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DESCRIPTION

ELECTRONIC COMPONENT DEVICE TESTING APPARATUS

TECHNICAL FIELD

The present invention generally relates to an
electronic component device testing apparatus, and more

particularly relates to an electronic component device

. testiﬁg apparatus including multiple contacts placed in

positions corresponding to the positions of muitiple
électrode pads on a surface of an electronic component
device and used to electrically connect an electrohic
compenent device and a tester in an electrical

characteristics test of an electronic component device.

BACKGROUND ART

Secondary batteries, which céh be .recharged
repeatedly, are used as batteries for many‘porfable
information devices. Battery degradation prevention, long
time power'supply; miniaturization, and low cost are
important factors for secondary batteries. In a
conventional lithium—iqh battery pack, for examplé, a
built-in protection circuit module with a protection
circuit is érovided. Such a pfotection circuit prevents
battery degradation caused by excessive heat generated by

overcurrent resulting from short circuit, incorrect
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charging (overvoltage or reverse voltage), or any other
cause.

For example, a conventional protection.circuit is
implemented by inserting current control transistors
composed of‘MOS transistors in series in a charge-aischarge
circuit, i.e. between a secondary battery and an external
connection terminal.to which a battery charger or a load is
connected. When abnormal charging'is detected, a current
control transistor for chérge control is turned off to stop
the charging; when an abnormai discharging is detected, a
current control transistor for discharge control is turned
off té stop the dischargiﬁg (see, for example, patent
document 1).

FIG. 8 is a circuit diagram illustrating an
exemplary sgcondary battery protection ciécuit module.

In FiG.IB,'a secondary'battery 48 is connected
betw;en batfery—side external terminals 44a and 44b, an
exterﬁal apparatus 50 is connected between load-side
external terminals 46a and 46b, the battery-side external
terminal 44a and the load-side external terminal 46a are
connected by a plus-side charge-discharge circuit 52a, and
the battery-side external terminal 44b and the load-side
external terminal 46b are connected by a minus-side charge-

discharge circuit 52b. A current control transistor 54 and

a current control transistor 56 are connected in series in
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the charge-discharge circuit 52b. The current control
transistors 54 and 56 are composed of field effect
transistors. |

A protectionrintegrated circuit (IC) chip 58 is
connected between the charge-discharge circuits 52a and 52Zb.
A supply voltage terminal 58a of the protection IC chip 58
is connected via a resistance element 60 to the charge-
discharge circuit 52a; a ground terminal 58b is connected
to the charge-discharge circuit 52b at a point between the
battery-side external terminal 44b and the current control

transistor 54; and a battery-charger minus-potential input

terminal 58c is connected via a resistance elemént 62 to

the charge-discharge circuit 52b at a point between the
load-side external terminal 46b and the current control

transistor 56. A condenser 64 is connected between the

supply voltage terminal 58a and the ground terminal 58b. An

. overdischarge detection output terminal 58d is connected to

the gate of the current control transistor 54. An
overcharge detection output terminal 58e is connected to
the gate of the current controi transistor 56.

A PTC element 66 is connected between the battery-
side external terminal 44b and the secondary battery 48.

In a conventional protection.circuit module having
a protection circuit as described above, packaged

components are used as semiconductor components such as the
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current control transistors 54 and 56 and the protection IC

chip 58, and are mounted on the circuit board.

However, since é semiconductor chip and leads are
connecfed by bonding wires in such‘a packaged component,
the cost of such a packaged component is high. This high
cost is one of the disadvantages of using packaged
components. Also, since the semiconductor chips in packaged
components used as the current control transistors 54 and
56 are electrically connected via bonding wires and leads
to the circuit board, it is difficult to lower on-
resistance.

To solve problems described above, a protection
circuit module produced by using the chip on board (COB)
technology has been proposed (see, for example, patent
documents 2Aand 3).. In the COBjtechnology,‘a bare chip is
mounted oﬁ a circﬁit board and electrodes of the chip and
the circuit board are electrically cénnected via bonding
wires.

However, since gold is used as the material of
bonding wires, it is still difficult to substantially
reduce the cost of a prdtection circuit module with the COB
technology. Also, since the semiconductor chips used as
current control transistors in such a protection circuit
module are electrically connected via bonding wires to the

circuit board, it is difficult to lower on-resistance.
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Another packaging technology called the flip chip

packaging technology has been proposed (see, for example,
patent document 4). In the flip chip packagiﬁg technology,
a bare chip having multiple external connection terminals
arranged on a surface is mounted on a ci;cuit board upside
down. A secondary battery protection circuit module
produced by using the flip chip packaging technology has
been proposed (see, for example, patent document 5). In
such a secondary battery protection circuit module,
semiconductor components including a protection IC chip and
current control transistors are mounted on a circuit board
upside down.

The flip chip péckaging technology for mounting
semiconductor compongnts on a circuit board can ﬁake
production gosts lower than those necessaéy when the wire
bonding technolpgy.is used. Also,‘the flip -chip packaging
technology reqﬁires a smaller mounting area for a
semiconductor component. Further, with the flip chip
packaging technology, it is possible to reduce the on-
resistance of field effect transistors.

In an electrical characteristics test of an
electronic component device such as a secondary battery
protection circuit module, the electronic component device
may be either on a collective circuit board where muitiple

electronic component devices are arrayed before being diced
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into separate circuit boards or on a separate circuit board
cut out from such a collective circuit board.

In such an electrical characteristics test of an
electronic component device, an electronic component device
testing apparatus is used to electrically connect a tester
for sending a test signal to the electronic component
device and the electronic component device.

FIG. 9 is a cross-sectional view of an exemplary
conventional electronic component device testing apparatus.

In the exemplary conventional electronic component
device testing apparatus, a socket 72 for holding pogo pins
74 is attached to a base 70 such as a testing board.
Multiple poge pins 74 are arrayed in the socket 72.

Each of the pogo pins 74 includes an electronic-

component-device-side pin 74a positioned at one end of the

pogo pin 74 closef to an elect;onic component device 98 and
a base;side pin 74b positioned at the other end of the pogo
‘pin 74 closer to the base 70. The electronic-component-
device-side pin 74a and the base-side pin 74b are
electrically connected inside the pogo pin 74.

Base electrodes 76 are formed on the base 70 in
positions corresponding to the positions of the pogo pins'
74. The base electrodes 76 are connected by a wiring

pattern (not shown) to connectors (not shown) for

outputting electric potentials of the base electrodes 76 to
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the outside. The base~-side pins 74b of the pogo pins 74 are

in electrical contact with the base electrodes 76.

During an electrical characteristics test, the
electrodes 99 of the electronic component device 98 are
brought into electrical contact with the electronic-
component-device-side pins 74a of the pogo pins 74.
Electric power and test signals are supplied to the
electrodes 99 via the base electrodes 76 and the pogo pins
74.

[Patent document 1] Japanese Patént Application
Publication No. 2001-61232

[Patent document 2] Japanese Patent Application
Publication No. 2002-141506 (page 2, page 4, FIG. 2, and
FIG. -3) |

[Patent document 3] Japanese Patent Application
Publication No. 2062—314029‘(pages 2-3, FIG. 14, and FIG.
15)

[Patent document 4] Japanese Patent Application
Publication No. 10-112481

[Patent document 5] Japanese Patent Application
Publication No. 2000-307052

[Patent document 6] Japanese Patent Application
Publication No. 5-307069 (FIG. 4)

During an electrical characteristics test of the

electronic component device 98, electric power and test
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signals are supplied to the electrodes 99 via the pogo pins
74 used as contacts. In the conventional electronic
component device testing apparatus described above, the
resistance of the pogo pins 74 has been a problem, often
preventing an accurate test of the electronic component

device 98.

DISCLOSURE OF THE INVENTION

The present invention provides an electronic
component device testing apparatus that substantially
obviates one or more problems caused by the limitations and
disadvantages of the related art.

An embodiment of the present invention provides an
electronic compénept deviée testing apparatus which
obviates problems caused by the resistance of contacts.

Accordiné to an embodiment of the pfesént
invention, an electronic component device testing apparatus’
includes first contacts arrayed so that first ends of the
first contacts positionally correspond to electrode pads
arrayed on a surface of an electronic component{device;
base electrodes in confact with second ends of the first
contacts; and one or more second contacts each being

electrically connected to one of the first contacts at a

position which is between the first end and the second end
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of the one of the first contacts and closer to the first
end of the one of the first contacts.

Since the second contact is in contact with the
first contact near the first end, electric potential near
the first end of the first contac? can be obtained by using
the second contact instead of the base electrode.

An electronic component device to be tested may be
on a collective circuit board which is not yet diced into
separate circuit boards.

According to an aspect of the present invention,
an electronic component device testing apparatus may
include two or more such second contacts, each of the
second confacts being electrically connected to one of the
first contacts. For exampie, one second contact may be
provided forievery first contact.

Thé firsf ends of the first contacts may be
movable in a direction perpendicular to the surface of the
electronic component device.

For the first contacts, pogo pins may be used. A
pogo pin, for example, includes an elastic device such as a
spiral spring made of an electrically conductive ﬁaterial
'in its cylindrical body and an electrode or electrodes on
one end or both ends. Any type of contact other than pogo
pins which contact can electrically connect electrode pads

and base electrodes may also be used as the first contacts.
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According to another aspect of the present
invention, an electronic component aevice testing apparatus
may include multiple.sets of the first contacts, the base
electrodes, and the second contacts, each set corresponding
to one electronic component device.

According to still another aspect of the present
invention, the second contacts being in contact with the
first contacts corresponding to the same type of electrode
pads of multiple electronic component devices may be
electrically connected to each other across the above
described sets.

A protection circuit module for a secondary '
battery is an example of an electronic compohent device to
be tested.

In an electronic éomponent device testing
apparatus,accordiﬁg to an émbodiment of the present
invention, one or more second contacts each being in
contact with one of the first contacts at a position which
is between the first end and the second end of the first
contact and closer to the first end of the first contact is
provided. Therefore, electric potential near the first end
of the first contact can be obtained by using the second
contact instead of the base electrode. Such a configuration
obviates problems caused by the resistance of the first

contact.
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According to an aspect of the present invention,
an electronic component device testing apparatus may
include two or more second contacts, each of the second
contacts being in contact with one of the first contacts.
Such a configuration obviates problems caused by the
resistance of the first contacts.

The first ends of the first contacts may be
movable in a direction perpendicular to the surface of an
electronic component device. In such a configuration, "using,
for example, pogo pins as the first contacts prevents
damage to the electrode pads of the electronic component
device and the first contacts when they are brought into
contact with each other.

According to an aspect of the present invention,
an electronic component deﬁice testing apparatus may
include multiple.ééts of the first contacts, the base
electrodes, énd the second éontacts, each set corréSponding
to one electronic component device. Such a configuration
enables performing electrical characteristics tests on
multiple electronic component devices at a time, thereby
reducing test time.

In an electronic component device testing
apparatus according to an aspect of the present invention,
the second contacts being electrically connected to the

first contacts corresponding to the same type of electrode
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pads of multiple electronic component devices may be
electrically connected to each other across the above
described sets. Such a configuration makes it possible to
reduce the number of lines coming out from an electronic

component device testing apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a plan view of an exemplary electronic
component device testing apparatus according to an
embodiment of the preéent invention;

FIG. 1B is a cross-sectional view of the exemplary
electronic component device testiﬁg apparatus taken along
line A-A shown in FIG. 1A;

FIG. 2A is a frént schematic perspective view of
an exemplary protection circuit module, which is ﬁsed as an
example of an eleétronic component device on which an
electrical characteristics test is performed by using an
electronic component device testing apparatus according to
an embodiment éf the present invention;

FIG. 2B is a back schematic perspective view of
the exemplary protectién circuit module;

FIG. 2C is a cross-sectional view of the exemplary
protection éircuit module taken along line A-A shown in FIG.

27}
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FIG. 3A 1s an enlarged cross-sectional view of an
area including a protection IC chip mounting area;

FIG. 3B is an enlarged cross-sectional view of an
area including a field effect transistor chip mounting

5 area; |

FIG. 3C is an enlarged cfoss—sectional view of an
area including an electronic component mounting area;

FIG. 4A is a front plan view of an exemplary
protection circuit module with a wiring part for

10 electrically connecting a secondary battery and a battery-
side external terminal attached:;

FIG. 4B is a back plan view of the exemplary
protection circuit module;
FIG. 5 is a plaﬁ view of an exemplary battery pack

15 including a cross section of a part of the battery pack;

FIG. 6A.is ahfront plan view of.an exemplary
collective circuit board to be tested;

FIG. 6B is a back plan view of the exemplary
collective circuit board;

20. FIG. 7 is a cross-sectional view of the electronic
component device testiﬁg apparatus shown in FIG. 1 and the
exemplary collective circuit board shown in FIG. 6 being
tested by the electronic component device testing

apparatus;
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FIG. 8 is a circuit diagram illustrating an
exemplary secondary battery protection circuit module; and
FIG. 9 is a cross-sectional view of an ‘exemplary

conventional electronic component device testing apparatus.

BEST MODE FOR CARRYING OUT THE INVENTION

Preferred embodiments of the present invention are
described below with reference to accompanying drawings.

FIG. 1A is a plan view of an exemplary electronic
cqmponent device testing apparatus according to an
émbodimént df the present invention. FIG. 1B is a cross-
sectional view of the exemplary electronic component device
testing apparatus taken along line A-A shown in FIG. 1A.

The exemplaryAeiectronic component device testing
apparatus includes a base 70 such as a testing board. A
socket 72 for holaing first contacts is attaqhed to the
base 70. The socket 72 is made of an insulatiﬁg material.
Multiple pogo pins (first contacts) 74 (including 74-1 and
74-2) made of, for example, gold are arrayed in the socket
72. The pogo pins 74 (including 74-1 and 74-2) are placed
in positions corresponding to the positions of muitiple
electrode pads on a surface of an electronic component
device to be tested. In this embodiment, two sets of pogo
pins 74 (including 74—1 and 74-2) each set corresponding to

an electronic component device are provided.
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Each of the pogo pins 74 (including 74-1 and 74-2)

includes an electronic component device-side pin 74a
positioned at one end of the’pogo pin 74 closer to an
electronic component device and a base-side pin 74Db
positioned at the other end of the pogo pin 74 closer to
the base 70. The electronic component aevice—side pin 74a
and the base-side pin 74b are electrically connected inside
the pogo pin 74. An elastic part provided in each of the
pogo pins 74 (including 74-1 and 74—2) allows the distance
between the ends of the pins 74a and 74b to vary.

Base electrodes 76 are formed on the base 70 in
positions correspondihg to the positions of the pogo pins
74 . (including 74-1 and 74-2). The base electrodes 76 are
connected by a wiring patfern (not shown) to connectors

(not shown) for outputting electric potentials of the base

. electrodes 76 to the outside. The base-side pins 74b of the-

pogo pins 74 (including 74-1 and 74-2) are’in electrical
coﬁtact with the base electrodes 76.

The entire length of the pogo pin 74 is, for
example, 31.2 mm when extended fully. The diameter of the
body of the pogo pin 74 is, for example, 0.53 mm; the
length of the pin 74a is, for example, 9.0 mm; and the
length of the pin 74b is, for example, 3.0 mm. The

resistance of the pogo pin 74 is, for example, 40 mQ.
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. A metal plate 78 made of, for example, copper foill

is placed near each of the two pogo pins 74-1 on the
electronic component device-side surface of the socket 72.

The two pogo pins 74-1 correspond to the same type of

- electrode pads of two electronic component devices. A bar-

like metal pin (second contact) 80 made of, for example, a
gold-plated elastic material is fixed to eéch metal plate
78 with solder 82. TheAmetal pin 80 is in contact with the
electronic. component device-side pin 74a of the pogo pin
74-1 at a position near the end of the electronic component

device-side pin 74a, thereby being electrically connected

to the pogo pin 74-1. A lead 86 is also connected with

solder 84 to the metal plate 78. The lead 86 is connected

to a-connector (not shown) described above. For example,

the length of the metal pin 80 is 5.0 mm and its diameter

is 1.0 mm. The resistance of the metal pin 80 is, for

example, 2 mQ éﬁd is lower than that of the pogo pin 74-1.
A strip-shaped metal plate 88 made of, for example,
copper foil is placed across the pogo pins 74 from the
metal plates 78 on the electronic component device-side
surface of the socket 72. Bar-like metal pins (seéond
contacts) 92 made of, for example, a gold-plated elastic
material are fixed to the metal plate 88 with solder 92.
The two pogo pins 74-2 correspond to the same type of

electrode pads of the two electronic component devices.



10

15

20

25

WO 2007/013341 PCT/JP2006/314315

-17-

Each metal pin 90 is in contact with the electronic
éomponent device-side pin 74a of the corresponding pogo pin
74-2 at a position near the end of the electronic component
device-side pin 74a. The resistance of the metal pin 90 is
lower than that of the pogo pin 74-2. The metal pins 90 are
electrically conﬁected via the solder 92 and the metal
plate 88. A lead 96 is also connected with solder 94 to the
metal plate 88. The lead 96 is connected to a connector
(not shown) describeé above. For example, the length of the
metal pin 90 is 5.0 mm and its diameter is 1.0 mm. The
resistance of the metal pin 90 is, for example, 2 mQ and is
lower than that of the pogo pin 74-2.

As described above, the ﬁetal pins 80 and 90 are
electrically connected to the édrresponding pogo pins 74-1
and 74-2 at‘positions near the ends of the electronic
component device—éide pins'74a. Electric potentials of the
pogo pins 74-1 and 74-2 are output not from the’base
electrodes 76 but from the metal pins 80Aand 90 connected
to the pogo pins 74-1 and 74-2. Such a configuration
obviates problems caused by the resistance of the pogo pins
74-1 and 74-2 during an electrical characteristics test.
The'resistance of the solder 82, 84, 92, and 94 and the
metal plates 78 and 88 is substantially higher than that of
thé pogo pins 74-1 and 74-2 and the metal ﬁins 80 and 90,

and therefore does not cause problems.
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FIG. 2A is a front schematic perspective view of
an exemplary protection circuit module, which is used as an
example of an electronic component device on which an
electrical characteristics test is performed by using an
electronic component device testing apparatus according to
an embodimént of the present invention.

FIG. 2B 1s a back schematic perspective view of
the exemplary protection circuit module. -

FIG. 2C is a cross-sectional view of the exempiary
protection circuit module taken along line A-A shown in FIG.
2A. FIG. 3A is an enlarged cross-sectional view of an area
including a protection IC chip mounting area.

FIG. 3B is an enlarged cross-sectional view of an
area-including a field effect transistor chip‘mounting area.

FIG. 3C is an enlarged cross-sectional view of an

" area including an electronic component mounting area.

The exemplary protection circuit module is
described below with reference to FiGs 2A through 3C.

A protection circuit module 1 includes a circuit
board ‘2. Two battery-side external terminals 4a, multiple
protection IC chip connecting electrodes 4b, multiple field
effect transistor‘chip connecting electrodeé 4c, multiple
electronic component conhecting electrodes 4d, and a wiring
pattern (not shown) are formed on a ffont side 2a of the

circuit board 2 (refer to FIG. 2C). The battery-side
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external terminals 4a, the protection IC chip connecting
electrodes 4b, the field effect transistor chip connecting
electrodes 4c, the electronic component connecting
electrodes 4d, and the wiring pattern are, for example,
made of copper. The protection IC chip connecting
electrodes 4b, the field effect transistor chip connecting
electrodes 4c, and the electronic component connecting
electrodes 4d are positioned between the two battery-side
externai terminals 4a.

An insulating material layer 6 is formed on the
front. side 2a of the‘circuit'board 2. The insulating
material layer 6 has openings 6a corresponding to the
battery-side external terminals 4a, opénings 6b (see FIG.
3A) corresponding to the protection IC chip connecting

electrodes 4b, .openings 6c (see FIG. 3B) corfesponding to

the field effect transistor chip connectingiélectrodes‘4c,

and openings 6d (see FIG. 3C) corresponding to the

~ electronic component connecting electrodes 4d.

Nickel plates (metal plates) 10 are positioned on
solder 8a formed in the openings 6a corresponding‘to the
battery-side external ferminals 4a.

A bare protection IC chip (semiconductor
component) 12 is mounted upside down (using the flip chip
packaging technology) on an area where the protection IC

chip connecting electrodes 4b are formed. External
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connection terminals 12a are formed on a surface of the

protection IC chip 12 mounted on the circuit board 2. The

external connection terminals 12a are connected via solder:

8b formed in the openings 6b to the protection IC chip
connecting electrodes 4b.

A bare field effect transistor chip (semiconductor
component) 14 1s mounted upside down on an area where the
field effect transistor chip connecting electrodes 4c are
formed. External connection terminais l4a are formed on a
surface of the field effect transistor chip 14 mounted on
the circuit board 2. The external connection terminals l4a
are connectgd via solder 8c formed in the openings 6c to
the field effeﬁt transistor chip conneéting electrodes 4c.
The field effect transistér chip 14 includes, for example,
two fie;d effect transistors connected in ;eries.

TWerlecfronic components 15 are mounted:on éreas
where the electronic component conneéting electrodes 4d afe
formed. For example, a thermistor element such as a PIC
element, a resistor, or a condenser may be used as an
electronic component 15. The electronic components 15
mounted on the circuit‘board 2 include electrodes 15a. The
electrodes 15a are connected via solder 8d formed in the
openings 6d to the electronic component connecting

electrodes 4d.
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The external connection terminals 12a of the
protection IC chip 12 and the external connection terminals
1l4a of the field effect transistor chip 14 are, ‘for example,
formed by electroless plating.

The space between the protection IC chip 12 and
the iﬁsulating material layer 6 and the space between the
field effect transistor chip 14 and the insulating material
layer 6 are filled with underfilling 16 made of a resin
material. The underfillipg 16 is, for example, made of
epoxy resin or-silicon resin. The material for the
undeffilling 16 may or may not include silica particles.

The space between the electronic components 15 and
the insulatiﬁg material layer 6 and the space ;round the

~solders 8d for mounting the electronic components 15 are
filled with‘fillet—shaped (tapered) structures made of the
underfilling 16. - S .

Sealing resin 18 is formed on the insuléting
material layer 6 between the two nickel plates 10, covering
the protection -IC chip 12 mounting area, the field effect
transistor chip 14 mounting area, and the electronic
component 15 mounting areas. The protection IC chip 12, the
field effect transistor chip 14, and the electronic.
componeﬁts 15 are covered and protécted by the sealing

resin 18.
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For example, three load-side external terminals
20a, a test terminal 20b, and a test terminal 20c are
formed on a back side 2b (the side opposite the front side
2a) of the circuit board 2. The load-side external
terminals 20a, the test terminal 20b, and the test terminal
20c are, for example, made of copper.

An insulating material layer 22 is formed on the
back side 2b of the circuit board 2. The insulating
material layer 22 has openings 22a corresponding to the
load-side external terminals 20a, and openings 22b and 22c
corresponding to the test terminals 20b and 20c,
respectively.

Gold-plate layers 24a are formed on the load-side
external terminals 20a, aﬁd gold-plate layers 24b and 24c
are forﬁed-qn the test terminals 20b‘and 20c, respectiveiy.

- In this’éxemplary'protection-circuit module, the)
battery;side external términals 4a are positioﬁed on the
front side 2a of the circuit board 2, and the load-side
external terminals 20a are positioned on the back side 2b
of the circuit board 2. Compared with a configuration where
the battery;side external terminals 4a and the load-side
external terminals 20a are positioned on the same side of
the circuit board 2, the above configuration makes it

possible to reduce the size of the circuit board 2 and
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thereby to reduce the size of the protection circuit module
1.

The protection IC chip 12 and the field effect
transistor chip 14 are mounted on the front side 2a of the
circuit board 2.by using the flip chip packaging technology.
The flip chip packaging technology can make production
costs lower than those necessary when the wire bonding
technology is used. Also, the flip chip packaging
technology requires smaller ﬁounting areas for the
protection IC chip 12 and the field effect transistor chip
14.

Further; with the flip chip packaging technology,
it is possible to reduce the on-resistance of the field
gffect transistor chip 14.

Also, in the protection circuit module i, the
protection IC chib 12, the field effect transistor chip 14;4
and the,electrbﬁic components 15 are covered and ptotected
by the sealing resin 18.

The insulating material layer 6 formed on the
front side 2a of the circuit board 2 has the opeﬁings 6a
corresponding to the béttery—side external terminals da,
the openings 6b corfesponding to the protection IC .chip
connecting electrodes 4b, and the openings 6c corresponding
to the field effect transistor chip connecting electrodes

4c. The external connection terminals 12a of the protection
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IC chip 12 are connected via the solder 8b formed in the
openings 6b to the protectioh IC chip connecting electrodes
4b. The external connecpion terminals 14a of the field
éffect transistor chip 14 are connected via the solder 8c
formed in the openings 6c to the field effect transistor
chip connecting electrodes 4c. In other words, the
insulating material layer 6 is formed between the adjoining
external connection terminals 12a of the protection IC chip
12 and between the adjoining external connection termihals
l4a of the field effect transistor chip 14. Thus, the
insulating material layer 6 prevents short circuits between
the adjoining‘external coﬁnection terminals 12a and between
the adjoining externél connection terminals 1l4a.

The gold-plate layers 24a formed on the load—side
external terminals 20a provide stable electrical connection
between the termiﬁalé of‘a load. such as é portable device
or a battery charger and the ioad—siae’external terminals
20a. The gold—plafe layers 24b and 24c formed on fhe test
terminais'ZOb and 20c provide stable electrical connection
duringAa test.

| The space betﬁeen the electronic componénts 15 and
the insulating material layer 6 and the space around the
solder 8d for mounting the electronic components 15 are
filled with fillet-shaped structures made of the

underfilling 16. These structures prevent the entry of tiny
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air bubbles into the sealing resin 18 around the electronic
components 15, theteby preventing defective appearance

caused by such air bubbles and reliability problems caused
by a void formed when the air bubbles are expanded by heat.

However, the underfilling 16 around the electronic
components 15 maj be omitted.

This exemplary protection circuit module includes
one profection IC chip 12 and one field effect transistor
chip 14 as semiconductor components. However, the
configuration of a protection circuit module is not limited
to the configuration described in this embodiment and a
protection circuit module may include any number and type -
of semiconductor components. For example, a protection
circuit modgle may include one protection IC chip and two
field effect transistor chips. Also, a protection circuit
modulée may includé any number and type of electronic
compbnents 15.

This exemplary protectibn circuit module includes
three load-side external terminals 20a. Howevef, the
configuration of a protection circuit module is not limited
to tﬁe configuration déscribed in this embodiment and a
protection circuit module may include any number of:load—
side external terminals. For example, a protection circuit
module may include two load-side external terminals or

include four load-side external terminals.
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FIG. 4A is a front plan view of an exemplary
protection circuit module with a wiring part for
electrically connecting a secondary battery and a battery-
side external terminal attached. FIG. 4B is a back plan
view of the exemplary protection circuit module. In FIG. 4,
the same reference numbers are used for parts corresponding
to those shown in FIG. 2, and description of those parts
are omitted.

A strip-shaped nickel wiring part 26 for
electrically connecting a secondary'battery and a battery-
side external terminal 4a of.the protection circuit module
1 is spot-welded to one of the two nickel plates 10 on the
front side 2a of the protection circuit module 1.

FIG. 5 is a'plaﬁ view of an exemplary battery pack
including a cross section of a part of the-battery pack.

- The exemblary battery pack includes a case 28 made
of an insulating matefial. The protection circuit module 1,
a secondary battery 30, and the nickel wiring part 26 are
arranged in the case 28. The protection circuit module 1 is
positioned so that the back side 2b faces outward and the
front side 2a faces inwérd. The gold-plate layers‘24a, 24Db,
and 24c are formed on the load-side external terminals 20a
and the test terminals 20b and 20c on the back side 2b. The

nickel plates 10 and the sealing resin 18 are formed on the
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front side 2a. The case 28 has openings 28a corresponding
to the gold-plate layers 24a, 24b, and Z24c.

The nickel wiring éart 26 spot-welded to one of
the two nickel plates 10 is connected to an electrode 30a
of the secondary battery 30. The other nickel plate 10 is
connected to an electrode 30b of the secondary battery 30.

The exemplary configuration of the protection
circuit module 1 described above makes it possible to
reduce the size and production cost of a protection circuit
module, thereby making it possible to.reduce the size and
production cost of a battery pack.

In this exemplary battery pack, one of.the two
nickel plates 10 is directly connected to the electrode 30b
of the secbndary battery 30. Howeﬁer, theAconfiguration of
a battery pack is not limited to the configuratipn
described above aﬁd the. two nickél plates 10 may be
connected via nickel wiring parts to the electrodes 30a and
30b of the secondary battery 30.

FIG. 6A is a front plan view of an exemplary
collective circuit board to be tested. FIG. 6B is a back
plan view of the exemplary collective circuit board. In FIG.
6, the same reference numbers are used for parts
corresponding to those shown in FIG. 2, and description of

those parts are omitted.
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Multiple electronic component device areas 34
before being diced into separate circuit boards are arrayed
on a collective circuit board 32. The planar shape of each
electronic component device area 34 is rectangular. On the
.collective circuit board 32, two electronic component
device areas 34 are arrayed in the longitudinal direction
and 14 electronic component device areas 34 are arrayed in
the horizontal direction.

Two nickel plates 10 are placed on each of the
electronic component device areas 34 on a front side 32a of
the collective cirguit board 32,. The sealing resin 18 is
formed continuously on each row of: the electronic component
device areas 34 in the horizontal direction.

On the back sidé 32b of the collective circuit
board 32, gold-plate layers 24a,v24b, and'24c are formed on
each of the electfonié component device area 34.

FIG. 7 is a cross—sectional view of the electronic
component device testing apparatus shown in FIG. 1 and the
exemplary collective circuit board 32m, shown in FIG. 6,
being tested by the electronic component device testing
apparatus.

Thg collective circuit board 32 is aligned and
positioned over the electronic component device testing
apparatus and moved down so that the pogo pins 74

(including 74-1 and 74-2) come in contact with the gold-
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plate layers 24a, 24b, and 24c. Electric power and test
signals are supplied to the gold-plate layers 24a, 24b, and
24c via the pogo pins 74 (inéluding 74-1 and 74-2).
Electric power and test signals to the gold-plate layer 24b
are provided not from the base electrodes 76 but through
the leads 86 and 96, the solder 84 and 94, the metal plates
78 and 88, the solder 82 and 92, and the metal pins 80 and
90. Such a configuration obviates problems céused by the
resistance of the pogo pins 74-1 and 74-2, thereby
improving the fest accuracy.

Although pogo pins are used as first contacts in
the exemplary eiectronic component device testing apparatus
shown in FIG. 1, other types of confacts may also be use;.

Although bar-like metal pins 80.and 90 are used as
second contacts in this embodiment, coptae£s of any type
and material‘haviﬁg substantially low resistance may bg
used as second contacts.

In this embodiment, the metal pins 80 and 90 are
fixed to the socket 72 and are in contact with the pogo
pins 74-1 and 74-2 so that the electronic component device-
side pins 74a of the pdgo pins 74-1 and 74-2 can move.
However, the present invention is not limited to this
embodiment and the metal pins 80 and 90 may be soldered to

the electronic component device-side pins 74a of the pogo

.pins 74-1 and 74-2 so that the electronic component device-
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side pins 74a and the metal pins 80 and 90 move together.
Such a configuration makes it possible to reduce the
contact resistance between the pogo pins 74-1 and 74-2 ahd
the metal pins 80 and 90.

Also, although the metal pins 80 and 90 are
provided only for the pogo pins 74-1 and 74-2 in this
embodiment, metal pins (second contacts) may be provided
for any number of pogo pins (first contacts). For example,
second contacts may be provided for all first contacts.

In this embodiment, two sets of pogo pins 74
(including 74-1 and 74-2) are provided so that two
electronic component device areas 34 can be tested at a
time. However, an electronic component device testing
apparatus according to the present invention may be
configured tQ test one electronic componen% device area or.
more than two eleétronic'comppnent ae§ice areas at a time.

An electronic component device testing apparatus
according to the present inveﬁtion can also be used to test
an electronic component device on a separate circuit board
cut out from a collective circuit board.

In this embodiment, a protectioﬁ circuit module is
used as an example of an electronic component device to be
tested. However, an electronic component device testing

apparatus according to the present invention may be used

for testing other types of electronic component devices.
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The present invention is not limited to the
specifically disclosed embodiments, and variations and
modifications may be made wifhout departing from;the scope
of the present invention.

The present application4is based on Japanese
Priority Application No. 2005-216538, filed on July 26,
2005, the entire contents of which are hereby incorporated

herein by reference.
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CLAIMS

1. An electronié component device testing
apparatus, comprising:

first contacts arrayed so that first ends of the
first contacts positionally correspond to electrode pads
arrayed on a surface of an electronic component device;

base electrodes in contact with secona ends of the
first contacts; and

one or more second contacts each being
electrically connected to one of the first contacts at a
position which is between the first end and the second end
of the one of the first contacts and closer to the first

end of the one of the first contacts.

2. The electronic component device testing
apparatus as claimed in claim 1, wherein two or more of the
second contacts are provided, each of the second contacts

being electrically connected to one of the first contacts.

3. The electronic component device testing
apparatus as claimed in claim 1, wherein the first ends of
the first contacts.are movable in a direction perpendicular

to ‘the surface of the electronic component device.
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4. The electronic component device testing
apparatus as claimed in claim 1, wherein the first contacts

are pogo pins.

5. The elecfronic component device testing
apparatus as claimed in claim 1, wherein a plurality of
sets of the first contacts, the base electrodes, and said
one or more second contacts is provided, each set

corresponding to one.electronic component device.

6. The electronic component device testing
apparatus as élaimed in claim 5, Wherein the second
contacts in contact with the first contacts corresponding
to a.same type of the electrode pads of the electronic

component devices are electrically connected to each other

across saild sets.

7. The electronic component device testing
apparatus as claimed in claim 1, wherein the electronic
component device is a protection circuit module for a

secondary battery.
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