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DESCRIPTION

PRINTED CIRCUIT BOARD, A PRINTED CIRCUIT

ASSEMBLY AND ELECTRONIC APPARATUS

TECHNICAL FIELD

The present invention relates to printed
circuit boards having external connection terminals,
a printed circuit assembly in which electronic’
compohents are mounted upon such a printed circuit
board, and an electronic apparatus in which foregoing
package is connected to form a circuit such as a

protection circuit, or the like.

BACKGROUND ART

In recent years, significant advancements
have been made in reduction of size and weight in
electronic apparatuses. This trend of size reduction
and weight reduction is particularly remarkable in
portable abparatuses such as cellular phones. In
relation to this, there is a demand for size
reduction of printed circuit boards carrying various
electronic components such as semiconductor devices
and passive components.

In relation to the foregoing trend of

technolegy, there is a demand for a built-in charging
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control circuit used with portable devices for
controlling charging of secondary battery pack, such
that the charging control circuit is integrated into
the secondary battery pack. Thus, especially severe
demand of size reduction is imposed on such a
charging control circuit of secondary battery pack.

Meanwhile, electrical connection between
the electrode of a secondary battery and a charging
control ciréuit is achieved usually by using an
interconnection lead of a nickel plate in the case
the secondary battery is accommodated in the battery
pack, in view of the fact that a nickel plate is used
for the intercoﬁnection pattern taking out the
electric power from the electrode with the secondary
battery accommodated in a battery pack. By using such
a nickel plate for the interconnection pattern, it
becomes possible to connect the interconnection
pattern to the electrode simply and directly by way
of spot welding. Further, by using such a nickel
plate, it becomes possible to eliminate the need of
providing additional interconnection patterns for
electrical interconnection between the secondary
battery and the charging control circuit. Thereby,
the size of the charging control circuit can be-

reduced further.
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On the other hand, the use of such a nickel
plate for the interconnection between the secondary
battery and the charging control circuit imposes a
demand to such a battery pack in that the external
terminal of the printed circuit board carrying the
charging control circuit should allow spot welding of
nickel plate.

In order to meet for this demand, the
external interconnection terminal of the printed
circuit board used with such a secondary battery pack
has been formed by forming a land on the surface of a
base substrate of the printed.circuit board in the
form of a metal foil and by soldering a nickel plate
on such a land.

For example, there is an external
interconnection terminal as set forth in Patent
Reference 1 in which a nickel plate is soldered upon
a land formed on the surface of a printed circuit
board via solder resist patterns formed so as to
divide the land surface evenly. With such a
construction, the tensile force acting upon the
nickel plate with melting of solder is cancelled out
by the tensile forces caused in the respective
divided portions of the land. Thereby,iprecision of

alignment of the nickel plate on the printed circuit
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board is improved together with the mechanical
strength.
Further, there is proposed another
construction as set forth in Paten Reference 2, in
5 which a nickel plate having a U-shaped cutout or hole
is soldered upon the surface of a printed circuit
board. With such a construction, total length of
solder filet formed at the time of soldering is
increased, and mechanical strength of contact is
10 improved at the same time.
Further, Patent Reference 3 discloses a
construction of interconnection terminal formed on a
printed circuit board, in which a metal plate is
soldered upon a land formed on the printed circuit
15 board for external connection, wherein a solder
resist layer is formed between the land and the part
of the metal plate on which an external lead wire is
to be soldered. With such a construction, melting of
the solder provided between the metal plate and the
20 land is avoided at the time of soldering a lead wire
to the metal plate, and drifting of the metal plate
away from the land is prevented.
Thus, with this reference; the lead wire is
soldered on the foregoing part of the metal plate in

25 which the solder resist exists between the metal
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plate and the land. By soldering the lead wire to
such a part of the metal plate not soldered directly
to the land, it becomes possible to prevent the
melting of the solder layer connecting the metal
plate to the land. Thereby, the problem 6f
displacement of the metal plate with regard to the
land during the soldering work of the lead wire as a
result of melting of the solder between the is

successfully prevented.

REFERENCES

Patent Refefence 1 Japanese Laid-Open Patent
Application 2002-100412 official gazette

Patent Reference 2 Japanese Laid-Open Patent
Application 2002-111170 official gazette

Pétent Reference 3 Japanese Laid-Open Patent

Application 10-321981 official gazette

DISCLOSURE OF THE INVENTION

While the external interconnection
terminals of foregoing references of soldering a
metal plate upon a land have been devised for
increasing the mechanical strength of the external
interconnection terminal, such prior art merely

anticipate for soldering of a lead wire, or the like,
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upon such an external interconnection terminal, and
do not anticipate interconnection of a metal plate by
way of spot welding.

When a metal plate soldered upon such a
land has been pulled by force as in the case of spot
welding, there can appear one of the following two
states: the first being the state in which peeling
destruction occurs at the solder layer connecting the
metal plate to the land; and the second being the
state in which peeling destruction occurs at the land
such that the land is pulled apart from.the printed
circuit board while carrying the metal plate soldered
thereon.

The former siﬁuation occurs in the case
pores are formed between the metal plate and the land
at the time the metal plate is placed on the land and
the pores thus formed have remained even after the
solder paste provided between the land and the metal
plate has caused reflowing. In such a case, the
effective area of soldering becomes insufficient and
hence insufficient mechanical strength for the solder
layer. On the other hand, the latter situation occﬁrs
in the case the contact area between the land and the
printed circuit board is reduced as a result of size

reduction of the land.
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Thus, a first object of the present
invention is to provide a printed circuit board
having an increased mechanical strength for the
external interconnection terminal thereof
particularly for the part between the land and the
printed circuit board, such that the external
interconnection terminal can bear the stress at the
time of connecting another metal plate to the
external interconnection terminal by way of spot
welding, without causing peeling of the land from the
printed circuit board.

A second object of the present invention is
to provide a printed circuit assembly in which
electronic components are mounted on such a printed
circuit board.

A third object of the present invention is-
to-provide an electronic apparatus having such a
printed circuit assembly.

Thus, the printed circuit board of the
present invention has an external interconnection
terminal on the surface of a base substrate in the
form of a metal plate soldered upon a land formed on
such a base substrate by a metal foil.

In a first aspect of the present invention,

there is provided a through-hole in the printed
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circuit board penetrating through the land and a base
substrate of the printed circuit board, such that the
penetrating-hole is filled with a solder alloy
continuously tovthe solder layer connecting the land
and the metal plate.

Preferably, there is formed a sécond land
at the rear surface of the printed circuit board SO
as to oppose the first-mentioned land across the base
substrate of the printed circuit board, such that the
second land at the rear surface is connected to.the
first-mentioned land at the front surface via the
through-hole.

Such a through-hole can be provided in
plural numbers in each land. Thereby, the number and
arrangement of the through-holes can be determined
according to the size of the land and the force
exerted upon the external interconnection terminal at
the time of the spot welding. |

Further, it is preferable to form a solder
resist on such a printed circuit board so as to cover
continuously from the peripheral edge part of the
land formed on the surface of the base substrate to
the part of the base substrate surrounding the land.

Further, it is possible to form the solder

resist layer on a part of the land surface formed at
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the front surface of the base substrate.

Thereby, it is preferable that the solder
resist layer thus formed on the land is formed so as
to divide the region in which the land is soldered to
the metal plate into plural sub-regions. Further, it
is preferable that such a solder resist layer extends
to the outside of the land across the land peripheral
edge.

Further, it is preferable that the solder
resist layer at the peripheral edge part of the land
and the solder resist layer inside the land form a
structure dividing the region of the land, in which
the land is soldered to the metal plate, into plural
sub-regions.

According tora second aspect of the presenf
invention, the printed circuit board is not provided
with the through-hole, and there is provided a solder
resist layer to extend continuously from the
peripheral edge part of the land on the base
substrate to the region of the base substrate
surrounding the land.

In this case, too, it is possible to form a
solder resist layer in a part of the land surface at
the front surface of the base substrate.

In this case, it is preferable that the
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solder resist layer formed inside the land divides
the region of the land socldered to the metal plate
into plural sub-regions.

Further, it is preferable that the solder
resist layer at the peripheral part of the land
surface and the solder resist layer inside the land
form a structure dividing the region of the land
soldefed to the metal plate into sub-regions.

Preferably, the solder resist layer used
with the present invention is identical to the solder
resist layer used for protecting the interconnection
patterns on the base substrate. |

It is preferable that the metal plate
soldered to the land at the external interconnection
terminal has an area larger than the area of the land
and disposed such that the metal plate covers the
land over the entirety thereof.

Further, the printed substrate assembly of
the present invention comprises the printed circuit
board as noted above and the electronic components
carried thereon.

Further, the electronic apparatus of the
present invention comprises the printed circuit
assembly as set forth above and an electronic device

connected to the printed circuit assembly via an
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interconnection metal plate such that the
intercbnnection metal plate is connected to the metal
plate of the external interconnection terminal of the
printed circuit board by spot welding.

In an example, the interconnection metal
plate and the metal_plate of the external
interconnection terminal of the printed circuit board
comprises avplate of nickel or nickel alloy. -

An example of such an electronic épparatus
is a secondary battery pack in which a secondary
battery and a charging control circuit thereof are
integrated. In such secondary battery pack; the
secondary battery constitutes the electronic device
to be connected, while the charging control circuit
of the secondary battery constitutes the printed
circuit substrate assembly in the form of a
semiconductor integrated circuit mounted on the
printed circuit substrate as the electronic
component.

According to the printed circuit substrate
of the first aspect of the present invention, in
which there is formed a through-hole in the external
interconnection terminal so as to penetrate through
the land and further through the base substrate and

in which the through-hole is filled with a solder
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alloy continuing to the solder layer connecting the
land and the metal plate with each other, there is
formed a structure in which the land is connected
mechanically to the base substrate with the solder
alloy, and the mechanical strength of the land for
resisting from being peeled off from the base
substrate is increased. Thereby, dropping of the
external interconnection terminal from the printed
circuit board is prevented effectively even in the
case a large force is exerted to the metal plate
soldered upon the land.

Further, with such a construction, the heat
at the time of spot welding dissipates efficiently to
the substrate via the through-hole, and the problem
of the molten solder alloy causing scattering is
prevented.

Further, by forming a second land at the
rear side of the base substrate so as to oppose the
first-mentioned land at the front surface of the base
substrate and by connecting the land at the front
surface with the land at the rear surface by the
solder in the through-hole, there appears the
structure in which the land at the front surface and
the land at the rear surface are mechanically

connected, and the resistance of the land from being
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peeled off and dropping from the printed circuit
board is improved further with such a structure of
sandwiching the base substfate of the printed circuit
board by the first and second lands.

Further, by forming the solder resist layer
so as to cover continuocusly the peripheral part of
the land surface and the part of the base substrate
surrounding the land, the peripheral edge of the land
is held by the solder resist film, and the resistance
of the land from being peeled off from the printed
circuit substrate is improved further. Further, such
a solder resist layer at the peripheral edge of the
land can successfully prevent the problem of
scattering of the molten solder alloy at the time of
spot welding.

Further, by forming a solder resist layer
in a part of the land surface, such a solder resist
layer can be used to prevent scattering of the molten
solder at the time of the spot'welding madé to the
metal plate.

By providing the solder resist layer on the
land such that the solder resist layer extendé to the
outside of the land, or by providing the solder
resist layer at the peripheral part of the land and

inside the land, such that the region of the land
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soldered to the metal plate is divided into plural
regions, formation of pores between the land and the
metal plate at the time of soldering the metal plate
is suppressed, and it becomes possible to in;rease
the effective area for soldering. Thereby, the
mechanical strength of the structure of the metal
plate and the land is improved.

Further, by forming the solder résist layer
so as to extend continuously from the peripheral edge
part of the land to the part of the base substrate
surrounding the land also in the printed circuit
board not formed with the through hole penetrating
the land and the base substrate, the peripheral edge
of the land is held by the solder resist layer thus
formed so as to cover the peripheral edge part of the
land and the part of the base substrate surrounding
the land continuously, and the resistance of the land

from being pulled off from the printed circuit board

'is increased. Further, the solder resist layer

covering the peripheral edge part of the land surface
functions aiso to prevent scattering of the molten
solder at the time of spot welding.

In such a case, too, by forming a solder
resist layer in a part inside the land, scattering of

molten solder alloy at the time of the spot welding
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can be prevented with such a solder resist layer.
Further, by dividing the soldering region between the
land and the metal plate by the solder resist layer
at the peripheral edge part of the land and the
surrounding region, formation of pores between the
land and the metal plate at the time of soldering of
the metal plate is suppressed, and it becomes
possible to increase the effective area of soldering.
Thereby, the resistance of the metal plate and the
land from being peeled off is improved.

Further, by using a solder used also for
protecting the interconnection patterns on the base
substrate for the solder resist layer, it is possible
to avoid increase of the number of the process steps.

By increasing the area of the metal plate

to be larger than the area of the land soldered

thereto, and by disposing the metal plate such that
the entirety of the land is covered with the metal
plate, it becomeé easier to connect another metal
plate thereto.

Further, by forming a printed circuit
assembly by mounting an electronic component on such
a printed circuit board and by connecting a metal
plate of an electronic apparatus with the metal plate

of the external interconnection terminal of the
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printed circuit board by spot welding,
interconnection to the electronic apparatus such as a
battery in which the electronic plate is spot—welded
as an electrode is achieved easily.

Further, by using a nickel plate or nickel
alloy plate for the metal plates connected with each
other, spot welding can be achieved easiiy. Further,
the metal plate of nickel or nickel alloy does not

cause corrosion easily.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1A is a plan view diagram showing a
printed circuit board according to an embodiment of
the present'invention.in the state of carrying an
electronic component thereon while Figure 1B is a
cross-sectional diagram taken along an A-A line in
Figure 1A;

Figure 2 is a diagram showing the printed

| circuit board of the embodiment of Figures 1A and 1B

in the state a metal plate is soldered upon an
external interconnection terminal thereof;

Figure 3A is a plan view diagram showing a
printed circuit board according to another embodiment
of the present invention in the state of carrying an

electronic component thereon while Figure 3B is a
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cross-sectional diagram taken along an A-A line in
Figure 3A;

Figure 4 is a diagram showing the printed
circuit board of the embodiment of Figures 3A and 3B
in the state a metal plate is soldered upon an
external interconnection termiﬁal thereof;

Figure 5 is a plan view diagram showing the
external interconnection terminal of the printed
circuit board according to a further embodiment of
the present invention;

Figure 6 is a plan view diagram showing the
external interconnection terminal of the printed
circuit board accordiﬁg to a further embodiment of
the present invention;

" Figure 7 is a plan view diagram showing the
external interconnection terminal of the printed
circuit board according to a further embodiment of
the present invention; |

Figure 8 is a plan view diagram showing the
external interconnection terminal of the printed
circuit board according to a further embodiment of
the present invention;

Figure 9A is a plan view diagram showing a
printed circuit board according to a further

embodiment of the present invention in the state of
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carrying an electronic component thereon while Figure
9B is a cross-sectional diagram taken along an A-A
line in Figure 9A;

Figure 10A is a plan view diagram showing a
printed circuit board according to a further
embodiment of the present invention iﬁ the state of
soldering a metal plate on the external
interconnection terminal thereof while Figure 10B is
a cross-sectional diagram taken along an A-A line in
Figure 10A;

Figure 11A is a plan view diagram showing a
printed circuit board according to a further
embodiment of the present invention in the state of
carrying an electronic component thereon while Figure
11B is a cross-sectional diagram taken along an A-A
line in Figure 11A;

Figure 12A is a plan view diagram showing
the printed circuit board according to a further
embodiment of the present invention in which a second
metal plate is spot-welded upon the external
interconnection terminal thereof while Figure 12B is
a cross-sectional diagram taken along an A-A line in
Figure 124;

Figure 13 is a cross-sectional diagram

showing an electronic apparatus according to a
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further embodiment of the present invention.

BEST MODE FOR IMPLEMENTING THE INVENTION

Hereinafter, the present invention will be
explained for preferred embodiments with reference to

the drawings.

[ FIRST EMBObIMENT]

Figure 1A is a plan view diagram showing a
printed circuit board 40 according to a first
embodiment of the present invention in the state of
carrying an electronic component thereon while Figure
1B is a cross-sectional diagram taken along an A-A
line in Figure 1A.

Referring to Figures 1A and 1B, the printed
circuit board 40 comprises an insulating base
substrate 1 carrying a metal film such as a copper
film on the surface thereof, wherein the metal film
thus formed is patterned to form a circuit pattern
not illustrated and a land 2 connected to the circuit
pattern.

Further, the printed circuit board 40
carries an electronic component 10, which may be a
charging control circuit of a secondary battery

configured in the form of integrated circuit or a
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passive component, wherein the electronic component 4
is connected to the foregoing circuit pattern formed
on the base substrate 1. It should be noted that the
land 2 is formed in electrical connection with the
circuit pattern formed in the region on which the
electronic component 10 is mounted.

' It will be noted that the land 2 is formed
with tﬁrough—holes 6 such that the through-holes 6
are provided with metal plating at the inner wall
surface thereof. In the case the.printed circuit
board 40 is a two-éided substrate, there are formed a
land and a circuit pattern also on a rear surface of
the base substrate 1, wherein the through-hole
provides an electrical interconnection between the
front side land and the rear side land or between the
front side circuit pattern and the rear side circuit
pattern.

Further, in the case the printed circuit
substrate 40 is a multilayer interconnection
substrate, there are formed also internal circuit
patterns embedded inside the base substrate. Thereby,
the through-hole 6 provides an electrical
interconnection between these internal circuit
patterns or between one of the internal circuit

patterns and the land or interconnection pattern at
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the front surface or rear surface of the base
substrate 1.

In the present‘embodiment, the through-hole
6 is filled with a solder alloy, wherein the solder
alloy thus filling the through-hole provides a
mechanical connection between the land 2 and the base
substrate 1. In tHe case of the multilayer
interconnection structure, the solder alloy thus
filling the through-hole provides also an electrical
connection interconnection between the internal
circuit patterns. Thus, with the printed circuit
board of the present embodiment, the land 2 is
mechanically connected to the base substrate 1 via
the solder alloy in the through hole 6, and with
this, the resistance of the land 2 from being pulled
off from the base 1 is increased significantly.

With the embodiment of Figure 1, it should
further be noted that there is formed a second land
at the rear surface of the basé substrate 1 so as to
oppose the land 2, wherein electrical as well as
mechanical connection is achieved between the land 2
and the land 7 via the solder alloy filling the
through-hole 6. With such a structure, the land 2 is
not only connected to the base substrate 1 via the

solder alloy in the through-hole 6 but also to the
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land 7 at the rear side, and thus, the resistance of
the land 2 from being pulled off from the substrate 1
is increased further.

Figure 2 is shows the printed circuit board
40 of the present embodiment in the state that a
metal plate is provided on the land 2 as an external
interconnection terminal.

Referring to Figure 2, the metal plate 4 is
formed to have an area larger than the area of the

land 2 in anticipation of spot welding conducted for

interconnection with external electronic apparatuses,

wherein the metal plate 4 is soldered upon the land 2
via a solder layer 5 with alignment such that the
plate 4 covers the entirety of the land 2. In the
case‘that the electronic apparatus used with the
printed circuit board is a secondary'battery, it is
preferable that a nickel plate is used for the metal
plate 4 in anticipation with spot welding thereto.

In the example of Figure 2, the external

interconnection terminal is formed by connecting the

metal plate 4 to the land 2 and the land 7 is
provided at the rear side of the substrate 1.
However, it should be notedvthat the present
inﬁention also includes a printed circuit board in

which the land 7 is not provided on the rear side of
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the base substrate 1.

Further, such a construction facilitates
dissipation of heat at the time of spot welding of
electrode of external electronic apparatus such as
the secondary battery to the metal plate 4. Thus, the
heat at the time of the spot welding dissipates
efficiently to the substrate via the through-hole 6,
and with this, scaftering of the molten solder 5 is
effectively prevented.

In order to solder the metal plate 4 to the
land 2 by filling the solder alloy in the through-
hole 6, a solder paste 1s applied on the surface of
the land 2 and the metal plate 4 is placed on the
land 2. Then, the printed circuit board 1 is caused
to pass through a reflow furnace, wherein the solder
paste undergoes melting and the solder alloy layer 5
is formed so as to connect the metal plate 4 to the
land 2. At the time of sﬁch a reflowing process
caused in the reflowing furnace, the molten solder
alloy flows also into the through-hole 6, and the
land 2 is firmly connected mechanically also to the
base substrate 1 and to the second land 7.

While there are formed four fhrough-holes
in the examples of Figures 1 and 2, the number of the

through-holes 6 is by no means limited to four but
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can be increased or decreased according to the size
of the land 2. Further, the through-holes 6 may be
formed with an optimum arrangement determined in view
of the size of the land 2 and in consideration of the
locations where the mechanical stress acting on the
interconnection terminal for pﬁlling off the metal

plate 4 becomes the largest.

[ SECOND EMBODIMENT]

Figures 3A and 3B show a printed circuit
board 50 according to a second embodiment of the
present invention, wherein those parts corresponding
to the parte described previously are designated by
the same reference numerals and the description
thereof will be omitted.

Referring to Figures 3A and 3B, it can be
seen that there is provided a solder resist layer on
the structure of Figures 1A and 1B such that the
solder resist layer 3 extends continuously from the
peripheral edge part of the land 2 to the part of the
base substrate 1 surrounding the land 2.

By covering the peripheral edge of the land
2 with the solder resist layer 3, the mechanical
stability of the land 2 resisting from being pulled

off from the base substrate 1 is improved further.
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Figure 4 shows the printed circuit board 50
of the third embodiment in the state that the metal
plate 4 is soldered upon the land 2 of the printed
circuit board 50 by way of the solder alloy layer 5.

By reinforcing the land 2 with the solder
alloy filling the through-holes 6 and further with
the solder resist layer 3 with the printed circuit
board 50 of the present invention, it becomes
possible that to prevent the external interconnection
terminals from being pulled off from the base
substrate 1 even in the case a large stress is
applied to the metal plate 4. Further, such a solder
resist layer 3 functions to prevent scattering of the
molten alloy in the event of carrying out a spot
welding of an electrode of the electronic apparatus
such as a secondary battery to the metal plate 4.

In Figures 3 and 4, in which there is
formed a second land 7 at the rear side of the base
substrate 1 and the land 2 and the land 7 are
connected by the solder alloy in the through-hole 6,
the resistance of the land 2 from being pulled off
from the base substrate 1 is improved further as
compared with the case in which the land 7 is not
provided on the rear side of the base substrate 1.

However, the present embodiment also covers such a
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construction in which the land 7 is not provided on
the rear side of the base substrate 1.

It should be noted that a solder resist is
an insulation film used for protecting a circuit
pattern when soldering an electronic component
mounted on a substrate, and is typically formed of a
heat resistant resin such as epoxy resin. The present
embodiment can also use such a conventional solder
resist for the solder resist layer 3.

The solder resist layer 3 may be formed by
a process of applying a solder resist on the entire
surface of the printed circuit board and then form a
resist pattern on the part where the solder resist
layer should be retained. Thereby, the solder resist
layer is patterned by an etching process while using
the resist pattern as a mask. Alternatively, it is
possible to form a solder resist layer selectively by
a screen printing process, or the like.

Further, it is possible to use a
photosensitive solder resist for the solder resist
layer 3. For example, it is possible to use a UV-cure
solder resist material, which is a solder resist
material undergoing curing with ultraviolet
radiation. In the case of using a UV-cure solder

resist, the part of the solder resist layer to be
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removed is covered by a UV-cut mask, and UV
irradiation is applied via the UV-cut mask. Thereby,
the part of the solder resist layer not covered with
the mask undérgoes curing, and the uncured part of
the resist layer is removed by a developing solution.
Further, the remaining solder resist pattern is

applied with thermal curing process.

[ THIRD EMBODIMENT]

Figures 5 through 8 show examples of the
land 2 according to a third embodiment of the present
invention in which various solder resist patterns are
formed on the land 2. It should be noted that each
example described hereinafter covers the case in
which the land 7 is provided on the rear side of the
pase substrate 1 and the case in which such a land 7
is not provided.

In the example of Figure 5 showing a
printed circuit board 60A, there is formed a solder
resist layer 12a in the form of a frame pattern
extending along the peripheral edge of the land 2.
Contrary to the solder resist layer 3 of the
embodiment of Figures 3A and 3B in which the solder
resist layer 3 extends continuously from the

peripheral edge part of the land 2 to the part of the
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base substrate 1 surrounding the land 2, the solder
resist pattern 12A is formed exclusively inside the
area of the land 2.

Further, in the illustrated example, there
are formed plural thorough-holes 6 in the land 2.
While the positional relationship of the through-
holes 6 and the solder resist layer 12a is not
limited, the example of FIG.5 disposes the through-
holes along the outer edge of the frame-like solder
resist pattern 12a.

By forming the through-holes 6 and the
solder resist pattern 12a as such; not only the
bonding strength of the land 2 to the base substrate
1 of the printed circuit board 60A is improved but
also the efficiency of dissipation of the heat at the
time of spot welding of the metal plate. The heat
dissipates to the base substrate 1 via the through
holes 6. Thereby, the molten solder alloy is held by
the solder resist iayer 12a, and thus, scattering of
the molten solder alloy to the outside is effectively
prevented as long as the spot welding is conducted
inside the frame structure of the solder resist
pattern 12a. Further, because of formation of the
fillet at the peripheral edge of the land 2, the

effective soldering area is increased and the bonding
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strength of the metal plate 4 is increased further.
In the example of Figure 6 showing a

printed circuit board 60B, there is provided a T-
shaped solder resist pattern 12b on the land 2. In
this example, too, it can be seen that there are
provided plural through-holes 6. While the positional
relationship between the through-holes 6 and the
soldér resist pattern 12b is not limited, the
illustrated example has a construction of disposing
the through-holes 6 inside the vertical part of the
T-shaped solder resist pattern 12b.

| By forming the through-holes 6 and the
solder resist pattern 12b of T-shaped form as such,
not only the bonding strength of the land 2 and the
base substrate 1 of the printed circuit board is
improved by way of the through-holes 6 but also the
efficiency of heat dissipation at the time of spot
welding of a metal plate upon the metal plate 4
soldered to the land 2. The heat dissipates to the
base substrate 1 via the through holes 6. Thereby,
the molten solder alloy is held by the solder resist
layer 12a, and thus, scattering of the molten solder
alloy to the outside in the right direction of the
vertical solder resist pattern 12b is effectively

prevented as long as the spot welding is conducted at
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the left side of the solder resist pattern 12b.

Further, with the embodiment of Figure 6,
the majority of the area of the land 2 is divided
symmetrically into a part 2a and a part 2b with the
horizontal part of the T-shaped solder resist pattern
12b. Thus, drifting of the metal pléte 4 at the time
of soldering upon the land 2 is effectively
suppressed, and the metal plate 4 can be provided
with high precision.

Further, because the land 2 is divided by
the solder resist pattern 12b, which extends from
inside of the area of the land 2 to the outside
thereof, formation of pores between the land 2 and
the metal plate 4 is suppressed when the metal plate
4 is soldered upon the land 2. Thereby, substantial
area of soldering is increased, and the bonding
strength of the metal plate 4 to the land 2 is
improved.

In the example of Figure 7 showing a
printed circuit board 60C, there is provided an H-
shaped solder resist pattern 12c on the land 2. In
this example, too, it can be seen that there are
provided plural through-holes 6. While the positional
relationship between the through-holes 6 and the

solder resist pattern 12c is not limited, the
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illustrated example has a construction of disposing
the through-holes 6 inside the vertical parts of the
H-shaped solder resist pattern 1l2c.

By forming the through-holes 6 and the
solder resiétApattern 12c of H-shaped form as such,
not only the bonding sfrength of the land 2 and the
base substrate 1 of the printed circuit board is
improved by way of the through—holeé 6 but also the
efficiency of heat dissipation at the time of spot
welding of a metal plate upon the metal plate 4
soldered to the land 2. The heat dissipates to the
base substrate 1 via the through holes 6. Thereby,
the molten solder alloy is held by the solder resist
layer 12c, and thus, scattering of the molten solder
alloy to the outside in the right and left directions
of the vertical pattern parts of the H-shaped solder
resist pattern 12c is effectively prevented as long

as the spot welding is conducted inside of the two

_ vertical patterns of the H-shaped solder resist

pattern 1l2c.

Further, with the embodiment of Figure 7,
too, the majority of the area of the land 2 is
divided symmetrically into plural parts by the H-
shaped solder resist pattern 12c. Thus, drifting of

the metal plate 4 at the time of soldering upon the
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land 2 is effectively suppressed, and the metal plate‘
4 can be provided with high precision.

Further, because the land 2 is divided by
the solder resist pattern 1l2c, which extends from
inside of the area of the land 2 to the outside
thereof, formation of pores between the land 2 and
the metal plate 4 is suppressed when the metal plate
4 is soldered upon the land 2. Thereby, substantial
area of soldering is increased, and the bonding
strength of the metal plate 4 to the land 2 is
improved.

In the example of Figure 8 showing a
printed circuit board 60D, there is provided a frame-
like solder resist pattern 12d on the land 2 having a
horizontal pattern part extending laterally and
dividing the area of the land 2 symmetrically into
upper and lower parts. In this example, too, it can
be seen that there are provided plural through-holes
6.'While the positional relationship between the
through-holes 6 and the solder resist pattern 12d is
not limited, the illustrated example has a
construction of disposing the through-~holes 6 along
the frame-shaped part of the solder resist pattern
12d at the outside thereof.

By forming the through-holes 6 and the
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solder resist pattern 12d of symmetric form as such,
not only the bonding strength of the land 2 and the
base substrate 1 of the printed circuit board is
improved by way of the through-holes 6 but also the
efficiency of heat dissipation at the time of spot
welding of a metal plate upon the metal plate 4
soldered fo the_land 2. The heat dissipates to the
base substrate 1 via the through holes 6. Thereby,
the molten solder alloy is held by the solder resist
layer 12d, and thus, scattering of the mélten solder
alloy to the outside of the frame-like solder resist
pattern 12d is effectively prevented as long as the
spot welding'is conducted inside the framework of the
solder resist pattern 12d.

Further, with thé embodiment of Figures8,
too, the majority of the area of the land 2 is
divided symmetrically into plural parts by the solder
resist pattern 12d. Thus, drifting of the metal plate
4 at the time of soldering upcon the land 2 is
effectively suppressed, and the metal plate 4 can be
provided with high precision.

Further, because the land 2 is divided by
the solder resist pattern 12d, which extends from
inside of the area of the land 2 to the outside

thereof, formation of pores between the land 2 and
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the metal plate 4 is suppressed when the metal plate
4 is soldered upon the land 2. Thereby, substantial
area of soldering is increased, and the bonding
strength of the metal plate 4 to the land 2 is

improved.

[ FOURTH EMBODIMENT]

Figure 9A shows the construction of a
printed circuit board 70 according to a fourth
embodiment of the present invention in a plan view
while Figure 9B shows the printed circuit board 70 in
a cross-sectional view taken along a line A-A of
Figure 9A, wherein those parts corresponding to the
parts described previously are designated by the same
reference numerals and the description thereof will
be omitted.

Referring to Figures 9A and 9B, it can be
seen that there is provideq no through-holes 6 and
that no land is provided at the rear side of the base
substrate 1.

On the other hand, the present embodiment
provides a solder resist layer 3 for increasing the
resistance of the land 2 from being pulled off from
the base substrate 1, such. that the solder resist

layer 3 extends continuously from the peripheral edge
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part of the land to the part of the surface of the

_ base substrate 1 surrounding the land 2.

Thus, by covering the peripheral edge of
the land 2 with the solder resist layer 3, the
resistance of the land 2 from being pulled off from

the printed circuit board 1 is improved further.

[ FIFTH EMBODIMENT]

Figure 10A shows the construction of a
printed circuit board 80 according to a fifth
embodiment of the present invention in a plan view
while Figure 10B shows the printed circuit board 80
in a cross-sectional view taken along a line A-A of
Figure 10A, wherein those parts corresponding to the
parts described previously are designated by the same
reference numerals and the description thereof will
be omitted.

Referring to Figures 10A and 10B, it can be
seen that the printed circuit board 80 has a
construction in which the metal plate 4 is soldered
upon the land 2 of the printed circuit board 70 of
Figures 9A and 9B.

Because the land 2 is reinforced by the
solder resist layer 3 as explained with reference to

Figures 9A and 9B, peeling off or dropping of the
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external interconnection terminal from the printed
circuit board 1 is effectively prevented even when a

large force is exerted to the metal plate 4 as in the

case of spot welding of an electrode of an external

electronic apparatus such as a secondary battery to
the metal plate 4. Further, because of the existence
of the solder resist layer 3, scattering of the
molten resist is prevented by the solder resist layer
3 at the time of spot welding of an electrode of
external electronic apparatus such as a secondary

battery to the metal plate 4.

[ SIXTH EMBODIMENT]

Figure 11A shows the construction of a
printed circuit board 90 according to a sixth
embodiment of the present invention in a plan view
while Figure 11B shows the printed circuit board 90
in a cross-sectional view taken along a line A-A of
Figure 11A, wherein those parts corresponding to the
parts described previously are designated by the same
reference numerals and the description thereof will
be omitted.

Referring to Figures 11A and 11B, it can be
seen that the printed circuit board 90 has a

construction similar to that of the printed circuit
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board 70 of Figures 9A and 9B in that the solder
resist layer 3 is provided for the purpose of
increasing resistancé of the land 2 from being pulled
off from the base substrate 1, such that the solder
resist layer 3 extends continuously from the
peripheral edge part of the land to the part of the
surface of the base substrate 1 surrounding the land
2. Further, with the present embodiment, there is
formed a solder resist pattern 14 on the land 2 in
continuation with the solder resist layer 3 at the
peripheral edge of the land 2 so as to divide the
area of the land 2 into two regions.

With the present embodiment, the solder
resist layer 3 functions similarly to the embodiment
of Figures S9A and 9B.

Further, the solder resist pattern 14
dividing the exposed area of the land 2 into two sub-
regions facilitates elimination of pofes at the time
of soldering the metal plate 4 to the land 2 by
causing the printed circuit board 90 to pass through
a reflowing furnace in the state that the metal 4 is
placed on the land 2. ThereEy, effective soldering
area of the metal plate 4 to the land 2 is increased
and the bonding strength of the metal plate 4 to the

land 2 is improved.
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While the embodiment of Figure 11 divides
the exposed part of the land 2 into two sub-regions
by the solder resist layer 3 and the solder resist
pattern 14, the number of division of the land area
is not limited to two, and the solder resist layer 3
and the solder resist pattern 14 can be optimized
with regard to the number of the sub-regions formed
as a result of the division or the shape of the sub-

regions according to the size of the land 2.

[ SEVENTH EMBODIMENT]

Figure 12A shows the construction of a
printed circuit board 100 according to a seventh
embodiment of the present invention in a plan view
while Figure 12B shows the printed circuit board 100
in a cross-sectional view taken along a line A-A of
Figure 12A, wherein those parts corresponding to the
parts described previously are designated by the same
reference numerals and the description thereof will
be omitted.

Referring to Figures 12A and 12B, the
printed circuit board 100 has a construction of the
printed circuit board 80 of Figures 10A and 10B
except that a metal plate 8, which may be the member

connected to the electrode of an external apparatus
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such as a secondary battery, is connected to the
metal plate 4 by way of spot welding.

Thus, the metal plate 8 is laid on the
metal plate 4, and spot welding is conducted at four
locations 9 in this state. However, the number of the
locations 9 of the spot welding is not limited to
four but can be increased or decreased according to
the size of the metal plate 4. Further, the location
9 of the spot welding can be optimized in
consideration of the part of where the external force
acting to pull out the external interconnection
terminal becomes maximum at the time of the spot
welding.

Further, while Figures 12A and 12B show the
case of spot-welding the second metal plate 8 to the
metal plate 4 constituting the external |
interconnection terminal of the printed circuit board
80 ofyFigures 10A and 10B, such spot'welding can be
conducted in the printed circuit board of other
embodiments.

In one.important application of the present
invention, the metal plate 8 constitutes a part of
the metal plate having an end spot-welded to an
electrodé of a battery pack, or the like. In such a

case, it is preferable to form both the metal plate 4
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and the metal plate 8 by nickel or an alloy

containing nickel as a primary component.

[ EIGHTH EMBODIMENT]

Figure 13 is a diagram showing the
construction of an électronic appératus 110 that
includes a printed circuit assembly carrying. an
electronic component on a printéd éircui£ board
according to an eight embodiment of the present
invention, wherein those parﬁs corresponding to the
parts explained previously are designatéd by fhe same
refefence numerals and the description thereof will
be omitted.

Referring to Figure 13, the electronic
apparatus 110 is a secondary battery pack including
therein a secondary battery 24 used with portable
apparatuses such as a cellular phone, wherein the
secondary battery pack 110 further includes a printed
circuit assembly 20 including a charging control
circuit of the secondary battery 24 in the form of a
semiconductor integrated circuit mounted upon the
base substrate 1 of any of the printed circuit boards
of the preceding embodiments as an electronic
component 10. It should be noted that the electronic

component 10 is sealed by a resin such as an epoxy
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resin.

In the construction of Figure 13, a nickel
plate is used for the metal plate 4 forming the
external interconnection terminal in the printed
circuit assembly 20, wherein the metal plate 8
connected to the electrode of the secondary battery
24 is formed also of a nickel plate. Thereby, the
metal plate 4 and the metal plate 8 are connected
with each other by spot welding as explained with
reference to Figures 12A and 12B.

According to the printed circuit boa?d of
the present invention, the resistance of the external
interconnection terminal thereof from being pulled
off is increased, and thus, the printed circuit board
is suitable for use with compact portable
apparatuses.

Further, the present invention is by no
means limited to the embodiments described
heretofore, but various variations and modifications
may be made without departing from the scope of the

invention.
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CLAIMS

1. A printed circuit board, comprising:
a base substrate; and
5 an external interconnection terminal
provided on said base.substrate,

said external interconnection terminal
~comprising a land formed on a front surface of said
base substrate and a metal plate soldered upon said

10 land via a solder layer,

a through-hole being formed in said base
substrate such that said through-hole penetrates
through said land and through said base substrate,

said through-hole being filled with a

15 solder such that said solder in said through-hole
extends in continuation to said solder layer

connecting said metal plate to said land.

2. The printed circuit board as claimed in
20 claim 1, wherein said base substrate carries a second
land on a rear surface thereof so as to oppose to
said land on said front surface, said land on said
front surface and said second land on said rear
surface being connected with each other by said

25 solder filing said through-hole.
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3. The printed circuit board as claimed in
claim 1, wherein said through-hole being provided in

plural numbers in each land.

4. The printed circuit board as claimed in
claim 1, further comprising a solder resist layer on
said front surface of said base substrate such that
said solder resist layer covers a peripheral edge

10 part of said land, said solder resist layer extending
in continuation to a part of said front surface of

said base substrate surrounding said land.

5. The printed circuit board as claimed in
15 claim 1, further comprising a solder resist layer on
said land in a part offset from a peripheral edge of

said land.

6; The printed circuit board as claimed in
20 claim 5, wherein said solder resist layer forms a
pattern dividing an are of said land connected to
said metal plate by said soldef layer into sub-

regions.

25 7. The printed circuit board as claimed in
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claim 6, wherein said solder resist pattern extends

to an outside of said land.

8. The printed circuit board as claimed in
claim 4, wherein there is formed a solder resist
pattern in a part of said land offset form said
peripheral edge part, said solder resist pattern and
said soldef resist layer dividing an area of said
land soldered to said metal plate by said solder

layer into sub-regions.

9. The printed circuit board as claimed in
claim 1, wherein said solder resist layer is used
also for covering an interconnection pattern formed

on said base substrate.

10. The printed circuit board as claimed in
claim 1, wherein said metal plate has an area larger
than an area of said land, said metal plate being
placed on said land so as to cover entirety of said

land.

11. A printed circuit board comprising:
a base substrate; and

an external interconnection terminal
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provided on said base substrate,

said external interconnection terminal
comprising a land formed on a surface of said base
substrate and a metal plate soldered upon said land

5 wvia a solder layer,

wherein there is provided a solder resist
layer covering a peripheral edge part of said land
such that said solder resist layer extends in
continuation to a part of said surface of said base

10 substrate surrounding said land.

12. The printed circuit bocard as claimed in
claim 11, further comprising a solder resist pattern
on an area of said land offset from said peripheral

15 edge part.

13. The printed circuit board as claimed in
claim 12, wherein said solder resist pattern divides
an area of said land soldered to said metal plate by

20 said solder layer into plural sub-regions.

14. The printed circuit board as claimed in
claim 12, wherein said solder resist layer and said
solder resist pattern divide an area of said land

25 soldered to said metal plate by said solder layer
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into plural sub-regions.

15. The printed circuit board as claimed in
claim 11, wherein said solder resist layer is used
also for covering an interconnection pattern formed

on said base substrate.

16. The printed circuit board as claimed in
claim 11, wherein said metal plate has an area larger
than an area of said land, said metal plate being
placed on said land so as to cover entirety of said

land.

17. A printed circuit assembly, comprising:

a printed circuit substrate comprising: a
base substrate; and an external interconnection
terminal provided on said base substrate, said
external interconnection terminal comprising a land
formed on a front surface of said base substrate and
a metal plate soldered upon said land via a solder
layer, a through-hole being formed in said base
substrate being such that said through-hole
penetrates through said land and through said base
substrate, said through-hole being filled with a

solder such that said solder in said through-hole
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extends in continuation to said solder layer
connecting said metal plate to said land; and

an electronic component mounted on said
printed circuit board.

18. A printed circuit assembly, comprising:

a printed circuit board comprising: a base
substrate; and an external interconnection terminal
provided on said base substrate, said external
interconnection terminal comprising a land formed on
a surface of said base substrate and a metal plate
soldered upon said land via a solder layer, wherein
there is provided a solder resist layer covering a
peripheral edge part of said land such that said
solder resist layer extends in continuation to a part
of said surface of said base substrate surrounding
said land; and

an electronic component mounted on said

printed circuit board.

19. An electronic apparatus, comprising:

a printed circuit substrate comprising: a
base substrate; and an external interconnection
terminal provided on said base substrate, said
external.interconnection terminal comprising a land

formed on a front surface of said base substrate and
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a metal plate soldered upon said land via a solder
layer, a through-hole being formed in said base
substrate being such that said through-hole
penetrates through said land and through said base
substrate, said through-hole being filled with a
solder such that said solder in said through-hole
extends in continuation to said solder layer
connecting said metal plate to said land;

an electronic component mounted on said
printed circuit board; and

an electronic device having a metal plate
terminal, said electronic device being connected to

said printed circuit board by connecting said metal

‘plate terminal to said metal plate of said external

interconnection terminal by way of spot welding.

20. The electronic apparatus as claimed in
claim 19, wherein said metal plate terminal of said
electronic device and said metal plate of said
external interconnection terminal comprises any of

nickel or a nickel alloy.

21. An electronic apparatus as claimed in
claim 19, wherein said electronic apparatus comprises

a secondary battery pack including therein a



WO 2006/035853 PCT/JP2005/017917

10

15

20

25

- 49 -

secondary battery as said electronic device, said
printed circuit board carrying a charging control
circuit of said secondary battery as said electronic

component.

22. An electronic apparatus, comprising:

a printed circuit board comprising: a base
substrate; and an external interconnection terminal
provided on said base substrate, said external
interconnection terminal comprising a land formed on
a surface of said base substrate and a metal plate
soldered upon said land via a solder layer, wherein
there is provided a éolder resist layer covering a
peripheral edge part of said land such that said
solder resist layer extends in continuation to a part
of said surface of said base substrate surrounding
said land;

an electronic component mounted on said
printed circuit board; and

| an electronic device having a metal plate

terminal, said electronic device being connected to
said printed circuit board by connecting said metal
plate terminal to said metal plate of said external

interconnection terminal by way of spot welding.
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23. The electronic apparatus as claimed in
claim 22, wherein said metal plate terminal of said
electronic device and said metal plate of said
external interconnection terminal comprises any of

5 nickel or a nickel alloy.

24. An electronic apparatus as claimed in
claim 22, wherein said electronic apparatus comprises
a secondary battery pack including therein a
10 secondary battery as said electronic device, said
printed circuit board carrying a charging control
circuit of said secondary battery as said electronic

component.
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Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Published examined utility model applications of Japan 1922~1996
Published unexamined utility model applications of Japan 1971-2005
Registered utility model specifications of Japan 1996-2005
Published registered utility model applications of Japan 19%4-2005

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y JP 2002-100412 A (MITSUMI ELECTRIC CO., LTD.) 1-24
2002.04.05, par. Nos. [ 0008], [ 0009, fig. 1,
(Family: None)
Y JP 4-192596 A (HITACHI, L1LTD.) 1992.07.10, 1-10, 17,
page 6, lower right column, line 19 — page 7, upper 19-21
left column, line 18, fig. 13, fig. 14,
& US 5421081 Al (1995.06.06)
Y JP 10-56257 A (ROHM CO., LTD.) 1998.02.24, 4-24
par. Nos. [ 0029] - [ 0031}, [0041], fig. 13,
& US 6175086 B1 (2001.01.16)
& EP 907308 Al (1999.04.07)
& WO 1997/046059 Al (1997.12.04)
& CN 1220077 A (1999.06.16)
[¥i Further documents are listed in the continuation of Box C. J71  See patent family annex.
* Special categories of cited documents: «T> later document published after the internatignal filing date or
“A” document defining the general state of the art which is not priority date and not in conflict with the application but cited to
considered to be of particular relevance understand the principle or theory underlying the invention
«E” earlier application or patent but published on or after the inter- ., . . . .
X" focumensofparicutar rlevancethe laimed iy non canne
“L” document which may throw doubts on priority claim(s) or which - - :
is cited to establish the publication date of another citation or other inventive step when the document is taken alone
special reason (as specified) “Y” document of part'icular relevance; the claimed invention cannot
“0” document referring to an oral disclosure, use, exhibition or other be comdered to involve an inventive step when the document is
means combined with one or more other such documents, such
“P” document published prior to the international filing date but later combination being obvious to a person skilled in the art
than the priority date claimed “&” document member of the same patent family
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Box No. 11 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. [} Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. [Z  Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. 11 Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

The “special technical features” of claims 1-10, 17, 19-21 relate to a through-hole
being formed in base substrate such that said through-hole penetrates through land
and through said substrate, and said through-hole being filled with a solder such
that solder in said through-hole extends in continuation to solder layer connecting
metal plate to said land, while the “special technical features” of claims 11-16,
18, 22-24 relate to a solder resist layer covering a peripheral edge part of land
such that said solder resist layer extends in continuation to a part of surface
of base substrate surrounding said land. There is no technical relationship among
those inventions involving one or more of the same or corresponding technical
features. Therefore, these groups of inventions are not so linked as to form a single
general inventive concept.

1. ¢ As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. [ As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. [T Asonly some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. [; Norequired additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

[T] The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.
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Remark on Protest

[~ No protest accompanied the payment of additional search fees.
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