07 DEC 2005 Title of the Invention Lubricant Sheet for Mking Hol e and

Met hod of Making Hole with Drill 5 [0001] Field of the Invention The

present invention, relates to a netal foil conposite sheet for rki BEG 2005
hole for use in printed circuit board fields and a nethod of making a hole
whi ch net hod uses the above sheet and is capable of making a hole in high
quality. 10 More specifically, it relates to a |ubricant sheet for making a
hol e whi ch | ubricant sheet serves to inprove quality and productivity with
regard to drilling works in printed circuit board fields and, when a hole
havi ng al#Fhee?érthe 2nHansiohess is nmade, which |ubricant sheet prevents

heat generation of 5 drJ hiit b frictjanal t,. lnpr d_ocation
accuracy and is %él%é:b €0 Bhﬁﬁitn’aog })E%]fjenq #Qﬂiegﬁngﬁ%ﬂ]??gg ﬁ\ﬁeﬁﬁ(lﬁ’iggh
efficiengyleantita pethod of nmaking a hole in a printed circuit board which

nmet hod uses the above | ubricant sheet. 20 [00021 Rel ated Arts of the
I nvention USP-4781495 specification and USP-4929370 specification disclose

met hqds i ng e d inted. circuit board with a drill in which,
when%a h %%H?Jk)r Cgﬁ u?t ioofn%geeffv\r}e‘genntflr%ﬁlt and reverse surfaces is made in a
printed circuit 25hzognrthamrith imwlntion onelsueéace armbobth sukflaces of the
printed circuit board is/are provided wth a sheet obtained by

i mpr egnat P AGOHAper St hECT itk wWid he 1k efes dlaflid PaBmiteshciTrcdgdeifical ly
which is Iy X f ) ' i ' | t.er-sol.uhl e

| ubri canlt)@%ﬁ% %géf%grrae o‘%/q% yc%c?sé/%)&%%&ads% ilget ?\A&lecﬁle\ﬁgeltglcoo %c:#)%

di propyl ene aglopcobhand and dtst yapebdle o tob ka nigoaihenliec i sut f @t tyawetl.1 thlawever ,

Lhegg Teghods. have, defepts.,  Thy defects ayg that thg effest, of Areventing 2

a hole which lubricant sheet serves to improve gquality and
productivity with regard to drilling works in printed circuit
board fields and, when a hole having a diameter of 2 mm or less
is made, which lubricant sheet prevents heat generation of a
15 drill bit by a frictional heat, improves location accuracy and
is capable of making a hole in high quality and at high
efficiency, and a method of making a hole in a printed circuit

board which method uses the above lubricant sheet.

20 [0002] Related Arts of the Invention
USP-4781495 specification and USP-4928370

specification disclose methods of making a hole in a printed
circuit board with a drill in which, when a hole for conduction
between front and reverse surfaces is made in a printed circuit

25 board with a drill, one surface or both surfaces of the printed
circuit board is/are provided with a sheet obtained by
impregnating paper or the like with a water-socliuble lubricant,
specifically which is a mixture of a synthetic wax which is
a solid water-soluble lubricant and is formed of glycols such

30 as diethylene glycol or dipropylene glycol and a fatty acid
with anonicnic surfactant. However, thesemethods have defects.

The defects are that the effect of preventing a heat generatiocn



07 DEC 2005 of a drill is insufficient, that the inpregnation of a porous
sheet with the above m xture is poor and that the sheet is sticky. [0003]
As neans for solving the above defects, JP-A-4-92494 5 publicati®h BRC 2005
JP- A- 6- 344297 publication propose hol e-naking mnethods using a | ubricant

m xture sheet conposed of pol yethylene glycol or polyether ester and a

wat er-soluble lubricant. [0004] The above nethods inprove the quality of a
drilled 10 hole and provide an inprovenent in the stickiness. However,

when the thickness of a |layer of a lubricant is thick, a netal foi

conposi tef sheleti 1donposesudtithenkybthaanthandnyareptat idnidf avpopsulsargely in
sone cases, so that the above nethods have a problemw th workability. Wen
a sheet TREFht¥yrat e wrPAVEsmAXFEES 1oL dndrdiltittai i oS bR hy
propertig@sidt,is required to bond the sheet to the netal foil at a
tenperature m%ere the sheet is sufficiently softened. As a result, the

war page D¥003he rédsuh¢ams fwonpodivtiagsheetadmradsetfedtrsgr a8sa-dy 9LKMO4i nf | uence

of a.ther ., shri nkage | C a problemwith 20 productivity or
wor kabi 154 .l%?]_r%ra, qﬂé?é'%g%géﬁi %Uk%ﬂa%‘%?/n Hrﬁﬁiosf%gagie(ﬁﬁl%& racy of a
hol e degieassss Wit hngesr eastndahiemidicamet ehQft & didddedidrto be used.
Therefore, inprovenents are required for applying the above nethods when a

drill hahgethnlexerehgcsimbr dpavetérri esised.arzb 4 60053 r-Summep e of t he
InventioThg}.is an obj ect of the present invention to provide a |ubricant
sheet for nak?%% a hole for a printed circuit board which |ubricant sheet

is excel jemajn theaecebbegk ﬁfetﬂb@\éeﬂhbﬁgv%pth@ahugqfl%éfabifo% af-ididgi |1 bit
and which lubricant sheet is free fromstickiness and a nmethod of naking a
hol é Owhikhl eistyd provide an improvement in the stickiness. However,
when the thickness of a layer of a lubricant is thick, a metal
foil composite sheet composed of the lubricant and a metal foil
warps largely in some cases, so that the above methods have
a problem with workability. When a sheet is integrated with
15 ametal foil, for maintaining bonding properties it is required
to bond the sheet to the metal folil at a temperature where the
sheet is sufficiently softened. As a result, the warpage of
the resultant composite sheet tends to increase by the
influence of a thermal shrinkage, which causes a problem with
20 productivity or workability. Further, there is found a tendency
that location accuracy of a hole decreases with decreasing the
diameter of a drill bit to be used. Therefore, improvements
are required for applying the above methods when a drill having
an extreme small diameter is used.
25
[0005] Summary of the Invention
It is an object of the present inventicn to provide
a lubricant sheet for making a hole for a printed circuit board
which lubricant sheet is excellent in the effect of preventing
30 heat generation of a drill bit and which lubricant sheet is

free from stickiness and a method of making a hole which uses

the above sheet.



t he above sheet. 2 07 DEC 2005 [0006] It is another object of the present
invention to provide a lubricant sheet for making a hole for a printed
circuit board which lubricant sheet is alnbost free fromthe occurrence of

war page, gives a hole excellent in quality and 5 can inprove wor Kabi PEBG 2885
a met hod of nmaking a hole which nethod uses the above sheet. [0007] It is
further another object of the present invention to provide a |ubricant

sheet for nmaking a hole which gives a hole having excellent form and which
can maintain a fine 10 |ocation accuracy of a hole even when a hole is nade
with a dr|I bit having a dianeter of 0.3 mmor |ess and a nethod of

maki ng alRBPBlwhi dit dsesndid eiboviel adeedt [DBOBY 2ABBSr dPHGTIG Thd Pr esent

i nventio r&vaﬁgiéelﬁﬁ‘flcgﬁ%\ns %%ta ﬂo%bﬁﬂa%q{%si'%élépfoga S?Qlﬁtgﬁl e used

for a printe circuit boar conprising an organi c su ance Tayer
havi ng acihtckhebsaofl @hmahtmuBrﬁcﬁmmaBﬁebmrdEdadho&ﬁﬁﬁdaﬂ%fﬂﬁm tre a
m xture éb and a netal foil having a thickness of 0.05 to nm _sai d

or gani ¢ StbstaREES Ay eV pRPAG f OF el dioMRe e klpn e cﬁu%]a}rfdy f&thl foil,
sai d 5+ t Eaf?eiﬂﬁrév@" %Bykgbgg@tt&le;aglﬁg ZQLfettﬂo%ioofp?r{at]&rw aw?'l A k{%flbrl dipl yet her

ester (1) , 10 to 80 parts solid water sol cant
(1), theetbodl uassuhheofbotviee shaleytet her ester (1) and the solid
mater-so &E#gﬁlubrlcant 25 -(-1~3- being, 100 parts by weight, and 2 to 10

parts by Jit ba%}&wreﬁ@ogwo@b@?@F)o%b%r%sm veRdrhge
ol ecul ato YEbBNGGOL 2001 0,600 a0 Bor A8k hat XUre: (B deidds T xt ure

cont ai ni ng 90 parts wei ght of said pol ester (1), 10 to 80
parts hole having excellent form and which can maintain a fine

10 location accuracy of a hole even when a hole is made with a
drill bit having a diameter of 0.3 mm or less and a method of
making a hole which uses the above sheet.

[0008] According to the present invention 1, there are
provided a lubricant sheet for making a hole used for a printed

15 «c¢ircuit board, comprising an organic substance layer having
a thickness of 0.02 to 3.0 mm and formed of a mixture (a) or
a mixture {(b) and a metal foil having a thickness of 0.05 to
0.5 mm,

said organic substance layer being formed on one
20  surface of said metal foil,
salid mixture 4&rbeing a mixture containing 20 to 90
parts by weight of polyether ester (I), 10 to 80 parts by weight
of a solid water-soluble lubricant (II}, the total amount of
the polyether ester (I} and the sclid water-soluble lubricant

25 -(-{—H being 100 parts by weight, and 2 to 10 parts by weight
of polyethylene glycol (III) having a number average molecular
weight of 200 to 600, and
be¢° sald mixture (b} being a mixture containing 20 to 90
parts by weight of said polyether ester (I), 1C to 80 parts

30 by weight of said solid water-soluble lubricant (II), the total
amount of the polyether ester (I} and the solid water-soluble

lubricant (II) being 100 parts by weight, and 2 to 20 parts



30 by weight of said solid water-soluble lubricant (I1) , the total anount

of the polyether ester (1) and the solid water-soluble |ubricant (II bei n
100 parts by weight, and 2 to 20 parts 3 07 DEC 2005 by wei ght of7a P szp
wat er-sol ubl e lubricant (1V), and a nethod of naking a hole which uses the
above lubricant sheet. C}[0009] According to the present invention 2,
further, there 5 are provided a | ubricant sheet for nmaking a hole used for a
printed circuit board, conprising a |layer formed of a water-soluble polyner
and having a thickness of 0.02 to 3.0 mmand a netal foil having a

t hi ckneslsy ofetulob ©6 8. $iQﬁﬁdsaﬁdanﬂaaiuhﬂaﬂﬂubqﬂﬂqmbr(I%yer bei ng formed

on one 10 surf e net al t he I nt S t haV|ng at
least ond'dchdtR ecf %cai@dj er&“r}ﬁ 35 (?)Ve I@é‘%
wat er - Sosubd e, polyner Iayer is forned of a nlxture of t he mater soluble

pol ymer yand an organic filler (V) , 15 (b) the surface of said netal foi
whi ch Zuk9eRe] i s ﬁ@c@erdb@mdéq tloe uiehandt énvsolkdbe2 polwrieret ayberkas a

surface on15 to 15 a c),said | fail an al um num
For | Shavihe 0% Ee aukiBhrredcofnEbt aks: oy s B snd S ditiod of
maki ng aphpﬂmemhu_:hcugQSbbhedab@mplru&wr@arﬁ 1shaetfohndd [#P18] In the
present invention 2, there is preferably used as a water-soluble polyne

| ayer ar"dFganfeldnbst Baéenpayand Baiposed &hifkemsz0 oo 09@2part S By melght
o oL Lo e L R 10 S SO e altool el
said water-soluble polymer layer being formed on cne
10 surface of said metal foll, and
the lubricant sheet having at least one
characteristic selected from (a), (b) and (c),
(a) said water-scluble polymer layer is formed cf a
mixture of the water-soluble polymer and an organic filler (V},
15 (b) the surface of said metal foil which surface is
to be bonded teo said water-soluble polymer layer has a surface
roughness of from 5 to 15 pm, and
(¢} said metal foil is an aluminum foil having an
aluminum purity of at least 99.5 &,
20 and a method of making a hole which uses the above lubricant
sheet.
U3‘"[0010] In the present invention 2, there is preferably used
as a water-soluble polymer layer an organic substance layer
composed of from 20 to 90 parts by weight of polyether ester
25 (I) and from 10 to 80 parts by weight of a solid water-scluble
lubricant (II).

[0011] Detailed Description of the Invention
The present inventors have made various studies and
30 as a result found the following as the present inventicn 1.
When a lubricant mixture layer obtained by incorporating a

polyethylene glycol (II1l) having a number average molecular



The present inventors have made various studies and 30 as a result found
the following as the present invention 1. Wen a |ubricant m xture | ayer

obt ai ned by incorporating a polyethylene glycol (l1I11) having a @HBEC 2005
average nol ecul ar 4 07 DEC 2005 wei ght of from 200 to 600 into polyether
ester (1) and a solid water-soluble lubricant (11) or a lubricant m xture

| ayer obtained by incorporating a liquid water-soluble lubricant { ' ( V-)"
into polyether ester ( I ) and a solid water-soluble 5 lubricant (I1) is
formed on a netal foil to forma lubricant sheet for naking a hole, the

| ubri cantesglektosHewa Lol ke G%rigaigépo(}yetﬂi@rb&ﬂ@rof It hendb e lfiidhdi ng,

t he pres&g{erlggﬂlé%s pg¥§ %%npl qd t he o sent mve&t&g 1% ON_[0012] The

cant a
present I nvent ors ave oun as t(he preseant I nventil on y?O| | owi ng.

Concer ni gigt @i her bganhcsheetatabi@ianad i d ardidng-sola@yes fepaedant a
wat er—_§ol ubl e polyner and having a thickness of from0.02 to 3.0 nmon one
sur f ace /(BY) alEPaPotgrthriviesdex tHilclansss gfokibmates $olebEenm f or

meki g a; hBhchREe?IE I pLegd fﬂn%&dﬂ)%r%ﬁ?é{ﬂaelf c}“&brﬂocaf%t 6:?;1@% ]zflc%?iﬁf ng aits

| east one charact |c selec Towih (c)
al nost fseeetrborwanpage, aghvds,a thel duteMidint egdoaétt estiowor ]n’amjegi ves
excel lent | ocation accuracy of a hole, (a) the water-soluble polyner |ayer

i s fornetPBPage - nPRt GtPe BESiRe Aatdre 8 & Wlﬁﬁa'r 0| %ﬁe%‘?@ém c filler
(V). 20:(photBeoSHE SR oAb INEATEIA lderthl G SHT36e: 1S Lo be bonded to

the water-solu pol ymer Tayer as a 'surface roughness of from5 to 15 m
and ¢¢) (Q@lmat aI The [pries et alrumemiuor § ohdvaarongdaas ahenpmesepdr ity of at

| ea tO 99.5 % 3 CE H{ g |s qof the aboevrenlfpl1 ndé rﬂ,‘bglcea egggétl nvent or s
hav co?TBY‘E\PEa B Es &Rt 1OM &R &IPS 9
obtained by forming a layer formed of a water-soluble polymer
and having a thickness of from 0.02 to 3.0 mm on one surface
of a metal foil having a thickness of from 0.05 to 0.5 mm for
making a hole for a printed circuit board, a lubricant sheet
15 having at least one characteristic selected from the following
(a), (b) and (c) is almost free fromwarpage, gives a hole having
excellent form and gives excellent location accuracy of a hole,
(a) the water-soluble polymer layer is formed of a
mixture of the water-scluble polymer and an organic filler (V),
20 (b) the surface of the metal foil which surface is
to be bonded fo the water-soluble polymer layer has a surface
roughness of from 5 to 15 um, and
{c) the metal foil is an aluminum foil having an
aluminum purity of at least 99.5 %.
25 On the basis of the above finding, the present inventors have
completed the present invention 2.
[0013] The present inventors have further found that an
organic substance layer composed of from 20 to 90 parts by
weight of the polyether ester (I) and from 10 to 80 parts by
30 weight of the solid water~soluble lubricant (II) is preferably
used as the water-soluble polymer layer in view of exhibiting

the above function and effect of the present invention.



[ 0013] The present inventors have further found that an organic substance

| ayer conposed of from20 to 90 parts by weight of the polyether ester (I&
and from 10 to 80 parts by 30 weight of the solid water-sol ubl e 1QbrPE&Ht2005
(I'l) is preferably used as the water-sol uble polynmer layer in view of
exhibiting the above function and effect of the present invention. 5 07 DEC
2005 [0014] The polyether ester (1) used in the present invention is not
specially limted so long as it is an esterification product of a |inear
conmpound having an ether bond in a main chain. Typical exanples of the

| yeth 9+ d ol j bt al j : ! I
pol yet herogshgr ( T)Ibéo%%&%%%esr é@ﬁé?s(lﬂ E%Fleﬂl Q%e;%gg%éﬂg ih rgtIClOAn pol ymer

or ethyl ene oxide such as polyet ene ¢l pol yet enhe oxi de,
pol ypr opykenetgbpeclialpyl ytietirtacetshyllemg glsydd is pol ywetepyl feine toddrde and
copol yners §f %he e, ﬁith a pog%yale Qarbo§{2%§}acid,(its anhydri de or
its estePTSUEf a8 pht haFPET1& TR éﬁﬁﬁfﬁbﬁ F REEpH et hei d,
sebaci ¢ aehdn. @IyEs&Uaﬂl exbeiy an@ rdicglhyoasians fe dthase rianthdnianel litic
aci d anhydride. These resins maybe used al one or in conbination as

requit edrephpgheptaineddyireacsdsyy bl el Yer hibe lympd pat aiyhehene o idte havi ng a
nunber ayer ular i f 1 i ol yet her
ester (|¥$l%ﬁgrggkggnF%oﬁﬁiﬁ§gﬁﬁ}%igréf@%%lbi?%gygg9¥3%kga§?§dgy wei ght of
t he pol yephgprestdrne( Iglvico If,r g llytter S0tk tpay 1 endygigcght , preferably from
10 to 200.parts by weight. [00151 The pol yether ester (1) preferably has a
ol £ ng- PIBTBERY LGP EoRb0E GHIPGeBONAT R §hriHaEr 8 SH0E PRGN Kt or abl y
from 35 tarbefGlilkusther meseapnohenabl ¥rf{ogdOrép J5OC adhgtramunt of the
pol yet her ester (1) is from20 to 90 parts by weight, when the total anount

of tHe pélLyerhdpsopsitdnlilo agrdl, thRreitilp et eac 5@t ubkleariibrreadt (I11) is
100 part%iﬁ%t“%ﬁ%@%ers and diethylesters of these, and pyromellitic

acid anhydride. These resins may be used alone or in combination
as required. Further, it is also possible to mix a polyethylene
oxide having a number average molecular weight of at least

15 10,000 with the polyether ester (I). The content of the
polyethylene oxide in 100 parts by weight of the polyether ester
(I) is from 1 to 500 parts by weight, preferably from 10 to
200 parts by weight.
[0015} The polyether ester (I) preferably has a melting

20 point or a softening point of form 30 to 200°C, more preferably
from 35 to 150-°C,. further more preferably from 40 to 150°C. The
amount of the polyether ester (I} is from 20 to 20 parts by
weight, when the total amount of the pclyether ester (I) and
the solid water-scluble lubricant (II) is 100 parts by weight.

25 When the amount of the polyether ester (I} is smaller than the
above lower limit, the lubricant sheet is poor in strength.
When it is larger than the above upper limit, the lubricant
sheet is insufficient in wettability. Therefore, such sheets
do not suit the cobject of the present invention.

30 [0016] The solid water-soluble lubricant (II}) used in the
present invention specifically incliudes a polyethylene glycol

having a number average molecular weight of from1, 000 to 9,000;



25 When the amount of the polyether ester (1) is smaller than the above
lower Iimt, the lubricant sheet is poor in strength. Wen it is |arger

than the above upper linmt, the lubricant sheet is insufficient % DEC 2005
wettability. Therefore, such sheets do not suit the object of the present
invention. 30 [0016] The solid water-soluble lubricant (I1) used in the
present invention specifically includes a polyethylene glycol having a
nunber average nol ecul ar weight of from1, 000 to 9, 000; 6 07 DEC 2005
nonoet hers of pol yoxyet hyl ene such as pol yoxyet hyl ene ol eyl ether,

pol yoxyenhybenhbeest pif pohebxypahydxyet Byl-enassbeakykeetefNene oleyl
ponoxyetE | ene | auryl ether, polgoxyethylene nonyl phenyl ether or

pol yoxyef gFEnép%%Y9¥Y%E%ﬁ§Pn§t%% y 1 52 b 50 Rpaiviap veard eries tsd@edtvd e

pol yoxyethykLene i t e, gl ' such as
hexagl yceri ne ngﬁ%g?gg?gpgqgﬁgﬁébaIﬁéag‘?%%%ig%ﬁﬁﬁ%ﬁﬁg?gg?éﬁgfﬁgﬁﬁf

pol yoxyepPhghgheephepybenpollvoctyeidiyirere oclthesepHatyl canhsr pay be used al one

or in conbination,a 10 _required. .[0017]. The | tj ng point,or the softening
poin?sofp?kgoégFﬂayiﬁﬁ?eppg F&ﬁﬁfqgﬁﬂﬁpe%ﬁoﬁ¥4%%YLﬁé%eﬁ%£% F3"from 30 to
200G, nﬁ@ﬁo@t@é@é_@@;YPBII?@l%@etLQ_n@%nC[&@e&]aE@@ Alwnisof the solid

wat er-sol uble_lubricant (I1) 15 is from 10 to 80 parts by weight, when the

total anbBBHRIG¥CERENepBPResherradeeoy [decaibaml ket ot er - sol ubl e
| ubri i.5+100 i, ght. id
wnter - ool obTStPREREEan A pp Rt itien TR AU o O BOBy L

undesi r aBhgset hebviseonskt pagf beheisleubraleard heiet c@tbbesbims 490 hi gh. Wen
it if% | ager Ehag t he above upper limt, undesirably,"the lubricant sheet
becones fragife®:[0019] The pol yethyl ene glycol -(-+-: ~ having a nunber
average [0017] The melting point or the softening point of the solid

water-soluble lubricant (II) is preferably from 30 to 200°C,
more preferably from 35 to 150°C.
[o018] The amount of the solid water-soluble lubricant {11}
15 is from 10 to 80 parts by weight, when the total amount of the
polyether ester (I) and the solid water-soluble lubricant (II)
is 100 parts by weight. When the amount of the solid
water-soluble lubricant (II) is smaller than the above lower
limit, undesirably, the viscosity of the lubricant sheet
20 becomes too high. When it is lager than the above upper limit,
undesirably, the lubricant sheet becomes fragile.
{0019] The polyethylene glycol +#FF) having a number average
molecular weight of from 200 to 600, used in the present
invention 1, is obtained by polymerization of ethylene oxide
25 and it refers to a compound which is liquid at room temperature.
The polyethylene glycol (I11) having a number average molecular
weight of from 200 to 600 is added in an amount of 2 to 10 parts
by weight, preferably 3 to 8 parts by weight, when the total
amount of the polyether ester (I) and the solid water-soluble
30 lubricant (II) is 100 parts by weight. When the amount of the
polyethylene glycol {(III) having a number average molecular

weight of from 200 to 600 is lower than the above lower limit,



nmol ecul ar wei ght of from 200 to 600, used in the present invention 1, is
obt ai ned by pol ynerization of ethylene oxide 25 and it refers to a conpound
which is liquid at roomtenperature. The polyethylene glycol (1107 BPEGn085
nunber average nol ecul ar weight of from 200 to 600 is added in an anmount of
2 to 10 parts by weight, preferably 3 to 8 parts by weight, when the total
anount of the polyether ester (1) and the solid water-soluble 30 |ubricant
(11) is 100 parts by weight. Wen the anmount of the polyethylene glycol

(1'11) having a nunber average nol ecular weight of from200 to 600 is | ower

than thetaBoverdowesr hinfrbyvihqOthOEGRAG Athenebkest wafr Jag 9¥iguht he

| ubricant sheet in warpage is poor. Wen it is larger than the above upper
limt, tW&enuBiti égnt.argiegetthienddie @b@@@or\\@pﬁﬁ dkynitSudthd ubiicksantheet s do

not suit %P"t f&%&g%og Ehﬁs% SERY. uct%hEuB 2k 00Z0Le TN, bl ?UI ok flers to a

wat er - solu rican use gent° T rvention
wat er - solttlel ebfjehrti @@ntt hehipate sdrst I:qumrdtfa_’onr oomte ure. Typical exanples
of the We%t er-sol ubl e I ubri cant i ncl udes pol yoxyet hyl ehe ol eyl ether,

et

pol yoxyetfPROe doded it Btk ia tsd iy Ry Lake 1wy +10 BRBAYID difter |

pol YOXYEEE%%%!&% ORL¥htRBENY | r SEEE 't LELRE Be PL 50 PALYEXYEE DYEERE WFUGH, as
pol yoxyeht yl ene nonol aurate, pol yoxyehtyl ene nonostearate or pol yoxyet hyl ene

nmonool eati€; 1isiirioi 1dn PR ek o ARUTR yhxyetay| enenslel as tb@l yoxyet hyl ene
S e e e
m)nool eateeheandporlqbyt@r)extemtymémeiqmamw @t &, 0¢0 Inalyyerhy Tdres endifr | cant s
T 0% o) SR eSO oD, S TSl 100l T LU, o part s
by “E'ghbol@bQ@@ﬁﬂyDéﬂEWHﬁéh as polyoxyehtylene monolaurate,
polyoxyehtylene monostearate or polyoxyethylene monocleate;
sorbitan monoesters of polyoxyethylene such as
prolyvoxyethylene sorbitan monolaurate or polyoxyethylene
15 sorbitan monooleate; polyglycerine monoesters such as
hexaglycerine monolaurate or decaglycerine monooleate; and
polyoxyethylene propylene block polymer. These lubricants may
be used alone or in combination as required.
[0021] The liquid water-soluble lubricant {IV) is added in
20 an amount of from 2 to 20 parts by weight, preferably from 5
to 15 parts by welight, when the total amount of the polyether
ester (I) and the solid water-soluble lubricant (II) is 100
parts by w%%%ht. When the amount of the liquid water-soluble
lubricant V) is lower than the above lower 1imit, the effect
25 of improving the lubricant sheet in warpage is poor. When it
is larger than the above upper limit, the lubricant sheet tends
to become sticky. Such lubricant sheets do not suit the object
of the present invention.
[0022] The metal foil used in the present invention 1 is not
30 specially limited so long as it is a known metal foil which
is relatively soft andused industrially. Concretely, the metal

foil includes a soft aluminum, a semihard aluminum and a hard



to 15 parts by weight, when the total anount of the polyether ester (I) and
the solid water-soluble [ubricant (11) is 100 parts by w ght. \Wen the

anount of the liquid water-soluble lubricant -) is lower than thgmhsEe 2005
lower Iimt, the effect 25 of inproving the |ubricant sheet in warpage is
poor. When it is larger than the above upper limt, the lubricant sheet

tends to becone sticky. Such lubricant sheets do not suit the object of

the present invention. [0022] The netal foil used in the present invention 1
is not 30 specially limted so long as it is a known netal foil which is

rel ativehyugsohtmandhosedi tRAUSEr bal tie £ONLT et @l Y, 14 hih MBialrarddgd lofi ncl udes
a soft alum num a sem hard al um num and a hard 8 07 DEC 2005 al umi num The

t hi cknes§re® PHetrePAP ©Bi| W%eﬁnthﬁethaﬁbéeéﬁ ofr $hesoet@ 1560k iWen the
t hi ck f b t
i ckness.0f Eﬂgn”gbagm Oh oS 1 la®S! éegﬁgngSH%%%§9§§kgqgé % Phrs are ap

to occur i a substr en it e esira It 1s
di fficul suﬁstoadesdv‘tearrgetcémpse@srﬁ@rtamed unfes isald lace 1df 1§ lnlg Gfetcall tf oi |,

pr eci eI the surface to wh l,uby,i can i Xt ur f th p&ly t her ester

(15 % et et b7 8676 & PRBrCaRT A (7 T) AGRIYetthA ST yOat £ - T 1

havi ng appeabee]gvenagsurpheeular whwehglaheombri:@@a%@wi@ct@% ¥ tthebe

bonded, i1s referablé 10 roughened as required for increasing t he adhesi on
3

of the nePaVetheriesue¥ade 1 dheneakPxrapéubaget ubroo2st Thée) orghiihe filler
d ' i t i i | t
(V) use ?bg % X?Eﬁéegﬁgkﬁy Sggg& h%vhﬁgn?iPﬁBB%Ea%bﬁra HQQe%%laQng as

is selec gener or gani ers. yplc Exanpl es of the
organi c 4Bightl ef €vpmi a6Oude ﬁ@@ddﬁ;ﬁﬂ'ﬁdrheqﬁﬁdﬂci%spnéfarahbynnsettlng
resin

01 200 AohUFHIOPL Sk SoPB SHeh a5 Bl A8, 8 MRl e resin. 2
met hacrykat e k@sifAcedato the mixture layer.

d“k [0023] The organic filler (V) used in the present invention
2 1is not specially limited so long as it is selected from
generallyusedorganic fillers. Typical Examples of the organic

15  filler (V) include powders or fine particles of a thermosetting
resin and a thermoplastic resin such as a phenol resin, a
melamine resin, a benzoguanamine resin, an epoxy resin, a
silicone resin, an acrylic resin, a methacrylate resin, a
pelyurethane resin, a polycarbonate resin, a polyphenylene

20 ether resin or a polyester resin, and powders of a natural
product such as a cellulose powder or a wood powder. The average
particle diameter of the organic filler (V) is 50 pm or less,
preferably approximately from 1 to 10 um. The organic filler
(V) is added in an amount of from 1 te 50 parts by weight,

25 preferably from 5 to 30 parts by weight, when the total amcunt
of the polyether ester (I) and the solid water-soluble
lubricant (II) is 100 parts by weight. When the amount of the
organic filler (V) is smaller than the above lower limit, the
effect of improving the lubricant sheet in warpage is poor.

30 When it is larger than the above upper limit, the viscosity
of the lubricant mixture increases so that it becomes difficult

to knead it.



pol yur et hane resin, a polycarbonate resin, a pol yphenylene 20 ether resin or
a polyester resin, and powders of a natural product such as a cellul ose
powder or a wood powder. The average particle dianmeter of the or@ZnDEC 2005
filler (V) is 50 mor less, preferably approximately from1l to 10 }Im The
organic filler (V) is added in an ampbunt of from1l to 50 parts by weight,

25 preferably from5 to 30 parts by weight, when the total anmount of the

pol yet her ester (I) and the solid water-soluble lubricant (Il1) is 100 parts
by mgkght. When the anount of the organic filler (V) is smaller than the

aboyel owen2liim t,THh e tafif 64 10isddPEMOYhAaG #&eeh tibim wait i sheel sinbwar page
is poor. 30 Wen it is larger than the above upper Iimt, the viscosity of
the | ubr FBERE-HLYt di8litech edfed I tafatlh tihetone52 B YL ¥uFPitt 80Rnead it. 9

07 DEC 20050k 10024 T8 BBl Al £h201 o HSR0 Joh D% PLESED! (NWENI B 1S ot
specially Iimted, solTong as it is a relatively soft an Industrially used
met al foitk afwahérhsoheblearpatemet oldoge bonumde dan@r avad By -aolayaeipol yner

I I ic 5 t f d of ) Xt f
Lhe. pbl yBUREEBePor oYV Tote e achTHe ks 6 SBEUBPLYPRBRFCEREST 11D has o

surface ahaugheess10t Wa@@rS S kD LM HEXEARM et ghtndef hnedragearding to
JIS B-0601: Ry) . Wien the surface roughness is in the above range, the

adhesi onTetgepger pEtfewh ot e hetd (magrimgpdhe hehtoiewteed SElamiIdE bl ymer

| ayer ingreapesy . th r r&2SES Qgg&’ nes %ERJ of the
metal foil k?nclsau e al SOPt gﬁg% ﬁﬁ%n 4 senm hrg)r aeuscn%)nﬁsmﬁéﬁtdg% ar‘%S
al um nunrafhe, theckdessioh heemgttdl HedwWedrs the tee alanfyel ofarfd drth&0 t o 500

15 When the thickness of the netal, foil is |less than 50 pm undesirabl
pur r” ar 89456 B L8Ea, FA MRS O SE and tRE warpRgk ’

decreases.

d}i [0025] Concrete examples of the metal foil include a soft
aluminum, a semihard aluminum and a hard aluminum. The
thickness of the metal foll is in the range of from 50 to 500

15 um. When the thickness of the metal foil is less than 50 um,
undesirably, burrs are apt to occur in a substrate. When it
exceeds 500 um, undesirably, it isdifficult to discharge chips
generated.

C%f [0026] The metal foil used in the present invention 2 is not

20 specially limited so long as it is an aluminum foil having an
aluminum purity of at least 99.5 $%. More preferred is an
aluminum foil having a purity of at least 99.7 %. The use of
a high-purity aluminum foil alleviates the impact of a drill
bit and improves bite properties of a drill bit. These effects

25 are in synergy with the effect of decreasing heat generation
of a drill bit by a frictional heat owing to the water-scluble
polymer, which can make considerable improvements in location
accuracy and the quality of a hole when a hole is made with
a drill. Concrete examples of the kind of aluminum foil include

30 1050, 1070 and 1085 which are defined according to JIS H-4160,
Particulariy preferred are 1070 and 1085. The thickness of

aluminum foil is in the range of from 50 to 500 ym. When the

10



exceeds 500 pm wundesirably, it is difficult to discharge chips generated.

ti [0026) The netal foil used in the present invention 2 is not 20

specially limted so long as it is an alum numfoil having an al g% BEe® 2005
purity of at least 99.5 % Mre preferred is an alumnumfoil having a

purity of at least 99.7 % The use of a high-purity alum numfoil

alleviates the inpact of a drill bit and inproves bite properties of a
drill bit. These effects 25 are in synergy with the effect of decreasing
heat generation of a drill bit by a frictional heat owng to the

wat er - sot bt ene 9! ¥Fef1uMbhGR e8n1Make) eegskAghabbefPhLAVRRBRLS 1) | ocation
accuracy and the quality of a hole when a hole is nade with a drill.

Concr et ePEXEHH S apft fReoREWE b aalsukistumticoi Fhiencl bidexeeed®5000 #1070 and

1085 whi i ned, acgor,di JI . P i cul erred are
1070 and&q%%frgﬁieh hlggkglgségg?g‘cgﬁt}mtﬁuﬁl o%%oaﬁgse %’?\k{]‘tlﬁéé %I]ﬁ%regé CE'f rom50 to
500 pm V#ea7] he TheOreDECI200prduwckinesa dbhibalgahnushéet | fdsmhé&dsgt han 50

m undesirably, burrs are t 1o occur in a substrate. \Wen it exceeds 500
m nde%il‘fﬁg]b%/ﬁ,s_ PPt %P%H?fgmil%t%ﬁgs%%é%& &fii b5 Jg%r?eer]ﬁ%cﬁé fF6827] The
met hod Ofn QAU 21 4 LRI G s Shesle e BRKNBA 3 8rNOhe s ) asReci al |y
limted so long as it is selected from known industrial nethods. Concrete

exanpl es2®f Lehbowet hadl aier ieant oniswerepofubhecant yatkear séert Hé)pol yet her
ester (1) il Lo aLesr sol ubl g Lubri capty (1) and. et s dneaged by a

met hod usitng a ro or a kneader or 0 neadi ng met hods obtain a

uni f or m & ubz tleadtusing W ecllhembkowe daradicrg ot r heecealingetdettibddénder heat

as r%qui{'ed. Then, the lubricant sheet of the present invention is produced
t

by & et hROdPR iR Whitc HR LERE RabBREL 6B % REBTHRRT of #F 1ARR Y S dMte A XA UMEY s
applied 8 @arried out under heat as required. Then, the lubricant

sheet of the present invention is produced by a method in which
the above-obtained uniform lubricant mixture is applied toc a
metal foil by a roll method, a curtain method or the like
15 preferably in the state where the lubricant mixture has a
viscosity of 50,000 to 200,000 centipoise (150°C) to form a
coating layer on the metal foil, or a method in which the above
uniform lubricant mixture is molded with a press, a roll or
a T-die extruder to form a sheet having a desired thickness
20 in advance, the sheet is placed on a metal foil and the sheet
is brought into intimate contact with the metal foil with an
adhesive or by heating or pressurization with a press or aroll.
The thickness of the lubricant mixture layer of the lubricant
sheet for making a hole is from 0.02 to 3.0 mm, more preferably
25 from0.02 to 2.0 mm. When the thickness of the lubricant mixture
layer is less than the above lower limit, undesirably, the
gquality of a hole to be made decreases. When it is more than
the above upper limit, undesirably, chips of the lubricant
sheet wrap a drill bit at the time of making a hole.
30 [o028] In the method of making a hole, provided by the
present invention, the above lubricant sheet for making a hole

is disposed on at least a topmost surface of a printed circuit

11



metal foil by a roll nethod, a curtain nethod or the like 15 preferably in
the state where the lubricant mixture has a viscosity of 50,000 to 200, 000
centi poise (150C) to forma coating |layer on the netal foil, or Q7mBREROJ21005
whi ch the above wuniformlubricant m xture is nolded with a press, a roll or
a T-die extruder to forma sheet having a desired thickness 20 in advance,

the sheet is placed on a netal foil and the sheet 1is brought into intinate
contact with the netal foil with an adhesive or by heating or

pressurization with a press or a roll. The thickness of the |ubricant

m xture | ayer of the |ubricant sheet for naking a hole is from0.02 to 3.0
mm nor ePpRrEfefaBN a5 Copmed. 02adol anipajm o e muHel 1 terred PATd he

| ubri can i | s |.es q8¥§- rl oy j rably,
t he qua%??§&%#h§tﬁgﬁ%§§%igﬁnﬁh %ggggﬁéggggi %éll ﬁﬁgeﬁ%?grﬁﬁgﬁﬁk{he above
upper |imitglendesinr abhyacthwvpshofha herilntwd cdantcuisheetrdr apdaa drdld bit at

the time, of Kin hol e.., .30 ] 002 In the nethod_of nmeking a hole,
providedlﬁymgag WSFES@n?rﬁ&aeﬁ%9ﬂ5¥QQé;%ﬂﬂﬁﬁ§I?Hﬁf%%ﬁtséﬂ%et for making a
hole s5is disposed on at |east a topnost surface of a printed circuit 11 07

DEC 2005 board such as a copper clad lamnate or a nmulti-layered board such
that thelRBEAN foilffsgterobfthtelnvdritant sheet for making a hole is in

contact with the g@&&ﬁ{éﬁ&%rf%gé%%qé#gsgﬁg $n?%g@ﬁoh§ %ﬁ@%é“é&% adrill from

t he topnost surface si ect o nvention According to the
present pneeatledna thierécané sheoti flied mak iy ixdnilehaetctH dnbrrEldarg a hol e
whi ch | ubyicant heet, |

ol o 10 GRFER 868 TRE SB6Te T b PO S ABE & & e (e PP UBPRCRAL hoet i o
al st f waechnone yahpagssvé Lupacems ensktt shspese tiericant sheet
is almost free from warpage, it becomes easy to dispose the
lubricant sheet of the present invention on a printed circuit
board. Further, the effect of decreasing a frictional heat at
the time of making a hole owing to the lubricant is excellent
15 sothat aholecanbemade inhighqualityandathighefficiency.
Therefore, the present invention has remarkably high
industrially practical utility.
[0030] According to the present invention, there are
provided a lubricant sheet for making a hole which lubricant
20 sheet is improved in the adhesion between a metal foil and a
sheet by adjusting in the specific range the surface roughness
of a metal foil surface to be bonded to a water-soluble polymer
layer and a method of making a hole which uses the above
lubricant sheet. The improvement in the adhesion consequently
25 decreases the warpage of the above lubricant sheet so that it
becomes easy to dispose the lubricant sheet on aprinted circuit
board. Further, the effect of decreasing a frictional heat at
the time of making a hole owing to the water-soluble polymer
is excellent so that a hole can be made in high gquality and
30 at high efficiency. Therefore, the present invention has
remarkably high industrially practical utility.

L%rf‘z [0031] According to the present invention, there are

12



| ubricant sheet of the present invention on a printed circuit board.

Further, the effect of decreasing a frictional heat at the tinme of nmaking a
hole owing to the lubricant is excellent 15 so that a hole can beQ7alEC 2005
high quality and at high efficiency. Therefore, the present invention has
remar kably high industrially practical utility. [0030] According to the
present invention, there are provided a |lubricant sheet for naking a hole

whi ch [ubricant 20 sheet is inproved in the adhesion between a netal foi

and a sheet by adjusting in the specific range the surface roughness of a

netal foj rf.ace t e ter: ubl I r r _and a

ot hod oPRLHRECE 1%aS ACIGthd b S Rl 805 VD) fo B8 YMEER LEKSI o

i mpr ovenmbnthi-putrie vadiiesdioninc aftsielguentd ymetba defs ehsesdt keiwar page of t he

above | ubri cant shﬁgt,so that. it becones eas% ;g#dis ose the | ubricant
e

sheet onCRPFFNESE & HEBFPVeFob di e ts p PELETIPINRRIBHITg a

frictionahdheabrak ingh® it rfpdrakidig o hold 0w ngi o hen et e SOF Ubl e
polymer is excellent so that a hole can be nade in high quality and 30 at

hi gh ®f f Reképgya hPRerasiore tot Hee piedemuriihieal vehnbast ¢ ehankedi it nyh
L dUstri all . o o the. : tion.
there ar sord Brtteei st photie s et iR ARy o BFL RLESAR AT Wi en

uses a hiftgh- puriiltly kdlturtnwhd didmaso & metabg f @i ho aadowhnghtibsa consequently
inproved in the effects of alleviating an_inpact ., and. inproving bite

T bper 1 HatSE SO BPvaETy i RO RCS TaRAky oY Al A T

hi gh- - puthkyaBbyBl DBt { 8hhti Shaddil 11©heddhed JoBYIQRTRRY nhRet Hen £ ect of
decreasing a frictional heat of a drill bit at the tinme of making a hole
owi P t o 9@ alidtrenodst whlicpols merceblenta et Hod 6PrRaRing BOR6I @Dghi ch uses
the abovg lulhintankaPERY ofta RRAUTREHRRSHLRLE tReMBKEsEnhi Hbention

has remarkably high industrially practical utility.

[0032] Example 1
15 50 parts by weight of a peclyethylene glycol-dimethyl
terephthalate polycondensate (trade name: FAOGEN PP-15,
supplied by Dai-ichi Kogyo seiyaku Co., Ltd.), 50 parts by
weight of polyoxyethylene monostearate (trade name: Nonion
S-40, suppliied by NOF Corporation} and 8 parts by welght of
20 polyethylene glycol having a number average molecular weight
of 600 were kneaded with a kneader in a nitrogen atmosphere
at a temperature of 150°C, and the kneaded mixture was extruded
with an extruder to form a sheet having a thickness of 0.2 mm.
The sheet was placed on one surface of a hard aluminum foil
25 having a thickness of 100 pm and brought into intimate contact
with the hard aluminum foil with a heat roll to form a lubricant
sheet for making a hole. The lubricant sheet for making a hole
had no stickiness and the lubricant sheet was easy to handle.
[0033] The above lubricant sheet for making a hole was cut
30 to a size of 340 mm x 510 mm. The resultant lubricant sheet
having a size of 340 mm x 510 mm was allowed to stand in an

atmosphere having a temperature of 20 °C and a humidity of 40 %
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10 quality hole which is excellent in the formof a hole and |ocation
accuracy of a hole. Therefore, the present invention has remarkably high
industrially practical utility. [0032] Exanple 1 15 50 parts by wBlfgIDE®f 2805
pol yet hyl ene gl ycol dinethyl terephthal ate pol ycondensate (trade nane:

PAOGEN PP-15, supplied by Dai-ichi Kogyo seiyaku Co., Ltd.), 50 parts by

wei ght of pol yoxyet hyl ene nonostearate (trade nane: Nonion S-40, supplied

by NOF Corporation) and 8 parts by wei ght of 20 pol yethylene glycol having a
nunber average nol ecul ar weight of 600 were kneaded with a kneader in a

ni trogentat NDSPRAIE a3ld dhkenpekalited 0brlndtpagad thel kneaged.dripkaur e was
extruded wth an extruder to forma sheet having a thickness of 0.2 mm

The sheefefRstpl hBB&#SBA -0one surface of a hard aluminumfoil 25 having a
t hi cknes 00 br | ot 0.4 g _ i t he hard
$00%410¢ ﬁn@%, r%qloé%rer#%%(u te EQ?E?%E pWh A s

alumnumfoil wth a rican eet for making a hole.
The | ubritahersaeet affor: nikimglaykalse thadknesst icdkianesppand fiolid lasbr i cant

heet t dl e. 033] .The ,above |ubricant sheet, f ki
ol & Swnc B 50 Bl alEVEE o 9o Lt RO T T SHA { Gt | Ubr Rant sheet

having aestgensl B40erm xg@d) WAVIRS Ald10VeEhdHs d AN, ¢ MrdRkaH WRgRher e
having a tenperature of 20 C and a humdity of 40 % 13 07 DEC 2005 for 24

hour s and'2R&RdmedBar bUPFbFaRhr faget fabl Bakishods PHe viadsHiEosst eof .
[0034] FURLARS obVO, BEASS SPRKYE StackedPAL OIS chaflEdal dhavef: four
ckness O Ol

| ayers, thi a copper as 5 an internal Tayer: 70m thickness
of a coppeilfside a$ tare éxtberimant ajert A8rgd kiawinmg @l t Alleknlegs bofartl 6 nm

OB et S e B AnPah LRELE T NEPLLRL, TBI i 3 ke s L goed o
Lhe stacked boards. Then, holes were made with a drill under
conditions of adrill bit: 0.35mm ¢, the number of revolutions:

80,000 rpm, and a feeding rate: 1.6 m/min. The holes were
evaluated for haloing, smear and location accuracy. Table 1

15 shows the results.

[0035] Example 2
70 parts by weight of a polyethylene glycol-dimethyl
terephthalate polycondensate (trade name: PAOGEN PP-15), 30
20 parts by weight of polyethylene glycol having a number average
molecular weight 8,000, 6 parts by weight of polyethylene
glycol having a number average molecular weight of 400 were
used. The same procedures as those in Example 1 were carried
out to obtain a lubricant sheet for making a hole. The lubricant
25 sheet was measured for warpage and evaluated for holes in the

same manner as in Example 1. Table 1 shows the results.

[0036] Example 3
20 parts by weight of a polyethylene glycol-dimethyl
30 terephthalate polycondensate (trade name: PAOGEN PP-15), 10
parts by weight of polyethylene oxide having a number average

molecular weight of 40,000 (trade name: ALKOX R-150, supplied
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foil side of the |ubricant sheet faced downward. A backup board 10 (paper
phenol | am nate) was di sposed on the | ower surface of the stacked boards.
Then, holes were made with a drill under conditions of a drill b07: DE®52005
mmd, the nunber of revolutions: 80,000 rpm and a feeding rate: 1.6 m mn.
The holes were evaluated for hal oing, snear and | ocation accuracy. Table 1
15 shows the results. [0035] Exanple 2 70 parts by wei ght of a pol yethyl ene

gl ycol dinmethyl terephthal ate pol ycondensate (trade nanme: PAOGEN PP-15), 30
20 parts by weight of polyethylene glycol having a nunber average nol ecul ar

wei ght 8,900k 19 partisMbyaveiwoRksof LR yethylane s HyeRlidavisag a nunber
average nol ecul ar wei ght of 400 were used. The sane procedures as those in

Exanpl e Ao hweeeyebhyiede puerydesbt RLACK pgbvm@anﬁtgnéi@t npge :nBkPRgha hol e.
The T ubrjgant, prSStbgﬁﬁoﬁeégﬁi‘&%i%afﬂ %9% ?:h%%e" %&%183%%“0' es in

the sane nann as iIn able e res Exanpl e
3 20 partsl pythel ghe @Iy@opdiaﬁeiﬂnglaemm@lesmakrema@@t hqollec&(latrewepllghhal ate
polyéondegﬁ%6@ étrade name: PAOGEN PP- 15 Fs by . wehg

pol yet h R HA%PRg WRAUTBBE BYers B‘-’eﬁmﬁ cE gF ey &o 000

(trade nﬁ@@ca‘}%@& 8u%50to%m?ﬁ® ired A P BEC A oy rMeh BEh g GHEMI AL WORKS,
LTD), 70 parts by we ﬁt of pol yoxyet hyl ene propyl ene bIocE pol ymer (trade

nane: Prﬂh@dubzoszarsmpbleeédwgy INGFS B P droat Wehpagadand @#at@arﬁyew\épght of
pol yet hyl ene. ol ycpl hé‘é(ﬂn@%&n{lggggéi gMeEﬂ;,g%%PTB' ?C%%El‘é’ehgggo\%s‘)fwéoo wer e

used. The same proceédures as 1" "was carri out, to obtain
a Iubrlcam$u3heet for making a hole. The lubricant sheet was neasured for

agge and evaluated for holes in the sane manner as in Exanple 1. Table 1
sho t he

[0037] Comparative Example 1
A lubricant sheet for making a hole was obtained in
the same manner as in Example 1 except that the polyethylene
glycol having a number average molecular weight of 600 used
15 1in Example 1 was not used. The lubricant sheet was measured
for warpage and evaluated for holes in the same manner as in

Fxample 1. Table 1 shows the results.

[C038]) Comparative Example 2

20 Holes were made under the same conditions for making
a hole with a drill as those in Example 1 except that the
lubricant sheet for making a hole obtained in Example 1 was
replaced with a hard aluminum foil having a thickness of 150

pm. The holes were evaluated. Table 1 shows the results.
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results. 10 [0037] Conparative Exanple 1 A lubricant sheet for making a hole
was obtained in the sanme manner as in Exanple 1 except that the

pol yet hyl ene gl ycol having a nunber average nol ecul ar wei ght of 600 used 15
in Exanple 1 was not used. The lubricant sheet was neasured for %&r PEse AR5
eval uated for holes in the same manner as in Exanple 1. Table | shows the
results. 20 [0038] Conparative Exanple 2 Holes were made under the sane
conditions for making a hole with a drill as those in Exanple 1 except that
the lubricant sheet for making a hole obtained in Exanple 1 was repl aced
with a hard alum numfoil having a thickness of 150 m The holes were

eval uat egioo3apl e | shows the respidise 115 07 DEC 2005 [0039] Table 1 Warpage
Eval uation Results of hole (after 4,000 ofhits) |ubricant

Hal oi ngSnear Locatign accuracy sheetof hole Exanple 116 nmmil40 nB.5 (9.0)30 m
(%?3?'48 25%3#;?2? (Frabb3Ge EXAH A 3181308 S DeABLRMPREALL VE ($81509. 4
of hits)
lubricant ;{ Haloing Smear Location accuracy
sheet of hole
Example 1 16 mm 140 pm 9.5 (9.0) 30 um
Example 2 21 120 9.6 (9.1) 30
Example 3 18 130 9.4 (8.9) 40
Comparative 40 150 9.4 (8.9) 40
Example 1
Comparative 0 500 8.5 (4.0) 70
Example 2
[0040] Explanations of the above values of properties:
5 Haloing: Whenahole ismade inamulti-layeredboard,

an impact at the time of making a hole causes a delamination
at an interface between an copper oxide surface of an internal
layer and a resin in a through hole portion. The above copper
oxide reacts with hydrochloric acid or sulfuric acid to form
10 a metal salt énd the metal salt is dissolved. A portion where
the metal salt is dissolved looks white. This phenomencn is
called haloing.
[0041] Smear: When the diffusion cof a frictional heat is
insufficient at the time of making a hole in a multi-iayered
15 board, the temperature of a drill bit increases so that resin
portions of chips are softened and dissolved to re-adhere to
a cross section of an internal layer copper foil of a through

hole inner wall. This phenomenon is called smear.

20 [0042] (Test Methods)

Warpage: A lubricant sheet is placed on a surface
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Conpar ati ve 05008.5 (4.0)70 Exanple 2 [0040] Expl anations of the above

val ues of properties: 5 Haloing: Wien a hole is made in a multi-|ayered
board, an inpact at the tinme of making a hole causes a del am nat@@nDEC 2005
interface between an copper oxide surface of an internal |ayer and a resin
in a through hole portion. The above copper oxide reacts with hydrochloric
acid or sulfuric acid to form10 a netal salt and the netal salt is

di ssolved. A portion where the netal salt is dissolved | ooks white. This
phenomenon is called hal oing. [0041] Snear: Wen the diffusion of a

frictiongadi®aind Stné Nssit | 668ALrat okhenki BReBE %If'en%eaas}?ﬁlefd e

mul ti-layered 15 board, the tenperature of a drill bit increases so that
resin porairade ot thhd ﬁ)@uaree "@mﬂ@m@u@n*dahm%s«@lsml@lom frog- axiheeesing a cross
section 0 e nternal |ayer copper foil of a through hole inner wall. This

phenorrenonrl s"called smear. 20 [0042] (Test Methods) Warpage: A |ubricant
sheet i s[@&XEd OHaaoﬁugfa!bmulﬁzi@la@lé@emlﬁﬁapﬁa{a&s andetrbedfoudNeBCher s of

Showt 11" R eCRF ™At a8 ] BDAS] SHEFBY Wt P CFAYEPER bRAFd vis

I mrer sednd i fhiiGra19e bt 215531595g5wggnghg§nand t hen observed with a
m cr osco The maxi mum val ue of hal oi ng was shown. [0044] Snear: The cross

sect i onsPQﬁMZD thﬁ@agﬁ h&hesckese S@’§§épvéd0\ﬁn £R BhAPuEbskepes 10rpoints

P B s e e e T Pt - i

for was found, and 0 point was glverxwhen smear was found over all.

10 An average value of the 20 through holes was calculated for

expressing smear. {( )} shows a lowest point.
[0045] Location accuracy cof hole: Two sample boards were
stacked. Misregistration between a reference value of a hole
location and the location of a hele in the lower board of the

15 stacked sample boards after the hole was made was measured with

a coordinate measuring machine.

[0046] Examnple 4
50 parts by weight of a polyethylene glycol-dimethyl
20 terephthalate polycondensate (trade name: PAOGEN PP-15}, 50
parts by weight of solid polyoxyethylene monostearate (trade
name: Nonion $-40) and 15 parts by weight of decaglycerine
monolaurate (trade name: SY Glyster ML750, supplied by SAKAMOT
YAKUHIN KOGYO, Co., LTD) were kneaded with a kneader in a
25 nitrogen atmosphere at a temperature of 150°C, and the kneaded
mixture was extruded with an extruder to form a sheet having
a thickness of 0.2 mm.
[0047] The sheet was placed on one surface of a hard aluminum
foil having a thickness of 100 pum and brought into intimate
30 contact with the hard aluminum foil with a heat roll to form
a lubricant sheet for making a hole. The lubricant sheet for

making a hole had no stickiness and the lubricant sheet was
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expressing snear. ( ) shows a | owest point. [0045] Location accuracy of

hol e: Two sanpl e boards were stacked. M sregistration between a reference
value of a hole location and the location of a hole in the | owerOBo®&RC 02005
the 15 stacked sanple boards after the hole was nade was neasured with a
coordi nate measuring nmachine. [0046] Exanple 4 50 parts by weight of a

pol yet hyl ene glycol -dinethyl 20 terephthal ate pol ycondensate (trade nane:
PAOGEN PP-15), 50 parts by weight of solid pol yoxyethyl ene nonostearate
(trade nanme: Nonion S-40) and 15 parts by wei ght of decagl ycerine

monol aur agey(thadennase: SY G yster M.750, supplied by SAKAMOT YAKUHI N
KOGYO, Co. LTI» were kneaded with _a kneader in a 25 nitrogen atnosphere at

a tenper kPPABIof THECeadice T hdnakwsre Lvbrigas twshaslt fisdedaiing &n
extruderyto.f.or éﬁ%%i@%%'@%fg?g&hiﬁ Q? ?J Qagnfm , [004 éR.q sheet was

pl aced on one surtac a har m num having a thic 5f 100 . m
and brought Tahte Enthpuate th20 recntldct Umaﬂedﬂmahard alunlnun1f0|l with a

heat roI orn1 bricant sheet for makin The l.ubricant sheet
oot o i RbTal e e Ao s T e fe PREEe BRasrons 10 07 oec
2005 easylﬁ@ebﬁaﬂl anEQQ‘l@bu}-h@E?@ﬁ:Tﬁ?r rht benabave fl Wbbearlr shaat afsor nmaki ng
a hole was neasured for warpage in the same manner as in Exanple 1. Table

2 shows #helPbsinrgs ﬁﬁ&ﬁéof705H%0@@9thﬁﬁﬁuﬂf QAﬂPRP%Esf%bbx@ss@& Iayered
Pg?;?ial g%gﬁgﬁlb%?¥?%.%ﬁﬁggéﬁ a COE%%$§§? ? ggfghg?g@f;r%91 Iayer 18n)
havi ng astackkdesThef ltb6inanéashewtr €écrshakked. aThe lkeubriscditspsiseet f or
mikilr'bg aorrz]%lhee \é%% Qﬁ??gég of the stacked boards. A backup board (paper

phenol laminate) was disposed on the lower surface of the

stacked boards. Then, holes were made with a drill under

conditions of adrill bit: 0.35mm ¢, the number of revolutions:

80,000 rpm, and a feeding rate: 1.6 m/min. The holes were

15 evaluated. Table 2 shows the results.

[0050] Example 5
70 parts by weight of a polyethylene glycol-dimethyl
terephthalate polycondensate {trade name: PAOGEN PP-15), 30
20 parts by weight of polyethylene glycol having a number average
molecular weight 8,000, 5 parts by weight of polyoxyethylene
sorbitan monolaurate (trade name: Nonion LT-221, supplied by
NOF Corporation) were used. The same procedures as those of
Example 4 were carried out to obtain a lubricant sheet for
25 making a hole. The lubricant sheet was measured for warpage
and evaluated for holes in the same manner as in Example 4.

Table 2 shows the results.

[0051] Example 6
30 20 parts by weight of a polyethylene glycol-dimethyl
terephthalate polycondensate {(trade name: PAOGEN PP-15}, 10

parts by weight of polyethylene oxide having a number average
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A backup board (paper phenol
st acked boards. Then,

10 on the top surface of the stacked boards.
| am nate) was di sposed on the | ower surface of the
hol es were nade with a drill under conditions of a drill bit: 0.(% DBC-,2005
t he nunber of revolutions: 80,000 rpm and a feeding rate: 1.6 mimn. The

hol es were 15 evaluated. Table 2 shows the results. [0050] Exanple 5 70

parts by weight of a polyethylene glycol dinethyl terephthalate

pol ycondensate (trade name: PAOGEN PP-15), 30 20 parts by weight of

pol yet hyl ene gl ycol having a nunber average nol ecul ar weight 8,000, 5 parts
by “E'gh&oP@c@Péygﬁ%ﬁ&CFb?n@O §06bj {3 udmPRMlAUL BRkEx (4 L PEE) NayRpNeRI on

LT-221, supplied rporatron) were used. The sane procedures as

t hose obeExeh@hl*e qué@éldaporlefdxaeﬂ:hwée@l@t sinery Yansy itdamk dwelemdpr 25
maki ng a I t..Ssh asured.f al uat ed
For hol obtFae el RPLSA ook RRR TP €4 R SOMBREeL AL RE L1 T ™50
[0051] Emams)leuﬁae@ ardcde hynwel @htelqistaammwenhyémplgéaw sagipmetrhy|

tere ol ycondensate (trade na PAOCCEN PP- 15) ts by weight
of p Iye ‘lh@‘bgﬂg & h3vr tf %@o@ﬁeg&%éaﬁ? B’?O%@:‘lﬁéé?%LBéﬁl ar
vei ght  of h 40200

(dt %@ecﬁéﬁed%ﬁgx 5 1xa il G RIS c O Wele@H e sol i d
polyoxyetgglene proE%Iene bl ock polyner (trade nanme: Pronon 208) and 10
parts byn :wg%taohio ca@hlgcblﬁbnecaﬁﬁneheatawes(mﬁaaérﬁdnéorswa@wteer M_500,
suppl i ed, b §é$ﬁ e_us T
procedures as oseeé @ﬁik%b%§C§K5%§gﬁg??%e@28§§E 5 ?ﬂtgfﬁﬁ' Iubrrcant
sheet forabhak? nghawhoktke Theuﬂmbrrcant sheet was neasured for warpage
evah%gted for holes in the sane manner as in Exanple 4.

and

[0052] Table 2
Warpage Evaluation Results of hole (after 4,000
of hits)
lubricant |Haloing Smear Location accuracy
sheet of hole

Example 4 15 mm 130 um 9.5 (9.1) 40 pum

Example 5 22 159 9.6 (9.1) 40

Example 6 19 140 9.5 (B8.9) 30

[0053] Exahple 7

15 40 parts by weight of a polyethylene glycol-dimethyl

terephthalate polycondensate (trade name:; PAOGEN PP-15), 60

parts by weight of polyoxyethylene monostearate (trade name:
Nonion 5-40) and 10 parts by weight of fine particles of

benzoguanamine-melamine-formaldehyde condensate (trade name:
3 pm,

were knheaded with a kneader in a

20 Epostar M30, average particle diameter: supplied by

Nippon Shokubai Co., Ltd)
nitrogen atmosphere at a temperature of 150°C, and the kneaded
mixture was extruded with an extruder tc form a sheet having
a thickness of 0.2 mm.

25 [0054] The sheet was placed on one surface of a hard aluminum
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Table 2 shows the results. 10 [0052] Table 2 \Warpage Eval uati on Results of
hole (after 4,000 ofhits) lubricant Hal oi ngSnear Locati on accuracy sheet of

hol e Exanpl e 415 nml30 nB.5 (9.1)40 m Exanpl e 5221509.6 (9. 1)40 BHMEE 2005
6191409.5 (8.9)30 [0053] Exanple 7 15 40 parts by weight of a polyethyl ene

gl ycol dinmethyl terephthal ate pol ycondensate (trade nanme: PAOGEN PP-15), 60
parts by wei ght of pol yoxyethyl ene nonostearate (trade nanme: Nonion S-40)
and 10 parts by weight of fine particles of
benzoguanam ne- nel am ne- f or mal dehyde condensate (trade name: 20 Epostar MO,

aver age pail ilcd€inly aetielckBe 8 SHPPO O i bynd Nb ppegnBhokubai n€omatkt d) were
kneaded with a kneader in a nitrogen atnosphere at a tenperature of 150C,

and t he KMERfed Wik X thhe BAd edmideit wiain aH Exer bget €6 oM 405Reet

having & itin.ckngss Hfedd ZdPMnAa L RA4b1ENe rpReel,pas plhacgdgnrgpe surface
of a hard alum num 19 07 DEC 2005 foil having a thickness of 100 m and

br ought Wafong m irmte hadmacttwkinese faddtheubithohchokl sheeh gaBeat rol |
to ferm i heet for making a hole. The |ubricant sheet for
naki%g a 6}39% dgﬁ%létickiness and the lubricant sheet was 5 easy to
handl e. [0055] Thereafter, the above lubricant sheet for making a

hole was measured for warpage in the same manner as in Exanmple
1. Table 3 shows the results thereof.
[005€] Further, two glass epoxy six-layered bocards
10 {internal layer: four layers, thickness of a copper foill as
an internal layer: 70um, thickness of a copper foil as an
external layer: 18um) having a thickness of 1.6 mm each were
stacked. The lubricant sheet for making a hole was disposed
on the top surface of the stacked boards. A backup board (paper
15 phenol laminate} was disposed on the lower surface of the
stacked boards. Then, holes were made with a drill under
conditions of adrill bit: 0.35 mm ¢, the number of revolutions:
80,000 rpm, and a feeding rate: 1.6 m/min. The holes were
evaluated. Table 3 shows the results.
20
[0057] Exanmple 8
70 parts by weight of a polyethylene glycol -dimethyl
terephthalate polycondensate (trade name: PAOGEN PP-15), 30
parts by weight of polyethylene glycol having a number average
25 molecular weight 4,000, 20 parts by weight of fine particles
of pclymethyl methacrylate ester cross-linked substance
(trade name: Epostar MA1006, average particle diameter: 6 um,
supplied by Nippon Shokubal Co., Ltd) were used. The same
procedures as those in Example 1 were carried out Lo obtain
3¢ a lubricant sheet fcor making a hole. The lubricant sheet was
measured for warpage and evaluated for holes in the same manner

as in Example 7. Table 3 shows the results.
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[ 0055] Thereafter, the above |ubricant sheet for making a hole was neasured
for warpage in the same manner as in Exanple 1. Table 3 shows the results

t hereof. [0056] Further, two gl ass epoxy six-layered boards 10 (i0it cDE& 2005
| ayer: four layers, thickness of a copper foil as an internal |ayer: 70m

t hi ckness of a copper foil as an external |ayer: 18n) having a thickness of
1.6 mmeach were stacked. The lubricant sheet for naking a hole was

di sposed on the top surface of the stacked boards. A backup board (paper 15
phenol |am nate) was di sposed on the |ower surface of the stacked boards.
Then, holes were made with a drill under conditions of a drill bit: 0.35 mm
4, the nunber of revolutions: 80,000 rpm and a feeding rate: 1.6 nm mn.
The hol ei00fFle eBabwpied® Table 3 shows the results. 20 [0057] Exanple 8 70

parts by weight o 0 th cold terepht hal at e

pol ycondensat e (t%gcﬁ; ta%g) %’ %éﬁl cﬁ}é’al%?iyg;éﬂﬁﬁpﬁsg 9\)@ ﬁh‘f‘EB}Pyl

pol yet hwﬁlﬁo@w&mt@@dl‘@cﬁﬂéﬂgﬁteav@f%@ Rem8vl psutan wekght, 42000, 20
parts by weight of fine gartl cles of polynethyl nethacrylate ester

crosS- | iRKEF Subyeaabé of thabee Havkeneppside ook 2 RBPEGe2 PAFRTE] e
di amet erg, 6 M558 %%H'g'h%do?y4¢\', PPN L NUL BB POa T xbE R- 16 €, YeLHar f_f be sane

procedures as those 1 vvere carried out 'to o tal 'n 307a [ubricant
sheet f dry mekigig: a>mqjcelyo'ﬁt‘geettm;blermarprcsﬂmeeenwa}slouharsuremetortmdpage and

eval uat ed for oI es [ the manne 3 shows the
resul {505t OF § (GoRBT BRAmg BYo 30 Bk pe byt RaPaREIGEes o
pol yet hydreaergnyec&onqjm@xltraeerm halalse spot ysondensat Hhradelpane:
PACEEN PP-15), 20 ) .

diaméter: 5 um, supplied by Nippon Shokubai Co., Ltd) were

used. The same procedures as those in Example 7 was carried

out, to obtain a lubricant sheet for making a hole. The

lubricant sheet was measured for warpage and evaluated for

holes in the same manner as in Example 7. Table 3 shows the

15 resuits.

[0059] Comparative Example 3
A lubricant sheet for making a hole was obtained in
the same manner as in Example 7 except that the fine particles
20 of benzoguanamine-melamine-formaldehyde condensate used in
Example 7 were not used. The lubricant sheet was measured for
warpage and evaluated for holes in the same manner as in Example

7. Table 3 shows the results.
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5 parts by weight of polyethyl ene oxide having a nunber average nol ecul ar

wei ght of 40, 000 (trade nane: ALKOX R-150),

60 parts
name: Pronon 208)7 &8C52005

pol yoxyet hyl ene propyl ene bl ock po].yner (trade
parts by weight of fine particles of
Epostar YS50, average particle 10 dianeter:

Co. ,
out,

Lt

d) were

nmeasured for warpage and eval uated for
Exanpl e [hodepl € 3 shows the

Iubrlcant sheet for

by wei ght of

an acrylic conpound (trade nane:
5 m supplied by N ppon Shokubai

maki ng a hol e.

The | ubri cant

used. The sanme procedures as those in Exanple 7 was carried
to obtain a lubricant sheet for

sheet was

holes in the sane manner as in
[0059] Conparative Exanple 3 A

1 diasuld s.

Exanpl e 7 except that the fine particles

maki ng a hole was obtained in

20 of

t he sane nanner

as in

benzogu
used. T
in the
2005 [ ¢
| ubri ca
(9.1) 30

anani ne- nel 4

sane nmanner
060] Tabl e

m Exanpl e

he | ubri cant

nt Hal oi ngSHE4PESERRT g

1%|ne f or e
#° was
as i n Exarn

P4 T e B AR,

mies)7. Table 3 shows the results
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ier e not
or hol es
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3 WAr page E
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$181209. 6 (

fval uati on
M2ae el ac
9.2)40 Ex

Resul't s of
yrftiget of ho
anpl e 9241509
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ole (after 4, 00
&OER AR

of hits)

BSAPGCHIILA0 nD. 5
o2 ©819) 30 Conpg

rati ve

20 mm 9.
18
24

40

Example 7 (9.1)
{9.2)
{9.0)

(8.9)

30 pm
40
30
40

140 pm
120

150
160

Example 8

Example 9

3
9.6
9.5
9.4

Comparative

Example 3

[0061] Example 10

50 parts by weight of a polyethylene glvcol-dimethyl
terephthalate polycondensate (trade name: PAOGEN PP-15) and
50 parts by weight of polyoxyethylene monostearate (trade name:
Nonion 5-40}) were kneaded with a kneader in a nitrogen

atmosphere at a temperature of 150°C, and the kneaded mixture
10 was extruded with an extruder to form a sheet having a thickness
of 0.2 mm.
[0062] The ‘sheet was placed on one surface of a hard aluminum
foil having a thickness of 100 um and a surface roughness of
10 uym and bonded to the hard aluminum foil with a heat roll
15 at a temperature of 90 °C to obtain a lubricant sheet for making
a hole. The lubricant sheet had no stickiness and the lubricant
sheet was easy to handle.
[0063] The above lubricant sheet for making a hole was cut
to a size of 340 mm x 510 mm. The resultant lubricant sheet
20 having a size of 340 mm x 510 mm was allowed to stand in an
atmosphere having a temperature of 20 °C and a humidity of 40 %
for 24 hours and then measured for sheet adhesicon strength and

warpage. Table 4 shows the results thereof.
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401609.4 (8.9)40 Exanple 3 [0061] Exanple 10 5 50 parts by weight of a

pol yet hyl ene glycol dinethyl terephthal ate pol ycondensate (trade nane:
PACGEN PP-15) and 50 parts by weight of polyoxyethylene nonost ef7atRECt 2@5
nane: Nonion S-40) were kneaded with a kneader in a nitrogen atnosphere at

a tenperature of 150C, and the kneaded m xture 10 was extruded with an
extruder to forma sheet having a thickness of 0.2 mm [0062] The sheet was
pl aced on one surface of a hard alum num foil having a thickness of 100 m
and a surface roughness of 10 m and bonded to the hard alum numfoil with a

heat rolijodeypt artefReLat v gfla%@ Gpto%yOl?stﬁd-'la?éMiE@é‘fd§he‘3t for making
a hole. The lubricant sheet had no stickiness and the |ubricant sheet was

easy toQﬁﬂﬁﬂﬁ?aq(ﬂﬁﬁﬁr17ﬁp%boM%Y¢m%r|%@h¢k%ﬁéét0fo@ aaRPAg &ohbl @swas cut

to a si f he t _lubri S t 0 _having a
si ze of 4%?%%%%%2&?:#% *%- t%f§ghégg kl% an §%§b§§ﬁére%%a€1ng a
terrperatamaemfalzaa@m:d mmmrmmyug)fa 40 i%krieers 24 hour smandchhearaeasur ed

for sheet, adhesi ngt h and Taple 4 shows the results thereof.
25 03 DEGHUGE | QO] LT T TIRE | LLE BEbRYS of xIP LG ered BUSPOSCa(1 nter nal
| ayer: fcﬁuthba!Y@gE %,urtfmdé(BQs’éh@fst%&@%pﬁbaﬁr@s' ﬁ%a@mp Rbertalphgyer: 70m

t hi ckness of a copper foil as an external |ayer: havi ng a thi ckness of

1.6 mm &3t Nerlam watrk ades TRESPabefcant tBRe Pwﬁér sm?aﬁ@ dhe was
di sposed;i QN 11§, 5003 SUrHREE, Oﬁowﬁeé ?skﬁQdBog&@% A Hackup, d (paper

phenol |'am nate) was di sposed on t ower surtace of the stacked boards.
Then, haotesiMeresadea ertllilabdt: |d.imdard, the number of revolutions:
10 80,000 rpm, and a feeding rate: 1.6 m/min. The holes were

evaluated. Table 4 shows the results.

[0065] Example 11
70 parts by weight of a polyethylene glycol dimethyl

15 terephthalate polycondensate (trade name: PAOGEN PP-15} and

30 parts by weight of polyethylene glycol having a number

average molecular weight 8, 000 were used. The same procedures

as those in Example 10 were carried out to obtain a sheet having

a thickness of 0.2 mm. The sheet was placed on one surface of
20 a hard aluminum foil having a thickness of 100 um and a surface

roughness of 8 um and bonded to the hard aluminum foil with

a heat roll at a temperature of 90°C, to obtain a lubricant

sheet for making a hole.

[0066] The lubricant sheet for making a hole was measured
25 for sheet adhesion strength and warpage and evaluated for holes

in the same manner as in Example 10. Table 4 shows the results.

[0067] Example 12
20 parts by weight of a polyethylene glycol-dimethyl
30 terephthalate polycondensate (trade name: PAOGEN PP-15}, 10
parts by weight of polyethylene oxide having a number average

molecular weight of 40,000 (trade name: ALKOX R-150) and 70
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conditions of a drill bit: 0.35 nm4 : 1.6 mimn. The holes were eval uated.
Table 4 shows the results. [0065] Exanple 11 70 parts by weight of a

pol yet hyl ene glycol -dinmethyl 15 terephthal ate pol ycondensate (tQAdPEGNR005
PAOCGEN PP-15) and 30 parts by wei ght of polyethylene glycol having a nunber
average nol ecul ar wei ght 8, 000 were used. The sane procedures as those in
Exanple 10 were carried out to obtain a sheet having a thickness of 0.2 mm
The sheet was placed on one surface of 20 a hard alum num foil having a

t hi ckness of 100 mand a surface roughness of 8 mand bonded to the hard
alumnumfoil with ~a heat roll at a tenperature _of 90C, to obtain a

| ubri carRarishedY Yok IakehgPalHeK¥ethydesr PHOPVIGHIC AHOFhRAL WRT naki ng a

hol e, vas FRASMERHe 26406 Bt wadbesian ohe Shaidio POC-UAERSOR, Bdseval ual ed

for hol es in the sane manner as in shows the results.
[ 0067] Bxamplaaplz 20 pas tcathyl ewiagt, dib abpallyea Rydkeniec agi ty edile e tdif ot hyl 30

t erepht hal at e poI ond sat.e (trad PP-15)., 10 r by wei ght
of pol yentlaha]l The (%y h nélbrlclfrﬂ) ae\?ergélgfﬁols&}ﬁ?(épe\ﬁgi ﬁﬁ? %3840, 000
(trade nnmldm@kﬂfééﬁ&);aandagg) 23 aznaﬁa 2005 parts by wei ght of

pol yoxye | ene propyl ene bl ock (trade nanme: Pronon 208) were used.
The sane %‘f{%%bdurggeaéu?ﬁbgént. ﬁhﬁﬁéﬁﬁ% MER ShRE &Y 886Gt 29RBSoBRai n a

| ubri candt sheetn f-9fq wh® f)!a 8 shdehgruited BOFIEANE s Sheelc hagdhdRaghbgki ness
and the 5 lubricant sheef was easy to handle. [0068] The | ubricant sheet

was neasis ed frampbet LadhBshboa 4sshengt lthand esarlpsge and eval uated for
holes in the sane manner as in Exanple 10, Table 4 shows the results. 10
[ 0069] Conparative Exanple 4

10 [0069] Comparative Example 4
The sheet obtained in Example 10 was placed on one
surface of a hard aluminum foil having a thickness of 100 pm
and a surface roughness of 2 um and bonded to the hard aluminum
foil with a heat roll at a temperature of 90°C, to obtain a
15 lubricant sheet for making a hole.
[0070] The lubricant sheet for making a hole was measured
for sheet adhesion strength and warpage and evaluated for holes

in the same manner as in Example 10, Table 4 shows the results.

20 [0Q71] Comparative Example 5
The sheet obtained in Example 10 was placed on one
surface of a hard aluminum foil having a thickness of 100 um
and a surface roughness of 2 uym and bonded to the hard aluminum
foil with a heat roll at a temperature of 110°C, to obtain a
25 lubricant sheet for making a hole.
[0072] The lubricant sheet for making a hole was measured
for sheet adhesion strength and warpage and evaluated for holes

in the same manner as in Example 10. Table 4 shows the results.
30 [0073] Comparative Example 6

Holes were made under the same conditions for making

a hole with a drill as those in Example 10 except that the
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The sheet obtained in Exanple 10 was placed on one surface of a hard
alum num foil having a thickness of 100 m and a surface roughness of 2 m
and bonded to the hard aluminum foil with a heat roll at a tenpdtatDEE 3005
90C, to obtain a 15 lubricant sheet for making a hole. [0070] The | ubricant
sheet for making a hole was measured for sheet adhesion strength and

war page and eval uated for holes in the sane nmanner as in Exanple 10. Table

4 shows the results. 20 [0071] Conparative Exanple 5 The sheet obtained in
Exanpl e 10 was placed on one surface of a hard alum numfoil having a

t hi ckness of 100 m_ and a surface roughness of, 2(gn1and bonded to the hard

al umi nurd WP FaRF tHhee helR T MAKing & NdfpoPsime b M kgerRls dbt 4P a 25

| ubri cantesheedq fof  iBKig & N n P GeAll The i ¢anicrehest offof spaki ng a
hol e was neasured for sheet adhesion strength and war page and eval uated for
hol es i tanel saserfacreroaghnesBxafip? a0 .THrablod 4 whowsevhéupssdlts. 30

[ 0073] Cﬁﬂﬁf%a&igﬁ gga ge g nges were made under the sanme conditions for
maki ng a hofe wth“a drtl FE88 tHose in Exanpl e 10 except that the 24 07 DEC
200551 ubri cant sheet for nmaking a hol e obtained in Exanple 10 was repl aced
with a hard fluninun1foil havi ng_ a thi ckness of 150 mand a surface
roughnes 0%t4D m The hol es wer thted. Table 4 shows the results. 5

[ 0074] Tabl e 4 Sheet War pageEval uati on Results of hol e adhesion(m) (after

4,000 hits)y—strengthHatoingSneartocation
Sheet Warpage Evaluation Results of hole
adhesion | {(mm) {after 4,000 hits)
strength Haloing | Smear Location
(g/cm) () accuracy
of hcle
(L)
Fxample 10 350 12 150 9.5 (92.0) 30
Example 11 300 20 130 9.6 (9.1) 40
Example 12 350 18 140 9.4 (8,9) 30
Comparative 100 23 190 8.9 (7.5) 50
Example 4
Comparative 300 40 150 9.4 (8.9) 40
Example 5
Comparative 500 8.5 (4.0} 70
Example 6

[0075] Test Methods:

10 Acdhesion strength: A sheet portion having a width of
10 mmwas peeled off and a valuemeasured with a tensile strength
tester was shown (based on the measuring methcd for copper foil
peeling strength according to JIS C6481).

[0076] Warpage: A lubricant sheet was hung at right angles

15 from the center of one side of the lubricant sheet, a
straightedge was disposed on the one side of the lubricant sheet

in parallel, and a maximum gap between the straightedge and
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(g/cm (maccuracy of hole (nm) Exanple 10350191509.5 (9.0)30 Exanple
11300201309.6 (9.1)40 Exanple 12350181409.4 (8.9)30 Conparativel00231908.9
(7.5)50 Exanpl e 4 Conparative300401509.4 (8.9)40 Exanple 5 Conparative5008. 5
(4.0)70 Exanple 6 [0075] Test Methods: 10 Adhesion strength: A sKeetDEEr 14645
having a width of 10 mmwas peeled off and a value neasured wth a tensile
strength tester was shown (based on the neasuring nmethod for copper foi
peeling strength according to JI'S C6481). (0076] Warpage: A |ubricant sheet
was hung at right angles 15 fromthe center of one side of the |ubricant
sheet, a straightedge was di sposed on the one side of the |ubricant sheet

i n parald ehbrandna smdtmnr japebeinweenstihedst1iah ghiedge lamea25s 071 ®OEC 2005 a
| ubricant sheet. surface was nmeasured with a nmetal |inear scale to obtain a
val Ue 10 SHredting WeiPatet TH079TS ERANEREPTESS 50 parts by weight of a
pol yet hyl ene gl ycol dinmethyl terephthal ate pol ycondensate (trade nane:
PACGEN PP—lg) and 50 Earts by wei ght of pol yoxyet hyl ene nonostearate (trade
name: NS0 5- 4Bf¥ameie kAeaded with a kneader in a nitrogen at nosphere at

STt o 09SOy s eed I8 e e PR YA o

terephthalate polycondensate (trade name: PACGEN PP-15}) and
S50 parts by weight of polyoxyethylene monostearate (trade name:
Nonion $-40) were kneaded with a kneader in a nitrogen
atmosphere at a temperature of 150°C, and the kneaded mixture

10 was extruded with an extruder to form a water-sciuble polymer
sheet having a thickness of 0.1 mm. The water-scluble polymer
sheet was placed on one surface of an aluminum foil (material:
1070, aluminum purity: 99.7%) having a thickness of 100 pm and
bonded to the aluminum foil with a heat roll to form a lubricant

15 sheet for making a hole.
[0078] Three glass epoxy boards having a thickness of 0.1
mm each were stacked. The lubricant sheet fcor making a hole
was disposed on the top surface of the stacked boards. A backup
board (paper phenol laminate) was disposed on the lower surface

20 of the stacked boards. Then, holes were made with a drill under
conditions of a drill bit: 0.1 mm ¢, the number of revolutions:
150,000 rpm, and a feeding rate: 2.5 u/rev. The holes were

evaluated. Table 5 shows the results.

25 [0079] Example 14
70 parts by weight of a polyethylene glyceol-dimethyl
terephthalate polycondensate (trade name: PACGEN PP-15}) and
30 parts by weight of polyethylene glycol having a number
average molecular weight 8,000 were used. The same procedures
30 as those in Example 13 were carried out to obtain a water-
soluble polymer sheet having a thickness of 0.1 mm. The

water-soluble polymer sheet was placed on one surface of an
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sheet having a thickness of 0.1 nm The water-soluble polyner sheet was

pl aced on one surface of an alumnumfoil (material: 1070, alum num purity:
99. 7% having a thickness of 100 mand bonded to the al umi num f &7 DECh2005
heat roll to forma lubricant 15 sheet for naking a hole. [0078] Three

gl ass epoxy boards having a thickness of 0.1 mmeach were stacked. The

| ubricant sheet for making a hole was disposed on the top surface of the
stacked boards. A backup board (paper phenol |am nate) was di sposed on the

| ower surface 20 of the stacked boards. Then, holes were made with a drill

under cONAAid @N$o0h Angrdtlabitigsd. aiuﬂﬂhumﬁtbﬁlwn@@r 802 )r X QL HYI ons:
150,000 rpm and a feeding rate: 2.5 p/rev. The holes were evaluated. Table

5 shows & HO &g ass széfC{CD(WQPDB(b?@ﬁld@dﬂlo?@hﬁamlgmbgw%ifghtl pith a

pol yet h hy!| h t tra ane:
PAOGEN W)gﬂf%%o (STFIE X %“]5‘?5.85 rtC g\bg%gl E E‘lggggsi%yglol a\(]/lLﬁin(:‘g ‘a nunber
aver age Ingbeioad ralr a/kaaeghwa& efaQuatke ﬁsedho]]’ée mnﬁqarsmmjmaﬁﬁemaas t hose
in anple 13 were carrjed ou to obtajn a wa er- sol ubl e pol yner sheet
havFﬁg aht W?Fé];% - 0730 hn Tﬁ]éowﬁ/agb? 56FUBILE - pol yner sheet was placed on
one surface of an 26 07 DEC 2005 alum numfoil (material: 1085, alum num
purity: 99.85% having a thickness of 100 m and bonded to the al um num foil
with a HRC%ol | Exgmpdemlé | ubricant sheet for naking a hole. The

13, Table 5 Shove J(HE Feaat 8= PB6RD] ERAREre 15008 FEPt 2. by BTaHE of A
pol yet hyt eneplyt lyzbd teli peet hydbndersapht hiakatle panycondeasHt EP(—EBaQel pame:
PACEN 7480 my Qe 159cPEE! S0 PYe M) 8L . POL YELWL £ 0} ¢ Dauing,a number
melecular weight of 40,000 (trade name: ALKOX R-150) and 70
parts by weight of polyoxyethylene propylene block polymer
(trade name: Pronon 208) were used. The same procedures as those
in Example 13 was carried out, to obtain a lubricant sheet for

15 making a hole. The lubricant sheet was evaluated for holes in

the same manher as in Example 13. Table 5 shows the results.

[0081] Comparative Example 7
The water-soluble polymer sheet ocbtained in Example
20 13 was placed on one surface of an aluminum foil (material:
IN30, aluminum purity: 99.3%) having a thickness of 100 um and
bonded to the aluminum foil with a heat roll to forma lubricant
sheet for making a hole. The lubricant sheet was evaluated for
holes in the same manner as in Example 13. Table > shows the

25 results.

[0082] Comparative Example 8
Attempts were made to make holes under the same
cenditions for making a hole with a drill as those in Example
30 13 except that the lubricant sheet for making a hole was
replaced with an aluminum foil (material: IN30) having a

thickness of 150 pum. During the processing, the drill bit was
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nmol ecul ar wei ght of 40,000 (trade name: ALKOX R-150) and 70 parts by wei ght
of pol yoxyet hyl ene propyl ene bl ock polynmer (trade nane: Pronon 208) were
used. The sane procedures as those in Exanple 13 was carried out,_ to &bt%h?
a lubricant sheet for 15 naking a hole. The lubricant sheet was A REFed 005
for holes in the sanme manner as in Exanple 13. Table 5 shows the results.

[ 0081] Conparative Exanple 7 The water-sol ubl e polyner sheet obtained in
Exanple 20 13 was placed on one surface of an alum numfoil (material:

I N30, al um num purity: 99.3% having a thickness of 100 mand bonded to the
alumnumfoil with a heat roll to forma lubricant sheet for nmaking a hole.
The | ubnjrGadndn sheetmpas @yabuatiad dOherBa £8r i dq b S@AEn MaMREYr AB11 N
Exanpl e 13. Table 5 shows the 25 results. [0082] Conparative Exanple 8

At t enpt P et sneidal it ek 2 FF @ - under the same  conditions for nmaking a
hole with a drill as those in Exanple 30 13 except that the |ubricant sheet
for making a hole was replaced wiwth an alumnumfoil (material: 1N30) having
a thickite3lof 150 m During tRAebprodessing, the drill bit was 27 07 DEC

2005.5 broken. Attenpts to make holes were carried out again. The drill bit
was ‘gi rpi_La,LI_);b_Lgk_en,_[;_Qgggi_Rg_ug_h_n_e&Q of hole wall lLocation accur acy of
hole (M (m AverageryajmedbxiJrum.Aera0e MaxiJRion accuracy of hole
(Mm) {pua)
Average value | Maximum Average Maximum
value value value
Example 13 2 5 9 21
Example 14 2 5 6 16
Example 15 2 4 8 19
Cemparative 3 8 11 47
Example 7
Comparative - - - -
Example 8
[0084] (Test Methods)

Roughness of hole wall: A sample was treated by
plating, a cross section was observed through a microscope,
10 the roughnessAof'a hole wall was measured to obtailn an average
value and a maximum value (after 2,000 hits, 20 holes).
[0085] Location accuracy of hole: Three sample boards were
stacked. 2,000 hits were performed. Concerning 500 holes
therefrom, misregistration between a reference value of a hole
15 location and the location of a hole in the lower board of the
stacked boards after the hole was made was measured with a
cocordinate measuring machine to obtain an average value and

a maximum value.
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val ueval ueval ue Exanpl e 1325921 Exanpl e 1425616 Exanple 1524819 Conparative
381147 Exanple 7 Conparative ---- Exanple 8 Table 5 [00841 (Test Methods)
Roughness of hole wall: A sanple was treated by plating, a cross section
was observed through a mcroscope, 10 the roughness of a FﬂEt 4 was
nmeasured to obtain an average value and a maxi num value (after 2,000 hits,
20 holes). [0085] Location accuracy of hole: Three sanple boards were

st acked. ﬁ,OOO hits were perfornmed. Concerning 500 holes therefrom

m sregi sPPaFi 6ff BLEWBER 4Sfeference value of a hole 15 location and the

locationjof a hole Anithe;bawer fipand ebrt hakitiackedeardseaf kg the hol e

was nmade was neasured with a coordinate neasuring machine to obtain an
aver age vilneedngirguitxibeamdvalceaprigingDE zogmnikatsubstamaehyer 1. A

| ubri can eet _for . i hal e used faor a printed circuit board
conpri si %\18%2!%80?9%%%%&?8%% %gcg 'ﬁgyzcr% 3Hgvimrr\ng aéldt %Ocﬁ(mneedsso%fa dl?]dgt‘froe 3.0 mm
and fornmefdoh metihXt Bogl BAtiagnmat ahitRhksBavwEng.ast Bocknesamof 0.05 to 0.5
nm said organi c substance | ayer being forned on one surface of said netal

foil, and

said organic substance layer being formed on one surface of

gsaid metal fecil, and

said mixture being a mixture containing 20 to S0 parts by
weight of said polyether ester (I), 10 to 80 parts by weight
of said solid water-soluble lubricant (II), the total amount
of the polyether ester (I} and the solid water-soluble
lubricant (II) being 100 parts by weight, and 2 to 20 parts
by weight of a liquid water-soluble lubricant (IV).

2. A lubricant sheet for making a hole used for a printed
circuit board, comprising an organic substance layer having
a thickness of 0.02 to 3.0 mm and formed of a mixture and a

metal foil having a thickness of 0.05 to 0.5 mm,

said organic substance layer being formed on one surface of

gsaid metal foil, and

said mixture being a mixture containing 20 to %0 parts by
weight of said polyether ester (I}, 10 to 80 parts by weight
of a so0lid water-soluble lubricant (II), the total amount of
the polyether ester (I) and the solid water-soluble
lubricant (II) being 100 parts by weight, and 2 to 10 parts
by weight of polyethylene glycol (III) having a number

average molecular weight of 200 to 600.
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said m xture being a m xture containing 20 to 90 parts by weight of said
pol yether ester (1), 10 to 80 parts by weight of said solid water-soluble

| ubricant (I1), the total amount of the polyether ester (1) and the solid
wat er-soluble lubricant (11) being 100 parts by wei ght, a@gﬁgmszo parts
by weight of a liquid water-soluble lubricant (IV). 2. A lubricant sheet for
maki ng a hole used for a printed circuit board conprising an organic

substanc Iay r Vi n t hi ckness of to 3.0 .M and forped of a
rixture dnd 2% nhOSFLPRRf IRAA ACCRFORATes D! BB b B RIS of gani ¢
substancehbawﬁ hed 1@ fpiRRE Her oasts¥! face ebnesaing NBt glofwridhy @k said

m xture being a mxture containing 20 to 90 parts by weight of said

pol yet hePXédeehaving 1@ pemBerpavesrapg wsilgwulags weiaht dofawer -lsvisbl e
IubrlcanﬁO(Pbb, the total amount of the polyether ester (1) and the solid
wat er - sol'ubl'e” "l ubricant (11) being 100 parts by weight, and 2 to 10 parts
by wei ght of polyethylene glycol (Il1) having a nunber average nol ecul ar
wei ght of 200 to 600. 29 7 DEC 2005 3. A lubricant sheet according to claim
1 or claim?2, wherein said polyether ester (I) contains a polyethylene

oxi de hayi ngqamm%ran%vegﬁaétn%l&w AndCLBN DL AL o 35herd0n00: A

| ubricant sheet according to claim3, rein sail pol yet ene oxi de
havi ng apnmmbehyéeeeaQSLm@I@mﬂxngME|ghmbenfaaErbgaqumkdﬁﬂhnswexgﬁuuned in

an anount fr to 200 parts hy weight based on 10 rts b
wei ght on ; 3‘ tyefﬁég&gsfgrCPPf%l§e3A1¥hﬁF?g%ﬂ?u§ e&ftale p %o Zlalm
1 or 2, whenre meRi garpsl Yot Raripst ehaddd BAS 1208 4HNE BOI Wel%'hta sof tening

point in
said polyether ester (I).

5. A lubricant sheet according to claim 1 or 2, wherein said
polyether ester (I) has a melting point or a softening point in

the range of from 30 to 200 °C.

6. A lubricant sheet according to claim 1 or 2, wherein said
solid water-soluble lubricant (II} is at least one lubricant
selected from the group consisting of polyethylene glycol having
a number average molecular weight of from 1, 000 to 9, 000, a monoether
of polyoxyethylene, an ester of polyoxyethylene,
polyoxyethelene sorbitan monostearate, polyglycerine

monostearate and a polyoxyethylene propylene block polymer.

7. A lubricant sheet according to claim 1 or 2, wherein said
golid water-soluble lubricant (II) has a melting point or a 15

softening peoint in the range of from 30 to 200 °C.

8. A lubricant sheet according to claim 1 or 2, wherein said
liquid water-soluble lubricant (III)is at least one lubricant
gelected from the group consisting of a liquid moncether of

polyoxyethylene, an ester of polyoxyethylene, a

sorbitan moncester of polyoxyethelene, ligquid polyglycerine

30



the range of from30 to 200 C. 6. A lubricant sheet according to claim1l or
2, wherein said solid water-soluble lubricant (I1l1) is at |east one

| ubricant selected fromthe group consisting of polyethylene gl ycﬁﬁr %889 ng
a nunber average nol ecul ar weight of from1, 000 to 9, 000, a nonoether . of
pol yoxyet hyl ene, an ester of pol yoxyethyl ene, polyoxyethel ene sorbitan
nonost earmdrdespelygl yaari re IMRGst egflyxged hggl @aeyoyyephyesse plregyl ene
bl ock polynmer. 7. A lubricant sheet according to claim1l1l or 2, wherein said
solid watRL¥@8ubl e |ubricant (11) has a nelting point or a 15 softening
point in the range of from30 to 200 C. 8. A lubricant sheet according to
claim1l or 2, wherein said I|iquid water-soluble lubricant (II1l)is at | east
one | ubri%zant A shblledicedtf sbeet hecgrmlimge dosicdiing lofora 4,i qehedreimneetider of

pol yoxyethyl ene, an ester .of _pol yoxyet hyl en sorbitan npnoetter of
ol Yoyot AERE, T aSpaRE coRPEe SR DR 3805 Thnodaleil Bha 59T qui d
polyoxyet@ygggguﬁhggylene bl ock polynmer. 9. A lubricant sheet according to

claiml1l or 2, wherein said liquid water-soluble lubricant (I1I1) is liquid
at room tenperature. 10. A nethod of naking a hole in a printed circuit

board, rigsi ILSp ing]g | ubrj gant. sheet_ f Ki h recited
inclaim &gnzgtﬂggggf gitopnﬁgé's%rgggg 01§agpr %@%ﬁﬁac+$%ﬁ$F %%%Fg’and
maki ng a dwiperivihd @& dpddihgl the diubrithnt esheeti [Foui halbnar ¢ hode t he t opnost
surface side. 11. A |lubricant sheet for making a hole used for a printed

circuit W58 donmsiledng £ Rferl9itmetl P HSkatBRId6e uBfe SpdniREedand

having a d{iekResRash G ikificd SMhAN! audfP 2 Loil BAvViddaR ghkekgess of
- éircuit board from the topmost surface side.

11, A lubricant sheet for making a hole used for a printed circuit
board, comprising a layer formed of a water-soluble polymer and
having a thickness of 0.02 to 3.0 mm and a metal
foil having a thickness of 0.05 to 0.5 mm,
said water-soluble polymer layer being formed on one surface
of zsaid metal foil, and
the lubricant sheet having at least one constituticn selected
from (a), (b) and (c),
(a) said water-soluble polymer layer is formed of a
mixture of the water-soluble polymer and an organic filler (V),
(b) the surface of said metal foil which surface is to
be bonded to said water-soluble polymer layer has a surface
roughness of from 5 to 15 um, and
{c) said metal foil is an aluminum foil having an

aluminum purity of at least 99.5 %.

12. A lubricant sheet according to claim 11, wherein said water
soluble pelymer layer is an organic substance layer

composed of 20 to 90 parts by weight of said polyether ester

(I} and 10 to 80 parts by weight of said solid water-soluble
lubricant (ITI).
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sai d wat er-sol uble polyner |ayer being formed on one surface of said netal
foil, and the |ubricant sheet having at | east one constitution selected
from(a), (b) and (c), (a) said water-soluble polyner |ayer isﬂho d@fg- a
m xture of the water-soluble polymer and an organic filler (V) PE? ‘?
surface of said netal foil which surface is to be bonded to said

wat er - sol ubl e polyner |ayer has a surface roughness of from5 to 15 jim
and (ci3saifl MBkabahOidheks @&&h&ﬂ% nanchgid Navingraih sahgmDyapurity of at
| east 99.5 % 12. A lubricant sheet according to claim1l, wherein said

wat er sebilisl popynsigayesybas s tWickpganiel fubst nee Yayle® dBhposed of 20 to
90 parts by weight of said polyether ester (I) and 10 to 80 parts by wei ght
of said solid water-soluble [lubricant (I1l1). 31 a ? DEC 2005 13. A | ubricant
sheet ag¢copdidigricane! sheat]l lacoolrainy ntcsaldidSinat weredal ubié eajayrer | ayer
has a thickness of from0.02 to 1.0 mm 14. A |ubrjcant sheet according to

cl ai m iblleghdVeii® adiec diyaRi @MU Perl (£9) 59 PHEEGeYin an anount of 1 to 50

parts : t .off i r t .sand said
sol i d %lt‘%?d g@%ﬂﬁ?@%%@c%ﬁt@{’?‘?l %31%085%%%*?%%?@%?? il @K)l‘riret hod of
maki ngsal dnbivetémselpbletlethrécamui (TIboty A00 parhs byi wgighitsposi ng t he

| ubricant sheet for nmaking a hole recited in claim10 on at |east a topnobst
surface of a printed circuit board and making a hole with a drill in said

printegds, chrgithdoasd haRMMENE HPNDSIn SHN iRGHtHd&1B%uit board,
comprising disposing the lubricant sheet for making a hole
recited in claim 10 on at least a topmost surface of a printed
circuit board and making a hole with a drill in said printed

circuit board from the topmost surface side.
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