1 FLEXI BLE SUBSTRATE AND METHOD OF MANUFACTURE FIELD The present invention
rel'ates to a flexible substrate for flexible circuits and nethod of
manufacturing such flexible substrates by |aser skiving. 5 BACKGROUND
Flexible printed circuits (FPCs) are extensively used in electronic
conponetry including for exanple in hard disk drives. In hard disk drives
FPCs are used for, anong other things, , connecting to the read/wite heads.
FPCs have been used in hard disk drives, to replace fine and manually routed
Wi res, since magneto-resistive drive heads were introduced in the 10 1990s.
FI ex- On- Suspensi on FCE% circuits are one of the types of FPCs used for the
el ectrical i nt dleBRHGE SUBSHRAFE ANDMETHQD HEMANURACTURE K dr f ves, FOS
circuits may be manufactured to consist of a 25 mcrons-thick substrate

| ayer on gy, pf which electro- deposited copper is plated using a

sem -additive plating technol ogy. The copper |ayer can 15 al so be forned
using other flex circuit manufacturing techniques such as subtractive

t echni quellwheregent dipjsarior irgleles 1% adiaxitje sebstreigdfon dleniple eowistandrmpthed of

phot ol I t hogr AphY-anten AARPELELEAL BYILEARRl00 es. The copper is cover-pl ated
with a thin conductive prote¢?|on ayer Such as gold to define electrica

| eads. These are then covered with an insulative cover layer. 20 In hard

di sk dri VBAGKGRAQUNIYi ng, FOS circuits are attached to suspensions using an
adhesive to form Fl ex Suspensi on Assenblies (FSA). An Air Bearing Slider

(ABS), Lch . carri.es the d/wite.head, .i.s attached to the gin region
of the Faienple ofnles B BaEPER L2 Shetiiiy fied i aRhAGRE Smbthels i dllon oy
(H&) . Hagxdmgiesik 1t RRArivaNati hard idiskediies IFRCE @asised - foDAtonR RARAERingsO
increase the storage 25 capacity of a hard disk is to increase the area
density ofonpesipgte éhe wadwaith heads. tHREsH@ye been used in hard disk drives, to replace

fine and manually routed wires, since magneto-resistive drive heads were introduced in the

10 1990s.

Flex-On-Suspension (FOS) circuits are one of the types of FPCs used for the electrical
interconnection of the read/write head of hard disk drives. FOS circuits may be
manufactured to consist of a 25 microns-thick substrate layer on top of which electro-
deposited copper is plated using a semi-additive plating technology. The copper layer can
15 also be formed using other flex circuit manufacturing techniques such as subtractive
technique where copper circuits are generated using conventional photolithography and
copper etching technologies. The copper is cover-plated with a thin conductive protection
layer such as gold to define electrical leads. These are then covered with an insulative

cover layer.

20 In hard disk drive manufacturing, FOS circuits are attached to suspensions using an
adhesive to form Flex Suspension Assemblies (FSA). An Air Bearing Slider (ABS), which
carries the read/write head, is attached to the gimbal region of the FOS circuit. The entire

assembly is called a Head Gimbal Assembly (HGA).

Hard disk storage capacity is ever increasing. One approach to increase the storage
25  capacity of a hard disk is to increase the areal density of magnetic recording of the hard
disk. An increase in areal density increases the amount of data that can be stored in a given

amount of "real estate” i.e. space on a hard disk platter. Higher areal densities require a



disk. An increase in areal density increases the amount of data that can be
stored in a given anount of "real estate" i.e. space on a hard disk platter
Hi gher areal densities require a 2 snaller formfactor ABS to allow these to
read fromor wite to the magnetic nmedia. A small formfactor ABS needs to
fly at an extrenely low flying height and at constant spacing above the
rotating disk. Because of platter surface deviations, to ensure that a smal
formfactor ABS can fly at a low flying height w thout head-crashing, it is
inmportant 5 to have a conpliant ginbal region of the FOS circuit. It is
recogni sed that a conpliant ginbal region may be achieved by providing an
FOS ci r cumallgthfort faetar &ddSptoralloanthagSoj nead frofm erxwhieetorthe meagneticomediai 4 ness
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Fapraly roeiofen el ABEhed bl A0 SRty Bov AECTREN B I Eokal™ ©

sti f f nesspadiy hitovache ey@tndWisRy oBéddiigegofaplattdeSuethdec déviativasUfoarsufeattlatusi Nng a
10 thin substrate. Substrate thickngsses_as thin as 6 mcrons are being used

to achi eveallfem Gtorghiipgtn By pk 4 s Byingdaiglier thaph ReadTptiies & HAMPRENE| rcui t s,
find Ist GOHleRGRPIbR HABE ReiohUfthe YORIGALR FOR RbbEHidithat M Edrifliant

reel -to-reel manufacturing of "FOS circuits, manufacturing conditions need to
be accur gimbal region mey bedchderedtby prévadihg ag FOS ciravitwhichfcan lsupportsmbsBS at & FOS

circuits jf.a high yield..s to be achie ..45..0ne. s tiaon is to.reduce the
Suber 1 ar dieitfe il Lon Sulbes awr e dh Y B sl A aas Rbh 10.af oyt Rl b oo
the use aqhd®&baBreAbide) fepdgivelo BRlsegiRUctatas oFh platdi.el ectric film The film
is then used as a substrate for flexible circuits. 055910282: G ozdanovski

et al describes cutting grooves or indentations into the surface . of

pol yi mi dd-oghegwsibel siaffiasp aift Be achiewsddiy PIREFIMEANSIPP sHeuihBRtiardFRd Pit& erns for
| ocatyigng hinQy6E f‘s%%éage Phifne 88k ﬁﬁr{]é"s% iR S beid§ BsQUb ScHER htﬂ@ﬂﬁv by

directing pulsed Taser beam agai nst sheet surface in unison wth pressurised
gas, the gimpaltstifnesut Hheevey, setgactinesdofblOR circtsbifindtit olrellshgigaso parelisur e,

pul se durtﬁtltnI st ed Wecrirclul g el 'Du%lIJllgl\A?g% -to-reel manufacturing of FOS circuits,
manufacturing conditions need to be accurately controlled due to the fragile nature of thin

substrate FOS circuits if a high yield is to be achieved.

15  One solution is to reduce the substrate thickness at selected areas. W(02004/023854 Yang
et al describes the use of chemical etching of selected areas of a dielectric film. The film is

then used as a substrate for flexible circuits.

US5910282: Grozdanovski et al describes cutting grooves or indentations into the surface
of polyimide sheets to produce a stencil having surface mount land patterns for locating
20 components on printed circuit boards. The cuts are made by directing pulsed laser beam
against sheet surface in unison with pressurised gas, the depth of cut being determined by a

combination of gas pressure, pulse duration, and power level.
SUMMARY

In broad terms in one aspect the invention comprises a method of using a laser to reduce the
25  thickness at a zone of a substrate to be used in a flexible circuit, the method comprising the
steps of traversing a laser beam from said laser directed against a surface of the substrate

over said zone of said substrate to skive the surface of said substrate.



In broad ternms in one aspect the invention conprises a nethod of using a

| aser to reduce the 25 thickness at a zone of a substrate to be used in a
flexible circuit, the nmethod conprising the steps of traversing a | aser beam
fromsaid | aser directed against a surface of the substrate over said zone
of said substrate to skive the surface of said substrate. 3 Preferably the
substrate is of a thickness in the range of 25 mcrons to 60 m crons save for
at |east said zone. Preferably the traversing reduces the thickness of said
substrate at said zone to a thickness |ess than 25 microns. 5 Preferably the
zone extends to and between at |east two edges of said substrate to define a
zone of \sefkisblyshomibstrateds phe drigkagisan dhorangeefi Braicgensstaiod migrss satedonnhi ch are
not skiv%gbaﬂggﬁfgé@bly the flexible circuit is a flex-on-suspension circuit
for use in a hard di'sk drive to provi de el ectrical interconnection for an
air bearing slider supported at a ginbal region of and by flex-on-suspension
circuit, RBdedbhlahe trdedrsing dedatessthi thigingizadf samlgiubstratd 6t Rikienedblaythickeess ubst r at e
is selected fr the group consisting of polyimde, poly(ethylene
terephthé?ﬁgnggbBPVPgthyIenenaphthalate), pol ycar bonat e, pol yet heri m de and
pol yet her et her ketone. Preferably the substrate is a polyimde substrate. In
br oad 5t erRiefeiablyatho by exacide td aidiBetpe@ssiritast tweedgeo bf kdid kutdasteao defnd Dl e
substrate for_a 15 flexible circuit cqnpris%gg a substrate having a

t hi cknes FoPyok Weakpess gdudyis smermediatsof regonsgf spid spbstrafecviipl ateiof shivyly at | east

one zone where the thickness of said substrate is reduced to |l ess than 25

m crons. preefaBlyalt YiekiBR GROR iPh ERBASUHEhEMISIrAST BF BssShl Hhybak@ketd 0 define
at least two diiscrete regions of said substrate each of said discrete region

havi ng a RréNidk eleefscal rintetsennegtige fasfan siobeaging sliddr spppariedrap aszimbalgegion ef ons,
Pr ef e1 abl s b9 L L8X[. efiiGh EEMIL sdid 2éhe/defiicP < TURRA QoS T oul € for use in a

hard di sk Ve 10

10  Preferably the substrate is selected from the group consisting of polyimide, poly(ethylene
terephthalate), poly(ethylenenaphthalate), polycarbonate, polyetherimide and
polyetheretherketone.

Preferably the substrate is a polyimide substrate.

In broad terms in another aspect the present invention includes a flexible substrate for a
15 flexible circuit comprising a substrate having a thickness in the range of 25 microns to
about 60 microns including at least one zone where the thickness of said substrate is

reduced to less than 25 microns.

Preferably the zone or zones extends across said substrate to define at least two discrete
regions of said substrate each of said discrete region having a thickness in the range of

20  range of 25 microns to 60 microns.

Preferably the flexible circuit is a flex-on-suspension circuit for use in a hard disk drive to
provide electrical interconnection for an air bearing slider supported at a gimbal region of a

flex-on-suspension circuit, said zone defined at said gimbal region.

Preferably the substrate is selected from the group consisting of polyimide, poly(ethylene
25  terephthalate), poly(ethylenenaphthalate), polycarbonate, polyetherimide and
polyetheretherketone.



provi de el ectrical interconnection for an air bearing slider supported at a
gi nbal region of a flex-on-suspension circuit, said zone defined at said

gi nbal region. Preferably the substrate is selected fromthe group consisting
of polyimde, poly(ethylene 25 terephthalate), poly(ethylenenaphthal ate),
pol ycar bonat e, pol yetheri m de and pol yet heret herketone. 4 Preferably the
substrate is a polyimde substrate. In,broad terns anot her aspect of the
present invention includes a flexible circuit conprising a substrate,

el ectrical Ieads formed on one maj or surface of said substrate, and an

i nsul ative Yer covering the electrical leads to protect the electrical

| eads, mH@ﬂ@ﬁh ysihe enbsiipe i np@yimidesubsirage.t hi ckness in the range of 25 nicrons
to 60 mcrons save for at |east one zone at the other major surface of said

substrat gy b%&@rt@nﬁs hRothBi SHBREIS R ra%mnwméﬁ 'ixﬁ:thﬁieb 8 ﬂre%%ceféuhqoinﬁﬁﬁng han 25
m crons. Preferably the sub straté)ls sel ected fromthe group consisting of

pol yi m des supsstaye, etelqmceweadStfemqaﬂnMeaneg)r supfabq@faaamwmeamphd ldalizsukfiye

pol ycar bgnat e, p.ol er| ether er ket ane, fe abl y the
Dobat r ot des Sov BB YR A Kef B moReRe FELAEIEIE VR PadhBRIORRY on 'y
al so o thieknés harhd r@lmgelefdrslmercm@m 80 Ricignesave et Idaet Grier DUk bt tas ofief ei n
before descri bed. BRI EF DESCRI PTI ON OF DRAW NGS 15 The, i nventi on mAII be

further de¥ersuBiaee ohsaithsrbeirateveies thedhirknesnef spid swbstrals inredneeddp less than

limting ith reference to the follow ng drawi ngs, wherein: Figure 1 is a

per spective View of a Head G mbal Assenbly, Figure 2 is an expl oded vi ew of
the conponents included in the Head G nbal Assenbly of Figure 1, 20 Figure 3
i s a per dpheletablycthe subatrast isaselesiedipsimathy geavipednsisting Oﬁpomrgidﬁhwﬂ)’(ﬁégﬁem of the

Al ex- terephthalate), poly(ethylenenaphthalate), polycarbonate, polyetherimide and

10  polyetheretherketone.
Preferably the substrate is a polyimide substrate.

In broad terms the present invention may also comprise a hard disk drive containing a

flexible circuit as herein before described.
BRIEF DESCRIPTION OF DRAWINGS

15  The invention will be further described by way of example only and without intending to be

limiting with reference to the following drawings, wherein:
Figure 1 is a perspective view of a Head Gimbal Assembly,

Figure 2 is an exploded view of the components included in the Head Gimbal Assembly of

Figure 1,

20 Figure 3 is a perspective view of an exemplary embodiment of a gimbal region of the Flex-

On-Suspension circuit of the assembly of Figure 1,

Figure 4 is a perspective view of the gimbal region of Figure 1 showing the reverse side to

that side shown on Figure 3,

Figure 5 is a perspective view of an alternatively configured gimbal region;



On- Suspension circuit of the assenbly of Figure 1, Figure 4 is a perspective
view of the ginbal region of Figure 1 showng the reverse side to that side
shown on Figure 3, Figure 5 is a perspective view of an alternatively
configured ginbal region; 5 Figure 6 is a schematic view exenplary of a
reel-to-reel process that may be utilised for manufacturing of the

Fl ex- On- Suspension circuit of the presgnt invention, Figure 7 is a plan view
of a frame incorporating nultiple Flex=On-Suspension circuits which may
utilised in reel-to-reel processing, 5 Figure 8 is a perspective view of a
hard disk drive, and Figure 9 is a sectional view through section A-A of

Fi gure 2 FipEeAl ISEDsdhESamg PERCIRICWPIaTY pE R dpdnieece] pracRs Balampnge Uilsedfpr es of

the i “Ve’}{lalnﬁﬁcmﬁhg oP&‘é’F@&-@ﬁ%‘bFﬂéﬁ%@n h@ﬁi?&f?ﬁ [?r'%senl B, On- Suspensi on (FCS)

circuits 1o provide such wth Tlow gi S ess. met hod 10 of
manuf acture of FOS circuits using laser skiving to selectively thin a
subst r at Figire picdagtlar memedf 2drse olcophmtiEOMwiiple Uilexs OnsSugpgwicdesipitbed. FOS

circuits be used.for interconnection purposes within a hard disk drive 1
as shown Wrﬂ%ﬁ"ﬁ?’éﬂtﬁ@eg}nfe%eﬁlipf%ﬁfsﬂngz is shown with reference to Figures 1

and 2. Figure 9 shows, in cross-section through section AA of Figure 2, the
| ayer ad qupdtersus b ipoRpativanicnQF atiafdCdisk dive, 2nd The FOS circuit 2 may include a
substrate 3 of a polyimde nmaterial. The polyimde substrate 3 may generally
be of a thickness of. approximately 25 mcrons. Polyimde is a comonly used
mat eri al E‘ﬁ“rélge‘éf‘Fﬁfﬁﬁoeﬁdﬁ‘?%mr?‘égié%ﬁ‘qné@n@\?ﬁg‘frﬁs its high tenperature

resi stance. Onto a face of the polyimde substrate 3 there is

el ectro- qewpAILtED DEStRIErIoN copper leads 20 4 using, for exanple,
sem -additive plating technol ogy. The copper |eads 4 may then be

cover-plated wwth a thin conductive protection |ayer (not shown) such as
gol d bef¥ih refefence to the drawings, examples of the invention will now be described in'relation
to Flex-on-Suspension (FOS) circuits to provide such with low gimbal stiffness. A method
10  of manufacture of FOS circuits using laser skiving to selectively thin a substrate at

predetermined zones of the FOS circuits is also described.

FOS circuits may be used for interconnection purposes within a hard disk drive 1 as shown
in Figure 8. A FOS circuit 2 is shown with reference to Figures 1 and 2. Figure 9 shows,
in cross-section through section AA of Figure 2, the layered construction of an FOS circuit
15 2. The FOS circuit 2 may include a substrate 3 of a polyimide material. The polyimide
substrate 3 may generally be of a thickness of approximately 25 microns. Polyimide is a
commonly used material in electronic circuits and is known for its high temperature

resistance.

Onto a face of the polyimide substrate 3 there is electro-deposited a number of copper leads
20 4 using, for example, semi-additive plating technology. The copper leads 4 may then be
cover-plated with a thin conductive protection layer (not shown) such as gold, before the

leads 4 are covered by an insulative cover layer 5.

The FOS circuit 2 includes a gimbal region 6, which holds an ABS 7. The FOS circuit 2 is
attached to a suspension 8 to define a Flex Suspension Assembly 9. The suspension 8 is

25  normally made from stainless steel but the material of the suspension is not material to the
present invention. With the ABS engaged at the gimbal region 6, the entire assembly
defines a HGA 10.



| eads 4 are covered by an insulative cover layer 5. The FOS circuit 2

i ncludes a ginbal region 6, which holds an ABS 7. The FOS circuit 2 is
attached to a suspension 8 to define a Fl ex Suspensi on Assenbly 9. The
suspension 8 is 25 normally nmade from stainless steel but the material of
the suspension is not material to the present invention. Wth the ABS engaged
at the ginbal region 6, the entire assenbly defines a HGA 10. 6 Wth
reference to Figures 3, 4 and 5, the ginbal region 6 of the FOS circuit 2,
includes an ABS bonding area | 1 at mhich the ABS (not shown in these

figures) e_g es wth the FOS circuit and nakes el ectrical i:)nnectlon wth
t he t er mi WHR &etarenesy toghignrepdydband v 4bes gllpbal i the TR gropjtd, dicfudesad he

gi mbal k081 EOnich HRHABS 4not ¥hbin & %ﬁé bRgapeowitR A gPVar ds.
Fi gure 419%%\92&{%&19? aﬁrgglton S\%\nn? thre cos aySZr %a%ea‘gl ng upwards. In
order to ciopipdatd trakesaBStrical cormefticaxvitt the bamireds 2 ofithe ¢oppPOBadsi4. cuit 2, the
polyi mde substrate 3 includes a zone or zones 13 of reduced thi ckness at
the gi nb The one zones duce th| ess ces the
stiffnes 1%'1“%’1 %%n% t%é ﬁ°§rl‘°é"b6 of heeslt:J Clrc" t%tﬂ &> Serf(‘%b

nmount gd ABSng upxﬁarﬂé)rlﬁgliﬂeﬂ)shbwytmuﬂbzﬂdegﬁﬁfﬁ WlthtHld co&bﬂ l@yérﬁqa&lhguﬁ@ﬁdg tO be
nore responsive to surface deviations of a hard disk pl atter as it flies over

t he surface é)f t he har ggq% platter. The r ductl n,_ thi at..a zone or
Zones. 13 1BOMRAS GRS the AIFOA T & HLex(pie, PREsE THYP the s S Pehchttioh ©n

thi cknes s, pratd1® iRMldek A MARe SHDSHes A& IeREd thickdedt RYRIgibal ASRIn 6. Sithyi ng. 15
Laser skiving allows renoval of sonme of the polyimde substrate 3 yet can be

cont r ol | ex¢neor zanss hdwof rasueashibicknesheredyoes the S@ffbgﬂsrcétt@ gmbel regentothereby zones
13. Renoval ,of the ent t hi ckne
undesi r abrFSéﬂté&g P'é Y8 s%ex\ibblﬁlmc?ulnt%glﬁ%<205| ﬁngor eyb@orﬁ%lenre(f §a} ﬁ'ﬂ?)ﬁxpom ng the
coppern | ahea B4 Tybd @61l responsiaditocduefate daadtioadof 4 hir@ diskeplaicaianitdies ot eel
suspensi on structure 8. Entire renoval of the polyimde |ayer may al so cause
copper the surface of the hard disk platter.

The reduction in thickness at a zone or zones 13 of the gimbal region 6 is provided by a

localised reduction in thickness of the polyimide substrate 3 and is achieved by laser

skiving.

15  Laser skiving allows removal of some of the polyimide substrate 3 yet can be controlled so
as not to remove the entire substrate 3 at the zone or zones 13. Removal of the entire
thickness of the polyimide substrate 3 is undesirable as to do so would risk exposing the
copper leads 4. Exposing the copper leads 4 may result in an electrical short to the stainless
steel suspension structure 8. Entire removal of the polyimide layer may also cause copper

20  lead breakages at those areas during fabrication or during subsequent handling.

The size, shape and depth of the zone or zones 13 of polyimide material to be skived, can
be determined by predictive engineering, such that the finished circuits can achieve the
required stiffness. Such predictive engineering may include finite element analysis
techniques to determine a size, shape and depth of the zone or zones 13 to be skived, to

25  achieve a support of the ABS 7 with appropriate flexibility.

The polyimide substrate or more correctly the dielectric film used in the manufacture of
(FOS) circuits may be any suitable polyimide including, but not limited to, those available

under the trade names; UPILEX from Ube Industries, Ltd., Tokyo, Japan; APICAL from



20 | ead breakages at those areas during fabrication or during subsequent
handl i ng. The size, shape and depth of the zone or zones 13 of polyimde
material to be skived, can be determ ned by predictive engineering, such
that the finished circuits can achieve the required stiffness. Such
predictive engineering may include finite elenent analysis techniques to
determ ne a size, shape and depth of th zone or zones 13 to be skived, to

25 achi eve a support of the ABS 7 with appropriate flexibility. The polyimde
substrate or nore correctly the dielectric filmused in the manufacture of

(FGS) circuits na%_be any suitable polyimde includigg, but not limted to,
those avafangks dlighmger Materialy, alwe., rasedena, UBsxagXUSAgmand KAREQRY ringdyding t o, |
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pol ycar bonat e and pol yet heri m de” (PEI') avail abl e under trade nane of LEXAN

and ULTHMIycethonaie| and| polyethenntisaetPhD) myvaileblei undur sisadec samejaft EEXANG and
Va h . . i
PEEK {1 omyl vl ey B dtonP BeGhINAEALO BASHL PRAUE MIREnIBRETUSARARI NI

a FOS ci rmilyetheZethartkaadbneesvaillide pnd¢racide mgmePEEK! Asar ViceraPalnentiantdskireone or
zones 13 ﬁ{ the subsirate 3 to be skived. This nmay involve the passing of a
| aser bed I@Ocai“ﬁ’e“ée‘i)redeterm ned pattern over the substrate 3 to thereby
remove polyimde material fromthe substrate 3. Using nmultiple | aser pulses

can ifncr easgr skiiengend FOQLirslii ¥ i@ naB ther&f¥étdg ot@Rider b&AND Bhto KA or
manuf acturing technol ogy such as conﬁ%;er nunmeric control positioning 15

devi ces cRens efdbeisubsirggpdite beskivedl Thiveay involrethapasging of plasaibgemd@ ito a
|aser be rﬁ%&%g%?ﬁ‘?@g ”dd%gﬂ{easpﬁstra&%rther@ﬂsdreWQ%nyﬁn{‘d!a Watdihal frofhThe™ M ne

t he depth erance o
substrate 3. Using multiple laser pulses can increase the depth of skiving and provide depth

control. Known manufacturing technology such as computer numeric control positioning
15  devices can be used to position and move the FOS circuit 2 relative to a laser beam. Laser
machining rate, power, and exposure time will determine the depth and depth tolerance of
the regions of the substrate 3 to be thinned. Laser machining rate, power, and exposure
time can all be programmed into the machines. The laser may also be controlled to provide

variable depth of skiving, over a given skived zone.

20

Type of laser CO2 Excimer Nd: YAG

Medium Molecular gas Molecular gas Solid State

Working frequency (nm) 8400 or 10600 193 to0 351 212 to 1064

Working principle Photothermal Photochemical Photothermal
Heat affected zone (HAZ) Significant Negligible Can be minimized
Presence of charring Yes Can be minimized Can be minimized
Resolution Low Highest High
Conventional cleaning Necessary Depend on application Necessary
Table 1

Table 1 lists some of the more common lasers used in machining plastics along with factors
that need to be considered in selecting a suitable laser. Laser micromachining of plastics
involves two general principles being photothermal ablation and photochemical ablation.

25  Photothermal ablation, is a process using high-energy infrared photons to break the



the regions of the substrate 3 to be thinned. Laser nmachining rate, power,
and exposure tinme can all be programred into the machines. The | aser may

al so be controlled to provide variable depth of skiving, over a given skived
zone. 20 Type of laser CO2 Excinmer Nd: YAG Medi um Mol ecul ar gas Mol ecul ar
gas Solid State Wrking frequency (nm 9400 or 10600 193 to 351 212 to 1064
Wor ki ng principl e Photot hennal Photochgm cal Photothernal Heat affected zone
(HAZ) Significant Negligible Can be m nimzed Presence of charring Yes Can
be m nimzed Can be mnimzed Resol ution Low Hi ghest H gh Conventiona

cl eani ng Necesgsa end. on._applicati on Necessar Table.1l Table | lists
sone of trﬁ%leﬂﬁ?regé?ﬁﬁlﬁﬁﬁoqggsé%g Led !Ht%%WPﬁi ﬁ@a%?lhé’ts?scgugé'f’{i%er% Y tactors
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m cromachi ning of plastics involves two general principles being

phot ot herduitingatiiregessn Wsiee photooksndedl cablatiohl matesial 19 Sermpisdobhéreslingahe at i on,
R L T T e A A s

bonds t hroug chem ca I on uses gﬁ%r-energy wv
photons to sever the chem cal bonds found within the absorbing material in a

"l asers cdlldugle ulict salgl” stige Adb¥AG Uisemigstghot datie i leal soatel theimoh effeets enithe i s

renoved by Dbreaki t he m .c bonds,. i terial . dis Lates into
to cher it oipBrsini: U BiRdE dhmPRl SZuf Shrts o) et wouh RHBRE,
Tabl e 1 has nsififl taaess@ khethhle effgctO Bssbélgted RRHE HHeaphotdthérdlap abRtiBl plodedé. Di ode
Punped Solid State (DPSS) |aser have shown that there are mninal adverse

thermal eWherpsingitsddy RIexd lapariio skiwe prbvimidade aehicvephaobisatiyy elcwslestivelyhen
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10  manufacturing (CAM) module of the laser system. One such UV DPSS laser system is

ESI’s UV Laser pvia Drilling machine.

The thermal effects of Nd:YAG type lasers include charring and burning of the material
machined, debris may also remain on the machined surface. In hard disk drive
manufacturing, cleanliness requirements are strict. The laser skived FOS circuits can, if
15 necessary, be cleaned using a plasma cleaning process to ensure that the cleanliness

requirements are met.

The Excimer type lasers use a photochemical rather than photothermal process. The use of
photochemical process results in reduced thermal effects on the machined materials, as
compared to Nd:YAG type lasers. Cleaning of the laser skived FOS circuits may not

20  therefore be necessary.

To enhance laser accuracy, if necessary, additional processing steps may be incorporated in
the manufacture of a FOS circuit 2. For example, a metal mask 14 may be utilised to
enhance edge accuracy of the skived zone or zones 13. A metal mask 14 with a precisely
machined opening or openings 22 may be used to define the areas on an FOS circuit 2
25  where the laser beam 20 is to skive. Various rectangular beam sizes are available with
Excimer type lasers listed in Table 1. By using a beam size larger than the intended skived
area and a metal mask 14, multiple areas can be skived concurrently, thus increasing
processing efficiency. However, as mentioned, the laser machines may be precisely

programmed or controlled to skive the required zones with the desired accuracy.
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type of laser used in the machining process.

The zone or zones 13 may be very small. For example, a typical zone may be about a
15  square with sides of 2 mm to 3 mm. But a zone may be of any shape at all. Laser skiving
enables the selective removal of material at the gimbal region 6 while leaving the rest of the

FOS circuit 2 untouched by the laser.

Laser skiving lends itself to high volume manufacturing such as in reel-to-reel
manufacturing. Laser skiving can provide high yield manufacturing of the FOS circuits
20  because the substrates 3 remain of a more robust thickness save for very localised thickness
reduction(s). This allows the FOS circuits 2, to be handled with less care, while still

providing the desired ABS support characteristics.

Laser skiving of polyimide materials may have application not just in FOS circuits but in

other situations as well such as in integrated circuit packaging.

25  Skiving of a polyimide substrate may also be desired where a substrate needs to be bent. A
polyimide substrate having reduced thickness at regions where bending is to occur, can

enhance the ease at which the substrate can be bent.

The foregoing describes the invention including preferred forms thereof. Alterations and



5 frame 17, carrying an array of FOS circuits 2, juxtaposed next to each

ot her and extending across the width of the franme. The string of franmes 17
may be advanced over a machining termnal 18 where each franme can be

subj ected to laser skiving. A laser unit 19 may project a |aser beam 20 onto
the substrate di sposed side of each frane 17 and skive the substrate to
create the appropriately shaped reduceﬂ)thickness zones 13. A mask 14 may be
utilised to 10 ensure accurate nmachining by the |aser of the substrate 3.
Skived frames 17 of FOS circuits 2, having passed the machining term nal 18,
may then be appropriately handled, including their winding into a roll 21 or
under goi fedificatignsasigillhecbyions tq thagsskilled iy the et ded to brancqrppratedfin | aser
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manuf acturing such as in reel-to-reel manufacturing. Laser skiving can
provi de high yield manufacturing of the FOS circuits 20 because the
substrates 3 remain of a nore robust thickness save for very localised

t hi ckness reduction(s). This allows the FOS circuits 2, to be handled with

| ess care, while still providing the desired ABS support characteristics.
Laser skiving of polyimde nmaterials may have application not just in FOS
circuits but in other situations as well such as in integrated circuit
packagi ng. 25 Skiving of a polyimde substrate may al so be desired where a
substrate needs to be bent. A polyimde substrate having reduced thickness
at regions where bending is to occur, can enhance the ease at which the
substrate can be bent. The foregoing descri bes the invention including
preferred fornms thereof. Alterations and 10 nodifications as will be obvious
to those skilled in the art are intended to be incorporated in



the scope hereof as defined by the acconpanying clains. 11 CLAIMS 1. A

nmet hod of reducing the thickness at a zone of a substrate for a flexible
circuit wusing a laser, the nmethod conprising the step of traversing a | aser
beam from said | aser directed against a surface of the 5 substrate over said
zone of said substrate to skive the surface of said substrate. 2. A nethod as
claimed in claim1l wherein the substra@g is of a thickness in the range of
25 microns to 60 mcrons save for at |east said zone. 3. A nethod as cl ai ned
inclaiml or 2 wherein the traversing is of a path and at a speed and the

| aser beamis of an intensity, to reduce the thickness of said 10 substrate
at said AIAIMS a thickness less than 25 microns. 4. A nethod as clainmed in
any one of claims | to 3 wherein said zone extends to and between at |east

two edges of saig subhsi 6181%&&1% e khiDEness £ANBnObf MOHRER Tor é(‘hlﬂ:ﬁjﬂle Cﬁ'GUlt

i ntermedi ate of regions sald substrate which are not skived . A net hod
as clainmed in anquneh&ﬁlbbawﬂmdrommnmn&ﬂememnﬁsald fl exible CIrCUIt is 15 a

fl ex-on-suspension circuit Vld | ectrical
i nt er connection for atﬁavﬁfsrmgbae!aals‘frs%eagli ﬁnagls gﬂﬁsﬁ{)ﬁlrgcg da?gaénsgar?ﬂr “S cgfgtﬁ%n of a
fl ex- so0n- suspensqBiraié bedtishid z6a¢ 6f saRNRbsiRkd Radivethsairfcgofan subagitn. 6. A
nmethod as clainmed in any one of clains 1 to 5 wherein said substrate is
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wherein said substfate is a polyimde substrate . flexi ble substrate for

a flexible circuit conprising: _ o
3. A method as claimed in claim | or 2 wherein the traversing is of a path and at a

speed and the laser beam is of an intensity, to reduce the thickness of said

10 substrate at said zone to a thickness less than 25 microns.

4, A method as claimed in any one of claims 1 to 3 wherein said zone extends to
and between at least two edges of said substrate to define a zone of weakness

which is intermediate of regions of said substrate which are not skived.

5. A method as claimed in any one of claims 1 to 4 wherein said flexible circuit is
15 a flex-on-suspension circuit for use in a hard disk drive to provide electrical
interconnection for an air bearing slider supported at a gimbal region of a flex-

on-suspension circuit, said zone defined at said gimbal region.

6. A method as claimed in any one of claims 1 to 5 wherein said substrate is
selected from the group consisting of polyimide, poly(ethylene terephthalate),
20 poly(ethylenenaphthalate), polycarbonate, polyetherimide and
polyetheretherketone.

7. A method as claimed in any one of claims 1 to 5 wherein said substrate is a

polyimide substrate.

8. A flexible substrate for a flexible circuit comprising:
25 a substrate having a thickness in the range of 25 microns to 60 microns
including at least one zone where the thickness of said substrate is reduced to

less than 25 microns.



25 a substrate having a thickness in the range of 25 mcrons to 60 m crons

i ncluding at | east one zone where the thickness of said substrate is reduced
to less than 25 microns. 12 9. A flexible substrate as clained in claim6
wherein said zone or zones extends across said substrate to define at |east
two discrete regions of said substrate each said discrete region being of
said thickness in the range of range o{ 25 mcrons to 60 mcrons to thereby
increase the flexibility of said substrate 5 10. A flexible substrate as
claimed in claim6 or 7 wherein said flexible circuit is a

fl ex-on-suspension circuit for use in _a hard disk drive to provide electrlcal
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11. A flexible substrate as claimed in any one of claims 8 to 10 wherein said
10 substrate is selected from the group consisting of polyimide, poly(ethylene
terephthalate), poly(ethylenenaphthalate), polycarbonate, polyetherimide and

polyetheretherketone.

12. A flexible substrate as claimed in any one of claims 8 to 10 wherein said

substrate is a polyimide substrate.

15 13. A flexible circuit comprising:
a substrate,
electrical leads formed on one major surface of said substrate, and
an insulative layer covering the electrical leads to protect the electrical
leads,
20 wherein said substrate is of a thickness in the range of 25 microns to 60
microns save for at least one zone at the other major surface of said substrate,

where the thickness of said substrate is reduced to less than 25 microns.

14. A flexible circuit as claimed in claim 9 wherein said zone or zones extends
across said substrate to define at least two discrete regions of said substrate each
25 said discrete region being of said thickness in the range of range of 25 microns

to 60 microns to thereby increase the flexibility of said substrate.

15. A flexible circuit as claimed in claim 9 or 10 wherein said flexible circuit is a

flex-on-suspension circuit for use in a head gimbal assembly of a hard disk drive



14. A flexible circuit as clainmed in claim9 wherein said zone or zones
extends across said substrate to define at |east two discrete regions of
said substrate each 25 said discrete region being of said thickness in the
range of range of 25 microns to 60 microns to thereby increase the
flexibility of said substrate. 15. A flexible circuit as clainmed in claim9
or 10 wherein said flexible circuit is fl ex-on-suspension circuit for use
in a head ginbal assenbly of a hard disk drive 13 to provide electrical

i nterconnection for an air bearing slider supported at a ginbal region of
and by fl ex-on-suspension circuit, said zone defined at_said ginbal region.
16. A flexible clorpigvide eyl fpigreppneston derearbpir chearing shider: $ippertsghal &i n sai d
5 substrate is s -fr roun i:Sti of i.M et hyl ene
t erepht hal ate), %hﬁ§§§%ﬁ§ﬁ§ﬂéﬁgp tegﬁgfg ,ﬁ%gﬁﬁgg? 5ﬁ§$%¥kg%$§g%ﬁg%¥%ide and
pol yet her et her kegiotbel regipn. A fl exible circuit as clainmed in any one of clains
13 to 15 wherein said substrate is a polyimde substrate. 10 18. A hard di sk
‘i;' ve contajning,a Lhgxliol§ LulGHd in3y Shes Bk 13 3Ys & sl @1 M8 13 o

5 substrate is selected from the group consisting of polyimide, poly(ethylene
terephthalate), poly(ethylenenaphthalate), polycarbonate, polyetherimide and

polyetheretherketone.

17. A flexible circuit as claimed in any one of claims 13 to 15 wherein said

substrate is a polyimide substrate.

10 18. A hard disk drive containing a flexible circuit as claimed in any one of claims

13t017.





