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1
PROBE CARD

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

TECHNICAL FIELD

The present invention relates to a probe card for examining,
clectrical characteristics of an examination object, such as a
walfer.

BACKGROUND OF INVENTION

Examinations of electrical characteristics of an electronic
circuit, such as an IC or an LSI formed on a semiconductor
waler, have been typically carried out by the use of examina-
tion devices having a probe card. The probe card typically
comprises plurality of probe pins to be contacted to a large
number of electrodes on a water, and a circuit board transmaits
an electric signal to each probe for examination. The exami-
nation of the electric circuit on the water has been carried out
in such way that each electrode of the water are brought into
contact with each probe pin, and an electrical signal 1s trans-
mitted from the circuit board to each probe.

Inrecent years, spacing between electrodes of an electronic
circuit on a wafer are getting smaller, and are now down to
approximately tens of um to 100 um due to mimaturization.
Spacing for probes of the probe card need to be reduced to
accommodate this, however, the spacing for terminals of a
circuit board corresponding the probes can only be, for
example, reduced to approximately 0.5 mm because 1t 1s
necessary to maintain insulation between adjacent terminals
while ensuring an adequate size of the terminal itself.

Under these circumstances, it has been proposed 1n Japa-
nese published unexamined patent application No. 2004-
191401 and so on to provide an interposer having an elasticity
and a contactor having a fine wiring on the lower face side of
the circuit board and mounting a probe on the lower face of
the contactor. A lower face terminal of the circuit board 1s
tormed on the contactor, and a fine wiring 1s formed 1nside of
the contactor to connect the upper face terminal and the lower
face terminal. By this contactor internal wiring, wider spac-
ing for the terminal of the circuit board is converted into small
spacing for the electrode on the water.

However, 1n the above probe card, manufacturing has been
taking time because it 1s necessary to form very complicated
and fine wiring. Also, the probe card has become costly due to
the necessity for designing a complicated wiring pattern and
a complicated manufacturing process.

The present invention has been made in consideration of
such points, and it 1s therefore an objective of the present
invention to provide a probe card that can respond to an
examination object such as a waler with small electrodes
spacing, and 1s also easy to manufacture and inexpensive.

BRIEF SUMMARY OF THE INVENTION

In order to achieve the above objective, the present mnven-
tion 1s a probe card having a circuit board to transmit an
clectrical signal for an examination to a plurality of probes,
and a probe supporting plate positioned on the lower face side
of the circuit board to support with a plurality of probes
inserted in a vertical direction, wherein on the probe support-
ing plate, the upper end portion of the probe protrudes upward
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ol the probe supporting plate and contacts the circuit board,
and the lower end portion of the probe supporting plate pro-
trudes downward of the probe supporting plate. Further, an
upper end portion and a lower end portion of each of the
probes are shifted as viewed from a plane, wherein the plu-
rality of probes are locked such that the spacing between the
upper end portions of the plurality of probes can be changed
to the spacing between the electrodes of an examination body
at their lower end portion.

And, the upper end portion of the probe may be directly
contacted to the terminal of a circuit board. Also, a second
circuit board may further be arranged between the circuit
board and the probe supporting plate.

Between the circuit board and the second circuit board, a
connecting plate may further be arranged. This connecting
plate comprises a conductive portion penetrating 1n a vertical
direction and an elastic member having an 1nsulating portion
formed around the conductive portion, wherein the upper end
portion of the conductive portion of the elastic member 1s
connected to the terminal provided on the circuit board, and
the lower end portion of the conductive portion may be elec-
trically connected to the second circuit board. This probe may
be configured to be nserted and removed freely against the
probe supporting port.

These plurality of probes are locked to the probe support-
ing plate 1 a plurality of rows, the probes 1n each row are
arranged to align the upper end portion and the lower end
portion 1n a virtually perpendicular direction of the arrange-
ment direction viewed from a plane. The probes in each row
are grouped with adjacent probes 1n a plurality of groups, and
within each group, the spacing of the lower end portions for
adjacent probes may be smaller than that of the upper end
potions. Also, each group may comprise a plurality of types of
probes that have different distances from the upper end por-
tion to the lower end portion when viewed from a plane. And
the different types of probes may be arranged adjacent to each
other.

According to the present invention, each probe 1s locked to
the probe supporting plate such that the spacing between the
upper portions ol the probe are converted 1nto the spacing of
the electrode of the examination body at the lower end por-
tion, thereby the examination of an examination body with
smaller spacing between the electrodes can be performed.
Also, since the probe itself can make pitch conversion of
clectrodes or terminals on the upper and lower face, for

example, there 1s no need to provide a conventional compli-
cated fine wiring on the contactor, thus the time and the cost
for manufacturing probe cards can be reduced.

Also, 1 order to achieve the above objective, a second
invention 1s a probe card having a circuit board to transmait an
clectrical signal for an examination to a plurality of probes,
and a probe supporting plate positioned on the lower face side
of the circuit board to support with a plurality of probes
inserted 1n a vertical direction, wherein on the probe support-
ing plate, the upper end portion of the probe protrudes upward
ol the probe supporting plate and contacts the circuit board,
and the lower end portion of the probe protrudes downward of
the probe supporting plate, wherein the probe has at least an
upper portion, a main body portion and a lower portion,
wherein the upper portion having an upper end portion to
contact the circuit board and an elasticity function against the
vertical direction when the upper portion contacts the circuit
board.

On the upper face side of the probe supporting plate, a
groove that has a plurality of probes to be arranged, are
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formed and a through-hole that the lower portion of each
probe penetrates may be formed on the bottom faces of the
groove.

On the side wall upper end portion of the groove of the
probe supporting plate, a plurality of concave portions are
formed and locked portions to be engaged and locked to the
concave portions may be formed on each probe.

The concave portion has a plurality of round holes with
bottoms formed from the upper face side of the probe sup-
porting plate, wherein the plurality of round holes are
arranged linearly, the side faces of adjacent round holes are
connected to each other, and the side face of the round hole
closest to the groove among the plurality of round holes may
open to the side wall face of the groove.

At least one or more round holes, except the round hole
closest to the groove, may be formed deeper than the round
hole closest to the groove.

The upper portion of the probe may have an upper end
portion having a convex curvature portion, and a beam por-
tion connected to the curvature portion and formed from the
upper portion to the obliquely upward of the main body
portion.

The lower portion of the probe may have a perpendicular
portion having a lower end portion, and a beam portion
tormed 1n a horizontal direction from the lower portion of the
main body portion and connected to the perpendicular portion
at the top end. And this lower portion of the probe may have
two parallel beam portions.

Also, the main body portion of the probe may be formed 1n
a plate form 1nstalled on the perpendicular face.

Further, a third invention to achieve the above objective 1s
a probe card having a circuit board to transmit an electrical
signal for an examination of a plurality of probes, and a probe
supporting plate positioned on the lower face side of the
circuit board to support with a plurality of probes mserted 1n
vertical direction, wherein on the probe supporting plate, the
upper end portion of the probe protrudes upward of the probe
supporting plate and contacts the circuit board, and the lower
end portion of the probe supporting plate protrudes down-
ward of the probe supporting plate, wherein the probe has at
least an upper portion, a main body portion and a lower
portion, wherein the main body portion has an elasticity func-
tion against the vertical direction when the upper portion
formed 1n a linear shape contacts the circuit board.

On the lower face side of the probe supporting plate, a
groove that has a plurality ol probes to be arranged are formed
and a through-hole that the upper portion of each probe pen-
etrates, may be formed on the bottom faces of the grooves.

On the lower face adjacent to the groove on the probe
supporting plate, a plurality of concave portions are formed
along the groove 1n line, each probe having a locking portion
to lock the probe to the probe supporting portion, and a
concave portion to be engaged in the concave portion may be
formed on the locking portion of each probe.

The locking portion of each probe may be adhered to the
concaved portion with a resin curable by light or heat. And
cach of the adjacent concaved portions may be formed at
different distances from the groove.

This main body portion of probe may be 1n a serpentine
form 1n a wave or a rectangular shape.

The locking portion of each probe may be mounted on the
joint portion of the main body portion and the lower portion.
Further, the lower portion of probe may have a perpendicular
portion having a lower end portion, and a beam portion
formed 1n the horizontal direction from the lower portion of
the main body portion and connected to the perpendicular
portion at the top end.
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According to the present invention, a probe card that can
correspond to the examination body with small electrode
spacing, and 1s easy and inexpensive to manufacture, 1s real-
1zed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a side view showing an outline of a configuration
for a probe 1n this embodiment.

FIG. 2 1s a longitudinal section of a probe supporting plate
with a probed locked.

FIG. 3 1s an explanatory diagram showing a condition of a
probe supporting plate with a plurality of probes mounted.

FIG. 4 15 a plan view of a concave portion formed on a
probe supporting plate.

FIG. 5 1s an enlarged plan view of a probe supporting plate
showing a concave portion and a through-hole formed on a
probe supporting plate.

FIG. 6 1s an enlarged plan view of a probe supporting plate
with a probe mounted.

FIG. 7 1s a longitudinal section of a probe supporting plate
having a probe having a different curve position 1s locked.

FIG. 8 1s an enlarged plan view of a probe supporting plate
with the probe of FIG. 7 mounted thereon.

FIG. 9 1s a longitudinal section of a probe supporting plate
with a probe having two beams on lower contact, locked.

FIG. 10 1s an explanatory diagram showing an outline of a
coniiguration for a probe card comprising a connection plate
and an elastic member.

FIG. 11 1s alongitudinal section showing a configuration of
a probe supporting plate with a groove formed on a lower
face.

FIG. 121s a longitudinal section of a probe supporting plate
that has a probe mounted thereon.

FIG. 13(a) shows a probe with an upper contact located on
center.

FIG. 13(b) shows a probe with an upper contact located on
a left side.

FIG. 13(c) shows a probe with an upper contact located on
a right side.

FIG. 14 1s an enlarged view of a lower face of the probe
supporting plate showing a concave portion and a through-
hole formed on the probe supporting plate.

FIG. 15 1s an enlarged view of a lower face of a probe
supporting plate with a probe mounted thereon.

FIG. 16 1s alongitudinal section showing a configuration of
a probe card comprising a connection plate.

FIG. 17 1s an enlarged cross section view of a mounting,
position for a metal pin of the connection plate.

DETAILED DESCRIPTION OF INVENTION

A preferred embodiment of the present invention will here-

iafter be described. FIG. 1 1s an explanatory diagram show-
ing a configuration of a probe 1 having a probe card according
to the embodiment.
The probe 1 1s provided with, for example, a probe card 2,
a chuck 3 to stick and retain a water W, as an examination
object, a moving mechanism 4 for moving the chuck 3, and a
tester S.

The probe card 2 1s provided with, for example, a plurality
of probes 10, a probe supporting plate 11 which supports the
probe 10 while the probes 10 are imnserted, and a printed wiring
board 12 as a circuit board, attached on the upper face side of
the probe supporting plate 11.

The printed wiring board 12 1s electrically connected to the

tester 5. Inside of the printed wiring board 12, a wiring for an




US RE42,637 E

S

clectrical signal for examination to travel from the tester 5 1s
formed, and a plurality of terminals 12a for the wiring are
formed on a lower face of the printed wiring board 12.

The probe 10 1s, for example, formed 1n a thin plate shape,
and, as shown 1 FIG. 2, provided with an upper contact 20
that contacts a terminal 12a of the printed wiring board 12, a
lower contact 21 which 1s brought into a contact with an
electrode P of the a water W 1n an examination, and a main
body portion 22 that connects the upper contact 20 and the
lower contact 21. For example, N1, a nickel alloy, such as
N1—Co alloy or Ni-—Mn alloy, W, Pd, BeCu alloy, or Au
alloy are used as a material of the probe 10. The probe 10 can
also be plated with precious metal plating matenals, or an
alloy of these precious metal plating materials, and other
metal plating materials on the surface of a base material made
ol a material described above.

For example, the main body portion 22 of the probe 10 1s
formed 1n a virtually square flat plate shape and having an
inclined surface on a lower face of the one end A side (left side
of FIG. 2). On the side face of the other end B side (right side
of FIG. 2) of upper main body portion 22, an upper locking
portion 22a that 1s locked to the probe supporting plate 11 1s
tformed. The upper locking portion 22a 1s, for example,
tformed 1n a hook shape, protruding 1n a horizontal direction
trom the side face of the main body portion 22, and having 1ts
front end portion bending downward.

The upper contact 20 has, for example, a linear beam
portion 20a formed obliquely upward of the other end B side
from an upper end of the A side of the main body portion 22,
and a curvature portion 20b which 1s convex and connected to
the front end of the beam portion 20a. The upper contact 20
has elasticity in vertical directions because the beam portion
20a bends 1n vertical directions. The curvature portion 20b 1s
pressed and contacted by the terminal 12a of the printed
wiring board 12. In addition, the uppermost part of the cur-
vature portion 20b 1s the upper end portion of the probe 10 in
this embodiment.

The lower contact 21 has the linear beam portion 21a
tormed 1n the horizontal direction from the other end B side
towards the one end A side of the lower portion of the main
body portion 22, and the perpendicular portion 21b, 1s con-
nected to the top end of beam portion 21a, and 1s formed 1n a
so-called cantilever shape. The perpendicular portion 21b
contacts the electrode P of wafter W at an examination. The
lower contact 21 has elasticity 1n the vertical direction
because the beam portion 21a bends 1n vertical directions.
Around the upper portion of the perpendicular portion 21b, a
lower locking portion 21¢ protrudes outward and 1s larger 1n
diameter than other portions. Also, a stopper 21d protrudes
downward on the lower face of the other end B side of the
beam portion 21a. In addition, the top end of the perpendicu-
lar portion 21b 1s the lower end portion of probe 10 1n this
embodiment.

The probe supporting plate 11 which supports the probe 10
above 1s, for example, formed 1n a square plate shape. The
probe supporting plate 11 1s formed with a low-thermal
expansion material, such as ceramics. On an upper face side
ol the probe supporting plate 11, grooves 30 are formed, for
example, in a plurality of rows towards a constant direction (X
direction) as shown in FIG. 3. Two rows of probe 10, for
example, are locked to each row of these grooves 30 so as to
tace each other.

The through-hole 30a penetrates the lower face of the
probe supporting plate 11, as shown 1n FIG. 2, and 1s formed
on a bottom face of the groove 30 of the probe supporting
plate 11. Into this through-hole 30a, the perpendicular portion
21b of the lower contact 21 of probe 10 1s 1nserted, and the
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lower end portion of the perpendicular portion 21b protrudes
downward of the probe supporting plate 11. Also, the stopper
21d of the perpendicular portion 21a contacts the upper cir-
cumierence edge of through-hole 30a to maintain horizontal-
ity of the beam portion 21a. In addition, the stopper 21d may
be configured to inhibit the incline of the beam portion 21a
and 1s usually slightly floating from the bottom face of grove
30, and may be configured to contact the bottom face of the
grove 30 when the probe 10 1s pressed downward.

A concave portion 30b 1s formed on the side wall upper
portion on the groove 30 of the probe supporting plate 11. As
shown in FI1G. 4, the concave portion 30b has two round holes
30c and 30d having bottoms and open from the upper face
side of the probe supporting plate 11. The round holes 30c and
30d are linearly installed adjacent to each other 1n the Y
direction, and their side faces are connected. The round hole
30c 1s closer to the groove 30 side and 1s opened on its side
face to the side wall face of the groove 30. The round hole 30d
far from the groove 30 1s formed deeper than the round hole
30c as shown 1n FIG. 2. The upper locking portion 22a of
main body portion 22 of the probe 10 1s formed on this
concave portion 30b.

As described above, the probe 10 1s locked at the upper face
side of the probe supporting plate 11 by the lower locking
portion 21¢ and the upper locking portion 22a, thereby 1t can
be mserted and removed from the upper face side of the probe
supporting plate 11.

Also, the mside of the concave portion 30b, for example, 1s
filled with a light-curable resin, such as UV-curable resin, and
the upper locking portion 22a 1s attached to the concave
portion 30b by curing the resin by exposure to a UV ray with
the upper locking portion 22a engaged in that concave portion
30a. In addition, a heat-curable resin can be used for this
adhesion.

As shown 1n FIG. 5, the through-hole 30a 1n the groove 30
1s arranged 1n line along the groove 30. The spacing of
through-holes 30a 1n the groove 30 1s configured to be equal
to the spacing of the electrodes P of the water W to be
examined. The concave portion 30b 1s formed in line along
the groove 30 and 1s paired with the through-hole 30a. The
concave portion 30b 1s grouped with a plurality of adjacent
concave portions (three in FIG. §), and the spacing of the
concave portions 30b in each group G 1s wider than that of
corresponding through-hole 30a. Therefore, as shown in FIG.
6, when the probes 10 are mserted to each of through-holes
30a and concave portion 30b in the same group G, the probes
10 1n the group G are radiated (sector form) from the through-
hole 30a side to the concave portion 30b side. This makes
spacing D1 of the curvature portion 20b of the probe 10
contacting the terminal 12a of the printed wiring board 12
wider than the spacing D2 of the perpendicular portion 21b
contacting the electrode P of water W viewed as from a plane.

The probe supporting plate 11 supporting the plurality of
probes 10 1s, for example, fixed to a lower face of the printed
wiring board 12 with a bolt 40 as shown in FIG. 1. For
example, a support 41 1s formed on the lower face of the
printed wiring board 12, and an outer circumierence of the
probe supporting plate 11 1s fixed to the support 41 with the
bolt40. In addition, the probe supporting plate 11 can be fixed
to the printed wiring board 12 with other fixing members,
such as a leaf spring, instead of bolt 40.

The chuck 3 1s formed 1n a virtual disc shape having a
horizontal upper face. The upper face of chuck 3 1s provided
with an aspiration outlet 3a to perform vacuum holding of the
waler W. The aspiration outlet 3a 1s, for example, connected
to an aspiration tube 3b that leads to an external negative
pressure generator 30 through the chuck 3.
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The moving mechanism 4 1s, for example, provided with an
clevation drive portion 60, such as a cylinder to elevate the
chuck 3, and an X-Y stage 61 to move the elevation drive
portion 60 1n two directions (X direction and Y direction)
perpendicular to the horizontal directions. This allows three-
dimensional movement of the waler W retained by the chuck
3, and specific probes 10 located upward can be contacted to
cach electrode P on the surface of wafer W.

Next, an examination process performed by the probe 1
configured as above will be discussed. At first, the water W 1s
vacuum held and retained on the chuck 3. Then, the chuck 3
1s moved 1n the X-Y direction by the moving mechanism 4
and the position of a wafler W 1s adjusted. Thereafter, the
chuck 3 1s elevated and each electrode P on the water W 1s
pressed and contacted to each probe 10 of the probe card 2.

Thereafter, an electrical signal for an examination 1s trans-
mitted from the tester 5 to each probe 10 through the printed
wiring board 12, and the electric signal 1s transmitted from
cach probe 10 to each electrode P on the water W, then
clectrical characteristics of the electrical circuit on the water
W are examined.

According to above embodiment, the plurality of probes 10
can be locked to the probe supporting plate 11 such that the
spacing D2 between the perpendicular portions 21b of the
lower end of the probe 10 1s smaller than the spacing D
between the curvature portions 20b on the upper end of the
probe 10, so that the probe 10 1itself can convert the pitch of
terminal 12a of the printed wiring board 12 into the pitch of
the electrode P of the water W without using a conventional
contactor with fine wiring, thereby the water W with small
clectrode P spacing can be examined suificiently. This sim-
plifies the production of the probe card 2 and the probe card 2
can be manufactured inexpensively 1n a short period of time.
Also, the probe supporting plate 11 can be large in size
because there 1s no need to form a fine wiring like a conven-
tional contactor. For this reason, the probe supporting plate 11
can support a large number of probes 10 and examine a large
number of electrodes P at a time. The probe 10 directly
contacts the terminal 12a of the printed wiring board 12, thus
clectrical contact points are less than a conventional tech-
nique, thereby the examination can be done much faster and
more accurate with high reliability.

Further, since the probe 10 can be inserted and removed
freely from the probe supporting plate 11, the probe 10 can
casily be exchanged when, for example, a portion ol the probe
10 1s damaged. Also, the probe 10 1s not metal joined like a
conventional technique, so 1t does not electrically damage the
joint portion when exchanging a probe 10. In addition, for
example, the probe 10 can be replaced with one having a
different length of perpendicular potion 21b, so that the
height ol probe 10 or other changes according to the apparatus
specification can be easily adjusted.

In the above embodiment, the groove 30 1s formed on the
probe supporting plate 11, a plurality of through-holes 30a
and concave portions 30b are formed along the groove 30, and
corresponding locking portions 21c¢ and 22a are formed on
the probe 10, thus the probe supporting plate 11 locks each
probe 10 at two positions and number of probes 10 can be
supported sufliciently.

In the embodiment above, the upper contact 20 with elas-
ticity 1s formed on the upper portion of the probe 10 so that,
for example, the electrical contact between the printed wiring
board 12 and the probe 10 can be ensured while absorbing the
distortion of the probe supporting plate 11 and the printed
wiring board 12. Especially, 1n this embodiment, there 1s no
conventional interposer so that the number of parts for the
probe card 2 1s small thus the structure of the probe card 2 can
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be simplified. For this reason, the probe 2 can further be
manufactured easily and the cost can be reduced as well. In
addition, less electrical contact points exist thus examination
speed and accuracy for electrical characteristics can be
improved.

Also, the lower contact 21 with elasticity 1s formed on the
lower portion of the probe 10, so that the lower contact 21
moves on the surface of the electrode P when pressing the
lower contact 21 to the electrode P of the water W, thus the
oxide film on the surface of the electrode P on the water W can
be shaved off adequately. The main body portion 22 of the
probe 10 1s formed 1n a plate shape, thus the product manage-
ment of the probe 10 can be made easily, for example, by
describing a lot number of the probe 10, while maintaining
the ngidity of the probe 10.

The concave portion 30b on the probe supporting plate 11
1s comprised ol two round holes 30c and 30d, the holes to lock
probes 10 can be formed easily, for example, by a drilling
process. The concave portion 30b can be formed on an accu-
rate position by the drilling process thereby the positioning
accuracy of the probes 10 can be improved.

In addition, the concave portion 30b has two round holes
30c and 30d, however, holes are not limited to two. Also, the
configuration of concave portion 30b 1s not limited to the
round hole, and 1t may be an elongate hole that 1s long 1n one
direction viewed from a plane.

In the above embodiment, as shown 1n FIG. 6, the probes
10 with the same distance for the curvature portion 20b con-
tacting the terminal 12a of the printed wiring board 12 and the
perpendicular portion 21b contacting electrode P of the water
W viewed from a plane, are used, however, a plurality of types
of probes that have a different distance of the curvature por-
tion 21b and the perpendicular portion 21b may be used. For
example, as shown 1n FIG. 7, in a portion of probes 70, the
beam portion 20a of the upper contact 20 1s formed obliquely
upward from the other end B side to the one end A side, and
the curvature portion 20b may be formed on its top end
portion. For this probe 70, the curvature portion 20b 1s posi-
tioned on the one end A side compared to the probe 10
described above. In addition, other configurations of the
probe 70 are the same as that of the probe 10, thus 1dentical
names and symbols are used and their explanations are omit-
ted. And, as shown 1n FIG. 8, on the probe supporting plate 11,
for example, probes 70 are arranged between two probes 10
within the group G and the probes 10 and probes 70 are
arranged alternately. In probes 70, the distance from the cur-
vature portion 20b to the perpendicular portion 21b viewed
from a plane 1s shorter compared to the probe 10. In this case,
cach terminal 12 corresponds to each of curvature portions
20b for the probe 10 and probe 70, and 1s formed on the
printed wiring board 12.

According to this example, the probes can be used on a
printed wiring board with a complicated wiring pattern.
Meanwhile, the forming position of the terminal 12a of the
printed wiring board 12 can further be designed freely. In
addition, for the probes 10 and 70, the distance from the
curvature portion 20b to the perpendicular potion 21b can be
configured arbitrarily by changing the length of the beam
portion 20a of the upper contact 20. Also, the probe with a
different distance of the curvature portion 20b and the per-
pendicular portion 21b 1s not limited to two types and may be
three or more types.

Also, 1n the probe 10 described 1n the above embodiment,
the lower contact 21 having two horizontal beam portions
21a, as shown 1n FIG. 9, and the perpendicular portion 21b
may be formed on the top end of those two beam portions 21a.
In this case, the main body portion 22 may have a linear shape
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extending 1n a perpendicular direction that connects the end
portion of the other end B side of the two beam portions 21a
and the upper contact 20. Even in this case, rigidity and
clasticity 1n the vertical direction of the probe 10 can be
secured, thus contact of the probe 10 and the printed wiring
board 12 can be properly maintained.

In the embodiment above, the probes 10 of the probe sup-
porting plate 11 are directly contacted to the terminals 12a of
the printed wiring board 12, however, for example, the con-
necting plate 90 and the elasticity member 91 may be pro-
vided between the probe supporting plate 11 and the printed
wiring board 12 as shown in FI1G. 10. The connecting plate 90,
for example, 1s formed 1n a disc shape with a depth, and an
upper face terminal 90a and a lower face terminal 90b are
tormed on upper and lower faces of the connecting portion 90
respectively. The spacing between the lower face terminals
90b, for example, 1s formed smaller than that of the upper face
terminals 90a. Inside the connecting plate 90, an internal
wiring 1s formed to connect the upper face terminal 90a and
the lower face terminal 90b. The upper contact 20 of the probe
10 1s contacting the lower face terminal 90b.

The elastic member 91 is arranged between the connecting,
plate 90 and the printed wiring board 12. The elastic member
91 1s, for example, formed in sheet form and configured from
a plurality of conductive portions 91a having elasticity and an
insulating portion 91b connecting between each of the con-
ducting portions 91a. The conductive portion 91a 1s formed 1n
a virtually cylindrical form penetrating 1n the direction of
sheet thickness and 1s exposed on the upper and lower face of
the sheet. The conductive portion 91a i1s formed by, for
example, densely filling conductive particles in a high
molecular material having an insulation property and an elas-
ticity. An upper face terminal 90a of the connecting plate 90
contacts the lower end portion of this conductive portion 91a,
and the terminal 12a of the printed wring board 12 contacts
the upper end portion of the conductive portion 91a.

By such configuration, the probe 10 of the probe support-
ing plate 11 and the printed wiring board 12 are electrically
conducted through the connecting plate 90 and the elastic
member 91.

The probe supporting plate 11, the connecting plate 90, and
the elastic member 91 are fixed to the printed wiring board 12
at their outer circumierence portions by a plurality of bolts 92
which penetrate from the probe supporting plate 11 on the
lower side to inside the printed wiring board 12. In addition,
the lower end face of the bolt 92 1s located above the lower
face of the probe supporting portion 11.

In this example, the connecting plate 90 provides a wider
spacing between the printed wring board 12 and the probe
supporting plate 11, thus, the printed wiring board 12 and the
waler W are prevented from contacting, even when a distor-
tion occurred to the printed wiring board 12 due to, for
example, effects of thermal expansion and processing accu-
racy. This enables prevents the printed wiring board 12 and
the waler W from contacting thereby preventing the printed
wiring board 12 and the water W from damage. The pitch
conversion between the terminal 12a of the printed wiring
board 12 and the electrode P of water W can be done 1n both
the connecting plate 90 and the probes 10 of the probe sup-
porting plate 11, thus a larger pitch conversion can be made.
This enables the examination of a waler W with a smaller
pitch of the electrodes P. In addition, an internal wiring 1s
formed 1n the connecting plate 90, however, it can manufac-
tured i lower cost compared to the conventional contactor
because the pitch conversion amount 1s small.

Also, the elastic member 91 with a conductive property 1s
intervened between the connecting plate 90 and the printed
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wiring board 12, thereby, for example, distortion of the
printed wiring board 12 1s absorbed and enables the mainte-
nance of the horizontality of the connection plate 90 or the
probe supporting plate 11. This enables sufficient contact of
the electrode P 1n the watfer face and each probe 10 of the
probe supporting plate 11.

In addition, the elastic member 91 described in this
example 1s not limited to a sheet form, and it can be config-
ured, for example, by a plurality of curved metal pins.

In the above embodiment, the groove 30 1s formed on the
upper face side of the probe supporting plate 11 and the probe
10 1s arranged 1n the groove 30, however, the groove may be
tormed on the lower face side of the probe supporting plate 11
with a plurality of probes arranged in the groove. This
example 1s hereinatter explained.

For example, as shown in FIG. 11, a groove 100 i a
plurality of rows along X direction as described 1n the above
embodiment 1s formed on the lower face side of the probe
supporting plate 11. A plurality of probes 110 are arranged 1n

this groove 100 of the probe supporting plate 11.

For example, as shown 1n FIG. 12, the probe 110 1s pro-
vided with an upper contact 120 that contacts the terminal 12a
of the printed wiring board 12, a lower contact 121 to be
contacted to the electrode P on the water W at an examination,
a connecting portion 122 to connect the upper contact 120 and
the lower contact 121, and a locking portion 123 to lock the
probes 110 to the probe supporting plate 11.

The connecting portion 122 of probe 110 1s, for example,
formed 1n a virtually rectangular shape with a serpentine 1n
left and right and having vertical elasticity. In addition, the
shape of the connecting portion 122 1s not limited to a rect-
angular shape, and may be 1n a corrugated shape. The upper
contact 120 1s, for example, formed linearly upward from the
upper portion of the connecting portion 122. On the lower end
portion of the upper contact 120, a stopper 120a larger than
other portions 1s formed.

The lower contact 121 1s connected to the lower portion of
the connecting potion 122. The lower contact 121 1s com-
prised of a beam portion 121a formed 1n horizontal direction
from the connecting portion 122, and a perpendicular portion
121b extends downwards from the top end of the beam por-
tion 121a, having a so called cantilever form. The position of
the upper end portion of the upper contact 120 and the posi-
tion of lower end portion 121c of lower contact 121 are
staggered.

The locking portion 123 1s mounted on the joint portion of
the connecting portion 122 and lower contact 121. The lock-
ing portion 123 has a horizontal portion 123a extending in a
horizontal direction opposite of the lower contact 121 from
the joint portion, and a convex portion 123b protruding
upward from the horizontal portion 123a.

In this embodiment, for example, three types of probes 110
(110a, 110b, 110c) that have different distances from the
upper end portion of the upper contact 120 to the lower end
portion 121c of the lower contact 121 viewed from a plane are
used. For example, for the probe 110a, the upper contact 120
1s positioned around the middle of the connecting portion 122
as shown 1n FI1G. 13 (a), for the probe 110b, the upper contact
120 15 positioned at the lower end portion 121c side of the
lower contact 121 as shown 1n FI1G. 13 (b), and for the probe
110c, the upper contact 120 1s positioned opposite from the
lower end portion 121¢ on the lower contact 121, as shown 1n
FIG. 13 (c).

Further, three types of probes 110a, 110b, and 110c¢ are
formed such that the positions of convex portions 123b on the
locking portion 123 are different from each other. For
example, the convex portion 123b 1s the furthest from the
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connecting portion 122 for the probe 110a, the convex portion
123b 1s next-furthest from the connecting portion 122 for the
probe 110b, and the convex portion 123b 1s closest to the
connecting portion 122 for the probe 110c.

As shown 1n FIG. 12, a through-hole 100a penetrating
through the upper face of the probe supporting plate 11 1s
tormed on the bottom face (top face) of the groove 100 on the
probe supporting plate 11. The upper contact 120 of the probe
110 1s 1mserted through this through-hole and the upper end
portion of the upper contact 120 protrudes upward of the
probe supporting plate 11. Also, a stopper 120a of the upper
contact 120 1s locked on the lower end circumierence portion
of the through-hole 100a.

The concave portion 100b 1s formed around the groove 100
on the lower face of the probe supporting plate 11. The convex
portion 123b of the locking portion 123 of probe 110 1s
engaged to the concave portion 100b. The mside of the con-
cave portion 100b 1s, for example, filled with a light-curable
resin, such as UV-curable resin and the locking portion 123 1s
attached to the concave portion 100b by curing the resin by
exposure in an UV ray with the convex portion 123b engaged.
In addition, a thermal-curable resin may be used for this
adhesion.

FIG. 14 shows an enlarged view of the lower face of the
probe supporting portion 11. As shown in FIG. 14, the
through-hole 100a and the concave portion 100b are paired,
and formed colinear with theY direction perpendicular to the
direction of the grooves 100. Each of the through-hole 100a
and the concave portion 100b are formed aligned 1n the X
direction along the groove 100. For example, the concave
portions 100b adjacent 1n the X direction are formed having
different distances from the side wall portion 100c of the
grooves 100c. Also, the through-hole 100a 1s formed on a
position that corresponds to each terminal 12a of the printed
wiring board 12, and the though-holes 100a, adjacent in the X
direction, are formed having different distances from the side
wall portion 100c of the grooves 100 (positions where differ-
ent distances from the electrodes P of the waler W to be
described). As shown 1n FIG. 15, for these positions of the
through-holes 100a and the concave positions 100b, any of
three types of the probe 110 described above can be mserted
to a pair ol concave portions 100b and through-holes 100a,
and the position of the lower portion 121c¢ of the lower contact
121 1s configured to correspond to the position of the each
clectrode P of the water W to be examined and arranged on
the colinear X direction.

In this embodiment, each three through-holes 100a and
concaved portion 100b adjacent to each other 1n the X direc-
tion are grouped, and each of three types of probes 110a,
110b, and 110c are attached to each group G 1n predetermined
order. As a result, the spacing D3 between the lower end
portions 121c¢ of the lower contacts 121 of probes 110 adja-
cent each other within the group G 1s smaller than the spacing
D4 between the upper contacts 120, thus the wider pitch of the
terminals 12a of the printed wiring board 12 1s converted to
the smaller pitch of the electrodes P on the wafer W by these
probes 110.

According to this embodiment, the plurality of probes 110
can be locked to the probe supporting plate 11, such that the
spacing between the lower end portions 121¢ of the lower
contact 121 of probe 110 1s smaller than that of the lower
contacts 120, so that the probe 110 can convert the wider pitch
of the terminals 12a of the printed wring board 12 to the
smaller pitch of the electrodes P of the waler W, thereby the
waler W with a smaller pitch of electrodes P can be examined
suificiently. In this case, because a conventional contactor
with a complicated fine wiring structure 1s not necessary, the
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production of probe card 2 1s simplified and the probe cards 2
can be manufactured inexpensively 1n a short period of time.
Each of the adjacent concave portions 110b are 1n different
distances from the groove 100, thus each of concave portion
100b does not interfere with each other even when the spacing
in the X direction 1s made smaller. This enables probe 110 to
be arranged in the X direction with a small pitch, and as a
result, the electrode P with a small pitch can be examined.

In the above embodiments, three types of probes 110 with
different distances from the upper contact 120 to the lower
end portion 121c¢ of the lower contact 121 viewed from a
plane are used, however, 1t 1s not limited to three types, it may
be two types, or 4 types or more.

In the above embodiment, a connecting plate 150 may be
provided between the printed wiring board 12 and the probe
supporting plate as shown 1n FIG. 16. This connecting plate
150 1s, for example, has a disc shape with a depth and formed
with a glass. A plurality of through-holes 150a penetrate
vertically and are formed on the connecting plate 150. A
metal pin 151 1s inserted to each through-hole 150a as a linear
shape conductive member. The metal pin 151 1s smaller than
the diameter of the through-hole 150a as shown 1 FIG. 17,
and able to freely move vertically, against the through-hole
150a. The metal pin 151 protrudes vertically from the though-
hole 150a and 1s longer than the through-hole 150a. On the
lower end portion of the metal pin 151, for example, a stopper
151a which 1s larger than the diameter of the through-hole
150a, 1s formed. As shown 1n FIG. 16, the probe supporting
plate 11 and the connecting plate 150 are fixed to the printed
wiring board 12 with a plurality of bolts 152 penetrating from
the probe supporting plate 11 on the lower side to 1nside the
printed wiring board 12 at their outer circumierence. In addi-
tion, the lower end faces ofthe bolts 152 are located above the
lower face of the probe supporting portion 11. In this way, as
shown in FIG. 17, the metal pin 151 1s pushed up by the upper
contact 120 of the probe 110 and the upper end portion of the
metal pin 151 contacts the terminal 12a of the printed wiring,
board 12. This allows the electrical conduction of the probe
110 and the printed wiring board 12.

In this example, the spacing between the printed wiring
board 12 and the probe supporting plate 11 1s widened by the
connecting plate 150, thus contact of the printed wiring board
12 and the water W can be prevented, even when, for
example, distortion has occurred to the printed wiring board
12 due to thermal expansion or processing accuracy. This
prevents damage to the printed wiring board 12 or walter W.
Also, the electrical conduction of the printed wiring board 12
and the probe 110 has been made through the metal pin 151
that can move freely within the through-hole 150a, and dis-
tortion can be absorbed by the elasticity of the probe 110
located under the metal pin because the metal pin 151 follows
the distortion and vertically moves even when, for example,
the printed wiring board 12 1s distorted due to a problem of
processing accuracy. This stabilizes the height of the lower
end portions 121c of each probe 110 and the contact of the
clectrode P within the water face and the probes 110 can be
made properly.

The preferred embodiment of the present invention has
been described in reference to the accompanying drawings;
however, the present invention 1s not limited to such an
example. It should be appreciated that one skilled in the art
can think up various variations and modifications within ideas
described in the claims, and such variations and modifications
tall within a technical scope of the present invention. For
example, the probe 10, 110, and the probe supporting plate 11
are not limited to the form described in this embodiment and
can be in another form. The present mvention can also be
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applied to a case where the examination object 1s a substrate
such as an FPD (flat panel display) other than the water W.

The current invention 1s useful in realizing a probe card
which can respond to an examination object with small elec-
trode spacing, and 1s easy and inexpensive to manufacture.

What 1s claimed 1s:

[1. A probe card comprising;

a circuit board structured to transmit an electric signal to a
plurality of probes located on a probe supporting plate
that 1s positioned on a lower face side of said circuit
board, with each of the plurality of probes positioned in
a vertical direction;

where an upper end portion of each of the plurality of
probes protrudes upward from the probe supporting
plate and contacts said circuit board, and a lower end
portion ol each of the plurality of probes protrudes
downward from the probe supporting plate;

where each of said plurality of probes comprises at least an
upper portion, a main body portion and a lower portion,
where the main body portion comprises a connecting
portion with the upper portion positioned substantially
at a middle of the connecting portion, and said upper
portion includes an upper end portion structured to con-
tact the circuit board and flex when said upper portion
contacts said circuit board;

a groove formed to position said plurality of probes on an
upper face side of said probe supporting plate, where a
lower portion of each of said plurality of probes 1s posi-
tioned on a bottom face of said groove and 1s located 1n
a through-hole;

a plurality of concave portions are formed on a side wall
upper end portion of said probe supporting plate; and

a locking portion structured to engage and lock to said
plurality of concave portions 1s formed on each of said
plurality of probes.]

[2. The probe card according to claim 1, wherein said
concave portion comprises a plurality of round holes each
having a bottom formed from a upper face side of said probe
supporting plate;

said plurality of round holes are formed 1n a linear shape
and adjacent holes are connected to each other; and

a side face of a round hole closest to said groove among,
said plurality of round holes 1s open to a side wall face of
said groove.]

[3. The probe card according to claim 2, wherein at least
one or more round holes except a round hole closest to said
groove are formed deeper than said round hole closest to said
groove.]

[4. The probe card according to claim 1, wherein said lower
portion of said probe comprises a perpendicular portion
including said lower end portion; and

a beam portion formed 1n a horizontal direction from a
lower portion of said main body portion and said per-
pendicular portion connected to a top end of said probe.]

[S. The probe card according to claim 4, wherein a lower
portion of said probe has two parallel beam portions.}

[6. The probe card according to claim 1, wherein a main
body portion of said probe 1s formed 1n a plate shape installed
in a perpendicular face.}

[7. A probe card comprising;

a circuit board structured to transmit an electric signal to a
plurality of probes located on a probe supporting plate
that 1s positioned on a lower face side of said circuit
board, with each of the plurality of probes positioned in
a vertical direction;

where an upper end portion of each of the plurality of
probes protrudes upward from the probe supporting
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plate and contacts said circuit board, and a lower end
portion ol each of the plurality of probes protrudes
downward from the probe supporting plate;
where each of said plurality of probes comprises at least an
upper portion, a main body portion and a lower portion,
where the main body portion comprises a connecting
portion with the upper portion positioned substantially
at a middle of the connecting portion, and said main
body portion includes an upper end portion structured to
contact the circuit board and flex when said upper por-
tion contacts said circuit board;
a groove formed on a lower face side of said probe card to
position said plurality of probes, where an upper portion
of each of said plurality of probes 1s inserted 1n a though-
hole, formed on a bottom face of said groove;
a plurality of concave portions are formed along said
groove on a lower face adjacent to said groove on said
probe supporting plate, wherein each of said plurality of
probes includes a locking portion to lock said probe to
said probe supporting plate; and
a concave portion 1s formed on said locking portion of each
of said plurality of probes.}
[8. The probe card according to claim 7, wherein the lock-
ing portion ol each of said plurality of probes 1s adhered to
said concave portion with a resin curable by light or heat .}
[9. The probe card according to claim 7, wherein each of
said adjacent concave portions 1s formed at a different dis-
tance from said groove.]
[10. The probe card according to claim 7, wherein a main
body portion of each of said plurality of probes includes a
shape that is either corrugate or rectangular.]
[11. The probe card according to claim 7, wherein said
locking portions of each probe are attached to a joint portion
of said main body portion and a lower portion.]
[12. The probe card according to claim 11, wherein said
lower portion of said probe comprises a perpendicular portion
having said lower end portion; and
a beam portion formed in horizontal direction from the
lower portion of said main body portion and connected
to said perpendicular portion at a top end of said probe.]
13. A probe card comprising:
a plurality of probes positioned in a vertical direction and
supported by a probe supporting plate, wherein each of
the plurality of probes comprises:
an upper portion including an upper end portion whickh
protrudes upward from the probe supporting plate
and extends in the vertical dirvection,

a lower portion including a lower end portion whickh
protrudes downward from the probe supporting plate,

a connecting portion having vertical elasticity and con-
necting the upper portion to the lower portion,
wherein a position of the upper end portion and a
position of the lower end portion of each of said
plurality of probes are staggered as viewed from a top
view plane, and

a locking portion comprising a convex portion to lock
the plurality of probes to the probe supporting plate
such that a first spacing between the upper end por-
tions of the plurality of probes can be changed to a
second spacing between the lower end portions of
said plurality of probes, rvelative to a plurality of elec-
trodes to be examined;

a circuit board positioned on the upper face side of the
probe supporting plate and structuved to transmit an
electric signal to said plurality of probes; and

a groove formed on a lower face side of said probe sup-
porting plate to position said plurality of probes, where
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the upper portion of each of said plurality of probes is
inserted in a through-hole, formed on a bottom face of
said groove, wherein a plurality of concave portions are
Jormed along said groove on a lower face of the probe
supporting plate.

14. The probe card accovding to claim 13, wherein the
locking portion of each of the plurality of probes is attached to
one of the plurality of concave portions with a vesin curable
by light or heat.

13. The probe card according to claim 13, wherein the
locking portion of each of the plurality of probes is mounted
on a joint portion of the connecting portion and the lower
portion.

16. The probe card accorvding to claim 13, wherein the
plurality of concave portions, which are adjacent in one
dirvection, arve formed at a differvent distance from a side wall
portion of the groove.

17. The probe card accorvding to claim 13, wherein the
connecting portion of each of the plurality of probes is formed
in a corrugate or vectangular shape.

18. The probe card accovding to claim 13, wherein the
lower portion of each of the plurality of probes further com-
prises.

a beam portion formed in a horizontal divection from a

lower part of the connecting portion; and

a perpendicular portion having the lower end portion that

extends downwards from a top end of the beam portion.

19. The probe card accorvding to claim 13, wherein the
circuit board further comprises a plurality of terminals

formed on a lower surface of the circuit board such that the

first spacing between the upper end portions of the plurality of
probes corresponds to a spacing between said plurality of
terminals from the circuit board.

20. The probe card according to claim 13, further compris-
ing a connecting plate between the circuit board and the
probe supporting plate to electrically comnnect the circuit
board to the plurality of probes.
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21. The probe card according to claim 20, wherein the
connecting plate comprises a plurality of through-holes pen-
etrating through the connecting plate in a vertical direction,
and a plurality of conductive members, each inserted in one of
said plurality of through-holes.

22. The probe card according to claim 21, wherein the
plurality of conductive members arve longer than the plurality
of through-holes and are able to freely move in the vertical
dirvection within the plurality of through-holes so that an
upper end portion of said plurality of conductive members
connect with the plurality of terminals formed on the lower
surface of the circuit board and a lower end portion of said
plurality of conductive members connect with the upper end
portion of the plurality of probes.

23. The probe card according to claim 13, wherein each of
the plurality of probes is configured to be inserted and
removed freely against the probe supporting plate.

24. The probe card according to claim 13, wherein the
plurality of probes ave locked to the probe supporting plate in
a plurality of rows such that the upper end portion and the
lower end portion of each of the plurality of probes ave col-
linear with the divection substantially perpendicular to the
alignment direction of the plurality of probes in each row, as
viewed from a top view plane.

25. The probe card according to claim 24, wherein the
plurality of probes in each vow are grouped into a plurality of
groups each having adjacent probes such that the second
spacing between the lower end portions of said adjacent
probes are smaller than the first spacing between their upper
end portions.

26. The probe card according to claim 25, wherein each of
the plurality of groups includes a plurality of different type of
probes each having a differvent length from the upper end
portion to the lower end portion, as viewed from a top view
plane.

27. The probe card according to claim 26, wherein the
plurality of different tvpe of probes are arranged adjacent to

each other.
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