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PROBE~ AND MEI'HOD OF FORMING TIJE SAME I 

BACKGROUND OF THE INVENTION 

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

The probe card has been used to elecirically connect a tester to 
pads in a ~or chip for carrying out test of pcrfonninces of a 
semiconductor device. A tungsten pin probe has been proposed and this 

I 

probe has a structure as mustrated i11 FIG. 1. A plurality of tungsten pins 
31 in the range of SO p, m ct> to 100 µ. m ti> ate supported at their base 
portions by a supporter 32 whilst top portions of the tungsten pins 31 are 
held by a bolder 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 tunisten pins 31 are made into GOntact with the electrodes of the 
semiconductor de•icc 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 
portions thereof is in the range of 0..5 mm to S mm1 for which reason this 
tungsten pins 31 are unavailable to narrower electrode pitch ·of the 
semiconductor 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 perfOtlllances over 100 MHz are deteriorated. ~uch 
probe is disclosed in the Japanese laid-open patent publication No. 6~ 
118100. 

In recent years, in place of the above probe, a.'lolber probe has been 
proposed, which is a membrane probe as illustrated 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 made of an insulative material such as 
polyimide. At the ends of the probe interconnections 42, bumps 43 -3re 
formed by a solder or a plating. Another surface of the fl.Im 41 is adhered 
via an elastomer 45 to a supporter 44. In this structure, it is possible to 
provide bumps on the smface 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 semiconducto' device do 
not have sufficiently high coplanarities, it seems thac 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 t~ the 
interconnections to allow all the interconnections to be made into contact 
with the electrodes of the semiconductor device. This flexibility is 
provided only by the elastomer 45 formed on the other surface of the film 
41, for which reason the amount of the dcfo'.r.mation of the interconnections 
42 are llinited. whereby the flexibility thereof is irresponsible to the boWing 
of the semiconductor wafer. ' 

Furth.er, ttie· probe interconnections 42 extend to a peripheral 
portion of the film 41 for connecting to an external device, for which 

· purpose th~ probe interconnections have to have a sufficiently long length. 
This makes it diffiCult 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 t~ be deteriorated. 

In the above circumstances, it had been required to develop a novel 
probe card improved in reliability of contacting to electrodes of the 
semiconductor device and available to contact "'ith a semiconductor 
device fonned on a wafer as well as impxoved in high frequency 
perfonnanccs. 

SUMMARY OF 'C'HE INVENTION 

Accordingly, it is an object of the resenc ir1,•ention to provide a 
novel probe card which is free from any problems as described above. 

It is a further object of the present invention to provide a novel 
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probe card which has been impr<>ved in reliability of contacting to 
electrodes of a semiconductor device. 

It is a still further object of the present invention to provide a novel 
ptobe catd which is available to contact with a semiconductor .device 
having been ·fonned on.a wafer . 

It is yet a further object of the present invention to pro'Vide a novel 
probe card which is improved in high frequency performances 

It is a further niore object of the present invention to provide a 
~ovel probe card which is improved in coplanarity. 

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

lt is still more object of the present invention to provide a novel 
probe card which is improved in defonnation stroke and flexibility. 

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

It is another object of the present invention to provide a newel 
roethod of fonning a probe -card which is free from any problems as 
des.cribed 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 provide 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 in-vention to pro-vi.de 
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 

coplanarlty. 
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 pr0vide a 
novel method of forming a probe card which is improv~d in deformation 

.. ·.·.· . 



4 

stroke and flexibility. 
It is yet more another object of the present invention to provide a 

novel method of fo~g a probe card which has multilevel 
interconnections for obtaining an impedance marching. 

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

The present invention provides a probe card comprising the 
following elements .. An insulation film is provided which is tlexiblc and 
extends on a first surface of a sub~tratc. 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 sulface of the substrate and the 
first ·sutface of the insulation :fihn so as to allow part of the insulation film 
to move into the space. Probe patterns extend on a second sutface of the 
insulation fihn so that the probe pattmis. 

The present invention pro'\'ides a probe card comprising the 
following elements. A substrate has fiist and second surfaces. The first 
slliface has a concave pottion which separates opposite side regions of the 
first surface whilst the second smfacc is flat. An insulation film is pro~ded 
which is flexible and extendS on the first swface comprising the concave 
portion and the opposite side regions. The insulation fibn has a firat 
surface in contact with the fust surface of the substrate, to fonn 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 mo-vable 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 patterns making a 
pair are aligned on a line parallel to the longitudinal direction of the probe 
patterns. Top· po~ions of the probe pattexns making a pait face to each 
other but are spaced by an intennediate region of the insulation film. The 
intermediate region is positioned in tbe vicinity of a center of tho cavity. 

The present invention also provides a probe card comprising the 
following elements. A substrate ha~ first and second surfaces. The :first 
surface has a concave p0ttion which separates opposite side regions of"the 
first surface ~hilst the second surface is flat. An insulation film is flexible 
and extends on the fist surface of the substrate. The insulation film ha& a 
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first surface in contact with the first surface of the substrate. The insulation 
~Im 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 arc 
provided on a second surface of the insulation f"llm and aligned in parallel 
to each other at a constant pitch in a venical direction to a longitudinal 
direction of the probe pattems. The probe patter:os have top portions 
positioned iii 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 ha~ first and second flat surfaces. An 
insulation film is provided, which is Bexible and comprises a first portion 
which is in cont.act 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 
insulatiC¥i film. The insulation film has a first surface and the first sutface 
of the &st portion of the insulation film is in contact with the first sUrface 
of the substrate. A plurality of probe pattcms are provided on a second 
surface of the insulation filxn and aligned in parallel to each· other at a 
constant pitch in a vertical direction tu a longitudinal direction of the probe 
patterns. 

.. 
BRIEF DESCRIPI'IONS OF THE DRAWINGS 

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

FIG. ~ is a view illustrative of the conventional probeR 
FIG. 2 is a cross sectional efovation view illustrative of 1he other 

conventional probe. 
FIG. 3 is a fragmentary cross sectional ele,,-adon view iUustra.uvc 

of a novel ·probe card in a .first embodiment according to the present 
invention. 

FIG. 4 is a fragmentary plane view illustrative of a novel probe 
card 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 substtate as a modification of a first embodiment according to the 
present 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 a novel probe 
card as a modification of a first embodiment according to the present 
invention. 

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

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

PIG •. 10 is a fragmentary cross sectional elevation view illusttative 
of a novel probe card as a still further modification of a first embodiment 
accotcling to tho present invention. 

FIG. 11 is a fragmentary cross sectional elevation view illustrative 
of a novel probe Card as yet a further modification of a first embodi~ent 
according to the present invention. 

FIG. 12 is a fragmentary cro21s sectional elevation 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 ptobe 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 ero:is sectional elevation view illustrative 
of a novel probe card as a modification of a second embodiment accotding 
to the present invention. 

FIG. 16 is a fragmental)' plane 'View illustrative of a novel probe 
card in a second embodiment according to the present invention. 

FIGS. 17 A through 17D ar~ perspective views illustrative of a 
method of fonning a novel probe card according to the prc.i;;ent invention. 
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FIG. 18 is a plane view illustrative of probe patterns of a nov~l 
probe card in acxordance with the pre.~ent invention. 

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

FIG. 20 is a fragmentary cross sectional elevation view illusttativc 
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 comprtsmg the 
. followina elements. 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 substrate1 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 fihn 
to move into the space. Probe pattcnis extend on a second surface of the 
insulation film so that the probe patterns. 

It is preferable that the first surface of the substrate has a concave 
portion wh~Ch separates opposite side regions of the first surface thereby to 
form the space tegion defined between the concave portion and th~ first 
sUiface of the insulation film. 

It is also 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 insulation film has a side edge ponion 
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 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 al.so 
preferable that the bwnps are selective plating bumps. 
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It is also preferable that the probe patterns have a unchanged ~idth. 
lt 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 ptobe patterns laminated on the insulation film is independently 
movable from adjacent one of the pr<>be patterns. 

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

It is also preferable that the probe patterns are provided to make 
pairs so that the paired probe pattcm.t; extend on a line and the paired probe 
patterns have top portions facing to each other and separated from each 
othet by a center region of the insulation film. It is also preferable that the 
top portions of the probe pattcms ate tapered. It is also preferable· that 
bumps ~e 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 ate. stud bumps. It is also preferable that the bumps are selective 
plating bum.ps. 

It is also preferable that the probe patterns have a unchanged width. 
It is also preferable. to further provide condu.ctive 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 p:rovide a p1urality of slits in the 
insulation film at opposite sides of each of the probe patterns and 
extending in a longitudinal direction of the probe pattems over both the 
paiied probe patterns so that each of the paired probe patterns laminated on 
the insulation film are independently movable from adjacent pairs of the 
probe pattems. 

It is also pxeferable to further provide a slit in the intcrmc<:f.iatc 
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 paired probe patterns laminated on the insulation 
film is independently movable from another of the paired probe patterns. 

• 
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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 prefexable that the im>ulation film 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 ~t 
suxface of the substrate is gradually increased toward a side edge of the 
insulation film. 

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

It is also preferable that the iasulation film is bent at a boundary 
between the first a.nd second portions so that a sutface of the sec;ond 
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 probe patterns have a unchanged width. 
It is also preferable to further provide conducti11e 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 :fomled 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 frollJ. adjacent one of the probe patterns. 

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

The present invention provides a probe card comprising the 
following elements. A subscrare 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 exrends on the fi.rst 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 su.bstrate, to fonn a cavity 
which is defined between the concave portion of the substrate and the first 
swfacc 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 pattems are provided on a second surface of the insulation film and 
aligned in parallel to each other at a constant pitch in a vertical dircctiQn to 
a longi~dinal direction of the probe p.-rems. The probe patterns making a 
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 pattems are symmetrical to the 

intermediate region of the insulation ftlm. 
It is also preferable that the top portions of the probe patterns are 

tapered. i 

It is also preferable that bumps are provided at the top portions of 
the probe patterns. It is also ptcferablu that the bumps are ball bumps. Ir is 
·a1so prefetable 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 witlth. 
It is also• preferable to further provide conducti-ve films selecti\lcly 

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

It is •lso preferable to further provide a plurality of slits in . the 
insµlation 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::~ ,1lation film is independently 
movable from adjacent one of the probe I- .• c:ms. 

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 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 patterns. 
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 jnvention als~ provides a probe car~ 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 flexible 
and extends on the fist surface of the substrate. The insulation film has a 
first smface in contaa with the first surface of the substrate. The insulation 
film bas a side edge portion whiclt 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 arc 

provided on a second sutface of the insulation film and aligned in parallel 
to each other at a constant pitch in a verti~ 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. 

i It is also preferable that the concave portion is rectangular-shap~d. 
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 pt<>be patterns have a unchanged width. 
It is also preferable to further provide conductive films selectively 

provided on the probe patterns to increase an elastic force of laminations 
of tJie 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 patterns so that each of 
the pmbe patterns laminated on the insulat~on film is independently 
movable from adjacent one of the probe patterns. · 

It is also preferable to further provide compri.sing an additional 

.. -. -. '.-"'; ~.··-
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insulation film provided to cover the probe pattcms to increase an elastic 
force of laminations of the insulation film, the probe pattem.s ·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 tlexible 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 
sutface of the substrate is gradually increased toward a side edge of the 
insulation film. The insulation film hus a first surface and the fiist suiface 
of the mst portion of the insulation film is in contact with the first surface 
of the substrate. A plurality of probe patterns are provided on a second 
swface of the illsulation film and aligned in parallel to each other at a 
constant pitch in a vertical direction to a longitudinal direction of the ptobc 
patterns. 

It is pteferable that the second portion of the insulatio.n film is 
arched. ; 

It is also preferable that the insulation film is bent at a boundary 
between the first and second portiol'lS 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 iit 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 probe pattef1:1S have a 
unchanged width. 

It is also preferable to further provide conductive films selecitively 
on the probe paucms to increase an elastic force o·f laminations of the 
inslµation fibli~ the probe patterns and the conductive films. 

It is also preferable to further provide a plu;:ality of slits in ~e 
insulation film at opposite sides of each of the probe patterns end 
e~ending 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 film 
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 insulalion film. 
The present invention also provides a probe card comprising the 

following ele:ments. A subs.trate has first and second surfaces. The first 
surface has a concave portion which separates opposite side regions of the 
first surface whilst the second surla.cc 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 fibn 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 lhe insulation film to allow a center region of the insulation; fihn 
to move into the space in a large movable stroke. At least a contad ho1:e is 
formed in the substrate and the insulation film. 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·ditedion to 
a 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 
patterns. Top portions of the probe patterns making a pair face to ·each 
other but are spaced by an _intennediate region of the llisulation film. The 
inter.mediate 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 thlough the contact hole to 
at least one of the probe patterns. Bumps are provided on the top portions. 
of the protie patterns. 

It is preferable that the probe patterns arc symmetrical to the 
intermediate regi~n of the insulation film. 

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

It is also prefe:rable that the bumps are ball .bumps. 
It is 3.Iso 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 conductive fibns selectively 

on ti:t.e pxobe 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 

.. 
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extending in a longitudinal direction of the probe pattetns so that each of 
the probe patterns laminated on tbe insulation ~ is independently 
movable from adjacent one of the probe patterns. 

It is also preferable to further provide a slit in the intennediate 
region of the 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 patterns. 

It is also preferable to further provide an additional insulation film 
to cover the probe pattems to incxease an elastic force of laminations of the 
insulation film, the probe pattem.s and the additional insulation film. 

The present invention also provides a probe card comprising the 
following elements. A substrate has fim and second smfaces. The first 
surface has a concave portion which separates opposite side regions of the 
first suiface whilst the second surface is flaL An insulation film is provided 
which is_ :flexible and extends on tba fist suiface of the substrate. The 
insulation film has a fitst 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 concaYe 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 l'econd surface of the insulation film 
and alignea in parallel to each other at a c0nstant 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. At least an interconnection is provided on 
the second surface of the substrate and the interconnection is connected 
through th~ ~ntact hale to at least one of the probe patterns. Bumps arc 
provided on the top portions of the prc?be patterns. 

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

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 piating bumps. 
It is also pteferablc that the probe pattetns have a unchanged width. 
It is also preferable to further provide conductive films selectively 

----------
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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 tne insulation film is independently 
movable from adjacent one of the probe pati:ems. 

It is also p1eferable to furthCI provide an additional insulation film 
to cover the probe patterns to increase an elastic force of la.m.inations of the 
insulation film, the probe patterns and the additional insulation film. 

The present invention provides a P,robe card comprising the 
following clements. A substrate ha.i; fiJst and second flat sutfaces. An 
insulatioa film is provided which is flexible and comprises a first portion 
which is in contact with the first sutface of .die 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 patteros·= 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 tt> a longitudinal direction of the pxobe . 
patterns. At least an interconnection is ptovided on the second sutfar..c 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 
ari;l1ed. · 

lt is also preferable that the iJlsulation 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 t<ip portions of the probe patterns are 
I 
I 

. I 
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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 futther provide a plurality of slits in the 
insulation film at opposite sides Clf each qf the probe patterns and 
extending in· a longitudinal direction of the probe patterns so that each of 
the probe patterns laJJl;nated on the insula#on film is independently 

I 

movable fiom adjacent one of the probe pattems. 
·It is also preferable to further provide ;i additional insulation film 

to cover the probe patterns to increase an elastic force of laminations of the 
I 

insulation film, the probe patterns and the additional insulation film. 
e I 

The present invention also provides a ~thod of forming a probe 
card comprising the following steps. Grooves •e formed in a substrate to 
'define islands of the substrate separated from leach other by the grooves. 
The grooves arc filled with a filling materi.81=~ An upper surface of the 
1
filling material is leveled to top surfaces of th~· islands of the substrate. A 
photo-sensitive resin film is ipplied on the leyeled upper surfaces of the 
filling material and the islands of the substra~. The photo-sensitive resin 
film is patterned by photo-lithography to fmm insulation films extending 
over the is~ds and the filling material but o~y on peripheral regions of 
the islands. Conductive probe patterns are provided on the insulation films 
by a lift-off method. Removal is made of the filling :no.terial. 

Thes present. invention provides a me~d of fanning a probe card 
comprising th~ step of adhering insulation :films, on which conductive 
probe patterns. having been formed, onto islands· defined by grooves having 
been formed .in a substtate, wherein the insulation films extend over the 
islands and peripheral regions of the if.lands. 

. The effects of the above d~scribed 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 



a novel probe card is provided. 
With reference to FIGS. 3 and 4, a pl~ality of probes ate provided 

to form a probe card. A substrate 11 is used; which is made of ceramics 
such as alumina, aluminum nitride, glass and ,¢ass ceramics or resins such 
as glass epoxy resin.. The substrate 11 has 1 a bottom surface in which 

I 
concave portions 12 are formed. The c°*cave portions 12 have a 
predetermined depth. On the bottom surface :pf 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 r~ film !14 is formed on the bottom 
surface of the substrate 11 and the conductiv~ film 15 is laminated on the 
resin film 14. The conductive film 15 is so foPned as a probe pattern. The 
resin film 14 may be made ofpolyimide, benzacyclobutene or epoxy resins. 
'lhe probe pattern conductive film 15 is made lof a metaJ such as copper or 
nickel. ! 

• I . 

The probe pattern conductive film 15 ~ so patterned to form plural 
slender lines which extend onto a bottom surface of the 1csin film 14. The 
top portions of the slender lines of the prob~ pattern conductive film 15 
extends on the bottom surface of the tesin film 14 positioned under the 
concave portions 12. At . the top portions ! of the probe patterns 15, 
conductive bumps 16 are formed by solder orlmetat plating. An insulation 

I 

resin film 17 is formed to coat the surface o~ the probe pattem 15 except 
on the bumps 16. The substrate 11 hus tbroug4holes18 through which.the 
robe patteril 15 extends up to a top surface o~ the substrate 11 so that the 

• I 

end portions of the probe pattem 5 are shown on the top surface of the 
substrate 11. Interconnection patterns 19 are providad in contact with the 
end portions of the probe pattern S and over th~ top surface of the substrate 
11.so that the intetco.nneetion pattents 19 are .electrically connected to the 
probe pattem 15. The interconnectfon pattenis 19 are further electrically 
connected to any external measuring apparatus. 

I 
The above novel probe card has the concave portion fomted iu the 

bottom surface of the substrate 11 so that cavities are formed between the 
I 

substrate 11 and the insulation resin film 14. The cavities allow the 
insulation resin film 14 to be defonned to •have a bowing so that t.lic 
insulation resin film 14 is pushed into the cavities. This meDDS that the 
cavities provide flexibility to the insulation resin film 14·. \\'lien the bump~; 
15 are made into contact with electrodes of a: semiconductor device to be 
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tested by the probe card, the bumps 15 arc ;pushed reward the cavities 
whereby the insulation resin film 14 uc defo~ed or bent into the cavities 
When the insulation resin film 14 are deformeq or bent, the insulation resin 

• I 

film 14 has an increased elastic force. This elastic force pushes the bumps 
I 

16 toward the elecuodes of the semiconductor device so that the bumps are 
I 

secured onto the electrodes of the semicondu~or device whereby a secure 
electrical connection can be obtained. The! cavities alloWs increased 
deformation of the insulation resin film 14 wl\Creby defonnation stroke in 
the thickness direction of the substrate is increased. This increased stroke 

I 

of the deformation of the insulation resin film ~4 allows, if the wafer has a 
bowing, all of the bumps to be securely made into contact with the 
electrodes of the semiconductor device. I 

I 

The concave portions formed in the bottom surface of the substrate 
I 

11 may be rectangular-shaped to form.tectanP.Jar-shaped cmties between 
the substrate 11 and the insulation re.~ film 1~ as well illustrated in PIG. 

~- I I 

In place of the rectangular-shaped cavities, it is possible to form an 
arch-shaped concave portions 12a in 1he botto4 sUtface of the substrate 11 
to fom. arch .. shaped cavities between the sub'trate 11 and the insulation 
resin film 14 as illustrated in FIG. 5. ·r 

The shape in plane view of the cavitie~ or the concave portions 12 
may be rectangle, cJrcle or ellipse or other various shapes, provided that 
the top portions ·of the probe pattern 5 and the ~umps are positioned under 
the cavities· or the concave portions 12 so as tp allow the insulation tcsin 
film 14 to be deformed and pushed into the cavities wnen lhe bumps 16 are 
pushed toward the cavities. l 

The depth of the conca'Ve p~rtions ~2 or the cavities may be 
adopted to obtain the tequired large deformaLio,n stroke of the top ponions 
of the probe pattern and the bumps 16. : 

As a further modification of the cavities, it is possible to fonn a 
probe card as illustrated in FIG. 6. A substrate. 11 has a bottom s\llface in 
which a concave portion 12 is fom1ed. An insulation resin film 14 is 
provided which extends on the bottom surface ;of the substrate so that the 
insulation resin film 14 extends under the concave portion 12. A probe 
pattern 15 is formed which. extends on a bottom surface r.Jf the insulation 
resin film 14. Top portions of the probe pattern .exten.:. under the insulation 
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resin film 14 underlying the concave portion 12 of the substrate 11. 
Tiarough holes 18 are formed in the insulation resin film 14 and the 
substrate 11 so that the end portions of the pro~e pattern 15 extend through 
the through holes 18 and are shown on the top1 surface of the substrate 11. 
Interconnection patterns 1°9 are formed in cont~ct with the end portions of 
the probe pattern 15 and over the top surface of the substrate 11. At the top 

I 
portions of the probe pattern 15, bumps 16 are {ormed. The insulation resin 

I 

film 14 has a slit 20 which extends along a center line between the bumps 
16. The cavity is defined by both the concavel portion 12 of the substrate 

I 
11 and the insulation resin film 14 extending wider the concave portion 12. 
The cavity is, howevet, spatially connected vi~ the slit 20 to the external 
space. 'lbe slit 20 has a width defined by ed~ of the insulation resin film 
14. The edges of the insulati~n film 14 are re~ded to form the free ends. 
This means that the fonnations of the slit 20 ulcreasc the flexibility of the 
insulation resin film 14 particularly at the edge portions defining the slit 20. 
'Ihe increased flexibility of the insulation resin !mm 14 at the edge portions 
defining the slit 20 facilitates deformation of iJie insulation resin film 14 
and also increases the deformation ·stroke o~ the edge portions of the 
insulation resin film 14. This means that thel deformation stroke of the 
bumps 16 is also increased. The slit 20 also ·1cnsures that the insulation 
resin .film 14 extending over the cavity has an sufficiently high elastic 
force for allowing the bumps to be :lecurely ?de mto contact with the 
electrodes of the semiconductor device even if tile chip has a large bowing. 

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

Alternatively, it is aigo available that slfts 21 may be defined in the . 
insulation resin film 14 in plane view as illustrated in FIG. 8. Each the slits 
21 .extends in the insulation resin film 14 bet}vcen the adjacent two .top 
portions of the probe pattern 14 so as to allow the top portions of the probe 

I 

pattern 14 to be deformed separately from ~ach olher. Those slits 21 
increase the individual defamation stroke of e~ch the top portions of the 
probe pattern 15 and each the bumps 16 thcr~by allowing the individual 
top portions of the probe pattern and rhe bumps 16 to be made into 
securely contact with the corresponding electrodes of the semiconductor 
device even if the electrodes of the semiconductor device has a 
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deteriorated co-coplanarity. I 
A further more modification of the P,robe card may be made as 

illustrated in FIG. 9, wherein a conductive filzrt 22 is further laminated on a 
surface of a probe pattern so as to increase ~n elastic force of the probe 
pattern 15. The substrate 11 has a bottom sJnace in which the concave 
portion 12 is formed. An. insulation resin rum 14 is provided which 

. I 
extends on the bottom surface of the substrate 11 so that the insulation 
resin film 14 extends under.the concave portiob 12. A probe pattem 15 of a 
conductive film is provided which extends bn a bottom surface of the 
insulation tesin film 14. The probe pattern 1s lbas tops at which bumps 16 
are provided. In this further modification, the ~nductive film 22 is further 
provided which extends on a bottom surface of the probe pattem except on 
the bumps 14. The conductive film 22 has a .fl.bbility and an elastic force 
which increase in the elastic force of the card ~robe in cooperation with the 
elastic force of the i.nsulatic>n resin film 14. The insulation resin film 14 
has a free end which is positioned at an futenncdiate position of the 
conca.v~ portion whereby the probe pattem h~ a large deformation stroke. 
Consequently, the probe card has a large I 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 deterioraJd coplanarity. 

A moreover modification of the pJbe card may be made as 
illustrated ·in FIG. 10. A substrate 12 has albottom surface in which a 
concave portion 12 is fo~d. An insulation resin film 14B is pro~ded 
which extends on the bottom surface of the s~strate 11. A conductive film 

l 
15B is provided which extends on a bottom surface of the insulation 1esin 

I 

film 14B but only in a left half region of the insulation resin film 14B. An 
insulation resin film 14A is further provided ~which extends on a bottom 
surface of the conductive film 158. A prbbc pat~crn 15A is further. 
provided which extends over the insulation ~esin film 14A. At the top 
portion of the probe pattern 15.A, b\unp 16 are provided. The conductive 
film 15B forms an interconnection. A cavit~ is defined by the concave 
portion 12 of the substrate ii and the insulati~n resin film 14B. The cavity 
allows the insulation resin ;film 14B to be puphed into the cavity thereby 
·providing flexibility to the insulation resin ··tpm 14B. This increases the 
flexibility of the laminations of the conductiv~ films 15A and 15B and the 

: ..... ··: 
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insulation resin film 14A, resulting in the defsimation stroke of the bumps 
16 and the free end of the laminations of thJ conductive films 15A and 
lSB and the insulation resin film 14}\... The 1abinations of the conductive 

I 
films 15A and 15B and the insulation resin film 14A increase the elastic 
force. 1 

A still further modification· of the p~obe card may be made as 
illustrated in FIG. 11. A substrate ll has a~bottom suiface in which a 
concave portion 12 is fon:ited. An insulatiorl resin film 14 is provided 
which mends on a bottom surface of the substate 11 so that the insulation 
resin film 14 extends under the concave pomJ,n 12 ·and the top portion of 
the insulation resin film 1~ is positioned a~ the center of the concave 
portion 12. A probe pattern 15 comprising a f<>nductive film is provided 
which oxtonds on a bottom surface of the Insulation resin film 14. A 
through hole is fonncd through both the su1*trate 11 and the insulation 
resin film 14 so that the end portion of the chnductive film as the prGbe 
pattem 15 extends through the tlu<>ugh hol& and is shown on the top 

· smface of the substrate 11. Bwnps 16A are prf vided on the top portions of 
1 

the probe pattem 15. The bumps 16A are sp erically shaped by use of a 
surface tension of a conductive material or a Ider. The top portion of the 
insulation resin film 14 comprises a free end ositioned under the conCa.ve 
portion 12 of the snbstrat~ 11 thereby allo · g the top portions of the 
probe pa~m 15 to be pushed into rhe concave portion 12. The concave 
ponion 12 jnovides an increased fle:xibility to ~aminations of the insulation 
resin film 14 and the probe pattern 15. TJ!c concave portion 12 also 
increases the. defamation stroke of the top pottions of the insulation resin 
film and the probe patteni 15. The concave ~ortion 12 allows the bumps 
16A to be made into securely contact Ji.th the electrodes of the 
semiconductor device even if the chip has a b+ing or the electrodes of the 
semiconductor device has a ·deteriorated coplanarity. 

. Yet further modification of the pl'dbe card may be made as 
illustrated in FIG. 12. A substrate 11 has a/ bottom surface m which a 
concave portion 12 is formed. An insuJation resin film 14 is provided 
which extends on a bottom surface of the subshate 11 so that the insulation 

I 
resin film 14 extends undct the com:ave portibn 12 and the top portion of 
the insulation resin film 14 is positioned at the center of the concave 
portion 12. A probe patten! JS comprising aJconductive film is provided 

I 
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which extends on a bottom surface of the insulation resin film 14. A 
through hole is formed through both the substrate 11 and the insu.iation 
resin film 14 so that the end portion of the chnductive film as the probe 
pattern 15 extends through the through hol~ and is shown on the top 
surface of the substrate 11. Bumps l6B are pr~vided on the top portions of 
the probe pattern 15. The bumps 168 are prqvided with a stud. The top 
portion of the insulation resi~ film 14 comprises a free end positioned 
under the concave portion 12 of the substrate _ii.1 thereby allowing the top 
portions of the probe pattern 15 to be pushed jp.to the concave portion 12. 
The concaw portion 12 provides an·jncreased~tlcxibility to laminations of 
the insulation resin film 14 and the probe patt+m 15. The concave portion 
12 also increases the defamation stroke of the tbp ponions of the insulation 
resin film and the probe pattern 15. The conca~e portion 12 allows the stud 

. I 
bumps 16B to be made into securely contact! with the electtodes of the 

I . 
semiconductor device even jf tho chip-has a boynng or the electrodes of the 
semiconductor device has a deteriorated copl~ty. 

Still more modification of the pro~ card may be made as 
I 

illustrated in FIG. 13. A substrate J 1 has a pottom surface in which a 
concave portion 12 is fonned. An insulatio~ resin film 14 is provided 
which extends on. a bottom smface of the substiate 11 so that the insulation . i 

resin film 14 extends under the con~"lve portion 12 and the top poition of 
I • 

the insulati~n resin film 14 is positioned at !the center of the concave 
portion 12. A probe pattem lS comprising a 4cmductive film is provided 
which extends on a bottom surface of the ihsulation resin film 14. A 

I 
through hole is formed through both the sub~trate 11 and the insufation 
resin film 14 so that the end portion of the conductive film as the probe 
patten>. 15 extends through the through hole! and is shown on the top 
surfa.ee of the ~ubstrate 11. Bumps 16C are proYfded on the tog.portions of 
the probe pattern 15. The bum.ps 16C are formed by selective plating. The 
top portion of the insulation re.~in filni 14 comprises u free en4 positioned 
under. the conca-ve portion 12 of the substrate 11 thereby allowing the top 
portions of the probe pattern 15 to be pushed into the concave! portion 12. 

I 

The concave portion 12 provides an increased flexibilhy to lan?.inat1ons of 
the insulation resin film 14 and the probe pattern 15. The conc;we portion 
12 also increases the defamation stroke of the top portions of tht; insulation 
resin film and the probe pattern 15. The concave portion 12 ·allows the 

I 
I 
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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 ooplanarity. 

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 has no concave portion. The probe catd has no 
cavity portion. The substrate 11 has a flat bottom surface. An insulation 
resin film 14 is provided, wblich extends over the flat bottom surface of the 
substrate 11. The insulation iesin filn114 has a side region which is arched 
so that the edge of the ins~lation resin film 14 becomes apart~ the 
bottom surface of the substrum 11. The arched side region of the insulation 
resin film 14 makes a space 6etween the side portion of the insulation resin 

! 

film 14 and the flat and lev~ed bottom surface of the substtate 11. Probe 
patterns lSC are formed on al bottom surface of the insulation resin film 14. 

I 

Each of the probe pattems 15C has a tapered portion which exten~ on the 
bottom surface of the archJi side region of the insulation resin film 14 
whereby the tapered poition ~the probe pattem 15C is also arChed sp that 
the top of the tapered portion is made apart from the bottom surface of the 
substrate 11. No bumps are provided at the top of the tapered portion of 
each the probe pattem. The !top of the taper~ portion of each the probe 
pattem has a lowest level so jthat the top of the tapered portion of each the 
probe patterns is made in.to fOil:tact with electrodes of the semiconductor 
device. The laminations of tlJ.e arched side portion of the insulation resin 
film 14 and the arched and tkpered potti~ns of the ptobe patterns 15C arc 
tlexible and can be so defon$ed that the tops of the tapered portions of the 
probe patterns lSC come cldse to the bottom surface of the substrate· 11. 
The arched and tapered portions of the probe pattem3 15C ensures a large 
defonnation s~oke of the tops of the tapexed portion of the probe patterns 
15G. The arched side portion: of the insulation resin film 14 has a sufficient 
elastic force thereby allowing the tops of the tapered portions of the probe 
patterns lSC to be made intO securely contact with the electrodes of the 
semiconductor device even if the chip has a bowing. Namely, the space 
between the side portion of ithe insulation resin film 14 and the tlat and 

I 
leveled bottom surface of the substrate 11 allows the tops of the tapered 
and atched portions of the p~obe patlerns 15C to have a sufficiently large 
movable suoke. This allows :the tops of the tapered portions of the probe 

! 
I ------
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patterns lSC to be made intp securely contact with the electiodcs of the 
semiconductor device even ti 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 pro~e pattern. 

A modification of th~ above probe cat~ may be made as illustrated 
in FIGS. 15and16. Asubstr.te 11 has no concave portion. The probe Card 
has no cavity portion. The isubstrate 11 has a· flat bottom surface. An 
insulation resin film 14 is provided, which extends over the flat bottom 

I • 
suxface of the substrate 11. 1.\e insulation resin film 14 has a. side region of 
a flat and sloped-down bottbm face which has an angle to the leveled 

I . 

bottom surface of the substrate 11 so that the.'edge of the insulation resin 
I . 

film 14 becomes apart from ~e bottom suxface of the substrate 11. Namely, 
the insulation resin film 14 iS bent at a" boundaiy between its center region 
and the side region. Probe pa~~ms lSD are ~ed on a bottom surface of 
the insulation resin film 14. ~ach of the probe patterns ISD bas a tapered 
portion which extends on th~ bottom surface of the arched side region of 
the insulation resin film 14l whereby the tapere,d portion of the· probe 
pattcm 15D extends on the fiat and sloped.down bottom face of the side 
. I I 

region of tlle insulation resiri film 14 so that 'the top of each the tapered 
portion is ~ade.apart from thb bottom surface _of the substrate 11. The flat 
and sloped'down face side Jgion of the insulation resin film. 14 makes a 
space betw~n the side portidn of the insulati~n resin film 14 and the flat 
and leveled bottom surface of the substrate li. No bumps are provided at 

I : 
the top of the tapered portion of each the pro~ patterns 15D. The top of 
the tapered portion of each ~e probe patterns 15D has a lowest level so 
that the top of the tapered portion of each the probe patterns 15D is made 
into contact with electrodes Jf the semiconductor device. The laminations 
of the bending portion of ~e insulation resin film 14 and rbe bending 
portions of th~ probe patterns llSD are flexible ~d can be so deformed that 
the tops of the tapered portio~s of the probe patterns 15C come close to the 
bottom surface of the subsuiate 11. The bending p01·tions of ~he .probe 
patterns 15D ensure a large deformation stroke of tba tops of the tapered 

I . 

portion of the probe pattemst 15D. The bending portion of the insulation 
resin film 14 bas a sufficient ~lastic 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 even if the chip ha~ a 

. i 
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bowing. Namely, the space between the flat and sloped down face of the 
side portion of the insulationlresm film 14 and the flat and leveled bottom 

I 

surface of the substrate 11 allows the tops of the tapered and sloped down 
portions of the probe patterns lSD 10 have a sufficiently large movable 

I 

stroke. This allows the tops pf the tapered portions of the probe patterns 
lSD to be made into sedurely contact with the electtodes of the 
semiconductor device even ff the chip has a relativdy large bowing. The 
defonnation stroke of the to~'S of the defonnation stroke is controllable by 
controlling the degree of the l>ending of the probe pattern. 

Subsequentlyt a method of forming the above novel probe card 
illustrated in FIGS. 6 and 7 fm be described with reference to PIGS. 17A 
through 17D, . I 

With reference to FIG. 17 A, interconnections are printed on a glass 
ceramic green sheet to fonnl a layered substrate 11 having a thickness of 
1.5 mm and a plane size of lf cmX 15 cm. 1brough holes 18 are formed in 
the substrate 11. The througq·holes 18 are aligned in matrix within each of 
four squared sections separa(~d from each other as illustrated in FIG. 17A­
By slicing saw. concave Pes 12 are fonned in matrix to form low 
conc~ve grooves and col~ concave grooves so that the concave groo\fes 
12 define islands aligned ml matrix. Each of the islands has the through 
holes aligned in matrix. nle concave grooves 12 have a depth of 500 
JD.icromete~s. The concave ~oves 12 are located ~t · positions at which 
tops of probe patterns to be tprmed later. 

With reference to Fiy. 17B, a past comprising silver powders and 
organic vehicles is filled intO the concave grooves 12 and then sintered. to 
fonn a filled body 23. A su.Ilface of the sintered filled body 23 is polished 
to be leveled to the surface J the substrate 11. 

I 

With reference to FI6. 17C, u photo-sensitive polyimidc resin film 
is applied on surfaces of +e filled body 23 and the substrate 11. The 
photo-sensitive polyimide ~sin fllm. is patterned. to fonn 1esin 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 peripheral 
region to the island of the substrates 11. A photo-resist is applied on the 

. I 

surface of .the resin films 14iand on the filled body Z3. The applied photo-
resist film is then pattemeCI by photo-lithography to form photo-resist 

I 

patterns. A copper film is plated on the surfac:e of tbc substrate 11 by use 
I _J. ____ _ 
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of the photo-resist pattern ~s a mask. The photo-resist pattern is then 
removed. As a result, probe l?attems LS are fanned by lift-off method. The 
probe patterns 15 extend over the filled body 23 and within tire through 
holes 18 so that the piob~ patten1s 15 are electrically connected to 
interconnections. An insulatihn 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 inJwation film. The photo-sensitive polyi.mide 
resin tilm is. then patterned by a photo--lithography to fonn a photo .. resist 
pattern. By photo-litb.ographf using the photo-resist pattern as a mask$ the 
insulation film is patterned ,nereby only top portions of the probe patterns 
15 m:: shown through apertures of the insulation film. A rosin-core solder 
and an eutedic . solder are ~upplied onto the top portions of the probe 
patterns 15. The supplied s~lders are then reflowed at a temperatuie of 
230'C to form bumps 16. S~ces of the bumps 16 arc further polished by 
a thickness of 10 micro~rs by a sand paper o~ #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 laye~ are further formed over 
the polish~d surfaces of the ~umps 16. Gold plating layers are furthermore 
fonned over the nickel platfn.g _layers. The nickel plating layers have a 
thickness of 3 micrometers. The gold plating layexs have a thicknes:s of 0.3 

. I mierometers. J 

With reference to FIG. 1701 an anode is electrically connected to 
the filed body.23. A carbon cit.thode electrode is prepared. The substrate 11 
is immersed in a diluted nittlc acid and a voltage of 2V is applied across 

- I 
the anode and cathode to cause the filled body 23 to be melted whereby the 
fillCd body 23 is removed fro~ the substrate 11. As a result, the resin films 
14, the probe patterns 15, thei surface insulation films 17 and the bumps 16 

I 

remain over the surfaces of tlie islands of the substrate 11 thereby a probe 
card being formed. The probe card having been prepared has tile probe 
~ 13 aligned in matrix ~d each of the probe films 13 has & pattern us 
illustrated in FIG. 18. I 

As a modification of jthc above method of fanning the probe card 
may be made as illustrated iniFIG.19. It is possible Lo form probe films 13 
comprising the resin films 14!and the probe patterns 15 formed on the resin 
films 14 in a different pro~s from the process illustrated in FIG. 17A. 
The probe films 13 are aligrlcd on the islands of :he substrate 11- Probe 

I 
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patterns 15 are adhered tol the through holes 18 by i4'l anisotropic 
conductive adhesive so that the orobe pattems 15 are electrically 
connected to the through holeb 18. ' 

A third embodiment· i according to the present invention will be 
I 

described with reference to FIGS. 20 and 21, wherein a novel probe cad is 
provided. A substrate 11 h~ Ja bottom surface in which a concave portion 
12 is formed. The substratel may comprise a ceramic substrate 11. The 
concave portion 12 is rectmhgular·shaped. A insulation resin film 14 is 
formed, which extends on th~ bottom ·swface of the substrate 11 so that the 
insulation resin film 14 ext~ds under the concave pottion 12 to form a 
ca\'ity defined between the c9ncave portion and the insulation resin film 14. 
Through holes 18 arc fo~ in the substrate 11 and the insulation resin 
film 14. Probe patterns 15 ~ provided, which extend on a bottom surface 
of the insulation resin film *· The probe patte.tns 15 also eli:tend through 
the through holes 18 so that ~nds of the probe patterns 15 are shown on the 
top surface of the substrate 1~. Interconnection patterns 19 are provided on 
the top surface of the substrkte 11 so that the interconnection patterns 19 
are connected with the ends'!of the probe patterns 15. In the bottom view. 
the probe patterns 15 are s$ght-patterned a5 illustrated in FIG. 21. The 
probe pattems 15 are alignecj on the bottom surface of the insulation resin 
film to make a plurality of p~s of the probe patterns 15 so that the tops of 
the paired. probe patterns . $ face to each other but are separated at a 
distance. A plurality of th4 patted probe patterns is· are aligned at a 
constant pitch "f• so that ~djacent pairs of the probe patterns 15. are 
distanced from each other •. iA surface insulation resin film 17 is further 
provided which extends on !the bottom swfaces of the probe patterns 15 
and on the bottom smface :of the insulation resin film 14. Openings are 
formed in the surface inswktion resin film 17 so that the openings arc 
pQsitioned under the top po~ions of the probe patterns 15 whereby the top 
ponions of the probe patterns lS are shown through the openings. Bumps 

16 are provided within the tjpenings formed in the surface. insuJutio.o resin 
film 17 and on the top portions of the probe patterns 15. The height of the 
bumps 16 is larger than a thi~ens oi the surface insulation resin film 17 so 
that the bumps 16 are protruded from the openings formed in the su..oface 
insulation resin film 17. Further, slit~ 21 are provided in laminations of·tbe 
surface insulation resin filttt 17 and the insulation resin film 14 so that the 

.......... 
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I 

slits 21 exten~ between the· ~jacent pairs of the probe pattetns lS along 
the longitudinal direction of tJie robe patterns 15. Along the longitudinal 
direction of the probe patterns 15, each of the slits 21 extends in opposite 
directions from a center regi.~n defined between alignments of the bumps 

I 

16 provided at the top portiqns of the paired probe patterns 15, through 
intetmcdiate positions l;>etw~ the adjacent two on each the alignments of 
the bumps 16 up to positioDS corresponding to the opposite edges of the 

' " cavity so that the each slit 21.ilias the same length as the cavity. 
The ca"«lity defined QJ the conca~e portion 12 of the substrate 11 

and the insulation resin film! 14 allows the lammations of the insulation 
resin film 14, the probe·patt~~s 15 and the surface insulation resin film 17 
to ~ ~eform~ ·int~ lh:e -~vily. ~amely: the ~avi~y provides large 
flex1bil1ty to the lammatio~ of the msulatton resm filin 14, ·the probe 
pattems 15 and the suiface .lation resin film 17. The slits 21 extending 
between the adjacent pairs o.~ the probe patterns 1S allow each pair of the 
probe patterns 15 to be: ".~efoxmed indi-vidually and separately. A 
combination of the cavity atid- the slits 21 allows the oumps 16 on the top 
ponions of the probe patt~ 15 to· have sufficiently latge defamation 
stroke whereby the bumps 1~ may be made mto securely contact with. the 
electrodes of the semicond~~r devico. 

In this third embod~nt, a distance b~tween the top portions of the 
paired probe patterns 15 is ~tat 200 micrometers. Namely, the distance 
between the bumps 16 fonn~d on the top portions of the paired probe 
pattems 15 is 200 microme~p. An effective length HcJ' of each the probe 
pattems 15 is defined to be .aj length of its part extending under the cavity 
o:c the effective length "c' of;~ach the probe patterns 15 is the length from 
its position corresponding ta the edg~ of the cavity to the top portion. 
Since the paned probe patte~s 15 under the cavity are symiiietrical, the 
length of the cavity or the width "a" of the concave portion 12 is 2 X c+200 
micrometers. The length "h'' ~f the slits 21 is equal to the length "c" of the 
cavity. The height "e., of tht1bumps L6 is 50 micrometers. A diameter of 
the bumps 16 is 90 microme~ers. Plural pairs of the probe patterns 15 are 
aligned in a pitch "f" of 120 micrometers. A thiclcncss "b" of the probe 
patterns 15 is 5 micrometers •. iA width "g" of each the probe patterns lS is 
80 micrometers. A length of.each the probe patterns 15 is 1 millimeter. A 
thickness "c" of the insulatiof re~~~Jllm 14 is 10 micrometers. A size of 
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.·I 
the probe -card is lScmX lS~m. The probe card has a probe region in 
which probe patterns 15 are .~rovided. A size of me probe region is 13cm 
Xl3cm.. :~ 

Under the above conc;lfons, the followings were confinne~. 
It was confirmed ~t if the above substrate 11 comprises a 

substrate in which alumina ~~terconnections are formed therein, then the 
characteristics of the probe ~d remain unchanged. 

It was further co~d that if the above substrate 11 comprises a 
substrate in which alumin

3
uuDM:: i nitride interconnections arc formed therein, 

then the characteristics of robe card remain unchanged. 
It was further con d that if the above substrate 11 comprises a 

glass epoxy substrate, then e probe cud is capable of performing stable 
probing operation in an areaf~f lOcmX lOcm. 

It was further mor~~jconfinned that jf the insulation resin film 
comprises a film made of pS.oto-sensitivc benzocyclobutene, the probing 
life time of the probe card: ~s 100 thousands times or more and a good 

, connectivity is kept. The ~hoto-sensitive benzocyclobutene film hctS a 
lower fihn strength than the tiyimidu film. 

It was still further: '.confhmcd that if the insulation resin film 
comprises a film made of pfloto-sensitive epoxy, the probing life time of 
the probe card is 100 thou~ds times or more and a good conDCctivity is 
kept. The photo-sensitive e~oxy film has a lower film strength than the 
polyimiiie :fihn. : ·: 

It was yet further ~ed that if ihe probe card has a structure 
with slits as illustrated in J?'.$. 6~ the probing life time of the probe ca.rd is 

I . 

100 thousands times or more. and a good connectivity is kept. As compared 
to the probe~ card free of sli~ the probe card provided with the slits has a 
lafger deformation stroke aud a higher :flexibility. . 

. I 

. It was also confirm~ that if the probe card has a sttueturc with 
ptobe patterns of tapered I top portions of 60 micrometers width as 
illustrated in FIG. 16, the .~robing ]jfe time of the ·probe card is 100 
thousands times or more au4 a good connectivity 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 tlexibilily. 

It was also confirmed that if the probe card has a structure with 
probe patterns comprising a c:opper film and a nickel film of 5 micrometers . . 

• 
-------··--·-.. ·---
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plated on_the copper film~ illustrat~d in FIG. 9, the probing life rime of 
the probe card is 100 tho~ds times or more and a good connectivity is 
kept. As compared to the pfqbe card free of tapered shape. the probe card 
provided with the addition~! nickel° plating film: bas a higher elastic iorce 
with a larger deformation sltake and a higher flexibility. 

It was also c~4 that if the probe card has a structure with 
probe patterns as illustrate4 lk FIG. LOJ the probing life time of the probe 
card is 100 thousands times~ more and a go,od connectivity is kept. 

It was also co~clt that if the probe card has a structure with 
probe patterns as illustratett;"~ FIG. 16B,.the probing life time of the P.robe 
card is 100 thousands times~~r more and a good connectivity is kept. · 

It was also co~ that if the probe card has a structure with 
probe patterns with stud b ; ps 16B as illustrated in FIG. 12, the probing 
life time of the probe car~i ' 100 thousands times or more and a good 
connecti~ty is kept. j ii 

It was also confimMkl that if the probe card has a structure with 
. ~rob~ pattcms with stud b~ps 16C as illustrat~ in FIG. 12, the probing 

life tune of the probe carcl~fis 100 thousands umes or more and a good 

. connecti:vity is ke~t. ~i j . 
It was also co that ii: the probe card has a structure with 

probe pattems as illustrate in FIG. 7, the probing life time of the probe 
card is 100· thousands time~iPr more and a go9CI connectivity is kept. 

It was also con~ that if the probe card has a structure with 
probe patterns as illustrate~! in FIG. 8, the probing life time of the probe 
card is 100 thousands time~~r more and a good connectivity is kept. . 

It was also confirnWid that if the probe card has a structure with 
probe patterps as illustrate~lin FIG. 14, the probing life time of the probe 
card is 100 thousands time$. ~r more and a good connectivity is kept. 

It was also confirn.iad that if the probe card has a structure with 
probe patterns as illustrate~lin FIG. 15, the probing life time of the probe 
card is 100 thousands' time~ pr more and a good conn:ctivity is kep:. 

The following tabldl shows probe connectivity and probe life time 
when the length of the ptSbe and the height of t~c bumps are vaxicd, 
wherein 0 represents t1'~ all of the probes arc contacted with the 
electrodes of the semicondbctor device~ ~ represents that some of the 
probes are not contacted With the electrodes of the semiconductor device, 

----"-~ :ll-1 -· ·------
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and X reptesents that no prWbes axe contacted with the electrodes of the. 
semieonductor device. U 

. .I'll 
lff 

~~ TABLEl 
iil .::i 

1m 1oi11 . h. · 200 . 100 20 i ~ ~----1 .... 0 __ _ 
100 50 l x 0 
100 isqtl x o 

~ : i =---~~--------~-o~---
1000 10 ilT 6. ____ 1""""0000=0.....__ 
1000 2oiR -~·-----·-1=-=000~00 __ 

~: - fsl g ~= 
1000 2o;J ~-----10000 .......... -....,._.-
3000 io~ ~·-------"~.¥.loo_o=oo!it--_ 

i;~I 
3000 20:.rt -~-----1.MOQQQ_o __ o __ 

.:i•· 
3000 50rJ[I _/). 100000 
3000 1s3! -· o. ____ _..1 ...... 0 .... 000-_ --0--

aoop 20@: -~ JQ"noo ~~: ·-------.s.:-!w!--.......--· 
6000 1or;:: -~ lQOOOO ... , -----~__,..,..____ __ 
6000 20~1·1 ~ lOOOQQ ~---~...__-~~-=·~~-.~---~. ~~---..v.u..:c.~----
6000 5.Q~·· 6. • . lOQ.00.....,0 __ 
6000 1siJJ ~. lOOOCKL_ .. _ 
6000 . 2°'i t:J,. 1000QQ_ _ _:_ 

Whereas modificati~s of the present invention will be apparent LO 

a person having ordinary s~l in the art, to which tile invention pcitains, it 
is to be understood that e~~odiments as shown and desctibed by W'3.Y of 

_j_! ---
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illustrations are by no mea !intended to be considered in a limiting sense. 
Accordingly, it is to be inte r: ed to cover by claims any m.odifica.tiom of 
the present invention which . within the sphit and scope of the present 
• • , \I mvent1on. · 
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What is claimed is : i 
I 
I 

1. A probe card comp ·• . g : .. , 

33 

a substrate ; ~4; . 

an insulation film bi·'. g flexible and e:1tending on a first surface of 
said substrate, said insula ·~. film having a first surface in contact with 
said first sutface of said su .. trate, to form a. space region which is defined 
between said first surface i said substrate and said first surface of said 
inswation film so as to allo"' part of said insulation fihn to move into said 
space; and 

probe patterns e on a second surface of said insulation film so 
that said probe patterns. 

2. The probe card as ." in claim 1, wherein said fiist surl'ace of 
said substtate has a concav~l>ortion which separates opposite side regions 
of said first smface therebyP,, fonn said space region defined between said 
concave portion and said £irf.i surface of said insulation film. 

~si · 
~· . The probe card as +ed in claim 2. Wficrejn said concave portion 
is rectangular·shaped. ~~i · 

·!.t· 
. .~,, 

4. The probe card as ~ed in claim 2, wherein said concave portion 
is arch .. shaped.. ;ii! 

~r. 
. s. The probe card as ciimed in claim 2, wherein said insulation film 
has a side edge portion·w~ is po$itioned in the vicinity of a center of 
said concave portion of saicif.Substratc so that said side edge pordon of said 
ins~tion mm has a large ~vable stroke. 

. ·pl 
6. · The probe card as c41Nimcd in claim S, wherein said probe patccms 
have top portions position~ in the vicinity of said side edge portion of 
said ~j1 
insulation film. ~~1 

1~ 
7. The probe card as c•med in claim 6, wherein said top portions of 

f 
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said probe patterns are tapered. 

8. The probe card as-claimed. in claim 6, wherei~ bumps are provided 
at said top portions of said probe patterns. 

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

10. !be probe card as chrlmed in claim 8, wherein said bumps are.stud 
bU1llps. 

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

12. The probe card as claimed in claim 6, wherein said probe patterns 
have a unchanged width. 

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

14. The probe card as claimed in claim 5, fmther comprising a plurality 
of slits formed in said insulation film at opposite sides of each of~ 
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 sa~d 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 clallxied in claim lSt 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 each other 
and separated from each othet by a center region of said insulation film. 

. . . . . . . . . . 
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17. The probe card as claim.ed in claim 16, wherein said top portions of 
said probe pattems axe tapered. 

18. The piobe card as claimed in claim 16, wherein bumps are provided 
at said top portions of said plobe patterns . 

. 
·19. The probe card as claimed in claim 18, wherein said bumps are ball 
bumps. 

20. The probe card .as claimed in 1:laim 18, wherein said bumps are stud 
bumps. 

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

22. The probe C8ld as claimed in claim 16,, wherein said probe patterns 
I 

have a unchanged width. 

23. The probe end as claimed in claim 15, further compriSing 
condudive films selectively :provided on said pobe pattems 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, further comprising a 
plurality of slits formed in s!lid insulation film at opposite sides of each of 
said probe patterns and ~xtending in a longitudinal direction of said probe 
patterns over both said paired probe patterns so that each of said paired 
probe patterns laminated on said insulation ,film are uidependently 
movable from adjacent pairs pf said probe paltems. 

25. The probe card as claimed in claim 16, further comprising a slit 
formed in said intermediate region of said jnsulation film between said 
paired probe pattems 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 
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of said paired probe patterns. 

26. The probe card as claimed in claim 15, further comprising an 
additional insulation fi1.xn pro1.1ided to cover said probe patterns to increase 
an elastic force of laminations of said insulation film. said probe patterns 
and said additional insulation film • 

.. . . 
27. ThD probe catd as ~ed in claim 1, wherein said insulation film 
comprls~: . 

a first portion which is in contact with said first smface of said 
substrate ; and · 

a seeolid portion w1*b is disl:anced from said first swface of $8id 
subsuate so that a distance ~ctween said sec:Ond portion of said insulation 
film and said fint surface of said sub.mate is gradually inacased toward a 
side edge of said insulation film. ·· 

28. The probe card as. claimed in claim 27, wherein ·said second portion 
of said insulation fihn is arched. 

29. The probe card as cl-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 surfa~ of said substrate~ 

. 
30. The probe cud as claimed in claim 27 j whetein said probe patterns 
have top portions positioned in the vicinity of said side edge portion of 
said 
insulation film. 

31. The probe card as claimed in claim 30, wherein said top portions of 
said probe pattems are tapered. 

32. The probe card as cla~d in claim 30, wherein said probe patterns 
have a unchanged width. 

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

-----------
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conductive films selectively: rovided on said probe patterns to increase an 
I 

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

34. The p.robe card as · · ed in claim 27, further comprising a 
plurality of slits formed in · d insulation film at opposite sides of each of 
said probe patterns and ex : ding in a longitudinal direction of said probe 
patterns ao that each of s probe pattems laminated on said insulation 
film is independently niova . e from adjacent one of said probe patterns. 

35. The probe card as . aimed in claim 272 further comprising. an 
additional insulation film p iVliicd to cover said probe patterns to increase 
an elastic force of lamina.ti of said insulation film, said probe patterns 
and said additional insu · · film. 

36. ,A ptobe card com • 'ing : 
a substrate having 1 • st and second surfaces, said first surface 

having a conca\'e portion hich separates 6pposite side regions of said 
first surface whilst said se d sudace beingf\at ; 

an insulation film b g flexible and extending on said first S\Uface 
comprising said concave · ortion and said opposite side regions, said 
insulation film having a · t surface in contact with said first surface of 
said substrate, to form a · :vity which is defined between said concave 
portion of said substrate d said first surface of said insulation film to 
allow a center region of s ~nsulation film to move into said space in a 
large movable stroke ; aud 

a plurality of pairs 
1 

f probe patterns; provided on a second su.rfacc 
of said insulation film an , aligned in parallel to each other at a constant 
pitch in a vertical direc · n to a longitudinal direction of said p:robe 
patterns, said probe patte making a pair being aligned on a line parallel 
to said longitudinal dire · n of said probe patterns.. top portions oi said 
probe patterns making a p' · facing to ·each other but being spaced by an 
intermediate region of sai insulation film, said intermediate regtun being 
positioned in the vicinity o a center of said cavity. 

37. The probe card ~ claimed in claim 36, wherein. sru.d concave 
'I 

f\ftll\S.. '• 

.......... ·:·~:~ ·: .. 
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portion is rectangular-shaped: 

38. The probe card as claimed in claim 36, whctein said concave 
portion is arch·shaped. 

39. The probe card as claimed in claim 36, wherein said probe patterns 
are symmetri~ 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 c-laim 41, wherein bumps are provided· 
at said top portions of said probe patterns. 

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

42. The probe card as claimed in claim 41, wherein said btupps are stud 
I 

bultlps. 

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

44. The probe cird as claimed in clabn 36, wherein said probe pattems 
have a unchanged width. 

45. The probe card as claimed in· claim 36, further comprising 
conductive films selectively provided on said probe patterns t9 increase an 
elastic fotce of laminations of said insulation filnl, said probe patterns and 
said conductive films. 

46. The probe card as claimed in "claim 361 further comprising a 
plurality of slits formed in said insulation film at opposite sides of each of 
said-probe patterns and extending 'Lwi a longitudinal direction of said probe 
patterns so that each of said probe patterns Iamillated on said insulation 
film is independently movable from adjacent one of said probe patterns. 

. .. - .. .. . . . . ·.• ::_ .. -: .~ 
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47. The probe card as claimed 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 

· longitudinal direction of said probe patterns so that one of said pa.ired 

probe patterns laminated on said insulation film is independently movable 
from another of said paired probe pattems. 

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

49. A probe 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 sulfacc 
of said substrate, said insulation film having a first surface in contact \Vi.th 
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 concave 
pottion of said substrate so that said side edge portion of said insulation 

film has a large movable stroke ; and 
a plurality of probe patterns provided on a second surface of said 

insulation fi~ and aligned in parallel to each other at a constant pitch in a 
vertical direction to a longitudinal direction of said probe patterns, said. 

probe patterns having top portions pt,sitioned in the vicinity of a center of 
said concave portion of said substrate . 

• 

50. The probe card as claimed in claim 49, wherein :;aio concave 

portion is rectangular-shaped. 

51. . The probe card as. claimed in claim 49, wherein said concave 

portion is arch-shaped. 

52. The probe card as claimed in claim 49! wherein said top portions of 

. :·: ·. ·'"·.:· ..... 
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said probe patterns are tapered. · 

53. The probe card.as claimed in claim 49, wherein bumps are proqided 
at said top portions of said probe. pattL'?llS. 

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

55. The probe card as claimed in <~aim 53, wherein said bumps are stud 
bumps. 

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

57. The probe card as claimed in claim 49, wherein said probe pattems 
have a unchanpd width. 

I . 

58. The probe card as claimed in claim 49, further compnug 
condnctive films sclectiV'~ly provided on said probe patterns to increase an 
elastic force of laminations of said insulation film, said probe patterns and 
said conductive films. 

59. The probe card as claimed in clabn 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 
patterns so that each of said probe patterns 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 an 
additional insulation film provided to cover said prolle patterns to incicasc 
an elastic force of laminations of said insulation fihn, said probe patterns 
and said additional insulation film. 

61. A probe card comprising: 
a substrate having fust 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 between said second portion of said insulation film and said first 
surface of said substrate is gradually increased towaid a side edge of :said 
insulation film, said insulation fihn having a first surface and said first 
smface of said first portion of said insulation film being in contact with 
said first surface_ of said substrate ; and 

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

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

63. The probe card as claimed in claim 61, wherein said insulation film 
is bent at a holltldiry between said first and second portions so that a 
surface of said second portion of said insulation film is tilted from said 

I 

fiist smface of said su.bstra~. · 

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

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

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

67. The probe card as claimed in claim 61, 1urther comprising 
conductive films selectively provided on said probe patterns to increase an 
elastic force of laminations of said insulation film, said probe patterns and 
said conductive films. 

68. The probe card as claimed in claim 61, further compnsmg a 

. . . :" :~ ....... • 
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plurality of slits fonoed in said insulation film at opposite sides of each of 
said piobe pattems and extending in i\ 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. 

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 foice 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, said fust surface 

having a concave portion -which separates opposite side regions of said 
first SUI.face wlulst said second suiface being flat ; 

an insulation film being :flexible and extending on said first surface 
comprising said concave portion and said opposite side regions, said 
insulation. film having a fitSt surface in contact with said first surface of 

I 

said substrate. to form a cavity which is defined between said concave 
portion of said substrate and said first surface of said insulation film to 
allow a center region of said insulation film to m.ovc into said space in a 
large movable stroke ; 

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

a plurality of pairs 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 vertical direction to a longitudinal direction of said probe 
patterns, said probe patterns making a pair being aligned on. a line parallel 
to said longi~al direction of said probe patterns, top portions of said 
_probe patterns making a pair facing to each other but being spaced hy an 
intermediate region of said insulation film, said intemiediate region being 
positioned in t.he vicinity of a center of said cavity ; 

at least an intercom1ection provided on said second surface of said 
substrate and said interconnection being connected tlirough said contact 
hole to at least one of said probe pattums ; and 

bUillps provided on said top ponions of said probe patterns. 

. · .. 
. . ·.· ... · 
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71. The probe card as claimed in claim 70, wherein said probe patterns 
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 ~robe card as claimed in claim 70, wherein said bumps are ball 
bumps. 

74. The probe card as claimed in claim 70. wherein said bumps are stud 
bumps. 

75. The probe card as claimed in claim 70, wherein said bumps ue 
selective plating bumps. 

76. The probe card as claimed in claim 70,:wherein sai4 probe patterns 
have a unchartged width. 

77. Tue probe card as claimed in c1ailm 707 further compns1ng 
conductive films selectively pro-vided on said P,robe patterns to increase au 
elastic force of laminations of said insulation film, said probe patterns and 
said conductive fihns. 

78. The probe card as claimed in claim 70, further comprising a 
plurality of slits formed in said insulation film at opposite sides of each of 
said probe pattems and extending in a longitutlinal direction of said probe 
patterns so that each of said probe patterns laminated on said insulation 
film is indep~dently movable from cldjacent one of said probe patterns. 

79.. The probe card as claimed in claim 701 fuxthet coniprising a slit 
formed in said intermediate region of said insulation film between said 
paired probe patterns and extending in said vertical direction to. said 

. longitudinal direction of said probe patterns so that one of said paired 
probe patterns laminated on said insulation film is independently movable 
from another of said paired probe patterns. 
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80. The probe card as claimed in claim 70, ful'ther comprising an 
additional insulation ~ provided to cover salll probe patterns to increase 
an elastic foice of laminations of said insulation film, said probe patterns 
and said additional insulation film. ~ 

81. A probe card comprising : 
. I 

a substrate having first and second surfaces, said first surface . ... ., 
having a concave portion which separates O_!'Posite side regions of said 
first surface whilst said second surface being ~ ; 

an insulation film being flexible and eittcnding on said fist surface 
of said substrate, said ~ation film having a·rrst surface in contact with 
said first surface of said substrate, said insulaqon film having a side edge 
portion which is positioned in tho vicinity o~ a center of said concave 
portion of said substrate so that said side edgf portion of said insulation 
film bas a large movable stroke ; ! 

at least a contact hole formed in said sJil,strate and said insulation 
film. I 

, a plurality of probe. patterns ·1>rovided f n a second surface of said 
insulation film and aligned m parallel to each qther at a constant pitch in a 
vettical direction to a longitudinal direcdon ~f said pxobe patterns, said 
probe patterns having top portions positioned ln the vicinity of a center of 
said conca"VC portion of said substxate ; ! 

at least an interco~ction prnvided o~ said second surface of said 
substrate and said interconnection being CO:B¥ected through said contact 
hole to at least one of said probe pattems ; and; 

bumps provided on said top portions oftsaid probe patterns . 
. 

82. The probe card as claimed iD claim 81, iwherein said top portro.ns of 
said probe patterns are tapered. · 

83. The probe card as claimed in claim 81,twberein said bumps are ball_ 
bumps. 

84. The probe card as claimed in claim 81,~wherein said bumps are stud 
bumps. 
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i 
85. The ptobc card as claimed in claim S,l, Wherein said bumps are 
seleetive plating bumps. .j 

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

87. The probe card as claimed in 81, further comprising 
conductive films selectively provid~ on. said obe patterns to increa5e an 
elastic force of laminations~of said insulation . · said probe patterns and 
said conductive films. = 

88. The probe card as claimed in cl · · 81, funher comprising a 
plurality of slits formed in ~aid insulation ~at opposite sides of each of 
·said probe patterns and extending in a longitwlinal direction of said probe 
pattems so that each of sSid probe patterns l~ted on said insulation 
film is independently mov~le from adjacent ore of said ptobe patterns. 

89. The probe card ~claimed in claim1:8l, further comprising an 
additional insulation filni pro'Vided to cover s~id probe pattems to increase 
an elastic force of lamin~tions of said insulaif n film, said probe patterns 
and said additional insulation film. l 

90. A probe card CODJ.prlsing : 
·1 

a substrate having ±µ'st and second tlat jmrfaces ; 
an msulation film !being flexi"ble and comprising a first portion 

which is in contact with said fiist surface of -~aid substJ:ate, and a second 
portion which is distanced from said first surf~ of s.aid substrate so that Cl 

distance between said second portion of said ·i!DSulation film and said first . . 
surface of said substrate ~ gradually increaseti toward a side edge of said 
in$1lation film, said insufati~o film having E: first surface and said first 
s~ of said first portion of said insulatioll film being in contact with 
said first surface of said substrate ; 

film; 
at least a contact hole formed iD said .~ubstrate and said insulation 

.t";§ 

a plurality of probe patterns provided on a second surfaco of said 
insulation film and aligned ~- parallel to each .other at a constant pitch in o. 
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vertical diiection to a longitl:tdinal direction of ~1id probe patterns ; 
at least an interconnection provided on said second surface of said 

substrate and said interconnection being co .:cted :hrougb said contact 
hole to at least one of said ptobe patterns ; and 

bumps provided on s~id top portions of aid probe patterns. 

91. The probe card as cl~ed in claim 90, i7herein said second portion 
of said insulation film is arched. 

92. The probe card as cbumed in claim 90, · herein said insulation film 
is bent at a boundaty be~n said first a~. second portions so that a 
surface of said second por~on of said insula iOn film is tilted from said 
first surface of said substrate. · 

.. . 
93. The probe card as c~ed in claim 901 whetein said probe patterns 

. have top portions positioned in the vicinity r said side edge portion of 
said .. 
insulation film. · 

94. The probe card as ~imed in claim 93, Nherein said top portions of 
said probe patterns are tapered. 

95. The probe card as claimed in claim 93, wherein said probe patterns 
have a unchanged width. · 

96. The. probe card a,s claimed in cl .m 90, further compnsmg 
conductive films selectively provided on said iJrobe patterns to increase an 
elastic force of laminations of said insulation ~.Um, said probe pattcms and 
said conductive films. i 

I 
97. The probe card as claimed in claidt 901 futther comp~sing a 
plurality of slits formed in =said insulation fihxf. at opposite sides of each of 
said probe patterns and extending in a longit~:Hnal direction of said probe 
patterns so that each of said probe patterns ~a.minated on said ii1sul~tion 
fihn is independently movable from •uljacent dne of said probe patterns. 

I 

-.... 
. . ·. 
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98. The probe card as :. claimed in clai.n:i i 90, further comprising an 
additional insulation film provided to cover said probe patterns to increase 
an elastic force of laminations of said insulatiun film, said probe patt.erns . . 
and said additional insulation film. 

99. A method of forming a probe card com51rising the steps of : 
forming grooves in~ a substrate to defi;le islands of said substrate 

separated from each other b:Y said grooves ; j 
filling said grooves with a filling mater¥1 ; 
leveling an upper s':'Iface of said fillinj. material to top surlaces of 

said islands of said substra~ ; . 
applying a photo-sensitive reshi film or~ said leveled upper surfaces 

of said filling material and said islands of said ~ubstrate i 
• I,. 

patterning said pho~sensitive resin ~ by photo-lithographr to 
form insulation. fllm.s ~~ding ov~r said isl8Vds and said filling material 
but only on penpheral regions of smd islands ; :. 

forming conductive;probe patterns on sjud insulation films by a lift· , 
off method ; and ! 

removal of said filling material. 

100. A method of fonnilig a probe card ~lprising the step of adhering 
· insulation :films, on which ;,conductive probe Jlaltems having been formed, 
onto islands defined by :~oves having bta formed in a substrate, 
wherein said insulation ~lms extend over )~aid islands and peripheral 
·regions of said islands. : 

iil1nn11nr 


