits or dynamic flex circuits, require dielectric film

30 substrates at least 25 thick. Films of uniform thickness less than 25um tend to
irreversibly stretch or otherwise distort during the multi-step process of printed circuit

production. This problem may be overcome using dielectric films according to the present
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images produced by ink jet printers due to use of smaller ink droplets. The smaller

droplets result from selective thinning of dielectric film and laser ablation of lower volume
inkjet nozzles that shoot ink drops smaller than those formed using thicker dielectric films.
Reduction of film thickness in a specific area in the region of the nozzle array produces a

25 flexible part having relatively robust material properties in other areas of the ink jet print
head. Selectively thinned flexible circuits enable connectivity in confined locations
requiring that the flex form fit in locations that include acute angle bends. Added
flexibility creates less stress on flex circuits used for ink jet applications in which 90°
bends are common.

30 The sensitivity of touch or finger sensors may be increased by selective thinning of
flex circuits that initially use a dielectric substrate between 25um and 50um thick. Using

film processing techniques, according to the present invention, the dielectric film thickness
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bt i oRtoHEe &St SEPTe SOy Mt HeaupoaR b GuspaibipeREh: Mo
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Processing of flex circuits according to the present invention has similarities to the
process of United States Patent No. 5,227,008 that describes processing of polyimide films
to produce through holes, such as vias, and related voids. This patent and the present
application are commonly owned. Etching capabilities to produce flexible printed circuits
25 having selectively formed indented regions require specification of materials and process
capabilities not previously disclosed. For example, although polyimide is the most
frequently used substrate material used in the manufacture of flexible circuits, patterning
of dielectric substrates is primarily accomplished by such process steps as mechanical
punching or drilling and laser ablation. As described in United States Patent No. 5,227,008
30 it is possible to produce chemically etched vias and through holes in flexible polyimide
circuits, as needed for electrical interconnection between the circuit and a printed circuit

board. Complete removal of polyimide material, for hole formation, is relatively common.



of dielectric substrates is primarily acconplished by such process steps as
mechani cal punching or drilling and | aser ablation. As described 4 *szqud
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el ectrical interconnection between the circuit and a printed circuit board.
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POy ?apalrls and copolymers containing p-hydroxybenzoic acid such as LCP CT film (Kuraray
Co., Ltd., Okayama, Japan). A similarity between liquid crystal polymers and APICAL™

HPNF polyimide is the presence of carboxylic ester units in both types of polymer
structures. The existence of carboxylic ester structural units in the polymeric backbone of
25 non-swelling APICAL™ HPNF film signifies a difference between this polyimide and
other polyimide polymers that are known to swell in contact with alkaline etchants.
APICAL™ HPNF polyimide film is believed to be a copolymer that derives its
ester unit containing structure from polymerizing of monomers including p-phenylene
bis(trimellitic acid monoester anhydride). Other ester unit containing polyimide polymers
30 are not known commercially'. However, to one of ordinary skill in the art, it would be
reasonable to synthesize other ester unit containing polyimide polymers depending upon

selection of monomers similar to those used for APICAL™ HPNF. Such syntheses could
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handl ing characteristics remain simlar to those associated with the
product i grpnyfacturing process has the benefit of introducing other circuit features before altering

film thickness. Regardless of when selective substrate thinning occurs in the process, film-
handling characteristics remain similar to those associated with the production of
conventional flex circuits.

25 Possible alternative methods may be used for creating three-dimensional structures
in the dielectric substrate film including icro replication of thermoplastic films, laser
ablation, ion or plasma etching or similar processes. Such methods are generally less
effective than chemical etching for selectively thinned circuit manufacture according to
the present invention. Micro-replication, for example, before flexible circuit manufacture,

30 may produce bulk film non-uniformities. Application of this method after preparation of
other circuit features may destabilize the circuit pattern or change properties of the

material that requires softening to emboss a desired pattern into the circuit substrate.
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be plated to a desired thickness. The process continues with immersion of the laminate in a
bath of concentrated alkaline etchant solution at a temperature between 50°C and 120°C.
This etches selected areas not covered by crosslinked resist to produce through holes and
25 related voids in the polymeric film. The residence time in the etchant bath, to produce
through holes in the laminate is from 10 seconds to 20 minutes. A dilute aqueous
solution, containing from 2% to 5% alkali metal carbonate, may be used at temperatures
from 20°C to 80°C, preferably 20°C to 60°C, to strip crosslinked resist from both sides
of the laminate, after which copper circuit traces may be etched using a copper specific
30 etchant.
Recessed regions may be introduced into the polymer film as an additional step

after completing other features of the flex circuit. The additional step requires lamination

10
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The process steps described above may be conducted as a batch process using

individual steps or in automated fashion using equipment designed to transport a web
material through the process sequence from a supply roll to a wind-up roll, which collects
mass produced circuits that include selectively thinned regions and indentations of

25 controlled depth in the polymer film. Automated processing uses a web handling device
that has a variety of processing stations for applying, exposing and developing photoresist
coatings, as well as etching and plating the metallic parts and etching the polymer film of
the starting metal to polymer laminate. Etching stations include a number of spray bars
with jet nozzles that spray etchant on the moving web to etch those parts of the web not

30 protected by crosslinked photoresist.
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with jet tige tf"l‘?;!tk“lé"’ﬁ‘ray etchant on the noving web to etch those parts of
the sveb pot  BAEKGH iR dpystd bolyhilet (UCPY fiBH 05 0th @6élSH prdducd byAkHaa007 WO
2004/0232$ﬁ PCT/USZ%?S/OZ 722 Materials Dielectric Film Substrates 1.
AP| CAL TMOQEsKESX Ing, Pkaess-Kfne {3 and 50 micron filn) is produced by Kaneka
Cor por at 3on, LEBGET FIgRANqEd Srystdl fyrhér|(DTP O 6itth §06h Yiidieds pRedhy (LCP) film
25mthick is produced bqua gh Gbre-{gg Fﬁg., Cﬂggana-Kgn, fgﬁgn 3. LCP CT
film- L&A €9-ykidaOkpi 4 LCP CT) film501imthick is produced by
Kuraray Co., Ltd., Ckayanm, Japan 10 Photoresist A dry film photoresist was
used for selective location of regions for controlled etching. The
photbr esPbetoregisteri al is available from MacDernmid Inc. of Waterbury, CT
under product qﬁfﬁ : : : ositions A)
33 w % pot assiAu %?%ogﬁgggt%aigé%&%g’}?sﬁ%%tﬁ‘éﬁg%ﬁ% gﬁn}l%%lgh iﬁgg‘;ﬂvﬂ\?@ o de-i oni zed
wat er . BytchBg\iflenpbotosesist matetial dy availaide o MagDysraid o of Wetttway,&/T C) 35 wt %
pot assi u | % vyl am ne +50 wt % de-ionized 20 water.
o BBl bpr sl B S s S,

Aut omat e Ccessi m Thi ckness, Exanples 1 - 3

15 Etchant Compositions
A) 33 wt% potassium hydroxide + 19 wt% methylethylamine + 48 wi% de-ionized

water.
B) 45 wt% potassium hydroxide + 55 wt% de-ionized water.
C) 35 wt% potassium hydroxide + 15 wt% methylethylamine +50 wt% de-ionized

20 water.

Automated Processing for Controlled Film Thickness, Examples 1 - 3

Table 1 provides evidence that 25um liquid crystal polymer film and 50pm

polyimide film comprising a polymer derived from p-phenylene bis(trimellitic acid

25 monoester anhydride) monomer can be handled using conventional automated equipment
for producing flexible circuits. During the flexible circuit production process, the etchants
indicated in the table were sprayed automatically for controlled thinning of regions of film
that were exposed by selective removal of photoresist. This produced recessed areas
having a film thickness that was reduced to 25% to 50% of the original film thickness.

30
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Table 1 provides evidence that 25mliquid crystal polynmer filmand 5011m
polyimde filmconprising a polymer derived from p-phenyl ene bi s(t5 MAR 2007 ¢ i ¢
aci d 25 mpooerioesssanhydri de) nononer can be handl ed usi pgragpeoidzenal

aut omat ed equi pnent for producing flexible circuits. During the flexible
circuit production process, the etchants indicated in the table were

sprayed aut omati cal | ﬂjﬁBirE begujgniatedd{mlﬂ_gmnMrogeegng)ns of film that were

eXposed 155' seleetiv BY-a pllUT €S+ FHats- pr-oa L,Uoo ar eas
having g fil m thickhe %‘a’i?rltl whs red éaé%Pl?% 25% 1 0 50%'%‘1a Ptﬁe origilnal film
t hi cknef Bilm WicEdes) VAR5 ) WOAPICHIL O0FPIGH (0G) USZ00ALOPEPRE (SORE 1 -

Aut omat Dnl | to-R El | m—Pr r\nccw nn l:vgnrnl_a 1 EVQI’Y\'\ILiEVﬁJ’mI_A 3 Fl | m

(thi cknkss) tﬁlaﬁf(zsn) APRCAL Th2 HPNF (Bom) API CALTM HPNEQ(50m)  Etlchant A B

C Tenper geMpétatieC P3C B¢ LI he Speéedgysgeni m n 41¢nT m ngd@Zcni m n |Thi ckness
After 1. 5m 12 0m 11 0Om Ftching Batch Processing for Controlled Fill m

Thi cknep sLi&%PPB@e 4 Sfemidanm| e 5 T&E)‘Fféfnéﬂprovi des evilBRom®IR hat 501i m

pol yi m TSI polymer d d—5 frromrp-p I ene
bis(tripe ﬂﬁbﬁéﬁé‘gﬁw m%%ggglt er anhydr ;ﬁdg rﬁcan be |sel ect :I?/e if/q reduced in

t hi ckneSs—to tess~than50%of ttsorigrnat—thirckness—During—ttef+exi bl e
circuit product | on process, the f| | m (APl CALTM HPNF) vvas I mrersed in an
agueous 4 gSs rtrodied Biido Thidkasss Examipledh -w« Rie -( the tinmes indicated

to producre rol. e by

sel ective rengvlg E@fovbc{%?‘gpeé???la%%l H‘iﬁf@%ﬁlm ‘ﬁg{pclﬁm%r Ip\ﬁf @% vg‘r?ng Exanpl e
4 Exanpl dérom f-rphény(duh bisirimelbijfic AR fdhdevteHRMYydiide) 63n HeREIEALVEN fditided (BOM)

Et grrlnant Bknesst : H%S’%%%%s 8§gcl;n£|ﬂr1}§lm%ssoﬂ1unngth H‘c)nble-lcprrlclﬁ Iglrg usctlc'?g ter 14.0m

process, the film (APICALTM HPNF) was immersed in an aqueous solution containing

45% potassium hydroxide for the times indicated to produce regions controllably thinned

where the film was exposed by selective removal of photoresist.

10 TABLE 2 - Batch Film Processing
Example 4 Example 5

Film (thickness) | APICAL™ IIPNF (50pm) | APICAL™ HPNF (50um)

Etchant B B

Temperature 93°C 93°C
Time 2.0min - 2.5min

Thickness After 14.0um 7.0pum

Etching

A dielectric film for use as a substrate for a flexible circuit has been described
herein including selectively recessed regions wherein the dielectric film thickness has been
controllably reduced from 5% to 50% of its original thickness. It will be appreciated by

15 those of skill in the art that, in light of the present disclosure, changes may be made to the
embodiments disclosed herein without departing from the sprit and scope of the present

invention.
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Etching A dielectric filmfor use as a substrate for a flexible circuit has
been described herein including selectively recessed regions wherein the
dielectric filmthickness has been controllably reduced from 5%§ﬁ ifgﬂoﬁ of
its original thickness. It will be appreciated by 15 those of ski A ?he
art that, in light of the present disclosure, changes may be made to the
enbodi nents di scl osed herein without departing fromthe sprit and scope of
the present invention. 13 5 MAR 2007 dCdains 1. A nmethod conpri sing:
providing a non-swelling dielectric.filmconprising a polyner selected from
the group consisting of polyimde copolyners including carboxylic ester
structural units in the polymeric bdeRBohe and |iquid crystal polyners,
said dielectric film having a thickness from about 25mto about 601li m
control lLably,thinning a .region of the dielectric filmto less than 25m by an
al kal i né* mé%?‘@%%ﬁ’pﬁf'ﬂﬁ'ess. 2. Adielectric filmmade by the nethod of
claiml for user@fdifg $HASIWR; difléctAc ﬁin?t‘.‘dxgﬁr?singcd gofydr scle@idsth feeCtric film
conprising: a non-swelling polymer selected fromthe group consisting of

pol yi m de copol yngroup consistinghifipglyimeidb copolymereimnt mding tarboxylic @btenntattmral n t he

pol ymeri c backbone and |iquid, crystal | yners, . said dielectri¢c film having
a thickness from %%bqthQBg‘ly’t“S“%lﬁ?%ﬁoméﬁgﬁﬂ%gﬁE’P gt SF‘Q&‘éﬂbecﬁffe&lPJecessgd

regi on wherein said:{t ik i than 25m by an al kal i ne
wet et ching pr ocgﬁsagl.ntgg.tﬁl#ﬁ%ﬁ%{rgﬁgfé@?gﬁgit ?nboél# dim2, wherein said liquid
crystal pol ynersnteslablyehisnihg d rdgiomnof thealielgothe filne trisss shanrd§ pof bycanatialiner s

cont ai ni ng p- phenyl enet er epht hal am de and copol yners cont ai ni ng

p- hydr oxybenzoi c %€ %‘W.Pf"ﬂ%*-di electric filmof claim?2, wherein said

pol yi m de copol ynmers conprise the reaction product of nononers including

p- phenyRene Bidigleatiig@lm imadecby:tbé orethod obcaior 1 fomhsechsiaguYstrateSor arflexible el ectri c
filmof claim?2. wherein.sajd thickness of said recessed region is |ess than
15m 6. The Eff%‘ﬁteﬁ‘ﬁlgle‘fq'fﬁl%f‘orﬁ?%ﬁ“ﬁ& wherein said at |east one recessed

regi on incl udes @h-sivefag polpier Rlecfell H#ni Me BFoRY b&RisARg biPolyifideRbpslimégad
nozzl e sized to deliver Ink drops having a
including carboxylic ester structural units in the polymeric backbone and liquid
crystal polymers, said dielectric film having a thickness from about 25pm to about
60pm including at least one recessed region wherein said thickness is reduced to

less than 25pum by an alkaline wet etching process.

3. The dielectric film of claim 2, wherein said liquid crystal polymers are selected from the
group consisting of copolymers containing p-phenyleneterephthalamide and copolymers
containing p-hydroxybenzoic acid.

4. The dielectric film of claim 2, wherein said polyimide copolymers comprise the reaction
product of monomers including p-phenylene bis{trimellitic acid monoester anhydride).

5. The dielectric film of claim 2, wherein said thickness of said recessed region is less than
t5pm.
6. The dielectric film of claim 2, wherein said at least one recessed region includes at least

one orifice to provide an ink jet print head nozzle sized to deliver ink drops having a

particle size less than about 8.0 picoliters.

7. The dielectric film of claim 2, wherein said at least one recessed region provides a touch

sensitive membrane wherein said thickness is reduced to less than 15um.
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particle size less than about 8.0 picoliters. 7. The dielectric film of
claim2, wherein said at | east one recessed region provides a touch
sensitive menbrane wherein said thickness is reduced to |ess than sl 14
5 MAR 2007 8.. Aflexible circuit having a dielectric film nmade by the
method of claim| for use in a head gi mhal assenbly of a hard disk drive,
said circuit conprising: a non-swelling dielectric film conprising a pol yner
selected fromthe group consisting of polyimde copolyners including
carboxylic ester structural units in the polyneric backbone and |iquid
crystal gxﬂyners sai d dlelectrlc fil.mhaving a thlckness from_ about 25m

t o aboutd-60m? Pexitie crgithaving 3 dielesine fmpads by ‘}?eth%?frﬁ]\%’é} I fggussAn aheadei n
said thi Ckne%ﬁnﬁa?P%.grﬂgl?%yahﬁdldﬁ?%n}rp%ﬁd%ﬁ%p% s kaline wet etching

process. e clrcui n said polyimde

copol ymer s conqy adasswelligdiadecticofilm @nieiviag a@blyiien elead fionethd@iotg pP- phenyl ene
bis(trinellitic acid nonoester anhydride 10. The flexible circuit of

claim8, wherein eetisijting of poligmidsirepalyners mcllldmgycatbhmmater gnichwal pnidsindes a

connecting portiop to, a he i mbal enb erel n. sai.d thick ess of sai d
Goalect rie FITm 1 BerBlyhens SioxSpiode S5 SBte) pelthis, didBaed il A2

thickness from about 25pm to about 60pm mcludmg at least one controllably
thinned region wherem said thickness is reduced to less than 25um by an alkaline
wet etching process.

9. The flexible circuit of claim 8, wherein said polyimide copolymers comprise the reaction

product of monomers including p-phenylene bis(trimellitic acid monoester anhydride).

10.  The flexible circuit of claim 8, wherein said at Ieast one controllably thinned region
provides a connecting portion to a head gimbal assembly wherein said thickness of said

dielectric film is reduced to less than 15um.
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