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present inverition relates to a probe card and a net hod pf e ne.

The probe card~has been used to electrically connect a te ?Q& pads in a
t

waf er chip for carryi ng out test of performances of a sem or devi ce.
A tungsten—pinprobe tras—been proposed and this probe has a structure as
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ortions of the tungsten pins 31 are held by-a
hol der 33 so of .the tungsten pins 31 are aligned to
correspond to el ectrodes of a sem condudtor device to be tested. The tops

FROBE CARD AND METHOD OF FORMING THE SAME \/

BACKGROUND OF THE INVENTION

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

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

In recent years, in place of the above probe, another probe has been
proposed, which is a membrané probe as iilustrated in FIG. 2. A plurality
of probe interconnections 42 are formed on a surface of a film 41. The
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of the tungsten pins 31 are made into contact with the el ectrodes of the
sem conductor device for characteristic test of the sem conduct or devi ce.

As illustrated in FIG 1, the tungsten plns 31 are narrowed in pitch toward"
the top portions thereof so that the pi%ch of the tungsten pins 31 at the
top portions thereof is in the range of-0.5 mMmto 5 nm for which reason
this tungsten pins 31 are unavailable to narrower electrode pitch of the
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been via an elastomer 45 to a supporter 44. In this structure, it is possible to
provide bumps on the surface of the film 41 to obtain an electrical contacts
through the bumps to electrodes of the semiconductor device.

Such the conventional membrane probe has the following problems.

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

Further, the probe interconnections 42 extend to a peripheral .
portion of the film 41 for connecting to an extemal device, for which

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

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

-L-d

SUMMARY OF THE INVENTION

Accordingly, it is an object of the resent invention to provide a
novel probe card which is frec from any problems as described above.
it is a further object of the present invention to provide a novel
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proposed, which is a nenbrane probe as illustrated in FIG 2. A plurality
of probe interconnections 42 are fornmed on a surface of a film4l. The 2
probe interconnections 42 are nade of a conductive material such as copper
whilst the film4l is nade of an insulative material such as polyimde. At
‘the ends of the probe interconnections 42, bunps 43 are forned by a sol der
or a plating. Another surface of the film4l is adhered via an el astoner 45
to a supporter 44. In this structure, it is possible to provide bunps on

the surface probe heartl whigh has dieeni improved et rekishility rmiamtactms to
 electrodes of a semiconductor device. |

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

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

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

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

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

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

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

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

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

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

It is a further more another object of the present invention to

- provide a novel method of forming a probe card which is improved in
coplanarity.

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

It is still more another object of the present invention to provide a
novel method of forming a prabe card which is improved in deformation
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t hrough the bunps to el ectrodes of the sem conductor device. Such the
conventional nenbrane probe has the followi ng problens. If the plural bunps
43 and the-.el ectrodes of the sem conductor device do not have sufficiently

hi gh copl anariti

es,

it seens that sonme bunps are not nade into contact with

t he electrodes of the sem conductor ddvice. In order to prevent this
pr obl ens, Is effective to provide flexibility to'the interconnections to
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The above and other objects, features and advantages of the present
invention will be apparent from the following descriptions.

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

The present invention provides a probe card comprising the

- following elements. A substrate has first and second surfaces. The first

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

patteras. Top-portions of the probe patiexns making a pair face to each -

other but are spaced by an intermediate region of the insulation film. The

intermediate region is positioned in the vicinity of a center of the cavity.

The present invention also provides a probe card comprising the
following elements. A substrate has first and second surfaces. The first
surface has a concave portion which separates opposite sidc regions of the
first surface whilst the second surface is flaz. An insulation film is flexible
and extends on the fist surface of the substratc. The insulation film has a
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Further, the probe interconnections 42 extend to a peripheral portion of
the film41l for connecting to an external device, for which purpose the
probe interconnections have to have a sufficiently long | ength. This nakes
it difficult to achieve a substantial scale down of the probe. .As a result,
the probing is difficult for the sem¥onductor device having been forned

" over the wafer before dicing process. The high frequency performnce
thereof is likely to be deteriorated. In the above circunstances, it had

been requi rﬁ?bttsﬁrfi %Bnt%fci‘ﬁ)iﬂl th@rﬁﬁ?sf{fddéd & UBSrdL, Tﬁ‘éiﬁ%ﬁéﬁ’ of

Cont act v fim Tebia Sl svsécqoriop: wBichof pesiigned Mdbe UBIGHIS ERERp: oved

i n high freqf trecgomeaveqgortionas. the substrate so that the side edge portion of the
insulation film has a large movable stroke. A plurality of probe patteras arc
provided on a second surface of the insulation film and aligned in parallel
to each other at a constant pitch in a vertical direction to a longitudinal
direction of the probe patterns. The probe patterns have top portions
positioned in the vicinity of a center of the concave portion of the
substrate.

The present invention also provides a probe card comprising the
following elements. A substrate has first and second flat surfaces. An
insulation film is provided, which is flexible and comprises a first portion
which is in contact with the first surface of the substrate, and a second
portion which is distanced from the first surface of the substrate so that a
distance between the second portion of the insulation film and the first
surface of the substrate is gradually increased toward a side edge of the
insulatiqn film. The insulation film has a first surface and the first surface
of the first portion of the insulation film is in contact with the first surface

' of the substrate. A plurality of probe pattems are provided on a second
surface of the insulation film and aligned in parallel to cach other at a
constant pitch in a vertical direction to a longitudinal direction of the probe
patterns.

'BRIEF DESCRIPTIONS OF THE DRAWINGS

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

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

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

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

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

FIG. 5 is a fragmentary cross sectional elevation view illustrative
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SUMVARY OF THE | NVENTI ON Accordingly, it is an object of .the resent

I nvention to provide a novel probe card which is free fromany probl ens as
descri bed above. It is a further object of the present invention to provide
a novel probe card which has beenginproved in reliability of contacting
to el ectrodes of a sem conductor device. It is a still further object of

t he present invention to provide a novel probe card which is available to

contact wt m conduct or ,devi ce Vi formed on .a wafe
? & substrate 48 & modification ota f{'r%t %odxment accordmg to the

prescat invention.
- FIG. 6 is a fragmentary cross secnonal clevation view illustrative
" of a novel probe card as a modification of a first embodiment according to
the present invention.

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

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

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

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

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

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

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

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

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

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

FIGS. 17A through 17D arc perspective views iilustrative of a
method of forming 2 novel probe card according to the present invention.
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It is yet a further object of the-present invention to provide a novel
probe card which is inproved in high frequency performances It is a further
nore obj ect -of the present invention to provide a novel probe card which is
improved in coplanarity. It is noreover object of the present invention to
provide a novel probe card reduced in inferconnection space or area. It is
still nore object of the present invention to provide a novel probe card
which is inproved in deformation stroke and flexibility. It is yet nore

obj ect of the prd96ntl8 iy anplane viewpilustrdtive of qrebe patteens af i wowech has

mul tilevel 'iab%ré‘a?ﬂﬁhﬁﬁéédtﬂﬁné@{viﬂt%@!ﬁ?&‘&ﬂt fivehfipgdance matching. It is
another object olpd ) @ lig r Perspetiive view Miuslraive of another method of
forming a novel probe card according to the present invention.
FIG. 20 is a fragmentary cross sectional elevation view illustrative
of a novel probe card in a third embodiment according to the present
invention.
FIG. 21 is a fragmentary plane view illustrative of a novel probe
card in a third embodiment according to the present invention. '

DISCLOSURE OF THE INVENTION

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

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

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

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

It is also preferable that the insulation film has a side edge portion
which is positioned in the vicinity of a center of the concave portion of the
substrate so that the side edge portion of the insulation film has a large
movable stroke. It is also preferable that the probe patterns have top
portions positioned in the vicinity of the side edge portion of the
insulation film. It is also preferable that the top 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. [t is also
preferable that the bumps are selective plating bumps.
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met hod of formng a probe card which is free fromany problens as descri bed
above. It is further another object of the present invention to provide a
novel method of form ng a probe card which has been inproved in reliability
of contacting to electrodes of a sem conductor device. It is a stil
anot her ‘obj ect of the present invention td provi de a novel nethod of
formng a probe card which is available to contact with a sem conduct or

device having bech o luglePRefle ke phibd SckEhe oo L LAEtal Dptino0L o5t ©f

whi-ch is inprovedtiia aﬂsogpreﬁcﬂblﬂetmﬁurﬂmrfmowﬂncmmducnvs fidois scldativedypr e

anot her obj git (1 prdtfe BA@SHR o' (HeFeskCth bRstic 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 pattexrns and
extending in a longitudinal direction of the probe patterns 50 that each of
the probe patterns laminated on the insulation film is independently
movable from adjacent one of the probe patterns.

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

It is also preferable that the probe patterns are provided to make
pairs so that the paired probe patterns extend on a line and the paired probe
patterns have top portions facing to each other and separated from each
other by a center region of the insulation film. It is also preferable that the
top portions of the probe pattems 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.

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

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

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

It is also preferable to further provide a slit in the intermediate
region of the insulation film between the paired probe patterns and
extending in a vertical direction to a longitudinal direction of the probe

- patterns so that one of the pajred probe patterns laminated on the insulation
film is independently movable from another of the paired probe patterns.
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provi de a novel nethod of formng a probe card which is inproved in
coplanarity. It is noreover another object of the present invention to
provi de’ a novel nethod of formi hg a probe card reduced in interconnection
space or area. It i-s still nore another object of the present invention to
provide a novel nethod of formng a probe card which is inproved in -

def ormati on LACEMENT SHEET 17 MAY 1997

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

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

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

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

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

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

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

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

It is also preferable to further provide conductive films selectively

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

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

~ Itis also preferable to further provide an additional insulation film
provided to cover the probe pattergs to increase an elastic force of
laminations of the insulation film, the probe patterns and the additional
insulation film,

The present invention provides a probe card comprising the

_ following elements. A substrare has first and second surfaces. The first
surface has-a concave portion which separates opposite side regions of the
first surface whilst the second surface is flat. An insulation film is provided
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- stroke and flexibility. It is yet nore another object of the present

I nvention to provide a novel nethod of formng a probe card which has

mul til evel interconnections for obtaining an i npedance nmatching. The above
and oth er objects, features and advantages of the present invention wll
be apparent fromthe foll ow ng descriptijgns. The present invention provides
a probe card conprising the follow ng el ements. An insulation filmis

provi ded which is flexible and extends on a first surface of a substrate.

The i nsul at iwhidh iswﬂdmhleaaﬁd rextergisrmtie first %&ﬁh@@boﬂﬂ ieehef tér?éavféur face

urface”of - (Sm, Bfa’ GE"aRSAC Sidee Heley' IR %?ul?ﬁgn 1 BriR¥ m so. as
to al | ow parFarEace;) wecqn;ggq mt.hot,hefﬁIStrﬁurf'tce of the substrate, to form a cavity
which is defined between the cancave portion of the substrate and the firse
surface of the insulation film to allow a center region of the insulation film
to move into the space in a large movable stroke. A plurality of pairs of
. probe patterns are provided on a second surface of the insulation film and
aligned in parallel to each other at a constant pitch in a vertical direction to
a longitudinal direction of the probe patterns. The probe pattems making 2
pair are aligned on a line parallel to the longitudinal direction of the probe
patterns. Top portions of the probe patterns making a pair face to each
other but are spaced by an intermediute region of the insulation film. The
intermediate region is positioned in the vicinity of a center of the cavity.

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

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

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

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

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

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

1t is also’ preferable to further provide conductive films selectively
on the probe patterns to increase an elastic force of laminations of the
insulatjon film, the probe patterns and the conductive films.

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

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

ﬂ
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to nmove into the space. Probe patterns extend on a second surface of the
insulation filmso that the probe patterns. The present invention provides
a probe card conprising the follow ng el enents. A substrate has first and
second surfaces. The first surface hasypja concave portion which separates
opposite side regions of the first surface whilst the second surface is
flat.  An insulation filmis provided which is flexible and extends on the
first surface conprising the concave portion and the opposite side

reg } ons. fThﬁ}]mris iddpendenily mdm:l@&bnf &lotlget dfakie phited @ﬁém pattéxiah. t he L irst
concave port i on dF it ARCGetstaREal MafE biovidl el S O YO,
filmto al | toncaverdhe probepatternsto incredsaanlelastis:fored off laminafiens af thet he space
in alarge fHyehich AHOHR probe pdftéinsand the Additidnal insulation film.

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

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

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

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

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

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

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

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

t is also preferable to further provide comprising an additional

N
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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 verti cal

di rection tto a longitudinal direction of the probe patterns. The probe
‘patterns naking a pair are aligned on ajtine parallel to the |ongitudinal
direction of the probe patterns. Top portions of the probe patterns nmaking
a pair face to each other but are spaced by an intermediate region of the

insulation_film. The inter, |atere|on s positioned in the V|C|n|ty of a
center of AMBIRHOR; W@’l §%ﬁpv%&§rﬂrpbﬁ P&ﬁﬁﬂlspﬁmeéﬂ‘pﬁ’]&ﬁ card

conpr i si ng fotue obllaminatipm efrehe sinslativhSilmgt thehproblei patterms dank chard )
surf aces. Eﬁﬁuﬁdﬁhﬁﬂﬁ (?‘Egaﬂ?s a concave portion which separates opposite

side regions o ace whilst the second surface is flat An

i nsul ation fil m Tberpresens| ipventor alsm provides: & robe card comprising
substrat e. fihewins Wik, fA! fibidate?has first and second flat surfaces. An
insulation film is provided, which is flexible and comprises a first portion
which is in contact with the first surface of the substrate, and a second
portion which is distanced from the first surface of the substrate so that a
~ distance between the second portion of the insulation film and the first
surface of the substrate is gradually increased toward a side edge of the
insulation film. The insulation film has a first surface and the first surface
of the first portion of the insulation fitm is in contact with the first surface
of the substrate. A plurality of probe patterns are provided on a second
surface of the insulation film and aligned in parallel to each other at a
constant pitch in a vertical direcnon to a longitydinal dxrectxon of the probe
patterns.

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

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

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

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

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

It is also preferable to further provide an additional insulation flm
to cover the probe patterns to increase an elastic force of laminations of the
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first surface in contact with the first surface of the substrate. The

i nsulation filmhas 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 filmhas a | & ge novable stroke. A plurality of
probe patterns are provided on a second surface of the insulation film and
aligned in parallel to each other at a constant pItCh in a verti cal

pat tor ns. nadBouaBoR i SRS prdh BiitarBs ane the i BhSRT BSAROR Hm o, "o the
concave portion offhehp!escntsinv&nhon also prov1des a probe card comprising the
following elements. A substrate has first and second surfaces. The first
surface has a concave portion which separates opposite side regions of the
first surface whilst the second surface is flat. An insulation film is provided
which is flexible and extends on the first surface comprising the concave
portion and the opposite side regions. The insulation film has a first
surface in contact with the first surface of the substrate, to form a cavity
which is defined between the concave portion of the substrate and the first
surface of the insulation film to allow a center region of the insulation film
to move into the space in a large movable stroke. At least a contact hole is
formed in the substrate and the insulation film. A plurality of pairs of
probe patterns are provided on a sccond surface of the insulation film and
aligned in paralle] to each other at a constant pitch in a vertical direction to
2 longitudinal direction of the probe patterns. The probe pattems making a
pair are aligned on a line parallel to the longitudinal direction of the probe
patierns. Top portions of the probe pattems making a pair face to each
other but are spaced by an intermediate region of the irisulation film. The
intermediate region are positioned in the vicinity of a center of the cavity.
At least an interconnection is provided on the second surface of the
‘substrate and the interconnection is connected through the contact hole to
at least one of the probe patterns. Bumps are provided on the top portions
of the prolie pattemns.
| It is preferable that the probe patterns are symmetrical to the
intermediate region of the insulation film.
| It is also preferable that the top portions of the probe patterns are
tapered.
1t is also preferable that the bumps are ball bumps.
It is also preferable that the bumps are stud bumps.
1t is also preferable that the bumps are selective plating bumps.
_ Itis also preferable that the probe patterns have a unchanged wadth.
It is also preferable to further provide conductive films selectively
on the probe patterns to increase an elastic force of laminations of the
insulation film, the probe patterns and the conductive films.
It is also preferable to further provide a plurality of slits in the
insclation film at opposite sides of cach of the probe patterns and
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The present invention also provides a probe card conprising the foll ow ng
el ements. A substrate has first and second flat surfaces. An insul ation
filmis provided, which is flexible and conprises a first portion which is
in contact with the first surface of the substrate, and a second portion
which is distanced fromthe first surface of the substrate so that a

di stance between the second portion of the insulation filmand the first
surface of the substrate is gradually increased toward a side edge of the

i nsul at i on extdndinglie a longitadinah directioh af the probe pattemace thaticacke ofi r st
LT ) Mgt il 63, MR, L
on a second® ﬁ%@%ﬁal%m %Pﬁﬂf"(ﬂmsn’ @H& aligned in parallel to each
other at a constRknis plsbcpreferablev o tfurthér providd iaoslitt in shé dntnnedixe!
~direction gbo{i€ of" fR° insulation film between the paired probe patterns and

extending in the vertical direction to the longitudinal direction of the probe

patterns so that one of the paired probe patterns laminated on the insulation

film is independently movable from another of the paired probe pattems.

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

The present invention also provides a probe card comprising the
following elements, A substrate has first and second surfaces. The first
surface has a concave portion which separates opposite side regions of the
first sorface whilst the second surface is fiat. An insulation film is provided
which is_flexible and extends on the fist surface of the substrate. The
insulation film has a first surface in contact with the first surface of the
substrate. The insulation film has a Side edge portion which is positioned

! in the vicinity of a center of the concave portion of the substrate so that the
side edge portion of the insulation film has a large movable stroke. At least
a contact hole is formed in the substrate and the insulation film. A plurality
of probe patterns are provided on a second surface of the insulation film
and aligned in parallel to each other at a constant pitch in a vertical
direction to a longitudinal direction of the probe patterns. The probe

. patterns have top portions positioned in the vicinity of a ceater of the
concave portion of the substrate. At least an interconnection is provided on
the second surface of the substrate and the interconnection is connected
through the contact hale to at least one of the probe patterns. Bumps are
provided on the top portions of the probe patterns.

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

It is also preferable that the bumps are ball buraps.

It is also preferable that the bumps arc stud bumps.

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

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

it is also preferable to further provide conductive films selectively
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patterns. BRI EF DESCRI PTI ONS OF THE DRAW NGS Preferred enbodi nents of the
present invention will be-described in detail with reference to the

. accompanying drawings. FIG 1 is a viewillustrative of the conventi.onal

probe. FIG 2 is a cross sectional elevation viewillustrative of the other
conventional probe. FIG 3 is a fragnentary cross sectional elevation view
illustrative of a novel probe card in a first enbodi nent according to the
present invention. FIG 4 is a fragnmentary plane view illustratjve of a
novel probe @&rthe;prokespattams tpomicrease aacelastie derceoof lamnasionst of thent i on.

insulation film, the probe pattens and the conductive films.

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

It is also preferable to further provide an additional insulation film

* to cover the probe patterns to increase an elastic force of laminations of the
insulation film, the probe patterns and the additional insulation film.

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

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

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

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

It is also preferable that the top portions of the probe patterns are
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FIG 5 is a fragnentary cross sectional elevation view illustrative 6 of
a substrate as a nodification of a first enbodi mrent according to the
present invention. FIG 6 is 'a fragmentary cross sectional elevation view
illustrative of a novel probe card as a nodification of a first enbodi ment
according to the present invention. FHG 7 is a fragnentary plane view
il lustrative of a novel probe card as a nodification of a first enbodi nent
according to the, present

tapered.

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

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

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

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

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

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

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

PREFERRED EMBODIMENTS

A first embodiment according to the .present invention will be
described in detail with reference to the accompanying drawings, wherein
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invention. FIG 8 is a plane cross sectional elevation viewillustrative of
a novel probe card as a further nodificationiof-a first enbodi nent
according to the present invention. FIG 9 |§s a fragnmentary cross sectional

el evation view illustrative of a novel?probe;card as a further nodification
of a first enmbodi ment according to the present invention. FIG 10 is a
fragnmentary cross sectional elevation viewillustrative of a novel probe

card as a atndﬂclpmbdmdqp tdvided.i on of a first enbodi nent according to the
EIRICIE tew e Y

enbodi ment to form a probe card. A substrate 11 is used; which is made of ceramics

such as alumina, aluminum nitride, glass and glass ceramics or resins such

as glass epoxy resin. The substratc 11 has 1a bottom surface in which

concave portions 12 are formed. The concave portions 12 have a

predetermined depth. On the bottom surface of the substrate 11, a probe

film 13 is adhered. The probe film 13 comprises laminations of a resin film

14 and a conductive film 15. The resin film 14 is formed on the bottom

'surface of the substrate 11 and the conducﬁve} film 15 is laminated on the

resin film 14, The conductive film 15 is so formed as a probe pattern. The

resin film 14 may be made of polyimide, benzecyclobutene Of SpoXy resins.

The probe pattern conducnve film 15 is made of a metal such as copper or

nickel. !

The probe pattern conductive film 15 13 so patterned to form plural

slender lincs which extend onto a bottom surface of the resin film 14. The

top portions of the slender lines of the pmbe: pattern conductive film 15

extends on the bottom surface of the 1esin film 14 positioned under the

concave portions 12. At the top portions lof the probe patiems 15,

conductive bumps 16 are formed by solder orjmetal plating. An insulation

resin film 17 is formed to coat the surface of;the probe pattem 135 except

on the bumps 16. The substrate 11 has through holes 18 through which the

robe patternn 15 extends up to a top susface of the substrate 11 so that the

end portions of the probe pattern 5 are shown on the top surface of the

substrate 11. Interconnection patterns 19 are provided in contact with the

end portions of the probe pattern S and over the top surface of the substrate

11 so that the interconnection pattems 19 are electrically connected w the

probe pattern 15. The interconnection pattems 19 are further electrically

connected to any external measuring apparatus

The above novel probe card has the concave portion formed in the

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

substrate 11 and the insulation resin film 14. The cavities allow the

insulation resin film 14 to be defommed to thave a bowing so that the

insulation resin film 14 is pushed into the cavities. This means that the

- cavities provide flexibility to the insulation resin film 14. When the bumps

15 are made into contact with electrodes of a: semiconduictor device 1o be

—_————
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according to the present invention. FIG 12 is a fragnentary cross

. sectional elevation view illustrative of a novel probe card as a further
nmore nodification of a first enbodi nent according to the present invention.
FIG 13 is a fragnmentary cross .sectional jgl evation view illustrative of a

novel probe card as noreover. nodification of a first _enbodi nent according
to the present |nvent|on FIG 14 is a fragnent ary cross sectional

acoor di ng 145h YIS BFRbe e therumppscl e iset BYHA Py Bes

sectional eiherely ﬂn: msalatmhl resi film d ¢ deformed ombentdntathe cavites

modi ficati pg rift RSHIANINTESARIEETY a?é:&&'odﬂlgg or bent, the insulation resin
film 14 has an increased elastic force. This clasuc force pushes the bumps
16 toward the electrodes of the semiconductor devu:e so that the bumps are
secured onto the electrodes of the sexmconduc Jor device whereby a sccure
electrical connection can be obtained. The cavities allows increascd
deformation of the insulation resin film 14 wh'ercby deformation stroke in
the thickness direction of the substrate is increased. This increased stroke
of the deformation of the insulation resin film 14 allows, if the wafer has a
bowing, all of the bumps to be sccurely made into contact with the
electrodes of the semiconductor device. !

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

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

- pushed toward the cavities.

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

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

—\_
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to the present invention. FIG 16 is a fragnentary plane viewillustrative
of a novel probe card in a second enmbodinent according to the present
invention. FIGS. 17A through 17D are perspective views illustrative of a
nmet hod of forming a novel probe card according to the present invention.
REPLACEMENT SHEET 17 MAY 1997 FIG1918 is a plane view illustrative of
probe patterns of a novel probe card in accordance with the present
I nventi on. )

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

Through holes 18 are formed in the insulation resin film 14 and the
Substrate 11 so that the end portions of the probe pattern 15 extend through
the through holes 18 and are shown on the top;surface of the substrate 11.
Interconnection patterns 19 are formed in contact with the end portions of
the probe pattem 15 and over the top surface of the substrate 11. At the top
portions of the probe pattern 15, bumps 16 are formed. The insularion resin
film 14 has a slit 20 which extends along a cexiter line between the bumps
* 16. The cavity is defined by both the concave|portion 12 of the substrate
11 and the insulation resin film 14 extending ufider the concave portion 12.
The cavity is, however, spatially connected via the slit 20 to the external
space. The slit 20 has a width defined by edges of the insulation resin film
14. The edges of the insulation film 14 are regarded to form tho free ends.
. This means that the formations of the sl 20 increase the flexibility of the
insulation resin film 14 particularly at the edge portions defining the skt 20.
The increased flexibility of the insulalion resin hlm 14 at the edge portions
defining the slit 20 facilitates deformation of the insulation resin film 14
and also increases the deformation stroke of the cdge portions of the
insulation resin film 14. This means that the| deformation stroke of the
bumps 16 is also increased. The slit 20 also‘ensures that the fnsulation
resin film 14 extending over the cavity has an sufficiently high elastic
force for allowing the bumps to be securely made into contact with the
electrodes of the semiconductor device even if ﬂ:e chip has a large bowing.

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

Alternatively, it is also available that slus 21 may be defined in the
insulation resin film 14 in plane view as ﬂlusuqted in FIG. 8. Each the slits
21 extends in the insulation resin film 14 between the adjacent two top
portions of the probe pattern 14 50 45 10 allow the top portions of the probe
pattern 14 to be deformed separately from each other. Those slits 21
increase the individual defamation stroke of each the top portions of the
probe pattern 15 and each the bumps 16 thcrcby allowing the individua)
top portions of the probe pattern and the bumps 16 to be made into
sccurely contact with the corresponding electrodes of the semiconductor
device even if the electrodes of the semiconductor device has a .
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FIG 19 is a perspective viewillustrative of another nethod of formng a
novel probe card according to the present invention. FIG 20 is a
fragmeritary ‘cross sectional elevation.viewillustrative of a novel probe
card in a third enbodi nent according to the present invention. FIG 21 is a
fragmentary plane view illustrative ofys novel probe card in a third

enbodi nent according to the present invention. D SCLOSURE OF THE | NVENTI ON
The present invention provides a probe card conprising the follow ng

el enents. Adeteriorated asrcoplanariy. provi ded whi¢h is flexible and extends on

a fit rst ou f ace 0{\ ﬂu?ﬂéi‘sx&:;oi‘é %ogﬂt&ﬁiwﬁlﬂbfaﬁhhﬁobh'téﬂrp%a e middesd§face in
contact Wiy ustiram:eérins%"lcsxfJ 5, wherein a conduttive fifm 22 is Turther laminated on 2
' surface of a probe pattern so as 1o increase an elastic force of the probe
pattern 15. The substrate 11 has a bottom surface in which the concave
portion 12 is formed. An- insulation resin film 14 is provided which
extends on the bottom surface of the substrate 11 so that the insulation
resin film 14 extends under the concave portion 12. A probe pattern 15 of a
conductive film is provided which extends Ln a bottom surface of the
insulation resin film 14. The probe pattern 15 lhas tops at which bumps 16
are provided. In this further modification, the conductive film 22 is further
provided which extends on a bottom surface of the probe pattern except on
the bumps 14, The conductive film 22 has a flexibility and an elastic force
which increase in the elastic force of the card grobe in cooperation with the
elastic force of the insulation resin film 14. The insulation resin film 14
has a free end which is positioncd at an intermediate position of the
concave portion whereby the probe pattern has a large deformation stroke.
Consequently, the probe card has a large|elastic force and a large
deformation stroke thereby allowing the bumps to be made into securely
contact with the electrodes. of the semicondubtor device even if the chip
has a bowing or the electrodes have deterioravéd coplanarity.

A morcover modification of the pr&be card may be made as
illustrated in FIG. 10. A substratc 12 has a)bottom surface in which a
concave portion 12 is formed. An insulation)resin film 14B is provided
which extends on the bottom surface of the substrate 11. A conductive film
15B is provided which extends on a bottom sélrface of the insulation resin
film 14B but only in a left half region of the i:lxsulation resin film 14B. An
insulation resin film 14A is further provided j'which extends on a bottom
surface of the conductive film 15B. A probe patictn 15A is further
provided which extends over the insulation gesin film 14A. At the top
portion of the probe pattern 15A, bump 16 are provided. The conductive
film 15B forms an interconnection. A cavity is dcfined by the concave
portion 12 of the substrate 11 and the insulation resir film 14B. The cavity
allows the insulation resin film 14B to be pushed into the cavity thereby
‘providing flexibility to the insulation resin "film 14B. This increases the
flexibility of the laminations of the conduetive films 15A and 15B and the
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regi on which is defined between the first surface of the substrate and the
first surface of the insulation filmso as tolallow part of the insulation
filmto nmove into the space. Probe patterns exXtend on a second surface of
the insulation filmso that the probe patterns. It is preferable that the
first surface of the substrate has a conéave portion which separates
opposite side regions of the first surface thereby to formthe space region
defi ned between the concave portion and the fi:rst surface of the insulation

film It i s qnmﬁiHEMAaremﬂengmdmldefﬁmatmnmud(ermfcmedmm - shaped.
It is also frek éﬁuﬁgr&f d R g?ﬁ] S{ﬁﬁé‘c%"‘#s al so

preferabl e |nsu aj1ron
posi ti oned &gﬁt mfeélll:@rkmel“'%-f'lhhmg@ﬂé of ¢he iconductivée

films 15A and ISB and the insulation resin fllm 14A increase the elastic
force.

A still further modification of the p*obc card may be made as
illustrated in FIG. 11. A substrate L1 has ajbo[tom surface in which a
concave portion 12 is formed. An insulation resin film 14 is provided
which extends on a bottom surface of the substrate 11 so that the insulation
resin film 14 extends under the concave portinkn 12 and the top portion of
the insulation resin film 14 is positioned at| the center of the concave
portion 12. A probe pattern 15 comprising a ’conducuve film is provided
which extends on a bottom surface of the insulanon resin film 14. A
through hole is formed through both the subbtrate 11 and the insulation
rcsin film 14 so that the end portion of the cbaductive film as the probe
pattern 15 extends through the through holg and is shown on the top

- surface of the substrate 11. Bumps 16A are préwded on the top portions of
the probe pattern 15. The bumps 16A are sp ]ancally shaped by use of 2
surface tension of a conductive material or a solder. The top portion of the
ingulation resin film 14 comprises a free end fjositioned nnder the concave
portion 12 of the substrate 11 thercby allowing the top portions of the
probe pattern 15 to be pushed into the concave portion 12. The concave
portion 12 provides an increased flexibility t ‘lammauons of the insulation
resin film 14 and the probe pattern 15. 'l'llc concave portion 12 also
increases the defamation stroke of the top portions of the insulation resin
film and the probe pattersi 15. The concave portion 12 atlows the bumps
16A to be made into securely contact with the electrodes of the
semiconductor device even if the chip has a bawing or the electrodes of the
semiconductor device has a deteriorated coplanarity.

Yet further modification of the prdbe card may bc made as /
illustrated in FIG. 12, A substrate 11 has a bottorn surface m which a '
concave portion 12 is formed. An insulation resin film 14 is provided
which extends on a bottom surface of the subqlratc 11 so that the insulation
resin film 14 extends under the concave pombn 12 and the top portion of
the insulation resin film 14 is positioned at the center of the concave
portion 12. A probe pattern 15 comprising a‘conducuve film is provided

[@] )
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substrate so that the side edge portion of the insulation filmhas a | arge
novabl e stroke. It is also preferable that the probe patterns have top
portions pdsitioned 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 bunps are provided at the
top portlons of the probe patterns. It is also preferable that the bunps
are ball | t | al so preferable that the bupps are stud bunps It is
al so pref e gggg‘?ﬂﬁﬂ 8 8 ] Suriacr ek the iIpsWation ragippRlm 145 A

through hole is formed through both the substrate 11 and the insuiation
resin film 14 so that the end portion of the conductive film as the probe
pattern 15 extends through the through hole and is shown on the top
surface of the substrate 11, Bumps 16B are pravided on the top portions of
the probe pattern 15. The bumps 168 are provided with a stud. The top
portion of the insulation resin film 14 comprises a free end positioned
under the concave portion 12 of the substrate 11 thereby allowing the top
portions of the probe pattern 15 to be pushed into the concave portion 12.
The concave portion 12 provides an increased:flexibility to laminations of
the insulation resin film 14 and the probe pattém 15. The concave portion
12 also increases the defamation stroke of the t?p portions of the insulation
resin film and the probe pattern 15. The concave portion 12 allows the stud -
bumps 16B to be made into securely contacﬁ with the electrodes of the
semiconductor device even if the chip has a bowmg or the electrodes of the
semiconductor device has a deteriorated coplananty

- Still more modification of the prohe card may be madc as
illustrated in FIG. 13. A substrate 11 has a bottom surface in which a
concave pottion 12 is formed. An insulation! resin film 14 is provided
which extends on a bottom surface of the substrate 11 so that the insulation
resin film 14 extends under the concave portion 12 and the top portion of
the insulation resin film 14 is posilioned at|the center of the concave
portion 12, A probe pattern 15 comprising a éonductive film is provided
which extends on a bottom surface of the insulation resin film 14. A
through hole is formed through both the substrate 11 and the insulation
resin film 14 so that the end portion of the conductive film as the probe
pattemn 15 extends through the through hole: and is shown on the top
surface of the substrate 11. Bumps 16C are provided on the top-portions of
the probe pattern 15. The bumps 16C are formed by selective plating. The
top portion of the insulation resin film 14 comprises a free end positioned
under the concave portion 12 of the substrate 11 thercoy allong the top
portions of the probe pattera 15 to be pushed into the concave'pomon 12,
The concave portion 12 provides an increased flexibilicy to 1an'(nwuon., of
the insulation resin film 14 and the probe pattern 15. The concave portion
12 also increases the defamation stroke of the top portions of the insulation
resin film and the probe pattern 15. The concave portion 12'|a110ws the
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It is also preferable that the probe patterns have a unchanged width. It is
al so preferable to further provide conductive filns selectively on the
probe *patterns to increase an elastic force of |am nations of the
~insulation film the probe patterns and the conductive filnms. It is also
preferable to further provide a pluraBity of slits in the insulation film
at opposite sides of each of the probe patterns and extending in a

| ongi tudinal direction of the probe patterns so that each of the probe
patterns | dumps dcﬁ(bmotﬁnemmuimmusamrbly gontact sdthp e electnodes wibtbe from

bl i oﬁr%%#&m?c‘af 99?1‘”-9%%““ fe ca%‘ﬁs §opink 6 fidlebbialof R, .
regi ons so Semiconduetar deviesrhas grdeserionated Goplanafithn i1 m has a | arge novabl e

stroke. A second embodiment according to the present invention will be
described, in which a novel probe card is provided. As illustrated in FIGS.
14 and 16, a substrate 11 hds no concave portion. The probe caxd has no
cavity portion. The substraté 11 has a flat bottom surface, An insulation
resin film 14 is provided, whiich extends over the flat bottom. surface of the
substrate 11. The insulation rc.sm film 14 has a side region which is arched
so that the edge of the msulauon tesin film 14 becomes apart from the
bottom surface of the Substrdte 11. The arched side region of the insulation
resin film 14 makes a space between the side portion of the insulation resin
film 14 and the flat and leve_led bottom surface of the substrate 11. Probe
paiterns 15C are formed on al bottom surface of the insulation resin film 14.
Each of the probe patterns 15C has a tapered portion which extends on the
bottom surface of the arched side region of the insulation resin film 14
whereby the tapered portion of the probe pattem 15C s also arched so that
the top of the tapered pomon is madc apart from the bottom surface of the
1 - substrate 11. No bumps are iprovided at the top of the tapered portion of
each the probe pattem, The [top of the tapered portion of each the probe
pattem has a lowest level so ithat the top of the tapered portion of each the
probe patterns is made into contact with electrodes of the semiconductor
device. The laminations of the arched side portion of the insulation resin
film 14 and the arched and tapered portions of the probe patterns 15C are
flexible and can be so deformed that the tops of the tapered postions of the
probe patterns 15C came close to the bottom surfacs of the substrate- 11.
The arched and tapered portions of the probe pattems 15C ensures a large
deformation stroke of the tops of the tapered portion of the probe patterns
15C. The arched side portion'of the insulation resin film 14 has a sufficient
clastic force thereby allowing the tops of the tapered portions of the probe
patterns 15C to be made into securely contact with the electrades of the
semiconductor device even if the chip has a bowing. Namely, the space
between the side portion of Ethe insulation resin film 14 and the flat and
leveled bottom surface of the substrate 11 allows the tops of the tapered
and arched portions of the probe patiems 15C to have a sufficiently large
movable stroke. This allows the tops of the tapered portions of the probe
}
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It is also preferable that the probe patterns are provided to nake pairs so
that the paired probe patterns qxtend on a line and the paired probe
patterns have top portlons facing to each other and separated from each
other by a center region of theiinsulation film It is also preferable that
the top portions of the probe patterqg are tapered. It is also preferable
that bunps are provided at the qop portions of the probe patterns. It is
al so preferable that the bunps are ball bunps. It is also preferable that

the bunps pa&eﬁtsulﬁﬁuuﬂse nlddel mt@isecurelyetaitalt withhihic ¢loctrodemof ahe

2 Unchangede iR devite s*'élﬁt?% %ﬁﬁ#%’ relptY 1otk PhEET PERE " VS "

a unchange

films sel edeformatioshstroke of timtopa dhe defosmiation strokeds controllable by ce of
| am nat i ongofifrolliifs the degree of the arching of the probe pattern.

A modification of the] above probe card may be made as illustrated
in FIGS. 15 and 16. A substrate 11 has no concave portion. The probe card
has no cavity portion. The isubstratc 11 has a-flat bottom surface. An
insulation resin film 14 is provxded, which extends over the flat bottom
surface of the substrate 11. The insulation resin film 14 has a side region of
a flat and sloped-down bottom face which has an angle to the leveled
bottom surface of the substrate 11 so that the ‘edpe of the insulation resin
film 14 becomes apart from the bottom surface of the substrate 11. Namely,
the insnlation xesin film 14 1s bent at a boundary between its center region
and the side region. Probe pattems 15D are formed on a bottom surface of
the insulation resin film 14. Each of the probe patterns 15D has a tapered
portion which extends on the bottom surface of the arched side region of
the insulation resin film 14! whereby the tapered portion of the probe
pattern 15D extends on the ﬂat and sloped-down bottom face of the side
region of tie insvlation fesini film 14 8o that the top of each the tapered
portion is made apart from the bottom surface of the substrate 11, The flat
and sloped down face side relgmn of the insulation resin film 14 makes a
space hetween the side portidn of the msulatmn resin film 14 and the flat
and leveled bottom surface o% the substrate 11. No bumps are provided at
the top of the tapered pomon of each the probe patterns 15D. The top of
the tapered portion of each the probe patterns 15D has a lowest level so
that the top of the tapered portlon of each the probe patterns 15D is made
into contact with electrodes of the semiconductor device. The laminations
of the bending portion of the insulation resin film 14 and the bending
portions of the probe patterns; 115D are flexible and can be sa deformed that
the tops of the tapered portions of the probe patterns 15C come close to the
bottom surface of the substrate 11. The bending portions of thc .probe
patterns 15D ensure a large deformanon stroke of the tops of the tapered
portion of the probe patterns' 15D, The beading portion of the insulation
resin film 14 has a sufficient Llasnc force thereby allowing the tops of the
tapered portions of the probe patterns 15D to be made into securely contact
with the electrodes of the semiconductor device cven if the chip hag 2

|

-
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insulation film the probe patterns and the conductive filns. It is also
preferaple to further provide a plurality of slits in the insulation film
at opposite sides of each of the probe patterns and extending in a

longi tudinal direction of the probe patterns over both the paired probe
patterns so that each of the palredzprobe patterns | am nated on the
insulation filmare |ndependently novabl e from adj acent pairs of the probe

ot er modi at DOMEBBoNABHELy e SEace ﬁa&éﬁ Hher 8 okt lopedccpim s BF sbe
p?t : ﬁ(ra nsr ggdudm penibmef the msulanbn indillnge 4 :aﬁd the f?tt) Bﬁdqwewd bahg%x :1 :tcEa :j ogn
'?he [ nsﬁl at Sgw%ﬁ{iﬁ%ER?\%%%&gr@q% h’g\e}gﬁ gfﬁ?ebfﬁpg %%4 5‘§P°§rdé’ | red -
probe pat t eqpostions of the probe patterns 15D to have a sufﬁcmntly large movab
stroke. This allows the tops of the tapered portions of the probe pattcms
15D to be made into sct.r:uely contact with the electrodes of the
semiconductor device even if the chip has a relatively large bowing. The
deformation stroke of the toqs of the deformation stroke is controllable by
controlling the degree of the bending of the probe pattern.

Subsequently, a method of forming the above novel probe card
illustrated in FIGS. 6amd7ﬂnﬂbed&mnhmiwmhle&nmuztofﬁGS 17A
through 17D,

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

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

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

I
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REPLACEMENT SHEET 17 MAY 1997 9 1t is also preferable to further provide
an additional insulation filmto:cover the probe patterns to increase an
elastic force of lanminations of the insulation film the probe-patterns and
the additional insulation film It is also preferable that the insulation
filmconprises a first portion which i26in contact with the first surface
of the substrate, and a second portion which is distanced fromthe first
surface of the substrate so that a

of the photo-resist pattern as a mask. The photo-resist pattern is thcn

removed. As a result, probe pattems 15 are formed by lift-off method. The
probe patterns 15 extend OVEr the filled body 23 and within the through
holes 18 so that the probe patterns 15 are electrically comnected to
 intexconnections. An insulation film is then formed over the surfaces of the
probe films 13 and the filled body 23. A photo-sensitive polyimide resin
film is formed over the 1nsu1atxon film, The photo-sensitive polyimide
resin film is then pattemed by a photo-lithography to form a photo-resist
pattern. By photo-lithography using the photo-resist pattern as a mask, the
insnlation film is patterned whereby only top portions of the probe patters
15 are shown through apertures of the insulation film. A rosin-core solder
and an eutectic solder are supplied onto the top portions of the probe
patterns 15. The supplied selders are then reflowed at a temperature of
230°C 1o form bumps 16. Sufaces of the bumps 16 are further polished by
a thickness of 10 micrometers by a sand paper of #1000 to remove any
variation in height of the bumps 16 but form fine convex and concave on
the surfaces of the bumps 16: Nickel plating layers are further formed over
the pohshed surfaces of the bumps 16. Gold plating layers are furthermore
formed over the nickel platmg layers. The nickel plating layers have a
thickness of 3 mictometers. The gold plating layers have a thickness of 0.3
micrometers. }
With reference to FIG 17D, an anode is electrically connected to
the filed body 23. A carbon cathode electrode s prepared. The substrate 11
. 15 jmmersed in 2 diluted nm"lc acid and a voltage of 2V is applied across
the anode and cathode to cause the filled body 23 to be melted whereby the
filled body 23 is removed from the substrate 11. As a result, the resin fims
14, the probe patterns 15, the. surface insulation films 17 and the bumps 16
remain over the surfaces of thc islands of the substrate 11 thereby a probe
card being formed. The p*of)e card having been prepared has the probc
films 13 aligned in matrix and each of the probe films 13 has & pattern as
ilustrated in FIG. 18.
As a modification of the above method of forming the probe card
may be made as illustrated iniF1G, 19. It is possible to form probe films 13
comaprising the resin films 14!and the probe patterns 15 formed on the resin
films 14 in a different process from the process illustrated in FIG. 17A.
The probe films 13 are ahgx}ed on the islands of ‘hc substratc 11. Probe
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di stance between the second portion of the insulation filmand the first
surface, of the substrate is gradually I ncreased toward a side edge of the
insulation film It is also prefeiable that the second portion of the
insulation filmis arched. It is @also preferable that the insulation film
is bent at a boundary between thejfirgt and second portions so that a
surface of the second portion of the insulation filmis tilted fromthe
first surface of the substrate. It is also preferable that the probe
patterns hapatttms ASr arenadheosd ttoptikel throughe holesi ABt Yyoant hrisetiepiedge

p]?” 'hO” of b #&NE didive 5§ that 'the ab:%%epﬁftéx&@b'lg that efeenédlPy portions
of the probg BaLTCrs through holels 18. _

A third embodiment l according to the present invention will be
described with reference to FIGS. 20 and 21, wherein a novel probe cad is
provided. A substrate 11 has|a bottom surface in which a concave portion
12 is formed. The substrate| may comprise a ceramic substrate 11. The
concave portion 12 is rectaﬁgular—shaped A insulation resin film 14 is
formed, which extends on the bottom surface of the substrate 11 so that the
insulation resin film 14 extends under the concave portion 12 to form a
cavity defined between the c&ncave portion and the insulation resin flm 14.
Through holes 18 are formed in the substrate 11 and the insulation resin
film 14. Probe pattemns 15 aré provided, which extend on a bottom surface
of the insulation resin film 14. The probe pattetns 15 also extend through
the through holes 18 so that ¢ inds of the probe patterns 15 are shown on the
top surface of the substrate 11. Interconnection patterns 19 are provided on
the top surface of the substrate 11 so that the interconnection patterns 19
are connected with the ends Iof the probe pattems 15. In the bottom view,
' the probe patterns 15 are stz:mght-pattcmed as illustrated in FIG. 21. The

' probe patterns 15 are aligned on the bottom surface of the insulation resin
film to make a plurality of pairs of the probe patterns 15 so that the tops of
the pajred probe patterns 15 face 1o each other but are separated at a
distance. A plurality of the paired probe patterns 15 are aligned at a
constant pitch “f” so that hdjacent pairs of the probe patterns 15 are
distanced from each other.-lA surface insulation resin film 17 is further
provided which extends on {the bottom surfaces of the probe patterns 15
and on the bottom surface ‘0f the insulation resin film 14. Openings are
formed in the surface insuliation resin film 17 so that the openings are
positioned under the top pomons of the probe patterns 15 whereby the top
portions of the probe pattems 15 arc shown through the openings. Bumps
16 are provided within the opcnmgs formed in the surface insulution resin
film 17 and on the top pomons of the probe patterns 15, The height of the
bumps 16 is larger than a thickens of the surface insulation resin {ilm 17 so
that the bumps 16 are protruded from the openings formed in the surface
insulation. resin film 17. Further, slits 21 are provided in laminations of the
surface insulation resin ﬁlm: 17 and the insulation resin film 14 so that the
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tapered. It is also preferable that the probe patterns have a unchanged
width. It is also preferable to further provide conductive filns

sel ecti'vely on the probe patterns!to increase an elastic force of

| am nations of the insulation fllhl t he probe patterns and the conductive
films. It is also preferable to further provide a plurality of slits fornmed
in the insulation filmat opposite si#es of each of the probe patterns and
extending in a Iongltudlnal dlrectlon of the probe patterns so that each of

e B! DR FT Bl A n e i Yo o Tl Bl BT SRIAY, .
further pr othedhmgntudumltdxmmiom oﬁtheamhmpattdms d6ovlong tho longitudinak pr obe
patterns togi Bei&GRaE tRE p%l?é{:ﬁtfcrﬁ? 138 e&lh of the slits 21 extends in opposite
directions from a center regxgjn defined between alignments of the bumps
16 provided at the top portiéns of the paired probe patterns 15, through
intermediate positions betweeh the adjacent two on each the alignments of
the bumps 16 up to posmons] corresponding to the opposite edges of the
cavity so that the cach slit 21 has the same length as the cavity.

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

In this third embodiment, a distance between the top portions of the
paired probe patterns 15 is set at 200 micrometers. Namely, the distance
between the bumps 16 formkd on the top portions of the paired probe
patterns 15 is 200 mlcrometqlrs An effective length “c” of cach the probe
patterns 15 is defined to be a;length of its part extending under the cavity
or the effective length “c” ofpach the probe patterns 15 is the length from
its position corresponding to the edge of the cavity to the top portion.
Since the paired probe pattetns 15 under the cavity are symmetrical, the
length of the cavity or the width “a” of the concave portion 12 is 2X ¢+200
micrometers. The length “b” t‘of the slits 21 is equal to the length “c” of the
cavity. The height “e” of theibumps 16 is 50 micrometers. A diameter of
the bumps 16 is 90 micxomet:ers. Phural pairs of the probe patterns 15 are
aligned in a pitch “f” of 120 micrometers. A thickness “b” of the probe
patterns 15 is 5 micrometers.}A width “g” of each the probe patterns 15 is
80 micrometers. A length of each the probe patierns 15 is 1 millimeter. A,
thickness “c” of the insulatio}x resin 1'i1rn 14 i3 10 micrometers. A sizc of
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| ami nations of the insulation film the probe patterns and the additional
I nvention provides a probe card conprising the
f o TOW ng "erenents. “Asubstrate~has—first amd-second--surfaces—The—f+rst-

insulatjon film The present

surface has a concave portion which separates opposite side regions of the

first surface whilst the second surface is flat.

provi ded

10 which is flexible and extends on the first surface

conprising the concave portion and th.fg opposite side regions. The
insulation filmhas a first

the probe card is 15cmX 15£:m' The probe card has a probe region in
which probe patterns 15 are Rrowded A size of the probe region is 13cm
X 13cm. ¥

Under the above condﬁuons, the followings were confirmed.

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

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

It was further confirm
glass epoxy substrate, then file probe card is capable of performing stable
probing operation in an areaiyf 10cm X 10cm.

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

, conncctivity is kept. The photo-sensitive benzocyclobutene film hus a

lower film strength than the golyimide film.
It was still further. confnmc.d that if the insulation resin film

comprises a film made of photo-senmnVe ¢poxy, the probing life time of

the probe card is 100 thousands times or more and a good connectivity is
kept. The photo-sensitive egoxy film has a lower film strength than the
polyimide film.

It was yet further coy,tﬁrmed that if the probe card has a structure
with slits as illustrated in FI&. 6, the probing life time of the probe card is
100 thousands times ot more-and 2 good connectivity is kept. As compared
to the probe card free of slit, the probe card provided with the slits has a
larger deformation stroke and a higher flexibility.

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

It was also confirmed that if the probe card has a structurc with
probe patterns comprising a copper film and a nickel film of 5 mu.ro-nctcrs

B .
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surface in contact with the first surface of the substrate, to forma

cavity which:.is defined between ‘fhe concave portion of the substrate and

the first surface of the insulatjon filmto allow a center region of the

insulation filmto nove into the|space in a | arge novabl e stroke. A

plurality of pairs of probe pattgrns # e provided on a second surface of

the insulation filmand aligned:in parallel .to each other at a constant
pitch in a vertical direction tdia |ongitudinal direction of the probe
patterns. Tplated oh_eth@gcoppemﬁlmedi}i! ilystraediin FIGe %ithe peabing lifel ime ofar al | el
br obe pat  ca 107 cat 1€ 100 Mo deand Tt P bRt il aodkt Boliietdy iy, "

i nt er medi atkeptefisoremapared doithe prabe cards freernf fapsredhshapee dhaproegarsn | s

p(r)]SI tioned provided Wit thiel é(ddifioﬁa;ﬁﬁi_&kﬁ! gﬁgingfmnﬁﬁﬂé bYhighér tRsBE FoREAD! € t hat

the concav e Bos fadfer defofmation Strike and i higher flexibility. |

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

It was also confirmeq that if the probe card has a structure with
probe pattems as illustratediin FIG. 16B, the probing life time of the probe
card is 100 thousands timesior more and a good connectivity is kept.

It was also co il that if the probe card has a structure with
probe patterns with stud bumps 16B as illustrated in FIG. 12, the probing
life time of the probe cardis 100 thousands times or more and a good
connectivity is kept. 1

It was also confirmiéd that if the probe card has a structure with
probe pattcms with stud bulhps 16C as illustrated in FIG. 12, the probing

' life time of the probe cardifis 100 thousands times or more and a good

.connectivity is kept. §J

It was also co that if the probe card has a structure with -
probe patterns as illustratedin FIG. 7, the probing life time of the probe
card is 100 thousands times pr more and a good connectivity is kept.

' It was also confirméld that if the probe card has a structure with
probe patterns as illustrated!in FIG. 8, the probing life time of the probe
card is 100 thousands thnesf’-w'*lgr more ind a good connsctivity is kept.

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

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

The following tabld] shows probe connectivity and probe life timo
when the length of the p%ﬁbc and the height of the bumps are varicd,
wherein O represents th:zﬂ all of the probes arc comtactcd with the
electrodes of the semicondbctor device, & represents that some of the
‘prabes are not contacted “fi:th the elcctrodes of the semiconductor device,

*e
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It is also preferable that the concave portion is arch-shaped. It is also
preferable that the probe patterns are symretrical to the internediate
region of the insulation film It is also preferable that the top portions
of the probe patterns are tapereﬂl It is also preferable that bunps are
provi ded at the top portions of yhe probe patterns. It is also preferable
that the bunps are ball bunps. It is al b preferable that the bunps are
stud bunps. It is also preferablﬁ;that the bunps are selective plating
bunmps. It is also preferable th:igthe probe patterns have a unchanged
[

wdth., It is o preferable to ffiurther provide conductive fil '
sel ecti vel y%&fmgwaﬁe tRQ P2 qsoarﬁn@"é%ﬁ@éjéﬁﬂélt & %chfI“éeO%fhc

| ani nat i onssethi¢dmeuctor device. :
1} TABLE 1
¥ )

Length of Probe Height o_ﬁ Bumps Connectivity Life. Time of Probe
(& m): (o m) & (Times)

100 10 A 100

100 A 10

100 50 X 0

100 150 X 0

100 200 X 0

200 10 N 1000

200 20 ) 100

200 - soﬁ%L X 10

200 156 X 0

200 " 2088 X 0

1000 KT N 100000 '

1000 20 A _ 100000 '

1000 50 O . 100000

1000 1560 @) 100000

1000 208 A 10000

3000 10 A 100000

3000 204 A_ 100000

3000 508! A 100000

3000 . _ 150 e 100000

3000 208 A 100000

6000 103 A 100000

6000 2041 A 100000
6000 504" A 100000

4000 15 A 100000,

6000 20| A 100000

Whereas modiﬁcatiﬁ:ns of the present invention will be apparent o
a person having ordinary sfill in the art, to which tho invention pertains, it
is to be understood that eritbodiments as shown and described by way of

s
-.ln
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insulation film the probe patterns and the conductive filns. It is. also
preferable to further provide a plurality of slits in the insulation film
at opposite sides of each of thelffprobe patterns and extending in a

| ongi tudi nal direction of the pr@be patterns so that each of the probe
patterns | am nated on the insul ahr on # 1 mis independently novable from
adj acent one of the probe patterffs. It is also preferable to further
provide a slit in the internediae region of the insulation film between
the paired filustratioas aee by nonnde Iimmdog\ torbet ¢onsidered dmh lithiting $emset o t he

| ongi t udi nahcebltﬁﬁnﬂf'?t %ftotﬁﬁ i

probe patterns
the present mvenuon wlnc ,

invention.
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filmis independently novabl e from anot her of the pai red probe patterns. It

is_also preferable—te further 'E.ovi de an additional insulation filmto
aé

cover the probe erns to indftease an elastic force of |am nations of the
i nsnmlm“‘ﬁ iﬂ!ﬂ probe pattjgrns and the additional insulation film The
pre so providesi"a probe card conprising the foll ow ng
eleménts. A substrate has firsty;and second surfaces. The first surface has
a concave portion which separatygps oppasite side regions of the first
surface whilst the second surf is flat. An insulation filmis flexible
and ext endsypge {shdafm&d issur f acejfjof the substrate. The insulation filmhas a
first surface 1n contact wth t le first surface of the substrate. The
insulation filmhas a side edgeffportion which is positioned in the vicinity
of a centerl, A prabe card compriing :

a substrate ; E-a.
an insulation film bding flexible and cxtendmg on a first surface of
said substrate, said insulatipn film haviog a first surface in contact with
said first surface of said sulgijtrate, to form a space region which is defined -
between said first surface 8 said substrate and said first surface of said
insulation film so as to allogﬁt part of said insulation film to move into said
space ; and i
probe patterns exter lon 2 second surface of said insulation film so
that said probe patterns.

2. The probe card as cfimed in claim 1, wherein said first surface of

said substrate has a ooncavsapomon which separates opposite side regions

of said first surface thereby@o form said space region defined between said . |

concave portion and said ﬁr# surface of said insulation film.

o - i
3.  The probe card as ed in claim 2, wherein said concave portton
is rectangular-shaped. i

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

@ '

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

. l 3
6.~ The probe card as dln;axmcd in claim 5, wherein said probe patremns
have top portions posmonéa in the vicinity of said side edge portion of
said %
insulation film. sl
- ii;u

7. The probe card as cldimed in claim 6, wherein said top poctions of
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of the concave portion of the substrate so that the side edge portion of
the insulation filmhas a | arge novable stroke. A plurality of probe
patterns are provided on a second surface of the ins ' '
aligned in parallel to each other at a .constant pItC Imulmum“[mnrml
direction to a longitudinal direction of,the probe pattefns: The Sprdbe
patterns have top portions positioned in the vicinity of a center of the
concave por It is also preferable that the concave
. édxﬂ{er ﬁ)ﬁ&ersiﬁg%égfﬁﬁ?? !

portion is rectan is also preferable that the concave
portion is arch- shaped It is also preferable that the top portions of the

probe patte8ns arthé protieschrd!as disintddsia ¢lainh 6 Whefeihimps! axesprovided ovi ded
at the top pprfiy o pB}tlons of said probe pattems.

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

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

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

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

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

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

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

16.  The probe card as claimed in claim 15, wherein said probe patterns
are provided to make pairs so that said paired probe patterns extend on a
line and said paired probe patterns have top portions facing to cach other
and separated from each other by a center region of said insulation film.
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the probe patterns. It is also preferable that the bunps are bal | bunps. It
is also preferable that the bunps are stud bunps-—t+—-s—atso—preferable
that the bunps are selective plating bunps. It is hat

t he- probe patterns have a unchanged width. It is a Eﬁ})@ﬁ@ Bﬂi further
provi de conductive filnms selectively pgrovided on t

i ncrease an elastic force of |aminatiols of the insulation film the probe
patterns and the conductive filns. It is also preferable to further provide
a plurality of slits formed in the insulation film at_ opposite sides of
each of thd7pr ob®hpprobs cardasocleimedhin claim A6 awherein saidi toplpartioas ofon of the
probe patt tgﬂﬁfc e probe patterns |am nated on the

i nsul ati ongmr%' | ngﬁs;endﬁé? “nmovabl e from adj acent one of the probe
patterns.

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

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

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

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

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

23. The probe card as claimed in claim 15, further comprising

- conductive films selectively.provided on said probe pattemns to increase an
elastic force of laminations of said insulation film, said probe patterns and
said conductive films.

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

25.  The probe card as nlar.med in claim 16, further comprising a slit
formed in said intermediate region of said insulation film betwecn said
paired probe patterns and extending in a vertical direction to a longitudinal
direction of said probe patterns so that one of said paired probe patterns
laminated on said insulation film is independently movable from another
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It is also preferable to further provide conprising an additional. 12
insulation filmprovided to cover the probe patterns to increase an elastic
force of laminations of the insulation film the probe patterns and the
add|t| mllmnmlmﬂ”m' | m The present invention also provides a probe
card ¢ | ow ng el enments. A substrate has first and second
flat surfatest An i®nstl ation fllmls%!yrow ded, which is flexible and
conprises a first portion which is in contact with the first surface of the

substrate, gpgaif puiféd Srobe patterns.

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

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

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

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

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

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

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

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

insulation film.

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

32.  The probe card as claimn’:d in claim 30, wherein said probe patterns
have a unchanged width. i

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

————
——
—————
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portion which is distanced fromthe first surface of the substrate so that
a™di stance between The Second porrTorr o mTrTmand the s

surface of "'the substrate is gradpally increased toward a side edge of the

insulation film The insulation4filmhas a first surface and the Tirst

surface of the first portion of §he insulation fi with the.
first surface of the substrate. f_ pl ur ity of p mmm" mgﬂ provi ded
on a second surface of the insuljation |Imand al i*gnéd kn parsa to each

other at a constant pitch in a v

rtical direction to a | ongitudinal
direction of the probe patternsl

It is preferable that the second portion
of the i nswondustive films selectivelsiiptovided or saidgprope patiems to ingrease pa
~insul ati on diastio forch of laminatioas\

j %id’msulanon fllm, said probe patterns and
said conductive films. |

aimed in claim 27, farther comprising a
plurality of slits formed in spid insulation film at opposite sides of each of
said probe pattorns and extelading in a longitudinal direction of said probe
pattems 50 that each of saiff probe patterns laminated on said insulation

34.  The probe card as§

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

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

37. The probe _caxd agl claimed in claim 36,' wherein sad concave
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between the first and second portions so that a surface of the second
portion of Is tilted fromthe first surface of the

substrate. is also ble that the probe patterns have top portions
posi ti oned | m‘ m!\m ﬁm the side edge portion of the insulation film
It is alsop e top portions of the probe patterns are

tapered. It i s a so preferable that the p¥obe patterns have a unchanged .
width. It is also preferable to further prOV| de conductive filnms

sel ecti vel ypgﬂ,dm}grgeﬁa?um.tshg{,é@ to increase an elastic force of

| ami nations” of the insulation Til'm the probe patterns and the conductive
films. It is also preferable to further provide a plurality of slits in the
i nsul ati on B8] m &fhemrobt taardi ake <laifnedainh chafimt BS, pvlm:relmaatcbmncm

portion is arch-shaped.

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

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

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

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

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

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

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

45. The probe card as claimed in claim 36, further comprising
conductive films selectively provide« on said probe patictns to increase an
elastic force of laminations of said insulation film, said probe patterns and
said conductive films.

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

the probe patterns |aninated on the insul atlog_j_l_l_m,l_s__l.nd&pendently
novabl e from adj acent one of the probe patterns. is al so E &erabl eto
‘Ie

further provide an additional insulation film ﬂmm“‘ ln“ patterns
to increase an elastic force of |am nations of lon film
the probe patterns and the additional igﬂls)ul atior fi¢l nt T'f'ue pr esent

i nvention al so provides a probe card c rising the follow ng el enents. A
substrate has first and second surfaces. The first

47.  The probe card as cleimed in claim 36, further comprising a slit
formed in said intermediate region of said insulation film between said
paired probe patterns and extending in said vertical direction to said

" Jongitudinal direction of said probe patterns so that one of said paired
probe patterns laminated on said jnsulation film is indcpendently movable
from another of said paired probe pattems.

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

49.  Aprobe card comprising : :

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

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

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

50.  The probe card as claimed in claim 49, whercin sai¢ coucave
portion is rectangular-shapcd

51.  The probe card as clauned in claim 49, where n said concave
portion is arch-shaped.

52. The probé card as claimed in claim 49, wherein said top portions of
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surface has a concave portion which separates opposite side regions of the
first surface whilst the second surface is f+at—Animsutation filmis
provi ded which is flexible and extends on th nprising t he
concave portion and the opposite side region lmlg "'jm f| | m has a
first surface in contact wth the firstﬁﬁurf “ate, to forma
cavity which is defined between the concave portion of the substrate and
the first surface of the insulation filmto allow a center region of the
insul ation fg PR gpace in a | arge novabl e stroke. At |east
a cont act ho?% forneém?%ﬁf% gugstrate and the insulation film A
plurality of palrs of probe patterns are provided on a second surface of

t he insul at S8 fl‘ll'hegmdb tangrasctlaimeshinadlaion 49 owhersin bumps ane prowidedt ant
pitch in a \ﬁ%hid:@ ﬁ§ bPEmHa:rabégﬂﬁéﬁde' nal direction of the probe
he “pro

patterns. pat er ns na

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

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

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

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

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

59. The probe card as claimed in claim 49, further comprising a

plurality of slits formed in said insulation film at opposite sides of each of

said probe patterns and extending in a longitudinal direction of said probe

patierns so that each of said probe pattems laminated on said insulation
- film is independently movable from adjacent one of said probe patterns.

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

61. A probe card comprising : )
a substrate having first and second flat surfaces ; _
an insulation film being flexible and comprising a first portion
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pair are aligned on a line parallel to the Iml“dﬁ ect+on of the
probe patterns. Top portions of the probe paqﬂ ir face to
each other but are spaced by an internediate ﬂmmmnmi BﬂEul ation film
The intermediate region are positioned in the Vicéinttyno nter of the
cavity At -least an interconnection is,provided on the second surface of the

substrate and the interconnection is connect ed through the contact hole to
at | east one of the probe patterns. Bunps are provided on the top portions

of the prolwhiphti§ dnrcontddt with RaRf fitstsuefatdof salth susriate,natd 2rsesond e |
o ef er ;Lf25°kﬁ9ﬁ LR SE AR B AR shfed QPR SuBRrke bt © ' °°
distance berween said second portion of said insulation film and $aid first
surface of sajd substrate is gradually increased toward a side edge of said
insulation film, said insuvlation film having a first surface and said first
surface of said first portion of said insulation film being in contact with
said first surface of said substrate ; and
a plurality of probe patterns provided on a second surface of said
insulation film and aligned in paralle] to each other at a constant pitch in a
vertical dixection to a longitudinal direction of said probe pattems.

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

63.  The probe card as claimed in claim 61, wherein said insulation film
is bent at a boundary between said first and second portions so that 2
surface of said sccond portion of said msulatmn film is tilted from said
first suxface of said substrate

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

insulation film,

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

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

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

- 68.  The probe card as claimed in claim 61, further compnsing &
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It is also preferable that the bunps are ball—b&n@s—u__ié_a,l_sn_preferable
that the bunps ate stud bunps. It is also preferable that the bunp

sel ective plating bunps. It is also preferable “!ﬂlllwnﬂlluiwu tterns have
a unchanged width. It is also preferable to fur uctive

films selectively on the probe patterngsto increase an el"astic*force of

| am natlons of the insulation film the probe patterns and the conductive

filns. is al so

i nsul at | onplm'ahtgap

Eel

referable to further provide a plurality of slits in the

shitsoformedsindsaid irfsutation filim atoppositecsides v€ each afid

REPLACEVENg, ;8 fobe ' pattéins 484 extending in « 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 force of laminations of said insulation film, said probe patterns
and said additional insulation film.

70. A probe card comprising : ‘

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

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

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

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

~ probe pattemns making a pair facing to cach other but being spaced by an

intermediate region of said insulation film, said intermediate region bemg,
positioned in the vicinity of 2 center of said cavity ;

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

bumps provided on said top portions of said probe patterns.
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14 ext endi-Rg—tn—a—tongirtudi nal direction of the probe patterns so that each

of the pro nated on the insulation filmis independently
novabl e f ﬁﬁlﬁ@iwmﬂ of the probe patterns. It is also preferable to
further p IR the internediate region of the insulation film
bet ween the paired probe patterns and exqgending in the vertical direction
to the longitudinal direction of the probe patterns so that one of the-
pai red probe patterns lam nated on the insulation filmis independently

novabl e frofftlanot The probe kardoas cladmed i elaimt70; wisereint saild pedbsopattefosr abl e t o
further proyydgyiit {0334 ideRirieafate Rigldn O said insulation film. -

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

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

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

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

76.  The probe card as claimed in claim 70 wherem said probe patterns
have a unchanged width.

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

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

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

. longitudinal direction of said probe patterns so that one of said paircé
probe patterns laminated on said insulation film is independently movable
from another of said paired probe pattems.
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to cover the probe patterns to increase an el astic force of _lamnations of
the insulation film the probe patterns and the additional insulation film
The present invention also provides a probe catd tumwmmuﬂlm | I owi ng
el ements. A substrate has first and second surfac face has
a concave portion which separates opposisge si d? reg| ohs 'of " hé& first
surface whilst the second surface is flat. An insulation filmis provided

which is flexible and extends on the fist surféce of the substrate. The
i nsul ati on 80) m HEke probe Ward sl eladmed imoolatmit 70 tfarthée comprisisgrdmce of

bos f?ﬁﬁéﬁ%ﬁiﬁl c?‘r# ?ﬂ ?50%433%%9%’51&3’99%@5%? ginadas
substrate s@a iﬂ miptions af; éﬁs‘ﬂiﬁ@ﬂ ﬁ@m 84 d?Fok’FIHﬂtWE%sa | ar ge
novabl e strqﬁ@smataddmcﬁa]aingﬂmgﬁtﬁlhpl eis forhed in the substrate and the

insulation film A plurality

81.  Aprobe card comprising : ‘

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

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

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

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

bumps provided on said top portions of;said probe patterns.

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

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

84,  The probe card as claimed in claim 81, wherein said bumps are stud
bumps.
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of probe patterns are provided on a second surff-ace—ef—the—nsttation film

and aligned in parallel to each other at a co stant i tch i
direction to a longitudinal direction of the ﬂﬂi |mm j ﬁifwobe
patterns have top portions positioned in the VICI of the
concave portion of the substrate. At |egpt an |nterconnect|on I's provided
on the second surface of the substrate and the interconnection is connected
t hrough the_gont hole to ast one of t obe pat rns. Bunps are
provi ded on8§h¢ t [PS‘P‘?‘?S% é$ Oi ed Uy elaim; ggr éwrfntl §a3 ;%Pi)taé‘? erabl e
that the togelpctive phatingfbumips.pr obe patterns arje tapered. It is also
preferable that the bunps are ball burrps It ijs also preferable that the
bunps are stud bunps.
’H?e probe card as claimed in claim 81, wherein said probe patterns

have a unchanged width.

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

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

89. The probe card as clmmed in claimj 81 further comprising an
additional insulation film promded to cover sa(d probe patterns to increasc
an elastic force of laminations of said msulaqpn film, said probe patterns
and said additional insulation film, i
90.  Aprobe card comprising : l
a substrate having first and second flat mrfaces ;
an insulation film 'being flexible and comprising a first portion
which is in contact with said first surface of- isa1d substrate, and a second
portion which is distanced from said first surface of said substrate so that &
distance between said second portion of said jmsulation film and said first
surface of said substrate is gradually increasei toward a side edge of said
- insulation film, said insulfation film having « first suxface and said first
surface of said first portion of said insulation film being m contact with
said first surface of said substrate ;
at least a contact hole formed in said substrate and said insulation
film ;
a plurality of probe patterns provided on a second surface of said
insulation film and aligned in, parallel to each.other at a constant pitch in a
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al so prefera

pre
pro

I nsul*at iont _
preferable to further provide a plurality of

he probe patterns have unchanged width. It

It _is also preferable that t he bunps are sel eﬂtive pl ati ng bunps. It is

e
f f : provi de conductive filngl sel ectively 15 on the
Jﬂlﬂmmywnmnmﬁrease an elastic force of} I am nations of the

IR ms probe patterns anggthe cgnductive filns. It is also
lits in the insulation film

at opposite sides of each of the grobe patterns and extending in a

| ongi t udi naterticalatiréationoto a lon

“have top portions positioned in the vicinity

1 direcom of sudiprabe paitérnss;
at least an interconnection provided on jsaid second surface of said
substrate and said interconnection being conni>cted through said coatact
hole to at least one of said probe patterns ; and '
bumps provided on said top portions of $aid probe patterns.

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

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

93.  The probe card as claimed in claim 90, wherein said probe patterns
4[" said side edge portion of

said

insulation film.

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

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

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

97. The probe card as claimed in claink 90, further comp:ising 2
plurality of slits formed in ‘said insulation filnd at opposite sides of each of
said probe patterns and extending in a longimtiinal direction of said probc
patterns so that each of said probe patterns jaminated on said insulation
film is independently movable from adjacent qne of said probe patterns.
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the probe patterns lamnated on the insulation filmis independently
novabl e fromadjacent one of the probe patterhs. It is also preferable to
further prqy il | insulation filmto cover the probe patterns
to i ncreas%}“MHmlmm“g@E of lam nations of the insulation film-" the
probe patter#s can e ad tional i nﬁ?ﬂ ation film The present |invention

provi des a probe card conprising the tollow ng el enents. A substrate has

first and second LI at surfaces.: An insylation filmis provided which is
flexible af$ conphespebs candses pRlaimerd, inrclain j90,; Rirthes: CHDPTFIG @Re fir st

fsurf?ce O]f aﬁam@mmﬂhﬁoﬁﬁl{xﬁpmgmgmwﬁfr%mmg p‘taaephssﬁm%hsér gm the
I rs Surtace ,0r,. Su rate,..so al. ,a dlSl,.an e en e secon

bort1 onof APkelastie AFrce: O anfingtiaRs, of RaidinSuahin Him) Salff Brobs BaBERRn: o | <
gradual |y iamdrsaid additional ihsalatiotefibdge of the

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

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

filling said grooves with a filling materfal ;

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

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

patterning said photo-sensitive resin ﬂrlm by photo-lithography to
form insulation films extending over said isla};ds and said filling material
but ooly on peripheral regions of said islands ;!

forming conductive:probe patterns on spid insulation films by a lift-
off method ; and : i

removal of said filling material. i

100. A method of forming a probe card comprising the step of adhering
“insulation films, on which conductive probe patterns having been formed,

onto islands defined by grooves having been formed in a substrate,
wherein said insulation films extend over §aid islands and peripkeral
‘regions of said islands. 5
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insulation film The insulation filmhas a first surface and the first
surface. of t.he first portion of the insulation filmis in contact wth the
first surface of the substrate. At |least a contact hole is formed in the
substrate and the insulation film A plurality of probe patterns are

provi ded on a second surface of the insulation fifmand aligned in parall el
to each other at a constant pitch in a vertical direction to a |ongitudinal
direction of the probe patterns. At |east an interconnection is provided on
t he second surface of the substrate and the interconnection is connected

t hrough the contact hole to at |east o8 of the probe patterns. Bunps are
provided on the top portions of the probe patterns. It is also preferable
that the second portion of the insulationfilmis arched.

PROBE CARD AND METHOD OF FORMING THE SAME
ABSTRACT

A probe card comprises the following elements. An insulation film (14) is
provided which is flexible and extends on a first surface of a substrate (1 1). The
insulation film (11) has a first surface in contact with the first surface of the substrate
(11), to form a space region which is defined between the first surface of the substrate
(11) and the first surface of the insulation film (14) s as to allow part of the insulation
film (14) to move into the space. Probe patterns (15) extend on a second surface of the
insulation film (14) so that the probe patterns (15).

Fig. 3
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It is also preferable that the insulation filmis bent at a boundary

a surface of the second

between the first and second portions so that
portidn of the insulation filmi's tilted fromlthe first surface of the
substrate. It is also preferablé that the prolle patterns have top portions
positioned in the vicinity of t He side edge pdrtion of the insulation film
It is also preferable that the t.op portions ofl, the probe patterns are 16
t aper ed.
L/24
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It is also preferable that the probe patterns have a unchanged width. It is
al so preferable to further provide conductive filns selectively on the
probe patterns to increase an el astic force of ;| am nations of the

It is also

insulation film the probe pattefns and the comductive fil ms.
preferable to further provide a plurallty of slits in the insulation film
at opposite sides of each of the:probe patterns and extending in. a

| ongi tudi nal direction of the probe patterns so that each' of the probe
patterns lam nated on the insulation filmis independently novable from
adj acent one of the probe patterns. 1&724 also preferable to further
provide an additional insulation filmto cover the probe patterns to

i ncrease an elastic force of laninations of the insulation film the probe

patterns and the ad%;tional insulation film
IG-Zi PRIOR ART
!
! 44 P45
44 o |
| ] “~ :
1' i !
i I
] 1
41:tungstenpin | 42 : probe interconnection

43 : bump 44 : supporte
: I
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The present invention also provides a nethod of formng a probe card
conprising the following steps. Grooves are fotned in a substrate to define
i sl ands of the substrate separated from each ofher by the grooves. The
grooves are filled with a filling material. An‘upper surface of the filling
material is leveled to top surfaces of the i slands of the substrate. A
photo-sensitive resin filmis applied on the |evel ed upper surfaces of the
filling material and the islands”of the substrate. The photo-sensitive
resin filmis patterned by photo- Iithfgr phy to forminsulation filns
extendi ng over -the islands and the fi material but only on peripheral

regions of the islands. Conductive probe patterns are provided on.the
insulation films by a lift-off nethod. Renmpoval is nade of the filling
material. The present invention -ergviId%'r?‘ a %et hod of form ng a probe card

11: substrate . 12 : concave portion
13 : probe film 14 : resin film

15 : conductive film 16 : bumps

17 : insulation resin film 18 : through hole

19 :interconnection pattern
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conprising the step of adhering insulation filns, on which conductive probe
patterns having been formed, onto islands defipned by grooves having been
formed in a substrate, wherein the insulation filnms extend over the islands
and peripheral regions of the islands. The effects of the above descri bed
present invention will be apparent fromthe follow ng descriptions.
PREFERRED EMBODI MENTS A first enbodi nent according to the present invention

will be described in detail with reference to the acconpanyi ng draw ngs,
wherein :
4/24
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17 a novel probe card is provided. Wth reference to FIGS. 3 and 4, a
plurality of probes are provided to forma ?:obe card. A substrate 11 is
used, which is made of ceramigs such as alufina, alumnumnitride, glass
and glass ceram cs or resins such as glass &poxy resin. The substrate 11
has a bottom surface in"which concave portigns 12 are forned, The concave
portions 12 have a predeterm ned depth. On the bott om surface of the
substrate 11, a probe film13.is adhered. The probe film 13 conprises

| anmi nations of a resin film14 and a conductive film15. The resin film 14
is fornmed on the bottom surface of St substrate 11 and the conducti-ve film
15 is lamnated on the resin f|In114 The canductive film15 is so forned
as a probe pattern. The

SR IG. S

g }
: 1

PP
| S V7 N

11 : substrate . 12A : concave portion
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resin film14 may be made of polyi m de, benzocycl obutene or epoxy resins.
The probe pattern conductive film15 is nmade of a netal such as copper or
ni ckel . The probe pattern conductive film 15 ﬂb so patterned to form plural
sl ender lines which extend onto .a bottom surface of the resin film 14. The
top portions of the slender |ines of the probel pattern conductive film 15
extends on the bottom surface of, the resin film 14 positioned under the
concave portions 12. At the top portions of the probe patterns 15,
conductive bunps 16 are forned by sobﬂgé or nmeifal plating. An insulation
resin film1l1l7 is fornmed to coat the Ace of the probe pattern 15 except
on the bunps 16. The sulhstrate 11 has through holes 18 through which the
robe pattern 15 extends up to a top surface ofithe substrate 11 so that the

"EFIG, 6
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11 : substrate

32 : concave portion
‘i4 + insulation resin film
15 : conductive film - 46 : bumps
=8 : through hole
19 : interconnection pattern . 20:slhis
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end portions of the probe pattern 5 are shown on the top surface .of the )
substrate 11. Interconnection patterns 19 are provided in contact with the
end portions of the probe pattern. 5 and over the top surface of the
substrate 11 so that the interconnection pattefns 19 are electrically
connected to the probe pattern 15. The intercohnection patterns 19 are
further electrically connected to any external - neasuri ng apparatus. The
above novel probe card has the concave portionjformed in the bottom surface
of the substrate 11 so that cavities are formed between the substrate 11
and the insulation resin film14. TherggJvities; allow the insulation resin
film14 to_be defornmed to have a bow ng so tha& the insulation resin film
14 is pushed into the cavities. This means that the cavities provide
flexibility to the insulation resin film 14. Wen the bunps

- FIaG, 7

ok 4 ..

11 : substrate

: ; 14 - insulation resin film
15 : conductive film 16 : bumps
20 : slit
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15 are made into contact with el ectrodes of a sem conductor
18 tested by the probe card,
wher eby the insulation resin fil'm14 are defor
When the insulation resin film 14 are deformned or
an increased el astic force.

resin film 14 has

thé bunps 15 are

device to be
ushed toward the cavities

d or bent into the cavities
bent, the insulation

his elastic force pushes the

bunps 16 toward the el ectrodes of the sem conductor device so that the

bunps are secured
secure el ectrical

onto the electrode
connection can be o talned

F1G. 8

Phathe s

em conduct or devi ce whereby a
Fhe cavities allows increased

e e

M \§—11

!,Qﬂﬁﬂlwﬂﬂdk
N A N
amannnzxﬂBQ\

maztzzzv \\
erzikzwﬂ

ﬁ—\‘.

II/IIIﬂ )

.*_..._-.

_____ \

PP DT TTTT
DS S5 ‘\

15 \\ LWL L LD )x
anlnﬂaxzﬁ\\

SN
\\\;;Ekzzggg\k

PPIIIIIL)

11 : substrate

15 :congiuctivc film

\

A.

14

14 < ingulation resin 3im
| 16 : bumps
21 :slit

e (0 4 e ST & b+ Yot § e

This Sheet Has Been Reﬂlaced

!



deformation .of the insulation resin film 14 whereby deformation stroke in
the thickness direction of the supstrate is increased. This increased
stroke of the defornmation of the insulation resin film14 allows, if the
waf er has a bowi ng, all of the bunps to be securely nmade into contact with
the el ectrodes of the seniconductor device. The concave portions formed in
.the bottom surface of the substrate 11 nay be rectangul ar-shaped to form
rectangul ar-shaped cavities between thg qgstrate 11 and the insulation

resin film214 as well illustrated in FIG In place of the

rectangul ar-shaped cavities, it is possible to forman arch-shaped concave

portions 12a in the bottom surface of the substrate 11 to form arch-shaped
cavities between the substrate 11 ggdyt Q_g in§u| ation

|

[

f

I\\‘.“\ ““ .
I T IY Y

11 : substrate 12 : concave portion

; ’ 14 : insulation resin film
15 : conduetive film - 16 : bumps

. 22 : conductive film
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resin film14 as illustrated in FIG 5. The shape in plane view of the
cavities or 'the concave portions 12 may be rectangle, circle or ellipse or
ot her vari ous shapes, provided tHat the top portions of the probe pattern 5
and the bunps are positioned under the cavities or the concave portions 12
so as to allow the insulation resin film214 to be deforned and pushed into
the cavities when the bunps 16 are pushed toward the cavities. The depth of
t he concave portions 12 or the cavities nay be adopted to obtain the
required | arge defornmation stroke of th@/2db portions of the probe pattern

and the bunps 16. As a further mpdification of the cavities, it is possible
to forma probe card as illustrated in FIG 6. A substrate 11 has a bottom

surface in !
FI1IG. 10

. ,1 2
L1111 1118 1
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14B
154 16 158 -
o 14A
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11 :.'fu‘bstrate‘ - . 12 : concave portion
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whi ch a concave portion 12 is fdrned. An insulation resin film114 is

provi ded whi.ch extends on the bdttom surface of the substrate so that the
insulation resin film 14 extends under the concave portion 12. A probe
pattern 15 is formed which extedds on a bottom surface of the insulation
resin film14. Top portions of tihe probe pattern extend under the

I nsul ati on 19 resin film 14 underlying the concave portion 12 of the
substrate 11. Through holes 18 are fgrppg4 n the insulation resin film 14
and the substrate 11 so that the end portions of the probe pattern 15

extend t hrough

IE? IG. 11
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t he through holes 18 and are shoywn on the top surface of the substrate 11.
| nt ercannect:i on patterns 19 are Forned in contact . with the end portions of
the probe pattern 15 and over the top surface of the substrate 11. At the
top portions of the probe pattern 15, bunps 16 are fornmed. The insul ation
resin film14 has a slit 20 mhic% extends along a center |ine between the
bunps 16. The cavity is defined )by both the concave portion 12 of the
substrate 11 and the insulation jresingh f){qlA-extendlng under the concave
portion 12. The cavity is, however, spa connected via the slit 20-to
the external space. The slit 20thas a width deflned by edges of .the
insulation resin film14. The edges of the insulation film 14 are regarded
to formthe free ends. This neaq the fgénatlons of the slit -20
increase the flexibility of the |nsulat|on résin film1l1l4 particularly at
the edge portions defining the glit 20. -

11: z.substra.te , | 12 : concave portion
14 : insulation resin film 15 : conductive £l
16B : bumps

T
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The increased flexibility of the insulation resin film 14 at the edge
portiqns defining the slit 20 facilitates def ormati on of the insulation
resin filma14 and al so |ncrease£ the deformation stroke of the.edge
portions of the insulation resih film214. This nmeans that the deformation
stroke of the bunps 16 is also increased. The slit 20 also ensures that the
insulation resin film 14 extending over the cavity ‘has an sufficiently high -
el astic force for allow ng the bunps gq, securely made into contact with
the el ectrodes of the senicondugtor h i even if the chip has a |arge
bowi ng. The slip 20 nay be defiped to forma single.-slender line in plane
view as illustrated in"FIG 7. ktn this case, the top portions of the probe
pattern 14 are unitary defornmed l.ternatively, it is also avail able that
slits 21 may be defined in the ]FA R

11:substrate | 12 : concave portion
14 : insulation resin film : 15 : conductive film
16C : bumps | |
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insulation resin film114 in plane view as illustrated in FIG 8.. Each the
d resin film 14 between the adjacent two

slits 21 extends in the insulatio

top portions of the probe pattern; ;14 so as to allow the top portions of the
probe pattern 14 to be deforned sgparately fromeach other. Those slits 21
i ncrease the individual defanmation stroke of each the top portions of the

probe pattern 15 and each the bunpPs 16 thereby dllow ng the individual top

portions of the probe pattern andithe ggq3§*16 to be made into securely
contact with the corresponding el éctroti@ds t he sem conduct or devi ce even

if the el ectrodes of the seniconchtor devi ce has a

L’IG_ 1 4a

|
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|
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20 deteriorated co- coplanarity.
card may be ‘made as illustrated
further

el astic force of the probe patt

A further nore nDdlflcatlon of the probe -
in FIG 09, mhefeln a conductive film22 is

| am nated on a surface of a probe pattErn SO0 as to increase an
ern 15. The substrate 11 has a bottom

surface in which the concave porffion 12.is formed. An insulation resin film

14 is provided which extends on

he bottom surface of the substrate 11 so

that the insulation resin film 34 extends under the concave portion 12. A

probe pattern 15 of a conductivs

surface of the insulation.resin
whi ch bunps 16 are prOV|ded I n
film22 is further

11 : substrate

15D : conductive fi

film3g2m ovi ded whi ch extends on a bottom
film14. The probe pattern 15 has tops at
this further nodification, the conductive

Ff I G.

LS

G—— 4t = et = g

. 14 : insulation resin film
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provi ded which extends on a bottQm surface of tjhe probe pattern except on
t he bunps 14. The conductive fil h 22 has a flexibility and an-elastic force
which increase in the elastic fofce of the card probe in cooperation with
the elastic force of the insulatiion resin film!14. The insulation resin
film14 has a free end which is ;bositioned at dn internediate position of
t he concave portion whereby the Probe p@gern has a | arge deformati on
stroke. Consequently, the probe card Hat 4 arge elastic force and a |l arge
deformati on stroke thereby allow ng the bunps to be made into securely
contact with the el ectrodes of \tAte sem conduct or device even if the chip
has a bow ng "or. the el ectrodes have deteriorated coplanarity. A noreover
nodi fication of the probe card maV e ade JasSi | lustrated in FIG - 10. A

substrate 12 has a bottom sprfac?e in which a

|
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concave portion 12 is forned. insulation resin film214B is provi ded

whi ch extends on the bottom surfface of the substrate 11. A conductive film
15B is provided which extends on a bottom surface of the insulation resin
film214B but only in a left half region of the insulation resin film 14B.
An insulation resin film14A is! further provided which extends on a bottom
surface of the conductive film:15B. A795qpe pattern 15A is further provided
whi ch extends over the insulation résin“ilmi14A At the top portion of the
probe pattern 15A, bunp 16 are brovided. The conductive film 15B forns an

i nterconnection. A cavity is derined by the concave portion 12 of the
substrate 11 and the insulatiop resin fi#nh;4 . The cavity allows the
insulation resin film1l1l4B to 65[5ﬁ§ﬁ%d it e cavity thereby providing
flexibility to the insulation resin film 14B. This increases the

o on = o

11 : substrate 12 : concave por:io::.

18 : interconnect

on

——— ——— - G =W & -

[
1
:

This Sheet Has Been Reilaced

R

|
|



flexibility . of the laminations pf the conductive filnms 15A and 15B and the

REPLACEMENT- SHEET 1 7 MAY 1997

21 insulation resin film 14A, resulting

in the defamation stroke of theibunps 16 and the free end of the

| am nations of the conductive f|jlns 15A and 15B and the insulation resin
film 14A. The |l am nations of the conductive filnms 15A and 15B and the
insulation resin film 14A increpse the elastic force.
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A still further nodification of the probe card may be made as illustrated

in FIG- 11. *A substrate 11 has a bottom surface in which a concave portion
12 is forned. An insulation resin film14 is provided which extends on a
bottom surface of the substrate 11 so that the insulation resin film 14
extends under the concave portion 12 and the top portion of the insulation
resin film14 is positioned at the center of the concave portion 12. A
probe pattern 15 conprising a conductive filmis provided which extends on
a bottom surface of the insulation resigbﬁy%lﬂ 14. A through hole is forned
t hrough both the -substrate 11 and the i1nsulation resin film14 so that the
end portion of the conductive filmas the probe pattern 15 extends through
the through hole and is shown on the top surface of the substrate 11. Bunps

16A are provided on the top portiﬁ,oriséf 17 cC
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the probe pattern 15. The bunps 16A are spherically shaped by use of a
surface tension of a conductive material or a solder. The top portion of
the insulation resin film14 conbrlses a free end positioned under the
concave portion 12 of the substrate 11 thereby allow ng the top portions of
the probe pattern 15 to be pushed into the concave portion 12. The concave :
portion 12 provides ‘an |ncreased‘erX|b|I|ty to I am nations of the
insulation resin film 14 and the‘probe pattern 15. The conhcave portion 12
al so increases the defanmation stroke 042 top portions -of the insulation
resin filmand the probe pattern 15. The concave portion 12 allows the
bunps 16A to be made into securely contact with the el ectrodes of the

sem conductor device even if the chip has a bowing or the el ectrodes of the

sem conduct or device has a det eﬁi‘r orat®d cuptamrity.

11:substrate 12 : concave portion.
13 : probe film 14 : resin film
15 : probe pattern:
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FIG 12. A substrate 11 has a botfom surface in which a concave portion 12
is formed. An insulation resin film14 is provi‘ded which extends on a
bottom surface of the substrate 11 so that the insulation resin film1l4
extends under the concave portion 12 and the top portion of the insulation
resin film14 is positioned at the center of the concave portion 12. A
probe pattern 15 conprising a conductive filmis provided 22 whi ch
extends on a bottom surface of the insdjapigon resin film14. A

FIG. 18
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through hole is forned through both the substrate 11 and the insul ation
resin film414 so that the end portion of the conductive filmas the probe
pattern 15 extends through the through hole and is shown on the top surface
of the substrate 11. Bunps 16B are provided on the top portions of the
probe pattern 15. The bunps 16B are provided with a stud. The top portion
of the insulation resin film 14 conprises a free end positioned under the
concave portion 12 of the substrate 11 thereby allowing the top portions of
t he probe pattern 15 to be pushed intag¥pg concave portion 12. The concave
portion 12 provides an increased flexibility to |am nations of the

i nsulation resin film214 and the probe pattern .15. The-concave portion 12
al so increases the defamation stroke of the top portions of the insulation
resin filmand the probe pattermm ¥5.c3The xxtopcave portion 12 al l'ows the stud
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bunmps 16B to be made into securely contact with the el ectrodes of the

device even if th
sem conduct or device has a dete
nodi fication of the probe: card
substrate 11 has a bottom surfag
An insulation resin film14 is

of the substrate 11 so that the
concave portion 12 and the top

positioned at the center of the
conprising a conductive filmis

sem conductor

]
[l

b wing or the electrodes of the

chip has a b
LJi'orated copIaEarity. Still nore
Lnay be made as$ illustrated in FIG 13. A
e in which a goncave portion 12 is forned.
pr ovi ded whi ch|extends on a bottom surface
insulation resin film 14 extends under the
porti g of 4t he, |nsulat|on resin film1l4 is
concave portion 12.' A probe pattern 15
provi ded-whi ch extends on a bottom surface

of the insulation resin film 14, A through hote is forned through both the
substrate 11 and the insul ation-F I1G. 20
13 19 .O : [ 4 11
b A
LY
“ 15 |' -~ G 12 13
17
i
11 :'substrate ] 12 : concave portion
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resin film14 so that the end pértion of the
pattern 15-extends through the §{hrough hole a

of the substrate 11. Bunps 16C
probe pattern 15. The bunps 16C
portion of the insulation resin
under the concave portion 12 of
portions of the probe pattern 1
The concave. portion 12 provides
the insulation resin filmZI4 an
12 al so
insulation resin filmand the p
all ows the

L
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A

i ncreases the defangeti o;

ionductive filmas the probe

d is shown on the top surface
hre provided om the top portions of the

are fornmed by|selective plating. The top
film214 conprises a free end positioned

the substrate{ll thereby allowing the top

b to Rd fgighed]into the concave portion 12.
an increased flexibility to | am nations of
H the probe paitern 15. The concave portion
n stroke of the top portions of the

Bha patterzn 15. The concave portion 12
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serﬁ confuct or device even if a'the; el ecl}%g
_semi-conduct or device has a dg $rond ment

~-aceording to the present inven a‘ﬁhﬂg TP o whllc -a
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VIRIRE] Ukt a:,n’ﬁ-. gn. The grobe card has no aIV|-t__yg ortjon. The substrate
misur f ace.| ADATE QBRECEIRES '? 14 is provided,
e flat bottom surface of the substrate 11. The
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PROBE CARD AND METHOD OF FORMING THE SAME

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 electrically connect a tester to
~ pads in a wafer chip for carrying out test of performances of a
- semiconductor device. A tungsten pin probe has been proposed and this
probe has a structure as illustrated in FIG. 1. A plurality of tungsten pins
31 in the range of:50 £ m ¢ to 100 & m ¢ are supported at their base
portions by a supporter 32 whilst top portions of the tungsten pins 31 are
held by a holder 33 so that the tops of the tungsten pins 31 are aligned to
correspond to electrodes of a semiconductor device to be tested. The tops
of the tungsten pins 31 are made into contact with the electrodes of the
semiconductor device for characteristic test of the semiconductor device.
As illustrated in FIG. 1, the tungsten pins 31 are narrowed in pitch toward
the top portions thereof so that the pitch of the tungsten pins 31 at the top
portions thereof is in the range of 0.5 mm to 5 mm, 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 performances over 100 MHz are deteriorated. Such
‘probe is disclosed in the Japanese laid-open patent publication No. 6-
118100.
In recent years, in place of the above probe, another 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



so t.hat. the edge of the insulation resin film 14 becones apart fromthe
bthonlgurface of the substrate 11. The arched side region of the
insulation resin film 14 makes a space between the side portion of the.
insulation resin film14 and the flat and | evel ed bottom surface of the
substrate 11. Probe patterns 15C arefornmed on a bottom surface of the
i nsulation resin film14. Each of the probe patterns 15C has a tapered
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provide bumps on the surface of the film 41 to obtain an electrical contacts
through the bumps to electrodes of the semiconductor device.

~ Such.the conventional membrane probe has the following problems.
If the plural bumps 43 and the electrodes of the semiconductor device do
not have sufficiently high coplanarities, it seems that some bumps are not
made into contact with the electrodes of the semiconductor device. In order
to prevent this problems, it is effective to provide flexibility to the
interconnections to allow all the interconnections to be made into contact
with the 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 deformation of the interconnections
42 are limited whereby the flexibility thereof is irresponsible to the bowing
of the semiconductor wafer. _

Further, the probe interconmnections 42 extend to a peripheral
portion of the film 41 for connecting to an external device, for which
purpose the 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 to 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 with a semiconductor
device formed on a .wafer as well as improved in high frequency
performances. |

JETOVY R

SUMMARY OF THE INVENTION

Accordingly, it is an object of the resent invention 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-xpatterns is made into contact with el ectrodes of the sem conductor
devi ce.s+The | am nations of the arched side portion of the insulation resin’
film14 and the arched and tapered portions of the probe patterns 15C are
flexi bl e and can be so deforned that the tops of the tapered portions of
the probe patterns 15C come close tosthe bottom surface of the substrate
11. The arched and tapered portions of the probe patterns 15C ensures a

|a[tge def grS gaptdm thfdkwhivh tHe beea fhpi dxﬁdt aﬂefelﬂihbmmyt igfn COﬁfcchngZOEe
Eﬁf f |efr:|nZnt el c&@?‘%&ﬁg s?ﬁﬂf%xg@lc;?fgg\f tgt t ﬁel tnggsaz):‘ Otnhcraetsiatger :admport [ g?\sa
of the probe patt erltds a56lkfurtherabjectiofithe present lipversinmin pravide amovel

el ectrodes of pidie $6f GANHCIsORvERBIECIS BRtdcdt Wit &Nédinitdndacier dedice
Nanely, the s ac.e ee\ﬁet%rmegonawafgort ion of the insulation resin film 14
and the fl at

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

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

It is moreover object of the present invention to prov1de a novel
probe card reduced in interconnection space or area.

It is still more object of the present invention to provide a novel
probe card which is improved in deformation stroke and 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 novel
method of forming a probe card which is free from any problems as

s described above. ! ‘

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

It is* a still another object of the present invention to 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 invention to provide
a novel method of forming a probe card which is improved in high
frequency performances .

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

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

It is still more another object of the present invention to provide a
‘novel method of forming a probe card which is improved in deformation
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| evel ed- bottom surface of the substrate 11 allows the tops of the tapered
and” arclyed portions of the probe patterns 15C to have a sufficiently |arge
novabl e stroke. This allows the tops of the tapered portions of the probe
24 patterns 15C to be made into securely contact with the el ectrodes of the
sem conductor device even if the chip has a relatively large bow ng. The
def ormation stroke of the tops of thé deformation stroke is controllable by
control l'ing t birolegnddlexibilitg. ar chi ng of the probe pattern. A nodification

of the above probe ﬁ%%éﬁﬁoﬁeam%r Bbjddt ' dtShE Présent invention to provide a
' - novel method of forming a probe card which has multilevel
interconnections for obtaining an impedance matching.

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

The present invention provides a probe card comprising the
following 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 substrate, to form a space
region which is defined between the first surface of the substrate and the
first surface of the insulation film so as to allow part of the insulation film
to move into the space. Probe patterns extend on a second surface of the
insulation film so that the probe patterns. "

The present invention provides a probe card comprising the
following elements. A substrate has first and second surfaces. The first
surface has a concave portion which separates opposite side regions of the
first surface whilst the second surface is flat. An insulation film is provided

A which is flexible and extends on the first surface comprising the concave
portion and the opposite side regions. The insulation film has a first
surface in contact with the first surface of the substrate, to form a cavity
which is defined between the concave portion of the substrate and the first
surface of the insulation film to allow a center region of the insulation film
to move into the space in a large movable stroke. 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 portions of the probe patterns making a pair face to each
other but are spaced by an intermediate region of the insulation film. The
intermediate region is positioned in the vicinity of a center of the cavity.
The present invention also provides a probe card comprising the
following elements. A substrate has first and second surfaces. The first
surface has a concave portion which separates opposite 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

REPLACEMENT SHEET|-
. 17 MAY 1997




in. FIGS. 15 and 16. A substrate 11 has no concave portion. The probe card
has’ no gavity portion. The substrate 11 has a flat bottom surface. An
insulation resin film14 is provided, which extends over the flat bottom
surface of the substrate 11. The insulation resin film 14 has a side region
of a flat and sl oped-down bottom face which has an angle to the |evel ed
bottom surface of the substrate 11 so that the edge of the insulation resin

I ihl m 14 lbetcsmf&samfa?é frpooitaet mtmmffmf Sirtsce0df thessubshatd. At ihbuladtvie! v,
regi on and t hallgi H8° Péd{ﬂ%“ﬁ?i‘g‘ﬁlpfsﬁﬁgﬁéﬁlgbﬁg BORBEeY B of teier
surface of theofithegoncave posiom ofithensubstrateso that theesidedsigeppertionmef 8D has
a tapered por tih@tﬂa’li’ﬁh?ﬁln?hh@_&Q&fgéﬁnbbﬁbllé%lm AW TuAASyOf prodediatleess atele
regi on of the Lnsul of Lon Le8A durd bt A0S S Sk R8h S1ighehtinBhrlef e
pr obe p . p

' to each other at a constant pitch in a vertical direction to a longitudinal
direction of the probe patterns. The probe patterns have top portions
positioned in the vicinity of a center of the concave portion of the
substrate. ’

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

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

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

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

FIG. 3 is a fragmentary cross sectional elevation view illustrative
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




pattern 15D extends on the flat and sl oped-down bottom face of the side
redion pf the insulation resin film14 so that the top of each the tape
portion is nmade apart fromthe bottom surface of the substrate 11. The
and s|:oped down face side region of the insulation resin film 14 nakes
space between the side portion of theginsulation resin film14 and the

red
flat
a
flat

and | evel ed bottom surface of the substrate 11. No bunps are provided at

the top of theftapebchte st & anodificion blia firstbempotimens adédding ¢o tthe

EEgttfﬁgrfgppﬁf&"ﬁgi‘ﬁ;&&@ h the probe patterns 15D has a | owest 1level s

into contact with eFH&tpdfesTIggmeniaceasssgational eleyaden view illusinativeo
of the bendi ngfRqidvedprebe chRl a9 a uhodifitatioddi firdtrerbodintert tecbalifp e
pqrt ions of t Iﬂ'?e Brre%lgﬁt Rl%te}l s 15D are flexible and can be so deforned

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 illustrative
of a novel probe card as a further modification of a first embodiment
according to the present invention. -

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

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

FIG. 12 is a fragmentary cross 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 probe card as moreover modification of a first embodiment
according to the present invention. :

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

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

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

FIGS. 17A through 17D are perspective views illustrative of a
method of forming a novel probe card according to the present invention.
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the tops of the tapered portions of the probe patterns 15C cone close to
t hé bot tom surface of the substrate 11. The bending portions.of the probe
patterns 15D ensure a | arge deformation stroke of the tops of the tapered
portign of the probe patterns 15D. The bending portion of the insulation
resin film14 has a sufficient el astig force thereby allow ng the tops of
the tapered portions of the probe patterns 15D to be nade into securely

contact with the el BIGr d8es ofpl iﬂevmmm@sduﬁwromirdbeepmmsidf theowsli p
has a = 25 bRyifidcalAlSlotorddhee Wi thd BretBAMidvafibha! and sl oped down face

of the
' FIG. 19 is a perspective view illustrative of another method of

forming a novel probe card according to the present invention.

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

FIG. 21 is a fragmentary plane view 1llustrat1ve of a novel probe
card in a third embodiment according to the present invention.

DISCLOSURE OF THE INVENTION

The present invention provides a probe card comprising the
following 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 substrate, to form a space
region which is defined between the first surface of the substrate and the
first surface of the insulation film so as to allow part of the insulation film
to move into the space. Probe patterns 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 which separates opposite side regions of the first surface thereby to
form the space region defined between the concave portion and the first
surface of the insulation film. |

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

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

It is also preferable that the insulation film has a side edge portion
which is positioned in the vicinity of a center of the concave portion of the
substrate so that the side edge portion of the insulation film has a'large
movable stroke. It is also preferable that the probe patterns have top
portions positioned in the vicinity of the side edge portion of the
insulation film. It is also preferable that the top 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.
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side portion of the insulation resin film14 and the flat and | eveled
bot’t om gsurface of the substrate 11 allows the tops of the tapered and
sl oped down portions of the probe patterns 15D to have a sufficiently |arge
novable_stroke. This allows the tops of the tapered portions of the probe
patterns 15D to be made into securelygcontact with the el ectrodes of the
sem conduct or device even if the chip has a relatively |arge bow ng. The

def or mati on stroke Iois 4186 prefezable thiethdqirobep httefnsshamuneh&%&dwlidthbl e by
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to FIG 17A jmRuRitiiiRA] tHSrobedabteris 54 tie GothrEve films.

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

movable from adjacent one of the probe patterns.

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

the insulation film has a large movable stroke.

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

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

plating bumps.

It is also preferable that the probe patterns have a unchanged width.
It is also preferable to further provide 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 over both the
paired probe patterns so that each of the paired probe patterns laminated on
the insulation film are independently movable from adjacent pairs of the

probe patterns.

It is also preferable to further provide a slit in the intermediate
region of the insulation film between the paired probe patterns and
extending in a vertical direction to a longitudinal direction of the probe
patterns so that one of the paired probe patterns laminated on the insulation
film is independently movable from another of the paired probe patterns.
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ceram: green sheet to forma |ayered substrate 11 having a thickness of
1.5 mmand a plane size of 15 cm X 15 cm Through holes 18 are forned in
the substrate 11. The through holes 18 are aligned in nmatrix within each of
four squared sections separated fromeach other as illustrated in FIG 17A
By slicing saw, concave grooves 12 are forned in matrix to forml| ow concave
grooves and col unm concave grooves sod hat the concave grooves 12 define

i sl ands aligned in lds$ miso pieferablé to ferthel providdraa etdﬁhtmmloimghldﬁidmﬁlm
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si |l ver powders and Itrigalyonreﬁémbleemat shd instikdionfitmtdoenprdsesay firgrportion 12

and then sint gvh?gh i5%n contact with the first surface of the substrate, and a second
portion which is distanced from the first surface of the substrate so that a
distance between the second portion of the insulation film and the first
surface of the substrate is gradually increased toward a side edge of the
insulation film.

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

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

It is also preferable that the probe patterns have top portlons
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 conductive films selectively
on the probe patterns to increase an elastic force of laminations of the
insulation film, the probe patterns and the conductive films.

It is also preferable to further provide a plurality of slits formed in
the insulation film at opposite sides of each of the probe patterns and
extending in a longitudinal direction of the probe 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
provided to cover the probe patterns to increase an elastic force of
laminations of the insulation film, the probe patterns and the additional
insulation film.

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

At
IRt
B e

REPLACEMENT SHEET
17 MAY 99¢

¥

OIS ] Ry ET R e T AR -



forma filled body 23. A surface of the sintered filled body 23 is polished
to'be leveled to the surface of the substrate 11. Wth reference to FIG
17C, a photo-sensitive polyimde resin filmis applied on surfaces of the
filled hady 23 and the substrate 11. The photo-sensiti-ve polyimde resin
filmis patterned to formresin filngopl4d. Each of the patterned resin filns
14 extends not only over the island of the substrates 11 but al so over the
filled body 2which inflexibla andoextepds ol theefjish rsurfaceeomptising thie concave

14 and on  nePpRLJEE, I siockfte it %} o b “HELPRR Al hufsP fse! | 1=
pat torried by SHEEEE 12 caBiaca ygh dhe St sirtase, OF dbe Subsipice tdOTR 2 6BHEY i1 m
is plated on widcls is definredbetvreers thescomdave Jpbrtipniofeahe substrate and the first
surface of the insulation film to allow a center region of the insulation film
to move into the space in a large movable stroke. 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 Jongitudinal 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 portions of the probe patterns making a pair face to each
other but are spaced by an intermediate region of the insulation film. The
intermediate region is positioned in the vicinity of a center of the cavity.

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 patterns are symmetrical to the
intermediate region of the insulation film. o

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

It is also preferable that bumps are provided at the top portions of
the probe patterns. 1t is also preferable that the bumps are ball bumps. It is
also preferable that the bumps are stud bumps. It is also preferable that the
bumps are selective plating bumps.

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

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

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

It is also preferable to further provide a slit in the intermediate
region of the insulation film between the paired probe patterns and
extending in 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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26 of the photo-resist pattern as a mask. The photo-resist pattern is then
removed.s As a result, probe patterns 15 are formed by lift-off method. The
probe patterns 15 extend over the filled body 23 and within the through
hol es .18 so that the probe patterns 15 are electrically connected to

I nterconnections. An insulation filmis then fornmed over the surfaces of
the probe films 13 and the filled bod® 23. A photo-sensitive polyin de
resin filmi s filor issddependenily invovablet from dndther dfHtheppaired probe patterns.

polyimde resin fil Ni&%lé@ﬁgeffgﬁt%lté Eﬂﬁrtﬁﬁr ﬁrcRHﬂEQ{xﬂ'géed%lﬁiahﬁpﬂ)éuiﬂiérpfiﬁna

phot o-rési st pattern, ogra using,t f.0-r.eslst tern
as a mask, thdO cover the probe patterns to c1éast an elastic force of laminations &f the
insulation film, the probe patterns and the additional insulation film.

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

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 top portions of the probe patterns are
tapered. :
It is also preferable that bumps are provided at the top portions of

the probe patterns. It is also preferable that the bumps are ball bumps. It is
_ also preferable that the bumps are stud bumps. It is also preferable that the
bumps are selective plating bumps.
It is also preferable that the probe 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 the insulation film, the probe patterns and the conductive films.

It is also preferable to further provide a plurality of slits formed in
the insulation film at opposite sides of each of the probe patterns and
extending in a longitudinal direction of the probe 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 comprising an additional
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insulation filmis patterned whereby only top portions of the probe
pafterns 15 are shown through apertures of the insulation film A
rosin-core solder and an eutectic solder are supplied onto the top portions
of the probe patterns 15. The supplied solders are then reflowed at a
tenperature of 230[err]C to formbunpg 16. Surfaces of the bunps 16 are
further polished by a thickness of 10 microneters by a sand paper of #1000

to renove anK1MaMn diini prévidgdito doviehehd prglse pattérs dooineréaseearc elastic and
Formed over  t RECSoPf SRBARAGRY 822“‘%? ﬁlat%*' ﬁ%?%%h%@e PARERs"hy ' 2T
furthernore f@ddﬁﬂnﬁﬁéﬁs h@om k| plating layers. The nickel plating
l'ayers have a thi Ck’["ﬁésplﬁéexﬁ iivehfioRt 656 prdtilesdd probeiicaid dopysrisingahe a
thickness of 90ﬁow1 QIELEhR:. A substrate has first and second flat surfaces. An
msulatlon film is provided, which is flexible and comprises a first portion
which is in contact with the first surface of the substrate, and a second
portion which is distanced from the first surface of the substrate so that a
distance between the second portion of the insulation film and the first
surface of the substrate is gradually increased toward a side edge of the
insulation film. The insulation film has a first surface and the first surface

of the first portion of the insulation film is in contact with the first surface

of the substrate. A plurality of probe patterns are provided on a second
surface of the insulation film and aligned in parallel to each other at a
constant pitch in a vertical direction to a longitudinal direction of the probe
patterns.

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

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

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

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

It is also preferable to further provide a plurality of slits in the
insulation film at opposite sides of each of the probe patterns and
extending in a longitudinal direction of the probe patterns so that each of
the probe patterns laminated on the insulation film is independently .
movable from adjacent one of the probe 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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Wth reference to FIG 17D, an anode is electrically connected to the filed
body 23:; A carbon cathode electrode is prepared. The substrate 11 is
imrersed in a diluted nitric acid and a voltage of 2V is applied across the
anode_and cat hode to cause the filled body 23 to be nelted whereby the
filled body 23 is renoved fromthe substrate 11. As a result, the resin
films 14, the probe patterns 15, the urface insulation fllms 17 and the
bunps 16 remainsulatéon fllllm the pﬁﬁfsﬁpatterhkland theadditiohal hsudatbon fihe 11

thereby a probe carfl, regeﬂt%% iof "BsoR0FIdeE 4 phOYL RAPRB SRR RS N2

t he probe filns 13 as a
pattern as il f@lé@wm& fPIﬁeIﬁISGA swbsixateshiah Hirsy @&‘ﬂlS@ﬁOBd surfacgsoddenfitstod of

form ng the pggHace ha§| algnhcage oAwhich gsparatedopposite®idé Fegionsicf the
_.posa ble to Tef i QPR WhilfPhb3econd surface is flat. An insulation film is provided
' which is flexible and extends on the first surface comprising the concave
portion and the opposite side regions. The insulation film has a first
surface in contact with the first surface of the substrate, to form a cavity
which is defined between the concave portion of the substrate and the first
surface of the insulation film to allow a center region of the insulation film
to move into the space in a large movable stroke. At least a contact hole is
formed in the substrate and the insulation film. A plurality of pairs of
probe patterns are provided on a 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 portions of the probe patterns making a pair face to each
other but are spaced by an intermediate region of the insulation film. The
intermediate region are positioned in the vicinity of a center of the cavity.
At least an interconnection is provided on the second surface of the
substrate and the interconnection is connected through the contact hole to
at least one of the probe patterns. Bumps are provided on the top portions
of the probe patterns.
It is preferable that the probe patterns are symmetrical to the
intermediate region of the insulation film.
It is also preferable that the top portions of the probe patterns are
tapered.
It is also preferable that the bumps are ball bumps.
It is also preferable that the bumps are stud bumps.
It is also preferable that the bumps are selective plating bumps.
It is also preferable that the probe patterns have a unchanged width.
It is also preferable to further provide 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
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conprissing the resin films 14 and the probe patterns 15 formed on the resin
fiPns 14 in a different process fromthe process illustrated in FIG 17A
The probe films 13 are aligned on the islands of the substrate 11. Probe

27 patterns 15 are adhered to the thgpugh holes 18 by an anisotropic
conductive adhesive so that the probe patterns 15 are electrically
connected to the through holes 18. A third enbodi nent according to the

present i nveniextshdihg lin elongdiudine divedtion” 6f ehieeprobet patkrnS. so2thatiedck bf
wherein a novgle RIABE Haflend laminated on the insulation film is independently
h movable from adjacent one of the probe patterns.

It is also preferable to further provide a slit in the mtermed1ate
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 patterns to increase an elastic force of laminations of the
insulation film, the probe patterns and the additional insulation film.

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

- patterns have top portions positioned in the vicinity of a 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 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 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 plating bumps.
It is also preferable that the probe patterns have a unchanged width.
It is also preferable to further provide conductive films selectively
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provi ded. A substrate 11 has -a bottom surface in which a concave portion 12
is'formed. The substrate may conprise a ceramc substrate 11. The concave
portion 12 is rectangul ar-shaped. A insulation resin film14 is formed,

whi ch_extends on the bottom surface of the substrate 11 so that the
insulation resin film14 extends undengthe concave portion 12 to forma
cavity defined between the concave portion and the insulation resin film

14, Th oueh ool cepdoumc b et sioond hipuied ity
surface’ of th@%“i@b?‘bﬁ hﬂfeeégor]?‘:éfﬁﬂﬁrﬁéaﬂqﬂge f)?eg%é&%ﬁﬁéﬁﬁs 15 al sq extend
through the throughlths| aso 1referableato dnsthenprovislepa oqplarglity: ef slitsi in dhe
shown on the {plsied 3EEnOht tdiposites sidt Coft leachniogr ﬂ%‘fﬁﬁbéoPaﬂPékhkeﬁﬁé 19
are provided on %Qfe tolﬁ s‘lurfat . of1 c{.hetsubstt {hat e %% sottt hat tt}]l%t cach of

i nt er connect i E¥tending in, a lpygitudinal direction of the probe patterns so ach o

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

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

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

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

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

It is also preferable that the top portions of the probe patterns are
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are connected with the ends of the probe patterns 15. In the bottom view,
the probe patterns 15 are straight-patterned as illustrated in FIG 21. The
probe patterns 15 are aligned on the bottom surface of the insulation resin
filmto nmake a plurality of pairs of the probe patterns 15 so that the tops
of the paired probe patterns 15 face to each other but are separated at a
di stance. A plurality of the paired pr]&be patterns 15 are aligned at a
constant pitchapdredso that adjacent pairs of the probe patterns 15 are

b ovi dedwhi o 2?5 STt Mo piceSibleti: Wb ts;p"aEﬁerﬁihM é@c&é{léédr %4&%2 and
on the bottom surf abeisdse pecterahle 40 fvﬁhﬂéﬂWlﬂEIQﬂﬂ ctlmpef mfyselaeévelyr med
in the surfacenl ﬂfde?éb@ aftefis td iihSRedde 20 él'aéﬁc tfoeced BE Mafififiafions RESihel oned

under the top;pafhidh T, thd Sréﬁeof))a%t@r%% L84 Re L3ndlGivPHIRES tOP

It is also preferable to further provide a plurality of slits in the
insulation film at  opposite sides of each of the probe patterns and
extending in.a longitudinal direction of the probe patterns so that each of
the probe patterns laminated on the insulation film is independently
movable from adjacent one of the probe 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 invention also provides a method of forming a probe
card comprising the following steps. Grooves are formed in a substrate to
define islands of the substrate separated from each other by the grooves.
The grooves ate filled with a filling material. An upper surface of the
filling material is leveled to top surfaces of the islands of the substrate. A
photo-sensitive resin film is applied on the leveled upper surfaces of the
filling material and the islands of the substrate. The photo-sensitive resin
film is patterned by photo-lithography to form insulation films extending
over the islands and the filling material but only 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 material.

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

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

PREFERRED EMBODIMENTS

A first embodiment according to the present invention will be
described in detail with reference to the accompanying drawings, wherein
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portions of the probe patterns 15 are shown through the openings. Bunps 16
are provided within the openings forned in the surface insulation resin
film 17 and on the top portions of the probe patterns 15. The height of the
bunps.16 _irs larger than a thickens of the surface insulation resin film17
so that the bunps 16 are protruded fromthe openings formed in the surface
insulation resin film17. Further, sliffs 21 are provided in |aninations of
the surface ianoval proberemiis provided. and the insulation resin film14 so

that the 28 slitg;dlreiaRd BANES™S bhe 424 RGNty R probel atdproviabe
patterns 15 altoo 16rm a probe card. A substrate 11 is used, which is made of ceramics
- such as alumina, aluminum nitride, glass and glass ceramics or resins such
as glass epoxy resin. The substrate 11 has a bottom surface in which
concave portions 12 are formed. The concave portions 12 have a
predetermined depth. On the bottom surface of the substrate 11, a probe
film 13 is adhered. The probe film 13 comprises laminations of a resin film
14 and a conductive film 15. The resin film 14 is formed on the bottom
surface of the substrate 11 and the conductive film 15 is laminated on the
resin film 14. The conductive film 15 is so formed as a probe pattern. The
resin film 14 may be made of polyimide, benzocyclobutene or epoxy resins.
The probe pattern conductive film 15 is made of a metal such as copper or
nickel. ' -
The probe pattérn conductive film 15 is so patterned to form plural
slender lines which extend onto a bottom surface of the resin film 14. The
top portions of the slender lines of the probe pattern conductive film 15
extends on the bottom surface of the resin film 14 positioned under the
concave portions 12. At the top portions of the probe patterns 15,
conductive bumps 16 are formed by solder or metal plating. An insulation
resin film 17 is formed to coat the surface of the probe pattern 15 except
on the bumps 16. The substrate 11 has through holes 18 through which the
robe pattern: 15 extends up to a top surface of the substrate 11 so that the
end portions of the probe pattern 5 are shown on the top surface of the
substrate 11. Interconnection patterns 19 are provided in contact with the
end portions of the probe pattern 5 and over the top surface of the substrate
11 so that the interconnection patterns 19 are electrically connected to the
probe pattern 15. The interconnection patterns 19 are further electrically
connected to-any external measuring apparatus. '

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




the |l ongitudinal direction of the robe patterns 15. Al ong the | ongitudinal
direction of the probe patterns 15, each of the slits 21 extends in
opposite directions froma center region defined between alignnments of the
bunps.-16_provided at the top portions of the paired probe patterns 15,

t hrough internedi ate positions between the adjacent two on each the

al i gnments of the bunps 16 up to positiBons corresponding to the opposite

edges of the testdd bys‘?.et prsbet bardeahé biinps 215 hes pusbed aﬁwdrdrlmbhcaﬁtibbil
SR LY., T2 Fafeioh B SRl S ANGENE POl e b PR 11
“resin fil m 14Whentheigselatignaesindilng 14are deformed gt bents the insudationgesins i | m
17 to be def ofildl4 ha9ahligcreased glastidfbroe. THIS eladtict fores puslesthedthifps
flexibility t 96 thGal il @bbR08e bt L% ni2ohaidir devilesd thal te bufps 22t °Pe
secured onto the electrodes of the semiconductor device whereby a secure
electrical connection can be obtained. The cavities allows increased
deformation of the insulation resin film 14 whereby deformation stroké in
the thickness direction of the substrate is increased. This increased stroke
of the deformation of the insulation resin film 14 allows, if the wafer has a
bowing, all of the bumps to be securely made into contact with the
electrodes of the semiconductor device. L
The concave portions formed in the bottom surface of the substrate
11 may be rectangular-shaped to form rectangular-shaped cavities between
the substrate 11 and the insulation resin film 14 as well illustrated in FIG.
3.

In place of the rectangular-shaped cavities, it is possible to form an
arch-shaped concave portions 12a in the bottom surface of the substrate 11
to form arch-shaped cavities between the substrate 11 and the insulation
resin film 14 as illustrated in FIG. 5.

' The shape in plane view of the cavities or the concave portions 12
may be rectangle, circle or ellipse or other various shapes, provided that
the top portions of the probe pattern 5 and the bumps are positioned under
the cavities or the concave portions 12 so as to allow the insulation resin
film 14 to be deformed and pushed into the cavities when the bumps 16 are
pushed toward the cavities. :

The depth of the concave portions 12 or the cavities may be
adopted to obtain the required large deformation stroke of the top portions

‘of the probe pattern and the bumps 16. '

As a further modification of the cavities, it is possible to form a
probe card as illustrated in FIG. 6. A substrate 11 has a bottom surface in
which a concave portion 12 is formed. An insulation resin film 14 is

- provided which extends on the 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 of the insulation
resin film 14. Top portions of the probe pattern extend under the insulation
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patterns 15 and the surface insulation resin film17. The slits 21

ext'endi ng between the adjacent pairs of the probe patterns 15 all ow each
pair of the probe patterns 15 to be deforned individually and separately. A
conbination of the cavity and the slits 21 allows the bunps 16 on the top
portions of the probe patterns 15 to have sufficiently |arge defamation
stroke whereby the bunps 16 nay be mad® i nto securely contact with the

S! ect rodeg of rebim $ilm ddndudedyimte\the ecorldavehpertidii ri@ efbti sabstrate 11.
I stance bet t n | E s S t at
or EhrolgfORSPF" o Fofthed J6, B ARG Rl (BB anlf e

200 microneters,

top portions cﬂUbSHéteplaf se ¢hasrthe €ndapartions of the probsopaterncheesiead throu
effective | enghb thfoughf h6les 18 fed afeSlfownidrethestopSsurfacitedf tirdsibstiace a1.

‘length of its part gacaist Bgtté’fﬁgeﬁ BRCsSHAEd #h contact with the end portions of
the probe pattern 15 and over the top surface of the substrate 11. At the top
portions of the probe pattern 15, bumps 16 are formed. The insulation resin
film 14 has a slit 20 which extends along a center line between the bumps
16. The cavity is defined by both the concave portion 12 of the substrate
11 and the insulation resin film 14 extending under the concave portion 12.
The cavity is, however, spatially. connected via the slit 20 to the external
space. The slit 20 has a width defined by edges of the insulation resin film
14. The edges of the insulation film 14 are regarded to form the free ends.
This means that the formations of the slit 20 increase the flexibility of the
insulation resin film 14 particularly at the edge portions defining the slit 20.
The increased flexibility of the insulation resin film 14 at the edge portions
defining the slit 20 facilitates deformation of the insulation resin film 14
and also increases the deformation stroke of the edge portions of the
insulation resin film 14. This means that the deformation stroke of the
bumps 16 is also increased. The slit 20 also ensures that the insulation
resin film 14 extending over the cavity has an sufficiently high elastic
force for allowing the bumps to be securely made into contact with the
electrodes of the semiconductor device even if the chip has a large bowing.

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

Alternatively, it is also available that slits 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 between the adjacent two top
portions of the probe pattern 14 so as to allow the top portions of the probe
pattern 14 to be deformed separately from each other. Those slits 21
increase the individual defamation stroke of each the top portions of the
probe pattern 15 and each the bumps 16 thereby allowing the individual
top portions of the probe pattern and the 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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or" the effective length "c" of each the probe patterns 15 is the length
fromitsrposition corresponding to the- edge of the cavity to the top
portion. Since the paired probe patterns 15 under the cavity are
symetrical, the length of the cavity or the width "a" of the concave
portion 12 is 2 X ¢+200 microneters. The length "h" of the slits 21 is
equal to the length "c" of the cavity.20he height "e" of the bunps 16 is 50
m croneters. Aleteromted cofcoplenarityps 16 is 90 nmicrometers. Plural pairs of

' | 10, 0 S of 120 mcroneters, A
e robe Balt e, I kPR Thddiogaid o i oflal Fd A7 B e )
each the probd Bﬁttrﬁf@drﬁom -i% vehtergine epnductive film@2gistfusthee daminated pnabe
patterns 15 i suifacel of agirebe ptfehn oS o ikcredde b @ladifc FGice0Ht FIRS pRotid | M
14 1s 10 m cr opweeh 5. Aritd $Gb&Qtate 11 has a bottom surface in which the concave
" portion 12 is formed. An insulation resin film 14 is provided which
extends on the bottom surface of the substrate 11 so that the insulation
resin film 14 extends under the concave portion 12. A probe pattern 15 of a
conductive film is provided which extends on a bottom surface of the
insulation resin film 14. The probe pattern 15 has tops at which bumps 16
are provided. In this further modification, the conductive film 22 is further
provided which extends on a bottom surface of the probe pattern except on
the bumps 14. The conductive film 22 has a flexibility and an elastic force
which increase in the elastic force of the card probe in cooperation with the
elastic force of the insulation resin film 14. The insulation resin film 14
has a free end which is positioned at an intermediate position of the
concave portion whereby the probe pattern has a large deformation stroke.
Consequently, the probe card has a large elastic force and a large
deformation stroke thereby allowing the bumps to be made into securely
contact with the electrodes of the semiconductor device even if the chip
has a bowing or the electrodes have déteriorated coplanarity.
A moreover modification of the probe card may be made as
illustrated in FIG. 10. A substrate 12 has a bottom surface in which a
concave portion 12 is formed. An insulation resin film 14B is provided
which extends on the bottom surface of the substrate 11. A conductive film
15B is provided which extends on a bottom surface of the insulation resin
film 14B but only in a left half region of the insulation resin film 14B. An
insulation resin film 14A is further provided which extends on a bottom
surface of the conductive film 15B. A probe pattern 15A is further
provided which extends over the insulation resin film 14A. At the top
portion of the probe pattern 15A, bump 16 are provided. The conductive .
film 15B forms an interconnection. A cavity is defined by the concave
portion 12 of the substrate 11 and the insulation resin film 14B. The cavity
allows the insulation resin film 14B to be pushed into the cavity thereby
providing flexibility to the insulation resin film 14B. This increases the
flexibility of the laminations of the conductive films 15A and 15B and the
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29 the-probe card is 15cm X 15cm The probe card has a probe region in
whi‘ch probe patterns 15 are provided. A size of the probe region is 13cm X
13cm Under the above conditions, the follow ngs were confirmed. It was
confirmed that if the above substrate 11 conprises a substrate in which
alum na interconnections are forned therein, then the characteristics of
the probe card remain unchanged. It we&l further confirmed that if the above

substrate 11 qAsulatiofesinSHRAI4A eresiltity fhthr) défafiation §trdoke of the bumps
| nterconnecti §is , 25 Sht HrdE Lnl"S¥ Bl laminations of the conductive films 15A and
15B and the insulation resin film 14A. The laminations of the conductive
films 15A and 15B and the insulation resin film 14A increase the elastic
force. ,

A still further modification of the probe card may be made as
illustrated in FIG. 11. A substrate 11 has a bottom surface in which a
concave portion 12 is formed. An insulation resin film 14 is provided
which extends on a bottom surface of the substrate 11 so that the insulation
resin film 14 extends under the concave portion 12 and the top portion of
the insulation resin film 14 is positioned at the center of the concave
portion 12. A probe pattern 15 comprising a conductive film is provided
which extends on a bottom surface of the insulation resin film 14. A
through hole is formed-through both the-substrate 11 and the insulation
resin film 14 so that the end portion of the conductive film as the probe
pattern 15 extends through the through hole and is shown on the top
- surface of the substrate 11. Bumps 16A are provided on the top portions of
L the probe pattern 15. The bumps 16A are spherically shaped by use of a
surface tension of a conductive material or a solder. The:top portiod of the
insulation resin film 14 comprises a free end positioned under the concave
portion 12 of the substrate 11 thereby allowing the top portions of the
probe pattern 15 to be pushed into the concave portion 12. The concave
portion 12 provides an increased flexibility to laminations of the insulation
resin film 14 and the probe pattern 15. The concave portion 12 also
increases the defamation stroke of the top portions-of the insulation resin
film and the probe pattern 15. The concave portion 12 allows the bumps
16A 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 coplanarity. |
Yet further modification of the probe card may be made as
illustrated in FIG. 12. A substrate 11 has a bottom surface in which a
concave portion 12 is formed. An insulation resin film 14 is provided
which extends on a bottom surface of the substrate 11 so that the insulation
resin film 14 extends under the concave portion 12 and the top portion of
the insulation resin film 14 is positioned at the center of the concave
portion 12. A probe pattern 15 comprising a conductive film is provided
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t'hen t-he characteristics of the probe card remain unchanged. It was further
confirmed that if the above substrate 11 conprises a gl ass epoxy substrate,
then the probe card is capable of performing stable probing operation in an
area of 10cm X 10cm It was further nore confirmed that if the insulation
resin filmconprises a fil mmde of phet o-sensi tive benzocycl obutene, the
probing life time of the probe card is 100 thousands tines or nore and a

Igood c?nlnect | wHigh i extsnds onThebodwmosﬁﬁaee tafv&)ebmmmlm? qbsinefitmf 14mAas a
e 111" i hOR il g Kk el Giie i dpd W SRRl
epoxy, the pr&esindilml4 so thatothe:end podien ofthe |C§nﬂ99tlYﬁ(fd§hﬁl§hG|H¥@§eor
more and a gopdtteASC ekidnids fhough the through hole and is shown on the top
. surface of the substrate 11. Bumps 16B are provided on the top portions of
the probe pattern 15. The bumps 16B are provided with a stud. The top
portion of the insulation resin film 14 comprises a free end positioned
under the concave portion 12 of the substrate 11 thereby allowing the top
portions of the probe pattern 15 to be pushed into the concave portion 12.
The concave portion 12 provides an increased flexibility to laminations of
the insulation resin film 14 and the probe pattern 15. The concave portion
12 also increases the defamation stroke of the top portions of the insulation
resin film and the probe pattern 15. The concave portion 12 allows the stud
bumps 16B 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 coplanarity.

Still more modification of the probe:card may be made as
illustrated in FIG. 13. A substrate 11 has a bottom surface in which a
concave portion 12 is formed. An insulation fesin film 14 is provided
which extends on a bottom surface of the substrate 11 so that the insulation
-resin film 14 extends under the concave portion 12 and the top portion of '
the insulation resin film 14 is positioned at the center of the concave
portion 12."A probe pattern 15 comprising a conductive film is provided
which extends on a bottom surface of the insulation resin film 14. A
through hole is formed through both the substrate 11 and the insulation
resin film 14 so that the end portion of the conductive film as the probe
pattern 15 extends through the through hole and is shown on the top
surface of the substrate 11. Bumps 16C are provided on the top portions of
the. probe pattern 15. The bumps 16C are formed by selective plating. The
top portion of the insulation resin film 14 comprises a free end positioned

- under the concave portion 12 of the substrate 11 thereby allowing the top
portions of the probe pattern 15 to be pushed into the concave portion 12.
The concave portion 12 provides an increased flexibility to laminations of
the insulation resin film 14 and the probe pattern 15. The concave portion
12 also increases the defamation stroke of the top portions of the insulation
resin film and the probe pattern 15. The concave portion 12 allows the
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képt. The photo-sensitive epoxy filmhas a lower filmstrength than the
polyimde film It was yet further confirned that if the probe card has a
structure with slits as illustrated in FIG 6, the probing life time of the
probe card is 100 thousands tinmes or nore and a good connectivity is kept.
As conpared to the probe card free of23lit, the probe card provided with
the slits has a | arger deformation stroke and a higher flexibility. It was

al so confirnmedyny 16C ld”'fbepﬁﬁ'a% ﬁﬁé%ebafelﬁ cﬁﬁﬁz\{ﬁtw{tﬁ el Ble@fr@aes AL fher ns
of .tapered top orHHﬁug g cr? ter > w%ﬁ q?as |IIu ﬁ@g % %%
the probing Ii P gﬁECﬁFXSB l}E @ (HKHE%QH and
a good connectsemiconductaedevicahas andeteridrated coplaparity card free of tapered
shape the probe candspssid efbotlifent A8cSiding 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 card has no
cavity portion. The substrate 11 has a flat bottom surface. An insulation
resin film 14 is provided, which extends over the flat bottom surface of the
" substrate 11. The insulation resin film 14 has a side region which is arched
so that the edge of the insulation resin film 14 becomes apart from the
bottom surface of the substrate 11. The arched side region of the insulation
resin film 14 makes a space between the side portion of the insulation resin
film 14 and the flat and leveled bottom surface of the substrate 11. Probe
patterns 15C are formed on a bottom surface of the insulation resin film 14.
Each of the probe patterns 15C has a tapered portion which extends on the
bottom surface of the arched side region of the insulation resin film 14
whereby the tapered portion of the probe pattern 15C is also arched so 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 pattern. The top of the tapered portion of each the probe
pattern has a lowest level so that the top of the tapered portion of each the
i probe patterns is made into contact with electrodes of the semiconductor
device. The laminations of the arched side portion of the insulation resin
~ film 14 and the arched and tapered portions of the probe patterns 15C are
flexible and can be so deformed that the tops of the tapered portions of the
probe patterns 15C come close to the bottom surface of the substrate 11.
The arched and tapered portions of the probe patterns 15C ensures a large
deformation stroke of the tops of the tapered portion of the probe patterns
15C. The arched side portion of the insulation resin film 14 has a sufficient
elastic force thereby allowing the tops of the tapered portions of the probe
patterns 15C 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 the insulation resin film 14 and the flat and
leveled bottom surface of the substrate 11 allows the tops of the tapered
and arched portions of the probe patterns 15C to have a sufficiently large
movable stroke. This allows the tops of the tapered portions of the probe
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has a {1arger deformation stroke and a higher flexibility. It was also
confirmed that if the probe card has a structure with probe patterns
conprising a copper filmand a nickel filmof 5 mcronmeters 30 plated on
the copper filmas illustrated in FIG 9, the probing life tinme of the
probe card is 100 thousands tinmes or r#dre and a good connectivity is kept.
‘As conpared to the probe card free of tapered shape, the probe card

provi ded wi thpafiendd5C @Bk lﬁhéé“iﬁtopbéﬂuh‘ g éddtauhwsthatﬁv gleetrodes Ufi thef or ce

with a larger sgﬁfl&gn tc:'tgrn de%fc% cven if the chq Efxas a reﬁaﬁvely fﬁrge bowing. The
deformation stroke of the tops of the deformation stroke is controllable by
controlling the degree of the arching of the probe pattern.

A modification of the above probe card may be made as illustrated
in FIGS. 15 and 16. A substrate 11 has no concave portion. The probe card
has no cavity portion. The substrate 11 has a flat bottom surface. An
insulation resin film 14 is provided, which extends over the flat bottom
surface of the substrate 11. The insulation resin film 14 has a side region of
a flat and sloped-down bottom face which has an angle to the leveled
bottom surface of the substrate 11 so that the edge of the insulation resin -
film 14 becomes apart from the bottom surface of the substrate 11. Namely,
the insulation resin film 14 is bent at a boundary between its center region
and the side region. Probe patterns 15D are formed on a bottom surface of
the insulation resin film 14. Each of the probe patterns 15D has a tapered
portion which extends on the boitom surface of the arched side region of
the insulation resin film 14 whereby the tapered portion of the probe
pattern 15D extends on the flat and sloped-down bottom face of the side
region of ‘the insulation resin film 14 so that the top of each the tapered
portion is made apart from the bottom surface of the substrate 11. The flat
and sloped down face side region of the insulation resin film 14 makes a
space between the side portion of the insulation resin film 14 and the flat
and leveled bottom surface of the substrate 11. No bumps are provided at
the top of the tapered portion of each the probe patterns 15D. The top of
the tapered portion of each the 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 of the semiconductor device. The laminations
of the bending portion of the insulation resin film 14 and the bending
portions of the probe patterns 15D are flexible and can be so deformed that
the tops of the tapered portions of the probe patterns 15C come close to the
bottom surface of the substrate 11. The bending portions of the probe
patterns 15D ensure a large deformation stroke of the tops of the tapered
portion of the probe patterns 15D. The bending portion of the insulation
resin film 14 has a sufficient elastic 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 has a
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1t was-also confirmed that if the probe card has a structure with probe
patterns as itlustrated in FIG 10, the probing life time of the probe card
is 100 thousands times or nmore and a good connectivity is kept. It was al so
confirmed that if the probe card has a structure with probe patterns as
illustrated. in FIG 16B, the’ probing bife time of the probe card is 100

t housands tinmes or nore and a good connectivity is kept. It was al so

Stud bunps. 108 Sing. Nallohs G ACE bR AEh T Ht ?“a“i AR L

~probe card i ss@éd’qrﬂ%grrlgﬁ ipsylatiop resiy, film %@ . %ﬂﬂ&&?‘fqrig‘? ?f’oﬁ@“i’(ept .

It was al so csanfacenefithehsubstfate 1é giloveetheatopsfofthe taperedtandesioped dovabe

patterns W t hoglihOUFBFe HE6HE Datel S 158 ff have d Sutfidentlydafle Bididble
stroke. This allows 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 has a relatively large bowing. The
deformation stroke of the tops of the deformation stroke is controllable by

- controlling the degree of the bending of the probe pattern.

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

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

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

With reference to FIG. 17C, a photo-sensitive polyimide resin film
is applied on surfaces- of the filled body 23 and the substrate 11. The
photo-sensitive polyimide resin film is patterned to form resin films 14.
Each of the patterned resin films 14 extends not only over the island of the
substrates 11 but also over the filled body 23 but only in a peripheral
region to the island of the substrates 11. A photo-resist is applied on the
surface of the resin films 14 and on the filled body 23. The applied photo-
resist film is then patterned by photo-lithography to form photo-resist
patterns. A copper film is plated on the surface of the substrate 11 by use
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|rfe tkme of the probe card is 100 thousands tinmes or nore and a good
conhectivity is kept. It was also confirmed that if the probe card has a
structure with probe patterns as illustrated in FIG 7, the probing life
time of the probe card is 100 thousands titres or nore and a good
connectivity is kept. It was al so conf Jgrmed that if the probe card has a

structure with probe patterns as |IIustrated|n FI G 8 the probing life
time of the pgp di?'résé%a}dé?ﬁsgﬁ Snfab pH?f 86503s t en
connectivity Is % con | iﬁ) e cg&
Structure vi thE)‘P A prenils DIOOEHARSTRAI 841 fomed by OlLhe | 1 e

time of the ppmbe mei'nsSISL@ﬁtdmbusand& filled sbaty %r:mthmitlangmdthrou h
gfpﬂgfh'r . \tMy tlrl]éle§eﬁ?8 sd tth4RSthR! PPotd Paltelie 1@”‘ Yre ! L1ebifeatly %nﬁ@éfédhi’é a
. interconnections. An insulation film is then formed over the surfaces of the
probe films 13 and the filled body 23. A photo-sensitive polyimide resin
film is formed over.the insulation film. The photo-sensitive polyimide
resin film is then patterned by a photo-lithography to form a photo-resist
pattern. By photo-lithography using the photo-resist pattern as a mask, the
insulation film is patterned whereby only top portions of the probe patterns
15 are shown through apertures of the insulation film. ‘A rosin-core solder
and an eutectic solder are supplied onto the top portions of the probe
patterns 15. The supplied solders are then reflowed at a temperature of
230°C to form bumps 16. Surfaces of the bumps 16 are further-polished by
a thickness of 10 micrometers by a sand paper of #1000 to remove any
variation in height of the bumps 16 but form fine convex and concave on
the surfaces of the bumps 16. Nickel plating layers are further formed over
the polished surfaces of the bumps 16. Gold plating layers are furthermore
formed over the nickel plating layers. The nickel plating' layers have a
thickness of 3 micrometers. The gold plating layers have a thickness of 0.3
micrometers. |

With reference to FIG. 17D, an anode is electrically connected to
the filed body 23. A carbon cathode electrode is prepared. The substrate 11
is immersed in a diluted nitric acid and a voltage of 2V is applied across
the anode and cathode to cause the filled body 23 to be melted whereby the
filled body 23 is removed from the substrate 11. As a result, the resin films
14, the probe patterns 15, the surface insulation films 17 and the bumps 16
remain over the surfaces of the islands of the substrate 11 thereby a probe
card being formed. The probe card having been prepared has the probe
films 13 aligned in matrix and each of the probe films 13 has a pattern as
illustrated in FIG. 18.

As a modification of the above method of forming the probe card
may be made as illustrated in FIG. 19. It is possible to form probe films 13
comprising the resin films 14 and the probe patterns 15 formed on the resin
films 14 in a different process from the process illustrated in FIG. 17A.
The probe films 13 are aligned on the islands of the substrate 11. Probe

i
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probe-patterns as illustrated in FIG 15, the probing life tine of the
probe card is 100 thousands times or nore and a good connectivity is kept.
The following table 1 shows probe connectivity and probe life time when the
| ength of the probe and the height of the bunps are varied, wherein O
represents that all of the probes aregjcontacted with the el ectrodes of the
sem conduct or device, A represents that sonme of the probes are not

contacted w Eﬁttéﬂfé qlseqiré Of@iferedl {drethee tﬂx@ﬁ%ﬁuﬁbws d8vibse.an andsotfspicX
represents tughalQivs “RfitesVe $ A b Probe' PauEhRC 1S SR YedifRally
connected to the through holes 18.

A third embodiment according to the present invention will be
described with reference to FIGS. 20 and 21, wherein a novel probe cad is
provided. A substrate 11 has a bottom surface in which a concave portion’
12 is formed. The substrate may comprise a ceramic substrate 11. The
concave portion 12 is rectangular-shaped. A insulation resin film 14 is
formed, which extends on the bottom surface of the substrate 11 so that the
insulation resin film 14 extends under the concave portion 12 to form a
cavity defined between the concave portion and the insulation resin film 14.
Through holes 18 are formed in the substrate 11 and the insulation resin
film 14. Probe patterns 15 are provided, which extend on a bottom surface
of the insulation resin film 14. The probe patterns 15 also extend through
the through holes 18 so that ends of the probe patterns 15 are shown on the
top surface of the substrate 11. Interconnection patterns 19 are provided on
the top surface of the substrate 11 so that the interconnection patterns 19
are connected with the ends of the probe patterns 15. In the bottom view,

* the probe patterns 15 are s_traight-patterﬂed as illustrated in FIG. 21. The
probe patterns 15 are aligned on the bottom surface of the insulation resin
' film to make a plurality of pairs of the probe patterns 15 so that the tops of
the paired probe patterns 15 face to each other but are separated at a
distance. A’ plurality of the paired probe patterns 15 are aligned at a
constant pitch “f” so that adjacent pairs of the probe patterns 15 are
~ distanced from each other. A surface insulation resin film 17 is further
provided which extends on the bottom surfaces of the probe patterns 15
and on the bottom surface of the insulation resin film 14. Openings are
formed in the surface insulation resin film 17 so that the openings are
positioned under the top portions of the probe patterns 15 whereby the top
portions of the probe patterns 15 are shown through the openings. Bumps
16 are provided within the openings formed in the surface insulation resin
film 17 and on the top portions of the probe patterns 15. The height of the
bumps 16 is larger than a thickens of the surface insulation resin film 17 so
that the bumps 16 are protruded from the openings formed in the surface
insulation resin film 17. Further, slits 21 are provided in laminations of the
surface insulation resin film 17 and the insulation resin film 14 so that the
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sem conduct or devi ce.

Li f'e Time of Probe ([err] m ([err] m

(Times) 100 10 A 100 100

A 10 100 50 X 0 100
150 X 0 100 28 200 X

0 200 10 A 1000 200 ' 20
0

sfifi02? @tend between tiROadjacent pairs of tife probe patterns 18 along
the longitudinal direction of the robe patterns 15. Along the longitudinal
direction of the probe patterns 15, each of the slits 21 extends in opposite
directions from a center region defined between alignments of the bumps

16 provided at the top portions of the paired probe patterns 15, through

intermediate positions between the adjacent two on each the alignments of
the bumps 16 up to positions corresponding to the opposite edges of the
cavity so that the each slit 21 has the same length as the cavity. )

The cavity defined by the concave portion 12 of the substrate 11
and the insulation resin film 14 allows the laminations of the insulation
resin film 14, the probe patterns 15 and the surface insulation resin film 17
to be deformed into the cavity. Namely, the cavity provides large
flexibility to the laminations of the insulation resin film 14, the probe
patterns 15 and the surface insulation resin film 17. The slits 21 extending
between. the adjacent pairs of the probe patterns 15 allow each pair of the
probe patterns 15 to be deformed individually: and separately. A
combination of the cavity and the slits 21 allows the bumps 16 on the top
portions of the probe patterns 15 to have sufficiently large defamation
stroke whereby the bumps 16 may be made into securely contact with the
electrodes of the semiconductor device.

In this third embodiment, a distance between the top portions of the
paired probe patterns 15 is set at 200 micrometers. Namely, the distance
between the bumps 16 formed on the top portions of the paired probe
patterns 15 is 200 micrometers. An effective length “c” of each the probe
patterns 15 is defined to be a length of its part extending under the cavity
or the effective length “c” of each the probe patterns 15 is the length from
its position corresponding to the edge of the cavity to the top portion.
Since the paired probe patterns 15 under the cavity are symmetrical, the
length of the cavity or the width “a” of the concave portion 12 is 2 X ¢+200
micrometers. The length “h” of the slits 21 is equal to the length “c” of the
cavity. The height “e” of the bumps 16 is 50 micrometers. A diameter of
the bumps 16 is 90 micrometers. Plural pairs of the probe patterns 15 are
aligned in a pitch “f” of 120 micrometers. A thickness “b” of the probe
patterns 15 is 5 micrometers. A width “g” of each the probe patterns 15 is
80 micrometers. A length of each the probe patterns 15 is 1 millimeter. A
thickness “e” of the insulation resin film 14 is 10 micrometers. A size of
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ZDQ . 150 X 0 200 200

X g 0 1000 10 A 100000 1000
20 ) A 100000 1000 50 0
100000 1000 150 0 100000 1000.
200 [err] 10000 3000 10 [err]
100000 ‘3000 20 [% r] 100000 3000
50 : 0 0 : 0
100000 3000 thé.eﬂrbi)e cd is 15cm %9§8p.eflflﬁ% Brol.)e card has 1%%886 region in

: which probe patterns 15 are provided. A size of the probe region is 13cm

X13cm.

Under the above conditions, the followings were confirmed.

It was confirmed that if the above substrate 11 comprises a
substrate in which alumina interconnections are formed therein, then the
characteristics of the probe card remain unchanged. - _

It was further confirmed that if the above substrate 11 comprises a
substrate in which aluminum nitride interconnections are formed therein,
then the characteristics of the probe card remain unchanged.

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

It was further more confirmed that if the insulation resin film
comprises a film made of photo-sensitive benzocyclobutene, the probing
life time of the probe card is 100 thousands times or more and a good
connectivity is kept. The photo-sensitive benzocyclobutene film has a
lower film strength than the polyimide film. '

' It was still further confirmed that if the insulation resin film
comprises a film made of photo-sensitive epoxy, the probing life time of
the probe card is 100 thousands times or more and a good connectivity is
kept. The photo-sensitive epoxy film has a lower film strength than the
polyimide film.

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

It was also confirmed that if the probe card has a structure with
probe patterns of tapered top portions of 60 micrometers width as
illustrated in FIG. 16, the probing life time of the probe card is 100
thousands times or more and 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 flexibility.

It was also confirmed that if the probe card has a structure with
probe patterns comprising a copper film and a nickel film of 5 micrometers
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6000 - 10 - [err] 100000 6000 20

- [efr] 100000 6000 50 [err]

100000 6000 150 [err] 100000 6000

200 [err] 100000 Whereas nodifications of the
present invention will be apparent to_a person having ordinary skill in the

art, to which the invention pertains, 3t is to be understood that
enbodi ment s aplaib@ W dRedipRs tilheds Mudte@’in FIGD, the probing life time of
: the probe card is 100 thousands times or more and a good connectivity is
kept. As compared to the probe card free of tapered shape, the probe card
provided with the additional nickel plating film has a higher elastic force
with a larger deformation stroke and a higher flexibility.

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

It was also confirmed that if the probe card has a structure with
probe patterns as illustrated in FIG. 16B, the probing life time of the probe
card is 100 thousands times or more and a good connectivity is kept.

It was also confirmed that if the probe card has a structure with
probe patterns with stud bumps 16B as illustrated in FIG. 12, the probing
life time of the probe card is 100 thousands times or more and a good
connectivity is kept. ,

It was also confirmed that if the probe card has a structure with
probe patterns with stud bumps 16C as illustrated in FIG. 12, the probing
life time of the probe card is 100 thousands times or more and a good
connectivity is kept. S

It was also confirmed that if the probe card has a structure with
probe patterns as illustrated in FIG. 7, the probing life time of the probe
card is 100 thousands times or more and a good connectivity is kept.

| It was also confirmed that if the probe card has a structure with
probe patterns as illustrated in FIG. 8, the probing life time of the probe
card is 100 thousands times or more and a good connectivity is kept.

It was also confirmed that if the probe card has a structure with
probe patterns as illustrated in FIG. 14, the probing life time of the probe
card is 100 thousands times or more and a good connectivity is kept.

It was also confirmed that if the probe card has a structure with
probe patterns as illustrated in FIG. 15, the probing life time of the probe
card is 100 thousands times or more and a good connectivity is kept.

The following table 1 shows probe connectivity and probe life time
when the length of the probe and the height of the bumps are varied,

. wherein O represents that all of the probes are contacted with the
electrodes of the semiconductor device, A\ represents that some of the
probes are not contacted with the electrodes of the semiconductor device,
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‘iTlustrations are by no nmeans intended to be considered in a limting
~Accordingly, it is to be intended to cover by clains any
nodi fications of the present invention which fall within the spirit and

sense.

scope of the present invention.
card conprising: a substrate,;
extending on a first surface of

PR

33 What is clainmed is: 1.~ A probe
an insugfttion filmbeing flexible and

and Xrepresents that no probes are contacted with the electrodes of the
semiconductor device.

TABLE 1

Length of Probe Height of Bumps Connectivity Life Time of Probe

(4 _m) (4 m) (Times)
100 10 A 100
100 20 A 10
100 50 X 0
100 150 X 0
100 200 X 0
200 10 o\ 1000
200 20 O 100+
200 50 X 10
200 150 X 0
200 200 X 0
1000 10 A . 100000
1000 20 A 100000 '
1000 50 @) 100000
1000 150 O 100000
1000 . 200 A 10000
3000 10 A 100000
3000 20 A 100000
3000 50 A 100000
3000 150 @) ~ 100000
3000 200 A 100000
6000 10 A 100000

6000 20 A 100000
6000 50 A 100000
6000 150 A 100000
6000 200 A 100000

Whereas modifications of the present invention will be apparent to
a person having ordinary skill in the art, to which the invention pertains, it
is to be understood that embodiments as shown and described by way of
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sai d substrate, said insulation filmhaving a first surface in contact with
sai'd first surface of said substrate, to forma space region which is
defined between said first surface of said substrate and said first surface
of said insulation filmso as to allow part of said insulation filmto nove
into said space; and probe patterns extend on a second surface of said
insulation filmso that said probe patgherns. 2. The probe card as

claimed in cl ﬁiﬁ%atiq‘@ﬁ%@ iHSl x?@h‘i‘eah% riﬁ{etnm%llé&ftg%% &In's?@érgdﬁﬁ%sﬁ 'ﬁg '%?ﬁsé‘}
concave portian L.C sgga ates opposite side regrLqons of sai( FirT.st syrface
thereby to fof¥coEtiaghpdtds ﬂ%&eowtwﬁq%n%\&rmm@msaa% catens &4 and
said first suthepreseht hivehtionswihich €ull Wwithin tBe spiriffaed geope of ahd prssaitai ned
_in claim 2, Wﬂ%ﬂﬁhﬂnfaid concave portion '
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i $ rectangul ar - shaped. 4. The probe card as clainmed in claim?2, wherein
sai d contave portion is arch-shaped. 5. The probe card as clai med I n

claim?2, wherein said insulation filmhas a side edge—pﬁﬁﬁ—eﬁ—wcrl—eh—l—s

p03|t|oned in the vicinity of a center of said conc n of sa
substrate so that said side edge portion of said |2E!ﬂﬂ&l &H l”
| ar ge novabl e stroke. 6. The probe card as cl ai ereln_

said probe patterns have top portions $bsitioned in the vici nlty of said
si de edge portion of s,ald nsulation film 7. The probe card as cl ai ned
in_claimé, \AMS@HS claimed &% porti ons of

1. A probe card comprising :

a substrate ;

an insulation film being flexible and extending on a first surface of
said substrate, said insulation film having a first surface in contact with
said first surface of said substrate, to form a space region which is defined
between said first surface of said substrate and said first surface of said
insulation film so as to allow part of said insulation film to move into said
space ; and

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

2. The probe card as claimed in claim 1, wherein said first surface of
said substrate has a concave portion which separates opposite side regions
of said first surface thereby to form said space region defined between said
concave portion and said first surface of said insulation film.

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

4. The."probe' card as claimed in claim 2, wherein said concave portion
is arch-shaped. .

5. The probe card as claimed in claim 2, wherein said insulation film
has a side edge portion which is positioned in the vicinity of a center of
said concave portion of said substrate so that said side edge portion of said
insulation film has a large movable stroke.

6. The probe card as claimed in claim 5, wherein said probe patterns
have top portions positioned in the vicinity of said side edge portion of
said

insulation film.

7. The probe card as claimed in claim 6, wherein said top portions of
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34 sai-d probe patterns are tapered. 8. The probe card as clained in
claim6; wherein bunps are provided at said top portions of said probe

patterns. 9. The probe card as clained in clain h ;@i bunps
are ball bunps.. 10. The probe card as cl ai med |:T| C!l ilmu“;ﬂ I‘u sai d
bunmps are stud bunps. 11. The probe3iard as claimedantclainmg,*wherein

sai d bunps are
said probe patterns are tapered.

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

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

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

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

12.  The probe card as claimed in claim 6, wherein 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 patterns 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, 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.

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

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




sel ective plating bunps. 12. The probe card-as cl airred In claimé,
wher ei n *sai d probe patterns- have a unchanged wi dt h, The probe card as
claimed in claim 5, further conprising condjﬂlﬂ"ﬁuﬂ“mﬁ"ﬂmﬂgt ivel y
provided on said probe patterns to increase | am nati ons
of said insulation film said probe patterns and sai‘d BonYuctive filns. 14.
The probe card as clainmed in claim5, further conprising a plurality of
slits formed in said insulation film &8 opp05|te si des of each of said

pr obe pattern and ten i,n a.longktudi na ction . f sai d

patterns so t © Bf° q%%ﬁgﬂdp"}so‘blél g‘?t‘%ﬂ‘?éml E@“ﬂg FrEp 5 tQPchngBgé)?l on
filmis i ndepssndq)robgzpaﬁems aa'eftapemeddj acent one of said probe patterns.

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

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

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

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

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

PR -
et

i

23. The probe card as claimed in claim 15, further 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.

24. The probe card as claimed in claim 15, 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 over both said paired probe patterns so that each of said paired
probe patterns laminated on said insulation film are independently
movable from adjacent pairs of said probe patterns.

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

o S RSB 70 Rl A

429 ACEMENT aﬂm
17 MAY 1997




15. The probe card as clainmed in claim?2, wherein said insulation film

ext’ends «over said concave portion and said opposite side regi ons so that a
center portion of said insulation filmhas a |ar
The probe card as claimed in claim 15, wher ei n sai d
provided to make pairs so that said paired probe W@W n a Irne
and sai d paired probe patterns have t o} portions ch ot her and

separ at ed fror@ﬁ@a‘iﬂ&ﬁiﬂ%ﬁ e 3%fﬁser regi on of :sai d [ nsul ation film

17. The probe car In ¢laim 16, wherein said top portions of

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

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

a first portion 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 toward a
side edge of said insulation film. '

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

29.  The probe card as claimed in claim 27, wherein said insulation film
is bent at a boundary between said first and second portions so that a
surface of said second portion of said insulation film is tilted from said
first surface of said substrate.

30.  The probe card as claimed in claim 27, wherein said probe patterns
have top portions 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 patterns are tapered.

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

33.  The probe card as claimed in claim 27, further comprising
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Said probe patterns are tapered. 18. The probe card as clTainmed 1n claim

16, wherein bunps are provided at said top portions | tterns.
19. . The probe card as clained in claim18, wherei lﬂgmmllﬂmaﬁumball
bunmps. 20. The probe card as clainmed in claim18, efeln gsal Mnps are
stud bunps. 21. The probe card as cipinmed in claim 18, wherein said bunps

are selective plating bunps. 22. The probe card as clainmed in claiml6,
wherei n sai d gyphRtReUIMEIOaKR] Iﬂf@?i@éﬂ%ﬂsdiﬂq;rﬂbe PatternsTREINRESHRR A d as
clainmed in C|61IFEL %5 flfl’thel’ co fSI.Hq . . .
: elastic force of laminations of Said insulation film, said probe patterns and
said conductive films. '

34, The probe card as claimed in claim 27, 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.

35. The probe card as claimed in claim 27, further comprising an
additional insulation film provided to cover said probe patterns to increase
an elastic force of laminations of said insulation film, said probe patterns
and said additional insulation film. :

36. 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 $econd surface 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 first surface in contact with said first surface of
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 move into said space in a
large movable stroke ; and ‘

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 longitudinal direction of said probe patterns, top portions of said
probe patterns making a pair facing to each other but being spaced by an
intermediate region of said insulation film, said intermediate region being.
positioned in the vicinity of a center of said cavity.

37. The probe card as claimed in ‘claim 36, wherein said concave

e

{REPLACEMENT SHEET|

{ 17 MAY 1997

W Dy ]




conductive filnms selectively provided on said probe patterns to increase an
el astic force of lam nations of said insulation film said probe patterns
and said conductive filns. 24. The probe card as clainmed in-claiml1l5,

further conprising a plurality of slits forned lm n film at
opposite sides of each of said probe patterns a““lm“mmnﬁ ﬂﬂm

| ongi tudi nal direction of said probe p¥#tterns ovér both dai d p&ired probe
patterns so t . ' ' probe patterns | am nated on said
insulation fil gggq?ﬁé;éetﬁég@gﬁgﬁéﬁ%gvabl e from adjacent pairs of said probe
patterns. 25. The probe card as claimed in claim16, further conprising a
slit formed irBgai dThet piotdicai® dscoladmetf irf dl4im 36} Whefeinf sdith beheRRN

ls'g!ngi Fﬁldirﬁgl prﬁ)ot}g\iogal&ta%hrlghgp%%.ext ending in a vertical direction to a

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

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

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

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

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

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

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

45. The probe card as claimed in claim 36, further 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.

46.  The probe card as claimed in claim 36, 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.
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di rectsion of said probe patterns so that one of said paired probe patterns

lafnated on said insulation filmis independently mpvablefromanother 1
7TNVAY 1997 of said paired probe patterns. 26. The probe card as cl ai med

in claim 15, further conprising an additional. ummml“mw rovi ded to
cover said probe patterns to increase an el astii ’ gations of
said insulation film said probe patterns and sai'd &ddt ti'onal 1nsul ation
film 27. The probe card as clainmed3on claiml1, wherein said insulation
film

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

48. The probe card as claimed in claim 36, further comprising an

“additional insulation film provided to cover said probe patterns to increase
an elastic force of laminations of said insulation film, said probe patterns
and said additional insulation film.

49. 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 surface
of said substrate, said insulation film having a first surface in contact with
said first surface of said substrate, said insulation film having a side edge
portion which is positioned in the vicinity of a center of said concave
portion 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 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 having top portions positioned in the vicinity of a center of
said concave portion of said substrate.

PN
Cnnges

50. The probe card as claimed in claim 49, wherein said 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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conprises: a first portion which is in contact with said first surface of
sai'd substrate; and a second portion which is distanced fromsaid first
surface of said substrate so that a di stance between Said second portion of
said insulation filmand said first surface of sai b amadual |y
increased toward a side edge of said iggsul ation fliﬂuﬂignyﬁ“m’mlﬁe card
as clainmed in claim 27, wherein said second portio 3 snsulation film
is arched. 29¢.; | ai med in claim?27, wherein said.

i nsul ation fi Isarlr%dl éﬂbg)gﬁ{a?%?ngé‘%g&ﬁgrgrﬂy bet ween said first and second
portions so that a surface of said second portion of said insulation film
I's tilted frod3sai dThe probe card as claimed in claim 49, wherein bumps are provided

at said top portions of said probe patterns.

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

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

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

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

58. The probe card as claimed in claim 49, further 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. :

59. The probe card as claimed in claim 49, further comprising a
plurality of slits formed in said insulation film at opposite sides of each of
said probe patterns and extending in a longitudinal direction of said probe
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 probe patterns to increase
an elastic force of laminations of said insulation film, said probe patterns
and said additional insulation film.

61. A probe card comprising :

a substrate having first and second flat surfaces ;
an insulation film being flexible and comprising a first portion
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fi'rst surface of said substrate. 30.  The pro{9@~<§‘5111Lﬁ5wt_ihn claim
27,  wher®in sai d probe patterns have top portions positioned in

vicinity of said side edge portion of said insul ﬁﬂwmu"nl - The probe
card as clained in claim30, wherein said top p Jmi obe
patterns are tapered. 32. The probe gard as cl ai msd Fn %l & m*30 wherein
sai d probe patterns have a unchanged w dth. 33. The probe card as cl ai ned

inclaim 27, $HERT incceomateWith 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 toward a side edge of said
insulation film, said insulation film having a first surface and said first
surface of said first portion of said insulation film being in contact with
said first surface of said substrate ; and _

a plurality of probe patterns provided on a second surface of said
insulation film and aligned in 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 arched.

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

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

insulation film.

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

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

67. The probe card as claimed in claim 61, further comprising
conductive films selectively provided on said probe patterns to increase an
elastic force of laminations of said 1nsu1at1on film, said probe patterns and
said conductive films.

68.  The probe card as claimed in claim 61, further comprising a
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37 conductive films selectively provided on sai - i ncrease
an el astic force of |am nations of said insulati. be '
patterns and said conductive filnms. 34. The pr 'H'Immu "mlﬂiﬂ‘ed in
claim 27, further conprising a pluralgpty of sli orme W NsSak

I nsul atlon filmat opposite sides of each of said probe patterns and
extending in a longitudinal direction of said probe patterns so that each

of said probe lgﬁﬁh@f Bf;slht%rfo?ﬁ\%ﬁqS%ﬁ Ml Fighl £ Wgﬁﬁdsi@el s'idwef‘esé%ft ly

bl f t be. atte a
ol aimed .EOQ Sl Brobe pafere and esinding 104 lonaitudine) direconal SO prohs

provided to cp&lﬁernsasodthntod:aehpaf Samdnpratm patteresdeminated on said insulation
film is independently movable from adjacent one of said probe patterns.

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

70. A probe card comprising :

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

an insulation film being flexible and extending on sa1d first surface
comprising said concave portion and said opposite side regions, said
insulation film having a first surface in contact with said first surface of
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 move 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 longitudinal direction of said probe patterns, top portions of said
probe patterns making a pair facing to each other but being spaced by an
intermediate region of said insulation film, said intermediate region being
positioned in the vicinity of a center of said cavity ;

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

bumps provided on said top portions of said probe patterns.
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an elastic force of lam nations of said insulatio

pa‘ttern‘s and said additional insulation film 3 card
conprising: a substrate having first and second @!’Fﬁl m i rst
surface having a concave portion which separateS*op eglons of
said first surface whilst said second gurface being flat; an i nsul at i on
filmbeing flexible and extending on said first surface conprising said

concave portipn anghg ﬁ;tbx‘ébel%&?& las @1 fintk frﬁ@l‘aﬁﬁsm w&eiﬁ@ Slaﬁr’oﬂe tﬁdtiemaw ng

f f t t
ot cavt { AEAYRHERIGE o Mikd DR Riscleg e OESod ThARiOn TR s

sub;trate anq Sf'il d fi r;t surface of salq i nsul fatlon fil m to allow a center
region of saiphi “S‘I‘lﬁtm‘éﬁefda}&”ak%lﬂﬁi% in"¢19in% F0d wik2ER d4id fop portions of

said probe patterns are tapered.

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

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 sa1d bumps are
selective plating bumps.

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

B 77. The probe card as claimed in claim 70, further 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.

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 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.

79.  The probe card as claimed in claim 70, 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 paired
probe patterns laminated on said insulation film is independently movable
from another of said paired probe patterns.

B
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| arge movabl e stroke; and a plurality of pairs of probe—patterns provided
~on a second surface of said insulation film and:alj ' arallel to each
other at a constant pitch in a vertical direction E I
direction of said probe patterns, said probe patternsec 3 r being
aligned on a line parallel to said |ongitudinal direction of sail probe
patterns, top portions of said probe pHtterns making a pair facing to each
other but bel ip.SPaqRE PO cafd HsBRARA (i UAh 70, SRirtherNothplishil fanl M
sai d internedi %te°r1§aﬂl'o el ng.. 03|t|@2§ In the ylélf??’”é}/ of a center of
sai d cavity. gaditiondidnypighon dilng pRAVided;iheqven seidprebseraticres 1 arsase
concave an elastic force of laminations of said insulation film, said probe patterns
and said additional insulation film.

81. 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 surface
.of said substrate, said insulation film having a first surface in contact with
said first surface of said substrate, said insulation film having a side edge
portion which is positioned in the vicinity of a center of said concave
portion of said substrate so that said side edge portion of said insulation
film has a large movable stroke ;
at least a contact hole formed in said substrate and said insulation
film ; ' _ L
a plurality of probe patterns provided on a second surface of said
insulation film and aligned in parallel to each other at a constarit pitch in a
vertical direction to a longitudinal direction of said probe patterns, said
probe patterns having top portions positioned in the vicinity of a center of
said concave portion of said substrate ;

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

bumps provided on said top portions of said probe patterns.

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

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

84. - The probe card as claimed in claim 81, wherein said bumps are stud
bumps. '

-
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38 portion is rectangul ar-shaped. 38. The probe ‘card as clained in claim
36, wher®ein said concave portion is arch-shaped. 3ﬂl|| Wmnuwmﬂrd as
claimed in claim36, wherein said probe patterns‘'a sai d
internedi ate region of said insulation film 40, he® pr'obé' card’as
clainmed in-claim36, wherein said top gortions of sal d probe patterns are

tapered. 41. The probe card as -clainmed in claim4l, wherein bunps are
provided at sgsd tOH‘hB%I*db@“éarﬁf assalzﬁniéaOﬁle &%ﬁfbsp whetéin saill"BuRipaPgrecar d
as clai rred in Ciectlve p]latmg%re' n said bunps ar

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

87. The probe card as claimed in claim 81, further 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.

88.  The probe card as claimed in claim 81, 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.

89.  The probe card as claimed in claim 81, further comprising an

! additional insulation film provided to cover $aid probe patterns to increase
an elastic force of laminations of said insulation film, said probe patterns
and said additional insulation film.

90. A pf'obe card comprising :

a substrate having first and second flat surfaces ;

an insulation film being flexible and comprising a first portion .
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 toward a side edge of said
insulation film, said insulation film having a first surface and said first
surface of said first portion of said insulation film being in contact with
said first surface of said substrate ;
at least a contact hole formed in said substrate and said insulation
film ; '

a plurality of probe patterns provided on a second surface of said
insulation film and aligned in parallel to each other at a constant pitch in a
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bunps. *42. The probe card as clained in clai m4t,—wherein said . bunps are
st ud ‘bunps. 43. The probe card as clained in Clﬂi m 41, wherein said bunps

are selective plating bunps. 44. The probe card HluLmI,Hmtﬂm” 1 ai m 36,
. ar Write card as

wherein said probe patterns have a unchanged wi dt
claimed in claim 36, further conpri si#g conductive filns selectively
provi ded on said probe patterns to increase an elastic force of |am nations

-of said insul ykjteehl ditedtiofnab% PhERAdRRA diebfion ¥ saR ﬁr&é&?&lférhy? films. 46.
The probe card as Celltalleggtdaﬁ ?nt%}c%nrﬂe%talbnfplf(r)\tm}hee{i on Shid Seconid Surface of said
substrate and said interconnection being connected through said contact
hole to at least one of said probe patterns ; and

bumps provided on said top portions of said probe patterns.

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

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

93.  The probe card as claimed in claim 90, wherein séid probe patterns
have top portions positioned in the vicinity of said side edge portion of
said '

insulation film.
i

94. The probé card as claimed in claim 93, wherein 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 as claimed in claim 90, further 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. '

97.  The probe card as claimed in claim 90, 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.
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pl-ur al ity of

slits formed in said insulation filmat opposite sides of each

of said probe patterns and extending in a longitudinal direction of said
probe patterns so that each of said probe patte“lﬁﬂmm"mmlﬂlusal d
insulation filmis independently novable fro i d probe

patterns.

conprising a
filmbetween
direction to
of said paire

39 47. The probe card 438 cl ai med fn ©l i m"365 farther
slit fornmed in said internediate region of said insulation

88 d MRy @ﬁ’oli% Qaed PR (chiiffed gl a&fngngb ”%\r‘tﬁbxf t%giriw\sfféiﬁgt L one
%fdlﬁongln ﬂlsui"actiiorr]la%llm prrce)\crlde%nto cover sail fn(r)o a?tterns to Increase

an elastic force of laminations of said insulation film, said probe patterns

‘and said additional insulation film.

99. A method of forming a probe card comprising the steps of :

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

filling said grooves with a filling material ; .

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

applying a photo-sensitive resin film on sa1d leveled upper surfaces
of said filling material and said islands of said substrate ;
, patterning said photo-sensitive resin film by photo-lithography to
form insulation films extending over said islands and said filling matenal
but only on peripheral regions of said islands ;

forming conductive probe patterns on said insulation films by a lift-
off method ; and

removal of said filling material.

100. A method of forming a probe card comprising the step of adhering
insulation films, on which conductive probe patterns having been formed,
onto islands defined by grooves having been formed in a substrate,
wherein said insulation films extend over said islands and peripheral
regions of said islands.
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probe: patterns lam nated on said insulation filmis independently novabl e
from ‘amot her of said paired probe patterns. 48. The probe card as cl ai ned
in claim36, further conprising an additional insulation filmprovided to
cover said probe patterns to increase an elastic force of |am nations of
said insulation film said probe patterns and said additional insulation
film 49. A probe card conprising: a substrate having first and second
surfaces, said first surface having a ggicave portion which separates
opposite side regions of said first surface whilst said second surface
being flat; an insulation filmbeing flexible and extending on said fist
surface of said substrate, said insulation filmhaving a first surface in
contact with

PROBE CARD AND METHOD OF FORMING THE SAME
ABSTRACT

A probe card comprises the following elements. An insulation film (14) is
provided which is flexible and extends on a first surface of a substrate (11). The
insulation film (11) has a first surface in contact with the first surface of the substrate
(11), to form a space region which is defined between the first surface of the substrate
(11) and the first surface of the insulation film (14) so as to allow part of the insulation
film (14) to move into the space. Probe patterns (15) extend on a second surface of the
insulation film (14) so that the probe patterns (15).

Fig. 3
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said first-surface of said substrate, said insulation film having a side
eflge portion which is positioned in the vicinity of a center of said
concave portion of said substrate so that said side edge portion of said
i hsulation filmhas a | arge novabl e stroke ; and a plurality of probe
patterns provided on a second surface of said insulation filmand aligned
in parallel to each other at a constant pitch in a vertical direction to a
| ongi tudi nal direction of said probe pati ofong, sai d probe patterns having
top portions positioned in the vicinity of a center of said concave portion
of said substrate. 50. The probe card as clained in claim49, wherein
sai d concave portion %% rect angul ar - shaped. 51. The probe card as cl ai ned
in claim49, wherein i i «@ncav

£ PRIOR ARrRT
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~31: tungsten pin 3.
33 : holder’ - Supporter
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portion is arch-shaped. 52. The probe card as clainmed in claimA49,
wherein said top portions of REPLACEMENT SHEET 17 MAY 1997 sai d probe
patterns are tapered. 53. The probe card as clainmed in claim49, wherein
bunps are provided at said top portions of said probe patterns. 54. The
probe card as clained in claimb53, wherein said bunps are ball bunps.

2/24
FIG. 2 PRIOR ART
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4] : tﬁngsten pin 42 : probe interconnection
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55, The probe card as clainmed in claimb53, wherein said bunps are stud

bunps. 56. The probe card as clainmed in claim53, wherein said bunps are
sel ective plating bunps. 57. The probe card as clainmed in claimA49,
wherein said probe patterns have a unchanged w dth. 58. The probe card as

. claimed in claim 49, further conprising conductive filns selectively

|

provi ded on said probe patterns to increase an elastic force of |am nations
of said insulation film said probe pgitefns and said conductive filns. 59.
The probe card as clainmed in claim49, further conprising a plurality of
slits fornmed in said insulation filmat opposite sides of each of

FIG., 3
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11 : substrate 12 : concave portion
13 : probe film - 14 : resin film

15 : conductive film 16 : bumps

17 : insulation resin film 18 : through hole

19 : interconnection pattern
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sai d probe patterns and extending in a |longitudinal direction of said probe
patterns so that each of said probe patterns |am nated on said insul ation
filmis independently novabl e from adj acent one of said probe patterns. 60.
The probe card as clainmed in claim49, further conprising an additional
insulation filmprovided to cover said probe patterns to increase an
elastic force of lamnations of said insulation film said probe patterns
and said additional insulation film 64, A probe card conprising: a
substrate having first and second flat surtaces; an insulation film being
flexible and conprising a first portion '
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TPLACEMENT SHEET
17 MAY 1997

L v e



41 which is in contact with said first surface of said substrate, and a
second portion which is distanced fromsaid first surface of said substrate
so that a distance between said second portion of said insulation filmand
said first surface of said substrate is gradually increased toward a side
edge of said insulation film said insulation filmhaving a first surface
and said first surface of said first portion of said insulation film being
in contact with said first surface of5&€&4 substrate ; and a plurality of
probe patterns provided on a second surface of said insulation film and
aligned in parallel to each other at a constant pitch in a vertical
direction to a longitudinal direction of said probe patterns.

FIG. S5
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62. The probe card as clained in claim6l, wherein said second portion of
said insulation filmis arched. 63. The probe card as clained in claim
61, wherein said insulation filmis bent at a boundary between said first
and second portions so that a surface of said second portion of said
insulation filmis tilted fromsaid first surface of said substrate. 64.
The probe card as clainmed in claim®6l, wherein said probe patterns have top
portions positioned in the vicinity ofg 8aiqd side edge portion of said
~insulation film 65. The probe card as clained in claim64, wherein said
' top portions of said probe patterns are tapered.

FI1G., &6
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66. The probe card as clained in claim64, wherein said probe patterns
have a unchanged w dth. 67. The probe card as clained in claim 61,
further conprising conductive filnms selectively provided on said probe
patterns to increase an elastic force of |am nations of said insulation
film said probe patterns and said conductive filns. 68. The probe card
as claimed in claim 61, further conprising a 42 plurality of slits
formed in said insulation film at oppqg}@q:sides of each of
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sdi d pr.obe patterns and extending in a |longitudinal direction of said probe
patterns so that each of said probe patterns | am nated on said insul ation
filmis independently novabl e from adj acent one of said probe patterns. 69.
The probe card as clained in claim6l, further conprising an additional
insulation filmprovided to cover said probe patterns to increase an
elastic force of lamnations of said insulation film said probe patterns
and said additional insulation film 70,94 A probe card conprising: a
substrate having first and second surfaces, said first surface having a
concave portion which separates opposite S|de regions of said first surface
whi | st sai d second surface being flat; an insulation filmbeing flexible
and extending on said first surfaqg, e s

'IIIIIIIA Ak

NN
11
r/llll_lﬂo,l\\

'IIIIIII A LLLERNN
'III Ill ’/\ 14
’1114.'{(1._’4

IIIIIIA";:‘

~— o anm

15 \\\(’IIIIII'/I\
IIIIIII o;h
\.'””z!_{e}_

llllllllﬁ

N

11 : substrate
14 : insulation resin film

15 : conductive film 16 : bumps
| 21 : slit
\REPLACEMENT SHEET

17 MAY 1997

e o O REV R R TOAS S e



conpri sing said concave portion and said opposite side regions, said
insulation filmhaving a first surface in contact with said first surface
of said substrate, to forma cavity which is defined between said concave
portion of said substrate and said first surface of said insulation filmto
allow a center region of said insulation filmto nove into said space in a
| arge novabl e stroke; at |east a contact hole fornmed in said substrate and
said insulation film a plurality of gfﬁxs of probe patterns provided on a
second surface of said insulation fil aﬁﬂ4aligned in parallel to each
other at a constant pitch in a vertical direction to a |ongitudinal
direction of said probe patterns, said probe patterns making a pair being
aligned on a line parall el
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to said longitudinal direction of said probe patterns, top portions of said
probe patterns making a pair facing to each other but being spaced by an
internmediate region of said insulation film said internediate regi on being
positioned in the vicinity of a center of said cavity; at |east an

i nterconnection provided on said second surface of said substrate and said
i nterconnection being connected through said contact hole to at | east one
of said probe patterns; and bunps proy ged, gn said top portions of said
probe patterns. 43
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7%, The probe card as clainmed in claim70, wherein said probe patterns
are symmetrical to said internediate region of said insulation film 72.
The probe card as clainmed in claim70, wherein said top portions of said
probe patterns are tapered. 73. The probe card as clainmed in claim?70,
wherein said bunps are ball bunps. 74. The probe card as clainmed in claim
70, wherein said bunps are stud bunps. 75. The probe card as clained in
claim 70, wherein said bunps are seleq?i/gzglatlng bunps. 76. The probe
card as clained in claim70, wherein sard probe patterns have a unchanged

wi dt h.
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77. Fhe probe card as clainmed in claim 70, further conprising conductive
films selectively provided on said probe patterns to increase an elastic
force of lam nations of said insulation film said probe patterns and said
conductive filns. 78. The probe card. as clainmed in claim 70, further
conprising a plurality of slits formed in said insulation film at opposite
sides of each of said probe patterns and extending in a |ongitudinal
direction of said probe patterns so thf?/ﬁg%h of said probe patterns

| am nated on said insulation filmis indépéendently novable from adj acent
one of said probe patterns. 79. The probe card as clained in claim?70,
further conprising a slit forned in said internediate region of said
insulation filmbetween said pair rohe patterns and extending in said
vertical direction to said ﬁﬂP?B ]t-z

14 15 18
11 : substrate 12 : concave portion
14 : insulation resin film 15 : conductive film
16B : bumps '
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Jongitudinal direction of said probe patterns so that one of said paired
probe patterns lam nated on said insulation filmis independently novabl e
from anot her of said paired probe patterns. 44 80. The probe card as
claimed in claim 70, further conprising an additional insulation film
provi ded to cover said probe patterns to increase an elastic force of

| am nations of said insulation film said probe patterns and said

addi tional insulation film 81. A pgobegcard conprising:
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a substrate having first and second surfaces, said first surface having a
concave portion which separates opposite side regions of said first surface
whi | st said second surface being flat; an insulation filmbeing flexible
and extending on said fist surface of said substrate, said insulation film
having a first surface in contact wwth said first surface of said
substrate, said insulation filmhaving a side edge portion which is
positioned in the vicinity of a center ofl 4af2i4concave portion of said
substrate so that said side edge portion of said insulation filmhas a

| arge novabl e stroke; at |east a contact hole fornmed in said substrate and
said insulation film a plurality of probe patterns provided on a second
surface of said FIra. 1 4

15C 14'

11: Substrate
15C: conductive film 14 insulation resin film

REPLACEMENT SHEET|
17 MAY 1997

Lol Wollagn Jrddh M e



i disul'ation filmand aligned in parallel to each other at a constant pitch
in a vertical direction to a longitudinal direction of said probe patterns,
sai d probe.patterns having top portions positioned in the vicinity of a
center. of said concave portion of said substrate; at |east an
i nterconnection provided on said second surface of said substrate and said
i nterconnection being connected through said contact hole to at | east one
of said probe patterns ; and bunps pravidedidon said top portions of said
probe patterns. 82. The probe card as clainmed in claim81l, wherein said
- top portions of said probe patterns are tapered. 83. The probe card as

“ claimed in claim8l, wherein said bunps are ball bunps.

FIG. 15
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84... ,The probe card as clainmed in claim8l, wherein said bunps are stud
bunps. .45 85, The probe card as clained in claim81, wherein said
bunps are selective plating bunps. 86. . The probe card as clainmed in claim
81, wherein said probe patterns have a unchanged w dth. 87. The probe
card as clainmed in claim 81, further conprising conductive filns

sel ectively provided on said probe patterns to increase an
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el astic force of lam nations of said insulation film said probe patterns
and said conductive filns. 88. The probe card as clained in claim 81,
further conprising a plurality of slits fornmed in said insulation film at
opposite sides of each of said probe patterns and extending in a

| ongi tudi nal direction of said probe patterns so that each of said probe
patterns lam nated on said insulation filmis independently novable from
adj acent one of said probe patterns. 89./24The probe card as claimed in
claim 81, further conprising an additional insulation filmprovided to
cover said probe patterns to increase an elastic force of |am nations of
said insulation film said probe patterns and said additional insulation

film 90. A probe card conprpgiqp:c; 1 7 A

11 : substrate 12 : concave portion
18 : interconnection




a substrate having first and second flat surfaces; an insulation film being
flexible and conprising a first portion 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 di stance between said second
portion of said insulation filmand said first surface of said substrate is
gradual ly increased toward a side edge of said insulation film said
insulation filmhaving a first surfacq @pg gaid first surface of said first
portion of said insulation filmbeing in contact with said first surface of
said substrate; at |least a contact hole forned in said substrate and said
insulation film a plurality of probe patterns provided on a second surface

of said FI1G. 178B
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imswl ation filmand aligned in parallel to each other at a constant pitch
in a 46 vertical direction to a longitudinal direction of said probe
patterns; at |east an interconnection provided on said second surface of
sai d substrate and said interconnection: being connected through said
contact hole to at |east one of said probe patterns ; and bunps provi ded on
said top portions of said probe patterns. 91. The probe card as cl ai ned
in claim90, wherein said second portigpi 0% 4said insulation filmis arched.

FIG. 17C
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92.r+ The probe card as clainmed in claim90, 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 filmis tilted fromsaid

first surface of said substrate. 93.

The probe card as clainmed in claim

90, wherein said probe patterns have top portions positioned in the
vicinity of said side edge portion of said insulation film 94.

The probe

card as clainmed in claim93, wherein saipgbd gp portions of said probe

patterns are tapered. 95.
sai d probe patterns have a unchanged w dth.

FIG. 17D
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96.-+ _The probe card as clainmed in claim 90, further conprising conductive
films selectively provided on said probe patterns to increase an elastic
force of lam nations of said insulation film said probe patterns and said
conductive filnms. 97. The probe card as clained in claim 90, further
conprising a plurality of slits formed in said insulation film at opposite
sides of each of said probe patterns and extending in a |ongitudinal
direction of said probe patterns so thaj h of said probe patterns

| am nated on. said insulation filmis independently novabl e from adj acent
one of said probe patterns. .
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98. <
addi ti onal

The probe card as clained in claim90,
i nsulation film provided to cover said probe patterns to

further conprising an

i ncrease an elastic force of 'l amnations of said insulation film said

probe patterns and said additional

form ng a probe card conprising the steps of:

insulation film 99. A met hod of
form ng grooves in a

substrate to define islands of said substrate separated from each ot her by
said grooves; filling said grooves wWitha bigling material; leveling an
upper surface of said filling material to top surfaces of said islands of

sai d substrate;
surfaces of said filling nmateri al

F

appl ying a photo-sensitive resin filmon said | evel ed upper

and said islands of said substrate;
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pattserni ng said photo-sensitive resin filmby photo-lithography to form

I nsulation filnms extending over said islands and said filling material but

only on peripheral regions of said islands; form ng conductive probe

patterns on said insulation filnms by a lift- off nethod; and renoval of

said filling material. 100. A nethod of form ng a probe card conprising
the step of adhering insulation films, on which conductive probe patterns

~ having been formed, onto islands definegl Ay grooves having been forned in a

substrate, wherein said insulation fI|ﬂS ext end over sald i sl ands and

perlpheral regions of said islands.

FIG. 20
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