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. EP § 470757 Bl Description Field of the i nvention 5 The present invention

relates to a net hod ‘of drilling a through-hole in a doubl e-side or

mul ti-layer printed circuit boar dER@4RSI757 Bbre specifically, It rel ates toa

met hod of drilling a through-hole through a printed circuit board panel
W th a wajesérigtRlnubl € | ubricant sheet on one surface or each of the surfaces
of the panel, which method permts inhibition of heat generation of a dri-ll

bit and tﬁwaﬂkurﬂg\tmﬁ hi gh-qual ity through-holes w th good productivity. 10 et

Priior Art U. S. Patent4, 781,495 and U.S. Patent4, 929, 370 di scl ose net hods. of
dr“’i | isng -t hThewepkertt inventiort rilates iy la mathbdwhdriliingaitirodghhore i aliigutteagide\or MEit-Rayerphiséd f O |
on one sgirdult beardpaneldre specifiselly, i raldtendesmethodaufidiliing a ktheduginbolethitoegh engrinted dlreuthi ch
15 a t hibeard panalith ajwatartsalybfedubricant shaejon ohesurfage on gach ofthe sufaces\fithe pansbiwhith e

| ubr i cantmethed permits:ighibjtion of beat ganpraticn ahp delibkitrand the melsing; of thigh-qualityghrowghdolemwkmat e.
These U Qoodpsgductvityyi sc| ose the use of a sheet prepared by |npregnati ng a
por ou? t}eet of paper, etc., with a m xture containing a solid

wat er - sol A | ubri cant of a gl ycol such as diethy- Iene gl ycol,

di pr opyl eneugl%gl 78%55 g f#aaget g%z ster apg é';&rf ét'ant
However, o bl 4 ity rqugh.a lam-
foll oy thr{?&da J%dﬂl ﬁﬁgﬁtﬁgﬂ ‘n 4 Bavﬂ :%Izgeld &flg ? erﬂ: rf ﬁh‘%ﬂﬂﬁ I on

| S sonet i,fiRe supfabesoh the TelnateOThése UBCPRerflifcided BTis Pepé

t he aboV @orGiishést 61 phyr, Stch MRHALIxtE8 88Htairiry aQQIWwateﬁQﬂ:bfel yJoﬁs% t ' mes -
shows st ienk gis@l, BipiopyieRe gifiol, Gley a ﬁhﬁ&&izﬁes&i’r@nd@rfohoﬁfdbﬁrfab@nthand e and deCf eases .
wor kabi | i t yHowaves| timsqreathdds gscidsedi the afovéls.8 (PatehB Bavd teddioiing istlems B PRVantichl t he
| nveni onf diifing-induced lieat gebérativh isesbmbtiness potastisfictoly| tHera hie @seb @hddé thi inthregaatior bhod
ot~dri |l | thegbevetnixtura drhe produe sheet i ppor antl theh sheet tasiftsomatinesl sipavs eficking\hatars. Sackyduces
an excel slaats agsf diffieult tohandit endslecreases warkablify, dndatpegiieneheet! If wsed, dricreasesmicbdt. bi t
when the hole |s made, and which can give good-quality through-holes wth

good roéﬂfﬁ'f'?’VPf[‘T'"‘f"!‘t"{"s anot her obj ect of the present ‘invention to provide

whi ch can prt %"H?'H?J W'%GW@MWH" a8vpugh-brkje @ pripted girasit bogan s

of a wat B? Yol f T ﬁgﬁﬁ" jorsof é‘?t %'ﬁ'fat ?f@é'f'" 'E!‘d”’ﬁ?@@ feison of

gg?tecf,eger lé chgr% na(m t| I?B 0 lf %illrt dc?l'cu(?t her T
h- fi c@bntﬂﬁhe@hﬂl'ﬁb '° S Ee;f}%hgi ﬁ? Bienol es - -

throug
al oSt f 1 €6 id et hdier o ctemm .Hoa. rviceLnt "é 'ﬁ’ sent
| nvent i oBicuit BbRiIDanet \Mﬂﬁ@jgdn th?ouﬂiéﬁn pf%lf.Jan cslhad ﬁﬁ‘a ﬁﬂ%ﬁ

printed ci Agtbrding3Sthe mqnmmItnermb@hde@qmafhbé&%m ga%mnﬁoumfa%ﬁmam il ©

a metfiod of d“”’%ﬁq a through-hole in printed circuit 30 board panel -

m

I ubr i s5anboasd yandl, whith edniprisds pfadinga Weter@aiGle RbrichniheSibnloRs ibradeior Bach bi tid Siffasds CUI t .' ':.'i'.'."." ;
boar d pasfal priatadi cittit bdardpgnel atid\drilivig) & thasug e hdid hRUGH thé fesulting Tatlidate] the Watdi-sbibie, t he -

wat er - s olubrisans shaebireing asrbposddee s miawirexd) 20:to 9D by dreigiit ofa poiysthyléne giytol RdVing @ wBight%o by
wei ght ofveragpoblocyianweight of ngt igssdiian H8,000ngthe 0 wel0ghby weight af gavatebbaublel lubkicancanght  Of
not | esshavingp thicknegeof 0MEtdBmd. t 0 80 % by wei ght of a water-soluble |ubricant
amd Havi n thi ckness of 0.05 to 3 nm 40 Detailed Description of the
Inventloﬂqﬂ'ﬁ%[’ﬁcf"ﬁ‘?'éﬁf“!ﬁ'?"éuw board panel to which the present invention is
addr essed o of CJ rcwt- r| nt né)r?r:aterlals whi ch are

f
formed b %h%ﬁ erfe% wﬂ n :Ith referpcte, p Xariefy, Efﬁt';%rl al
gnd ) ed até?' If J:f% rcul brg ' exi ﬁ ?rfa
peci ﬁﬁﬁ] Emﬁ’n ﬁ'ﬁ er%'rﬁn% ﬁﬂ@ F wé§n {) cl ad
| am nat eEln ?&lfiladfim}im Jelrra iﬁé{tS'J ﬁ{l ?( Q%Jo ﬁirg‘ﬁ’cl f a
printed pskié figh, A dk&, a neta f0| 't - ayer am na
havi ng i nnefe Wﬁ&l&fe)gly@& havinyld mgﬁ.ﬂa\)éhaé maeeaﬁ.r WEGHS of ridt 188 tRdn 109bd, uSdadtne

pl astsb C grédeid) imaifibn] BCgenbréiy- obldifdd | p6Hinbication Eof BehyleRd odidd! laR® nas W@' laof €M age |

Mol ecul aHO(GEH,gJ. AddolyaieierlegfyBol hiving alidighQeragishidlocLibl ekt s & FRI0D | is in the
i nvent i Oform df 8 weeard faileyand litisctbaesilyleyusieal ty 158w 4 bt on of et hyl ene oxi de, and
has t he f olnthel peeserftink4DficDthd G5tertdolulile Ipiaricyre is bpscidicetly sleg® dfronhgoiyiethgeri glped! Hving
aver ag e Fwdightayprage maldcylat weight df 6300 9,008rpolyGxyetBenie snohaettietsdaving a weight average mo-
lecular weight of 500 to 9,000 such as polyoxyethylene olely ether, polyoxyethylene cetyl ether, polyoxyethy-
lene steary! ether, polyoxyethylene lauryl ether,polyoxyethylene dodecyl ether, polyoxyethylene nonylphenyl
ether, polyoxyethylene octylphenyl ether, etc.; polyoxyethylene esters having a weight average molecular
weight of 500 to 9,000 such as polyoxysthylene mionclaurate, polyoxyethylene monostearate, polyoxyethylene
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“ forfnof aswax and fragile, and It is too easily crushed to forma sheet” In “7F

the present Invention, the water-soluble lubricant is specifically selected
from pol yethyl ene glycol having aER®49iTs7 B/er age nol ecul ar wei ght of 500 to *
9, 000; poI yoxyet hyl ene nonoet hers having a wei ght average no- 55 | ecul ar
- wei ght of oﬁ&ﬁ’eaieop mﬁ\ ﬁ:\éﬂ‘b@mo@ﬁhy S0l i SPtR oo lidne@biBRdn moRsste ARG Y| ene- -
cetyl et RRlgnt 6t Sibbive ighd? 8005tb 6,860/ductas!HoyoxyBRIanS sotilal MoiaRara@td/] poly-

et her pol mwramu &Bﬁtedﬂéiﬁiﬁilue@ﬁtb@hge RO UK YEGHE 56016 9,00D3YEHH AEXsblydeiin Rdno-

POl yoxy etstoptat@ecaghicyriniumbtdarstd, BRE polydkythyleforoyishebibty pelfifereBdviag 8 weightiang- a
wei-ghts a\egé meiecudveight bEao0 wed,aphi ane the KK Ptefer@d 410 thosa Igthicants Ipoihy aneltihfipditoe
nonol aur abftgninp pdintdndhietahgel betweem3INi© snd200°8t marticplediyesween #07C emix150°C. EP 0470 757
B1 nonool eaThewatensojublejubtitanisheatis prodiiced fadn amixtirecontaining 28 tad9 ehy weightof the above

pol yoxy etphlydtesirae ghmoljiaviag e weightavergamoldeulan weightaf netle Mana%mg@mwe%wmm

wei ght  ofof heabovewalerolgble lybriganiVhen the @mpunt efhecyater lybgipankip laeoer than the abovest ¢, ;
pol y- 191 yeear fimt, M&%&%hﬁwm itip swe!'egﬂ'en t&ee?%g@wwam&é'aﬁ resulfnt $heet Ut 500
to OOO dgﬂéﬂyﬁ?wﬁ@% * NDNQ- ste r te,

cto. ot et e o
L EEE e R =

pr oduced ° rﬁmnﬁtﬂzu %s} ﬁ&&cﬁ&mh aate.tmm Qxbﬁtht%Qee%é ot s&Rlalimited. 1t deRerd iy fbove
pol yet hylyg zﬁm@ﬂnx b BbvéwalétisBilRile IBBHBATREHE mBEBd 16 fokth #ombBérBhlis bk ursIBYimeaRts S
than 10, %pérﬁusmcr%stawmekmﬂ@ic bptRnap Gider Heae ad tebinbdeRedus!Mbtureant .
Wien bde iggxnided, fokrRedupioldd-teform Huheet havhgamﬁess & 0/08.foQ6rim. Thesd-cblameddamere 10
upper | i mbltble lubricar stbetsfareistdly ised fotdrillingin 3iivh @imannshthat oné shiest otierh ls@lacddioaond he
above | owsticor mithl foillseface e dpticually cpéighest ofithem B@miada the othlersndade Wheh bnewatert

| ubri ci t selubélgbrisert eeetsio ised) s brefemédda placesHewsrd the drillbitiskie.dliswners profered O Blacey 3
mm  pr ef onawiter-solutie lbricant shaet apypne surfagasand ahather oranethensyrfagan| | er t han t he above
range® t he Adcording todhe preseny isvantionatherp 'sm@a'ﬂe‘bee'm%ﬂ@W“Qﬂth@"@rﬂqel'" gyripted @"’"‘t

| nsuf f i cibegrd panpl,which method 'qaamggmeﬁraﬁ Wﬁe%BBRPémea’r?rg%a pipk ""PsF" %?!{,J?r

i ncr ease °f'ﬁ%p"P§ﬂ jgvsntion, the ' bﬂ%s . 6%3 “ib‘? andlg d
T

en freego ing nat B ore.'qn _
movergt ﬁ]‘\ék;ﬁ o ta%ﬂcgﬁﬁ v W?ﬁ% ekt R gf“’f o ||
g % b Bfllgfe th? E%Hagg ||‘I \@ﬁohpﬁeﬂdé{&h@ﬂ 'tpm%y

bi t I L ike: %

wat er - soI“H |s no specl a I'n genera

above pol y ene g yco and the above water-sol uble |ubricant are nixed
to form i geneous m xture by neans of a kneadi ng apparatus such as a-

roll, g kneader, etc., optionally under heat, and the honpbgeneous mixture

20 IS extraitiydthylienfbol hvngRckeHit avéthdeiblebiler WeROANGEIBEN 10,000 bilh viatdrBblaieness

of 0. 05 tubrchn)ofwhicitae @nibufits bre stivev inViatilet, wers kriebideld at dtanipoiatfy tiotvla @80°G ar@ire0°C,

usual |y usdite feeuitantmibitire was extiudsd ith £ extauiecto forh stiests havingladigtknesh ot fram("presept aced . .

on one plsbest'ihereipefteet al foil surface and optional Iy one sheet of themis
phace® on tAh6 owtibick epoxf-glase sixyayered boand (formagiof 4 npergypre, dn kel eopper layer daving;as
used, |ttﬂ"§‘"1?ﬁ ef78 pnapd aneuler coprer kayer hayifg A tickness ¢f 13 pm) wap drilled ynder thefollpwinggop+
pr ef erre& ipR$- pl ace one wat er - sol ubl e | ubricant sheet on one surface and

anot her ? @not gg ]surface According to the present invention,
therels[é}}l °%®! et hod of dr|II|ngathrough hole In a printed circuit
board parb%j whi ch met hod |'s Sy free fromoccurrence of a snmear and a
pi nk ring + In the neg ﬁﬁﬁr{% t he present invention, the

wat er - sol abr i cant sheet 14SHAnI N the present invention is easy to

handl e dt,lﬁmgg;oﬁ{og,@glgrpeﬁmgm stpcking nature and through-hol es having
excel kent quality can be obtained. Furthernore, In the nethod of the -
present ipoaad Afrdnge] (Ronsdrill Bt Sidedxerted on a netal foil portion is small and
the degree of occur- 30 rence of a pink ring can be therefore decreased.
The present hmmblblmmmiduhifollmdasmbﬂ/swaﬁeldbwnﬂgreseetfsmslx-laym besré/pgeerde- | n
whi ch " paoltangdatends for "part by wei ght unl ess otherw se specified. Exanples
1 35 & pol ywbiay slemwe thglpyeserice brabsence of stiskingyiaturaoftiesshest and teedebrae of geduiynce eﬁa nmor e
t han 10, @®@6arzand Table2shews therfegiek of occurrence of a pink ring.

The smear and pink ring were evaluated as follows.

Smear: A wall of a through-hole was measured for an area in which the inner copper layer was exposed,

3



. lubricant, of which the amounts are shown in Table 1, were kneaded at a -
tenperature between [err], and the resultant m xture was extruded with an
extruder to form sheets havi ng aEPlu4rgases8s of 1 mm ("present sheet”
“hereimafter). 40 A 1.6 mmthick epoxy-glass six-layered board (formed:

of 4 I NN 4 heds bfadhétbheb BIkFEsid; BPIRSErvikgaith ah‘nﬁdfésp.&be armb z&éw&%umae?&a siarNd an-

out er COoRdAR4ted fR)éhbwd? 200 %pr&s&é’ﬁf@&ﬂ&saslocﬁo pbtile ofBsppér =is| AoRslpdsiid 6f cobﬂ%?-
f.ol | owi ng spadiFicallyi 4,000 rough-Rbled Werd)GHIEDWRNEN atdrm B§ land'fher 20 throughitioles were drilied. The

Q. 35 .MM Jamy ofl thésb 20Nthfodgteholes were measured to &ﬁmrﬂaﬁ&v&rﬁgﬁ fnamCbolumh Of "degree of smearoc-
56 m/ M drreriel Bese 4,000 hitSheTabIS 11 the gafentibsidel G4ta showthb Sndliedbvspber eXpos s 1ated anfohg OM
drill  bithe 20 theyghid@s.pm t hi ck al umi num foi |/ present sheet/six-|ayered

boar d/ pr es Bink erigeaiter dilied, timtws siiapme tosnsere ingheesed Il 4N HOtaqumous sBiGtion at 26°Tabl ¢

1 shows fetfimipytessandadength otdomresipnavit #N HEifrok theghmughthole welf wasimeasiimdon esghdf thic

degr ee dfoededahie 2ehows tip lagestigagth whenthe mieagurement wageagied put withe 1) tareughtholg: cur r ence .' ) |

of a™®ink f‘l‘Fgéa‘T%%P'M&P’%a aet hetween o plpted tarpughcholecand an clectrically pandudive. o A
wal | of 'aveffag g‘g’ I‘gjf"é“ %‘!?9'19 f°&i‘f"%ﬂ°é§ thesp cRpRtitutps eRimppriARtatandasd neo

| ayer welgr XRHIan.ef quality of prifted Gircy a degree of adherence of a -

resin, bé’xamq ez;v; ng it wwth a mcroscope The degree of occurrence of a

snear,, was MAEEd ‘as fol | ows: 100 % exposure of copper = 10, 50 %exposure of e

e BRI gt e S AL

I's Ofsh&hﬁﬁﬁ?a . T redulidIard o InYBKIS1 BRIBSUr ed to obtain an average. I'n the
coI um of "degree of snear oc- 5 currence after 4,000 hits" in Table 1,

the par ecunpesivedsiailé & shows the smal | est copper exposure area among the 20

t&.hrough holes. Pink ring: After drilled, the two six-layered boards were

i mrer sed i Mheadrillihg iHEicanWJeaasapanémbeptthatuhe[peaserjt stieetwsS nofiusadiapd thattimcermngeengt h . :

of cor r owsenbof sks-layered odnddl, etcs wan ¢harged kor 190 gim-thich alumimim follisbelayaerchonndidixdayeredich of
t he boarbk¢erd/parepphend lagtinatesTablae1 angr2phey the eeadtish when t he measurenent was

carried out with .10 through-holes. 10 A smear and a pink ring prevent a . .
cont act %‘W@ Exappies ed through hol e and an el ectrically conductive L

| ayerformed o ,|nsul atin rlal and the de ree o ccurre ce of

these cohns?7 urg)ﬁyl :gd

pri i, {%t &%Lz o
'exceP her 1 aﬁ Vé&lﬁ ﬁuaé’tﬁé nt@thé 29€

n‘f‘@d twag O%Eyﬁrel Etfo
vvater s bhdditichdeitlt Wer e change as s ovvn In Ta 1. The resu ts are

shown in Tﬂhldﬂmﬂg iPEMdmple 1 Whs refealBPaXcatt thkt@hebs WdidH sBluble IiHRarftSHebth ble uded. sn%laaérpl e 1
was s P aing greSent hidbts | Tamés 1 dha 2BhcaRsVesukbleet was not used and that the -
arrange- ment of six-layered boards, etc., was changed to 100 umthick"

‘al um num foil/six-layered board/si x-| ayered boar d/ paper phenol |am nate.
Tables 1 and 2 show the results. 25 E

N



. Conparative Exanple 2 870 nml of Trihydroxystear i'n of pol yet hyl ene gl ycol
havi ng a wei ght average nol ecul ar wei ght of 200 was heated to [err], and

250 ml of dipropylene glycol was ERxem7shBtewith. The resultant m xture was

heated to 30 [err] and 80 ml of a fatty acid ester (trade name: Paricin
13, supplied by Cas Gen) was m xed therewith. The resultant m xture was
roll-coated on a 0.15 mmthick paper.ragﬂeqt at [err] such that the amount of .. . .
the resultant coating was 60 % by wei get, and the resultant sheet was

cooled to room t oo Miyliée EOrc@iive WR{eRLso18l&ID5E; s | BateeS{lECLS. The
di’l1isng in Exanple 1 was repeated exsigpintt hat higse Wabelurs&iddbl e

| ubri cant sheets Modeeulased ipargl acekBi* pdrtt he present skeetsficfFables 1 and
2 show t he_resul tweightd 45 5Q 55 4 EP 0 470 757 Bl Tableol hiRel yet hyl ene

gl ycol Wat er-soluble Sticking Degree of 5

lubricant &1 #&0B0P00  occtd renckBdr M ecul arNo phrd (9.8) ki nd* part
smear “af t g yei gt goo,000 50 LEG2 59 No 9.4 (8,894 000 Lerr]
Ex. 1 4,000, 000 40 LEG 60 No .5 (9.8)..10
Ex. 2 ExgD0 000800,000 5050 | LES3 %0 No No 9.3 (8.79.4 (8. 8)
Ex. 3 800. 000 50 L 0 _ No '3 (8.7
Ex.4 Bxibo, odg 100000 50 s (G s Mo N 83 @ed 3 (g d) s
Ex.5 - Exv®0, 000700,000 50 50 LEEE®S 590 No No 9.3 (8.599.3 (8.5)

Ex. 6 400, 00 50 L 0 No 9.5 (9.0)
Ex. 7 E""5100.008"0"""’ 70 %0 LE@ 530 No No 95 (9.09 4 (8.8) 20
CEx. 1 EX.7 - 100,000 - 70 LEGT 30 . .4 (8.88-5 E4- 03
CEX. 220 - - - - es 9.0 (7.5)
Nete: Wat &F*dol ubl e | ubri cant “(wei ght™ average ol &cul ar i §ht?) 25 - -

LEGL = pokggihyl ene gl ycol (1,.000) LEG =_pol yoxygkhy! eng g gprey! ether.. .
(-1,100) LEG = pol yoxyet hyl ene nonostearate (3, 30%% EEGZIn = po_riiy! oxyet hyl ene
sorbi t an nonost ediede e ¥elersgphubl edgbel qeak yeigidr prerasn ol el ax aie{880) 30

LEGS # pol yoxyet hyl engggy{ pr@g@h@egg%,p@lyp}sroogﬁ, 800) LEG7 = pol yet hyl ene
gl ycol (4, 000) 35 40 4B6HE polyoxyethylene lauryl ether (1,100)

LEG3 = polyoxyethylene monostearate (3,300
LEG4 = polyoxyethylene sorbitan monostearate (1,300)
LEGS = hexaglycerin monosiearate (530) _

30 tggg = polyoxyethylene-propylene block polymer (8,800)

polyethylene glycol (4,000)
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'5"5‘5,_' ‘BP 0 470 757 Bl Table 2 Pink ring after 4 000 hits 5 Six- Iayered

board - : Si x-layered board [err] foil side On paper |am nate - -
side Ex.1 200 um EP 0 470 757 B1 100 um 10 Ex.2 -
200 um . 100 um Ex. 3 ' 200 um -
125 um 15 Ex. 4 - . 200 um : - 125 Am
Ex.5 225 um ‘ 125 um Ex. 6 .

200 Am - 1002k 2 Bx.7 200 um - - -
00 um CEx. 1 ' 500 umy k in 400 um CEx.2 = =~ ;
300 am B R 3{:}%(61”“3 Wshdts 10 Exanpl e 3 was N

repeat ed except that tsleg-ttm):elﬂaassog{-dthe prgﬁe.r]tay@t}gqt bwagdchanged to 0:1

mm ( Exanpl e T EM ople £ .. s T@bl € 3 shows

the results._Table 3 35 PoI yet hyI ene gI ycoI \\it er - sol ubI e Thi ckness: .
Degree of I'UB¥ikant 2000+ Mmresent  occurrenck0df #Wbl ecul ar .part. .o
ki nd ®part sheet snear after weig oo
4.000 hits BX & 1, 868%0 8" 20 LEcabo g 0.1 mm

9.1 (8.0) Exg 1, 806,40 50 LEG3 , 0.2 m-

9.3 (8.5) Ex. ’?o 1, 80%’0%08' 50 LEG3 12%0‘”" ' 0.5 mm

9.3 (B 6) 4%EXHE = pol yeopetdwy! ene nonost ear at e; 3, AR0) Exanple 11 50

Exanpl e 3 was repeated except for-the follow ng changes in the drilling - ..
condi ti ons 2%l % he arran@@%emtm of boards and sher2s. uhunber of boards to-be .-
drilled: E:Ewto arrane(fromdnll bit side 100 um thick al um num.

foi | / present®%tket/ si x- | 3 ré‘d“board/5| x- | ayer ed! a&‘m si x-1 ayered

t@rcwpaper o, Phenol Iaréjolaat&emTabl e 4 shows thel&esul ts. 6

CEx.1 500 um 400 um
CEX.2 300 um
25 150 um
-Examples8-10

Example 3 was repeated except that the thickness of the present sheet was changed t0 0.1 mm (Example
30 8), 0.2 mm (Example 9) or 0.5 mm (Example 10).
~ Table 3 shows the results.

Table 3
35 ' _
Polyethylene glycol Water-soluble Thickness Degree of
: lubricant of present occurrence of
Molecular part kind part sheet smear_'afler
, weight _ . 4,000 hits
| | |
Ex.8 1,800,000 50 LEG3 50 0.1 mm 9.1 (8.0)
Ex.9 1,800,000 50 LEG3 50 0.2 mm 9.3 (8.5)
Ex. 10 1.800,000 50 LEG3 50 0.5 mm 9.3 (8.6)
45 _
LEG3 = polyoxyethylene monostearate (3,300)
.Example 11
60 Example 3 was repeated except for the following changes in the drilling condltlons and the arrangement
of boards and sheets.
Number of boards to be drilled: 3

How to arrange (from drill bit SIde)
100 wm thick aluminum foil/present sheetlsix-layered board/six-layered boardlslx-layered board/paper
56  phenol laminate . .
Table 4 shows the resuits. ' . : . e



EP 0 470 757 Bl Conparative Exanple 3 Exanple 11 was repeated without using ~
t'he present sheet. Table 4 shows the results. 5 Conparative Exanple 4 :
Exanpl e 11 was repeated except that the same water-soluble |ubricant sheet
as that prepared in Conpar- ati FBROEXAQTRIIBA 2 was used in place of the

present sheet used in Exanple 11. Table 4 shows the results. 10 Table 4 15

Pi nk rigvghparbiiveExardpid®0 h i ts Sl x-layered board Degr ee of .
occurrence on alum num foil side of snear after 4.000 hits 20 Ex. 11
200 um Example 11 was repeated withoiit using the(reésent shieef Tab{egEkshgws the results. 500 um

4.0 (0.5) CEx.4 400 um 7.0 (2.5)

25 @ aiGeme@etive Examelvet hod of drilling a through-hole in a printed circuit
board panel which conprises acing a water-soluble lubricant sheet on one
U § ach. P aEBie e oo shepet ki Wle FNBIS KOPfSetApot B e apETAL R CAIEP
drilli v P?P'%g%ﬁ’?ﬂ? !f"’ﬁ“l?ﬁdbﬁf"?’ﬁ%‘ tef vfg@ PRt hat e characterised in
that the P®& " Pubri cant sheet is com posed of a mixture of 20 to
0%"oy wei ght of a pol yet hyl enev\_‘gl ycol having a wei ght average nol ecul ar
wei ght of not |ess than 10, 000 Meato 80% by weight of a water-soluble
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Gem sch alpssed @f & mixture of 20 to 90% by weight of a polyethylene glycol having a weight average molecular
weight of not less than 10,000 wlth 10 to 80% by weight of a water-soluble lubricant and Is 0.05 to 3 mm

36 thick.

2. Amethod according to claim 1, wherein the water-soluble lubricant is at least one member selected from
' a polyethylene glycol having a weight average molecular weight of 600 to 9,000, a polyoxyethylene mono-
ether having a weight average molecular weight of 600 to 9,000, a polyoxyethylene sorbitan monoester
40 having a weight average molecular weight of 600 to 9,000, a polyglycerin monostearate having a weight
average molecular weight of 600 to 9,000 and a polyoxyethylene-propylene-block copolymer having a

" weight average molecular weight of 600 to 9,000.

3. A method according to claim 1 wherein the water-soluble lubricant is an ester of a polyoxyethylene.

“ 4 Amethod according to claim 1, 2 or 3, wherein the water-soluble lubricant has a melting point or softening
point between 30°C and 200°C.
5. Amethod according to any one of the preceding claims wherein the water-soluble lubricant sheet is 0.1
to 2 mm thick.
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2, Amethod according to claim 1, wherein the water-soluble lubricant is at least one member selected from
a polyethylene glycol having a welght average molecular weight of 600 to 9,000, a polyoxyethylene mono-
ether having a weight average molecular welght of 600 to 9,000, a polyoxyethylene sorbitan monoester
\_ 4 " having a weight average molecular weight of 600 to 9,000, a polyglycerin monostearate having a weight
average molecular weight of 600 to 9,000 and a polyoxyethyiene-propylene-block copolymer having a
welight average molecular weight of 600 to 9,000.

3. A method according to claim 1 wherein the water-soluble lubricant is an ester of a polyoxyethylene.

% 4. Amethod according to claim 1, 2 or 3, wherein the water-soluble lubricant has a melting point or softemng
point between 30°C and 200°C.
§. Amethod according to any one of the preceding claims wherein the water-soluble lubricant sheet is 0.1
to 2 mm thick.
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- 4. Procédé conforme a la revendication 1, 2 ou 3 dans lequel le lubrifiant hydrosoluble a un point de fusion

ou un point de ramollissement compris entre 30 °C et 200 °C.

5. Procédé conforme & une quelconque des revendications précédentes dans lequel la feuille de lubrifiant
hydrosoluble a une épaisseur comprise entre 0,1 et 2 mm.



