
EP 0 470 757 B1 Description Field of the invention 5  The present invention
relates to a method of drilling a through-hole in a double-side or
multi-layer printed circuit board panel. More specifically, It relates to a
method of drilling a through-hole through a printed circuit board panel
with a water-soluble lubricant sheet on one surface or each of the surfaces
of the panel, which method permits inhibition of heat generation of a drill
bit and the making of high-quality through-holes with good productivity. 10
Prior Art U.S. Patent4,781,495 and U.S. Patent4,929,370 disclose methods of
drilling through-holes through a lam- inate formed by applying a metal foil
on one surface or each of two surfaces of an Insulating material, In which
15  a through-hole is drilled through the laminate while a water-soluble
lubricant is placed on one surface or each of the surfaces of the laminate.
These U.S. Patent disclose the use of a sheet prepared by Impregnating a
porous sheet of paper, etc., with a mixture containing a solid
water-soluble lubricant of a glycol such as diethy- lene glycol,
dipropylene glycol, etc., a fatty acid ester and a non-ionic surfactant.
However, these methods disclosed In the above U.S. Patents have the
following problems: The prevention 2o  of drilling-induced heat generation
is sometimes not satisfactory, there are cases where the impregnation of
the above mixture in a porous sheet Is poor, and the sheet itself sometimes
shows sticking nature. Sticky sheets are difficult to handle and decreases
workability, and a peeling sheet, If used, Increases a cost. Summary of the
Invention 25 It is an object of the present Invention to provide a method
of drilling a through-hole In a printed circuit board panel, which produces
an excellent effect on the prevention of heat generation of a drill bit
when the hole Is made, and which can give good-quality through-holes with
good productivity. It is another object of the present invention to provide
a method of drilling a through-hole in a printed circuit 30  board panel,
which can give good-quality through-holes with good productivity by means
of a water-soluble lubricant sheet having excellent effect on prevention of
heat generation and being tree from sticking nature. It Is further another
object of the present invention to provide a method of drilling a
through-hole In a printed circuit board panel, which can give through-holes
almost free from causing a pink ring and a smear. According to the present
Invention, there Is provided a method of drilling a through-hole In a
printed circuit 35  board panel, which comprises placing a water-soluble
lubricant sheet on one surface or each of two surfaces of a printed circuit
board panel and drilling a through-hole through the resulting laminate, the
water-soluble lubricant sheet being composed of a mixture of 20 to 90 % by
weight of a polyethylene glycol having a weight average molecular weight of
not less than 10,000 with 10 to 80 % by weight of a water-soluble lubricant
and having a thickness of 0.05 to 3 mm. 40 Detailed Description of the
Invention The printed circuit board panel to which the present invention is
addressed refers to a variety of circuit- printing materials which are
formed by Integrating a metal foil and an electrically Insulating material
and used 45  as a material for a variety of printed circuit boards.
Specific examples of the printed circuit board panel are a metal foil-clad
laminated board, a multi-layer laminated board having inner layer(s) of a
printed wiring network, a metal foil-clad, multi-layer laminated board
having inner layerzs) of a printed wiring network, a metal foll-clad
plastic film, and the like. The polyethylene glycol having a weight average
molecular weight of not less than 10,000, used in the 50  present
invention, is generally obtained by polymerization of ethylene oxide, and
has the formula of HO(C2H40),H. A polyethylene glycol having a weight
average molecular weight of less than 10,000 is In the 



form of a wax and fragile, and It is too easily crushed to form a sheet. In
the present Invention, the water-soluble lubricant is specifically selected
from polyethylene glycol having a weight average molecular weight of 500 to
9,000; polyoxyethylene monoethers having a weight average mo- 55  lecular
weight of 500 to 9,000 such as polyoxyethylene olely ether, polyoxyethylene
cetyl ether, polyoxyethy- lene stearyl ether, polyoxyethylene lauryl
etherpolyoxyethylene dodecyl ether, polyoxyethylene nonylphenyl ether,
polyoxyethylene octylphenyl ether, etc.; polyoxyethylene esters having a
weight average molecular weight of 500 to 9,000 such as polyoxyethylene
monolaurate, polyoxyethyiene monostearate, polyoxyethylene 2    EP 0470 757
B1 monooleate, polyoxyethylene beef tallow fatty acid ester, etc.;
polyoxyethylene sorbitan monoesters having a weight average molecular
weight of 500 to 9,000 such as polyoxyethylene sorbitan monostearate, etc.;
poly- glycerin monostearates having a weight average molecularwelght of 500
to 9,000 such as hexaglycerin mono- stearate, decaglycerin monostearate,
etc.; polyoxyethylene-propylene-block polymers having a weight aver- 5
age molecular weight of 500 to 9,000; and the like. Preferred are those
lubricants having .a melting point or softening point in the range between
[err],particularly between [err]. The water-soluble lubricant sheet is
produced from a mixture containing 20 to 90 % by weight of the above
polyethylene glycol having a weight average molecular weight of not less
than 10,000 and 80 to 10 % by weight of the above water-soluble lubricant.
When the amount of the water-soluble lubricant is larger than the above 10
upper limit, it is difficult to form a sheet. When it is smaller than the
above lower limit, the resultant sheet un- desirably shows insufficient
lubricity. The water-soluble lubricant sheet has a thickness of 0.05 to 3
mm, preferably 0.1 to 2 mm. When this thick- ness Is smaller than the above
range, the effect on prevention of heat generation of a drill bit Is
Insufficient. When it is largerthan the above range, it Is required to
increase the length of a drill bit. As a resultof an Increase 15  In the
length, the drill bit is undesirablylikely to cause an unnecessary
movement, which results in a poorquallty of a through-hole, and the drill
bit Is Increasingly likely to be broken. The method for producing the
water-soluble lubricant sheet is not specially limited. In general, the
above polyethylene glycol and the above water-soluble lubricant are mixed
to form a homogeneous mixture by means of a kneading apparatus such as a
roll, a kneader, etc., optionally under heat, and the homogeneous mixture
20  is extruded, press-formed or rolled to form a sheet having a thickness
of 0.05 to 3 mm. The so-obtained water- soluble lubricant sheets are
usually used for drilling in such a manner that one sheet of them Is placed
on one plastic or metal foil surface and optionally one sheet of them is
placed on the other surface. When one water- soluble lubricant sheet is
used, it Is preferred to place it toward the drill bit side. It Is more
preferred to place one water-soluble lubricant sheet on one surface and
another on another surface. 25      According to the present invention,
there Is provided a method of drilling a through-hole In a printed circuit
board panel, which method Is almost free from occurrence of a smear and a
pink ring. Further, In the method of the present invention, the
water-soluble lubricant sheet used In the present invention is easy to
handle due to freedom from sticking nature and through-holes having
excellent quality can be obtained. Furthermore, In the method of the
present Invention, a stress exerted on a metal foil portion is small and
the degree of occur- 30  rence of a pink ring can be therefore decreased.
The present Invention will be detailed below by reference to Examples, in
which "part stands for "part by weight unless otherwise specified. Examples
1 35 A polyethylene glycol having a weight average molecular weight of more
than 10,000 and a water-soluble 



lubricant, of which the amounts are shown in Table 1, were kneaded at a
temperature between [err], and the resultant mixture was extruded with an
extruder to form sheets having a thickness of 1 mm ("present sheet"
hereinafter). 40      A 1.6 mm thick epoxy-glass six-layered board (formed
of 4 inner layers, an Inner copper layer having a thickness of 70 um and an
outer copper layer having a thickness of 18 um) was drilled under the
following con- ditions. [Drilling conditions] 45 Drill bit
0.35 mm Revolution rate              80,000 rpm Feed rate
1.6 m/min. Number of boards to be drilled    2 50 [How to Arrange] (from
drill bit side) 100 pm thick aluminum foil/present sheet/six-layered
board/presentsheet/six-layered board/paper phe- nol laminate 55      Table
1 shows the presence or absence of sticking nature of the sheet and the
degree of occurrence of a smear, and Table 2 shows the degree 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    EP 0 470 757 B1 i.e. a degree of adherence of a
resin, by observing it with a microscope. The degree of occurrence of a
smear was rated as follows: 100 % exposure of copper = 10, 50 % exposure of
copper = 5, no exposure of copper = 0. Specifically, 4,000 through-holes
were drilled with a drill bit, and then 20 through-holes were drilled. The
walls of these 20 through-holes were measured to obtain an average. In the
column of "degree of smear oc- 5   currence after 4,000 hits" in Table 1,
the parenthesized data shows the smallest copper exposure area among the 20
through-holes. Pink ring: After drilled, the two six-layered boards were
immersed in a 4N HCI aqueous solution at [err] for 5 minutes, and a length
of corrosion with 4N HCI from the through-hole wall was measured on each of
the boards. Table 2 shows the largest length when the measurement was
carried out with 10 through-holes. 10     A smear and a pink ring prevent a
contact between a plated through-hole and an electrically conductive
layerformed on an insulating material, and the degree of occurrence of
these constitutes an important standard for evaluation of quality of
printed circuit board panels. Examples 2 - 7 15 Example 1 was repeated
except that the amount of the polyethylene glycol having a weight average
mo- lecular weight of more than 10,000 and the amount and type of the
water-soluble lubricant were changed as shown In Table 1. The results are
shown in Table 1 and 2. 20  Comparative Example 1 The drilling in Example 1
was repeated except that the present sheet was not used and that the
arrange- ment of six-layered boards, etc., was changed to 100 um thick
aluminum foil/six-layered board/six-layered board/paper phenol laminate.
Tables 1 and 2 show the results. 25 



Comparative Example 2 870 ml of Trihydroxystearin of polyethylene glycol
having a weight average molecular weight of 200 was heated to [err], and
250 ml of dipropylene glycol was mixed therewith. The resultant mixture was
heated to 30  [err] and 80 ml of a fatty acid ester (trade name: Paricin
13, supplied by Cas Gen) was mixed therewith. The resultant mixture was
roll-coated on a 0.15 mm thick paper sheet at [err] such that the amount of
the resultant coating was 60 % by weight, and the resultant sheet was
cooled to room temperature to give water- soluble lubricant sheets. The
drilling in Example 1 was repeated except that these water-soluble
lubricant sheets were used in place 35  of the present sheets. Tables 1 and
2 show the results. 40 45 50 55 4    EP 0 470 757 B1 Table I Polyethylene
glycol    Water-soluble  Sticking  Degree of 5
lubricant       nature    occurrence of Molecular      part     kind* part
smear after weight                                             4.000 [err]
Ex.1     4,000,000        40      LEGI   60          No       9.5 (9.8) 10
Ex.2     2,800,000        50      LEG2   50         No        9.4 (8.8)
Ex.3     1,800,000       50       LEG3   50         No        0.3 (8.7)
Ex.4     1,100,000       50       LEG4   50         No        9.3 (8.6) 15
Ex.5       700,000        50      LEG5   50         No        9.3 (8.5)
Ex.6        400,000       50      LEG6   50         No        9.5 (9.0)
Ex.7        100.000       70      LEG7   30         No        9.4 (8.8) 20
CEx.1            -         -                                  8.5 (4.0)
CEx.2            -         -        -      -         Yes      9.0 (7.5)
Note: Water-soluble lubricant (weight average molecular weight) 25
LEG1 = polyethylene glycol (1,000) LEG2 = polyoxyethylene lauryl ether
(1,100) LEG3 = polyoxyethylene monostearate (3,300) LEG4 = polyoxyethylene
sorbitan monostearate (1,300) LEG5 = hexaglycerin monostearate (530) 30
LEG6 = polyoxyethylene-propylene block polymer (8,800) LEG7 = polyethylene
glycol (4,000) 35 40 45 50 



55 5    EP 0 470 757 B1 Table 2 Pink ring after 4,000 hits 5 Six-layered
board             Six-layered  board [err]  foil side   On paper laminate
side Ex.1             200 um                           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                          100 Am 20       Ex.7           200  um
100 um CEx.1            500  um                          400  um CEx.2
300  um                          150 um 25 Examples 8 - 10 Example 3 was
repeated except that the thickness of the present sheet was changed to 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 after 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 50
Example 3 was repeated except for the following changes in the drilling
conditions and the arrangement of boards and sheets. Number of boards to be
drilled:    3 How to arrange (from drill bit side): 100 um thick aluminum
foil/present sheet/six-layered board/six-layered boardisix-layered
board/paper 55 phenol laminate Table 4 shows the results. 6  



EP 0 470 757 B1 Comparative Example 3 Example 11 was repeated without using
the present sheet. Table 4 shows the results. 5   Comparative Example 4
Example 11 was repeated except that the same water-soluble lubricant sheet
as that prepared in Compar- ative Example 2 was used in place of the
present sheet used in Example 11. Table 4 shows the results. 10 Table 4 15
Pink ring after, 4,000  h i ts Slx-layered  board              Degree of
occurrence on aluminum  foil  side   of smear after  4.000 hits 20    Ex.11
200  um                           9.5  (7.0) CEx.3              500  um
4.0  (0.5) CEx.4              400  um                            7.0  (2.5)
25 Claims 30  1. A method of drilling a through-hole in a printed circuit
board panel which comprises placing a water-soluble lubricant sheet on one
surface or each of two surfaces of a printed circuit board panel and
drilling a through-hole through the resulting laminate characterised in
that the water-soluble lubricant sheet is com- posed of a mixture of 20 to
90% by weight of a polyethylene glycol having a weight average molecular
weight of not less than 10,000 with 10 to 80% by weight of a water-soluble
lubricant and Is 0.05 to 3 mm 36      thick. 2. A method 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 I wherein the
water-soluble lubricant is an ester of a polyoxyethylene. 45 4. A method
according to claim 1, 2 or 3, wherein the water-soluble lubricant has a
melting point or softening point between [err]. 5. A method according to
any one of the preceding claims wherein the water-soluble lubricant sheet
is 0.1 to 2 mm thick. 50 Patentansprriche 1. Verfahren zum Bohren eines
durchgehenden Loches in eine Platte einer gedruckten Schaltung, umfas- 55
send das Aufbringen einer Folie aus einem wasserloslichen Gleltmittel auf
eine Seite oderjede Seiat der Platte f Or die gedruckte Schaltung, und
Bohren sines durchgehenden Loches durch das erhaltene Laml- nat, dadurch
gekennzeichnet, daM die Folie aus wasserlslichem Gleitmittel aus einem
Gemisch aus 20 7   



EP 0 470 757 B1                   [err] * C   L  M   S * Comparative
Example 3 Example 11 was repeated without using the present sheet. Table 4
shows the results. 5   Comparative Example 4 Example 11 was repeated except
that the same water-soluble lubricant sheet as that prepared in Compar-
ative Example 2 was used in place of the present sheet used In Example 11.
Table 4 shows the results. 10 Table 4 Pink ring after 4,000  hits
Six-layered  board              Degree of occurrence on  aluminum  foil
side   of smear after  4.000  hits 20    Ex.11               200  um
9.5  (7.0) CEx.3               500  um                           4.0  (0.5)
CEx.4               400  um                           7.0  (2.5) 25 Claims
3o  1. A method of drilling a through-hole In a printed circuit board panel
which comprises placing a water-soluble lubricant sheet on one surface or
each of two surfaces of a printed circuit board panel and drilling, a
through-hole through the resulting laminate characterised In that the
water-soluble lubricant sheet Is com- posed of a mixture of 20 to 90% by
weight of a polyethylene glycol having a weight average molecular weight of
not less than 10,000 with 10 to 80% by weight of a water-soluble lubricant
and Is 0.05 to 3 mm 35      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. A method
according to claim 1 2 or 3, wherein the water-soluble lubricant has a
melting point or softening point between [err]. 5. A method according to
any one of the preceding claims wherein the water-soluble lubricant sheet
is 0.1 to 2 mm thick. 50 PatentansprDche 1. Verfahren zum Bohren eines
durchgehenden Loches in eine Platte einer gedruckten Schaltung, umfas- send
das Aufbringen elner Fole aus elnem wasserloslichen Gleltmittel auf elne
Seite oderjede Seite der Platte f r die gedruckte Schaltung, und Bohren
eines durchgehenden Loches durch das erhaltene Laml- nat dadurch
gekennzeichnet, daS die Folle aus wasserl6sllchem Gleitmittbl aus elnem
Gemisch aus 20 7    



EP 0470757 B1                              c         L    J s* bls 90
Gew.-% sines Polyethylenglykols miteinem mittleren gewichtsmlgigen
Molekulargewichtvon nicht weniger als 10 000 mit 10 bis 80 Gew.-% eines
wasserlsichen Gleitmitteis besteht und 0,05 bls 3 mm dick lst. 2. Verfahren
nach Anspruch 1, wobel das wasserl6sliche Gleitmittel mindestens elnes let,
ausgewahit aus elnem Polyethylenglykol miteinem gewichtsmigigen mitleren
Molekulargewichtvon 600 bis 9000; einem Polyoxyethylen-monoether mit einem
gewichtsmlgigen mittleren Molekulargewicht von 600 bis 9000, el- nemr
Polyoxyethylensorbitan-monoester mit elnem gewichtsmlilgen mittleren
Molekulargewicht von 600 bis 9000, elnem Polyglycerin-monostearat mit elnem
gewichtsmallgen mittleren Molekulargewicht von io      600 bis 9000 und
elnem Polyoxyethyien/Propylen-Blockcopolymer mit elnem gewichtsmrfiligen
mittleren Molekulargewicht von 600 bis 9000. 3. Verfahren nach Anspruch 1,
wobel das wasser~sliche Gleitmittel sin Ester sines Polyoxyethylens bt. 4.
Verfahren nach Anspruch 1, 2 oder 3, wobei des wasserl8sliche Gleitmittel
elnen Schmelzpunkt oder Er- weichungspunkt zwischen 30 und 200C besitzt. 5.
Verfahren nach elnem der vorangehenden Anspruche, wobei die Folse aus dem
wasserloslichen Gleit- mittel 0,1 bis 2 mm dick ist. 20 Revendlcatlons 1.
ProcWd6 de pergage de trous debouchants dans une plaque A circuits lmprim6s
qui consists A placer une feulile de lubriflant hydrosoluble sur une face
ou sur chacune des deux surfaces d'une plaque A circuits 25      Imprlm6s
at A percer un trou d6bouchant dens le stratifil obtsnu, caracterise en ce
que la feuille de lu- brifiant hydrosoluble est composee d'un melange de 20
A 90 % d'un polyethylbneglycol ayant une masse moleculaire au molns egale A
10 000 et de 10 a 80 % en poids d'un lubriflant hydrosoluble, et a une
epais- seur de 0,05 A 3 mm. 30  2.  Procede conforme A la revendication 1,
dans lequel le lubriflant hydrosoluble est au moins un membre choisi parmi
un polyethylbneglyool ayant une masse moleculaire en polds comprise entre
600 et 9 000, un monoether de poly(oxyde d'ethylene) ayant une masse
moleculaire moyenne en poids comprise entre 600 et 9 000, un monoester de
sorbitanne polydthoxyle ayant une masse moldculalre moyenne en polds
comprise entre 600 et 9 000, un monostearate de polyglycerol ayant une
masse moleculalre moyenne en 36      polds comprise entre 600 et 9 000 et
un copolymere s6quence poly(oxyde d'dthylbne)-polypropyilne ayant une masse
moleculaire moyenne en polds comprise entre 600 et 9 000. 3.  Procedb
conforme A la revendicatlon I dans lequel le lubriflant hydrosoluble est un
ester de poly(oxyde dW'thyfte). 40 4. Procede conforme a la revendication
1, 2 ou 3 dans lequel le lubriflant hydrosoluble a un point de fusion ou un
point de ramollissement oompris entre 30 C et 200 "C. 5. Procedd conforms A
une quelconque des revendlcetions precedentes dans loquel la feulile de
lubrifiant hydrosoluble a une epalsseur comprise entre 0,1 et 2 mm. 50 65 8


