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FIG. 2A

(57) Abstract: A probe card (20) of a testing apparatus of electronic devices comprises a testing head (21), which houses a plurality
of contact elements (22) extending along a longitudinal axis (H-H) between a first end portion (24A) and a second end portion (24B),
a support plate (23), onto which said first end portion (24A) is adapted to abut, and a flexible membrane (25). Suitably, the testing
head (21) is arranged between the support plate (23) and a first portion (25A) of the flexible membrane (25), which is connected to
the support plate (23) through a second portion (25B) thereof, the probe card (20) further comprising a plurality of contact tips (27)
arranged on a first face (F1) of the flexible membrane (25) at the first portion (25A) thereof, the second end portion (24B) of each
contact element (22) being apt to abut onto a second face (F2) of the flexible membrane (25), opposite to the first face (F1), the number
and distribution of the contact elements (22) being different to the number and distribution of the contact tips (27).
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Title: Probe card for high-frequency applications

DESCRIPTION
Technical Field
The present invention refers to a probe card for testing electronic

devices that are integrated on a semiconductor wafer.

More particularly, the present invention refers to a probe card
comprising a testing head, which houses a plurality of contact elements
extending along a longitudinal axis between a first end portion and a
second end portion, and a support plate which said first end portion is
adapted to abut onto.

The following disclosure is made referring to this field of application
with the sole aim of simplifying the presentation thereof.

Background Art

As it is well known, a testing card, also known as probe card, is
essentially a device adapted to electrically connect a plurality of contact
pads of a microstructure, in particular an electronic device that is
integrated on a semiconductor wafer, with corresponding channels of a
testing apparatus that performs the functionality testing, in particular
electric, thereof, or the test, generically.

The test, which is performed on integrated devices, is particularly
useful in detecting and isolating defective circuits as early as in the
production phase. Normally probe cards are therefore employed for the
electric test of devices that are integrated on wafers before cutting and
assembling them inside a chip containment package.

A probe card comprises a testing head, which essentially includes in
turn a plurality of movable contact probes retained by at least one pair of
supports or guides that are substantially plate-shaped and parallel to
each other. Said plate-shaped supports are provided with suitable holes
and are arranged at a certain distance from each other in order to leave
a free space or air gap for the movement and possible deformation of the
contact probes, which are usually made of wires of special alloys with
good electric and mechanical properties.

In particular, figure 1 schematically illustrates a probe card 15
including a testing head 1 comprising in turn at least one plate-shaped
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support or upper guide 2, usually indicated as “upper die”, and a plate-
shaped support or lower guide 3, usually indicated as “lower die”, having
respective guide holes 4 and 5 which a plurality of contact probes 6 slides
within.

Each contact probe 6 ends at an end with a contact tip 7 intended
to abut onto a contact pad 8 of a device under test that is integrated on
a wafer 9, so as to realize the mechanical and electric contact between
said device under test and a testing apparatus (not shown), which said
probe card forms an end element of.

As indicated in figure 1, the upper die 2 and the lower die 3 are
suitably spaced by an air gap 10 that allows the deformation of the
contact probes 6.

Good connection between the contact probes 6 and the contact pads
8 of the device under test is ensured by the pressure of the testing head
1 on the device itself, the contact probes 6, mobile within the guide holes
realized on the guides, undergoing, during said pressing contact, a
bending inside the air gap 10 and a sliding inside said guide holes.
Testing heads of this type are commonly called testing heads with vertical
probes and indicated with the English term: "vertical probe head".

In some cases, the contact probes are fixedly fastened to the head
itself at the upper plate-shaped support: such testing heads are referred
to as blocked testing heads.

More frequently, however, testing heads are used with not fixedly
fastened blocked probes, but held interfaced to a so-called board,
possibly through a micro-contact board: such testing heads are referred
to as unblocked testing heads. The micro-contact board is usually called
"space transformer” since, besides contacting the probes, it also allows
spatially redistributing the contact pads realized thereon with respect to
the contact pads on the device under test, in particular relaxing the
distance constraints between the centers of the pads themselves.

In this case, still with reference to figure 1, each contact probe 6 has
a further end area or region ending with a so-called contact head 11
towards a contact pad 12 of a plurality of contact pads of a space
transformer 13 of the probe card 15 comprising the testing head 1. Good

electric connection between contact probes 6 and space transformer 13
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is ensured by pressing-abutting the contact heads 11 of the contact
probes 6 onto the contact pads 12 of said space transformer 13
analogously to the contact between the contact tips 7 with the contact
pads 8 of the device under test that is integrated on the wafer 9.

Furthermore, the probe card 15 comprises a support plate 14,
generally a printed circuit board (PCB), connected to the space
transformer 13, by means of which the probe card 15 interfaces with the
testing apparatus.

The correct working of a probe card is basically linked to two
parameters: the vertical movement, or overtravel, of the contact probes
and the horizontal movement, or scrub, of the contact tips of said contact
probes. As known, it is important to ensure the scrub of the contact tips,
so as to allow scrubbing the surface of the contact pads, removing in this
way the impurities that are for example in the form of a thin layer or oxide
film and improving the contact performed by the probe card.

All these features should be evaluated and calibrated in the
manufacturing step of a probe card, since the good electric connection
between probes and device under test should always be ensured.

It is also important to ensure that the pressing contact of the contact
tips of the probes onto the contact pads of the device be not so high as to
cause the breakage of the probe or the pad itself.

This problem is strongly felt in the case of the so-called short probes,
namely probes with limited body height, in particular with dimensions
less than 5000 um. Probes of this type are for instance used for high-
frequency applications, the reduced length of the probes limiting the
connected self-inductance phenomenon. In particular, the term “probes
for high-frequency applications” indicates probes that are capable of
carrying signals with frequencies higher than 1 GHz.

Indeed, the recent need is well known of producing probe cards
capable of carrying signals at ever higher frequencies up to the
radiofrequencies, with a consequent drastic reduction in length of the
contact probes, so as to enable these signals to be carried without adding
noise, for example due to the above-mentioned self-inductance
phenomenon.

However, in this case, the reduced length of the body of the probes
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dramatically increases the rigidity of the probe itself, which implies an
increase in the force applied by the respective contact tip onto the contact
pads of a device under test, which can lead to the breakage of said pads,
with irreparable damage to the device under test, obviously a situation
that has to be avoided. Even more dangerously, the increase in the
rigidity of the contact probe due to the reduction in the length of its body
also increases the risk of breakage of the probes themselves.

Therefore, the technical problem of the present invention is to
conceive a probe card having structural and functional features that
allow overcoming the limitations and drawbacks which still nowadays
affect the probe cards made according to the prior art, in particular a
probe card capable of carrying high-frequency signals without adding
noise to said signals, meanwhile ensuring a correct working thereof when
the relative contact probes contact the pads of a device under test, thus
eliminating the risk of breakage of said contact probes and of the pads
themselves.

Disclosure of Invention

The solution idea underlying the present invention is to make a
probe card, whose contact probes are shaped as very short contact tips
connected to a face of a flexible membrane, a contact element of a testing
head included in the probe card being arranged at a contact tip, on the
opposite face of the flexible membrane, said contact elements abutting
onto said opposite face of said flexible membrane so as to damp the
contact of the contact tips with corresponding pads of a device under test.

Based on this solution idea, the above technical problem is primarily
solved by a probe card of a testing apparatus of electronic devices,
comprising a testing head, which houses a plurality of contact elements
extending along a longitudinal axis between a first end portion and a
second end portion, a support plate, whereonto the first end portion is
adapted to abut, and a flexible membrane, said probe card being
characterized in that the testing head is arranged between the support
plate and a first portion of the flexible membrane, which is in connection
with the support plate by means of a second portion thereof, the probe
card further comprising a plurality of contact tips arranged on a first face
of the flexible membrane at a first portion thereof, the second end portion
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of each contact element being adapted to abut onto a second face,
opposite the first face, of the flexible membrane, the number and
distribution of the contact elements being different to the number and
distribution of the contact tips.

More particularly, the invention comprises the following additional
and optional features, taken singularly or in combination if necessary.

According to an aspect of the invention, the contact tips can have a
height less than 200 um, said height being measured in a direction
parallel to the longitudinal axis.

According to another aspect of the invention, the contact tips can be
T-shaped and can be made of a conductive material selected from
platinum, rhodium, palladium, silver, copper or an alloy thereof,
preferably a platinum alloy.

Furthermore, the flexible membrane can include conductive tracks
extending from the first portion at each contact tip towards the second
portion of said flexible membrane.

Additionally, the contact tips can be welded to the conductive tracks
or glued thereto by means of a conductive glue film.

According to an aspect of the invention, the conductive tracks can
be electrically connected to contact pads of the support plate.

In particular, the flexible membrane and the support plate can be
electrically connected by means of a pressing contact, a conductive
rubber or by means of welding.

Alternatively, the conductive tracks can be directly connected to the
testing apparatus by means of radiofrequency connection means.

It should also be pointed out that the conductive tracks can extend
along the first and/or second face of the flexible membrane and/or can
extend within the flexible membrane.

Furthermore, the flexible membrane can be made of polyamide.

According to an aspect of the invention, the contact elements of the
testing head can comprise a group of contact elements, each contact
element of said group being electrically connected to a corresponding
contact tip, the contact elements not included in said group being
electrically insulated from said contact tips and from the contact
elements of said group. In this case, each contact element of said group
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can be electrically connected to a corresponding contact tip by means of
connection conductive tracks made in said flexible membrane, said
connection conductive tracks extending between the first face and the
second face of said flexible membrane. Furthermore, the contact
elements of said group can be adapted to carry power signals and/or
ground signals and/or low-frequency signals.

According to an aspect of the present invention, the flexible
membrane can comprise a plurality of contact pads made on the second
face thereof, whereonto the second end portion of the contact elements of
the testing head is adapted to abut.

According to another aspect of the present invention, at least one
group of the contact pads of the flexible membrane can be made of a
conductive material, the second end portions of the contact elements of
the group of contact elements electrically connected to a corresponding
contact tip abutting onto said contact pads of said group.

It should also be noted that the support plate can be a printed circuit
board adapted to be connected to the testing apparatus.

According to another aspect of the present invention, the probe card
can further comprise a space transformer connected to the support plate.

According to yet another aspect of the present invention, the testing
head can comprise at least one upper guide and at least one lower guide,
having respective guide holes, within which the contact elements are
slidingly housed, the upper guide and the lower guide being separated
from each other by an air gap.

The number of the contact elements may be smaller than the
number of the contact tips.

Furthermore, the contact pads onto which the contact elements abut
can extend so as to cover an area of the flexible membrane corresponding
to more than one contact tip, more than one contact tip corresponding to
each of said contact elements abutting onto said contact pads.

Finally, it should be noted that the first portion of the flexible
membrane can be a central portion thereof, whereas the second portion
of the flexible membrane can be a peripheral portion thereof.

The characteristics and advantages of the probe card according to
the invention will be apparent from the description, made hereafter, of an
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embodiment thereof, given by indicative and non-limiting example, with
reference to the accompanying drawings.
Brief Description of Drawings

In such drawings:

- figure 1 schematically shows a probe card made according to the
prior art;

- figures 2A and 2B schematically show a probe card made according
to the present invention;

- figure 3A shows a detail of a probe card according to the present
invention;

- figure 3B shows a detail of a probe card according to an alternative
embodiment of the present invention;

- figure 4 shows a schematic view from above of a flexible membrane
of the probe card of figure 3A or 3B, in particular of a face thereof facing
towards a testing head;

- figure 5 shows a schematic view from above of the flexible
membrane of the probe card of figure 3A, in particular of a face thereof
opposite the face represented in figure 4;

- figures 6A and 6B show a detail of a probe card according to
alternative embodiments of the present invention;

- figure 7 shows a detail of a probe card according to a further
alternative embodiment of the present invention; and

- figure 8 schematically shows a probe card made according to a yet
further alternative embodiment of the present invention.

Modes for Carrying Out the Invention

With reference to said figures, and in particular to figures 2A and
2B, reference number 20 globally and schematically indicates a probe
card made according to the present invention.

It should be noted that the figures represent schematic views and
are not drawn to scale, but instead they are drawn so as to enhance the
important features of the invention.

Furthermore, in the figures, the different elements are schematically
shown and their shape can vary according to the desired application. It
should also be noted that in the figures identical reference numbers refer
to elements identical in shape or function. Finally, particular features
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described in relation to an embodiment illustrated in a figure can also be
used for the other embodiments illustrated in the other figures.

In its more general form, the probe card 20 is adapted to connect to
an apparatus (not shown in the figures) for testing electronic devices that
are integrated on a semiconductor wafer.

The probe card 20 comprises a testing head 21, which houses a
plurality of contact elements 22, six of said contact elements 22 being
shown in figure 2A and eight of said contact elements 22 being shown in
figure 2B just by way of example.

In general, the testing head 21 comprises a main body 21’ intended
to house the contact elements 22, said main body 21’ thus realizing the
support structure of said contact elements 22.

The probe card 20 further comprises a support plate 23, which is
preferably a printed circuit board (PCB) that ensures the connection
between said probe card 20 and the testing apparatus.

The contact elements 22 comprise a body 22b, which extends along
a longitudinal axis H-H between a first end portion 24A and a second end
portion 24B, the first end portion 24A being adapted to abut onto the
support plate 23.

The probe card 20 also comprises a flexible membrane 25, the
testing head 21 being suitably interposed between the flexible membrane
25 and the support plate 23.

Specifically, the flexible membrane 25 comprises a first portion or
central portion 25A and a second portion or peripheral portion 25B,
which are intended to contact the testing head 21 and the support plate
23, respectively.

In particular, the flexible membrane 25 is electrically connected to
the support plate 23 by means of its peripheral portion 25B, said electric
connection occurring for instance by means of suitable conductive
contact pads 26 of the support plate 23 and suitable contact pads or
conductive portions (not shown) made on the flexible membrane 25 in its
peripheral portion 25B.

As shown in figures 2A and 2B, the contact pads 26 of the support
plate 23 are made on a face thereof F facing towards the testing head 21,
said face F being a lower face according to the local reference of figure 2.
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In an embodiment not shown in the figures, the support plate 23
can comprise suitable openings to allow the passage of the flexible
membrane 25 through it, said flexible membrane 25 being connected in
this case to contact pads (not shown) made on a face opposite the face F
of the support plate 23, namely on an upper face thereof according to the
local reference of figure 2.

In a preferred embodiment of the present invention, conductive
portions of the flexible membrane 25 are connected to the contact pads
26 of the support plate 23 by means of a pressing contact. Alternatively,
the flexible membrane 25 and the support plate 23 can be associated by
means of a conductive rubber or by means of welding.

In case the support plate 23 has openings for the passage of the
flexible membrane 25, it is also possible for said flexible membrane 25 to
be directly connected with the testing apparatus by means of
radiofrequency connection means, such as for instance coaxial cables or
SMA connectors, coming from the testing apparatus. In other terms,
conductive tracks in the membrane can be directly connected to the
testing apparatus by means of said radiofrequency connection means.

Advantageously according to the present invention, the probe card
20 further comprises a plurality of contact tips 27 arranged on a first face
F1 of the flexible membrane 25, in particular made at its central portion
25A, said first face F1 being a lower face of the flexible membrane 25
according to the local reference of figure 2.

The contact tips 27 are adapted to abut onto contact pads 28 of a
device under test that is integrated on a semiconductor wafer 29 and are
made of a conductive material selected for instance from platinum,
rhodium, palladium, silver, copper or an alloy thereof, preferably a
platinum alloy.

The contact tips 27 are preferably T-shaped (or shaped as an
inverted mushroom), wherein the stem of the T is connected to the flexible
membrane 25, while the head of the T is adapted to contact the contact
pads 28 of the device under test. Alternatively, the contact tips 27 can be
shaped as conductive bumps, which can include in turn a protruding
contact portion made of rhodium for contacting the contact pads 28 of
the device under test. Clearly the above exposed examples should not be
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considered as limiting the present invention, since the contact tips 27
can be of any shape suitable for connecting the contact pads 28 of the
device under test.

Suitably, the contact tips 27 have a height much lower than the
height of the contact probes used in the known solutions, in particular
they have a height lower than at least 200 um, in general comprised
between 10 um and 200 um.

It should be pointed out that, in the present description, the term
height means a dimension of the contact tips 27 measured in a direction
parallel to the longitudinal axis H-H of the contact elements 22, namely
the direction corresponding to the length of said contact elements 22.

It is thus clear that the contact tips 27 of the probe card 20 of the
present invention are suitable for testing high-frequency devices, their
height being such as to avoid disadvantageous self-inductance
phenomena.

Furthermore, the contact elements 22 of the testing head 21 abut
onto a second face F2 of the flexible membrane 25, opposite the first face
F1. In particular, each contact element 22 abuts onto the second face F2
of the flexible membrane 25 by means of its second end portion 24B, said
second face F2 being an upper face according to the local reference of
figure 2, namely a face facing towards the testing head 21.

In a preferred embodiment of the present invention illustrated in
figure 2B, the number of contact elements 22 does not correspond to the
number of contact tips 27; in particular, while the distribution of the
contact tips 27 should mirror the distribution of the contact pads 28 of
the device under test, the distribution of the contact elements 22 could
be arranged in other ways, in particular following different criteria or in
order to meet different requirement for the probe card 20 as a whole.

For instance, the contact elements 22 are equally spaced within the
central portion 25A of the flexible membrane 25 or they are higher in
number in a strong section of the flexible membrane 25 that in a more
delicate section of the same. The number e distribution of the contact
elements 22 could be also arranged according to the force distribution
against the flexible membrane 25, in particular due to the force applied
by the contact tips 27.

- 10 -
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It should be also pointed out that the contact elements 22 are
electrically insulated from the contact tips 27, in particular thanks to the
flexible membrane 25 interposed therebetween.

In this way, the contact elements 22 acts as a damping element for
the contact tips 27 as a whole, adjusting the contact force thereof onto
the contact pads 28 of the device under test that is integrated on the
semi-conductor wafer 29.

Indeed, it should be pointed out that the contact elements 22 of the
testing head 21 have a length comprised between 1.5 mm and 10 mm,
namely a length much greater than the height of the relative contact tips
27 which, as previously seen, is lower than 200 um, and therefore they
have a much greater bending capacity. Suitably, said contact elements
22 are also made of materials suitable for maximizing the damping effect
for the contact tips 27.

Furthermore, it should be pointed out that each contact element 22
moves independently of the adjacent ones, so allowing each contact tip
27 to also move independently of the adjacent ones when contacting the
contact pads 28 of the device under test. This aspect, along with the
flexibility of the interposed flexible membrane 25, allows effectively
compensating possible differences in level of the device under test, in
particular of the contact pads 28 thereof.

Now, with reference to figure 3A, the flexible membrane 25
comprises in turn a plurality of contact pads 30, made on its second face
F2, whereonto the second end portion 24B of the contact elements 22 is
adapted to abut. The contact pads 30 are in particular adapted to damp
the abutment of the second end portion 24B of the contact elements 22
on the flexible membrane 25, substantially acting as a protective
structure of said flexible membrane 25.

The flexible membrane 25 further comprises conductive tracks 31
adapted to carry signals from the contact tips 27 towards the support
plate 23, in particular towards the contact pads 26 thereof.

The contact tips 27 are suitably connected to the conductive tracks
31 of the flexible membrane 25, in particular at end portions thereof, said
conductive tracks 31 extending from the central portion 25A of the
flexible membrane 25, at the relative contact tip 27 which they are

-11 -
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connected to, towards the peripheral portion 25B of said flexible
membrane 25, so that they can be welded to the contact pads 26 of the
support plate 23.

In a preferred embodiment, the contact tips 27 are welded to the
conductive tracks 31. Alternatively, it is possible to glue the contact tips
27 to the conductive tracks 31 by means of a conductive glue film.

In this way, the conductive tracks 31, which are also flexible,
perform the desired redirection of the signals from the contact tips 27
towards the pads 26 of the support plate 23.

As a result, the flexible membrane 25, besides providing a support
surface for the contact elements 22 of the testing head 21, performs the
redirection of the signals towards the PCB board by means of the
conductive tracks 31 and therefore it also performs the function generally
performed by the space transformers of the known probe cards.

It is obviously possible for the probe card 20 to further comprise an
additional card having the function of space transformer, so that the
redirection of the signals can be performed both by the conductive tracks
31 of the flexible membrane 25 and by said space transformer.

In the embodiment shown in figure 3A, the conductive tracks 31
extend along the first face F1 of the flexible membrane 25 starting from
the relative contact tip 27.

The conductive tracks 31 can also extend on the second face F2 of
the flexible membrane 25, if required by the configuration.

Furthermore, in an embodiment of the present invention shown in
figure 3B, the conductive tracks 31 also extend inside the flexible
membrane 25 (namely they can be embedded therein) and thus they may
not only extend on the first face F1 thereof.

In this case, it is possible to make a flexible membrane 25 wherein
the conductive tracks 31 are made on different levels starting from the
first face F1. The number of levels of the flexible membrane 25 wherein
the conductive tracks 31 are made may vary according to the needs
and/or circumstances, in particular according to the number of signals
to be carried and thus according to the complexity of the redirection
pattern to be made on said flexible membrane 25. For instance, a

configuration can be provided, wherein a first level comprises tracks

- 12 -
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suitable for carrying the power signal and a second level comprises tracks
suitable for carrying the ground signal.

In case of conductive tracks 31 embedded in the flexible membrane
25, the end portions of said conductive tracks 31 in any case protrude
from the first face F1 of the flexible membrane 25, so as to allow the
electrical connection between said conductive tracks 31 and the relative
contact pits 27, which are connected to said conductive tracks 31, as
illustrated in figure 3B, in particular to said end portions.

The flexible membrane 25 is made of dielectric materials, preferably
polyamide, capable of providing the desired flexibility and the desired
electric insulation, whereas the conductive tracks 31 of the flexible
membrane 25 are preferably made of copper.

In general, the flexible membrane 25 comprising the conductive
tracks 31 can be made by means of lithographic processes of the known
type. This technique is advantageous in case of conductive tracks 31
embedded in the flexible membrane 25, allowing making said flexible
membrane 25 in the shape of a multilayer, wherein a layer comprising
said conductive tracks 31 is made between at least two dielectric layers
31.

Furthermore, it should be pointed out that the support plate 23 has
a configuration analogous to that of the PCB boards of the prior art, with
the difference that the contact pads 26 thereof are preferably made on a
peripheral portion thereof, so that the same can electrically contact the
conductive tracks 31 (or possible pads of the membrane) at the peripheral
portion 25B of the flexible membrane 25.

Figure 4 shows a schematic view from above of the flexible
membrane 25 of the probe card of figures 3A and 3B, in particular of its
second face F2 facing towards the testing head 21.

More particularly, the contact pads 30 of the flexible membrane 25,
whereonto the contact elements 22 abut, are made on its central portion
25A, which therefore defines a contact area of said flexible membrane 25,
said contact area corresponding to an area of the device under test that
is integrated on the wafer 29 comprising the contact pads 28. In other
terms, the contact elements 22 and the respective contact pads 30 of the
flexible membrane 25 are only at the contact area of said flexible

- 13 -
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membrane 25, the peripheral portion 25B of the flexible membrane 25
being a portion external to said contact area.

Instead, figure 5 shows a schematic view from above of the flexible
membrane 25 of the probe card of figure 3A, in particular of its first face
F1, whereon the contact tips 27 are connected.

As clear from said figure, the conductive tracks 31 extend on the
first face F1 starting from the contact tips 27 towards the peripheral
portion 25B of the flexible membrane 25, so as to allow the connection
with the PCB board.

Even if not shown by the figures 4 and 5 which are only exemplary
depicts, it is remarked that the number of the contact elements 22 does
not correspond to the number of the contact tips 27as well as the distance
between two adjacent contact elements 22 is different from the distance
between two adjacent contact tips.

For instance, in an embodiment illustrated in figure 6A, it is possible
for a contact tip 27 to be adjacent to contact tips 27 and sharing a
common contact element 22, the support realized by the contact elements
being enough to support the membrane and to obtain the desired
damping effect for two adjacent contact tips. It is obvious that the same
situation could interest more than two contact tips and a single contact
elements.

Furthermore, in a further embodiment illustrated in figure 6B, a
contact element 22abuts onto an area of the second face F2 of the flexible
membrane 25 at more than one contact tip 27, the contact pads 30,
whereonto the contact elements 22 abut, extending so as to cover an area
of the flexible membrane 25 corresponding to more than one contact tip
27 (three contact tips in figure 6B), so that more than one contact tip 27
correspond to each contact element 22, abutting onto said contact pad
30. In other terms, to each contact pad 30 of the flexible membrane 25 a
relative contact element 22, abutting thereonto, corresponds, but to said
contact element 22 more than one contact tip 27 correspond, namely
those contact tips 27 below the relative contact pad 30.

The embodiments of figures 6A and 6B are particularly
advantageous in case of electronic devices under test having very reduced
pitches.
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A dual situation can be envisaged with a probe card 20 including a
plurality of contact elements 22 being higher in number with respect to
the contact tips 27, as shown for instance in figure 2B.

In the embodiments illustrated in figures 2A-2B, 3A-3B, 4, 5 and
6A-6B, the contact elements 22 are not adapted to carry signals, but are
only included as damping elements of the probe card 20, so as to
overcome the problem due to the rigidity of the contact tips 27 and to
avoid breaking them when they contact the pads 28 of the device under
test. Alternatively, in an embodiment of the present invention illustrated
in figure 7, also a group 22’ of the contact elements 22 is adapted to carry
signals between the testing device and the testing apparatus. Each
contact element of said group 22’ is thus electrically connected to a
corresponding contact tip 27 by means of connection conductive tracks
31’ in the flexible membrane 25, said connection conductive tracks 31’
extending between the first face F1 and the second face F2 of the flexible
membrane 25. In other terms, the connection conductive tracks 31’ are
adapted to connect opposite faces F1 and F2 of the flexible membrane
25, said tracks being made for instance by filling suitable through-holes
or paths made in said flexible membrane 25 with conductive material.

The contact elements of the group 22’ thus perform a dual function,
namely on the one hand they act as damping elements for the probe card
20, in particular for the contact tips 27 thereof, on the other hand they
carry signals towards the support plate 23. In this embodiment, the
contact elements not comprised in the group 22’ are electrically insulated
from the contact tips 27 and also from the other contact elements, only
maintaining the function of damping elements.

In this embodiment, the support plate 23 comprises further
conductive contact pads (not shown in the figures) at the first end portion
of the contact elements of the group 22’, whereonto said end portions
abut for actually carrying the signals towards the testing apparatus.

Furthermore, in this embodiment, at least one group 30’ of the
contact pads 30 of the flexible membrane 25 is made of a conductive
material and the second end portions 24B of the contact elements of the
group 22’ abut onto contact pads of said group 30’, which are connected
to the connection conductive tracks 31°.
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It is also possible to make the contact pads of the group 30’ so that
they pass through the flexible membrane 25 and emerge on the two faces
F1 and F2 thereof, then protruding from the second face F2.

The embodiment of figure 7 is particularly advantageous in the case
of probe cards intended to carry several signals, since in this way the
signals that do not need to be carried by short probes, namely low-
frequency signals, can be carried by the contact elements of the group
22’ whereas high-frequency signals can be carried by the contact tips 27
connected to the conductive tracks 31 of the flexible membrane 25,
greatly simplifying the routing of the signals by said flexible membrane
25. As a result, the contact elements of the group 22’ are preferably
adapted to carry power and/or mass signals, as well as they can be
adapted to carry low frequency input/output signals namely, signals that
can also be carried by not short probes without incurring self-inductance
problems.

In an embodiment of the present invention, illustrated in figure 8,
the main body 21’ of the testing head 21 comprises an upper plate or
guide 21A and a lower plate or guide 21B, having respective guide holes
within which the contact elements 22 are slidingly housed, the upper
guide 21A and the lower guide 21B being separated from each other by
an air gap 32. When the main body 21’ of the testing head 21 is in the
form of a pair of parallel guides, the air gap 32 allows deforming the
contact elements 22 when they contact the support plate 23 and the
flexible membrane 25.

In conclusion, the present invention provides a probe card whose
contact probes are shaped as very short contact tips connected to a face
of a flexible membrane, a contact element of a testing head included in
the probe card being arranged at a contact tip, on the opposite face of the
flexible membrane, said contact elements abutting onto said opposite
face of said flexible membrane so as to damp the contact of the contact
tips with corresponding pads of a device under test.

Advantageously according to the present invention, the proposed
probe card is particularly performing in radiofrequency applications,
thanks to the reduced dimensions of the contact tips therein comprised,
having a height less than 200 um.
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The presence of the contact elements of the testing head interposed
between the membrane and the PCB, which substantially operate as a
whole as a damping element for the contact tips (namely they are adapted
to damp the contact between the contact tips and the contact pads of a
testing device), allows preventing the rigidity of said tips, drastically
reducing the possibility of breakage of the tips themselves, meanwhile
ensuring a proper reduction in the pressure they exert, avoiding any
breakages of the contact pads of the devices under test whereonto the
tips abut.

Indeed, it should be noted that the contact elements of the testing
head have a length greater than the height of the relative contact tips and
therefore they have a much greater bending capacity.

Advantageously, the distribution of the contact elements could be
arranged in other ways, in particular following different criteria or in
order to meet different requirement for the probe card as a whole with
respect to the distribution of the contact tips which is instead tied to the
distribution of the contact pads of the device under test. In particular,
the contact elements as a whole act as a damping element for the contact
tips, as a needles mat, the contact elements being however movable
independently one to another.

What makes the present solution particularly attractive compared to
known solutions is the presence of a plurality of discrete contact elements
abutting onto the flexible membrane, these elements providing a support
for the contact tips independently of the other contact elements, therefore
capable of compensating for any lack of uniformity in the probe card, in
terms of levels, heights and force exerted onto the pads.

In this way, at least locally, there is a complete independence of the
movement of a contact tip with respect to the adjacent ones, precisely
thanks to the independence of movement of the contact elements that act
as damping elements for these tips.

As a result, the probe card of the present invention on the one hand
allows testing high-frequency electronic devices, and on the other hand
allows avoiding the breakage of its contact tips and/or of the contact pads
of a device under test, thus solving the technical problem of the present
invention.
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Therefore, the probe card of the present invention works correctly
even in case of problems of planarity of the elements which it is
constituted of or of the wafer and of the devices under test comprised
therein.

In other terms, on the one hand the contact elements of the testing
head support the contact tips in the central area of the flexible
membrane, thus avoiding said membrane from bending, and on the other
hand solve the problem of rigidity of said probes by acting as a damping
element, bending as a spring when the tips contact the pads of a device
under test.

Furthermore, the possibility to adopt a hybrid configuration, in
which also some contact elements are adapted to carry specific signals,
greatly simplifies the signal routing by the flexible membrane, especially
in the case of several signals to be carried by means of the probe card.
For instance, by means of said contact elements it is possible to carry
power signals and/or ground signals, namely signals that do not require
particularly short contact probes, whereas the high-frequency signals,
which require short probes to avoid self-inductance problems, are only
carried by the contact tips associated with the flexible membrane.

It should be noted that the several advantages of the probe card of
the present invention are achieved by exploiting the technology of the
vertical probe testing heads, without thereby excessively complicating its
implementation process.

Finally, it should be noted that the structure of the probe card
according to the present invention ensures a low contact resistance.

Obviously, a person skilled in the art, in order to satisfy contingent
and specific requirements, may make to the probe card above described
numerous modifications and variations, all included in the scope of the
invention as defined by the following claims.

- 18 -



10

15

20

25

30

35

WO 2018/149847 PCT/EP2018/053615

CLAIMS

1. A probe card (20) of a testing apparatus of electronic devices,
comprising a testing head (21), which houses a plurality of contact
elements (22) extending along a longitudinal axis (H-H) between a first
end portion (24A) and a second end portion (24B), a support plate (23),
onto which said first end portion (24A) is adapted to abut, and a flexible
membrane (25), said probe card (20) being characterized in that said
testing head (21) is arranged between said support plate (23) and a first
portion (25A) of said flexible membrane (25), which is connected to said
support plate (23) through a second portion (25B) thereof, said probe card
(20) further comprising a plurality of contact tips (27) arranged on a first
face (F1) of said flexible membrane (25) at said first portion (25A), said
second end portion (24B) of each contact element (22) being apt to abut
onto a second face (F2) of said flexible membrane (25), opposite to said
first face (F1), the number and distribution of said contact elements (22)
being different to the number and distribution of said contact tips (27).

2. The probe card (20) according to claim 1, characterized in that
said contact tips (27) have a height less than 200 um, said height being
measured along said longitudinal axis (H-H).

3. The probe card (20) according to claim 1 or 2, characterized in
that said contact tips (27) are T-shaped.

4. The probe card (20) according to any one of the preceding claims,
characterized in that said contact tips (27) are made of a conductive
material selected from platinum, rhodium, palladium, silver, copper or
an alloy thereof, preferably a platinum alloy.

5. The probe card (20) according to any one of the preceding claims,
characterized in that said flexible membrane (25) includes conductive
tracks (31) extending from said first portion (25A) at each contact tip (27)
towards said second portion (25B) of said flexible membrane (25).

6. The probe card (20) according to claim 5, characterized in that
said contact tips (27) are welded to said conductive tracks (31) or are
glued thereto by means of a conductive glue film.

7. The probe card (20) according to claim 5 or 6, characterized in
that said conductive tracks (31) are electrically connected to contact pads
(26) of said support plate (23).
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8. The probe card (20) according to claim 7, characterized in that
said flexible membrane (25) and said support plate (23) are electrically
connected to each other by means of a pressing contact, a conductive
rubber or by means of welding.

9. The probe card (20) according to claim 5 or 6, characterized in
that said conductive tracks (31) are directly connected to the testing
apparatus by means of radio frequency connection means.

10. The probe card (20) according to any one of the claims from 5 to
9, characterized in that said conductive tracks (31) extend along said first
and/or second face (F1, F2) of said flexible membrane (25) and/or extend
within said flexible membrane (25).

11. The probe card (20) according to any one of the preceding
claims, characterized in that said flexible membrane (25) is made of
polyamide.

12. The probe card (20) according to any one of the preceding claims,
characterized in that said contact elements (22) of said testing head (21)
comprise a group (22’) of contact elements, each contact element of said
group (22’) being electrically connected to a corresponding contact tip
(27), the contact elements not included in said group (22’ being
electrically insulated from said contact tips (27) and from the contact
elements of said group (22)).

13. The probe card (20) according to claim 12, characterized in that
each contact element of said group (22’) is electrically connected to a
corresponding contact tip (27) by means of connection conductive tracks
(31’) made in said flexible membrane (25), said connection conductive
tracks (31’) extending between said first face (F1) and said second face
(F2) of said flexible membrane (25).

14. The probe card (20) according to claim 12 or 13, characterized
in that said contact elements of said group (22’) are adapted to carry
power signals and/or ground signals and/or low frequency signals.

15. The probe card (20) according to any one of the preceding claims,
characterized in that said flexible membrane (25) comprises a plurality of
contact pads (30) on said second face (F2), said second end portion (24B)
of said contact elements (22) being adapted to abut onto said contact
pads (30).
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16. The probe card (20) according to claim 15 when depending on
claim 12, characterized in that at least one group (30’) of said contact
pads (30) of said flexible membrane (25) is made of a conductive material,
said second end portions (24B) of said contact elements (22) of said group
(22’) abutting onto said contact pads of said group (30)).

17. The probe card (20) according to any one of the preceding claims,
characterized in that said support plate (23) is a printed circuit board
adapted to be connected to the testing apparatus.

18. The probe card (20) according to any one of the preceding claims,
characterized in that it further comprises a space transformer connected
to said support plate (23).

19. The probe card (20) according to any one of the preceding claims,
characterized in that said testing head (21) comprises at least one upper
guide (21A) and at least one lower guide (21B), provided with respective
guide holes within which said contact elements (22) are slidingly housed,
said upper guide (21A) and said lower guide (21B) being separated by a
gap (32).

20. The probe card (20) according to claim1, characterized in that
the number of said contact elements (22) is smaller than the number of
said contact tips (27).

21. The probe card (20) according to claim 15, characterized in that
said contact pads (30), onto which said contact elements (22) abut,
extend so as to cover an area of said flexible membrane (25)
corresponding to at least more than one contact tip (27), at least more
than one contact tip (27) corresponding to each of said contact elements
(22) abutting onto said contact pads (30).

22. The probe card (20) according to any one of the preceding claims,
characterized in that said first portion (25A) of said flexible membrane
(25) is a central portion thereof, while said second portion (25B) of said
flexible membrane (25) is a peripheral portion thereof.
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