Title of the Invention PROCESS FOR THE PRODUCTI ON OF ENTRY SHEET FOR

DRI LLI NG AND ENTRY SHEET 5 Field of the Invention [0001] The present
invention relates to an entry sheet for drilling which is used for drilling
a copper-clad lamnate or a nmulti-layer board in steps of producing a
printed wring board. 10 Background of the Invention [0002] As a nethod for
drilling a copper-clad lamnate or a nulti-layer board used for a printed
W ring board lg?éeg#egﬁe t@og in which a sinple alum numfoil or an 15
entry sheet or dri alnea by formng a resin conposition |ayer on a

surface of an al umi nurpro@JEﬂSSI sordrsposeshias 1aR apXENtTRY YsiEmeetzogn the top
surface of a copper-clad lamnate, a nulti-layer board or a stack of two

or more copp@RIELENS |74t ATy SFEETw or nore multi 20 | ayer boards before
drilling, is generally adopted. In recent years, high-quality drilling is
required with regard to a printed wiring board material in accordance wth

a demand of roproveiee iThveaktghRility and a progress of
hi gh-densi fication. For exanple, an 25 inprovenent in hole registration

accuracy or &OG@b}easéhE|@rﬁébetmamTe¢©Mghm€§stes requ rettryFeheeopi ng with
i 1 7es o SREBODr it Bl eot ol er ckih A-abapBe) 11 STPRRCH 48 pol yet hyl ene
glycol (for exaipls olPa3QuAtd- 92%@ Abosrd YRr keapk @he&.tocmm@a@ ng a hole
obtained by formng a water-soluble resin conposition |ayer on a netal
foil (for expnphesd JRrAng- B44287) and an entry
10
Background of the Invention
[0002] As a method for drilling a copper-clad laminate
or a multi-layer board used for a printed wiring board
material, a method in which a simple aluminum fecil or an
15 entry sheet for drilling cbtained by forming a resin
composition layer on a surface of an aluminum foil is
disposed as an auxiliary sheet on the top surface of a
copper-clad laminate, a multi-layer board or a stack of
two or more copper-clad laminates or two or more multi-
20 layer boards before drilling, is generally adopted. In
recent years, high-quality drilling is required with
regard to a printed wiring board material in accordance
with a demand of improvement in reliability and a
progress of high-densification. For example, an
25 improvement in hole registration accuracy or a decrease
in hole wall roughness is required. For coping with the
requirement of high-quality drilling, a hole-making
method which utilizes a sheet of a water-socluble resin
composition such as polyethylene glycol {(for example, JP-
30 A-4-92494), a lubricant sheet for making a hole obtained
by forming a water-soluble resin compositicn layer on a

metal foil (for example, JP-A-6-344297) and an entry



1 sheet for making a hole obtained by formng a thernosetting resin
conposition thin filmon an alum num foil and further formng a

wat er-sol ubl e resin conposition |ayer (for exanple, JP-A-2003-136465) have
5 been proposed and practically adopted. Here, the thickness of a

wat er - sol ubl e resin conposition layer forned on a netal foil is very

i mpor tant foxnddWrad i hhea Al d 1hiQfi BAl By VB ki JPQ03] In a conventi onal
| am nating process, it is "10 possible to |am nate a water-sol uble resin

conposi ti on thayersctaninggrasimi akess tdbnathlieasiltb®mprant alamtetmal f ol
surface. However, a solution_nethod has the follow ng problens. Wen a | ow

Vi scosity scﬁQh#gﬁ?qoﬁuéthﬁétgﬁz@&HQHﬁ FALEET RO IO 451N is thickly applied
to a 15 el alodids Sl ﬁsgegm&f%éa 9P 9668570418 FQlgdh! A0y dri ps during

the applicatio n ryrn foam n occurs during the'drying and the

sol i di fi cat imrerofpridpe sedated -siod athloa 1ngs hdosoeposidregn.thEher ef or e,
production is  difficult by the sol ution nethod. Wen a thick water 20
sol ubl e resiOMESSi PfoR VRIS Wdens8shy P3G oa 1REEr - sol ubl e resin

conposition ti hj ; i i.difyi .applied
water-solubl%ﬁlr%esﬁ%lIll %oﬁ%§é¥tﬁgﬁlfﬁgﬁﬁgg gﬂﬁ%fﬁ%ygﬁ%xag%?%gglggearance

bet ween an wpplduweditgabEngoporidldn and a nmetal foil is broadened 25 at an
application tine or through a nethod in which two water-soluble resin

conposi tion IARs ar énsaceessiVelqpalf dpmbaatimanasegspl fédigoating
Compos it Biayr tard Lt bR Sobethhase ot TRECEOFFake of 30 the
wat er - sol ubl & J8SHRvEREPAStA 1 OhdRY @fr decreasesso e to a metal

foil surface. Hcocwever, a solution method has the

following problems. When a low viscosity sclution of a

water-soluble resin composition is thickly applied to a

15 metal foil surface by a coating process, the solution
drips during the application and drying and foaming
cccurs during the drying and the solidification of the
water-soluble resin composition. Therefore, production is
difficult by the sclution method. When a thick water-

20  soluble resin composition layer is formed by applying a
water—scluble resin composition solution thickly and
drying and solidifying the applied water-soluble resin
composition through a method in which a clearance between
an applied coating portion and a metal foil is broadened

25 at an application time or through a method in which two
water—-soluble resin compcsition layers are successively
formed from two applied coating portions respectively,
air bubbles exist in the water-soluble resin compcsition
layer and in addition the smoothness of the surface of

30 the water-soluble resin composition layer decreases. The
presence of air bubbles in the water-soluble resin

composition layer and the decrease in the smoothness of



presence of air bubbles in the water-soluble resin conposition |ayer and
the decrease in the snoothness of 2 the water-soluble resin conposition

| ayer surface adversely affect hole registration accuracy at a drilling
time. 5 Sunmary of the Invention [00041 It is an object of the present
invention to provide an entry sheet for drilling a printed wiring board

mat eri al whigch en%r%ﬂshﬁeglis excel | ent L?.hole re%%s%ration accuracy and
i s obt ai ned BELTEREP RGP 0F $ 0 WYPORRF e ™ otBfis SUF T2 Rat er - sol ubl e resin

conposi tion JAxeeal, hheeti MBod AMisRGaaRdn SQHdy Gat hORL 011 ng
wat er - sol ubl e resin"conposition after application thereof and is” a problem

of conventi onale. technol ogi es about the formation of a water-soluble resin
15 conposition layer having a thickness of at least 50 mon a netal foil,
and a process for producing the above entry sheet. [0005] It is another

obj ect ofs thﬁmg{a(%gegk Lhyeption ; 4,0 provide an entry sheet for drilling a
printed wiring 20 board nmaterial, on the basis of the finding that adverse

i nfluence of [0C®aFi ng [t psesentlectorhed the pradrert dhventiohubbl es having a
di aneter of at |east 30 gnleach, whi ch _generate at the time of drying and
sol i di fyi ng R¥Wdrier anseP by eShed ooRpodttidrf &tdtedppiréadi on t her eof

per 25 an_anged.of nJ00. 191 X, 100, WY 3.ueL el SAlaihe keshiy o gomosi ti on

| ayer is 20 or less, h entry sheet satisfies the above requirenent and
is excel | entregishobeionegestraty amdadeuvhtyinahdya preceassnfor the
prOdUCtH%n ég;mggg,aggygheggég&ésqgeg'water—soluble resin
cemposition layer at the time of drying and
solidification of a water-soluble resin composition after
application thereof and is a problem of ceonventional
fechnologies about the formation of a water-soluble resin
15 composition layer having a thickness of at least 50 um on
a metal foill, and a process for preducing the above entry
sheet.
[0005] It is another cbject cf the present invention
to provide an entry sheet for drilling a printed wiring
20 board material, on the basis of the finding that adverse
influence of foaming is prevented when the number of air
bubbles having a diameter of at least 30 pum each, which
generate at the time of drying and solidifying a water-
soluble resin composition after application thereof, per
25 an area cof 100 mm x 100 mm in a water-soluble resin
composition layer is 20 or less, which entry sheet
satisfies the above requirement and is excellent in hole
registration accuracy, and a process for the production
of the zbove entry sheet.
30 [0006] The present inventors have made diligent

studies on a production process for ceoating a water-

soluble resin compeosition layer thickly with controlling



30 [0006] The present inventors have nmade diligent studies on a production
process for coating a water- soluble resin conposition |ayer thickly with
controlling 3 the nunber of air bubbles in the water-soluble resin
conposition layer to a small extent. As a result, the present inventors
have found that the above-nentioned problenms of conventional technologies

can be sol vefl, by, Suflectgaskogobiie L ckness gl A et airsaldibe resin

conposition [ayer, which formed by carrying out application, drying and
sol i di fi cati otmmds iz iwat @ayeel ubl & s RxCeAPOSAs i DNrange,, and fornlng a
plurality of such water-soluble resin conposition |ayers having a small 10
t hi ckness eaRFEST tiH¥eRESFE BRVE neWBbreari AP potaeies&ht i nventors

nave arfived, gl {he RieeBAlehBYSIL] HhennbiBaRLESEM ADEALALShave Tound

that a decrease I1n th ness of one water-soluble resin conposition
layer, vhi cledsedamgedhby thatkyésy cuta heeappblwatd aresidr yi ng 15 and
solidification once, reduces internal air bubbles generating at the tinme of
forming the Qﬁﬁﬁﬁﬁ%ﬁﬂoﬁbﬂéY?éS|%hhﬁbﬂﬁb§PFW8ﬁ Péy%?erHHQI%ﬂt t he present

t h i th I [
Composi 1 on 1o R gk B T CRAGAC ERTh B0 T AieSe P eoRel ti ng of o

al ready- f or negk Matempaeliubbe om@§;rnnaamﬁamuhgom ﬂfuﬁﬁlﬁﬂy ifestttpe of form ng
a second or subsequent water-soluble resin conposition Iayer and,
accor di ngl y, vatRr 58w 1se§ashR | IMFVTIFECNORALERS grasiiant & FRe éeneratlon of

process 1or TR PIodushrBh Of e GRTY Sheste(roar i T1THG acpi nt ed w ring
board rraterl@fes&&mhwéh@gré%m@%ﬁlved at the present invention.

The present inventors have found that a decrease in the
thickness of one water-scluble resin composition layer,
which is formed by carrying ocut the applicatiocon, drying

15 and solidification once, reduces internal air bubbles
generating at the time of forming the water-soluble resin
composition layer. Further, the present inventors have
found that the sequential formation of water-soluble
resin composition layers having a small thickness each

20 reduces re-melting of an already~formed water-scluble
resin composition layer at the time of forming a second
or subsequent water-soluble resin composition layer and,
accordingly, the above sequential formation can prevent
the generation of internal air bubbles.

25 [0007] That is, the present invention provides a
process for the production of an entry sheet for drilling
a printed wiring board material, comprising forming a
multi-layered water-soluble resin composition layer con at
least cne surface of a metal foil, wherein one water-

30 soluble resin composition layer having a thickness of 10
um to 50 pm is formed by applying an aqueous solution of

a water-soluble resin composition to the metal foil and



mul ti-layered water-soluble resin conposition |ayer on at |east one surface
of a netal foil, wherein one water 30 soluble resin conposition |ayer having
a thickness of 10 mto 50 mis fornmed by applying an aqueous solution of a
wat er - sol ubl e resin conposition to the netal foil and 4 drying and
solidifying the applied solution, at |east one water-soluble resin

conposition er . 1,5 4f : a . ORe r-sol.ub S/
Conmosi ti on c?rgzlgxrg gflsd Q6 B4; AN A& he Qgﬁflé@,szyﬁ%on, 24 h§a5€ S

repeating the application, drying and solidifying of
t he 5 agueoustsol-wbiiahlef rédien wadrgrossabiohl ayesiis carpesi bhotheat | east

once, the nulti-layered water-saoluble resin conposition |ayer is conposed
of the one VAR §BPUBRESIT R H CoMFsdrt FORPP Y ECradd YEReP%t | east one

wat er - sol u Sl oposiiion ilaye R of ¢t 10

mul ti-| ayer?ﬁﬁ%ﬁewsgﬁub?%breés)alpcnlogén%lgg?l??oénwa%ﬁelr@&s%gtﬁg ga@?e 50 m

[ 0008] Tite ements saveticonof wHehertproybiaslanearitr yompheetidor drilling a
printed wiring board material which_ entry sheet conprises a netal foil and

a mlti-| ayeartg&efﬁtmﬁflé‘?ts&%ﬂlbltriééﬁﬁe”t?%ﬁp‘b%ﬁli'&?llu & TF8tfed on at | east
one sur T ace ol g DEhal, 101 |y WHELELA.IDE LAl SknPSS QL sble, i Ui | ayer d

wat er - sol ubl e resin conpoSition er is at Teast m an nunber of

air bubbl es fhadinngochpodi @t eravefr ahdl enst aS0ldasrachel Ratbe-nul ti -1 ayered 20
wat er - sol ubl e resin conposition |layer is 20 or |l ess per an area of 100 mm X
100 nm and FiPpPdeessstbr cemesifricdudeysn: odnd HéakddekBREFyOSHE® . Ef f ect

of the '1%"6(2%41%;16&?&%?%?9ulvaﬁ°&c-°sfo iul%gﬁt ?ﬁéﬂ? & Coessi%igsﬁr é&?grpié’d&c“ on of

an entry sh ing, in e t hi ckness
least 50 pm.

[0008] The present invention further provides an entry
sheet for drilling a printed wiring board material which
entry sheet comprises a metal foil and a multi-layered

15 water-soluble resin composition layer formed on at least
one surface of the metal foil, wherein the thickness of
the multi-layered water-soluble resin composition layer
is at least 50 pm and the number of air bubbles having a
diameter of at least 30 pum each in the multi-layered

20 water-soluble resin composition layer is 20 or less per
an area of 100 mm x 100 mm, and a process for the

production of the above entry sheet.

Effect of the Invention

25 [0009] According to the process for the production of
an entry sheet for drilling, in which the thickness of a
multi-layered water=-soluble resin composition layer
formed by carrying out the application, drying and
solidification of a water-soluble resin composition at

30  least two times is at least 50 pm, provided by the
present invention, it is possible to obtain an entry

sheet for drilling which can decrease the roughness of



mul ti-layered water-soluble resin conposition |ayer fornmed by carrying out
the application, drying and solidification of a water-soluble resin
conposition at 30 least two tines is at |l east 50 m provided by the present
invention, it is possible to obtain an entry sheet for drilling which can
decrease the roughness of 5 inner hole walls at a drilling tinme since the

mul ti- |ayer t.er-sol e.resin.c Ltion red LGk, has an
extrenely sn%ﬁﬁﬂﬁgﬁggr%ggegi?£b€3§Pg§H%%SF%g8 %%@%?ngigﬁgggmater-solubIe
resin conposisyared aperrwhbthbbe atdsibulbhmessadvert sedpemafifseehibel e

regi stration accuracy, has a sppoth nmulti-layered water-soluble resin
conposi ti on 13y & SFHEEELIYaRHAs WIS €At 21 h REpiGfedd t&Ecuracy. Further

as conpared w nt,i | i.nat.k . far. f.armi.n

wat er - sol ubI%&%%sﬁqﬁ%%%\égo%gg?t?%in fyg%sﬁgv?%a nglt%lﬁ{c rllggglro?hg%hl east 50
m an auxi laar ywuptiesi abveusdlpsaaf T hbil Enveghd todntiisoora acguppoyf substrate
necessary at the tine of producing a resin sheet, is not required according
to the preseits 9§ iFORtPoRUSBLT e TR WAdGsTFParP e deRMt ageous producti on

15 [ 1 : [ LAt L Is 10] Th
prebent 1 nvert TS e i FECr L Lor e ot Gesa® Tor° LN praaati oo an entry

sheet for dradduragy WiuebheZ0 o4 ac@gSiries Ghanagtesized jonatthat a
mul ti-layered water soluble resin conposition |ayer to be formed on a netal
foil is fornEtisptdEgargtbry FoF MG iseyer dptoatEr - Wb@ disEdnr esin

conpositjpn | ayers . ane 2 one, _and an _ent sheet__havin mul ti-Iayered
vat or - sof bl ETEE T 198 SokRoe T BIF ICaybr CEBRTSI o i ar2ext PAnly smal |
nunber of  an auxiliary material such as a PET film, which is a

support substrate necessary at the time of producing a

resin sheet, is not required according to the present

invention so that an industrially advantageous production

15 process is provided.

Detailed Description of the Invention
[0010] The present invention is directed to a process
for the production of an entry sheet for drilling, which
20 process is characterized in that a multi-layered water-
soluble resin composition layer to be formed on a metal
foil is formed by separately forming several water-
soluble resin composition layers one by one, and an entry
sheet having a multi-layered water-soluble resin
25 composition layer containing an extremely small number of
air bubbles, obtained by the above process.
[0011] In the process for the production of an entry
sheet for drilling, preovided by the present invention, a
water-soluble resin is dissolved in a solvent medium such
30 as water, an alcohel or a seclvent and the mixture is
stirred to prepare a water-soluble resin composition

solution. The solid content concentration based on the



ai r bubbl es,

production of an entry

obt ai ned by the above process. [0011] In the process for the

sheet for drilling, provided by the present

invention, a water-soluble resin is dissolved in a solvent nedium such 30
as water, an alcohol or a solvent and the mxture is stirred to prepare a
e resin conposition solution. The solid content concentration
based on the vent . .medi. I |y %Bto 70 %_1n xanpl e of
a met hod of ?%&ﬁ%ﬁb%Fﬁ%%%uﬁ?rb¥%?%%%giagﬁef-églZ%I%‘ ﬁ%§¥h%§5 %gition | ayer
by several appld aattiners o@f fbhRin@bawke maker:agk ubdh ey st scaempesi tion
solution, for 5 exanple, the water-soluble resin conposition sol ut
first water-593Uble®mPesiihieBnpasty ivh Jeaperli sPaphtatddng @fathetal foil by

wat er - sol ubl

coating Meang, sych 45,3 BaL,60aL s, Ao dlg, 0L AN XLy uder e Lhen the

wat er - sol ubl

e resin conposition solutio ied e ‘metal foi

app

ion for

is dried

10 and sof i défdngdh ey ttheawdt¥ers@nibia Geelinngodeys £eidro Saumioa EbF st
e resin conposition layer, the water- soluble resin conposition
sol ution is aghisftappiteadspdubiperefioyecsoPrdiiordldyastisnaretisdl ubl e resin

wat er - sol ubl

conposition
wat er - sol ubl

Laver, by .t r%%ﬁbﬁvecocé)@'tni n%eg%%ngacgng the, 15 %%%l .ed
& resin °corposi tT on Sol Ution Ts dri ed and sol'i

Ffied with a

dryer and a gpoldmandexieade, fedA thambitirlayehiere Wadsghr sol ubl e resin
| ayer. According to the above nethod, it becomes possible to

conposition

i ncrease t hecempaiides epluhdomaryliesy drethaaretakofaidl dés20riedi n

conposi tipn
solidifiygti

oY donier el O AR gl e S A G aneobt

and
t he

wat er - sol ubl & i@ NP ibPA S IeRphel t {&f Mgt herulbtatayer ed

15

20

25

30

soluble resin composition solution is again applied to
the above solidified first water-scluble resin
composition layer by the above coating means, and the
applied water-soluble resin composition solution is dried
and solidified with a dryer and a cooling device to form
a multi-layered water-soluble resin composition layer.
Bccording to the above method, it becomes possible to
increase the thickness of the multi-layered water-scluble
resin composition layer formed by carrying out the
application, drying and solidification at least two
times. The number of applications of the water-soluble
resin composition solution for forming the multi-layered
water-soluble resin composition layer is at least two,
and it is preferably two or three. In production, each of
the number of dryers and the number of cooling devices is
not necessarily cne in one line. A sequential method can
be adopted in which several dryers and cooling devices
are successively disposed in series and the application,
drying and solidification are successively carried out.
In the present invention, the term “sclidification” means

that the temperature of the water-soluble resin

a



wat er - sol ubl e resin conposition layer is at least two, 25 and it is
preferably two or three. In production, each of the nunber of dryers and

t he nunber of cooling devices is not necessarily one in one line. A
sequential nethod can be adopted in which several dryers and cooling
devices are successively disposed in series and the application, 30 drying

and solidific %%on. e successivel carried ,out. Il n.the. present. i nventi on,
t he tern1"sof% Fégi?%h" ﬁ%%hga%tﬁgfr%%%e éﬁbgFgFquagftﬁ%emééhﬁﬁg-soIubIe

resin 7 conp@gsiibkofr hé Ghathas-sionebeasedsid dmmstikasnt b atgjriﬂglg poi nt  of
the water-soluble resin conposition by drying, is decreased to |ess than
the nmel ting p6i decrprederizbliesst dhasobhe enpldriauireinby eovofe¢rapithe dried

wat er-soluble 5 resipn co sition or allow the dried water-soluble resin
Corpos: L1 on 18 30N TO0T " ie S¥hreRhets UF hacfultrer ayer e Smter -

sol ubl e resi reg@APEShbd M IRy r cOMBRSEY Bfe sRVRMAkztWAL 51 @RIDl e resin
conposition layers in the entry sheet 10 for drilling, provided by the

present i nverwesdn, cpmpropirteifay a9l yrandl east 50 gm nore preferably in the

range of 50 0 gm, furthernore preferahly iin the range of 50 to 100
gi n. Wen thébpﬁgikneggu%ﬁjPﬁénﬁﬁFtPEI§?%E%§¢XMAF§F?§8I3% “Tesin
conposi tion lsayeplbSré&£ss dAgdsa@ 18 1dpei tednpdikafl 8Fr gevépaform a

wat er - sol ubl e resin conposition layer by a single application in view of
producti on seEps-shenla eegihi cknpssivion heveyst in| aer ent watdreetsol ubl e

Que 1o oAPry RS Bat LT 2 HHitEdaPl o S ¢REERFobeckbased so that
other methods 2L, 3dyant ageqys soThe, L CKNESFLhnt Pes Nat kL -range

of 50 to 250 pm, furthermcre preferably in the range of
50 tc 100 um. When the thickness cf the multi-layered
water-soluble resin composition layer is less than 50 um,

15 it is preferred to form a water-soluble resin composition
layer by a single application in view of production
steps. When the thickness of the multi-layered water-
soluble resin composition layer is larger than 250 pm, a
merit in production cost due to carrying cut the

20 application several times is decreased so that other
methods are advantageous. The thickness of the water-
soluble resin composition layer, which is formed by
carrying out the applicaticn, drying and solidification
once, in the entry sheet c¢f the present invention is

25 preferably in the range of 10 to 50 pm. For attaining
high thickness accuracy, the secquential production
process menticned in the present invention is effective.
It is preferred that the water-soluble resin composition
layer as a primer coating layer is completely solidified.

30 [0013] The water-soluble resin composition used in the
multi-layered water~-soluble resin composition layer of

the entry sheet for drilling, provided by the present



sol ubl e resin conposition |layer, which is formed by carrying out the
application, drying and solidification once, in the entry sheet of the
present invention is 25 preferably in the range of 10 to 50 W For attaining
hi gh thi ckness accuracy, the sequential production process nentioned in the
present invention is effective. It is preferred that the water-soluble

resin conposition .|layer a_pri coati.ng |l ayer is conpletely solidified.
30 [0013] Théﬁﬂ%'%yy?oﬁﬁb%§trg ?%D%%%%O§WPF%Q ﬁée%o?% ?%gﬂzﬁﬁlﬁi-layered

wat er - sol ubl goI @ed N PRSIt Wanchayss ¥ dilske1e88r yn sheetnd@r @ki il ing,
provi ded by the present 8 invention, is not specially limted so long as it
is a polynmeg eomoithd Wiilehdcah Betel sSolaredrihnany aprRragfure g or nore
in 100 g of water at a% %rdinar¥ [ enperat ure End r,an ordi nary pressure.
More pref er abi'§ys™ eXanmpies®6f Br i  wat er-'SoPdbl &8 7F2sY n TC6HPos™t Pon i ncl ude
pol yet hyl gne:hoxigesr RA1yRIAPYEEDE @xisiaithohy YhaYhddl sohlthydedium

pol yacryl ate, pol yacryl am de, polyvinyl pyrrolidone, carboxynethyl

cel l ul ose, porydet rememrpreaengl 9geode, golvenkeraesthel amddichyvi nyl

| cohol . The_vat er - sol.ubl e 10 it be used singl
mixture of aPo- YRV MALEPCSOIUME 1 eotH VOO T e B be used, as

required. Fupihesxyrderys Reefigresd, thatyw@twaketny sohdikig,daubricant, to be
descried later, is used in conbination with the water-soluble resin

conposi ti on poivdifathesgerpese pélynordasileghblbrTatvarewefsiodoblat a

drilli i me, _[0014] Specifi | f, t ter-sol ubl e lLubricant,
i ch 19" e &F bl PRSI Ac oMbl AL THLTt o, SRt 2661 1 8Cr esin

conposi tion used id,d Rat@¥lEbiuble resin compositions can be used,

as required. Further, it is preferred that a water-
soluble lubricant, to be descried later, is used in
combination with the water-soluble resin composition for

15  the purpose of increasing lubrication effect at a
drilling time.
[0014] Specific examples of the water-soluble
lubricant, which is preferably used in combination with
the water-soluble resin composition used in the multi-

20 layered water-soluble resin composition layer cf the
entry sheet of the present invention, include
polyethylene glycol, polyprepylene glycol; monoethers of
polyoxyethylene such as polyoxyethylene cleyl ether,
polyoxyethylene cetyl ether, polyoxyethylene stearyl

25 ether, polyoxyethylene lauryl ether, polyoxyethylene
nonylphenyl ether and polyoxyethylene cctylphenyl ether;
pelyoxyethylene monostearate, polyoxyethylene sorbitan
monostearate; polyglycerin monostearates such as
hexaglycerin monostearate and decahexaglycerin

30 monostearate; and polyoxyethylene propylene copolymer.
The water-scluble lubricant can be used singly or at

least two water-soluble lubricants can be used in



20 | ayered water-soluble resin conposition |layer of the entry sheet of the
present invention, include polyethylene glycol, polypropylene glycol;
nonoet hers of pol yoxyet hyl ene such as pol yoxyet hyl ene ol eyl ether,

pol yoxyet hyl ene cetyl ether, polyoxyethylene stearyl 25 ether,

pol yoxyet hyl ene | auryl et her, onoxyetherne nonyl phenyl ether and

pol yoxyet hyl gng, ctyl phegyl rg%li'f ed. px‘?q'ey%?égﬁf‘y&?%% dmonestearahe o

pol yoxyet hyl éne ‘sor itan earate; glycerin nonost eara €S such as

hexagl ycer i nLumnasireapate 1 andpgecahnsxagliyeer bh S negt edr ahe;, and
pol yoxyet hyl ene propyl ene copol ynmer. The water-sol uble |ubricant can be
used singly Rte-SAERIE ERBLMEETVICSHItHIReaNdbFhS At Tcan BB Lased in 9

conbi nat i on, I i red %yqﬁn; t er nt per 100
parts by meidﬂf 6§g#he%t%Pan t'he w% epgéﬁﬁ%bfg%%%ggﬁgggﬁggg ??on and the

wat er - solaubl g Julydreanbyi sedfht 0 WHerpanksahyunei ghtthamiagepref erably 20 5
to 80 parts by weight. Wien the anpbunt of the water- soluble lubricant is

| ess than 105@61#%3@ BybReFghE , 12 Lasobihem L8 BpFt: Pheresde@lr Pn t he
Iubrlcatlonég éﬁaﬁ at. a dEb' érg%éq ubﬁewhgnluérié%é A8l ¢ %P@n 90 parts by

wei ght, |-Iaye d wat ér-so resi i Conposition | ayef 10 becone

fragile. Furdherliny cameetyhoh addid invegeeadhde 9OJ$pQﬂ*ﬂsnb§/th_V.\@lﬁ’@I sol ubl e
resin conposition. For exanple, an organic or inorganic filler, a dye or a
col ori ng pu@r@ﬁftuh@ “hS¥ETEA Wit 1@ rﬁsath ¢cmmﬁdédo|@unlpmgé [ 0015]

The neta i c%%?%r i he ng.r shee%afog A o pgoxl ed by the
pr esent |nv3%?f i"89LpFef ?5%? aﬁ'alﬁﬁlﬁﬁn? d?% aV|ﬁg 8%t R ckness of 50
to 300 gm d/mﬁltnh%rehwskegsssoMbﬂéﬂ&e%hunbeﬂméﬂlod.s Fo@S8xample,
an organic or inorganic filler, a dye or a coloring
pigment is used in accordance with an intended purpose.
{0015] The metal foil used in the entry sheet for
15 drilling, provided by the present inventicon, is
preferably an aluminum foil having a thickness of 50 to
300 pm. When the thickness of the aluminum foil is less
than 50 pm, burrs are apt to be occur in a copper-clad
laminate at a drilling time. When it exceeds 300 um, it
20 is difficult to discharge chips cccurring at a drilling
time. With regard to the material of the aluminum foil,
aluminum having a purity c¢f at least 85 % is preferred.
Specific examples thereof include 8021, 5052, 3004, 3003,
1N30, 1050, 1070 and 1085, each of which is defined in
25 JIS-H4160. The use of a high-purity aluminum foil as the
metal foll alleviates the shock of a drill bit and
improves the biting properties of a drill bit. Both the
above use of a high-purity aluminum foill and the
lubrication effect of the multi~layered water-soluble
30 resin composition layer on a drill bit improve the hole
registration accuracy of a drilled hole. It is preferred

to use an aluminum foil having an adhesive film having a

10



than 50 gm burrs are apt to be occur in a copper-clad lamnate at a

drilling tinme. When it exceeds 300 gm it 20 is difficult to discharge chips
occurring at a drilling tinme. Wth regard to the material of the al um num
foil, alum numhaving a purity of at least 95 %is preferred. Specific

exanpl es thereof include 8021, 5052, 3004, 3003, 1N30, 1050, 1070 and 1085,
each of whi clyissilelbned §m 25 JoSu 180 Thendiagrol parbigh-purity al uri num

foil as the netal foil alleviates the shock of a dril It and inproves
the biting prdpestipestoftize dratidr-ispiubBet resire coampogetise. ofxangliegh- purity
al um num foil_,and taﬁ | ubri cad;ifon ﬁ‘f ec(itihof. th .rIuI ti-layered water-sol uble
30 resin comPdsfli BRNFEYEY Wita f8Fi bt Hptove Tha fdlee registration
accuracy of ardehkhedadodsivdd, ivﬁngieggéf% dchdssgean abypi num foil having
an adhesive filmhaving a 10 thickness of 0.1 to 10 mforned thereon in

terns of Sadlvéspohdecadieswstser podlyabt er rediasivesposiheshveExahpl es of an

dhesi d for the ad filminclud t dhesi ves, vinyl
Acotat o aneSPRRLYPOr Ayl & HaCorPREC HES) SRRRtY BTgBLrer Sihes: ves.

adhesi ves of ~,60peLYaEKSs Ofed hese conpounds, epoxy adhesives and cyanate
adhesi ves. [0016] Wen a printed wring board material such as a
copper-cl ad |[@fLAat e d¥hen reulptriintayeriboay dasrdmateedal 4@ch les entry sheet

of the present inventi i s disposed on. at |east.a tgp.surface of a
copper - o] ad’ FRRPREC 614 LIS GyeF Bobitr Bt SOAER bF S RILFH ity of
copper - gbad thankRat @Ssde Myt ithbayessboar dsrsi4GBnt Rat i o rap  sheet is

brought into contact with the printed wiring 15 board material. A hole is
drilled fromathéeasttd -feayevadace of a copper-clad laminate, a

multi-laver board or a stack of a plurality of copper-
clad laminates or multi-layer boards such that the entry
sheet is brought into contact with the printed wiring

15 Dboard material. A hole is drilled from the multi-layered
water-soluble resin composition layver side of the entry
sheet for drilling. When many air bubbles exist in a
water-soluble resin composition layer of an entry sheet
for drilling at a drilling time, drilling processability

20 is good in a portion having no air bubble. However,
drilling processability is poor in a portion having an
air bubble. Therefore, hole registration accuracy
deteriorates as a whole. The relation between the size
and numbexr of aif bubbles and the influence on drilling

25 processability depends on a drill to be used, while
excellent hole registration accuracy can be obtained when
the number of air bubbles having a diameter of at least

30 pm each is 20 or less in an area of 100 mm x 100 mm.

30 Examples
[0017] The present invention will be concretely

explained with reference to Examples and Comparative

11



wat er - sol ubl e resin conposition |layer side of the entry sheet for drilling.
When many air bubbles exist in a water-soluble resin conposition |ayer of
an entry sheet for drilling at a drilling time, drilling processability 20
is good in a portion having no air bubble. However, drilling processability
is poor in a portion having an air bubble. Therefore, hole registration
accuracy de j orate - e. The relation between the size and nunber
of air bubbl%§£ﬁn5§?h§e?§%ﬁa§€%%'on drilling 25 processability depends on a
drill to be used, while excellent hole registration accuracy can be
obt ai ned when the nunber of air bubbles having a dianmeter of at least 30 m
each is 20 of99%&s in (&BHe®PE&A HF 100 mnm x 100 mm 30 Exanpl es [0017] The
present invention wll..be_concretely, explaine ith reference to Exanpl es
and Conparative 11 Eﬁgnﬁﬁég?c?¥w¥ﬁﬁ%gﬁt8 B 4 %;hikéaﬁn&l§°$ 50 parts by
wei ght of5 a pihereilykerepgtyedite pddivenayghstes epiddipiratre-pgl ycondensat e
(Paogen PP-15, supplied by Daiichi-Kogyo Seiyaku Co., Ltd.) and 50 parts

by wei ght of SRV EhPreRalyrytofodisyiSegyakhurder Hierageéd /8l BeGrar wei ght

of 20,000 (R pRLi §?p em I rie ) were
di ssolved in otq%g?eégiﬁg%gg%9¥¥- ??VF??ngégﬁﬁ 523H%%e5r§gg%%9%

wat er - sol ublmoresilar @etipbsi &f or0 Aout(iPEE2bavd Noswoslalddd bgoBE /NG
concentration of 50 The water-soluble resin conposition solution was

applied to omeE®naladedsrtahedl dihdmesrl dhas? hed ithihekn¥asesf in00 m
(suppl i efh by M 1sUBiSl A1 pLAN @ prelirbt 6 wallBl Y131 2008Ls 1 L0 @ di e

composition solution having a solid content concentration
of 50 %. The water-soluble resin composition solution was
applied to one surface of an aluminum foil having a
thickness of 100 um (supplied by Mitsubishi Aluminum Co.,

15 Ltd., material 3004) with a die coater {supplied by Yasuil
Seiki Co., Ltd.) such that the thickness ¢f the applied
solution was 80 pm. The applied sclution was dried with a
dryer at an average temperature of 120 °C and cooled at a
line speed of 9m/min, to cbtain a sheet A having a first

20 water-soluble resin composition layer having a thickness
of 40 ym (resin composition/aluminum foil = 40um/100um) .
The same water-soluble resin composition solution was
again applied to the surface of the first water-soluble
resin composition layer of the above-obtained sheet A

25 with the same die coater such that the thickness of the
applied water-soluble resin composition solution was 80
um so as to be able tc cbtain a second water-soluble
resin composition layer having a thickness of 40 um after
drying and solidification. The applied solution was dried

30 with a dryer at an average temperature of 120 °C at a line

speed of Tm/min to obtain an entry sheet B having a

multi-layered water-soluble resin composition layer for

12



Sei ki Co., Ltd.) such that the thickness of the applied solution was 80 m
The applied solution was dried wwth a dryer at an average tenperature of
120 C and cooled at a line speed of 9mMmn, to obtain a sheet A having a
first 20 water-sol uble resin conposition |ayer having a thickness of 40 m
(resin conposition/alum numfoil = 40m 100m . The sane water-soluble resin
conposition solution was again applied to the surface of the first

ter-sol uble . [ iti | f_th v.e- obt ai heet A 25 with
the. sans. di © BORaR JGER: CHATORE CHTCRRGE OF e ApgkPaa00Rter - ol ubl o

resin conposiid aulsal-ubiyefedvasa B - 901s@1asSré i hecallRsitta cabtiai,ara second
wat er - sol ubl e resin conposition layer having a thickness of 40 mafter
dryi ng and s itdief €8&EYoRIeThe® afifl icbd esuRat T o vids @rird@csovhitihi a dryer at

an average t rat.ur : | i eed .of 7 i, N ain an
entry sheet r%r%g\}%ﬁg_aghgéﬁ#fr&%a@%%og}& \Agggrrl?glo‘%%b]loen'r ggi%lrzn 8%%%2%“ on | ayer
for 12 dri | Id el %1 BieopROSidd A Bhngmandmhotdr ©BGH 1088} . 30 The

mul ti-layered water-soluble resin conposition |ayer of the entry sheet B
was obser vedFHomwiighsadvacee W t3f f&ctnbpaf | BRF EpHIaCdICrTiREFBERBYe

(rragnificatiwoansz 1%91 gndT heO]DSSenuV er_of gir bélbcqzl e(i havi nﬁoa di ameter of at
| east 30 pm eacth, Feh- Adverse féLfofleE’? hot & Li‘egal tlrnatai(% a@&uracy, was

count ed. Thelggbser wakkoaf Walse caIIiictIeFerBd awd O 88 ub1E0@eBMhar ea of the
mul ti-layered water-soluble resin conposition |ayer surface of the entry
sheet B for AORASUAPRgLaTSD| B OLatfoRs the RSN teetyPt REF, the entry

et 2T SEing, Y5, EPGREL cn,Bhacks ol coRBeReLpd | am et s
12 m suppligtbet B for drilling was disposed on a stack of four
copper-clad laminates having a thickness of 0.2 mm each
(CCL-HL832HS, copper foils on both sides 12 pm, supplied
by Mitsubishi Gas Chemical Company, Inc.) such that the
15 multi-layered water-soluble resin composition layer side
faced upward. A backing plate (bakelite plate) was
disposed on the lower side of the stack of the copper-
clad laminates. Drilling was carried out under conditions
of a drill bit diameter of 0.15mm, a rotaticn frequency
20 of 150,000rpm and a chipload of 12um/rev. The number of
hits per drill bit was 3,000, and holes were drilled with
20 drill bits. Hole registration accuracy was evaluated.

Table 1 shows the results.

25 [0019] {Example 2)

50 parts by weight of a polyethylene glycol -
dimethyl terephthalate polycondensate {Paogen PP-15,
supplied by Daiichi-Kogyo Seiyaku Co., Ltd.} and 50 parts
by weight of polyethylene glycol having a number average

30 molecular weight of 20,000 (PEG20000, supplied by Sanyo
Chemical Industries, Ltd.) were dissolved in hot water in

a 1-t stirring furnace to prepare a water-soluble resin
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by M tsubishi Gas Chem cal Conpany, Inc.) such that the 15 nmulti-Iayered
wat er-sol ubl e resin conposition |ayer side faced upward. A backing plate
(bakelite plate) was disposed on the |ower side of the stack of the copper-
clad am nates. Drilling was carried out under conditions of a drill bit
di anmeter of 0.15mm a rotation frequency 20 of 150, 000rpm and a chi pl oad of

12mrev. The er, .of i .per. . drill bit  was 3,000, and hqles.were drilled
with 20 dri f?rgpg%)stlst.lol%lsglﬁlgéggt IP% 1”5)% aacsc?l}\ré%c?m VA nucftngccf.a%l?gbl el

shows the resgl4s.%.2TH0QRErtEXRP] € 25190 cRAPLSI DYoo IRl i@ @as
pol yet hyl ene glycol dinethyl terephthal ate polycondensate (Paogen PP-15,
suppl i ed by #ERlidd Hogpe SErfake @o.an |algminghdfsol paating By wei ght of

pol yet hyl ene_g] ycol havi a nunber average 30 np| ecul ar wei ght, of 20, 000
( PEG20000, sE‘gb%/}ffb%fsbffjsgﬁﬁo”md%‘%ﬁ 9k uE‘%FFIéE%Se}H a“.a])u Pssol ved in
hot watersinLtd. 1-atsirikni Bgokurnage 4 QiR epatera(yatErreadiblyasuesin 13

conposi tion solution having a solid content concentration of 50 The
wat er - sol ubl @ ¥kisiGP -compesi t BBAN st itde whdckapps i @l the am®ldgrf ace of an

| unmi f oi | i t hi.ck f 10Q. ied b t.subi shi Al um

SRS el B e e T B i S0 e i Tt N S

Co., Ltd.) sgchr-fdatatt he tak}gggﬁg%ergieﬂa&%r@peki@ﬂo 0lauki eRoYBg 400 pm The
a r

applied solution was dried with yer at an averge tenperature of 120 C
and cool ed at@ 19 ismeespedd o¥8fmbn nith cktgisbeasheat shédwvinshaving a 10 first

vat er - 5o} 4ibl P'E&Siﬁt%gﬁﬁihkhgr‘%%r obn%\éis?.gign i%{%r}%ﬁn@ 50 m (resin
conposi tion/ af um ndmforl = 0 ng) hé "Same er-"sol Gole resin
Conposi t1 0N thickness of 50 um (resin composition/aluminum foil =
50pum/100um) . The same water-soluble resin composition
solution was again applied to the surface of the first
water-soluble resin composition layer of the above-

15 obtained sheet C with the same die coater such that the
thickness of the applied sclution was 100 pm. The applied
solution was dried with a dryer at an average temperature
of 120 °C and cocled at a line speed of 5m/min to form a
second water-soluble resin composition layer having a

20 thickness of 50 pm, whereby an entry sheet D having a
multi-layered water-soluble resin composition layer for
drilling {resin compesition/aluminum foil = 100pm/100um)
was cobtained. The multi-layered water-soluble resin
compesition layer of the entry sheet D was observed from

25 its surface with a metallographical microscope
(magnification: 100} and the number of air bubbles having
a diameter of at least 30 pum each, which adversely affect
hole registration accuracy, was counted. The observation
was conducted in a 100 mm x 100 mm area of the multi-

30 layered water-soluble resin composition layer surface cof

the entry sheet D for drilling. Table 1 shows the

results. Further, the entry sheet D for drilling was
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solution was again applied to the surface of the first water-soluble resin
conposition |ayer of the above 15 obtained sheet C with the sane die coater
such that the thickness of the applied solution was 100 pm The applied
solution was dried with a dryer at an average tenperature of 120 C and
cooled at a line speed of 5nmn to forma second water-soluble resin

conposi ti on Layer, iaving .20, bi-ckess. 9150 puy her ey, a9 entry sheet D

having a mul'ti=Tayered water-so es1'n conmposTtiion tayer for drilling

(resin conposithFdradssmioTum. boinh &adWOrIciPOmME32Mas ehbmd metdhi 1Ehen
mul ti-layered water-soluble resin conposition |ayer of the entry sheet D
was observedbdtloriizes tls v f ager et ky Metgbboghaphicdihanicedscope

(magni 1 cati ef,2f0) @pd |t REcHUIREL Gle qhf1HUbLL s haYI NG A dhageter of at

| east 30 m ea adversely affect ole’reqgrs I On accuracy, was
count ed. Theredbseramidcan tinaslepatducicd jared 1POanm xa MM :umgar ea of the
multi 30 | ayered water-soluble resin conmposition |ayer surface of the entry

sheet D for Br#te i f etabPePiashbvis T e SHO88HI 08, tiurkanar, SiRé eftry sheet D
for drilling, Sst—;adtlg'o%p%ﬁ%?&gﬁgﬁgéga%}%fmifng%sCO[E’ 117Gl dsam nates having

a thickness of 0.2 nm eac copper foils on” both sides 12 m
suppl i ed by Misidd shit GasleCheshadt iofomFanydrint. disutinrddtalr bhe

mul ti-layered water-soluble 5 resin conposition |ayer side faced upward. A
backi ng ~pl af el kel iTC& 2piaP e rO@ECHiI% Fds 8 VoA PR | B2 sihdelerd the stack

of the copper:zcl.ad | am nates. AN was _ carri out under ndi ti ons of

a drill g(lPt %ﬁ ainzgfme/lrregf' %?13% ®a ?%gjdttisoﬁ’efr%ﬁh]gﬂclg/&ofwafSa'ngr pm and a

chi pl oad 10 efd Idlgewerthernubderwiodh Bt girpet dftd) Hyle was 3, 000,
registration accuracy was evaluated. Table 1 shows the

results.

15 [0020] {Example 3)

50 parts by weight of z polyethylene glycol -
dimethyl terephthalate polycondensate (Paogen PP-15,
supplied by Daiichi-Kogyo Seiyaku Co., Ltd.) and 50 parts
by weight of polyethylene glyccl having a number average

20 molecular weight cf 20,000 (PEG20000, supplied by Sanyo
Chemical Industries, Ltd.) were dissolved in hot water in
a 1-t stirring furnace to prepare a water~soluble resin
composition sclution having a solid content concentration
of 50 %. The water-soluble resin composition solution was

25 applied to one surface cof an aluminum foil having a
thickness of 1C0 pm (supplied by Mitsubishi Aluminum Co.,
Ltd., material 3C04) with a die coater (supplied by Yasui
Seiki Co., Ltd.) such that the thickness of the applied
solution was 100 pum. The applied solution was dried with

30 a dryer at an average temperature of 120 °C and cooled at
a line speed of Sm/min, to obtain a sheet E having a

first water-soluble resin composition layer having a

15



and holes were drilled with 20 drill bits. Hole registration accuracy was
eval uated. Table 1 shows the results. 15 [0020] (Exanple 3) 50 parts by

wei ght of a pol yet hyl ene glycol dinethyl terephthal ate pol ycondensate
(Paogen PP-15, supplied by Daiichi-Kogyo Seiyaku Co., Ltd.) and 50 parts

by wei ght of pol yethylene glycol having a nunber average 20 nol ecul ar wei ght
of 20,000 (PE&0000, s li ed Sanyo Chem,cal, I ndustries, Ltd.) were

di ssol ved ingﬁ%?kn %%fgfﬁo §m1?¥e§%?r??Wﬁf%ﬁﬁﬁﬁﬁégiTT9%W% & wat er - sol ubl e

resin conpospfuh CIoGRHUt iTeR BaMé NGaBeSYJ1GbEaNEERT H CONgRYiraldon  of 50 %
The wat er-sol ubl e resin conposition solution was 25 applied to one surface
of an al um n@f ¥ MAF RGaant APBkIRA SLOfEhe0G AL R S8IpDT i € it INItt subi sh

Al um num Co. C teri.al. 3004 i.t.h _a.die _coat ( | i ed by Yasu
Sei ki Co., L?%F%égﬁ%%ﬁﬁﬁéfe?hg ?g?%i%ééé§no#qug g%p |%dﬁ§§%1ution was 100 m

The appligd sptainan sheetdE edtiM the I diigetoateans@erage teaperature of
120 C and cooled at a line speed of 9m mn, to obtain a sheet E having a
first water-sbiekess efi #heorppsied orplludyion Wavi hgl a5 Thisi cepédsdof 50 m

i i i.onfal uni iLos . 50m.10 T -sqlubl i
(resin Co”poﬁéi ORI RYNLO] L ¢ 5 o icgzgie]r 90 5n 99?33%%@0"&@:%:#8&8 € resin

conposition ol ut1on was ‘agai n ap to the sur I'T St

wat er - sol ubl gfresi rccanposhbi e dtayen iak Epee@boy &Snynabt abnedrshget E with
the same die coater such that _the thickness of the applied solution was 100
pm The appl PRECNS HAHSTOF M L8r FRI i IFFPRSdEYeR B3 YN HVeldgé t enperature

of 120 C?@ndtgggged a%faSbin speed .of 5 ng %o(iggfga. second

ness . ereby ,a_ sl
wat er - sol ubl e ' Tesi conmpdsi t1b6n Tayer' having a

composition/aluminum foil = 100um/100pm} was obtained.
The same water-soluble resin composition solution was
again applied to the surface of the second water-soluble
resin composition layer of the above-obtained sheet F

15 with the same die coater such that the thickness of the
applied solution was 100 pm. The applied scolution was
dried with a dryer at an average temperature of 120 °C and
cooled at a line speed of 5m/min to form a third water-
soluble resin composition layer having a thickness of 50

20 um, whereby an entry sheet G having a multi-layered
water-soluble resin composition layer for drilling (resin
composition/aluminum foil = 150um/10Cum} was obtained.
The multi-layered water-soluble resin composition layer
of the entry sheet G was observed from its surface with a

25 metallographical microscope (magnification: 100) and the
number of air bubbles having a diameter of at least 30 um
each, which adversely affect hole registration accuracy,
was counted. The observation was conducted in a 100 mm x
100 mm area of the multi~layered water-soluble resin

30 composition layer surface of the entry sheet G for
drilling. Table 1 shows the results. Further, the entry

sheet G for drilling was disposed on a stack of three
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10 thickness of 50 m whereby a sheet F (resin conposition/alumnumfoil =
100n1 100m was obtained. The sanme water-soluble resin conposition solution
was again applied to the surface of the second water-soluble resin
conposition | ayer of the above-obtained sheet F 15 with the sane die coater
such that the thickness of the applied solution was 100 m The applied

SoLL10n Y2t gl LS 1 RL0CNEL A B0, SLRIELETDEE 8 W Gyl 120.€ and

cooled at a Tife spee a I'rd"water-""s

conposi tion |eyeruiay, NGodpbhi EKNESHPhoRB 30488 WEREbYX @B 18Bh! Yy sheet G
having a nulti-Ilayered wa?er-sol uble resin conposition layer for drilling

(resin conpdstaukomhdl GaisnGhembal LorsEmy100ny - Wwasu@bttdiatedhe The

mul ti-layered water-sol ub resin osition |layer . of .the entry sheet G
was observedm?ir/%me'}“l s?rsefﬁr g%%rvé?lh&gf% STet'alt'o %/%Jpﬁocnallaﬁr’iefr 8%8%pe

(magni fi cati paced Qvagad hhBacRURPEsl0fe abhxbubbd es1 v Rgsa di aneter of at
| east 30 pm each, which adversely affect hole registration accuracy, was
count ed. ThedbiEafarnoifasotondiided®fi fha sbackmrik theogopresrea of the

mul ti-Iayere t-er - |l e | 0 LLLo er. .surf .0f the entry
sheet G for 9lda\r,}]?lj1%|mr%gk¥§bl Bﬁfis#‘oﬁgdat%hggr?%%%?t@fé unrc{eﬁe;é,ontégglg%?ry sheet
G for drillisg asvagidiispesediafetestack .abmihr gerdts Cioppereghadcl,am nat es
having a thickness of 0.8 mmeach (CCL-HLB30, copper foils on both sides 12
pm suppl i edobhyl2MCOSubins And GasclOeiviacdal LCahpanye v | e nambhrt hét t he

mul ti-1 ayered. r-solubl g.resj 0Si_t 1,0 i 5.fac pward. A
backi ng }p; aﬁgl%%;%é:l ?*?é% gf'é)&%\gs&%ﬁ%pgégdgg%g%/ﬁyee$eo%rl§%5§esg¥yt he stack
of the coppes-d€iliadpiag nahesstdxd |dfi ngneaswears i vtk alitaiuader . conditions

Table 1 shows the results.

[0021] {Comparative Example 1)

15 50 parts by weight of a polyethylene glycecl -
dimethyl terephthalate polycondensate (Paogen PP-15,
supplied by Daiichi-Kogyo Seiyaku Co., Ltd.) and 50 parts
by weight of polyethylene glycol having a number average
molecular weight of 20,000 (PEG20000, supplied by Sanyo

20 Chemical Industries, Ltd.} were dissclved in hot water in
a 1-t stirring furnace to prepare z water-scluble resin
composition solution having a solid content concentration
of 50 %. The water-scluble resin composition soiution was
applied to one surface cf an aluminum foil having a

25 thickness of 100 pm {supplied by Mitsubishi Aluminum Co.,
Ltd., material 3004) with a die coater (supplied by Yasui
Seiki Co., Ltd.) such that the thickness of the applied
soluticn was 160 pum. The applied scolution was dried with
a dryer at an average temperature of 120 °C and cooled at

30 a line speed of 5m/min, to obtain an entry sheet H having

a water-soluble resin composition layer having a

thickness of 80 pum for drilling (resin
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of adrill bit diameter of 0.25mm a rotation frequency of 120,000rpm and a
chi pl oad of 20mirev. The nunber of 10 hits per drill bit was 3,000, and
holes were drilled with 5 drill bits. The state of inner walls was

eval uated. Table 1 shows the results. [0021] (Conparative Exanple 1) 15 50
parts by weight of a polyethylene glycol dinethyl terephthal ate

P 50 part o CoByORt gt Drmsyet Ryt nes Gy SDOMRRY T RS ASr average
mol ecul ar weisghtib0é 205 Q0Q-dripeE2Q008A, 1 53wl d fed hRy eRany 0s RO ChenjGal

I ndustries, Ltd.) were dissolved in hot water in a 1-t stirring furnace to
prepare a warlpesvedbfeon esisnh suEdpposyiiore switatilearpabiegl a solid content

concentration. of 50 %, The .wat r-.sol,uf resj n.conpositiop solution was
applied to oﬁécg?ﬁ?o % i)r?agannl\%lcur%lﬁﬂm (%)(l?)l aﬁléifvitrﬁlge ggﬁéefh‘i)%kanlerss of 100 pm

(suppl i edsby L\bESHDI 80 1 Y WIAUMEERr ) of Ldid. 1o MR 801 gh S004) Wiitdy a die
coater (supplied by Yasui Seiki Co., Ltd.) such that the thickness of the
applied sol géversebs AR Pmhotrerappieat syl gciconagis W etbuiitel- a dryer

t t ture of 120 C and cool ed 30 I d of 5m mn,
Co abtai n an BRL PP CRELL 8 AV A5 A Wat ot Co IB) B Bt GBMAGErt{ on | ayer

having a thicgkogssvdfe BEqImher rdsihl ddigpdgiesion 1Zyepnpesiddoonizal um num
foil = 80m 100n) . The water- soluble resin conposition |ayer of the entry
sheet H was tbBseryved Fhanh it Sosupratbing + Fadleelabheye apte cal mi croscope

(90! L5601 90.400) ALl DYISC; oL AldeiS;oulbl gy Lpvlan g, o areter of
count ed. disposed on a stack of four copper-clad laminates having
a thickness of 0.2 mm each (CCL-HLB32HS, copper foils on
both sides 12 pm, supplied by Mitsubishi Gas Chemical
Company, Inc.) such that the water-soluble resin
15 composition layer side faced upward. A backing plate
(bakelite plate) was disposed on the lower side of the
stack of the copper-clad laminates. Drilling was carried
out under conditions of a drill bit diameter of 0.15mm, a
rotation frequency of 150,000rpm and a chipload of
20 12pm/rev. The number of hits per drill bit was 3,000, and
holes were drilled with 20 drill bits. Hole registration

accuracy was evaluated. Table 1 shows the results.

[0022] {(Comparative Example 2)

25 50 parts by weight of a polyethylene glycol -
dimethyl terephthalate polycondensate {(Paogen PP-15,
supplied by Daiichi-Kogyo Seiyaku Co., Ltd.) and 50 parts
by weilght of polyethylene glycol having a number average
molecular weight of 20,000 (PEG20000, supplied by Sanyo

30 Chemical Industries, Ltd.) were dissclved in hot water in
a 1-t stirring furnace to prepare a water-soluble resin

coemposition solution having a solid content concentration

18



The observation was conducted in a 100 mm x 100 nm area of the

wat er-sol ubl e resin conposition |ayer surface of the entry sheet H for
drilling. Table 1 shows the 10 results. Further, the entry sheet H for
drilling was disposed on a stack of four copper-clad | am nates having a
t hi ckness of 0.2 nm each (CCL-HLB32HS, copper foils on both sides 12 m

supplied by 3 tapll.shh e Chetd £81e CRUMRAMNonbdL: J; SR IRARA! g,
wat er - sol ubl e resin 15 conposition Tayer side aced upwar d. backi ng plate
(bakelite platE)ietasocdbaposedfate tdfe dnowenmshae H5il hevisigaek of the

copper-clad | am nates. Drilling was carried out under conditions of a drill
bit di anet ertifckmessnmf A00r g% atswrlficdqgbendyt b 180, ddomimandoa. chi pl oad

of 120 12n reyeq Theougbes ghobi tomen, dibl Lobit, w8, 3,000, panda fipl es wer e

drilled with 20 ‘dri Its. Hole registration accuracy was eval uated. Table
1 shows the 3=iddl .. ,[ 0022] $Compdrat ithe Exdophes)o25:he0 spaitsdby wei ght of
a pol yethyl ene glycol dinmethyl terephthal ate polycondensate (Paogen PP-15,
suppl i ed by TRi4tcis™- Kagy8°SeifyakiReCarplied. Fohne: B0 YW € iegy Wikl ght of

pol yet hyl ene, gl yeQl a@aggggv&%%%ﬁae\f%'&ﬁgg oPDif&“baEPQ‘?%QQEeé)fa 0,000

(PEG20000, suppliied by nyo cal” T'ndustries, were dissolved in
hot wat er i lank tspsedr pEngmfuimade ttbtpiepam esrat watsdreesollubkeingsi n
conposition solution having a solid content concentration 18 of 50 % The

wat er - sol ubl® 1S SEIHPOSI TFHIT SIS RRs’ 2 ¥l 1386 o “one surface of an
o U 1 DG B §CKISES: 100y (PURL e by M Loubt i A ur
Ltd.) such tdwipdshe ibhi/gknessunffdiie -appbiwediooum). The water-
soluble resin composition layer of the entry sheet I was
observed from its surface with a metallographical
microscope (magnification: 100} and the number of air
15 bubbles having a diameter of at least 30 um each, which
adversely affect hole registration accuracy, was counted.
The observation was conducted in a 100 mm x 100 mm area
of the water-soluble resin composition layer surface of
the entry sheet T for drilling. Table 1 shows the
20 results. Further, the entry sheet I for drilling was
disposed on a stack of four copper-clad laminates having
a thickness of 0.2 mm each (CCL-HL832HS, copper foills on
both sides 12 um, supplied by Mitsubishi Gas Chemical
Company, Inc.) such that the water-soluble resin
25 composition layer side faced upward. A backing plate
(bakelite plate} was disposed on the lower side of the
stack of the copper-clad laminates. Drilling was carried
out under conditions of a drill bit diameter of 0.15mm, a
rotation frequency of 150,000rpm and a chiplcad of
30 12um/rev. The number of hits per drill bit was 3,000, and
holes were drilled with 20 drill bits. Hole registration

accuracy was evaluated. Table 1 shows the results.
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solution was 200 m The applied solution was dried with a dryer at an
average tenperature of 120 C and cooled at a |line speed of 5nfmn, to
obtain an entry sheet | having a water-soluble resin conposition |ayer
having a 10 thickness of 100 mfor drilling (resin conposition/alum num
foil = 100n 100m) . The water- soluble resin conposition |ayer of the entry

heet | f i ] ‘A | i i
shee vas pebsglved s amii-ts sguLf acer Ju td'h%lﬁ%%f%% g%ys%%i ogmacroscope

(magni fication: 100) and the nunber of air 1 ng a di anmeter of
at | east 30 stzachf withirele cadperselad afdreciathel Bavigy s4 ridticmeascur acy, was

counted. The_observati og wa[% conducted in a 100 mm x 100 mm area of the
wat er - sol ubl 8f r&di A% &F58si tHEntt éjj%'r APPEECECOFS PREPHT it ASFedt | for

dritling. Taghe dushaus LicuZbssspult saFenbiet,: (eyeniry sheet | for

drilling was n-a four copper-c nates having a
t hi cknesss of s@cl?2 timteddle (ECErHE8BAHS reppecchposstomn lxotdr siides 12 m

supplied by Mtsubishi Gas Chem cal . Conpany, .l nc.). such that the
wat er - sol ubl Ea?eecgi‘%?%dcoﬁ‘pli’@i:g}%% RLARS (g’i%@lml:% L3War'dS A backing pl ate

(bakelite plaig)owrs M 2pased,oR LN |RhSLde-Rfo £ Nane geraf the _
copper-clad lamnates. Drilling was carried out under conditions of a drill

bit di anetercodd QlabBmmtes. Potalion faseqeendpdobud ShPOOrqemdandcaschi pl oad
of 30 12mrev, The . er of hits per drill bit was 3,000, and holes were
i 11 ed wi {OBGF AL Bifs S1pBPEST U S affion® BOGH Ly MRGUBPAY at ed. | Tabl o
1 shows ife & ¢, %0 m':'éhhhﬁgcah#%f‘oaec{“orfy2§gﬁ?£e¢. fﬁfﬁ Cdrr!b'e'rngfwas di sposed

on a stack of three copper-c am nates having a t ness of 0.8 nm
each (CCL- HLBBOs rmopperilfioblis was bbttDsi ded hBles were drilled with

5 drill bits. The state of inner walls was evaluated.

Table 1 shows the results.

15 [0023] (Comparative Example 3)

50 parts by weight of a polyethylene glycol -
dimethyl terephthalate polycondensate (Paogen PP-15,
supplied by Daiichi-Kogyc Seiyaku Co., Ltd.) and 50 parts
by weight of polyethylene glycol having a number average

20 molecular weight of 20,000 (PEG20000, supplied by Sanyo
Chemical Industries, Ltd.) were dissolved in hot water in
a 1-t stirring furnace to prepare a water-soluble resin
composition solution having a solid content concentration
of 50 %. The water-scluble resin composition solution was
25 applied to one surface of an aluminum foil having a

thickness of 100 um (supplied by Mitsubishi Aluminum Co.,
Ltd., material 3004) with a die coater (supplied by Yasui

Seiki Co., Ltd.) such that the thickness of the applied

solution was 3C0 um. However, the thickness of the

30 applied solution was not homogeneous. For this reason, an

entry sheet for drilling having a water-soluble resin

composition layer thickness of 150 pum could not be
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m supplied by Mtsubishi Gas Chenmi cal Conpany, Inc.) 5 such that the

wat er-sol ubl e resin conposition |ayer side faced upward. A backing plate

(bakelite plate) was disposed on the |ower side of the stack of the copper-

clad am nates. Drilling was carried out under conditions of a drill bit

di anmeter of 0.25mm a rotation frequency 10 of 120, 000rpm and a chi pl oad of

20mrev. The,p i.f, was 3,000, and holes were drilled
with 5drill )g(lﬁ?(géd %ﬁ’e ststalﬁ %%%%a%\la ‘s was evaluated. Table 1 shows

the results. 15 [0023] (Corrparatlve Exanple 3) 50 parts by weight of a

pol yet hyl eneﬁ élcol di met hyl terephthal ate pol ycondensate (Paogen PP-15,

supplied by |-K§§j’§°&es iyaku Co., Ltd.) and 50 parts by weight of

pol yet hyl ene gl ycol having a nunber average 20 nol ecul ar wei ght of 20, 000

(PEGQOOOO, qunnllgﬂ hv‘Sanvn, Cheni cal dustries__ltd \ were dissolved in

hot water ihT389.% stirring furnace td prepétxem%%ewat er-sSPgﬂiF%tJr"es n

COITpOSi ti onp-soelutton h(J.Yf[I ||I¥ a—Soli-d CGF}ACE\IL c-o et |3§,i 3] 10 uu2 %~ The

wat er -sol ubl e resin conposition solut 25 _applied to one surtace of

n
an al uni.nun| F35RF - At iegT 8 1f PERPES oD {106 pm (s¢ppl 1@d bygM t subj spi
Al uni num Co layeFleCkr}?ﬁF ey 3004) witlh a die coater upplied by Yasui
S
d

Sei ki Co., LY@ Shch=t AFPlEhd iticekness 8f {hel appl |Oed sof ufi Y was 300 m
However, thesdibl egnesscodn theird®, appl i ed sol uti on was not honogeneops. For
t hi s r easonj—an—ent+y—sheetfor—dri--Hmghayrtng—arwater—soluble—+resin
conposi ti on| | ay¥Fra%i AR5t 980 m cquftt “not2b8 PO prgddedd {b3y”-8 single
application [20024F dABbenim values 20 21 - 42
Inner wall roughness (um)
Average (pm) - - 5.2 - 6.1
Average of maximum values (um) - - 7 - 10
5
[0025] <Evaluation Methods>
[0026] 1} The number of air bubbles: A water-soluble

resin composition layer of an entry sheet for drilling
was observed from its surface with a metallographical

10 microscope (supplied by NIKON) at a magnification of 100
and the number of air bubbles having a diameter of at
least 30 um each in a 100 mm x 100 mm area was counted.
[0027] 2) Hole registration accuracy: The
displacements of positions of holes formed by 3,00C¢ hits

15 from target coordinates at the backside of the lowest
copper-clad laminate of stacked copper-clad laminates
were measured per drill bit with a hole analyzer
{supplied by Hitachi Via Mechanics, Ltd.). An average
thereof and a standard deviation (o) were cbtained. Thus,

20 “average + 36” and “maximum value” were calculated. Table
1 shows average values of “average + 36” and “maximum
value” in 20 drilling processings.

[0028] 3) Inner wall roughness: The top copper-clad
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(Tabl e 1) Exanpl e Conparative Exanple Item1l 2 3 1 2 Water-soluble resin
conposition 80 100 150 80 100 |[|ayer thickness (m Nunber of air bubbles
(nunber) 0 0 O 27 45 Hole registration accuracy (gn) Average of (average
+3a) 18.9 20.0 - 32.8 35.0 Average of maximumvalues 20 21 - 42 80 Inner
wal I roughness (m Average (n) - - 5.2 - 6.1 Average of maxi num values (m
- - 7 - 10 0025 Eval i on. Met hods> 026]. 1), The nunber of air

bubbl es: A wglé¥@§§}8§|é S?%é%ﬁg%éﬁ%g?Fffégglg@%%n%ﬁe%u?ﬁgﬁfry sheet for
drilling wagriohsekyedsf reptitslBurdiacennat bisedeiad Igsaphyi cal 10

m croscope (supplied by NIKON) at a magnification of 100 and the nunber of
ai r bubbl es HaAW &hgi 4RBEEr2RA kaver €88t r3d meEdch 9t s drddiath x 100 nm

area was co (ged.to[gg%gkn2% g%hgk%ggkﬁﬁggE%ggl r€%ur %yﬁe¥Q§cgﬁsplacenents

L, . [S) H
of positions of 'hol’es fornme mtarget coordi nates at

t he backsy decofcilrae phlawesikas coppedhetl.adhkadi 8ed ecdHibesvackedneopper - cl ad
| ami nates were neasured per drill bit with a hole analyzer (supplied by
H tachi Vi a MEHa ¢§S1ipt 8OyVeRPanfe e the B Eb B HE 4 sCaREAFE devi ati on

(a) were Obtp‘?élﬂf%sT%ESu%Qd avel as%e*sﬁ?fa?@?of %e%l‘é@},', Hie WEre
cal cul ated. "Table 1 shows average val ues o average + 3a" "and "maxi mum
val ue" in 20ngddddeimegtprasessingsd dud028] 18) pdnmes oMaldher @igbness: The top
copper -cl ad
PP surfaces of 2,996th drilled hole to 3,000th drilled hole
10 per a drill. An average value of the 50 points, in total,
measured with regard to 5 drills was regarded as an
average of inner wall roughness. Further, “average of
maximum values” represents an average of the maximum

values obtained with regard to 5 drills.
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21 lam nate of a stack of copper-clad |am nates after drilling was
vertically cut in a direction passing through the upper and | ower central
points of a drilled hole, to obtain a vertical cutting plane. The verti cal
5 cutting plane was polished. The di stance between the nmaxi numresin convex
part and the maxi numresin concave part was neasured at a side surface of

hole wall. T asure t.was carried out at 10 points of the side
surfaces ofugﬁﬁbgﬁh%g??ﬁngl%%Ie to 3,000th drilled hole 10 per a drill. An
average value of the 50 points, in total, neasured with regard to 5 drills

was regarded as an average of inner wall roughness. Further, "average of
maxi mum val ues" repreSeRESCaS VT 4¢¢ oF ofhet haxi HurAn waltg¥s sbbthi ned with

regard o 5 Aol 1.5y 38cWabe L seel AliTRdSl siod A LGS Laruthe productfon

of an entry s 'ng a prin WTin oard erial, which 5
process conpsicERssf ebibp@sas nEdinidaremadt wal 2«50l uklte r-s83uB1€0NMPOosSi ti on

| ayer on at |east one surface of a netal foil, wherein an _aqueous solution
of a wat er - SEB €°MPasi hiednpoEdt 19 atts L appt | @tk to afiseemefal foil, dried
and 10 SO'HQ%&h?%oH? form one water-soluble resin conposition | ayer, the
application, drying and solidification of the aqueous solution of the

wat er - sol ubl e resin cenpesiii®on aqAre@usepeatetbmtof easiaterceolabfor m at | east
one water- soluble resin conposition |ayer on the above one water 15 sol uble
resin conposi®Sidn CeEpPepititRr hulanrligfefedt dategtalsdiaibl e dréss eEbnposition

| ayer isupoqﬂgﬁﬁgfqutgg P0fn one water-soluble resin composition

layer, the application, drying and solidification of the
aqueous solution of the water-soluble resin composition
are repeated at least once toc form at least one water-
soluble resin composition layer on the above one water-

15 soluble resin composition layer, the multi-layered water-
soluble resin composition layer 1s composed of the one
water-soluble resin composition layer and the at least
one water-soluble resin composition layer, and the

thickness of the multi-layered water-soluble resin

20 composition layer is at least 50 um.

2. A process according teo claim 1,
wherein the thickness of each water-soluble
resin composition layer, formed by carrying out the
25 application, drying and solidification of the agueous
solution cf the water-soluble resin composition once, is

in the range of 10 pm to 50 um.

3. A process according to claim 1,
30 wherein the number of air bubbles having a

diameter of at least 30 um each in the multi-layered

water-soluble resin composition layer is 20 or less per
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wat er - sol ubl e resin conposition | ayer and the at | east one water-soluble
resin conposition layer, and the thickness of the multi-I|ayered

wat er -sol ubl e resin 20 conposition layer is at least 50 m 2. A process
according to claim1l, wherein the thickness of each water-soluble resin
conposition |ayer, formed by carrying out the 25 application, drying and
solidificatiaon of th§ ?ﬁHeous ution of the water-soluble resin
conpositioniﬁhégfaig in-the f é@“ﬁ? 10 mto 50 m 3. A process according
to claim1, 30 wherein the nunber of air bubbles having a dianeter of at

| east 30 meach in the nulti-layered water-soluble resin conposition |ayer
is 20 or |esks per 23 AR apedy ofherdo fpm dribbinmna prigtegnviyisdeet for
drilling a i.nte A er.i oppr4 Si a | foil and a
multi 5 Iayg%%gﬂmg?ﬁ%gggguHggﬂ%gggﬁkkgn%%g?gi%%LHgvggafggﬁég on at |east
one surf dce lofydrike wetal-£6ldblahesenncbhgod i tknasseaf tbhreaubti -1 ayered
wat er - sol ubl e resin conposition layer is at |east 50 pm and the nunber of
ai r bubbl es dakitd§tactr afet Etcoiclattheompeaktf®0l pm each in the nulti-| ayered

water-sol ubl e resin  GOIPOS) ti QN di3¥ghels 6P e hRTiRSLyBR.4rea of 100 mm x
100 nm 24

water-soluble resin composition layer is at least 50 um

and the number of air bubbles having a diameter of at

10 least 30 pm each in the multi-layered water-soluble resin

ceompesition layer is 20 or less per an area of 100 mm x

100 mm.
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