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METHOD OF FABRICATING PRINTED WIRING BOARD
) BACKGROUND OF THE INVENTION
FIELD OF THE INVENTION
: The present invention relates to a method of fabricating a printed

wiring board, pafticularly to a method of fabricating a printed wiring
hoard. having a slot for a bonding wire for connecting with a
semiconductor chip at its central portion. |
DESCRIPTION OF THE RELATED ART

Explaining an examplé of 2 method of fabricating such a printed
wiring board, conventionally, a printed wiring board is fabricated by
using a so—to-spgak copper-clad glass epoxy resin substrate in which a
cc;pper coating is formed on a surface. of glass epoxy resin. Such a
coppgr-clad ghss epoxy resin subsﬁ:rafe used as a material fér a printed
wiring board, is provided by a method in which a copper foil previously
~coated with an adhesive agent on a bonding face thereof is pasted on a
so-to-speak . glass epoxy resin board produced by impregnating epoxy
resin to glass fabrics or a method in which glass epoxy resin prépreg and
a copper foil are subjected to thermal compression bonding. |

A copper foﬂ used as a copper coating layer formed on this kind of
a copper-clad glass epoxy resin substrate is a so-to-speak electrolytic
copper foil and generally, an electrolytic copper foil having a thickness of
about 9 pm to 85 pm constitutes is mainly used.

However, as a printed wiring board has been used widely in
apparatus for civil use such as television sets and cameras and various

kinds of industrial apparatus such as computers, high density wiring has
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been requested, as a result, thin wall formation of a copper coating layer
~ has been requested in order to accurately form fine circuits. Therefore,
acc(.n'din'g to tﬁe copper-clad glass epoxy resin substrate, in accordance_
with the thin wall formation of the copper coating layer, there has been
i)mgressed a development of forming a copper coating by electroless
plating. Further, as a method of fabricating a printed wiring board by
using such a copper-clad glass epoxy resin substrate, semi additive
process or subtractive procees has generally been used.

- The former semi additive process is a proées§ in which a conductor
_circuit is formed further on the copper coating Iayer on the copper-clé.d
glass epoxy resin substrate by plating and specifically, a metal coating
formed on the copper-clad glass epoxy resin substrate is made to
constitute a first metal layer and a plating resist layer is formed thereon
by a predetermined pattern. |

In this case, a thickness of the plating resist layer is made to be

equal or larger than a thickness of a circuit formed on the first metal
laye'r by a blating ptoceﬁs. .Successiyely, a plate coating (second metal
layer) is formed on the metal coating (first metal layer) exposed among
intermediate poﬁiohs of the pattern of the plating resist layer by an
-electric plating process. Thereafter, the plating resist layer is exfoliated,
a face of the metal coating (first metal layer) is exposed and the exposed
metal coating (first metal layer) is removed by etching with the
electrically-plated coating (second metal layer) as a mask to thereby form
the conductor circuit.

Further, the latter subtractive process is a process in which a
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conductor circuit is formed by dissolving to remove a copper coating layer
from the copper-clad glass epoxy resin substrate and specifically, an
etcl;ing resist layer is provided on the copper coating formed on the
copper-clad glass epoxy resin substrate and is formed in a pattern
indicating a region necessary for the circuit. Successively, a conducfor
circuit pattern is formed by dissolving to remove the exposed metal
coatiﬂg region and thereaff,gr, the resist layer is exfoliated to thereby
fabricate a printed wiring board. |

According to the printed wiring board provided by these processes,
in comparison with a conventional printed wiring board prepared by
using the copper-clad glass epoxy resiﬁ substrate fabricated by the
. cbpper foil as its material, wiriﬁgs ‘having a high density can be
constituted. | |

Further, the following processing is carried out thereafter on a
conductor circu_it portion of the printed wn'mg | board prepared as
describéd 'above.. |

That is, after roughening the conductor circuit portion in order to
promote adhesion thereof with a solder resist, provided later, the solder
resist is coated or lamiﬁatéd, a bump pad portion is exposed at a central
portion by exposing and developing the solder resist layer, .the resist
layer remaining at a surrounding portion is therma]l_y hardenéd and
thereafter, the bump pad portion is electricglly plated. .

Further, the printed wiring board formed as described above is
provided with a shape as shown in Fig. 5. The printed wiring board is

constructed by a constitution in which bump pads 14 for connecting to
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electrode pads 13 of a semiconductor chip 12 are aligned in arrays at
peripheral portions of a printed wiring board 11 and the electrode pads
13 af the semiconductor chip 12 are connected to the bump pads 14 by.
bonding Wires 15 as ilIusfrated in F1g 6. Further, there is constituted a
semiconductor package of PBGA molding the printed wiring board 11
and the semiconductor chips 12 connected as described above by a resin
16 or TBGA integrating tape substrate on which the wiring is provided
~ and the semiconductor chips 12 by a cover plate, as required.

However, according to the converntional brinted wiring board
arranged with the bump pads aligned in arrays at the peripheral
portions of the printed wiring substrate, there is constructed the
str'uéfure in which the electrode pads of the: semiconductor chip are
connected to the i)ump pads at the peripheral portions of the printed
wiring substrate by the bonding wires and accordingly, a wiring length of
- the bonding wires is obligea to prolong and accord.ingly, the conventional
pfinfed wiring board 6annot deal with a conductor circuit having a
higher density or high frequency which is requested in recent years so
far as such a structure is constructed. Hex;ce, in order to shorten the
wiring length, there has beeﬁ proposed a printed wiring board
constituted by perforating a slot at a central portion of a printed wiring
substrate by a router bit and in the meantime, arranging bump pads at
vicinities of the slot and passing bonding wires for connecting to
electrode pads of semicondnctor chips to the slot.

According to the printed wiring board of this style, the conductor

circuit is formed by the semi additive process or the subtractive process
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by using the copper-clad glass epoxy resin substrate, successively, a
surface treatment is carried out on the conductor circuit by electric
plat:,ing and thereafter, the slot is perforated at the central portion of the
substrate by the router bit. |
However, when the slot is perfo:ated by the router bit, cut burr is
~ produced at a pattern of a wiring portion provided at the central portioh '
for electric plating. When the bufr is large, the printed wiring board is
obliged to abandon as a failed product and when the burr is small, the
'bu'rr must be removed by vacuum suction or the like. Therefore, time
and labor are required in operation, the product yield is deteriorated and
the production .efficiency is lowefed. Further, when the burr is not
completelj removed assumedly, there is a drawback of posing a problem
of shortcircuit among wirings and further improvement has been desired.
SUMMARY OF THE INVENTION
Therefore, it is. an object of the invention to provide a method of
fabﬁcatiﬁg a pﬁnted wmng board which is a method of fabricating a
printed 'wiring board perforated with a slot at its central po_rt_ion by a
router bit and in which in perforating til_e slot, occurrence of cut burr is
prevented at a pattern of a wiring portion for electric plating, occurrence
of exfoliation of wiring is also prevented, the product yield is promoted
and the operational efficiency is improved.
In order to achieve the above—deseribed object, according to an
aspect of the invention, in a method of fabricating a printed wiring board
by forming a conductor circuit by patterning a metal coating formed on a

surface of an insulating substrate, successively subjecting the conductor
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circuit to a surface treatment by electric plating and thereafter
perforating a slot for bonding wires for connecting to a semiconductor
chip at a central portion of the substrate by a router bit, a pattern of a
.wiring portion for the electric plating at a Iocition for perforating the
.slot is formed to be inclined to constitute an acute angle relative to a face
orthogonal to a 'moviixg direction of the router bit, preferably, an acute
angle of 15° or more and a width of the wiring portion for the electric
plating is constituted to be 90 urﬁ or more, preferably, 120 pm or more.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a plane view of a prinfed wiring board fabricated by the
invention; | |

Fig. 2 is a view showing a situation of perforating a slot by a
router bit in one p.erforat.ing step' according to the invention;

Fig. 8 is a view showing ‘a situation of rgciprocating and
perforating a slot by a router bit according to thé invention;
| Fig. 4 is an outline sectional view of PBGA fabricated by using an
‘embodiment of a printed wiring board éccording to the invention;

Fig. b is a plane view of a conventional printed wiring board; and

Fig. 6 is an outline sectional view of PBGA fabricated by using the
printed wiring board according to a conventional technology.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

According to the invention, in addition to a general copper-clad
glass epoxy resin substrate, a copper-clad glass epoxy resin substrate
formeﬂ with a conductor circuit by using the above-described semi

additive process, subtractive process or full additive process can also be



used.

That is, in forming or prior to forming a metal coating by
elec;troless plating, there is used palladium, silver or an alloy including
these is used on a surface of the copper-clad glass epoxy resin as a
plating éataly'st.

| Further, when the conductor circuit is formed by using the semi
additive process or the subtractive process, after forming the metal
¢oai:ing on the surface of the glass epoxy.r.;esin by a plating process using
" the catalyst, a portion of the metal coating is removed by etching to
thereby fbrm the conductor circuit on the surface of the glass-epoxy resin.

Further, when the conductor circuit is formed By using the full
additive process, the metal coating is formed on the surface of the glass
epoxy _résin and adsorbed with the catalyst and exposed among
intermediary portions of the circuit after removing a plating resist layer. -.

Further, a comiuctor_ circuit portion formed én an insulating
s,ubstrafé in this way is roughened by, for example, cheinical polishing,
buffing or jet scrubbing (abrasive grain blowing) in order to promote
adhesion with solder resist, provided later. Successively, after coating a
solder resist over the enti;ré_ surface of the printed wiring board by
coating or laminating, the solder resist layer is removed by exposing and
developing to thereby expose a bump pad portion at a central portion of
- the substrate. Successively, after thermally hardening a solder resist
layer remaining at peripheral portions of the printed wiring board, Ni-
Au or Au plating is carried out on the exposed_ bump pad portion by

electric plating process.
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Although the printed wi_ring board shown in Fig. 1 can be
fabricated by perforatihg a slot at a central portion of the printed wiring
boai'd formed in this way by a router bit and arranging bump pads at
vicinities of the slot, in perforating the slot, a pattern of a wiring portion
provided at the central portioﬁ of the substrate for electric plating needs
to cut by the router bit and in this .case, a consideration must be given to
sufficiently preventing the occurrence of cut burr.

Hence, the inventors have carried out various research in order to
prevent the occurrence of cut burr in cui;ting the pattern of the wiring
portion fer electric ﬁlating by the router bit,.- As a result, the inventors
have completed the invention by finding out that not only the occurrence
of burr b}xt also exfoliation of wirings can be efficiently prevented by
constituting A constant angle in fespect of the pattern of the .wiring
portion and making a wiring- 'width equal to or larger than a
predetermined width.

That is, it has been found that occurrenee_ of burr is significantly
reduced when a pattern 7 of a wiring portion for electric plating formed
on a printed wiring boerd 1 is formed such that an angle y relative to a
fiice 8§ orthogonal to a moving direction o of a router bit 8 is previously
constituted to incline by an acute angle, preferably, an acute angle of 15°
or more, further preferably, .about 30° as shown in Fig. 2. In other
words, the reason of making the angle y of the pattern of the wiring
portion relative to the face 8 orthogonal to the moving direction a of the
router bit 8 15° or more, is that when the angle y is made to be less than

15° or an obtuse angle, an emount of burr produced by the router bit 8
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becomes significantly large. Further,_ although the larger the angle y
relative to the face B orthogonal to the moving direction o of the router
bit ‘8, the more preferable, there is a festriction on the width of the sheet
and therefore, the upper limit is at least about 60°.

Further, it has been found that according to the wiring pattern,
when the width of the wiring 'pdrti'on is less than 90 pm, not only
exfoliation of wmngs in fabrication but also burr caused by the
exfoliation of wirings is also occurred. That is, the exfoliation of wirings
in fabrication can be prevented in the case of the wiring portion for
: electric plating ha\iing a width of 90 pm of more, preferably, 120 pm or
more. | N |

Further, it is preferable to make the width of the wiring: portion
200 pym .m.: less in consideration of a request for higher density formation
although the width differs depending on dimensions of the substrate of
the wii'ing. | |

Generally, according to the perfofating operation by the router bit.
8, in accordance with the width or the length of a slot 9, there are a case
in which the perforating operation is carried out by cutting both side
faces of the slot in the moving direction a of the bit 8 while rotating the
'bit 8 in one direction as shown in Fig. 2 above, and a case in which one
side face 9-1 of the slot 9 is cut to perforate m the moving direction o of
~ the bit 8 while rotating the bit 8 in one direction, successively, at a stage
at which cutting of a predetermined length of the slot 9 has finished, the
moving direction o of the bit 8 is switched to a reverse direction and the

bit 8 is moved in a moving direction o’ and other side face 9-2 of the slot
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9 is cut to perforate to thereby form the desired slot 9 as shown in Fig. 3.
In either of the cases, it is important to cut the slot such that the angle y
relz;tive to the face 8 orthogonal to the moving direction a of the router
bit 8 becomes an acute angle. | _ .

Further, in the latter case, the width of the slot 9 can be widened
without using the router bit 8 having a different diameter by increasing
the number of times of reciprocal movéméﬁt by repeating the qp_eration
of switching the moving direction « &s required. - Further, kinds of the
i:oﬁter Bit 8 used, a ;otation_al number, inserting and discharging speed,
feed speed and the like of the rduter bit 8 are not particularly limited but
preferablé ones can be selected in accordance with the shape of the slot 9
to be perforated. | _

According to a printed wn'mg board perforated with the slot 9 at
its central portion in this way -a:nd arranged with bump pads 4 at
vicinities of the slot 9, the bump pads 4 and electrode pads 3 of a
semiconductor chip 2 are connected by bonding wires 5 as shown in Fig.
4. Further, there can also be constituted a semiconductor package of
PBGA produced by molding the printed wiring board 1 and the
- semiconductor chip 2 which are connected to each other By a resin 6 or
TBGA produced by integrating the printed wiring board 1 and the
semiconductor chip 2 by a cover plate as fequired. :

(Embodiments) _ |

Next, an explanation will be given of embodiments according to
the invention along with comparative examples. |

A dry film type photoresist “AQ2569” (commercial name) made by
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Asahi Chemical Industry is uniformly laminated by a thickness of 256 pm
on a surface of a copper-clad glass epoxy regin substrate having a
thickness of 200 pm provided with a copper foil of 18 pm. Thereafter, a
photomask patterﬁed such that boi:h of a circuit width and a circuit
interval are 40 }im is mounted on the photoresist layer, ultraviolet ray of
60 mJ/em? is irradiated thereon and sucéessivély, @e substrate is
developed, washed by water ari‘d._dl_'ied to thereby prepare a printed
ﬁﬁﬁng board formed with a conductor circuit.

- Next, after roughening the conductor circuit portion by bldﬁving.
abrasive grains haviné a particlé diameter of 100 pm, a solder resist
“PSR4000AUS” (commercial name) made by Taiyo Ink is coated thereon
by a thickneés of 30 pm, succe.ssively, the sélder’ resist is dissolved to be
removed by exposure and development to thereby expose a bump pad
portion at a o_entra."l portion' thereof, further, the golder resist remaining
at pe'riphéral portions is thermally hardened by a drymg furnaég.

Successively, there are éarried out electric plating operation and
perforating operation by a router bit in respect of a pattern of a wiring
portion for thé electric plating while varying a pattern width of the
wiring portion and the angle (7) relative to a face orthogonal to a moving
direction of the router bit as shown in Table 1. An occurrence state of
burr is shown in Table 1 and an occurrence state of exfoliation of wiring
is shown in Table 2.

Further, perforating conditions by the router bit are as follows.

(1) Router bit: bit made by Union Tool |

(2) Spindle Speed of bit: 38000 rpm (rofated in the clockwise
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direction)
(3) Z axsis advance:; 100 mm/min
(4) Feed speed of bit: 350 to 400 mm/min (bit is moved only in one
direction) |
(6) Width and length of slot: 1.0 mmW x 10.00 mmL

[Table 1]
Pattern width of - S
wiring portion Angle y ()

{im) -30 -15 0 +15 +30
70 X O O - O ©
90 X O O - O ©
1156 X X O © ©
130 X X X . © O

©: No occurrence of burr
Q: Almost no occurrence of burr .
X : Oceurrence of burr

As is apparent from Table 1, even when the paf;tern width of the
wiring portion is varied, in the case in which the angle (y) relative to the
face orthogonal to the moving direction of the router bit is inclined" to be
15° or miore, occurrence of burr can be pfévehted and particularly, burr

does not occur at an inclination of 80°.

[Table 2]
" iriag portion. Angle y €)
(pm) -30 -16 0 +15 +80
70 X X X X O
90 X X X O ©
115 © © © © ©
130 © © © © ©
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©: No exfoliation of wiring
O: Almost no exfoliation of wiring
X ;: Exfoliation of wiring

As is apparent from Table 2, when fhe pattern width of the wiring
portion is madé to be .90 pm or more, exfoli_ation ‘of wiring can be.
prevenfed and particularly, exfoliation of wiring does not occur in the
case of the pattern width of 12b jm or more. |

It is knqwn from the results shown in Table 1 and Table 2 that
conditioné of no o'ccurrenée of burr and. nb exfoliation of wiring are
constituted by f_orining the wiring pattern_ of the wiring portion for
electric plating to be inclined 1;0 _constifute an acute angle of 15° or more
relative to the face orthogonal to the ﬁoﬁng direction df the router bit
and making the width of the wiring. portion 90 'ﬁm or more.

| As has been described, there can be provided a method .of
fabricatihg a printed wiring board 'which is a method of fabricating a
printed wiring board by perforatiﬁg a slot by a router bit.and ig which in
cutting a pattern of a wiring portion for électric_ plating by the router bit,
occurrence of burr is prevented, occurrence of exfoliation of _w'iring is also
prevented, the product yield is piomoted and the operational efficiency is

- improved.
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1. A method of fabricating a printed wiring board comprising the

What is claimed is:

stel;s of:

forming a conductor cu'cmt by patterning a metal coating formed
on a surface of an insulating substrate; -

subjegting the conductor circuit to a surface treatment by electrit_:
plating; and |

perforating a slot for bonding -wir.es for connectil;ig to a
semiconductor chii_) at a cenﬁd portion of the substrate by a router bit;

whére’in a pattern of a wiring portion for the electric platiné at a
location for perforating thé_ slot is formed to be inclined to constitute an
acute angle relative to a face orthog-onal'to a mdvin'g direction of the
router bit. | ) |

2. The method of fabricating a printed wiring boa:& according to
Claim 1: | |

wherein the pattern of the wil;ing' portion for the electric plating is
formed to be inclined to constitute an acute angle of 15° or more relative
to the face orthogonal to thé moving direction of the router bit.

3. The niéthod of fabricating a printed wiring board according to
Claim 1 (;r 2: |

wherein a width of the wiring portion for the electric plating is

made to be 90 pm or more.



