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PROBE PAD WITH INDENTATION

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application is a divisional application from
U.S. application for patent Ser. No. 13/106,557 filed May 12,
2011, which claims priority from Italian Application for
Patent No. MI2010A000843 filed May 12, 2010, the disclo-
sures of which are hereby incorporated by reference.

TECHNICAL FIELD

[0002] An embodiment generally relates to the electronic
field. More specifically, an embodiment relates to the test of
integrated electronic circuits.

BACKGROUND

[0003] Electronic circuits are generally tested to verify
their proper operation; this is often of the utmost importance
to ensure a high quality of the production process of the
electronic circuits. Tests may be performed on each electronic
circuit at different levels of the corresponding production
process: for example, a test process called EWS (Electrical
Wafer Sort) is performed on the electronic circuits included in
a corresponding wafer of semiconductor material, before the
individual portions of the wafer on which there are integrated
the electronic circuits are diced into individual chips and
embedded in respective packages. Such test includes mea-
surements performed on each electronic circuit by automatic
test equipment, known as ATE. Such test apparatus is pro-
vided with a probe card, which substantially includes a
printed circuit board comprising a plurality (typically, hun-
dreds, or even thousands) of probes of conductive material for
contacting corresponding conductive pads of the electronic
circuits to be tested. During the test, the probe card is posi-
tioned in correspondence of a group of electronic circuits of
the wafer so that the probes mechanically contact their pads
(operation that in jargon is defined as probing); this provides
an electrical connection between the test apparatus and the
pads of such electronic circuits, which allows the test thereof.
The same operations are repeated in succession on each group
of electronic circuits of the wafer until all the electronic
circuits formed therein have been tested.

[0004] In order to ensure that a proper probing procedure
has been performed between each probe and the correspond-
ing pad, typically before or after the test, a (manual or auto-
matic) checking operation is carried out which consists of
detecting and analyzing a probe mark left by the probe on the
pad during the probing operation.

[0005] Being able to detect the presence and the arrange-
ment of the probe marks allows first determining the correct
alignment and centering between the probes of the probe card
on the pads of the electronic circuits under test; in this way, it
is possible to reconfigure the parameters of the probing so as
to reduce the risk of damage of a passivation layer around the
pad caused by a not totally accurate probing. Moreover, such
risk is, in modern applications, very considerable, since the
number of pads within a same electronic circuit is higher and
higher, while their sizes and their relative separation distances
are smaller and smaller.

[0006] Moreover, the analysis of the probe mark allows
determining a correct and uniform pressure exerted by the
probes of the probe card on the pads of the electronic circuits,
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s0 as to be able to act on the parameters of the probing in order
to have a low and uniform contact resistance during the test.
[0007] However, in recent applications, the test EWS has
drawbacks connected to the impracticality to impossibility of
being able to perform such checking operation.

[0008] In fact, because of growing demands, especially in
automotive applications, of electronic circuits capable of
operating in adverse conditions (e.g., high temperatures), the
pads (and the corresponding electric connections between the
pads and respective terminals of the package) of such elec-
tronic circuits are more and more frequently formed by dif-
ferent materials with respect to those traditionally used (such
as copper and aluminium). For example, US patent applica-
tion No. US 2005/0073057, which is incorporated by refer-
ence, proposes a multi-layer pad structure having a high hard-
ness property; such property is achieved by using a
conductive material with high hardness (e.g., nickel or alloys
thereof), possibly covered by a thin protective layer of con-
ductive material that is relatively soft (e.g., palladium or
alloys thereof).

[0009] The greater hardness of such pads with respect to the
materials traditionally used for making the probes results,
during the probing, in that the pad is not scratched by the
respective probe; in this way, the probe mark is difficult to
detect to undetectable, so that it turns out to be very difficult,
if not practically impossible, to perform the checking opera-
tion of the probing. This involves a difficulty to substantial
impossibility to act on parameters of the probing, with con-
sequent increase during the test of the cases of breakage of the
passivation layer, and loss of electric yield (due to a high and
heterogeneous contact resistance between each probe of the
probe card and the corresponding pad), which imply possible
false test failures, and correspondingly a reduction in the
process yield with consequent increase of the production
costs of the electronic circuits.

[0010] At the same time, the difficulty/impossibility of
leaving the probe mark may be due in part to the mechanical
properties of the specific type of probe used for testing. In this
regard, various types of probes are commercially available,
such as cantilever, MEMS and vertical probes, but their use
does not provide satisfactory results in certain situations,
making them in practice not always effectively usable.
[0011] Typically during the probing it may happen that
such probes cause an excessively deep probe mark on the pad
such to uncover some layers thereof that, once exposed to the
external environment, may be subject to chemical and/or
physical changes. This happens for example in the case of
nickel, which oxidizes if the palladium protective conductive
layer formed thereon is removed, and of copper, which oxi-
dizes if the aluminium protective conductive layer formed
thereon is removed. For example, in the case of nickel, it may
be experienced the removal of palladium after the use of
probes that have a high hardness or after repeated probing
actions of the probe on the pad.

[0012] In addition, an excessively deep probe mark on the
pad typically causes aloss of yield during the assembly opera-
tions that connect, for example by welding of wire bonding,
the pad of the electronic circuit and the terminals of the
corresponding package, as in such situation the welding is not
effective; in particular, the effectiveness of the welding is
compromised both for geometrical reasons (a highly non-
planar surface, such as that obtained in response to an exces-
sively deep probe mark, may not allow a good adhesion), and
for reasons of lack of compatibility of the materials involved
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in the welding (e.g., nickel generally has poor adhesion prop-
erties with different materials).

SUMMARY

[0013] In view of the state of the art herein shown, an
embodiment overcomes the above-mentioned drawbacks.
[0014] More specifically, an embodiment is a manufactur-
ing process for an integrated electronic circuit; the process
comprises forming a substrate comprising a plurality of func-
tional components of the electronic circuit, creating a plural-
ity of conductive layers on such substrate to form an electric
contact region with high hardness equal to or greater than a
first hardness value of about 300 HV, contacting the electric
contact region with a probe and running an electric test of the
electronic circuit. In an embodiment, the process further com-
prises, after the test run, creating a covering conductive layer
on at least one part of the electric contact region contacted by
the probe.

[0015] Another embodiment relates to a corresponding
electronic circuit.

[0016] Thanks to an embodiment, even in particular appli-
cations, such as the automotive applications, for which it may
be necessary to produce electronic circuits having materials
that make the pads very hard, it may be possible to produce
electronic circuits with high electrical, physical and mechani-
cal properties despite performing the testing thereof through
probes having high hardness. In this way, it may be possible
to detect and analyze the probe mark indicating the occurred
contact between the probe and the pad during the running of
the test, which allows using the same techniques of checking
and analysis of the probe mark that typically are used down-
stream the test of standards electronic circuits (i.e., having
traditional pads) performed through traditional probes.
Therefore, an embodiment implies a considerable reduction
of the production costs, since the yield losses resulting from
damages of the circuits or unreliable test results may be
reduced at the minimum, which are caused, in turn, by the
difficulty/impossibility of controlling the probe mark in order
to act accordingly on the parameters of the probing process.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] Features and advantages of an embodiment will be
best understood with reference to the following detailed
description, given purely by way of a non-restrictive indica-
tion, to be read in conjunction with the accompanying draw-
ings (wherein corresponding elements are denoted with equal
or similar references, and their explanation is not repeated for
the sake of exposition brevity). In this respect, it is expressly
understood that the figures are not necessarily drawn to scale
and that, unless otherwise indicated, they are simply used to
conceptually illustrate the described structures and proce-
dures. In particular:

[0018] FIGS.1A-1C show some phases of a manufacturing
or production process of an electronic circuit according to an
embodiment, and

[0019] FIGS. 2A-2C show some phases of a production
process of an electronic circuit according to another embodi-
ment invention.

DETAILED DESCRIPTION

[0020] With reference to FIGS. 1A-1C, they show, accord-
ing to an embodiment, some salient phases of a production
process of electronic circuits, such phases including the func-
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tional and/or parametric electric test (or simply electric test,
ortest). In general, the production process is performed at the
level of a wafer of semiconductor material in which identical
electronic circuits are made concurrently in large number and
separated at the end through a cutting operation; for the sake
of'description simplicity, however, in the following reference
will be made to only one of such electronic circuits, indicated
by the number reference 100.

[0021] Inparticular, in FIG. 1A there is shown a part of the
electronic circuit 100 at a final phase of its production pro-
cess, before the electrical test and the assembly operation for
encapsulating the electronic circuit 100 within the corre-
sponding package. The electronic circuit 100 includes a sub-
strate 105 in which there are formed, through, for example,
any known process, functional components implementing
specific functions of the electronic circuit 100. Such func-
tional components, which may include active components
(such as transistors) and/or passive components (such as
resistors, capacitors, and inductors) are typically formed such
as to occupy different functional parts of the volume of the
electronic circuit, with each functional part that is electrically
coupled to the other functional parts coupled through corre-
sponding metal conductive layers, for example of copper or
aluminium, and layers of conductive vias that are placed on or
included between such functional parts.

[0022] A portion of a last metal layer defines a conductive
contact 110, above which a conductive layer 115 and a thin
surface conductive layer 120 may be created through known
techniques (e.g., electrodeless or electrolytic or deposition
processes).

[0023] The conductive layer 115 is formed, in the exem-
plary described embodiment, of a material having high hard-
ness, for example nickel, which is used for coating, by pro-
tecting, the conductive contact 110 and thus the functional
substrate 105 of the electronic circuit 100. For example, the
thickness of the conductive layer 115 may typically have a
value of some um (from approximately 1 up to approximately
20 um) in order to ensure adequate protection of the conduc-
tive contact 110 (and of the functional components below)
and preserve it from malfunctions in case that the electronic
circuit 100 is used in environments with high temperature
(such as in automotive applications).

[0024] The surface conductive layer 120 is instead made of
a conductive material suitable to effectively coat the conduc-
tive layer 115, so as not to expose it to direct contact with the
surrounding environment; in this way, it may be possible to
prevent oxidation phenomena (or, in general, chemical and/or
physical changes) of the conductive layer 115 if the latter has
properties that cause its oxidation in contact with the air, as it
may happen in the case herein considered of conductive layer
115 made of nickel.

[0025] In the exemplary described embodiment, the con-
ductive layer 120 is of palladium, which has a lower hardness
than that of nickel, and may have a thickness of approxi-
mately between 2% and 75%, for example, approximately
between 2% and 15%, such as approximately 10% of the
thickness of the conductive layer 115 of nickel below it.

[0026] The structure thereby obtained, formed by the con-
ductive contact 110 and by the conductive layers 115 and 120
on it, defines a pad P that is to be contacted for testing the
electronic circuit 100 and for electrically coupling, in the
following assembly phase, the electronic circuit 100 to the
terminals of the respective package.
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[0027] In the particular described scenario, the obtained
pad P has a hardness totally greater than that of a traditional
pad. For example, a traditional pad is typically formed by a
conductive copper layer (usually by a portion of the last metal
layer of the electronic circuit 100) and by a conductive alu-
minium layer placed on it (or their alloys), and such materials
may have hardness values between approximately 10 HV and
150 HV (according to the Vickers scale) depending on the
relative thickness of the conductive layers forming the pad. In
the described pad P, instead, the conductive layer 115 in
nickel, created for example by using an electrodeless process,
may have hardness values between approximately 350 HV
and 750 HV (and up to approximately 1100 HV after specific
thermal treatments); please note that, although palladium,
from which the conductive layer 120 is formed, has, as
known, a lower hardness than that of nickel, the smaller
thickness of the conductive layer 120 with respect to the
below conductive layer 115 results in that the total hardness
value of the pad P is given with a good approximation by the
hardness value of the conductive layer 115.

[0028] Exposed portions of the functional substrate 105 of
the electronic circuit 100 are coated with a passivation layer
125 for protecting them from contamination/corrosion by
weathering or unwanted chemical reactions at their interface.

[0029] As schematized in FIG. 1B, in order to perform the
probing of the pad P of the electronic circuit 100, a conductive
probe 130 is used in which at least an end portion thereof has
on the whole a high hardness (e.g., with hardness values, in
first approximation, approximately between 300 and 1500
HYV or even higher); the conductive probe 130, only the end
portion of which that is intended to contact the pad P is
schematically shown in such figure, may be for example a
cantilever, MEMS, or vertical probe.

[0030] InFIG. 1B there is shown the effect of the action of
the probe 130 on the pad P: the resulting probe mark, indi-
cated by the reference 135, is represented schematically by a
hollow extending from the outer surface of the pad P (i.e.,
from the thin conductive layer 120) to part of the conductive
layer 115 below.

[0031] As shown in FIG. 1C, once the electric test of the
electronic circuit 100 is performed, a coating conductive
layer 140 is placed on the surface conductive layer 120 and on
the probe mark 135. Such coating layer 140, which may be for
example of palladium, gold or alloys thereof with the possible
addition of other materials, substantially plays a dual func-
tion: firstly, it prevents oxidation phenomena of the portion of
the nickel conductive layer 115 that, because of the incision
depth of the probe mark, turns out to be exposed to the action
of atmospheric agents. Furthermore, it facilitates a welding
process between the pad P and conductive means on it; in fact,
having the probe 130 a high hardness, the depth of the probe
mark 135 may be relevant, and therefore determine a non-
planar shape of the hollow intended to the welding operation
of'the conductive means. This might result in a loss of electric
continuity between the pad P and the conductive means; the
presence of the coating conductive layer 140, instead,
reduces, or even cancels, the depth of the probe mark 135,
thus possibly ensuring a greater grip of the conductive means
welded thereon. Such connection is shown exemplarily, but
not limitatively, in the case that such contact includes a wire-
bond 145, made above the coating layer 140; such wire bond
145 is used for electrically contacting the pad P (and thus the
electronic circuit 100) to the terminals of the package in
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which the electronic circuit 100 is encapsulated in the subse-
quent assembly process (not shown in any figure).

[0032] FIGS. 2A-2C show a production process of an elec-
tronic circuit 100' according to another embodiment. As
shown in FIG. 2A, the electronic circuit 100' is substantially
structurally identical to the electronic circuit 100, with a
difference that the thin conductive layer 120 is no longer
provided. In fact, the electronic circuit 100' includes a con-
ductive layer 115' having both a high hardness and such
properties that it typically cannot be oxidized and/or altered
by the aggression of atmospheric agents (at least during the
whole period of the production process). For example, such
conductive layer 115' may be of thodium, cobalt and/or alloys
thereof with the addition of other materials (such as palla-
dium in proper quantities). The conductive layers 110 and
115" form the corresponding pad P' of the electronic circuit
100'.

[0033] Analogously to that previously described, in FIG.
2B the probing of the probe 130 on the pad P' is carried out for
performing the electric test of the electronic circuit 100", after
which the probe 130 is removed from the pad P' and a probe
mark 135' (extending within a portion of the conductive layer
115") is then visible.

[0034] Asschematized in FIG. 2C, then a coating layer 140
is placed on the conductive layer 115' and on the probe mark
135", by using known techniques; in this way, the subsequent
welding process of the wirebond 145 may be improved, as
described above.

[0035] The described embodiments allow using, even in
electronic circuits having pads P, P' having high hardness, the
same techniques of detection and analysis of the probe mark
normally used for electronic circuits with traditional pads,
substantially without that the properties of the electronic cir-
cuits are altered (thanks to the use of the coating layer 140 that
allows not exposing the pad P, P' to the external environment);
in this way, it may be possible to optimally adjust the probing
operation of the probe 130 on the pad P, P' so as to avoid waste,
defects and/or breakage during the production of the elec-
tronic circuits. Moreover, an embodiment allows preventing
the electric unreliability of the bonding operation of the elec-
tronic circuit 100 that might naturally occur due to the use of
materials with high hardness (hard to solder) and the presence
of the probe mark on such materials (that deform the surface
on which the wirebond is welded).

[0036] Naturally, in order to satisfy local and specific
requirements, a person skilled in the art may apply to an
embodiment described above many logical and/or physical
modifications and alterations. More specifically, although
particular embodiments have been described with a certain
degree of particularity, it should be understood that various
omissions, substitutions and changes in the form and details
as well as other embodiments are possible. In particular,
different embodiments may even be practiced without the
specific details (such as the numeric examples) set forth in the
preceding description for providing a more thorough under-
standing thereof; on the contrary, well known features may
have been omitted or simplified in order not to obscure the
description with unnecessary particulars. Moreover, it is
expressly intended that specific elements and/or method steps
described in connection with any disclosed embodiment may
be incorporated in any other embodiment as a matter of gen-
eral design choice.

[0037] In particular, the above-described embodiments are
merely illustrative and in no way limitative. For example, an
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embodiment may be implemented with equivalent processes
(by using similar steps, removing some steps being not essen-
tial, or adding further optional steps); moreover, the steps may
be performed in different order, concurrently or in an inter-
leaved way (at least partly). For example, the production
process of the electronic circuit 100 may provide an addi-
tional phase including washing (through the use of high pres-
sure water or by using plasma cleaning techniques) of the
exposed surface of the conductive layer 115 before creating
the conductive layer 140. The same step may be performed
for the electronic circuit 100" before welding the wirebond
145 on the conductive layer 140.

[0038] The pad ofthe electronic circuit may include several
and different layers of conductive material, depending on
specific design demands or according to economic consider-
ations. Moreover, each conductive layer of the pad may be
formed in turn by a plurality of conductive layers. Further-
more, on the pad or on some intermediate conductive layers,
a gold coating may be provided for improving electric prop-
erties thereof. In general, the conductive layers may be made,
for example, of materials all equal to each other, depending on
the desired hardness requirements: conductive materials that
may be used in appropriate combination include (but not
exclusively) palladium, nickel, gold, copper and aluminium.
[0039] Similar considerations are valid if the wire bond is
replaced by a contact protruding protuberance (in jargon,
bump) or by other types of electrical connections not explic-
itly mentioned but structurally and/or functionally equiva-
lent.

[0040] Furthermore, an embodiment of the integrated cir-
cuit 100 or 100' may be coupled to one or more other inte-
grated circuits or components to form a system, such as a
computer system, cell phone, smart phone, system on a chip
(multiple integrated circuits on a same die), or other elec-
tronic system. For example, the integrated circuit 100 or 100",
or another integrated circuit of such a system, may be a
processor or controller.

[0041] From the foregoing it will be appreciated that,
although specific embodiments have been described herein
for purposes of illustration, various modifications may be
made without deviating from the spirit and scope of the dis-
closure. Furthermore, where an alternative is disclosed for a
particular embodiment, this alternative may also apply to
other embodiments even if not specifically stated.

1. A method, comprising:

forming an indentation in a contact pad disposed over a

substrate; and

forming a layer of conductive material in the indentation.

2. The method of claim 1 wherein forming the indentation
comprises pushing an object against the contact pad.

3. The method of claim 1 wherein forming the indentation
comprises pressing a probe against the contact pad.

4. The method of claim 1 wherein forming the indentation
comprises probing the contact pad.

5. The method of claim 1 wherein forming the indentation
comprises forming the indentation in at least one layer, but
not all layers, of the contact pad.

6. The method of claim 1 wherein forming the conductive
layer comprises filing the indentation with the conductive
material.

7. The method of claim 1, further comprising:

wherein forming the indentation comprises probing the

contact pad; and
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determining whether a probe is aligned with the contact

pad in response to the indentation.

8. The method of claim 1, further comprising:

wherein forming the indentation comprises probing the

contact pad; and

determining whether a probe card is aligned with an array

of contact pads that is disposed over the substrate.

9. The method of claim 1, further comprising:

wherein forming the indentation comprises probing the

contact pad; and

determining whether a probe card is aligned with an array

of contact pads that is disposed over the substrate and
that includes the contact pad.
10. A method, comprising:
forming a plurality of conductive layers over a substrate
having a plurality of electric circuit components, where
said conductive layers provide an electric contact region
with a hardness equal to or greater than 300 HV;

contacting the electric contact region with a probe, said
contacting forming a probe mark in a top surface of the
electric contact region;

conducting a test of the electric circuit components through

the probe; and

after said test is complete forming a conductive layer cov-

ering said electric contact region and filling said probe
mark.

11. The method of claim 10, wherein forming the plurality
of conductive layers comprises forming a first layer, said first
layer having a hardness equal to or greater than 300 HV.

12. The method of claim 11, wherein forming the plurality
of'conductive layers further comprises forming a second layer
on said first layer, said second layer comprised of a material
protecting the first layer from contamination and corrosion.

13. The method of claim 12, wherein said probe mark is
defined by a recess that extends from a top surface of the
electric contact region through the second layer and at least
partially into said first layer.

14. The method of claim 13, wherein the conductive layer
fills said recess and further overlies the top surface of the
electric contact region.

15. The method of claim 12, wherein the second layer is
formed by gold or palladium.

16. The method of claim 15, wherein the first layer is
formed of rhodium or cobalt.

17. A method, comprising:

forming a conductive layer over a substrate having a plu-

rality of electric circuit components, where said conduc-
tive layer provides an electric contact region with a
hardness equal to or greater than 300 HV;

contacting the electric contact region with a probe, said

contacting forming a probe mark in a top surface of the
electric contact region;

conducting a test of the electric circuit components through

the probe; and

after said test is complete forming a conductive layer cov-

ering said electric contact region and filling said probe
mark.

18. The method of claim 17, wherein said probe mark is
defined by a recess that extends from a top surface of the
electric contact region, and wherein the conductive layer fills
said recess and further overlies the top surface of the electric
contact region.
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19. The method of claim 17, wherein the electric contact
region is formed by gold or palladium.

20. The method of claim 17, wherein the electric contact
region is formed of rhodium or cobalt.
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