Dl ELECTRI C SUBSTRATE W TH HOLES AND METHOD OF MANUFACTURE FIELD 5 The
invention relates to the manufacture of dielectric substrates with hol es
using controlled chem cal etching techniques. BACKGROUND 10 Wth the

mar ket trend noving towards devel opi ng small er, nore conpact and increased
functionality devices, the anmount of space within the enclosures of such
devices for the placenent of internal conponents such as power source,

fl exi bl e circuit DIBREGQTRICOSUBSTRATEWITHHOILESAND METHORGR s are
circuits that are formed on flexible dielectric substrates. The <circuits
may have one or nore conductive | F as circuitry on one or both
of the major surfaces. The circuits often include additional functional

| ayers, insulating |ayers, adhesive |ayers, encapsulating |ayers,

stiffeni ngFIEBrs, anong others. Flexible 20 circuits are typically usefu
for electronic packages where flexibility, weight control and the like are
inportdﬁt. I n many high volune situations, flexible circuits al so provide
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enpl oyed. To maxi m se e use of space within each device enclosur

effort is pairolled ohdnhieal e?i&ndgmcmnqaés t he device including the | ayout and

pl acenment of the internal conponents wthin the enclosure. This creates a
need for the flexible circuit to be able to be easily folded at pre-defined
| ocati ons flexible circuit to be able to retain its fol ded
position b%mﬁﬁiﬁydﬁﬁ hout the use of additional devices. It is inportant
that th® substrate folds only at pre-defined | ocations so as to prevent
unnecessary creases on the flexible 30 circuit when the internal conponents
are positi OViButhganarket treadineyingtoxaedsdaveloping; sepller, more compact and increased

functionality devices, the amount of space within the enclosures of such devices for the
placement of internal components such as power source, flexible circuit, among others,
is reduced.
15
Flexible circuits are circuits that are formed on flexible dielectric substrates. The
circuits may have one or more conductive layers as well as circuitry on one or both of
the major surfaces. The circuits often include additional functional layers, insulating
layers, adhesive layers, encapsulating layers, stiffening layers, among others. Flexible
20  circuits are typically useful for electronic packages where flexibility, weight control and
the like are important. In many high volume situations, flexible circuits also provide

cost advantages associated with efficiency of the manufacturing process employed.

To maximise the use of space within each device enclosure, much effort is put into the
25  design of the device including the layout and placement of the internal components
within the enclosure. This creates a need for the flexible circuit to be able to be easily
folded at pre-defined locations and for the flexible circuit to be able to retain its folded
position by itself without the use of additional devices. It is important that the substrate
folds only at pre-defined locations so as to prevent unnecessary creases on the flexible
30  circuit when the internal components are positioned as the device is assembled which

may then cause the flexible circuit to fail prematurely.



may then cause the flexible circuit to fail prematurely. 1 Figure 1 is a
cross section showi ng an exanple of how a flexible circuit 10 may be
nounted on a display panel. For sinplicity, the illustration identifies the
flexible circuit 10 as a whole and does not represent the various
components of the flexible circuit separately. Figure 1 shows a flexible
circuit 10 being folded at coners 15 having the 5 display panel 35 attached
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In the absence of a heat sink 20, an improperly folded flexible circuit 10, which is less
likely to retain its folded position and has a high tendency to warp, may also
prematurely fail due to vibration, abrasion, static discharge, or other forces when it
20  comes into contact with other internal components within the enclosure or the enclosure
casing itself. The other components within the casing or the casing may serve as the

source of the vibration, abrasion, static discharge, or other forces.

One way of increasing the ease of folding of a flexible circuit at a pre-defined location

25 is to reduce the amount of substrate at that location. Figure 3 shows a substrate 100
which is for example of 50 microns thick, where 25 microns of the thickness is removed
at the folding location 60. In Figure 4, a Ioad 65 is applied to the centre of the folding
location 60 as the fulcrum, allowing the substrate 100 to be folded easily.

30  Japanese Patent Application No. 91450 describes a film carrier having the thickness of

its insulating base material at the bending location reduced by irradiation with an



| ocation 60 as the fulcrum allow ng the substrate 100 to be fol ded easily.
30 Japanese Patent Application No. 91450 describes a filmcarrier having the
thickness of its insulating base naterial at the bending | ocation reduced
by irradiation with an 2 exciner |laser to cleave the bonds between the

nol ecul es of the base material by neans of photochem cal ablation process.
There are at | east three problens associated with the nethod described in
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15 fragments may spatter during the laser etching process thereby contaminating the

surface of the substrate which necessitates an additional cleaning step in the flexible
circuit manufacturing process. The use of a laser to reduce the substrate thickness and
the addition of the cleaning step in the manufacturing process to remove substrate
fragments are expensive and add costs to the manufacturing process.

20
Japanese Patent No. 3327252 describes the formation of a grid of zigzag-like mesh
holes in the bending location by a punching press-work using a metallic mould. In this
case, 2 grid of holes is punched through the substrate to form the bending location prior
to the flexible circuit manufacturing process. Figure 5 illustrates the flexible circuit at

25  the end of the manufacturing process. In the figure, hole 70 is a hole that has been
punched in the substrate 100, adhesive 40 bonds the substrate 100 to the copper wiring
45 and a layer of liquid polymer 55 protects the surface of the copper wiring 45.
Copper wiring 45 is exposed by the hole punching process. A layer of solder resist 50 is
usually applied to protect the copper wiring 45 on the major surface opposite hole 70.

30  The liquid polymer 55 needs to be flexible so as to prevent cracking during bending.
Liquid polymer 55 also needs to be applied selectively to coat the inside of the hole 70

and a curing step is needed after coating which complicates the manufacturing process.



25 the end of the manufacturing process. In the figure, hole 70 is a hole
that has been punched in the substrate 100, adhesive 40 bonds the substrate
100 to the copper wiring 45 and a |ayer of |iquid polyner 55 protects the
surface of the copper wiring 45. Copper wiring 45 is exposed by the hole
punchi ng process. A |layer of solder resist 50 is wusually applied to protect
t he copper wiring 45 on the major surface opposite hole 70. 30 The liquid
pol yner 55Thaseéxalsma pek thagthegigaidpolymer 5 maxpesitram thagopgerguringg S pwder ng.

Li qui d pol r 55 to be applied selectively to coat the inside of
t he hol e Y%H%gﬁ ega%%%Pﬁéﬁgﬁ%p I's needed after coating which conplicates the
manuf acturing process. 3 There is also a risk that the liquid polynmer 55
may peel fromthe copper wiring 45 under_  extrenme bending cqonditions. The
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THE | NVENT roa rms TN one aspec vention conprise€s a mnet hod
of form ngddjrehdiagion whendh®/ @€ uddcandthspurpbs: fopwhichshewareheedst eps of appl yi ng
a layer of photoresist to a dielectric 15 substrate, exposing portions of
t he thioresist to actinic radiation through a photomask to forma pattern

o, ooSEREY (TR GBI == L b2 et cher n Lhe suost 1ot
array of holes, each hole extending at |east partially through the
dielectr] Cmsgr%?lé rtt?r&n%’ inaonn% e[sggcntvtilg ?n\}eggon gg)(lflgrsissespahg}e?ﬂo?lscifsttohn%% holes in a
dielectric substrate comprising the steps of applying a layer of photoresist to a dielectric
15  substrate, exposing portions of the photoresist to actinic radiation through a photomask
to form a pattern in the photoresist for an array of holes to be etched in the substrate,
developing the photoresist, etching the dielectric substrate to form an array of holes,
each hole extending at least partially through the dielectric substrate, and removing the
excess photoresist.
20
In broad terms in another embodiment the invention comprises a method of forming
holes in a dielectric substrate comprising the steps of: applying a layer of photoresist to
a dielectric substrate, exposing portions of the photoresist to actinic radiation through a
photomask to form a pattern in the photoresist for a plurality of holes comprising at
25  least one array of holes to be etched in the substrate, developing the photoresist, etching
the dielectric substrate to form an array of holes extending partially through the
dielectric substrate and at least one hole extending completely through the dielectric

substrate, and removing the excess photoresist,

30 In at least one embodiment the method further includes the steps of providing a
photomask comprising an array of distinct dots, exposing portions of the photoresist to

actinic radiation through the photomask, etching the dielectric substrate to form an array



In broad terms in another enbodi ment the invention conprises a nethod of
formng holes in a dielectric substrate conprising the steps of: applying a
| ayer of photoresist to a dielectric substrate, exposing portions of the
photoresist to actinic radiation through a photonmask to forma pattern in
the photoresist for a plurality of holes conprising at 25 | east one array of
hol es to be etched in the substrate, devel oping the photoresist, etching
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I n at | eastormmBé&ednbodi nent the nethod further includes the steps of
providing a photonask conprising an array of distinct dots, exposing
portions of the photoresist to actinic radiation through the photonask,
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| east two edmpriwingrat ésast oneredralynoft heleslipattiadly ratcheduinsd tlad diekdctrer selisahieng are
connected. 5. I1n _broad terns in anofher enbodinent the invention cqonprises a
di el ect ri cWdingsformed onchgsliclestig substrate, and splder resisy layergdopyas the wising fo,

et ched int ert ‘?t}%ivglhﬁg”i Cc substrate, wring fornmed on the dielectric
substrate, "and sol der~resist |ayered over the wiring to protect the wiring.
10 In broad terns in anot her enbodi nent the invention conprises a dielectric
substrate _conprising at |east one array of holes partially etched into the
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at least two holes in the array of holes are connected after _being etched.
20 In at | erlcingubarte ddsplder waishlayered gyeribs wanestowetsedbe Mg or m a f ol d

guide in the

15  In at least one embodiment the dielectric substrate is flexible.

In at least one embodiment at least two holes in the array of holes are connected after

being etched.

20 In at least one embodiment the array of holes is arranged to form a fold guide in the

dielectric substrate.

In at least one embodiment the thickness of the etched portion of the fold guide
substrate is about 80% of the unetched dielectric substrate thickness.

25
In at least one embodiment the dielectric substrate is formed from polyimide.
In at least one embodiment the dielectric substrate may further comprise at least one
integrated circuit.

30

BRIEF DESCRIPTION OF DRAWINGS



dielectric substrate. In at |east one enbodi nent the thickness of the etched
portion of the fold guide substrate is about 80% of the unetched dielectric
substrate thickness. 25 In at | east one enbodi nent the dielectric substrate
is formed frompolyimde. In at | east one enbodi nent the dielectric
substrate may further conprise at |east one integrated circuit. 30 BRI EF
DESCRI PTI ON OF DRAWNGS 5 The invention wll be further described by way of
exanmpl e onlhe Eyentgn willbe |fh1ﬁleqﬂdieﬁ@beflcbybéa>1 ohexampde anlyrand oyigiouh sdending he

fol I owi ng gral \én 91%5%%2 r?ncegb%}%fé}léwgﬁg%%w&@s%@émw of a substrate

nounted on a an exanple of a inproperly
folded flexible circuit mounted on a display panel that has warped because
of the disp|ay 1oanel departing fromits ori gl nal placenent as a consequence
of the fl ekigprel ehawsan exgripirolfabteate moyate toauanhml%vmehed position; 10

Fi gured53 shows an exanple of a substrate having a portion of the substrat e
renmoved at a pre-defined |ocation; Figure 4 shows an exanple of a substrate

fol ded as Bigngslibliows arfedaggde 8Ppimpdpaty folded Redible @irodit indanted Anghdigilap
pre-defined | ocation; 15 Figure 5 shows an exanple of a flexible circuit

obt ai ned uB#¢ythahbas veped be@egwf qb@dwphw Pepd deagding Snpis enginfjplaceyrEnd s,
Figure 6A éé“é’x&sé%‘{ehgé{)ft‘ﬁé%@{ uﬁ b%p%‘&qﬁl%‘i&%%t ‘g% fiafaeﬁliﬁaflhgﬁ a pattern

for an 20 arr es in Jhot 0 ure Vi ew of a
fold guide in a substrate with partl al hol es created after
10 Figure 3 shows an example of a substrate having a portion of the substrate removed at a

pre-defined location;

Figure 4 shows an example of a substrate folded as a result of a load applied at the
centre of the trough at a pre-defined location;

15
Figure 5 shows an example of a flexible circuit obtained using the process described in
the Japanese Patent No. 3327252;

Figure 6A shows a first example of a photomask designed to provide a pattern for an

20  array of holes in the photoresist;

Figure 6B is a top view of a fold guide in a substrate with partial holes created after
etching using the photomask of Figure 6A;

25  Figure 6C is a cross-section of a substrate with unconnected partial holes created using

the photomask of Figure 6A;

Figure 7A shows a second example of a photomask designed to provide a pattern for an
array of holes in the photoresist;

30
Figure 7B is a top view of a fold guide in a substrate with partial holes created after
etching using the photomask of Figure 7A;



etching using the photomask of Figure 6A;, 25 Figure 6C is a cross-section of
a substrate with unconnected partial holes created using the photonask of
Figure 6A; Figure 7A shows a second exanpl e of a photomask designed to
provide a pattern for an array of holes in the photoresist; 30 Figure 7B is
atop viewof a fold guide in a substrate with partial holes created after
et ching using the photomask of Figure 7A; 6 Figure 7C is a cross-section of
a substrate with connected partial holes created using the photomask of
Figure 7A; .5 Fi.gure 8A shows a.thir xanpl e of o] sk igned to
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di fferent ppachigk dFet mAhol es in the photoresist; Figure 8Bis a
cross-section of a substrate with unconnected partial holes, connected 10
partial holes, and unconnected through hol es, created using the photomask of

Fi gure . 8A.. Fi e ,9A sh afirst step in formn artial hole in a
substr ast eA](‘;][gu{‘%gf\i ﬂ\?@’r’?t { gﬁﬁ‘d fgallgo%u?éag%ot%%g @S@?fgﬁg P§§"é‘§e ipﬁg?l%‘F r‘ﬁ} 1an a
partial hobigfekdmt arrgpdst ioésCofodifferent binaseaid cIiifferehOspaBin Gebbiedthoestifithgd St ep
in formng a partial hole in a substrate of the invention; Figure 9D shows
a fourth spegotepistorning a partial hole in a substrate of the invention; 20
and Figure 10 shows an array of holes forned by selectively etching one
enbodi ment of substrate of the invention using a chem cal etchant to create
a fol d gui Bguid8B i§ WbabsAde@tion 4% alfabiitdtERPERIBnddtedNp&itial Ubles, doRMedi@] Made

by a nunber of suitable methods such as subtractive, additive- subtractive,
and seh? - apattigl beles, and unconnected through holes, created using the photomask of Figure

8A;

Figure 9A shows a first step in forming a partial hole in a substrate of the invention;

15  Figure 9B shows a second step in forming a partial hole in a substrate of the invention;

Figure 9C shows a third step in forming a partial hole in a substrate of the invention;

Figure 9D shows a fourth step in forming a partial hole in a substrate of the invention;
20  and

Figure 10 shows an array of holes formed by selectively etching one embodiment of

substrate of the invention using a chemical etchant to create a fold guide in a substrate.

25 DETAILED DESCRIPTION

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

subtractive, and semi-additive.

30 In atypical subtractive circuit-making process, a substrate usually having a thickness of

about 10 microns to about 150 microns is first provided.



30 In a typical subtractive circuit-nmaking process, a substrate usually

havi ng a thickness of about 10 mcrons to about 150 mcrons is first

provi ded. 7 The substrate serves to insulate the conductors from each ot her
and provides nuch of the nmechanical strength of the circuit. O her
attributes of the substrate include flexibility, thinness, high tenperature
performance, etchability, size reduction, weight reduction, anong others. 5
Many di f f eFlnsubstatersenies torinsubite theeebnductorsbisem srels othsr and pxovirdes raucheef] t

manuf acturg. Th supstrate chaice.is. dependeni..on a i nation.of factors
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used for coaEING)tRinAess! hdhfteMipsiade poffbftisice, dBhabiletys HiBs trédicHofByeibR any
sui tabl e polyimde including, but not [im ted to, those available under the

t rade nanereditionl amppgotheisng APl CAL NPl from Kaneka Hi gh- Tech Materi al s,
I nc., Psasadena, Texas (USA); and those avail abl e under the trade nanes
KAPTON,” i ncl udi ng KAPTON E, KAPTON EN, KAPTON H, and KAPTON V from 15

DuPont Hi ghiafie BifRiéiR megeris Bial Bk Sisedhs suibstydts @r flekibee dikéb)mardfdifire FTHey MET S
such as liquid crystal polynmer (LCP), available from Kuraray Hi gh

Per f or manc®ibimate chaics iDidgpesident osateanbinativanyf fagers {nsludme peonogtiespisndral at e)
PET d | y(ethyl. ht hal at P i.| abl t . f
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Virginia (pefigt. and pol ycarbonate avail abl e under trade name of LEXAN from
General Electric Plastics, Pittsfield, Massachusetts (USA), anong others,
may bellused. Preferably the substrate is a polyinide. Desirably the

dielectricsubstrate is flexible..,25 The substrate i,IS: cpated with
atie lay eT_e ’g‘?llgs&ﬁearqaiye{)? 6wgrsq11:§tbl(geB(ix)l%angca1111sludmg, bﬁP){m{ hmlttedb (tao, A3se
| available under the trade name APICAL, including APICAL NPI from Kaneka High-

Tech Maternials, Inc., Pasadena, Texas (USA); and those available under the trade names
KAPTON, including KAPTON E, KAPTON EN, KAPTON H, and KAPTON V from
15  DuPont High Performance Materials, Circleville, Ohio (USA).

Other polymers such as liquid crystal polymer (LCP), available from Kuraray High
Performance Materials Division, Osaka (Japan); poly(ethylene terephthalate) (PET) and
poly(ethylene naphthalate) (PEN), available under trade names of MYLAR and
20 TEONEX respectively from DuPont Tiejin Films, Hopewell, Virginia (USA); and
polycarbonate available under trade name of LEXAN from General Electric Plastics,

Pittsfield, Massachusetts (USA), among others, may be used.

Preferably the substrate is a polyimide. Desirably the dielectric substrate is flexible.

25
The substrate may first be coated with a tie layer. After a tie layer is deposited, a
conductive layer may be deposited by known methods such as vapour deposition or
sputtering. Optionally, the deposited conductive layer(s) can be plated up further to a
desired thickness by known electroplating or electroless plating processes.

30
The conductive layer can be patterned using a number of well-known methods including

photolithography. If photolithography is used, photoresists, which may be aqueous or



conductive |l ayer may be deposited by known net hods such as vapour deposition
or sputtering. Optionally, the deposited conductive |ayer(s) can be plated
up further to a desired thickness by known el ectroplating or electrol ess
pl ati ng processes. 30 The conductive | ayer can be patterned using a nunber
of well-known nmet hods including photolithography. If photolithography is
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conductive | aye riate etchant. Then the

r. are etchedq away using an ro
exposed pol_ﬂeqt%tﬁglswtﬁ? fapeied noayé?s_ AR CTRTURKC Ay EnFposeL BPRiaRS & Bt chant .
The renmi n?ﬁkﬂo&kﬁ@@%@% erBB%P%ith‘éﬁ agﬁiogﬁ%‘t%ggﬁempreferabl y has a final

t hi ckness rangi ng trom about m cron out 70 mcrons. The crosslinked
resist is then stripped off the lamnate in a suitable solution. The

conduct j ve, ] ayer y form15 wiring on the substrate. The wiring may be

pl at ed! 't’ﬁh%ﬁFﬁ%ﬁgng@is P ther eANAUEL Yo ayeR e Fighed FWReSING AN FFECRIAYSt r at e
may be etc 0 i h LI (N h10g
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20 pl ati ngetwhantt fha demaddng i (edexpoted) | cundgetateethetal rlayirt prefasblalloe deimat ovi ded

on the substrate. Another possibl.e nethod of faormng_the circuit portion
woul d utilf Sgcng%srﬁan%lagi qmy @bout 5 microns to about IIO mlcrons.gTLe crosslinked resist is

then stripped off the laminate in a suitable solution. The conductive layer may form
15  wiring on the substrate. The wiring may be plated with solder resist to protect the

wiring.

If desired, the substrate may be etched to form features in the substrate. Subsequent
processing steps, such as application of a covercoat or solder resist and additional
20 plating may then be carried out. Integrated circuits can also be provided on the

substrate.

Another possible method of forming the circuit portion would utilize semi-additive

plating and the following typical step sequence:

25
A substrate may be coated with a tie layer. A thin first conductive layer may then be
deposited using a vacuum sputtering or an evaporation technique. The materials and
thicknesses of the substrate and conductive layer may be the same as those described in
the previous paragraphs.

30

The conductive layer can be patterned in the same manner as described above in the

subtractive circuit-making process. The first exposed portions of the conductive layer(s)



plating and the follow ng typical step sequence: 25 A substrate nmay be
coated with a tie layer. Athin first conductive |ayer nay then be
deposited using a vacuum sputtering or an evaporation techni que. The
materials and thicknesses of the substrate and conductive |ayer may be the
sanme as those described in the previous paragraphs. 30 The conductive | ayer
can be patterned in the sane manner as descri bed above in the subtractive

ci rcui t - makangheprisciisther Flatedfusing standaod eléctpeplatingner dectrdiess pdatingemptheds
I 9 h be f.urt I d ' dard el ect lLating.
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range of akl@idved m crons to about 70 mcrons is achieved. 5 The
cross-1linked exposed portions of the resist are then stripped off.
Subsequently, the exposed portions of the thin first conductive |ayer(s)

is/are etched with an etchant fhat oes. not harm.t he te. If.the tie
ayer 15 ¢ St SRRePortigial e st ate 8" Spbffy B NebRlasmhb i o o

et chants. &hRséEpEtibhNEf HRNHMCHIsY Boldi¥ve H¥r(d)dEMentEhddOwitR Antdichafitibat r at e.
10 If desired the substrate nay be etched to formfeatures in the substrate.

Subsequent dogsmet barsi thy sbetpate. bk tigdaygnps focbe resrpvstl vehero vxpaseditit ean kol der
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possi bl e ngt GuBdtrate@r M ng the circuit portion would utilise a conbination

of subtractive and additive plating, referred to as a subtractive-additive
met hodl0 and the follow ng typical step sequence:

If desired the substrate may be etched to form features in the substrate. Subsequent
processing steps, such as application of a covercoat or solder resist, and additional
plating may then be carried out. The substrate may further be provided with one or
more integrated circuits.

15
Another possible method of forming the circuit portion would utilise a combination of
subtractive and additive plating, referred to as a subtractive-additive method, and the

following typical step sequence:

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

previous paragraphs.

25  The conductive layer can be patterned by a number of well-known methods including
photolithography, as described above. When the photoresist forms a positive pattern of
the desired pattern for the conductive layer, the exposed conductive material is typically
etched away using a suitable etchant. The tie layer is then etched with a suitable
etchant. The exposed (crosslinked) portion of the resist is then stripped. The desired

30 conductive layer thickness can then be achieved with additional plating to a final

thickness of about 5 microns to 70 microns.
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20 A substrate may be coated with a tie layer. A thin first conductive |ayer
may then be deposited using a vacuum sputtering or evaporation techni que.
The materials and thicknesses for the dielectric substrate and conductive

| ayer may be as described in the previous paragraphs. 25 The conductive

| ayer can be patterned by a nunmber of well-known nethods including
phot ol i t hogr aphy, as descri bed above. Wen the photoresist forns a positive

pattern oflf desiecdideisubstrasemayr be pighed ke foran fakires i theywibstratpe Spbproiest

conducti ve [ IS Lcal .ef C S| SL t. The
tie layer LR %sﬁgg%g?pghg%af %péﬁ'%agﬁ{x adglegei cgﬁ?%%%n‘%rbg#ﬁ%r %&%@gl@‘g a?%ﬁ%?@l I nked)
portion ofplafixy thepitkeh beSairfe@wust ri pped. The desired 30 conductive |ayer

t hi ckness can then be achieved with additional plating to a final thickness
of about 5 microns to 70 mcrons. 10 If desired the substrate may be etched

f f | o : [
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be carri edfigitts ard dfatwrﬁMEthirb&a%h&i:t whdibr fllastrdte gieriagentiontand shapéasfhecat i on
are not drawn to scale. The fih]gures are drawn to explain the concept and/or
i | | ust r at einfegereied a8 ieale dragrings hob shepld elsorhe notest thatomeste the figurss eePaessi ngs.

It should also o] . L.aur tions
of articl e%og%sae? t?%l{rgeotffalgtrl&ele Fﬁﬁlﬁ‘%&é‘f‘g&fﬁq&é‘g grgg%&gg{:%%gﬁés Ir?%gg%gcr%eﬁﬁ%nes be

used to ilbarsded 8 Blubtigte diid dicferont layery of a flekibde ditctiiti bl e circuit. 10 Figure 6A
shows a photomask 132 with an array of dots 134. Dots 134 are separated by
pitch 26 on the photomask. The arrangement of dots 134 on photomask 132 is

desi d t : _ : ¢ ;
phot or osi sietE SEa DRI Gnoe B2 P 3 BERPAPSCTAE" DRk B0 PSR 0.
t o actini cpifchdil 28 io@Nthe plvitehaskd tThe phepenaskof do@atiebn phHatomekes3d Bt o the

photoresist. The photoresist is then developed to expose, areas of the
di el ect ri cdesigned rtatmsovige e pattarndar @seaitssronsling efranioidholes in the photoresist

applied to a dielectric substrate. The photoresist is exposed to actinic radiation through
15 the photomask to paftern the holes into the photoresist. The photoresist is then
developed to expose areas of the dielectric substrate to be etched using known etching
techniques. The above photomask design is for use with negative photoresist and a

reverse contrast in photomask will be required for use with positive photoresist.

20  Figure 6B is a top view of a dielectric substrate 100 after holes have been partially
etched in the substrate using the photomask 132 shown in Figure 6A. An outline of
photomask 132 is provided in Figure 6B for convenience but it is well understood in
practice that the photomask will not be present on the substrate of Figure 6B. As can be
seen in Figure 6B partial holes 144 have been etched into dielectric substrate 100 by the

25  etching process. Partial holes 144 are centred in the same positions as dots 134 on the
photomask. However partial holes 144 have a wider circumference than dots 134 due to
the etching process. Due to the pitch 126 and/or size of the dots on the photomask
(shown in Figure 6A) once the partial holes 144 have been etched some areas of
dielectric substrate 145 between the partial holes are not etched.

30
Figure 6C is cross-sectional view of part of substrate 100 showing partial holes 144

formed in the dielectric substrate. In this view the partial holes 144 can clearly be seen
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techni ques. The above photomask design is for use with negative photoresi st
and a reverse contrast in photomask will be required for use with positive
photoresist. 20 Figure 6B is a top view of a dielectric substrate 100 after
hol es have been partially etched in the substrate using the photonmask 132
shown in Figure 6A. An outline of photonask 132 is provided in Figure 6B

f i but it i der st t that
w1 oot Chis B Gustihed e 445 hptern i el olkse TE B nee ot b Rs SRR s our ¢
6B partial 1;h@has Hid giiak en RRER 4R meﬁlatenb@ tRerEWREA N1 6 dsﬂlbe%tthehed&%@tm t he

25 etching process. Partial holes 144 are centred in the sanme positions as
dots 134 ofeldihg popivst afiths foldHpuds, eThis avitdiha¢antesl dteradihy nberangatheingmber of

126" ana or RS2 SO RIS 485 7 ohdoisdirsRaek (3R ETEY BRkA) once. t he

partialg hol es 144 have been etched sone areas of dielectric substrate 145
between the partial holes are not etched. 30 Figure 6Cis cross-sectional

vi ew of paFigumf'/'AsalhISWaphotmrasls hiduvith aparmay af déts|1d4. Dots lmmaiaﬁedb}e
dielectric b ate thIS Vi the artial .hol e can cl be seen
11 as can E‘icg]t i%\‘;ed’ afhg qﬁ%‘aﬂ(et eaRY P%ﬁ {7 f%‘é Qtt%a% Fﬁ/é hol es
144 are etg ed k@ pfoRidB a?l;[)zft%@fcﬁlh' dﬂ:?rebﬁbn@lir%' @Fa&rdf%o&ﬁmf)ﬁ&bﬁm%% pliB@f W dt h
116 defines the wi dth of fol ding portion of the fold guide. This w dth

can be al t @dededyyc abhsriengThé photordsist laaexmseivgsmg thivphotamdsloto paitersithe of
the do 0 hoto sk, 132 h i.n Figure b Figure 7A shows
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designed to provide a pattern for a corresponding array of ol’es in
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to be etched using known etching techni ques. Again, the above
15 Figure 7B is a top view of a dielectric substrate 100 after holes have been partially
etched in the substrate using the photomask 132 shown in Figure 7A. An outline of
photomask 132 is provided in Figure 7B for convenience but it is well understood in
practice that the photomask will not be present on the substrate of Figure 7B. As can be
seen in Figure 7B partial holes 144 have been etched into dielectric substrate 100 by the
20  etching process. Partial holes 144 are centred in the same positions as dots 134 on the
photomask. However partial holes 144 have a wider circumference than dots 134 due to
the etching process. Due to the pitch 124 and/or size of the dots on the photomask
(shown in Figure 7A) once the partial holes 144 have been etched areas of dielectric
substrate 100 between the partial holes are also etched.
25
Figure 7C 1s cross-sectional view of part of substrate 100 showing partial holes 144
formed in the dielectric substrate. In this view the partial holes 144 can clearly be seen
as can the etched areas between the partial holes. Portions 146 between the holes are
partially etched to a depth 150 below the surface of the dielectric substrate. If the
30  partial holes 144 are etched to form a fold guide in dielectric substrate 100 then width
114 defines the width of the folding portion of the fold guide. This width can be altered

12



phot omask design is for use with negative photoresist and a reverse contrast
in photonmask will be required for use with positive photoresist. 15 Figure
7B is a top view of a dielectric substrate 100 after hol es have been
partially etched in the substrate using the photomask 132 shown in Figure
7A. An outline of photonmask 132 is provided in Figure 7B for conveni ence
but it is well understood in practice that the photomask wll not be
present onby hberngtherminebasfofFowaoé dpB. antéorcthe size ofsbe dotsnotFphetemadiparti al
hol es 144 have beﬁn etﬁj%ﬁd into dielectric substrate 100 by the 20 etching
process. P B 4 are centred in the sanme positions as dots 134 on
the photomask. However partial holes 144 have a w der circunference than
dots 134 due to the etching process. Due to the pitch 124 and/or size of

the dots oﬁlgtum-%hﬂlomkhotomwﬁ rvith gmfreearra@)s rdods B¢ apdraditisionplodads 144

have be h reas of di bet wee he_ part al
ol 65 afe 6o S aR ard sensrdled BY ifpe’ 195, (A Godiidg o VRCE AR Thf
substrate PQisRANCOSS BRY ddtdvahed BSwid4s tﬁeolslmdoﬂ e tdd6s BitRkaritel fragyst r at e.
In this view the partial holes 144 can cl earlg/%be seen as can the etched

areas bet wdels ontthe photomask. hEhegrrang@rrtenbn%do_t.% en phetomagke 183 liedesigned to

partially etchdto depth 150 be 0w t he r face qof th dle{Kectrl

subst r at e. PI¥'¢n@ p?Betﬁlafc{}' 4 FomgpaR Tﬁﬁ&?’e%‘)&?ﬁea’ ﬁB:‘ P‘&? M5t 8P Q}le&u Cd® in

di el ectri cgpiReid ﬁﬂ)@ttﬂt@o’l‘h@?h t‘d&e@ishls e%ﬁéseﬂ%fsin@Qﬁc bisomadk 0 pattetnhBe holesli ng
[

portion of the fold guide s wd can be altered 12 by altering the
nurmber 1&f itlttvxéhfbph(tﬂ@ﬁssta n'EhﬁbIPthﬁFrQSlstl 13 éhftﬂfdetv plepetbtosexpesp Asebahibik didectri¢ shown

and adai 11 SRrelgbee SOREUE Ko PP Eomitut® gy FE MotE Py g

126 on t he dphigt ARs kise W@ ne%hﬁ@ﬁﬁ&éx@ﬂ@t%ﬁfa fVerse @bitrashhin gﬁotaﬁlayue{viu% t he
pitch of the dots between the arrays of dots on the photomask. The

arrangerrenreclt!lfl'ediﬁITSISQMthmvSﬁW@ﬂmeS%ISBZ is designed to provide a pattern
for a corresponding array of holes in the photoresist applied to a

15  Figure 8B is cross-sectional view of part of substrate 100 showing partial holes 144 and
through holes 148 formed in the dielectric substrate. In this view the differences
between the pitches and circumferences of the dots on the photomask can clearly be
seen in the etched dielectric substrate. The holes with the smallest pitch 122 and
smallest circumference form an array with width 112 in substrate 100. These partially

20  etched holes are connected with the areas between the holes etched to a depth 152
beneath the surface of the dielectric substrate. The holes with the small pitch 126 and
smallest circumference form an array with width 116 in substrate 100. These partially
etched holes are not connected as can be seen in Figure 8B. These holes are not
connected because of the small pitch of the holes when compared to the holes with

25  smallest pitch 122. The holes with the large circumference and largest pitch 124 form
an array with width 114 in substrate 100. These holes are deeper than the smaller
circumference holes and are connected with the areas between the holes etched to a

depth 150 beneath the surface of the dielectric substrate.

30  The largest circumference holes 138 extend completely through the substrate 100 as
shown in Figure 8B. Figure 8B shows that the circumference of the holes can be used

to determine how far the hole will penetrate into the substrate. The combination of

13



dielectric substrate. The photoresist is exposed using the photonmask to
pattern the holes 10 into the photoresist. The photoresist is then devel oped
to expose areas of the dielectric substrate to be etched usi ng known
etching techni ques. Again, the above photomask design is for use with
negative photoresist and a reverse contrast in photomask wll be required
for use with positivefggotoresist. 15 Figure 8B is cross-sectional view of

part of subiEpernanof dednlesgndanichaf tedicles candeaigd 1o Helsgme et eath g
formed in the di & GEtHd& M%ﬁ%ﬁ&-#eﬂ%‘{agﬁ il %mets.heugihg;tgéqﬂaﬁéd 0?%&%’\5686
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122 and snmllest circunference forman array with width 112 in substrate
100. Thesedisletricaubstrai®) et ched hol es are connected with the areas between
the holgs etched to a depth 152 beneath the surface of the dielectric
substrate. The holes with the small pitch 126 and snallest circunference
form an ar Aaywell dshettliing holkd tn the dieibatic atlestrh@) cirdissenperforraéd yn thetmaijerd hol es
are not connected, as can be seen in Figure 8B. Thera*% hgl es are
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with the areas between the holes etched to a depth 150 beneath the surface
of thelQi eMaidng tloPratepidhe @ne.30 The | argest circunference hol es 138 extend
conpl etely through the substrate 100 as shown in Figure 8B. Figure 8B shows
that the circunference of the holes can be used to determ ne how far the
hole will Pimedsr®A eo oM shdvhens wkampktef a Idlectivendhienidal @rchifg pibdessiusedind er ence
of the holes and pitch of the holes can be used to determ ne the depth of

et chi ng of ¥Rl naghad fioles an 3 Fybdrateinpscodangeawith the myendion. Ju;thly expapledhtiod of
the inventi C t Ll i-al: etely
g PRBlehBVEARSR SRR ORGSR el
15 by a negative photoresist 210. It should be noted that either positive or negative
photoresist could be used so long as it performs correctly with the etching solutions
used in the etching process. For the present example, the optimum thickness of the

negative photoresist is between 20 microns and 50 microns.

20 Following the step of applying the photoresist 210, the photoresist 210 is exposed to
actinic radiation through a photomask 220 as shown in Figure 9B. In this example, the
covered area 225 on the photomask 220 prevents the corresponding area of the
underlying photoresist 210 from being exposed to the actinic radiation (shown by the
arrows).

25
After exposing the photoresist 210, the photoresist 210 is developed as shown in Figure
9C. Developing the photoresist 210 removes the unexposed photoresist leaving a hole
215 in the photoresist 210. It should be noted that an array of holes will be patterned in
the photoresist 210 to form a fold guide but in this example, only a single hole is formed

30 for ease of explanation.
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5 As well as etching holes in the dielectric substrate, circuits can be
formed on the najor surface of the substrate not etched in the steps
descri bed above. Methods and apparatuses for formng netal and circuits on
a dielectric substrate are well known. For exanple wiring can be forned
over the substrate and solder resist |layered over the 10 wiring to protect
the wring. Figures 9A to 9D show agne _exanpl e of a selective chem cal

et ching pr dBeBelyiiida 209 is thew sicked using knowpFhemiry eichingpriopesses. | Fhesteldhgiance

with the i | ol o0
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phot or esi st coul d be used so | on%%és it perforns correctly with the etching
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t hi ckness | crons.
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9B. In this exanple, covered area 225 on the phot omask 2205Pr events the

cor r espond hagpey ode 61"4 ?%COM%W%/‘ihﬁdir Privdeopidbe 991M@ef308m1b€1°ﬁ dspbed to
the actini ﬁotrﬁqua‘?% Oé?clf]ﬁ%‘gr fes Sc;[ahge% 6héi§1l?1§s"\§f) ol Pa Yol widtPRSh rt’k% e 215 4

phot oresi s eve oped as shown I n K gure

Devel opi ngpidvidedhiatthe @ho&t«es&lmoemge&:gdnelowwammfefknpmamceﬁipﬁedltealm ng a
hole 215 in the photoresist 210. It should be noted that an array of holes
will bE0 pab@lércﬁewnf%encpﬁéfi %M@gqrgqlstﬂiﬁl% plepBrepbthe slcngareeesput in this
exanple, only a single hole is forned 30 for ease of explanation. 14 The
pol yi mi de 200 is then etched using known chenical etching processes. The
etching pitahesid Heaionsl thahwhite Adid 141 i FizupodPidoksirot2Bfendcoadpdetelyithrobglgur e

9D It is Ithrgpgorlgn%?lhe 2(())0 it is possible to create holes that extend completely through the
polyimide using the same process. In locations where it is desired to create through

15  holes, no copper wiring is added to those locations. The lack of copper wiring in the

vicinity of through holes eliminates the prior art problems of solder resist leakage and

contamination. Through holes may serve as sprocket holes, too! holes, or the like.

Figure 10 is a cross-section of a polyimide 200 with an array of holes 144 formed by the

20  selective chemical etching technique of the invention. The array of holes 144 is formed
by first patterning and exposing portions of photoresist 210 through a photomask 220
with a corresponding array of dots. Again in Figure 10, a negative photoresist 210 is
used so the unexposed areas form the array of holes 215 in the photoresist 210. The
polyimide 200 is then etched to form holes 144. The holes 144 in the array are spaced

25  such that during etching of the holes, mutual etching occurs that ctches the spaces
between the holes thereby forming gaps 146. These sections are etched under the
existing photoresist 210. The mutual etching connects the holes 144 to form the fold
guide 114 in the polyimide 200. The design thickness of the unetched dielectric
substrate of a fold guide will depend on a number of parameters including the substrate

30  material and the amount of bend required of the fold guide. In exemplary embodiments
the thickness of the etched portion of the fold guide substrate is about 80% of the
unetched dielectric substrate thickness.
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note that hole 144 does not extend conpletely through the polyimde 200. If
hole 144 did extend conpletely through the polyi mde, then when the sol der
resist layer (not 5 shown in Figures 9A to 9D) is | ater added over the
copper wiring |ayer (not shown in Figures 9A to 9D) on the second side of
the polyi mde 200, the solder resist will |leak through hole 144 and
contam nate the first side of the polyimde 200. It should also be noted
that the etching process causes the sides of hole 144 to be wider than the
hol e 215 I i ce 144
conpar ed toirgt?:hxel éj&d’(f& ’naonltd(t:sge %@%& er encgﬁ%%:lym gafnlr&'r&% g?é‘i?@ﬁ%&%%ﬁg
feature of fdrhe zetaqurl@mrmahs&egdtive@hewlrd;meIxmdieedftghmtdoh;i1331 dmieeaﬂaésl in
Figure 9D does not extend conplete t hrough the polyi ni de .200,
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hol es, no co wring 1S added to those |ocations. The | ack of copper
wiring in the VI cinity of through holes elimnates the prior art problens
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photonask 220 with a corresponding array of dots. Again in Figure 10, a

Relgat i & pHédd} and the polomide etehing wg@p@mnm@k ,aé@naeraﬁu%gf Yo Erasingea %nrasayf of
215
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hol es thereby form ng s 146. These sections are etched under the
exi sting pn@mﬂo m wkﬁessmﬁtd@arab& E’HPIP\&’G‘CB?\‘%’@PB 13 RE0 FHFIeEs. 1Mbe1%) form

the fold gy 12&14eté1{%dts ? %%' g& ca(ﬁgout 43 gf" Ecnéfémoﬁﬁteﬁlc

unet ched drelectric  subs a f ol e €én n a nu of
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required of the fold guide. In exenplary enbodiments the thickness of the

et ched por fqregd owh %rhéher digknpss od @Ellﬁé*ﬁheét aibsigatg g 1abogb dPs of rle unetched
substrate thickness. In other examples, different etched substrate thicknesses may be

used to form fold guides. If the substrate film in this example is etched for a period of
about 220 seconds, the thickness of the polyimide film where the holes are formed is
20  about 90% of the thickness of the unetched polyimide film. In this example, etching the
substrate for a shorter duration will produce holes in the substrate where the unetched
substrate is a greater thickness than holes produced in longer duration etches. The size
and pitch of the dots on the photomask are also related to the amount of etching that will
occur during an etch duration.
25
It should be noted that while the holes shown in the examples are round, holes of any
shape can be formed. The holes could be hexagonal for example. Also, the holes may
be of the same size or of varying sizes and arranged at the same distance apart or at
different distances apart within the same pre-defined location or at different pre-defined

30  locations.
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unetched dielectric substrate thickness. 15 Figure 6A, 7A, and 8A illustrate
how a phot omask can be designed to provide a pattern for an array of hol es
in the negative photoresist. In these figures dots 134 cover areas on the
phot omask and virtual line 132 shows the boundary of the fold guide that

will be 5 fornmed on the substrate. In a further exanple the etching can be
performed using a strong al kaline solution. In one enbodi nent potassium

hydr oxi de TRedpregeinggisgeribes dhe snvention incdnding prefersed foxmsherenf| Adtepdtions
pol yi m de fr eka Hi_gh-Jech Materi al | ney. Pasadena, Texas,l1l0 (USA) and
Phe” bol yi e MR af Yl 50 ol 8 aheg et B SRR GG ' B ay
pressure oinc8fHdrdteRin the s@peeltefaa'mgdﬁﬁfem?ﬂqﬁ‘aoaé&pal@ﬁ@gleﬂaimd.n general terns,
setting the mnimmthickness of the polyimde where the holes are forned
at about 63% of the previous polyimde thickness is desirable when the hole
pitch is 200 microns. In this exanple, an etched substrate thickness of
about 63% of the unetched substrate thickness 15 will provide a folding area
for a fold guide. In this exanple, the optinmumfold guide is fornmed when

t he thickness of the etched substrate is about 63% of the unetched

substrate thickness. In other exanples, different etched substrate

t hi cknesses may be wused to formfold guides. If the substrate filmin this
exanple is etched for a period of about 220 seconds, the thickness of the
polyimde filmwhere the holes are fornmed is 20 about 90% of the thickness
of the unetched polyimde film In this exanple, etching the substrate for
a shorter duration will produce holes in the substrate where the unetched
substrate is a greater thickness than hol es produced in | onger duration
etches. The size and pitch of the dots on the photonask are also related to
t he amount of etching that will occur during an etch duration. 25 It should
be noted that while the holes shown in the exanples are round, holes of any
shape can be forned. The hol es coul d be hexagonal for exanple. Al so, the

hol es may
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be of the sane size or of varying sizes and arranged at the sane distance
apart or at different distances apart within the sanme pre-defined | ocation
or at different pre-defined 30 locations. 16 The foregoi ng describes the
invention including preferred fornms thereof. Alterations and nodifications
as will be obvious to those skilled in the art are intended to be

i ncor por at €0.AIMS he scope hereof as defined by the acconpanying clainms. 17
CLAIMS 1. A dielectric substrate conprising: at |east one array of hol es at
| east partially etched into the dielectric substrate, wring fornmed on the

di el ectri cysubshrfidigotrid Behst@lcd@inprRiigst | ayered over the wiring to protect
the wiring. 2. A dielectric substraté as clainmed in claim1l wherein the

array of hol es arleast peg array dfjhodescin dadsti partiddly ai¢hsddntorthe dislegbricrsabsiratg. A
dielectric substrate.as Sla%nggli@.clq;n1% or,claim2 wherein the dielectric
substrate is fl &% formgd onthe digledlyic suosialssidii o as claimed in any one of

claims 1 to 3 WaRa&irBsigllayeedbdver HOWIREES ptofeck R Wirigal ity of holes in the
substrate are connected after being etched. 5. A dielectric substrate as

claimed in any one of clains 1 to 4 wherein the array of holes is arranged
to forma fold quide in the dielectric.substrate. 6. di el ectric substrate
as claimed“in c aﬁhﬁﬁgﬁ\ﬁhsé’lbéﬁr%etaﬁec(ii“megléﬂecgas‘mo? @Wéelgttﬁﬁéﬁra}/ﬁ) AOASA5f t he
fol d gui depsbisy é@h& hihalRelkLtrfGUbatatd he unetched dielectric substrate
thickness. 7. A dielectric substrate as clainmed in any one of clains 1 to 6

wherein the dielectric substrate is formed frompolyinmde. 8. A dielectric
substrate 35 cl A FER et $TBdratd'Ss glfain?el(fi {nrrc‘:slailm E%r %laﬁ\{nne‘f %Jh&e%nh the dielectric

substrate is flexible.

4. A dielectric substrate as claimed in any one of claims 1 to 3 wherein at least

two holes in the plurality of holes in the substrate are connected after being etched.

5. A dielectric substrate as claimed in any one of claims 1 to 4 wherein the array

of holes is arranged to form a fold guide in the dielectric substrate.

6. A dielectric substrate as claimed in claim 5 wherein the thickness of the etched
portion of the fold guide substrate is about 80% of the unetched dielectric substrate

thickness.

7. A dielectric substrate as claimed in any one of claims 1 to 6 wherein the

dielectric substrate is formed from polyimide.

8. A dielectric substrate as claimed in any one of claims 1 to 7 wherein the

dielectric substrate may further comprise at least one integrated circuit.

9. A dielectric substrate comprising:
at least one array of holes partially etched into the dielectric substrate,
at least one hole etched completely through the dielectric substrate,
wiring formed on the dielectric substrate, and

solder resist layered over the wiring to protect the wiring.
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dielectric substrate may further conprise at |east one integrated circuit.
9. Adielectric substrate conprising: at |east one array of holes partially
etched into the dielectric substrate, at |east one hole etched conpletely
t hrough the dielectric substrate, wring forned on the dielectric
substrate, and solder resist |layered over the wiring to protect the wring.
18 10. A dielectric substrate as clainmed in claim9 wherein the dielectric
substrate is flexible. 11. A dielectric substrate as ¢lained.in claim9 or
claim 10 wHer ei & delpgtye spbstaptess ﬁﬁﬁﬁé@i@“ﬁo"r wéﬁreeb |digleqtiIc SERSHAHS t he
dielectricﬂé§@§;rate. 12. A dielectric substrate as clainmed in any one of
clains 9 to wherein at least two holes in the array of holes partially
etched in the dielectric substrate are connected after being etched. 13. A
dielectric substrate as clainmed in any ope of cl ai 9.t0.12 rein the
array of hbl-es Paigledns gubstiakeds lamegdn g aépgc?rrql%‘“‘snﬁ%wgﬂ%aipgggftyé’ ged to

forma fol H’ole Eif%édrlb\’?%eetr '2%1%9%1; ld.fe d?élE&FiE %&Fafm' A dielectric substrate

as claimed in claim in tAe thickness of the etched portion of the
fold guide substrate is about 80% of the unetched dielectric substrate
thickness. 15. A dielectric substrate as clai jn an ne of clains 9 to
14 wher i nlFhe AdiEreeE HEstaiRAR PEMEdS By PRE AT glﬁ%‘i‘ﬁ %‘sﬁ }fﬁﬁ?@@.‘ﬂ qlglcash

di el ectri cURSLY Alke A%a (%fﬁ\ﬁﬂﬁia}tghéﬁpr&cl@ﬁ?nme GLALEE shshiGielne WhREELA the

di el ectric substrate ma rise at least one integrated circuit.
19 after being etched.

13. A dielectric substrate as claimed in any one of claims 9 to 12 wherein the
array of holes partially etched in the dielectric substrate is arranged to form a fold

guide in the dielectric substrate.
14, A dielectric substrate as claimed in claim 13 wherein the thickness of the
etched portion of the fold guide substrate is about 80% of the unetched dielectric

substrate thickness.

15. A dielectric substrate as claimed in any one of claims 9 to 14 wherein the

dielectric substrate is formed from polyimide.

16. A diclectric substrate as claimed in any one of claims 9 to 15 wherein the

dielectric substrate may further comprise at least one integrated circuit.
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