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FROBE CARD AND METHOD OF FORMING THE SAME \/

BACKGROUND OF THE INVENTION

The prescnt invention relates to a probe card and a method of
forming the same.

The probe card has been used {o electncally connect a tester to
pads in a wafer chip for carrying out test of performances of a
semiconductor device. A tungsten pin probe has been proposed and this
probe has a structure as illustrated in FIG. 1. A plurality of mngsten pins
3lintherange of SO £ m ¢ to 100 it m @ are supported at their base
portions by a supporter 32 whilst fop portions of the tungsten pins 31 are
held by a holder 33 so that the tops of the tungsten pins 31 are aligned to
correspond to electrodes of a semiconductor device to be tested. The tops
of the tungsten pins 31 are made into contact with the electrodes of the
semiconductor device for characteristic test of the semiconductor device.
As illustrated in FIG. 1, the tungsten pins 31 are narrowed in pitch toward
the top portions thereof so that the pitch of the tungsten pins 31 at the top
pomons thereof is in the range of 0.5 mm to 5 mm, for which rcason this
tungsten pins 31 are unavajlable to narrower electrode pitch of the
semiconducfor device for example in the scale of 100 micrometers. This
tungsten pins 31 have a length in the range of 3 cm to 10 cm, for which
reason high frequency performances over 100 MHz are deteriorated. Such
probe is disclosed in the Japanese laid-open patcnt publication No. 6-
118100.

In recent years, in place of the above probe, another probe has been
proposed, which is a membrané probe as iilustrated in FIG. 2. A plurality
of probe interconnections 42 are formed on a surface of a film 41. The
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probe interconnections 42 are made of a conductive material such as
copper whilst the film 41 is mads of an insulative material such as
polyimide. At the ends of the probe interconnections 42, bumps 43 are
formed by a solder or a plating. Another surface of the film 41 is adhered
via an elastomer 45 to a supporter 44. In this structure, it is possible to
provide bumps on the surface of the film 41 to obtain an electrical contacts
through the bumps to electrodes of the semiconductor device.

Such the conventional membrane probe has the following problems.
If the plural bumps 43 and the electrodes of the semiconductors device do
not have sufficiently high coplanarities, it seems that some bumps are not
made into contact with the electrodes of the semiconductor device. In order
to prevent this problems, it is effective to provide flexibility to the
interconnections to allow all the interconnections to be made into contact
with the clectrodes of the semiconductor device. This flexibility is
provided only by the clastomer 4S5 formed on the other surface of the film
41, for which reason the amount of the deformation of the interconnections
42 are limited whereby the flexibility thereof is irresponsible to the bowing
of the semiconductor wafer.

Further, the probe interconnections 42 extend to a peripheral .
portion of the film 41 for connecting to an extemal device, for which
- purpose the probe interconnections have to have a sufficiently long length.
This makes it difficuit to achieve a substantial scale down of the probe. As
a result, the probing is difficult for the semiconductor device having been
formed over the wafer before dicing process. The high frequency
performance thereof is likely to be deteriorated.

In the above circumstances, it had been required o develop a novel
probe card improved in reliability of conmtacting to electrodes of the
semiconductor device and available to contact with a semiconductor
device formed om z wafer as well as improved in high frequency
performances.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the resent invention to provide a
novel probe card which is frec from any problems as described above.
it is a further object of the present invention to provide a novel

. This Sheet Has Been Rei

TR




probe card Wthh has been improved in reliability of contactms to
electrodes of a semiconductor device. |

It is a still further object of the present invention to provide a novcl
probe card which is available to contact wn;h a semiconductor device
having been formed on.a wafer .

It is yet a further object of the present invention to provide a novel
probe caxd which is improved in high frequency performances

It is a further more object of the present invention to provide a
novel probe card which is improved in coplanarity.

It is moreover object of the present invention to provide a novel
probe card reduced in interconnection space or area.

It is still more object of the present invention to provide a novel
probe card which is improved in deformation stroke and fiexibility.

It is yet more object of the present invention to provide a novel
probe card which has multilevel interconnections for obtaining an
impedance marching.,

It is another object of the present invention to pravide a novel
method of forming a probe card which is free from any problems as
described above.

It is further another object of the present invention to provide a
novel method of forming a probe card which has been improved in
reliability of contacting to electrodes of a semiconductor device.

It is a still another object of the present invention to pmvxde a
novel method of forming a probe card which is available to contact with a
semiconductor device having been formed on a wafer .

It is yet a further another object of the present invention to provxdc
a novel method of forming a probe card which is improved in high
frequency performances

It is a further more another object of the present invention to
- provide a novel method of forming a probe card which is improved in
coplanarity.

It is moreover another object of the present invention to provide a
novel method of forming a probe card reduced in interconnection space or
area.

It is still more another object of the present invention to provide a
novel method of forming a prabe card which is improved in deformation
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stroke and flexibility.

. It is yet more another object of the present invention to provide a
novel method of forming a probe card which has multilevel
interconnections for obtaining an impedance marching.

The above and other objects, features and advantages of the present
invention will be apparent from the following descriptions.

The present invention provides a probe card comprising the
following clements. An insulation film is provided which is flexible and
extends on a first surface of a substrate. The insulation film has a first
surface in contact with the first surface of the substrate, to form a space
region which is defined between the first surface of the substrate and the
fixst surface of the insulation film so as to allow part of the insulation film
to move into the space. Probe patterns extend on a second surface of the
insulation film so that the probe patterns.

The present invention provides a probe card comprising the
- following elements. A substrate has first and second surfaces. The first

surface has a concave portion which separates opposite side regions of the
first surface whilst the second sutface is flat. An insulation filt is provided
which is flexible and extends on the first surface comprising the concave
portion and the opposite side regions. The insulation film has a first
surface in contact with the first surface of the substrate, to form a cavity
which is defined between the concave portion of the substrate and the first
surface of the insulation film to allow a center tegion of the insulation film
to move into the space in a large movable stroke. A plurality of pairs of
probe pattemns are provided on a second surface of the insulation film and
aligned in parallel to each other at a constant pitch in a vertical direction to
a longimdinal direction of the probe patterns, The probe patterns making 2
pair are aligned on a line parallel to the longitudinal direction of the probe
patteras. Top-portions of the probe patiexns making a pair face to each -
other but are spaced by an intermediate region of the insulation film. The
intermediate region is positioned in the vicinity of a center of the cavity.

' The present invention also provides a probe card comprising the
following elements. A substrate has first and second surfaces. The first
surface has a concave portion which separates opposite sidc regions of the
first surface whilst the second surface is flat. An insulation film is flexible
and extends on the fist surface of the substratc. The insulation film has a
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first surface in contact with the first surface of the substrate. The insulation
film has a side edge portion which is positioned in the vicinity of a center
of the concave pottion of the substrate so that the side edge portion of the
insulation film has a large movable stroke. A plurality of probe patteras arc
provided on a second surface of the insulation film and aligned in parallel
to each other at a constant pitch in a vertical direction to a longitudinal
direction of the probe patterns. The probe patterns have top portions
positioned in the vicinity of a center of the concave portion of the
substrate.

The present invention also provides a probe card comprising the
following elements. A substrate has first and second flat surfaces. An
insulation film is provided, which is flexible and comprises a first portion
which is in contact with the first surface of the substrate, and a second
portion which is distanced from the first surface of the substrate so that a
distance between the second portion of the insulation film and the first
surface of the substrate is gradually increased toward a side edge of the
insulatiqn film. The insulation film has a first surface and the first surface
of the first portion of the insulation film is in contact with the first surface
of the substrate. A plurality of probe pattems are provided on a second
surface of the insulation film and aligned in parallel to cach other at a
constant pitch in a vertical direction to a longitudinal direction of the probe
patterns.

'BRIEF DESCRIPTIONS OF THE DRAWINGS

Preferred embodiments of the present invention will be described
in detail with reference to the accompanying drawings. '

FIG. 1 is a view illustrative of the conventional probe.

FIG. 2 is a cross scctional elevation view illustrative of the other
conventional probe.

FIG. 3 is a fragmentary cross sectional elevation view illustratve
of a novel probe card in a frst embodiment according to the present
invention. -

FIG. 4 is a fragmentary plane view illustrative of a povel probe
c¢ard in a first embodiment according to the present invention.

FIG. 5 is a fragmentary cross sectional elevation view illustrative
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of a substrate as a modification of a first embodxment according to the
prescat invention. -

FIG. 6 is a fragmentary cross sectional elevation view illustrative
of a novel probe card as a modification of a first embodiment according to
the present invention.

FIG. 7 is a fragmentary plane view illustrative of 2 novel probe
card as 2 modification of a first embodiment according to the present
invention.

" FIG. 8 is a plane cross sectional elevation view illustrative of a
novel prabe card as a further modification of a first-embodiment according
to the present invention.

FIG. 9 is a fragmentary cross sectional elevation view illustrative
of a novel probe card as a further modification of a first embodiment
according to the present invention.

FIG. 10 is a fragmentary cross sectional elevation view illustrative
of a novel probe card as a still further modification of a first embodiment
according to the present invention.

FIG. 11 is 2 fragmentary cross sectional elevanon view illustrative
of a navel probe card as yet a further modification of a first embodiment
according to the present invention.

FIG. 12 is a fragmentary cross scctional clevation view illustrative
of a novel probe card as a further more modification of a first embodiment
according to the present invention,

FIG. 13 is a fragmentary cross sectional elevation.view illustrative
of a novel probe card as moreover modification of a first embodiment
according to the present invention.

FIG. 14 is a fragmentary cross sectional elevation view illustrative
of a novel probe card in a second embodiment according to the present
invention.

FIG. 15 is a fragmentary cross sectional elevation view illustrative
of a novel probe card as a modification of a second embodiment according
to the present invention.

FIG. 16 is a fragmentary plane view illustrative of a novel probe
card in a second embodiment according to the present invention.

FIGS. 17A through 17D arc perspective views iilustrative of a
method of forming 2 novel probe card according to the present invention.
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FIG. 18 is a plane view illustrative of probe patterns of 2 noval
probe card in accordance with the present invention.

FIG. 19 is a perspective view illustrative of another method of
forming a novel probe card according to the present invention.

FIG. 20 is a fragmentary cross sectional elevation view illustrative
of a novel probe card in a third embodiment according to the present
invention.

FIG. 21 is a fragmentary plane view illustrative of a novel probe
card in a third embodiment according to the present invention. '

DISCLOSURE OF THE INVENTION

The present invention provides a probe card comprising the
following clements. An insulation film is provided which is flexible and
exteads on a first surface of a substrate. The insulation film has 2 fixst
surface in contact with the first surface of the substrate, to form a space
region which is defined between the first surface of the substrate and the
first surface of the insulation film so as to allow part of the insulation film
to move jnto the space. Probe pattemns extend on a second surface of the
insulation film so that the probe pattems.

It is preferable that the first surface of the substrate has a concave
portion which separates opposite side regions of the first surface thereby to
form the space region defined between the concave portion and the first
surface of the insulation film.

It is also preferable that the concave portion is rectangular-shaped.

1t is also preferable that the concave portion is arch-shaped.

It is also preferable that the insulation film has a side edge portion
which is positioned in the vicinity of a center of the concave portion of the
substrate so that the side edge portion of the insulation film has a large
movable stroke. It is also preferable that the probe patterns have top
portions positioned in the vicinity of the side edge portion of the
insulation film. It is also preferable that the top portons of the probe
patterns are tapered. It is also preferable that bumps are provided at the top
portions of the probe patterns. It is also preferable that the bumps are ball
bumps. It is also preferable that the bumps are stud bumps. [t is also
preferable that the bumps are selective plating bumps.
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[t is alsq preferable that the probe patterns have a unchanged width.

It is also preferable to further provide conductive films scleciively
on the probe patterns to increase an elastic force of liminations of the
insulation film, the probe patterns and the conductive films.

It is also preferable to further provide a plurality of slits in the
insulation film at opposite sides of each of the probe pattexrns and
extending in a longitudinal direction of the probe patterns 50 that each of
the probe patterns laminated on the insulation film is independently
movable from adjacent one of the probe patterns.

It is also preferable that the insulation film extends over the
concave portion and the opposite side regions so that a center portion of
the insulation film has a large movable stroke.

It is also preferable that the probe pattems are provided to make
pairs so that the paired probe patterns extend on a line and the paired probe
patterns have top portions facing to each other and separated from each
other by a center region of the insulation film. It is also preferable that the
top portions of the probe patterns are tapered. It is also preferable- that
bumps are provided at the top portions of the probe patterns. It is also
preferable that the bumps arc ball bumps. It is also preferable that the
bumps are stud bumps. It is also preferable that the bumps are selective
plating bumps. '

1t is also preferable that the probe patterns have a unchanged width.

It is also preferable to further provide conductive films selectively
on the probe patterns to increase an elastic force of laminations of the
insulation film, the probe patterns and the conductive films.

It is also preferable to further provide a plurality of slits in the
insulation film at opposite sides of each of the probe patterns and
extending in a longitudinal direction of the probe pattemns over both the
paired probe patterns so that each of the paired probe patterns laminated on
the insulation film are independently movable from adjacent pairs of the
probe patterns.

It is also preferable to further provide a slit in the intermediate
region of the insulation film between the paired probe patterns and
extending in a vertical direction to a longitudinal direction of the probe
patterns so that one of the pajred probe patterns laminated on the insulation
film is independently movable from another of the paired probe patterns.

i
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It is also preferable to further provide an additional insulation film
to cover the probe patterns to increase an elastic force of laminations of the
insulation film, the probe patterns and the additional insulation film.

It is also preferable that the insulation film comprises a first portion
which is in contact with the first sucface of the substrate, and a second
portion which is distanced from the first surface of the substrate so that a
distance between the second portion of the insulation film and the first

-surface of the substrate is gradually increased toward a side edge of the
insulation film.

1t is also preferable that the second portion of the insulation film is
arched.

It is also preferable that the jusulation film is bent at a boundary
between the first and second portions so that a surface of the second
portion of the insulation film is tilted from the first surface of the substrate.

It is also preferable that thc probe pattems have top portions
positioned in the vicinity of the side edge portion of the
insulation film. :

It is also preferable that the top portions of the probe patterns are
tapered. i ;

It is also preferable that the probe patterns have a unchanged width.

It is also preferable to further provide conductive films selectively

‘on the probe patterns to increase an elastic force of laminations of the
insulation film, the probe patterns and the conductive films.

It is also preferable to further provide a plurality of slits formed in
the insulation film at opposite sides of each of the probe patterns and
extending in a longitudinal direction of the probe pattems so that each of
the probe patterns laminated on the insulation film is independently
movable from adjacent one of the probe patterns.

It is also preferable to further provide an additional insulation film
provided to cover the probe patteras to increase an elastic force of
laminations of the insulation film, the probe patterns and the additional
insulation film,

The present invention provides a probe card comprising the

_ following elements. A substrare has first and second surfaces. The first
surface has-a concave portion which separates opposite side regions of the
first surface whilst the second surface is flat. An insulation film is provided
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which is flexible and extends on the first surface comprising the concave
portion and the opposite side regions. The insulation film has a fixst
surface in contact with the first surface of the substrate, to form a cavity
which is defined between the cancave portion of the substrate and the firse
surface of the insulation film to allow a center region of the insulation film
to move into the space in a large movable stroke. A plurality of pairs of
. probe patterns are provided on a second surface of the insulation film and
aligned in parallel to each other at a constant pitch in a vertical direction to
a longitudinal direction of the probe patterns. The probe pattems making 2
pair are aligned on a line parallel to the longitudinal direction of the probe
patterns. Top portions of the probe patterns making a pair face to each
other but are spaced by an intermediute region of the insulation film. The
intermediate region is positioned in the vicinity of a center of the cavity.

It is preferable that the concave portion is rectangular-shaped.

It is also preferable that the concave portion is arch-shaped.

It is also preferable that the probe pattemns are symmetrical to the
intermediate region of the insulation film.

_ It is also preferable that the tup portions of the probe pattcms are
tapered.

It is also preferable that bumps are provided at the top portions of
the probe patterns. It is also preferable that the bumps are ball bumps. It is
also preferable that the bumps are stud bumps, It is also preferable that the
bumps are selective plating bumps.

It is also preferable that the probe patterns have a unchanged width.

It is also’ preferable to further provide condnctive films selectively
on the probe patterns to increase an elastic force of laminations of the
insulatjon film, the probe patterns and the conductive films.

It is also preferable to further provide a plurality of slits in the
insulation film at opposite sides of each of the probe patterns and
extending in a longitudinal direction of the probe patterns so that each of
the probe patterns laminated on the: % Wation film is independently
movable from adjacent one of the probe | ..crns

It is also preferable to further provide a slit in the intermediate
region of the insulation film betwcen the paired probe patterns and
extending in the vertical direction to the longitudinal direction of the probe
patterns so that one of the paired probe patterns laminated on the insulation
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film is independently movable from another of the paired probe pattems.

It is also preferable to further provide an additional insulation film
to cover the probe patterns to increase an elastic force of laminations of the
insulation film, the probe patterns and the additional insulation film.

" The present invention also provides a probe card comprising the
following clements. A substrate has first and second surfaces. The first
surface has a concave portion which separates opposite side regions of the
first surface whilst the second surface is flat. An insulation film is flexible
and extends on the fist surface of the substrate. The insulation film has a
first surface in contact with the first surface of the substrate. The insulation
film has a side edge portion which is positioned in the vicinity of a center
of the concave portion of the substrate so that the side edge portion of the
insulation film has a large movable stroke. A plurality of probe patterns are
provided on a second suxface of the insulation film and aligned in parallel
to each other at a constant pitch in a vertical direction to a longitudinal
direction of the probe patterns. The probe patterns have top portions
positioned in the vicinity of a center of the concave portion of the
substrate.

' It is also preferabie that the concave portwn is rectangulaz-shaped.

It is also preferable that the concave portion is arch-shaped.

It is also preferable that the top portions of the probe patterns are
tapered.

It is also preferable that bumps are provided at the top portions of
the probe patterns. It is also preferable that the bumps are ball bumps. It is
also preferable that the bumps are stud bumps. It is also preferable that the
bumps are selective plating bumps.

It is also preferable that the probe pattemns have a unchanged width.

It is also preferable to further provide conductive films selectively
provided on the probe pattems to increase an elastic force of laminations
of the insulation film, the probe patterns and the conductive fitms.

It is also preferable to further provide a plurality of slits formed in
the insulation film at opposite sides of each of the probc patterns and
extending in a longitudinal direction of the probe paiterns so that cach of
the probe patterns laminated on the insulation film is mdepmdcntxy
movable from adjacent one of the probe patterns.

t is also preferable to further provide comprising an additional
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insulation film provided to cover the probe patterns to increase an clastic
force of laminations of the insulation film, the probe patterns and the
additional insulation film. -

The present invention also provides a probe card comprising the
following elements. A substrate has first and second flat surfaces. An
insulation film is provided, which is flexible and comprises a first portion
which is in contact with the first surface of the substrate, and a second
portion which is distanced from the first surface of the substrate so that a
~ distance between the second portion of the insulation film and the first
surface of the substrate is gradually increased toward a side edge of the
insulation film. The insulation film has a first surface and the first surface
of the first portion of the insulation fitm is in contact with the first surface
of the substrate. A plurality of probe patterns are provided on a second
surface of the insulation film and aligned in parallel to each other at a
constant pitch in a vertical direcnon to a longitydinal dxrectxon of the probe
patterns.

It is preferable that the second portion of the insulation film is
arched. ;

It is also preferable that the insulation film is bent at a boundary
between the first and second portions so that a surface of the second
portion of the insulation film is tilted from the first surface of the substrate.

It is also preferable that the probe patterns have top portions
positioned in the vicinity of the side edge portion of the
insulation film. It is also preferable that the top portions of the probe
patterns are tapered. It is also preferable that the prohe patterns have a
unchanged width.

It is also preferable to further provide conductive films selectively
on the probe patterns to increase an elastic force of Jaminations of the
insulation film, the probe patterns and the conductive films.

It is also preferabie to further provide a pluzality of slits in the
insulation film at opposite sides of each of the probe patterns and
extending in a longitudinal direction of the probe patterns so that each of
the probe patterns laminated on the insulation film is independently
movable from adjacent one of the probe patterns.

It is also preferable to further provide an additional insulation flm
to cover the probe patterns to increase an elastic force of laminations of the
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insulation film, the probe patterns and the additional insulation film,
~ The present invention aiso provides a probe card comprising the
following elements. A substrate has first and second surfaces. The first
surface has a concave portion which separates opposite side regions of the
first surface whilst the second surface is flat. An insulation film is provided
which is flexible and extends on the first surface comprising the concave
portion and the opposite side regions. The insulation film has a first
surface in contact with the first surface of the substrate, to form a cavity
which is defined between the concave portion of the substrate and the first
surface of the insulation film to allow a center region of the insulation film
to move into the space in a large movable stroke. At least a contact hole is
formed in the substrate and the insulation film. A plurality of pairs of
probe patterns are provided on a sccond surface of the insulation film and
aligned in paralle] to each other at a constant pitch in a vertical direction to
2 longitudinal direction of the probe patterns. The probe pattems making a
pair are aligned on a line parallel to the longitudinal direction of the probe
patierns. Top portions of the probe pattems making a pair face to each
other but are spaced by an intermediate region of the irisulation film. The
intermediate region are positioned in the vicinity of a center of the cavity.
At least an interconnection is provided on the second surface of the
‘substrate and the interconnection is connected through the contact hole to
at Jeast one of the probe patterns. Bumps are provided on the top portions
of the probe pattems. |
| It is preferable that the probe patterns are symmetrical to the
intermediate region of the insulation film.
| It is also preferable that the top portions of the probe patterns are
tapered.
1t is also preferable that the bumps are ball bumps.
It is also preferable that the bumps are stud bumps.
1t is also preferable that the bumps are selective plating bumps.
_ Itis also preferable that the probe patterns have a unchanged wadth.
It is also preferable to further provide conductive films selectively
on the probe patterns to increase an elastic force of laminations of the
insulation film, the probe patterns and the conductive films.
It is also preferable to further provide a plurality of slits in the
insclation film at opposite sides of cach of the probe patterns and
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extending in a longitudinal direction of the probe patterns so that cach of
the probe patterns laminated on the insulation film is independently
movable from adjacent one of the probe patterns.

It is also preferable to further provide a slit in the intermediate
region of thc insulation film between the paired probe patterns and
extending in the vertical direction to the longitudinal direction of the probe
patterns so that one of the paired probe patterns laminated on the insulation
film is independently movable from another of the paired probe pattems.

It is also preferable to further provide an additional insulation film
to cover the probe pattemns to increase an elastie force of laminations of the
insulation film, the probe pattems and the additional insulation film.

The present invention also provides a probe card comprising the
following elements, A substrate has first and second surfaces. The first
surface has a concave portion which separates opposite side regions of the
first sorface whilst the second surface is fiat. An insulation film is provided
which is_flexible and extends on the fist surface of the substrate. The
insulation film has a first surface in contact with the first surface of the
substrate. The insulation film has a Side edge portion which is positioned
in the vicinity of a center of the concave portion of the substrate so that the
side edge portion of the insulation film has a large movable stroke. At least
a contact hole is formed in the substrate and the insulation film. A plurality
of probe patterns are provided on a second surface of the insulation film
and aligned in parallel to each other at a constant pitch in a vertical
direction to a longitudinal direction of the probe patterns. The probe
. patterns have top portions positioned in the vicinity of a ceater of the
concave portion of the substrate. At least an interconnection is provided on
the second surface of the substrate and the interconnection is connected
through the contact hale to at least one of the probe patterns. Bumps are
provided on the top portions of the probe patterns.

It is also preferable that the top portions of the probe patterns are
tapered. SRS

It is also preferable that the bumps are ball buraps.

It is also preferable that the bumps arc stud bumps.

It is also preferable that the bumps are selective plating bumps.

It is also preferable that the probe patterns have a unchanged width.

it is also preferable to further provide conductive films selectively
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on the probe pattems to increase an elastic force of laminations of the
insulation film, the probe patterns and the conductive films. )

It is also preferable to further provide a plurality of slits in the
insulation film at opposite sides of each of the probe patterns and
extending in a Jongitudinal direction of the probe patterns so that each of
the probe patterns laminated on the insulation film is independently
movable from adjacent one of the probe pattetns. |

It is also preferable to further provide an additional insulation film
* to cover the probe patterns to increase an elastic force of laminations of the
insulation film, the probe patterns and the additional insulation film.

The present invention provides a probe card comprising the
following elements. A substrate has first and sccond flat surfaces. An
insulation film is provided which is flexible and comprises a first portion
which is in contact with the first surface of the substrate and a second
portion which is distanced from the first surface of the substrate so that a
distance between ‘the second portion. of the insulation film and the first
surface of the substrate is gradually increased toward a side edge of the
insulation film. The insulation film has a first surface and the first surface
of the first portion of the insulation film is in contact with the first surface
of the substrate. At least a contact hole is formed in the substrate and the
insulation' film. A plurality of probe patterns:are provided on a second
surface of the insulation film and aligped iniparallel to each other at a
constant pitch in a vertical direction to a longitudinal direction of the probe.
patterns. At least an interconnection is provided on the second surface of
the substrate and the interconnection is connected through the contact hole
to at least one of the probe patterns. Bumps are provided on the top
portions of the probe patterns.

It is also preferable that the second portion of the insulation film is
arched.

It is also preferable that the insulation film is bent at a boundary
between the first and second portions so that a surface of the second
portion of the insulation film is tilted from the first surface of the substrate.

It is also preferable that the probe patterns have top portions
positioned in the vicinity of the side edge portion of the
insulation film.

It is also preferable that the top portions of the probe patterns are
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tapered.

It is also preferable that the probe patterns have a unchanged width.

It is also preferable to further provide conductive films selectively
on the probe patterns to increase an elastic force of laminations of the
insulation film, the probe patterns and the conductive films.

It is also preferable to further provide a plurality of slits in the
insulation film at opposite sides of each of the probe patterns and
extending in-a longitudinal direction of the probe patterns so that each of
the probe patterns laminated on the insulation film is independently
movable from adjacent one of the probe pattcms

It is also preferable to further provide an additional insulation film
to cover the probe patterns to increase an elasnc force of laminations of the
insulation film, the probe patterns and the addmonal insulation film.

The present invention also provides a metbod of forming a probe
card comprising the following steps. Grooves 2 are formed in a substrate to
define islands of the substrate separated from each other by the grooves.
The grooves are filled with a filling material. An upper surface of the
filling material is leveled to top surfaces of the islands of the substrate. A
photo-sensitive resin film {s dpplied on the leyeled upper surfaces of the
filling material and the islands of the substrate. The photo-sensitive resin
film is patterned by photo-lithography to formr fasulation films extending -
over the islands and the filling material but only on peripheral regions of
the islands. Conductive probe pattermns are provided on the insulation films
by a lift-off method. Removal is made of the filling material.

The present invention provides a method of forming a probe card
comprising the step of adhering insulation films, on which conductive
probe patterns having been formed, onto islands defincd by grooves having
been formed in a substrate, wherein the insolation films cxtend over the
islands and peripheral regions of the islands.

 The effects of the above described present invention will be
apparent from the following descriptions.

PREFERRED EMBODIMENTS

A first embodiment according to the .present invention will be
described in detail with reference to the accompanying drawings, wherein
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a novel probe card is provided. '

With reference to FIGS, 3 and 4, a pluraluy of probes are provided
to form a probe card. A substrate 11 is used; which is made of ceramics
such as alumina, aluminum nitride, glass and glass ceramics or resins such
as glass epoxy resin. The substratc 11 has ia bottom surface in which
concave pottions 12 are formed. The concave portions 12 have a
predetermined depth. On the bottom surface of the substrate 11, a probe
film 13 is adhered. The probe film 13 comprises laminations of a resin film
14 and a conductive film 15. The resin film {14 is formed on the bottom
surface of the substrate 11 and the conducﬁve} film 15 is laminated on the
resin film 14, The conductive film 15 is so formed as a probe pattern. The
resin film 14 may be made of polyimide, benzecyclobutene Of SpoXy resins.
The probe pattern conducnve film 15 is made of a metal such as copper or
nickel. !

The probe pattern conductive film 15 13 so patterned to form plural
slender lincs which extend onto a bottom surface of the resin film 14. The
top portions of the slender lines of the pmbe: pattern conductive film 15
extends on the bottom surface of the 1esin film 14 positioned under the
concave portions 12. At the top portions:of the probe patterns 13,
conductive bumps 16 are formed by solder orjmetal plating. An insulation
resin film 17 is formed to coat the surface of;the probe pattem 135 except
on the bumps 16. The substrate 11 has through holes 18 through which the
robe patternn 15 extends up to a top susface of the substrate 11 so that the
end portions of the probe pattern 5 are shown on the top surface of the
substrate 11. Interconnection patterns 19 are provided in contact with the
end portions of the probe pattern S and over the top surface of the substrate
11 so that the interconnection pattems 19 are electrically connected w the
probe pattern 15. The interconnection pattems 19 are further electrically
connected to any external measuring apparatus

The above novel probe card has the concave portion formed in the
bottom surface of the substrate 11 so that cavities are formed between the
substrate 11 and the insulation resin film 14. The cavities allow the
insulation resin film 14 to be defommed to thave a bowing so that the
insulation resin film 14 is pushed into the cavities. This means that the
cavities provide flexibility to the insulation resin film 14. When the bumps
15 are made into contact with electrodes of a: semicondnctor device 10 be

—_————
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tested by the probe card, the bumps 15 are ;pushed toward the cavities
whereby the insulation resin film 14 are defonhed or bent into the cavities
‘When the insulation resin film 14 are defo'med or bent, the insulation resin
film 14 has an increased elastic force. This clasuc force pushes the bumps
16 toward the electrodes of the semiconductor devu:e so that the bumps are
secured onto the electrodes of the sexmconduc Jor device whereby a sccure
electrical connection can be obtained. TheI cavities allows increased
deformation of the insulation resin film 14 whereby deformation stroke in
the thickness direction of the substrate is increased. This increased stroke
of the deformation of the insulation resin film 14 allows, if the wafer has a
bowing, all of the bumps to be sccurely made into contact with the
electrodes of the semiconductor device. !

The concave portions formed in the bottom surface of the substrate
11 may be rectangular-shaped to form rectangular-shaped cavities between
the substrate 11 and the insulation resin film 14 as well iltustrated in FIG.
3. |
| In place of the rectangular-shaped caviues, it is possible to form an
arch-shaped concave portions 12a in the bottonix surface of the substrate 11
to form arch-shaped cavities between the substrate 11 and the insulation
resin film 14 as illustrated in FIG. 5.

The shape in plane view of the cavmes{ or the concave pottions 12
may be rectangle, circle or ellipse or other vanous shapes, provided that
the top portions of the probe pattern S and the pumps are positioncd under
the cavities or the concave portions 12 so as tp allow the insulation 1esin
film 14 to be deformed and pushed imo the cavities wien the bumps 16 are
- pushed toward the cavities. =

The depth of the comcave portions 12 or the cavities may be
adopted to obtain the required large deformahon stroke of the top portions
of the probe pattern and the bumps 16.

As a further modification of the cavities, it is possible to form 2
probe card as illustrated in FIG. 6. A substrate, 11 has a bottom surface in
which a concave portion 12 is formed. An insulation resin film 14 is
‘provided which extends on the bottoru surface;of thc substrate so that the
insulation resin film 14 extends under the concave portion 12. A probe
pattern 15 is formed which cxtends on a bottom surface uf the insulation
resir: film 14. Top portions of the probe pattern extend uader the insulation

—\\_
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resin film 14 underlying the concave pottion 12 of the substrate 11.

Through holes 18 are formed in the insulation resin film 14 and the
Substrate 11 so that the end portions of the probe pattern 15 extend through
the through holes 18 and are shown on the top;surface of the substrate 11.
Interconnection patterns 19 are formed in contact with the end portions of
the probe pattem 15 and over the top surface of the substrate 11. At the top
portions of the probe pattern 15, bumps 16 are formed. The insularion resin
film 14 has a slit 20 which extends along a cexiter line between the bumps
* 16. The cavity is defined by both the concave|portion 12 of the substrate
11 and the insulation resin film 14 extending ufider the concave portion 12.
The cavity is, however, spatially connected via the slit 20 to the external
space. The slit 20 has a width defined by edges: of the insulation resin film
14. The edges of the insulation film 14 are regarded to form the free ends.

_ This means that the formations of the slit 20 i inicrease the flexibility of the
insulation resin film 14 particularly at the edge portions defining the skt 20.
The increased flexibility of the insulalion resin hlm 14 at the edge portions
defining the slit 20 facilitates deformation of the insulation resin film 14
and also increases the deformation stroke of the cdge portions of the
insulation resin film 14. This means that the| deformation stroke of the
bumps 16 is also increased. The slit 20 also‘ensures that the fnsulation
resin film 14 extending over the cavity has an sufficiently high elastic
force for allowing the bumps to be securely made into contact with the
electrodes of the semiconductor device even if ﬂ:e chip has a large bowing.

The slip 20 may be defined to form a smglc slender line in plane
view as illustrated in FIG. 7. In this case, the top portions of the probe
pattern 14 are unitary deformed. .

Alternatively, it is also available that slus 21 may be defined in the
insulation resin film 14 in plane view as ﬂlusuqted in FIG. 8. Each the slits
21 extends in the insulation resin film 14 between the adjacent two top
portions of the probe pattern 14 50 45 10 allow the top portions of the probe
pattern 14 to be deformed separately from each other. Those slits 21
increase the individual defamation stroke of each the top portions of the
probe pattern 15 and each the bumps 16 thcrcby allowing the individua)
top portions of the probe pattern and the bumps 16 to be made into
sccurely contact with the corresponding electrodes of the semiconductor
device even if the electrodes of the semiconductor devicc has a
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deteriorated co-coplanarity. |

A further morc modification of the probe card may be made as
illustrated in FIG. 9, wherein a conductive film 22 is further laminated on 2
surface of a probe pattern so as 1o increase an elastic force of the probe
pattern 15. The substrate 11 has a bottom surface in which the concave
portion 12 is formed. An- insulation resin film 14 is provided which
¢xtends on the bottom surface of the substrate 11 so that the insulation
resin film 14 extends under.the concave porﬁol: 12. A probe pattern 15 of a
conductive film is provided which extends Ln a bottom surface of the
insulation resin film 14. The probe pattern 15 lhas tops at which bumps 16
are provided. In this further modification, the conductive film 22 is further
provided which extends on a bottom surface of the probe pattern except on
the bumps 14, The conductive film 22 has a flexibility and an elastic force
which increase in the elastic force of the card grobe in cooperation with the
elastic force of the insulation resin film 14. The insulation resin film 14
has a free end which is positioncd at an intermediate position of the
concave portion whereby the probe pattern has a large deformation stroke.
Consequently, the probe card has a large|elastic force and a large
deformation stroke thereby allowing the bumps to be made into securely
contact with the electrodes. of the semiconduttor device even if the chip
has a bowing or the electrodes have deterioravéd coplanarity.

A morcover modification of the pr&be card may be made as
illustrated in FIG. 10. A substratc 12 has a)bottom surface in which a
concave portion 12 is formed. An insulation)resin film 14B is provided
which extends on the bottom surface of the substrate 11. A conductive film
15B is provided which extends on a bottom sélrface of the insulation resin
film 14B but only in a left half region of the insulation resin film 14B. An
insulation resin film 14A is further providediwhich extends on a bottom
surface of the conductive film 15B. A probe patictn 15A is further
provided which extends over the insulation gesin film 14A. At the top
portion of the probe pattern 15A, bump 16 are provided. The conductive
film 15B forms an interconnection. A cavity is dcfined by the concave
portion 12 of the substrate 11 and the insulation resir film 14B. The cavity
allows the insulation resin film 14B to be pushed into the cavity thereby
‘providing flexibility to the insulation resin "film 14B. This increases the
flexibility of the laminations of the conduetive films 15A and 15B and the
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insulation resin film 14A, resulting in the defimation stroke of the bumps
16 and the free end of the laminations of th(l, conductive films 15A and
15B and the insulation resin film 14A. The -la!minations of the conductive
films 15A and 15B and the insulation resin film 14A increase the elastic
force.

A still further modification of the p*obc card may be made as
illustrated in FIG. 11. A substrate 11 has ajbo[tom surface in which a
concave portion 12 is formed. An insulation resin film 14 is provided
which extends on a bottom surface of the substrate 11 so that the insulation
resin film 14 extends under the concave portign 12 and the top portion of
the insulation resin film 14 is positioned ati the center of the concave
portion 12. A probe pattern 15 comprising a conductive film is provided
which extends on a bottom surface of the insulation resin film 14. A
through hole is formed through both the subbtrate 11 and the insulation
rcsin film 14 so that the end portion of the cbaductive film as the probe
pattern 15 extends through the through holg and is shown on the top
- surface of the substrate 11. Bumps 16A. are provided on the top portions of
the probe pattern 15. The bumps 16A are sp ]arically shaped by use of 2
surface tension of a conductive material or a solder. The top portion of the
ingulation resin film 14 comprises a free end fjositioned nnder the concave
portion 12 of the substrate 11 thercby allowing the top portions of the
probe pattern 15 to be pushed into the concave portion 12. The concave
portion 12 provides an increased flexibility to laminations of the insulation
resin film 14 and the probe pattern 15. 'l'llc concave portion 12 also
increases the defamation stroke of the top portions of the insulation resin
fil and the probe pattern 15. The concave ﬂortion 12 allows the bumps
16A to be made into securely contact with the electrodes of the
semiconductor device even if the chip has a bawing or the electrodes of the
semiconductor device has a deteriorated coplanarity.

. Yet further modification of the prdbe card may bc made as
illustrated in FIG. 12, A substrate 11 has a|bottorn surface m which a
concave portion 12 is formed. An insulation resin film 14 is provided
which extends on a bottom surface of the subsllratc 11 so that the insulation
resin film 14 extends under the concave portibn 12 and the top portion of
the insulation rcsin film 14 is positioned at the center of the concave
portion 12. A probe pattern 15 comprising a‘conductive film is provided
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which extends on a bottom surfacc of the insulation resin film 14. A
through hole is formed through both the substrate 11 and the insuiation
resin film 14 so that the end portion of the conductive film as the probe
pattern 15 extends through the through hole and is shown on the top
surface of the substrate 11, Bumps 16B are pravided on the top portions of
the probe pattern 15. The bumps 16B are provided with a stud. The top
portion of the insulation resin film 14 comprises a free end positioned
under the concave portion 12 of the substrate 11 thereby allowing the top
portions of the probe pattern 15 to be pushed into the concave portion 12.
The concave portion 12 provides an increased:flexibility to laminations of
the insulation resin film 14 and the probe pattém 15. The concave portion
12 also increases the defamation stroke of the t?p portions of the insulation
resin film and the probe pattern 15. The concave portion 12 allows the stud -
bumps 16B to be made into securely contacﬁ with the electrodes of the
semiconductor device even if the chip has a bowmg or the electrodes of the
semiconductor device has a deteriorated coplananty
- Still more modification of the prohe card may be madc as

illustrated in FIG. 13. A substrate 11 has a bottom surface in which a
concave pottion 12 is formed. An insulation! resin film 14 is provided
which extends on a bottom surface of the substrate 11 so that the insulation
resin film 14 cxtends under the concave portion 12 and the top portion of
the insulation resin film 14 is posilioned at|the center of the concave
portion 12, A probe pattern 15 comprising a éonductive film is provided
which extends on a bottom surface of the insulation resin film 14. A
through hole is formed through both the substrate 11 and the insulation
resin film 14 so that the end portion of the conductive film as the probe
pattemn 15 extends through the through hole: and is shown on the top
surface of the substrate 11. Bumps 16C are provided on the top-portions of
the probe pattern 15. The bumps 16C are formed by selective plating. The
top portion of the insulation resin film 14 comprises a free end positioned
under the concave portion 12 of the substrate 11 thercoy allong the top
portions of the probe pattera 15 to be pushed into the concave'pomon 12,
The concave portion 12 provides an increased flexibilicy to 1an'(nwuon., of
the insulation resin film 14 and the probe pattern 15. The concave portion
12 also increases the defamation stroke of the top portions of the insulation

resin film and the probe pattern 15. The concave portion 12'|a110ws the
{
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bumps 16C to be made into securely contact with the electrodes of the:
semiconductor device even if the chip has a bowing or the electrodes of the
semiconductor device has a deteriorated coplaparity.

A second embodiment according to the present invention will be
described, in which a novel probe card is provided. As illustrated in FIGS.
14 and 16, a substrate 11 hds no concave portion. The probe caxd has no
cavity portion. The substraté 11 has a flat bottom surface, An insulation
resin film 14 is provided, whiich extends over the flat bottom. surface of the
substrate 11. The insulation rc.sm film 14 has a side region which is arched
so that the edge of the msulauon tesin film 14 becomes apart from the
bottom surface of the Substra:te 11. The arched side region of the insulation
resin film 14 makes a space between the side portion of the insulation resin
film 14 and the flat and leveled bottom surface of the substrate 11. Probe
patterns 15C are formed on al |bottom surface of the insulation resin film 14.
Each of the probe patterns 15C has a tapered portion which extends on the
bottom surface of the arched side region of the insulation resin film 14
whereby the tapered portion of the probe pattem 15C s also arched so that
the top of the tapered pomon is madc apart from the bottom surface of the
substrate 11. No bumps are iprovided at the top of the tapered portion of
each the probe pattem, The [top of the tapered portion of each the probe
pattem has a lowest level so ithat the top of the tapered portion of each the
probe patterns is made into contact with electrodes of the semiconductor
device. The laminations of the arched side portion of the insulation resin
film 14 and the arched and tapered portions of the probe patterns 15C are
flexible and can be so deformed that the tops of the tapered postions of the
probe patterns 15C came close to the bottom surfacs of the substrate- 11.
The arched and tapered portions of the probe pattems 15C ensures a large
deformation stroke of the tops of the tapered portion of the probe patterns
15C. The arched side portion'of the insulation resin film 14 has a sufficient
clastic force thereby allowing the tops of the tapered portions of the probe
patterns 15C to be made into securely contact with the electrades of the
semiconductor device even if the chip has a bowing. Namely, the space
between the side portion of &he insulation resin film 14 and the flat and
leveled bottom surface of the substrate 11 allows the tops of the tapered
and arched portions of the probe patiems 15C to have a sufficiently large
movable stroke. This allows ithe. tops of the tapered portions of the probe
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patterns 15C to be made int'o securely contact with the electrodes of the
semiconductor device even if the chip has a relatively large bowing. The
deformation stroke of the tops of the deformation stroke is controllable by
controlling the degree of the ching of the probe pattcrn.

A modification of the] above probe card may be made as illustrated
in FIGS. 15 and 16. A substrate 11 has no concave portion. The probe card
has no cavity portion. The isubstratc 11 has a-flat bottom surface. An
insulation resin film 14 is provxded, which extends over the flat bottom
surface of the substrate 11. The insulation resin film 14 has a side region of
a flat and sloped-down bottom face which has an angle to the leveled
bottom surface of the substrate 11 so that the ‘edpe of the insulation resin
film 14 becomes apart from the bottom surface of the substrate 11. Namely,
the nsulation resin film 14 is bent at a boundary between its center region
and the side region. Probe pattems 15D are formed on a bottom surface of
the insulation resin film 14. Each of the probe patterns 15D has a tapered
portion which extends on the bottom surface of the arched side region of
the insulation resin film 14! whereby the tapered portion of the probe
pattern 15D extends on the ﬂat and sloped-down bottom face of the side
region of tie insvlation fesini film 14 8o that the top of each the tapered
portion is made apart from the bottom surface of the substrate 11, The flat
and sloped down face side regmn of the insulation resin film 14 makes a
space hetween the side portidn of the msulatmn resin film 14 and the flat
and leveled bottom surface o% the substrate 11. No bumps are provided at
the top of the tapered pomon of each the probe patterns 15D. The top of
the tapered portion of each d:e probe patterns 15D has a lowest level so
that the top of the tapered portlon of each the probe patterns 15D is made
into contact with electrodes of the semiconductor device. The laminations
of the bending portion of the insulation resin film 14 and the bending
portions of the probe patterns; 115D are flexible and can be sa deformed that
the tops of the tapered portions of the probe patterns 15C come close to the
bottom surface of the substrate 11. The bending portions of thc .probe
patterns 15D ensure a large deformanon stroke of the tops of the tapered
portion of the probe patterns' 15D, The beading portion of the insulation
resin film 14 has a sufficient Llasnc force thereby allowing the tops of the
tapered portions of the probe patterns 15D to be made into securely contact
with the electrodes of the semiconductor device cven if the chip hag 2

|
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bowing, Namely, the space between the flat and sloped down face of the
side portion of the insulation|resin film 14 and the flat and leveled bottom
surface of the substrate 11 allows the tops of the tapered and sloped down
portions of the probe patterns 15D io have a sufficiently large movable
stroke. This allows the tops of the tapered portions of the probe pattcms
15D to be made into securely comtact with the electrodes of the
semiconductor device even if the chip has a relatively large bowing. The
deformation stroke of the toq"s of the deformation stroke is controllable by
controlling the degree of the bending of the probe pattern.

Subsequently, a method of forming the above novel probe card
illustrated in FIGS. 6 and 7 vin]] be described with reference to FIGS. 17A
through 17D, N

With reference to FIG. 17A, interconnections are printed on a glass
ceramic green sheet to fonn!a layered substxate 11 having a thickness of
1.5 mm and a plane size of 15 cm X 15 cm. Through holes 18 are formed in
the substrate 11. The through holes 18 ar¢ aligned in matrix within each of
four squared sections separated from each other as iltustrated in FIG. 17A.
By slicing saw, concave grooves 12 are formed in matrix to form low
concave grooves and columint concave grooves so that the copcave grooves
12 define islands aligned in| matrix. Each of the islands has the through
holes aligned in matrix, concave grooves 12 have a depth of 500
micrometers. The concave grooves 12 are located at positions at which
tops of probe patterns to be ﬁ)rmed later. -

With reference to FIG. 17B, a past comprising silver powders and
organic vehicles is filled into the concave grooves 12 and then sintered. to
forma a filled body 23. A sugface of the sintered filled body 23 is polished
to be leveled to the surface o? the substrate 11.

With. reference to FIG, 17C, a photo-sensitive polyimide resin film
is applied on surfaces of tfle filled body 23 and the substrate 11. The
photo-sensitive polyimide resin film is pattermed to form resin films 14.
Each of the patterned resin films 14 extends not only over the island of the
substrates 11 but also over! the filled body 23 but only in a perpheral
region to the island of the substrates 11. A photo-resist is applied on the
surface of the resin films 14:and on the filled body 23. The applicd photo-
resist film is then patterned by photo-lithography to form photo-resist
patterns. A copper film is pliatcd on the surface of the substratc 11 by use

I
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of the photo-resist pattern as a mask. The photo-resist pattern is thcn
removed. As a result, probe patterns LS are formed by lift-off method. The
probe patterns 15 extend OVEr the filled body 23 and within the through
holes 18 so that the probe patterns 15 are electrically comnected to
 intexconnections. An insulation film is then formed over the surfaces of the
probe films 13 and the filled body 23. A photo-sensitive polyimide resin
film is formed over the 1nsu1atxon film, The photo-sensitive polyimide
resin film is then pattemed by a photo-lithography to form a photo-resist
pattern. By photo-lithography using the photo-resist pattern as a mask, the
insnlation film is patterned whereby only top portions of the probe patters
15 are shown through apertures of the insulation film. A rosin-core solder
and an eutectic solder are supplied onto the top portions of the probe
patterns 15. The supplied selders are then reflowed at a temperature of
230°C 1o form bumps 16. Sufaces of the bumps 16 are further polished by
a thickness of 10 micrometers by a sand paper of #1000 to remove any
variation in height of the bumps 16 but form fine convex and concave on
the surfaces of the bumps 16: Nickel plating layers are further formed over
the pohshed surfaces of the bumps 16. Gold plating layers are furthermore
formed over the nickel platmg layers. The nickel plating layers have a
thickness of 3 mictometers. The gold plating layers have a thickness of 0.3
micrometers. }

With reference to FIG 17D, an anode is electrically connected to
the filed body 23. A carbon cathode electrode s prepared. The substrate 11
is immersed in a diluted mtnc acid and a voltage of 2V is applied across

- the anode and cathode to cause the filled body 23 to be melted whereby the

filled body 23 is removed frolm the substrate 11. As a result, the re¢sin f£ims
14, the probe patterns 15, the. surface insulation films 17 and the bumps 16
remain over the surfaces of thc islands of the substrate 11 thereby a probe
card being formed. The p*of)e card having been prepared has the probc
films 13 aligned in matrix and each of the probe films 13 has & pattern as
illustrated in FIG. 18.

As a modification of the above method of forming the probe card
may be made as illustrated iniF1G, 19. It is possible to form probe films 13
comprising the resin films 14!and the probe patterns 15 formed on the resin
films 14 in a different process from the process illustrated in FIG. 17A.
The probe films 13 are ahgx}ed on the islands of hc substrate 11. Probge
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patterns 15 are adhered tol the thyough boles 18 by an anisotropic
conductive adbesive so that the probe patterus 15 are -electrically
connected to the through hole!s 18. -

A third embodiment faccording to the preseat invention will be
described with reference to FIGS. 20 and 21, wherein a novel probe cad is
provided. A substrate 11 has|a bottom surface in which a concave portion
12 is formed. The substrate| may comprise a ceramic substrate 11. The
concave portion 12 is rectaﬁgular—shaped A insulation resin film 14 is
formed, which extends on the bottom surface of the substrate 11 so that the
insulation resin film 14 extends under the concave portion 12 to form a
cavity defined between the c&ncave portion and the insulation resin flm 14.
Through holes 18 are formed in the substrate 11 and the insulation resin
film 14. Probe pattemns 15 aré provided, which extend on a bottom surface
of the insulation resin film 14. The probe pattetns 15 also extend through
the through holes 18 so that énds of the probe patterns 15 are shown on the
top surface of the substrate 11. Interconnection patterns 19 are provided on
the top surface of the substrate 11 so that the interconnection patterns 19
are connected with the ends Iof the probe pattems 15. In the bottom view,
the probe patterns 15 are stz:mght-pattcmed as illustrated in FIG. 21. The
probe patterns 15 are aligned on the bottom surface of the insulation resin
film to make a plurality of pairs of the probe patterns 15 so that the tops of
the pajred probe patterns 15 face 1o each other but are separated at a
distance. A plurality of the paired probe patterns 15 are aligned at a
constant pitch “f” so that hdjacent pairs of the probe patterns 15 are
distanced from each other.-lA surface insulation resin film 17 is further
provided which extends on {the bottom surfaces of the probe patterns 15
and on the bottom surface ‘0f the insulation resin film 14. Openings are
formed in the surface msulanon resin film 17 so that the openings are
positioned under the top pomons of the probe patterns 15 whereby the top
portions of the probe pattems 15 arc shown through the openings. Bumps
16 are provided within the opcnmgs formed in the surface insulution resin
film 17 and on the top pomons of the probe patterns 15, The height of the
bumps 16 is larger than a thickens of the surface insulation resin {ilm 17 so
that the bumps 16 are protruded from the openings formed in the surface
insulation. resin film 17. Further, slits 21 are provided in laminations of the
surface insulation resin ﬁlm: 17 and the insulation resin film 14 so that the -
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slits 21 extend between the adjacent pairs of the probe patterns 15 along
the longitudinal direction of the robe patterns 15. Along the longitudinal
direction of the probe patterns 15, each of the slits 21 extends in opposite
directions from a center regidn defined between alignments of the bumps
16 provided at the top portiéns of the paired probe patterns 15, through
intermediate positions betweeh the adjacent two on each the alignments of
the bumps 16 up to posmons] corresponding to the opposite edges of the
cavity so that the cach slit 21 has the same length as the cavity.

The cavity defined b)f the concave portion 12 of the substrate 11
and the insulation resin film!14 allows the laminations of the insulation
resin film 14, the probe pattetns 15 and the suzface insulation resin film 17
to be deformed into the -cavity. Namely, the cavity provides large
flexibility to the laminations of the insulation resin film 14, -the probe
pattemns 15 and the surface fnSulation resin film 17. The slits 21 extending
between the adjacent pairs ojthe probe patterns 15 allow each pair of the
probe patterns 15 to be deformed individuslly and separately. A
combination of the cavity and the slits 21 allows the oumps 16 on the top
portions of the probe patten‘s 15 to- bave sufficiently large defamation
stroke whereby the bumps 16‘ may be made into securely contact with the
electrodes of the sem:conductpr device,

In this third embodiment, a distance between the top portions of the
paired probe patterns 15 is set at 200 micrometers. Namely, the distance
between the bumps 16 formkd on the top portions of the paired probe
patterns 15 is 200 mlcrometqlrs An effective length “c” of cach the probe
patterns 15 is defined to be a;length of its part extending under the cavity
or the effective length “c” ofpach the probe patterns 15 is the length from
its position corresponding to the edge of the cavity to the top portion.
Since the paired probe patterins 15 under the cavity are symmetrical, the
length of the cavity or the width “a” of the concave portion 12 is 2X ¢+200
micrometers. The length “b” t‘of the slits 21 is equal to the length “c” of the
cavity. The height “e” of theibumps 16 is 50 micrometers. A diameter of
the bumps 16 is 90 mxcxometers Phural pairs of the probe patterns 15 are

aligned in 2 pitch “f” of 120 micrometers. A thickness “b” of the probe.

patterns 15 is 5 micrometers.}A width “g” of each the probe patterns 15 is
80 micrometers. A length of each the probe patierns 15 is 1 millimeter. A,

thickness “c” of the insulatio}x resin 1'i1rn 14 is 10 micrometess. A sizc of
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the probe card is 15cmX 15£:m' The probe card has a probe region in
which probe patterns 15 are Rrowded A size of the probe region is 13cm
X 13cm. ¥

Under the above condﬁuons, the followings were confirmed.

It was confirmed that if the above substrate 11 comprises 4
substrate in which alumina jnterconnections are formed therein, then the
characteristics of the probe ¢drd remain unchanged.

It was further co ": d that if the above substrate 11 comprises a
substrate in which aluminund nitride interconnections arc formed therein,
then the characteristics of thel robe card remain unchanged.

It was further confirmfed that if the above substrate 11 comprises a
glass epoxy substrate, then file probe card is capable of performing stable
probing operation in an areaiyf 10cm X 10cm.

It was further moré/confirmed that if the insulation resin film
comprises a film made of éi_mto-sensitivc benzocyclobutene, the probing
life time of the probe card-§s 100 thousands timeés or more and a good

, conncctivity is kept. The photo-sensitive benzocyclobutene film hus a
lower film strength than the folyimide film.

, It was still further. confirmed that if the insulation resin film
comprises a film made of photo-senmnVe epoxy, the probing life time of

the probe card is 100 thousands times or more and a good connectivity is

kept. The photo-sensitive egoxy film has a lower film strength than the

polyimide film.

It was yet further conﬁrmed that if ¢he probe card has a structure
with slits as illustrated in FIG 6, the probing life time of the probe card is
100 thousands times ot more.and a good connectivity is kept. As compared
to the probe card free of slit, the probe card provided with the slits has a
larger deformation stroke and a higher flexibility.

It was also conﬁrmed that if the probe card has a structure thh
probe patterns of tapered 'mp portions of 60 micrometers width as
iflustrated in FIG. 16, the jprobing life time of the probe card is 100
thausands times or more anc;l a good conncctivity is kept. As compared to
the probe card free of tapered shape, the probe card provided with the slits
has a larger deformation stroke and a higher flexibility.

It was also confirmed that if the probe card has a structurc with
probe patterns comprising a c0pper film and a nickel £ilm of § micrometers

B .
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plated on the copper film ag{illustrated in FIG. 9, the probing life time of
the probe card is 100 tho ' ds times or more and a good conncctivity is
kept. As compared to the pi;be card free of tapered shape, the probe card
provided with the additionqilnickel' plating film has a higher clastic force
with a larger deformation sti'gke and a higher flexibility.

It was also conﬁrméh that if the probe card has a structure with
probe patterns as illustrated in FIG. 10, the probing life time of the probe
card is 100 thousands timesigr more and a good conpectivity is kept.

It was also confirmeq that if the probe card has a structure with
probe patterns as illustratediin FIG. 16B, the probing life time of the probe

card is 100 thousands timesi: 'r more and a good connectivity is kept.

It was also confirmied that if the probe card has a structure with
probe patterns with stad b { ps 16B as illustrated in FIG. 12, the probing
d

life time of the probe card!
connectivity is kept. il
It was also confirmiéd that if the probe card has a structure with

probe pattems with stud bulihps 16C as illustrated in FIG. 12, the probing

' life time of the probe cardifis 100 thousands times or more and a good
.connectivity is kept. §J

It was also co

probe patterns as illustratedin FIG. 7, the probing life time of the probe
card is 100 thousands times T more and a good connectivity is kept.

' It was also confirméld that if the probe card has a structure with

probe patterns as illustrated!in FIG. 8, the probing life time of the probe

card is 100 thousands thnesf’-w'*lgr more ind a good connsctivity is kept.

It was also confirmi8d that if the prabe card has a structure with
probe patterns as illustrateaﬂin FIG. 14, the probing life time of the probe
card is 100 thousands times ng more and a good connectivity is kept.

It was also conﬁm;é'd that if the probe card has a structure with
probe pattemns as illustratei_:‘::’in FIG. 15, the probing life time of the probe
card is 100 thousands timcs i_)r more and 2 good connectivity is kept.

The following tabld] shows probe connectivity and probe life timo
when the length of the pé be and the height of thc bumps are varied,
wherein O represents th:zﬂ all of the probes arc comtactcd with the
electrodes of the semicondbctor device, & represents that somce of the
‘probes are not contacted “fi:th the electrodes of the semiconductor device,

is 100 thousands times or more and a good
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and X represents that no pn#bes are contacted with the electrodes of the
semiconductor device. LE

H TABLE 1
, W :
Length of Probe Height o_ﬁ Bumps Connectivity Life. Time of Probe
(i m) (g m) % (Times)
100 10 A 100
100 A 10
100 50 X 0
100 156k X 0
100 200 X 0
200 10 N 1000
200 20| o) 100
200 soﬁ%L X 10
200 156 X 0
200 20 X 0
1000 10 8t A 100000
1000 20 A _ 100000
1000 50 O . 100000
1000 1560 @) 100000
1000 208 A 10000
3000 108 A _100000
3000 204 A_ 100000
3000 508! A 100000
3000 . _ 150 e 100000
3000 208 A 100000
6000 103 A 100000
— 6000 204 A 100000
6000 50%" A 100000
£000 15 A 100000, .
6000 20§l A 100000

Whereas modlﬁcamns of the present invention will be apparent o
a person having ordinary sé.ll in the art, to which the invention pexrtains, it
is to be understood that em}:odlments as shown and described by way of

s
-.ln
o)L
K
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What is claimed is :

1. A prabe card compr
a substrate ;

an insulation film bding flexible and cxtendmg on a first surface of

said substrate, said insulatipn film haviog a first surface in contact with
said first surface of said sulgijtrate, to form a space region which is defined -
between said first surface 8 said substrate and said first surface of said
insulation film so as to allogﬁt part of said insulation film to move into said
space ; and i

probe patterns exter slona second surface of said insulation film so
that said probe patterns, !

2. The probe card as in claim 1, wherein said first surface of
said substrate has a ooncavsapomon which separates opposite side regions
of said first surface thereby@o form said space region defined between said
concave portion and said ﬁr# surface of said insulation film.
- i

3.  The probe card as claimed in claim 2, wherein said concave portion
is rectangular-shaped. | i |

.'.l;
4. The probe card as c?ﬂmed in claim 2, wherein said concave portion
is arch-shaped. | i

ﬂi‘ .

‘5. The probe card as clfiimed in claim 2, wherein said insulation film
has a side edge portion whitr,h is positioned in the vicinity of a center of
said concave portion of saxdfsubstratc 5o that said side edge portion of sald
insulation ﬁlm has a large n;ﬁvable stroke.

. it ’
6. The probe card as cffiimed in claim 5, wherein said probe patrems
have top portions posmonéa in the vicinity of said side edge portion of
said #
insulation film. sl

- i |
7. The probe card as ckimed in claim 6, wherein said top poctions of
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said probe patterns are tapered.

8. The probe card as;claimed in claim 6, wherein bumps are provided
at said top portions of said probe pattems.

9. The probe card as claimed in claim 8, wherein said bumps are ball
bumps. '

10.  The probe card as claimed in claim 8, wherein said bumps are stud
bumps. '

11.  The probe card as claimed in claim 8, wherein said bumps are
selective plating bumps.

12. The probe card as claimed in claim 6, wherein Sﬁd probe patterns
" have a vnchanged width.

13. The probe card as claimed in claim 5, further comprising
conductive films selectively provided on said probe pattems to increase an
clastic force of laminations of said insulation film, said probe patterns and
said conductive films.

14.  The probe card as claimed in claim 5, further comprising a plurality
of slits formed in said insulation film at opposite sides of each of said
probe pattemns and extending in a longitudinal direction of said probe
patterns so that each of said probe patterns laminated on said insulation
film is independently movable from adjacent one of said probe patterns.

15.  The probe card as claimed in claim 2, wherein said insulation film
extends over said concave portion and said opposite side regions so that a
center portion of said insulation film has a large movable stroke.

16.  The probe card as claimed in claim 15, wherein said probe patterns
are provided to make pairs so that said paired probe patterns extend on a
line and said paired probe patterns have top portions facing to cach other
and separated from each other by a center region of said insulation film.
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17.  The probe card as claimed in claim 16, wherein said top portions of
said probe patterns are tapered.

18.  The probe card as claimed in claim 16, wherein bumps are provzded
at said top pomons of said probe patterns.

‘19, - The probe card as claumj:d in claim 18, wherein said bumps are ball
bumps. ' .

20.  The probe card as claimed in claim 18, wherein said bum;'ts are stud
bumps.

21.  The probe card as claimed in claim 18, wherein said bumps are
selective plating bumps.

22.  The probe card as claimed in claim 16, wherein said probe patterns
have a unchanged width.

23. The probe card as claimed in claim 15, further comprising
- conductive films selectively.provided on said probe pattemns to increase an
elastic force of laminations of said insulation film, said probe patterns and
said conductive films.

24, The probe card as claimed in claim 15, fuxther comprising a
plurality of slits formed in said insulation film at oppasite sides of each of
said probe patterns and extending in a lopgitudinal direction of said probe
patterns over both said paired probe patterns so that cach of said paired
probe pattern$ laminated on said insulation film are independently
movable from adjacent pairs of said probe patterns.

25.  The probe card as claimed in claim 16, further comprising a slit
formed in said intermediate region of said insulation film betwecn said
paired probe patterns and extending in a vertical direction to a longitudinal
direction of said probe patterns so that one of said paired probe patterns
laminated on said insulation film is independently movable from another

Sheet Has Been Reﬁaced

T I|| I|




* c L L] S *

of said paired probe patterns.

36

26.  The probe card as claimed in claim 15, further comprising an
additional insulation film provided to cover said probe pattemns to increasc
an elastic force of laminations of said insulation film, said probe patterns
and said additional insulation film,

27. The probe card as clalmed in claim 1, wherein said insulation film
comprises :

a first portion wlnch is in contact with said first surface of said
substrate ; and

a second portion whl.ch is distanced from said first surface of said
substrate so that a distance bemeen said second portion of said insulation
film and said first surface of'said substrate is gradually increased toward a
side edge of said insulation ﬁ]m.

28.  The probe card as, claimed in claim 27, wherein said second portion
of said insulatiop film is arched.

29.  The probe card as claimed in claim 27, wherein said insulation film

- is bent at a boundary between said first and second portions so that a
surface of said second portion of said insulation film is tilted from said
first surface of said substrate:

30.  The probe card as claimed in claim 27, wherein said probe patterns
have top portions posmoned in the vicinity of said side edge pomon of
said

insulation film.

31.  The probe card as claimed in claim 30, whercm said top pornons of
said probe patterns are tapeted

32.  The probe card as claimed in claim 30, wherein said probe patterns
have a unchanged width. i

33. . The probe card as claimed in claim 27, further comprising

————
——
—————
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conductive films selectivelyé
clastic force of laminations ¢
said conductive films. ‘

dclaimed in claim 27, further comprising a
#id insulation film at opposite sides of each of
fding in a longitudinal direction of said probe
pattems 50 that each of saiff probe patterns laminated on said insulation

comprising said concave Hortion and said opposite side regions, said
5t surface in contact with said first surface of
said substrate, to form a davity which is defined between said concave
portion of said substrate afid said first surface of said insulation film to
allow a center region of safd insulation film to move into said space in a
large movable stroke ; and | .

a plurality of pairs &f probe patteras:provided on a second susface
of said insulation film andfialigned in parallel to each other at a constant
pitch in a vertical disectipn to a longitudinal direction of said probe
patterns, said probe pattems making a pair being aligned on a line paralicl
to said longitudinal directipn of said probe pattcrns. top portions of said
probe patterns making a pir facing to each other but being spaced by an
intermediate region of saidfinsulatioa film, said intermediate region being
positioned in the vicinity oifa center of said cavity.

37. The probe _caxd agl claimed in claim 36,' wherein sad concave
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portion is rectangular-shaped.

3€

38. The probe card as claimed in claim 36, whcrein said concave
portion is arch-shaped. :

39.  The probe card as claimed in claim 36, wherein said probe patterns
are symmetrical to said intermediate region of said insulation film.

40, The probe card as claimed in claim 36, wherein said top portions of
said probe patterns are tapered.

41.  The probe card as claimed in claim 41, wherein bumps are provided
at said top portions of said probe patterns.

42.  The probe card as claimed in claim 41, wherein said bumps are ball
bumps.

- 42.  The probe card as claimed in claim 41, wherein said bumnps are stud
bumps.

43. The probe card as claimed i claim 41, wherein said bumps are
selective plating bumps.

44.  The probe card as claimed in ¢laim 36, wherein said probe patterns
have a unchanged width.

45. The probe card as claimed in claim 36, further comprising
conductive films selectively provide« on said probe patictns to increase an

elastic force of laminations of said insulation film, said probe patterns and
said conductive films.

46. The probe card as claimed in claim 36, further comprising a
plurality of slits formed in said insulation film at opposite sides of sach of
said probe patterns and extending in a longitudinal direction of said probe
patterns so that each of said probe patterns laminated on said insulation
film is independently movable from adjacent one of said probe patterns.

This Sheet Has Been RT

IR0 IIII 1.




R

NI

39

47.  The probe card as cleimed in claim 36, further comprising a slit
formed in said intermediate region of said insulation film between said
paired probe patterns and extending in said vertical direction to said
" Jongitudinal direction of said probe patterns so that one of said paired
probe patterns laminated on said jnsulation film is indcpendently movable
from another of said paired probe pattems.

48. The probe card as claimed in claim 36, further comprising an
additional insulation film provided to cover said probe patterns to increase
an elastic force of laminations of said insulation film, said probe patterns
and said additional insulation film,

49.  Aprobe card comprising : :

a substrate having first and second surfaces, said first surface
having a concave portion which separates opposite side regions of said
first surface whilst said second surface being flat ; |

‘an insulation film being flexible and extending on said fist suiface
of said substrate, said insulation film having a first surface in contact with
said first surface of said substrate, said insulation film having a side edge
portion which is positioned in the vicinity of a center of said comcave
portion of said substrate so that said side edge portion of said insulation
film has a Jarpe movable stroke ;and

a plurality of probe patterns provided on a second surface of said
insulation film and aligned in paralle] to cach other at a constant pitch in a
vertical direction to a longitudinal direction of said probe patterns, said
probe patterns having top portions positioned in the vicinity of a ccnter of
said concave pfartion of said substrate.

50.  The probe card as claimed in claim 49, whercin saic coucave
portion is rectangular-shaped. '

51.  The probe card as claimed ip claim 49, wherem said concave
portion is arch-shaped. '

52. The probé card as claimed in claim 49, wherein said top portions of

. This Sheet Has Been Reﬁaced




| R A R

said probe patterns are tapered.

53.  The probe card as claimed in claim 49, wherein bumps are provided
at said top portions of said probe pattermns.

54.  The probe card as claimed in claim 53, wherein said.bumps are ball
bumps.

55.  The probe card as claimed in claim 53, wherein said bumps are stud
bumps.

56. 'The probe card as claimed ia claim 53, wherein said bumps are
selective plating bumps.

57.  The probe card as cladmed in claim 49, whetein said probe patterns
have a unchanged width. '

58. The probe card as r:laim«.:dl in claim 49, further comprising
conductive films selectively provided on said probe pattems to increase an
elastic force of laminations of said insulation film, said probc patterns and
said conductive films.

59. The probe card as claimed in claim 49, further comprising a
plurality of slits formed in said insulation film at opposite sides of each of
said probe patterns and extending in a longitudinal direction of said probe
patierns so that each of said probe pattems laminated on said insulation

- film is independently movable from adjacent one of said probe patterns.

60. The probe card as claimed in claim 49, further comprising ap
additional insulation film provided to cover said probe patterns to increase
an elastic force of laminations of said insulation film, said probe patterns
and said additional insulation film.

61. A probe card comprising : )
a substrate having first and second flat surfaces ; _
an insulation film being flexible and comprising a first portion
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which is in contact with said first surface of said substrate, and a second
portion which is distanced from said first surface of said substrate so that a
distance berween said second portiop of said insulation film and said first
surface of sajd substrate is gradually increased toward a side edge of said
insulation film, said insuvlation film having a first surface and said first
surface of said first portion of said insulation film being in contact with
said first surface of said substrate ; and

a plurality of probe patterns provided on a second surface of said
insulation film and aligned in paralle] to each other at a constant pitch in a
vertical dixection to a longitudinal direction of said probe pattems.

62,  The probe card as claimed in claim 61, wherein said second portion
of said insulation film is arched.

63.  The probe card as claimed in claim 61, wherein sajd insulation fitm
is bent at a boundary between said first and second portions so that 2

surface of said sccond portion of said msulatmn film is tilted from said
frrst suxface of said substrate

64.  The probe card as claimed in claim 61, wherein said probe patterns
have top portions positioned in the vicinity of said side edge portion of
said

insulation film,

65.  The probe card as claimed in claim 64, wherein said top portions of
said probe patterns are tapered.

66. The pmbe card as claimed in claim 64, wherem said probe patterns
have a unchanged width.

67. The probe card as claimed in claim 61, further comprdsing
conductive films selectively provided on said probe patierns to increase an
clastic force of laminations of said insulation film, said probe paticrns and
said conductive films.

- 68.  The probe card as claimed in claim 61, further compnsing &
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plurality of slits formped in said insulation film at opposite sides of eack of
said probe patterns and extending in 1 longitudinal direction of said probe
patterns so that each of said probe patierns laminated on said insulation
film is independently movable from adjacent one of said probe patterns.

69. The probe card as claimed in claim 61, further comprising an
additional insulation film provided to cover said probe patterns to increase
an elastic force of laminations of said insulation film, said probe patterns
and said additional insulation film.

70. A probe card comprising : ‘

a substrate having first and second surfaces, smd first surface
having a concave portion which separates opposite side regions of said
first surface whilst said second surface being flat ; '

an insulation film being flexible and extending on said first surface
comprising said concave portion and said opposite side regions, said
msulatxon film having a first surface in contact with said first surface of
smd substrate, to form a cavity which is defined between said concave
portion of said substrate and said ficst surface of said insulation film to
allow a ceater region of said insulation film to move into said space in a
Jarge movable stroke ;

at least a contact hole formed in said substrate and said insulation
film ;

a plurality of pairs of probe pattems provided on a second surface
of said insulation film and aligned ia parallel to cach other at a constant
pitch in a vertical direction to a Jongitudinal direction of said probe
patterns, said probe patterns making a pair being aligned on a line parallel

to said longitudinal direction of said probe patterns, top portions of said
~ probe pattemns making a pair facing to cach other but being spaced by an
intermediate region of said insulation film, said intermediate region bemg,
positioned in the vicinity of 2 center of said cavity ;

at least an interconnection provided on said second surface of said
substrate and said interconnection being connected through said contact
hole to at least one of said probe pattems ; and

bumps provided on said top portions of said probe patterns.
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71.  The probe card as claimed in claim 70, wherein said probc patters
are symmetrical to said intermediate region of said insulation film.

72.  The probe card as claimed in claim 70, wherein said top portions of
said probe pattems are tapered.

73.  The probe card as claimed in claim 70, wherein said bumps are ball
buraps. o

74.  The probe card as claimed in claim 70, \;vhcrein said bumps are stud
bumps. ' '

75.  'The probe card as claimed in claim 70 wherein said bumps are
selective plating bumps.

76.  The probe card as claimed in claim 70,!:wherein said probe patterns
have a unchanged width. )

77. The probe card as clajmed in claim 70, further comprising
conductive films sclectively provided on said probe patterns to increase an
elastic force of laminations of said insulation film, said probe patterns and
said conductive films.

78.  The probe card as claimed in claim 70, forther comprising &
plurality of slits formed in said insulation film at oppositc sides of each of
said probe patterns and extending in a longitutlinal direction of said probe
patterns so that each of said probe patterns Iaminated on said insulation
film is independently movable from adjacent one of said probe patterns.

79.  The probe card as claimed in claim 70, further comprising a slit
formed in said intermediate region of said tasulation film between said
paired probe patterns and extending in said vertical dircction to said

. longitudinal direction of said probe patterns so that one of said paircé
probe patterns laminated on said insulation film is independently movable
from another of said paired probe pattems.
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80. The probe card as claimed in claim ;.70, further comprising an
additional insnlation film provided to cover said probe patterns to increase
an elastic force of laminations of said insulation film, said probe patterns
and said additional insulation film. | '

81.  Aprobe card comprising : ‘

a substrate having first and second s'urfaces, said first surface
having a concave portion which Separates (;lpﬁosxte side regions of said
first surface whilst said second surface being flat ;

an insulation film being flexible and exffending on said fist sutface
of said substrate, said insulation film having a first suzface in contact with
said first surface of said substrate, said insulation film having a side edge
portion which is positioned in the vicinity oi: a center of said concave
portion of said substrate so that said side edgp portion cf said insulation
film has a large movable stroke ; gl-

at least a contact hole formed in said s'i.lbstrate and said insulation

film ;
a plurality of probe.patterns provided ! n a sccond surfzce of sad
insulation film and aligned in parallel to each q:ther at a constant pitch in a
vertical direction to a longitudinal direction of said probe patterns, said
probe¢ patterns having top portions posmoncd In the vicinity of a center of
said concave portion of said substrate ; !

at least an interconnection provided on} said second surface of said
substrate and said interconnection being conpected through said contact
hoie to at Jeast one of said probe patterns ; and;

bumps provided on said top portions of-,said probe patterns.

82.  The probe card as claimed in claim 81, wherem said top pornons of
said probe patterns are tapered,

83.  The probe card as claimed in claim 81,:wherein said bumps are ball
bumps.

84,  The probe card as claimed in claim 81, wherein said bumps are stud
bumps.
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85.  The probe card as claimed in claim 81 wherein said bumps are
selective plating bumps.

86.  The probe card as claimed in claim 81, wherein said probe patterns
have a unchanged width. -

87. The probe card as claimed in cla:in 81, further comprising
conductive films selectively pravided on said probe patterns to increase an
clastic force of laminations'of said msulahon said probe patterns and
said conductive films. ' :

88. The probe card as clajmed in clain{ 81, further comprising a
plurality of slits formed in said insulation ﬁ]m&.at opposite sides of each of
-said probe patterns and extending in a longitwdinal direction of said probe
pattems so that each of said probe patterns Liminated on said insulation
film is independently movable from adjacent ol;:l:;as aid probe pattems.

89. The probe card as clmmed in claim} 81 further comprising an
additional insulation film provided to cover sa(d probe patterns to increasc
an elastic force of laminations of said msulaqpn film, said probe patterns
and said additional insulation film, i
90. A probe card comprising : l

a substrate having first and second flat mrfaces ;

an insulation film 'being flexible and comprising a first portion
which is in contact with said first surface of- isa1d substrate, and a second
portion which is distanced from said first surface of said substrate so that &
distance between said second portion of said jmsulation film and said first
surface of said substrate is gradually increasei toward a side edge of said
- insulation film, said insulfation film having « first suxface and said first
surface of said first portion of said insulation film being 1 contact with
said first surface of said scbstrate ;
at least a contact hole formed in said substrate and said insulation
film ;

a plurality of probe patterns provided on a second surface of said
insulation film and aligned in, parallel to each.other at a constant pitch in a
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vertical direction to a longitudinal direction of shid probe patterns ;
at least an interconnection provided on jsaid second surface of said
substrate and said interconnection being conni>cted through said coatact
hole to at least one of said probe patterns ; and '
bumps provided on said top portions of $aid probe patterns.

91.  The probe card as claimed in claim 90, Yherein said second portion
of said insulation film is arched.

92.  The probe card as claimed in claim 90, fvherein said insulation film
is bent at a boundary between said first andisecond portions so that a
surface of said second porfion of said insulation film is tilted from said
first surface of said substrate. ,

93.  The probe card as cljaimed in claim 90,' wherein said probe patterns
" have top portions positioped in the vicinity 4[’ said side edge portion of
said .

insulation film.

94.  The probe card as ci_aimed in claim 93, Lﬂhercin said top portions of
said probe patteras are tapered.

95.  The probe card as claimed in claim 93,|wherein said probe patteras
have a unchanged width. :

96. The probe card as claimed in claim 90, further comprising
conductive films selectively provided on said jrobe patterns to increase an
elastic force of laminations of said insulation }itm, said probe paterms and
said conductive films. S

97. The probe card as claimed in claink 90, further comp:ising 2
plurality of slits formed in ‘said insulation filnd at opposite sides of each of
said probe patterns and extending in a longimtiinal direction of said probc
patterns so that each of said probe patterns laminated on said insulation
film is independently movable from adjacent qne of said probe patterns.
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08, The probe card as .claimed in claim 190, further comprising an
additional insulation film provided to cover said probe patterps to increase
an elastic force of laminations of said insulation film, said probe patierns
and said additional msalatxon film.,

47

99, A method of fonning a probe card comprising the steps of :

forming grooves in‘a substrate to define islands of said substrate
separated from each other by said grooves; |

filling said grooves with a filling materfal ;

leveling an upper surface of said filling material to top surfaces of
said islands of said substrate ;

applying a photo-sensitive resin film orr said leveled upper surfaces
of said filling material and said islands of said jubstrate ;

patterning said photo-sensitive resin by photo-lithography to
form insulation films extending over said mlans and said filling material
but oply on peripheral regions of said islands ;| :

forming conductive:probe parterns on sind insulation films by a lift-
off method ; and |

removal of said fllhng materi:il. i

100. A method of formmg a probe card comiprising the step of adhering
“insulation films, on which conductive probe patterns having been formed,
onto islands defined by grooves having been formed in a substrate,
wherein said insulation films extend over I.:ud islands and peripheral
regions of said islands.
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