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(57) ABSTRACT

A probe for engaging a conductive pad 1s provided. The probe
includes a probe contact end for recerving a test current, a
probe retention portion below the contact end, a block for
holding the probe retention portion, a probe arm below the
retention portion, a probe contact tip below the arm, and a
generally planar seli-cleaning skate disposed perpendicular
below the contact tip. The seli-cleaning skate has a square
front, a round back and a flat middle section. The conductive
pad 1s of generally convex shape having a granular non-
conductive surface of debris and moves to engage the skate,
whereby an overdrive motion 1s applied to the pad causing the
skate to move across and scrub non-conductive debris from
the pad displacing the debris along the skate and around the
skate round back end to a position on the skate that 1s away
from the pad.

85 Claims, 10 Drawing Sheets
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1

PROBE SKATES FOR ELECTRICAL
TESTING OF CONVEX PAD TOPOLOGIES

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation-in-part application of the
inventor’s prior U.S. application Ser. No. 11/480,302 filed
Jun. 29, 2006, for PROBES WITH SELF-CLEANING
SKATES FOR CONTACTING CONDUCTIVE PADS,
which claims the benefit of U.S. application Ser. No. 10/850,
921 filed on May 21, 2004, now U.S. Pat. No. 7,148,709, U.S.
application Ser. No. 10/888,347 filed on Jul. 9, 2004 and U.S.
application Ser. No. 11/450,977 filed on Jun. 9, 2006.

FIELD OF THE INVENTION

The invention relates generally to an apparatus and method
of using contacting tips of probes 1n scrubbing and electrical
testing of a device under test. More particularly, the invention
relates to an apparatus and method of using contacting tips
having probe skates with geometries that provide seli-clean-
ing and a reduction in sensitivity to overdrive motion.

BACKGROUND

Semiconductor waler testing before dicing 1s a necessary
and critical process step. Such testing provides early verifi-
cation of circuit design and fabrication integrity. Typically,
test probes are placed 1n contact with conductive pads of a
device under test (DUT) to provide a test signal for such
verification of the circuit, where the conductive pads are
positioned on the surface of a water or DUT. These pads are
known to have bump-like or convex shape, with the base of
the pad incorporated into the watfer surface. A problem exists
with a non-conductive layer of debris on the pad such as a
non-conductive oxide layer impeding the conductive pad
from recerving the test signal, where the debris 1s an artifact of
the fabrication process. Currently, a scrubbing method 1s used
to remove some of the non-conductive layer from the pads
before applying the test signal. Many methods exist for
removing the debris layer such as using the probe tip 1tself to
scrub the pad while applying the test signal. For information
about corresponding probe designs and scrub motion
mechanics the reader 1s referred to U.S. Pat. No. 5,436,571 to
Karasawa; U.S. Pat. Nos. 5,773,987 and 6,433,571 both to
Montoya; U.S. Pat. No. 5,932,323 to Throssel and U.S. Appl.
2006/0082380 to Tanioka et al. Additional information about
the probe-oxide semiconductor interface 1s found in U.S. Pat.
No. 5,767,691 to Verkuil.

The scrub motion includes engaging a probe tip with a
conductive pad, and applying an overdrive motion to the pad
to cause the probe to scrub the layer of debris from the pad.
Numerous problems arise from this method such as control-
ling the probe scrubbing action, managing undesirable debris
accumulation on the probe tip, and the added need for a
complicated and invasive probe cleaning processes to remove
the debris from the probe tips. Consistent scrub control 1s of
paramount importance. A probe 1s often too sensitive to the
overdrive motion from the pad, causing a scrub depth that 1s
too deep that not only removes a portion of the non-conduc-
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tive layer, but also damages or breaches the conductive pad,
thus rendering the water unusable. Debris accumulation on

the probe tip degrades the electrical continuity between the
probe and conductive pad, often times restricting the test
signal and providing erroneous test results, where implemen-
tation of an undesirable test redundancy may then become
necessary. Complicated probe tip cleaning methods, such as
use of abrasion cleaning, have been used to remove debris
from the probe tip by scouring. Such a technique not only
disrupts the fabrication throughput, but also degrades the
probe tip, resulting 1n shortened utility of the probes and
requiring premature replacement.

Current attempts to address these 1ssues have been met
with shortcomings, where 1n one case a contact bump at the
end of a probe has a nub made from rhodium nickel alloy
fused to the contact bump. While such an alloy lends 1tself for
creating a tip that 1s more robust for scrubbing, the need to
disrupt fabrication throughput for a probe tip cleanming pro-
cess still exists. Further, the geometry of the contact bump
made from the alloy nub lends itself for undesirable accumu-
lation of debris, thus necessitating relatively frequent clean-
ing. Another attempt has been implemented that includes a
knmife-like probe end in an effort to reduce debris accumula-
tion for limiting the need for abrasive cleaning. Uniortu-
nately, such geometry has been shown to lack scrubbing
control and damage the pad due to the probe having a hyper-
sensitivity to overdrive motion. For additional information
about probe tip geometries the reader 1s referred to U.S. Pat.

No. 6,633,176 and U.S. Appl. 2005/0189955 both to Take-
moto et al., and U.S. Pat. No. 6,842,023 to Yoshida et al.
employs contact probe whose tip tapers to a sloping blade or
chisel.

It would be considered an advance in the art to provide a
probe design having a probe tip with a seli-cleaning skate that
alleviates the need for using abrasion techniques to remove
debris from the probe tip. A method of using a self-cleaning
probe tip 1s needed that provides effective scrubbing for
ecnabling testing. Further needed 1s a probe having a seli-
cleaning skate that 1s less sensitive to overdrive motion to
enable consistent and predictable scrubbing for more reliable
waler testing and to alleviate the need for test redundancies.

SUMMARY OF THE INVENTION

The present invention provides a probe having a self-clean-
ing tip, or skate, for engaging a conductive pad. The probe
includes a contact end for recerving a test current, a probe
retention portion below the contact end and a block for hold-
ing the retention portion. Further, a probe arm below the
retention portion has a probe contact tip there below and a
generally planar self-cleaning skate disposed perpendicular
below the contact tip. The self-cleaning skate has a generally
square front end, a generally round back end and a generally
flat middle section therebetween.

In one embodiment of the invention, the skate has a skate
height up to 12 of the skate length and a skate width up to ¥
of the skate length. In one aspect of the current invention, the
seli-cleaning skate width 1s narrower than a width of the
contacting tip. In another aspect of the invention, the skate
may have different cross-sections such as a U-shape, a semi-
circular shape, a V-shape, box-shape, or a parallelogram-
shape, where the parallelogram cross-section has a first par-
allel side connected to the bottom of the contact tip and a
second parallel side for contacting the conductive pad,
whereby the first parallel side 1s larger than the second paral-
lel side. Further, the box-shape cross-section has a first hori-
zontal side connected to the bottom of the contact tip and a
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second horizontal side for contacting the conductive pad,
where the second horizontal side further includes radi1 at each
edge of the second horizontal side. According to the embodi-
ments of the current invention, the selt-cleaning skate length
1s aligned along a scrub direction.

The conductive pad 1s generally convex and has a granular
non-conductive surface layer of debris such as a non-conduc-
tive oxidation surface. The pad 1s moved to engage the skate.
Once engaged, an overdrive motion 1s applied to the conduc-
tive pad causing the probe to flex and move the skate across
the conductive pad to scrub debris from the pad. The scrubbed
debris 1s displace along the skate and moved around the skate
round back end to a position on the skate that 1s away from the
conductive pad. In one aspect of the mnvention, the probe arm
has a base arm below the retention portion, a knee below the
base arm, and a reverse arm below the knee. Further, a contact
tip 1s below the reverse arm and the self-cleaning skate 1s
below the contact tip.

In one embodiment of the invention, the skate round back
end has a radius with a size as large as the length of the skate
height. In another embodiment of the invention, the round
back end of the skate 1s a variable radius back end.

In one aspect of the mnvention, the overdrive motion causes
the skate to pivot such that the middle section forms an angle
up to 35 degrees with respect to a horizontal plane, while the
round back end remains engaged with the conductive pad.
Reversing the overdrive motion causes the skate to reverse 1ts
movement, where the skate moves from an up angle to
approximately a horizontal position while maintaining
engagement with the conductive pad. Here, the skate trans-
lates along the horizontal position 1n a direction towards the
skate back end, where the debris 1s further displaced along the
round back end and away from the conductive pad. Finally,
the conductive pad moves away from the skate to disengage
the probe from the conductive pad.

In one aspect of the invention, the pad 1s 1n an extended
overdrive motion beyond the previous overdrive motion,
causing the probe move 1 a manner to further displace the
debris away from the conductive pad. Here, the extended
overdrive motion 1s applied after at least two touch down
cycles. Such overdrive motion of the conductive pad 1is
between 1-5 muil.

As an advancement 1n removing the debris from the skate,
in one aspect of the invention, the conductive pads for engag-
ing the probe tip are replaced by a cleaning sheet having
debris adhesion properties for removing the debris from the
skate.

One aspect of the present invention 1s a method of using the
seli-cleaning skate by providing a conductive pad having a
generally convex shape and a non-conductive layer of debris,
such as a granular non-conductive oxidation surface, and
providing a conductive probe for engaging the conductive
pad. The probe includes a contact end for recerving a test
current, a retention portion below the contact end, a block for
holding the retention portion, a probe arm below the retention
portion, a probe contact tip below the arm, and a generally
planar self-cleaning skate disposed perpendicular below the
contact tip, where the skate has a generally square front end,
a generally round back end and a generally flat middle section
therebetween. The skate 1s positioned above the conductive
pad, where the conductive pad 1s translated, causing the skate
to engage the conductive pad. Overdrive motion is then pro-
vided to the conductive pad causing the skate to scrub the
debris from the conductive pad and clean the debris from the
region ol the skate that contacts the conductive pad. The
cleaning occurs from the overdrive motion moving the skate
to form an angle between the skate middle section and a
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horizontal plane, while engaging the round back end with the
conductive pad. The overdrive motion induces a translation

motion of the skate back end along the pad in a direction
towards the skate front end while the skate middle section 1s
turther angled with respect to the horizontal plane. As the
skate back end translates across the conductive pad, debris
and non-conductive oxides are displaced along the skate,
where the debris moves around the round back end to a
position on the skate that 1s away from the conductive pad.
Reversing the overdrive motion to the pad causes the skate
middle section to move from the angle to approximately the
horizontal position, where the skate flat middle section 1s 1n
contact with the conductive pad. Here, the debris on the skate
back end moves to a position away from the conductive pad.
Continuing to reverse the overdrive motion translates the
skate along the horizontal position and further moving the
debris around the round back end to a position on the skate
that 1s away from the conductive pad. Finally, the pad 1s
translated to cause the probe to disengage from the conduc-
tive pad. The method according to the current immvention
improves overdrive control by making the scrubbing and
cleaning less sensitive to the overdrive motion, where the
debris layer 1s removed without breaching or damaging the
conductive pad and debris 1s displaced from the conductive
pad to the skate. Further, a current (1) 1s applied to the probe
alter the self-cleaning skate contacts the conductive pad.
Using the self-cleaning skate according to the mmvention 1s
accomplished after at least two engagement cycles.

In one aspect of the method according to the current inven-
tion, the probe arm includes a base arm below the retention
portion, a knee below the base arm, and a reverse arm below
the knee, where the contact tip 1s below the reverse arm and
the self-cleaning skate 1s below the contact tip.

In another aspect of the invention, the self-cleaning skate 1s
positioned above the pad by disposing an approximate center
location of the flat middle end above an edge of the conduc-
tive pad, where the skate engages the conductive pad with the
center of the skate positioned on the conductive pad edge.

Some key advantages of the invention are the features of
the self-cleaning skate extend the mean time between failure
of the probe caused by debris buildup on the skate. Addition-
ally, due to the unique skate design, a scrub channel may be
made on irregularly shaped conductive pads at any location
on the pad. The current invention provides better control of
the skate during overdrive motion, where improved tolerance
to overdrive motion enables reliable pad testing on silicon
walers before dicing.

BRIEF DESCRIPTION OF THE FIGURES

The objectives and advantages of the present invention will
be understood by reading the following detailed description
in conjunction with the drawings, in which:

FIG. 1 shows a planar view of a block holding a probe
having a seli-cleaning skate engaging a conductive pad
according to the present invention.

FIG. 2 shows a planar view of a probe tip having a seli-
cleaning skate that i1s positioned over a conductive pad
according to the present invention.

FIG. 3 shows a perspective view of a block holding mul-
tiple probes with self-cleaning skates positioned over mul-
tiple conductive pads according to the present invention.

FIGS. 4a-4¢ show planar views of some embodiments of
the self-cleaning skate according to the present invention.

FIGS. 3a-31 show planar cross-section views ol some
embodiments of the seli-cleaning skate according to the
present invention.
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FIGS. 6a-6b show planar views of the overdrive of the
conductive pad operating on the probe according to the

present invention.

FIGS. 7a-71 show a sequence of planar partial cutaway
views of the self-cleaning skate scrubbing across a conduc-
tive pad according to the present invention.

FIGS. 8a-81 show a sequence of planar partial cutaway
views ol the self-cleaning skate scrubbing across a conduc-
tive pad with 1nitial the skate position on a pad edge according,
to the present invention.

FIG. 9a-9d show planar views ol a conductive pad before
and after scrubbing.

FIG. 10 1s a flow-chart that shows the steps for using the
seli-cleaning skate according to the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Although the following detailed description contains many
specifics for the purposes of illustration, anyone of ordinary
skill 1n the art will readily appreciate that many variations and
alterations to the following exemplary details are within the
scope of the invention. Accordingly, the following preferred
embodiment of the mvention 1s set forth without any loss of
generality to, and without imposing limitations upon, the
claimed nvention.

Semiconductor waier processing methods and technology
have been dynamic fields and continue to be the focus of
much research and development. Among the numerous areas
of these fields, early verification of process integrity and
circuit design 1s an important step for effective cost control
and manufacturing efliciency. As new methods of fabrication
and new semiconductor waler features evolve, testing meth-
ods must adapt to these changes. For example, the conductive
pad of a semiconductor waler can be fabricated as a dome-
shape, or even a pedestal having a dome-shape located at the
pedestal top, where the dome feature may be non-uniform and
asymmetric. New methods of testing and new conductive test
probes are required to address these evolving fabrication
technologies. Typically, the conductive pad has a non-con-
ductive layer of debris that includes a non-conductive oxide
layer on the dome surface that impedes electrical contact
between the probe tip and the conductive pad. In the testing
phase, this layer requires a scrubbing step to remove some of
the non-conductive layer of debris to enable electrical contact
between the conductive pad and the probe tip. It1s desirable to
remove this layer and apply a test current to the pad to verify
circuit design and fabrication integrity, while simultaneously
controlling the probe tip position on the pad and cleaning the
probe end. In the current mvention, the scrubbing process
requires the conductive pad to be positioned below the probe
t1ip and then moved to make contact with the probe tip. Once
engaged, an overdrive motion 1s applied to the conductive pad
whereby the probe flexes to allow the probe tip to traverse the
conductive pad and scrub the non-conductive layer of debris
from the pad surface while applying a test current (1) through
the probe. Problems arise when scrubbing and testing the
dome-shaped conductive pads. These problems include con-
trolling the probe tip to ensure 1t remains on the conductive
pad during scrubbing and testing, ensuring the translation of
the probe tip across the pad 1s not too sensitive to the overdrive
motion, and managing the debris that 1s removed to ensure

clectrical continuity and prevent or limit accumulation of

debris on the probe tip.

To address these 1ssues, the present invention provides a
probe having a seli-cleaning tip, or skate, for engaging a
conductive pad of the semiconductor water, where the con-
ductive pad may have a dome-shape or be a pedestal having a
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dome-shape. The probe includes a contact end for receiving a
test current, a probe retention portion below the contact end
and a block for holding the retention portion. Further, a probe
arm below the retention portion has a probe contact tip there
below and a generally planar self-cleaning skate disposed
perpendicular below the contact tip. The self-cleaming skate
has a generally square front end, a generally round back end
and a generally flat middle section therebetween. This con-
figuration may be made into an array of probes suited for
scrubbing and testing semiconductor walers having many
conductive pads arranged according to a circuit, or multiple
circuits, integrated to the water.

The skate of the probe contacting tip may have a height up
to 14 of the skate length and a skate width up to Vs of the skate
length. Additionally, the seli-cleaning skate may have a width
that 1s generally narrower than a width of the contacting tip.
These skates may have a cross-section such as a U-shape,
semi-circular shape, V-shape, box-shape, and parallelogram-
shape, where the parallelogram cross-section has a first par-
allel side connected to the bottom of the contact tip and a
second parallel side for contacting the conductive pad,
whereby the first parallel side 1s larger than the second paral-
lel side. Further, the box-shape cross-section may have a first
horizontal side connected to the contact tip and a second
horizontal side for contacting the conductive pad, where the
second horizontal side further includes radn at each edge of
the second horizontal side. In these aspects, the seli-cleaning
skate length 1s aligned along a scrub direction.

One conductive pad addressed 1n the current invention 1s
generally convex having a non-conductive layer, such as a
granular non-conductive oxidation layer, that 1s an artifact of
the water fabrication process. The conductive pad 1s moved to
engage the skate. Once engaged, an overdrive motion 1s
applied to the conductive pad causing the probe arm to flex.
This tflexing allows the skate to remain 1n contact with the
conductive pad while moving across the pad to scrub the
non-conductive layer of debris and remove the debris from
the conductive pad. An intended consequence of the skate
design according to the current invention, 1s the scrubbed
debris 1s displaced along the skate and moved around the
skate round back end to a position on the skate that 1s away
from said conductive pad.

In one aspect of the invention, to enable further control of
the skate as the pad 1s subject to the overdrive motion, the
probe arm has a base arm below the retention portion, a knee
below the base arm, and a reverse arm below the knee. Fur-
ther, the contact tip 1s below the reverse arm and the seli-
cleaning skate 1s below the contact tip.

According to the design of the self-cleaning skate, the skate
round back end has a radius with a size up to the length of the
skate height. Alternatively, the round back end of the skate
may be a variable radius, or multiple radii, back end.

According to the aspects of the invention, the overdrive
motion causes the skate to pivot such that the middle section
forms an angle up to 35 degrees with respect to a horizontal
plane, while the round back end 1s engaged with the conduc-
tive pad. Further, by reversing the overdrive motion, the skate
moves 1n a reverse direction across the conductive pad, where
the skate moves from an up angle to approximately a hori-
zontal position while engaging the conductive pad. Here, the
skate translates along the horizontal position in a direction
towards the skate back end, where the debris 1s further dis-
placed along the round back end and away from the conduc-
tive pad. Finally, the conductive pad moves away from the
skate to disengage the probe from the conductive pad,
whereby a scrub channel 1s evident on the surface of the pad.
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In one aspect of the ivention, the pad 1s extended in an
overdrive motion that 1s beyond the previous overdrive
motion, the probe 1s caused to move 1n a manner that further
displaces the already displaced debris away from the conduc-
tive pad. Here, the extended overdrive motion 1s applied after
at least two touch down cycles. Such overdrive motion of the
conductive pad may be between 1-5 mual.

Prior to the current mmvention, a separate process was
required for removing accumulated debris from probes, such
as scouring or builing the probe ends. This added step is
known to be ivasive to the fabrication process, where in
addition to a need for a separate mechanical configuration 1n
the fabrication process, the probes are subject to additional
ware from abrasion that shortens their utility. As an advance-
ment 1n removing the debris from the skate, 1n one aspect of
the invention, the conductive pads are replaced by a cleaning
sheet having debris adhesion properties for removing the
debris from the skate.

A method of using the self-cleaning skate according to the
current imnvention includes providing the conductive pad hav-
ing with the generally convex shape and a non-conductive
layer, such as a granular oxidation surface, and providing a
conductive probe for engaging the conductive pad that
includes a contact end for receiving a test current, a retention
portion below the contact end, a block for holding the reten-
tion portion, a probe arm below the retention portion, a probe
contact tip below the arm, and a generally planar self-clean-
ing skate disposed perpendicularly below the contact tip,
where the skate has a generally square front end, a generally
round back end and a generally flat middle section therebe-
tween. The skate 1s positioned above the conductive pad,
where the conductive pad 1s translated causing the skate to
engage the conductive pad. Overdrive motion 1s provided to
the conductive pad causing the skate to scrub the non-con-
ductive layer of debris and remove 1t from the conductive pad
and then clean the debris from the skate. The cleaning occurs
by the overdrive motion flexing the probe and causing the
skate to move across the pad to form an angle of the skate
middle section with respect to a horizontal plane while still
engaging the round back end with the conductive pad. The
overdrive motion induces translation motion of the skate back
end 1n a direction towards the skate front end across the
conductive pad while the skate middle section 1s further
angled with respect to the horizontal plane. As the skate back
end translates across the conductive pad, debris, such as a
non-conductive oxide, 1s displaced along the skate, where the
debris moves around the round back end to a position on the
skate that 1s away from the conductive pad. Reversing the
overdrive motion to the pad causes the skate middle section to
move from the angle to approximately the horizontal posi-
tion, where the skate flat middle section 1s 1n contact with the
conductive pad. Here, the debris on the skate back end moves
to a position away from the conductive pad. Continuing to
reverse the overdrive motion of the conductive pad translates
the skate along the horizontal position and further moves the
debris around the round back end to a position on the skate
that 1s away from the conductive pad. Finally, the pad 1s
translated to cause the probe to disengage from the conduc-
tive pad. The method according to the current invention
improves overdrive control by making the scrubbing and
cleaning less sensitive to the overdrive motion, where the
oxidation layer 1s removed without breaching the conductive
pad and debris 1s displaced from the conductive pad to the
skate. Accordingly, a current (1) 1s applied after said seli-
cleaning skate contacts the conductive pad.

Using the self-cleaning skate according to the invention 1s
accomplished after at least two said engagement cycles.
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In one aspect of the current invention, the probe arm
includes a base arm below the retention portion, a knee below
the base arm, and a reverse arm below the knee, where the
contact tip 1s below the reverse arm and the self-cleaning
skate 1s below the contact tip.

In another aspect of the invention, the self-cleaning skate 1s
positioned above the pad by disposing an approximate center
location of the flat middle end above an edge of the conduc-
tive pad, where the skate to engages the conductive pad with
the center of the skate positioned on the conductive pad edge.

Referring now to the figures, FIG. 1 1s a planar view of a
scrubbing system 100 that includes a block 102 holding a
probe 104 having a self-cleaning skate 106 for engaging a
conductive pad 108 to scrub debris (see FIG. 2) from the
conductive pad 108 while applying the test current (1), accord-
ing to the present invention. The probe includes a contact end
110 for receiving the test current (1) (not shown), a probe
retention portion 112, below the contact end, that 1s held by
the block 102. A probe arm 114 below the retention portion
112 has a probe contact tip 116 at the end, with a generally
planar self-cleaning skate 106 disposed perpendicular below
the contact tip 116. According to one embodiment of the
invention and depicted 1in FIG. 1, the probe arm 114 has a base
arm 118 below the retention portion, a knee 120 below the
base arm 118, and a reverse arm 122 below the knee 120,
where the contact tip 116 1s below the reverse arm 122 and the
seli-cleaning skate 106 1s below the contact tip 116.

[llustrated 1n FIG. 2 1s a planar view of the probe tip 116
having the seli-cleaning skate 106 positioned over a conduc-
tive pad 108 according to one embodiment of the present
invention. Here, the self-cleaning skate 106 depicted 1s gen-
crally planar and disposed perpendicular below the contact tip
116, where the skate 106 has a generally square front end 200,
a generally round back end 202 and a generally flat middle
section 204 therebetween. Further depicted, the conductive
pad 108 has a layer of non-conductive granular debris 208
formed 1n a generally convex shape on a generally cylindrical
base 210, where the non-conductive granular debris 208 can
be a non-conductive oxide layer resulting from a breakdown
of the surface of the metallic conductive pad 1n the fabrication
Processes.

FIG. 3 depicts a perspective view of the block 102 holding
multiple probes 104 with self-cleaning skates 106 positioned
over multiple conductive pads 108 according to one embodi-
ment of the present invention. The conductive pads 108 are
embedded 1nto a semiconductor water 300, where the water
300 and pads 108 are driven upwards to cause the conductive
pads 108 to engage the selif-cleaning skates 106 for scrubbing
and testing as will be described below.

FIGS. 4a-4c show planar views the self-cleaning skate
according to the present invention. In FIG. 4a, a self-cleaning
skate 106 1s depicted that has a generally square front end 200,
a generally round back end 202 and a generally flat middle
section 204 therebetween. FIG. 4b depicts another embodi-
ment of the invention with the generally round back end 202
of the self-cleaning skate 106 having a variable radius, or
multiple radn, depicted here having a first radius R1 and a
second radius R2 1n this embodiment. Depicted in FIG. 4c¢ 1s
an end planar view of the self-cleaning skate 106 connected
perpendicularly to bottom of the contact tip 116 where shown
are the skate width 400, skate height 402 and the skate length
404 (see F1G. 4a). According to one embodiment of the mnven-
tion, the self-cleaning skate 106 has a height 402 up to 4 of
the skate length 404 and a skate width 400 up to Vs ol the skate
length 404, and the skate width 400 1s narrower than the
contacting tip width 406. The seli-cleaning skate 106 may
have many different cross-section geometries. FIGS. 5a-5¢
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show planar views of some cross-section embodiments of the
self-cleaning skate according to the present invention. FIG.
5a depicts box-shape cross-section 500, FIG. 5b depicts a
U-shape cross-section 502, FIG. Sc¢ depicts a parallelogram-
shape cross-section 504, FIG. 3d depicts a V-shape cross-
section 306, FIG. 5¢ depicts a semi-circular shape cross-
section 508, and FIG. 51 depicts a box-shape having rounded
edges 510. The parallelogram cross-section 504 has a {first
parallel side 512 connected to the bottom of the contact tip
116 and a second parallel side 514 for contacting the conduc-
tive pad (not shown), where the first parallel side 5312 1s larger
than the second parallel side 514. The cross-sections depicted
here are a small sample of the many possible cross-section
geometries that may be used with the current invention to
obtain the desired results of scrubbing and testing the con-
ductive pads 108.

FIGS. 6a and 6b show planar views of the overdrive of the
conductive pad operating on the probe according to the
present mvention. Depicted here, 1s the self-cleaning skate
108, according to one embodiment of the current invention,
that utilizes the round back end 202 to smoothly scrub across
the conductive pad 108 when subject to overdrive motion 600
to scrub debris 208 while not breaching the conductive pad
108. Overdrive motion 600 can range from 1-5 mil. In FIG.
6a, the skate 106 1s positioned with the center of the flat
middle section 204 located near an edge of the conductive pad
108, where the skate 106 1s shown to contact the pad 108.

Depicted in FIG. 6b 1s an overdrive motion 600 applied to
the conductive pad 108, where dashed lines 602 are provided
to show a relative overdrive displacement of the conductive
pad 108. One benefit of the round back end 202 1s that 1t averts
the skate 106 from binding in the debris 208 when the over-
drive motion 600 1s applied, preventing the probe 106 from
unpredictably releasing from the debris 208 and springing oif
of the pad 108, which i1s undesirable. Further, the added linear
distance along the bottom surface of the skate 106 attained by
having the round back end 202 provides improved tolerance
to overdrive 600.

The current mvention improves the skate 106 response to
overdrive motion 600 of the conductive pad 108, where
movement of the skate 106 having the generally round back
end 202 allows the skate 106 to smoothly scrub across the
conductive pad 108. A probe end not having the features
according to the current mnvention 1s known to become caught
in the debris 208 while the overdrive motion 600 continues,
thus causing the probe arm to build up potential energy. The
consequence of this undesirable state 1s the potential energy
eventually surpasses the debris strength and the skate releases
across the conductive pad 108, rapidly and without control,
swinging beyond the conductive pad 108 thus potentially
damaging the skate 106 and/or the pad 108.

FIGS. 7a-71 show a sequence of planar partial cutaway
views of the self-cleaning skate 106 that scrubs a channel 704
(see FIG. 71) 1n the conductive pad according to the present
invention. Depicted in FIG. 7a 1s the probe 104 having a
contact tip 116 with the seli-cleaning skate 106 attached at the
bottom and positioned above the conductive pad 108. The
conductive pad 108 1s depicted 1n a cutaway view for 1llus-
trative purposes, where a layer of granular debris 208, such as
anon-conductive oxide layer, 1s depicted as a convex shape on
top of the conductive pad 108 (see FIG. 9 for drawing of the
pad and granular debris). The conductive pad 108 1s raised, or
translated, to cause the self-cleaning skate 106 to engage the
layer of debris 208 of the conductive pad 108, as depicted 1n
FIG. 7b. Once engaged, a test current (1) 1s applied to the
probe and the conductive pad 108 1s provided an overdrive
motion 600 causing the skate 106 to scrub the debris 208 from
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the conductive pad 108 and clean the debris 208 from the
bottom of the skate 106 as i1llustrated in this sequence. FIG.
7c-Te depict the response of the probe 104 when subject to
overdrive motion 600 from the conductive pad 108, where the
probe 114 tlexes and causes the contact tip 116 to rotate 700
and form an angle between the skate middle section 204 and
a horizontal plane on the pad 108 while engaging the round
back end 202 with the conductive pad 108. Overdrive motion
600 1s continued 1n FIGS. 7d and 7e to induce a horizontal
translational motion 702 of the skate 106 in a direction from
the back end 202 towards the front end 200 across the con-
ductive pad 108 while the skate middle section 204 1s further
rotated 700 with respect to the horizontal plane. In this exem-
plary sequence, debris 208 1s displaced along the skate 106
and moved around the round back end 202 to a position on the
skate 106 that 1s away from the conductive pad 108. By
reversing the overdrive motion 600 to the conductive pad 108,
the skate 106 moves 1n a manner such that the skate middle
section 204 rotates 700 from the angle to approximately the
horizontal position, as depicted 1n FIG. 71, where the skate flat
middle section 204 1s 1n contact with the conductive pad 108.
Shown 1n FIG. 7g, the debris 208 on the skate back end 202
moves to a position away from the conductive pad 108 as the
tflat middle section 204 1s further rotated 700 down to a hori-
zontal position. Continuing the reverse overdrive motion 600
causes the skate 106 to translate 702 1n an opposite direction
along the horizontal position on the conductive pad 108,
depicted in FIG. 7h, and further moves the debris 208 around
the round back end 202 to a position on the skate 106 that 1s
away from the conductive pad 108. Finally, the reverse over-
drive motion 600 of the conductive pad 108 continues to
cause the probe 104 to disengage from the conductive pad, as
depicted i FIG. 71, where this scrubbing method improves
overdrive 600 control by making the skate 106 movement less
sensitive to the overdrive 600. Accordingly, the oxidation
layer 208 1s removed without breaching the conductive pad
108 and the debris 208 1s displaced from the conductive pad
108 along the skate 106 to a position away from the pad 108.
Further depicted in FIG. 71 1s a scrub channel 704 near the pad
center having a furrow-buildup of the debris 208 to 1llustrate
how 1t responds to scrubbing from the self-cleaning skate
according to the current invention, where the scrub channel
704 that exposes the conductive metal 706 of the conductive
pad 108.

FIGS. 8a-81 show planar views of the overdrive motion 600
of the conductive pad 108 operating on the probe 114 having
a seli-cleaning skate 106 according to the present invention.
Depicted 1n FIG. 8a 1s the probe 114 having a contact tip 116
with the self-cleaning skate 106 attached at the bottom. In this
example, the skate 106 1s positioned with the skate middle
section 204 above the edge of the conductive pad 108. The
conductive pad 108 1s depicted in a cutaway view for 1llus-
trative purposes, where a layer of granular debris 208 1s
depicted on top of the conductive pad 108 (see FIG. 9 for
drawing of the pad and granular debris). The conductive pad
106 1s moved to cause the self-cleaning skate 106 to engage
the debris layer 208 of the conductive pad 108, as depicted in
FIG. 8b. Once engaged, the conductive pad 108 1s provided an
overdrive motion 600 causing the skate 106 to scrub the
debris 208 from the conductive pad 108 and clean the debris
208 from the skate 106. FIGS. 8c-8¢ depict the response of the
probe 114 when subject to overdrive motion 600 from the
conductive pad 208 moving in an upward direction, where the
probe 114 tlexes and causes the contact tip 116 to rotate 70
and form an angle between the skate middle section 204 and
a horizontal plane while engaging the round back end 202
with the conductive pad 108. Here, the square front end 200 1s
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on the convex shape of the conductive pad 108 while the
round back end 202 1s oif the pad 108. This way, as the probe
114 undergoes deflection, it rocks on the edge of the pad 108
to provide a highly concentrated force that helps the skate 106
penetrate the debris 208 (see FIG. 8d). Overdrive motion 600
1s continued 1n FIG. 8¢ to induce a translation 702 of the skate
106 1n a direction from the back end 202 towards the front end
200 across the conductive pad 108 while the skate middle
section 204 further rotates 700 with respect to the horizontal
plane. In this sequence, debris 208 1s displaced along the skate
106 and moved around the round back end 202 to a position
on the skate 106 that 1s away from the conductive pad 108. By
reversing the overdrive motion 600 of the conductive pad 108,
the skate 106 rotates 700 in a manner such that the skate
middle section 204 forms a smaller angle with respect to the
horizontal plane, while simultaneously translating 702 1n a
direction from the front end 200 towards the back end 202
across the conductive pad 108 as depicted in FIGS. 81 and 8¢,
where the skate flat middle section 204 1s 1n contact with the
conductive pad. The debris 208 on the skate back end 202
moves to a position away from the conductive pad 108 as the
flat middle section 204 1s further rotated down to a horizontal
position. Depicted in FIG. 8h 1s the skate 106 translating 702
with the middle section 204 1n a horizontal orientation, and
the reverse overdrive motion 600 of the conductive pad 108
continues to cause the probe 114 to disengage from the con-
ductive pad, as depicted 1n FIG. 81. The sequence described
here illustrates how the self-cleaning skate 106 improves
overdrive control by making the skate 106 movement less
sensitive to the overdrive. Accordingly, the debris layer 208 1s
removed without breaching the conductive pad 108, where
the debris 208 1s displaced from the conductive pad 108 to a
position on the skate 106 that 1s away from the pad 108.
Further depicted in FIG. 811s a scrub channel 600 that exposes
the conductive metal 706 of the conductive pad 108.

By selecting the 1mitial position of the skate 106 relative to
the pad 108, the scrub channel 600 can be made 1n all loca-
tions on the surface of the conductive pad 108, where the
invention provides better control of the motion of the skate
106 across the pad 108, while preserving the integrity of the
conductive pad 108 and the skate 106. FIGS. 9a-9d depict
planar views of a conductive pad 108 before and after scrub-
bing. FI1G. 9a shows a side planar view of a typical conductive
pad 108 having a splayed-cylindrical conductive metal base
706 and a layer of debris 208, such as a non-conductive oxide
layer, on a convex pad 108. FIG. 9b shows a top planar view
ol a typical conductive pad 108 having a generally granular
surface ol debris 208 to be scrubbed for enabling conduction
of the test signal (1) from the skate 106 to the pad 108. FIG. 9¢
illustrates a scrub channel 704 made across the center of the
pad 108 as per the description related to FIG. 7 above, and
FIG. 9d 1llustrates a scrub channel 704 made near the edge of
the pad 108 as per the description related to FIG. 8 above.
Though the drawings of the conductive pad 108 are depicted
to have a general convex shape, 1n practice the surface pad 108
can be an 1rregular shape. The self-cleanming skate 106 accord-
ing to the embodiments described are able to provide usetful
scrub channels 704 in these 1rregular shapes and 1n numerous
pad locations to provide conduction for the test signal (1) with
tolerance to overdrive motion 600 and without breaching the
pad 108, where the thickness of the pad may be only slightly
more thick than the debris layer.

FI1G. 10 15 a flow diagram depicting the steps for using the
seli-cleaning skate according to the present invention. The
steps 1nclude providing a conductive pad 1000, providing a
conductive probe having a conductive self-cleaning skate
with a square front end, a round back end and a flat middle
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section 1002, positioning the skate above the conductive pad
1004, translating the conductive pad to engage the skate 1006,
and providing overdrive motion to the pad 1008 and moving
the skate to scrub debris from the pad and clean debris from
the skate 1008, wherein the method improves overdrive con-
trol by making the scrubbing and the cleaning less sensitive to
the overdrive, where the debris layer 1s removed without
breaching the conductive pad and debris 1s displaced from the
conductive pad to a position on the skate that 1s away from the
pad.

The present mvention has now been described in accor-
dance with several exemplary embodiments, which are
intended to be 1llustrative 1n all aspects, rather than restrictive.
Thus, the present mnvention 1s capable of many variations 1n
detailed implementation, which may be derived from the
description contained herein by a person of ordinary skill 1n
the art. All such vanations are considered to be within the
scope and spirit of the present invention as defined by the
following claims and their legal equivalents.

What 1s claimed 1s:

1. A probe for engaging a conductive pad, said probe com-
prising:

a. a probe contact end for recerving a test current;

b. a probe retention portion below said contact end;

c. a block holding said retention portion;

d. a probe arm below said retention portion;

¢. a probe contact tip below said arm; and

f. a generally planar self-cleaning skate disposed perpen-

dicular below said contact tip having a generally square
front end, a generally round back end and a generally flat
middle section therebetween, wherein said conductive
pad of generally convex shape and having a granular
non-conductive surface layer of debris moves to engage
said skate, whereby an overdrive motion 1s applied to
said conductive pad thereby causing said skate to move
across said conductive pad to scrub non-conductive
debris from said conductive pad and displace said debris
along said skate and move said debris near said skate
round back end to a position on said skate that 1s away
from said conductive pad.

2. The probe according to claim 1, wherein said non-con-
ductive surface layer of debris 1s a non-conductive oxide.

3. The probe according to claim 1, wherein said skate
comprises a skate height up to 12 of a skate length and a skate
width up to Vs of said skate length.

4. The probe according to claim 3, wherein said self-clean-
ing skate width 1s narrower than a width of said contacting tip.

5. The probe according to claim 1, wherein said skate has a
cross-section selected from a group consisting of U-shape,
semi-circular shape, V-shape, box-shape, and parallelogram-
shape.

6. The probe according to claim 5, wherein said parallelo-
gram cross-section has a first parallel side connected to said
contact tip and a second parallel side for contacting said
conductive pad, whereby said first parallel side 1s larger than
said second parallel side.

7. The probe according to claim 5, wherein said box-shape
cross-section comprises a first horizontal side connected to
said contact tip and a second horizontal side for contacting
said conductive pad, whereby said second horizontal side
turther comprises radii at each edge of said second horizontal
side.

8. The probe according to claim 1, wherein said probe arm
comprises a base arm below said retention portion, a knee
below said base arm, and a reverse arm below said knee,
whereby said contact tip 1s below said reverse arm and said
self-cleaning skate 1s below said contact tip.




US RE43,503 E

13

9. The probe according to claim 1, wherein said skate round
back end has a radius with a size up to a length of said skate
height.

10. The probe according to claim 1, wherein said round
back end 1s a variable radius back end.

11. The probe according to claim 1, wherein said overdrive
motion causes said skate to pivot, whereby said middle sec-
tion forms an angle up to 35 degrees with respect to a hori-
zontal plane while said round back end 1s engaged with said
conductive pad.

12. The probe according to claim 1, wherein reversing said
overdrive motion causes said skate to move 1n a reverse direc-
tion, whereby

a. said skate moves from an angle to approximately a
horizontal position while maintaining said engagement
with said conductive pad;

b. said skate translates along said horizontal position 1n a
direction towards said skate back end, whereby said
debris 1s further displaced along said round back end and
away from said conductive pad; and

c. said conductive pad moves away from said skate to
disengage said probe from said conductive pad.

13. The probe according to claim 1, wherein 1n an extended
overdrive motion beyond said overdrive motion 1s applied to
said conductive pad causing said probe to move 1n a manner
to further displace said displaced debris away from said con-
ductive pad.

14. The probe according to claim 13, wherein said
extended overdrive motion 1s applied aiter at least two touch
down cycles.

15. The probe according to claim 1, wherein said conduc-
tive pad moves between 1-5 mul.

16. The probe according to claim 1, wherein said conduc-
tive pad 1s a cleaning sheet having debris adhesion properties
for removing said debris from said skate.

17. The probe according to claim 1, wherein said seli-
cleaning skate length 1s aligned along a scrub direction.

18. A conductive probe for engaging a conductive pad
comprising;

a. a contact end for receirving a test current;

b. a retention portion below said contact end;

c. a block holding said retention portion;

d. a base arm portion below said retention portion;

¢. a knee below said base arm portion;

f. a reverse arm portion below said knee;

g. a contact tip below said reverse arm portion; and

h. a generally planar self-cleaning skate disposed perpen-
dicular below said contact tip having a generally square
front end, a generally round back end and a generally tlat
middle section therebetween, wherein said conductive
pad 1s of generally convex shape and having a granular
non-conductive surface layer of debris moves to engage
said skate, whereby an overdrive motion 1s applied to
said conductive pad thereby causing said skate to move
across said conductive pad to scrub said debris from said
conductive pad and displace said debris along said skate
and move said debris near said skate round back end to
a position on said skate that 1s away from said conductive
pad.

19. A method of using a self-cleaning skate comprising:

a. providing a conductive pad having a generally convex
shape and a granular non-conductive surface layer of
debris;

b. providing a conductive probe for engaging said conduc-
tive pad, the conductive probe comprising;:

1. a contact end for receiving a test current;
11. a retention portion below said contact end
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111. a block holding said retention portion;

1v. a probe arm below said retention portion;

v. a probe contact tip below said arm; and

v1. a generally planar seli-cleaning skate disposed per-
pendicular below said contact tip having a generally
square front end, a generally round back end and a
generally flat middle section therebetween;

c. positioning said skate above said conductive pad;

d. translating said conductive pad causing said skate to

engage said conductive pad;

¢. providing an overdrive motion to said conductive pad

causing said skate to scrub said debris to expose con-

ductive material of said conductive pad and clean said
debris from said skate wherein said cleaning comprises:

1. forming an angle of said skate middle section with
respect to a horizontal plane while engaging said
round back end with said conductive pad;

11. inducing a translation motion of said skate back end 1n
a direction towards said skate front end across said
conductive pad while said skate middle section 1s
turther angled with respect to said horizontal plane;

111. displacing said debris along said skate and moving
said debris around said round back end to a position
on said skate that 1s away from said conductive pad;

1v. reversing said overdrive motion to said pad causing
said skate middle section to move from said angle to
approximately said horizontal position, wherein said
skate flat middle section 1s 1n contact with said con-
ductive pad whereby said debris on said skate back
end moves to a position away from said conductive
pad; and

v. translating said skate along said horizontal position
and further moving said debris around said round
back end to a position on said skate that 1s away from
said conductive pad; and

v1. translating said pad to cause said probe to disengage
from said conductive pad,

wherein said method improves overdrive control by mak-

ing said scrubbing and said cleaning less sensitive to said
overdrive, whereby said non-conductive layer of debris
1s removed without breaching said conductive pad and
debris 1s displaced from said conductive pad to said
skate.

20. The method of claim 19, wherein using said self-clean-
ing method 1s accomplished after at least two said engage-
ment cycles.

21. The method of claim 19, wherein said non-conductive
layer of debris 1s a non-conductive oxide layer.

22. The method of claim 19, wherein a current (1) 1s applied
alter said self-cleaning skate contacts said conductive pad.

23. The method of claim 19, wherein said probe arm com-
prises a base arm below said retention portion, a knee below
said base arm, and a reverse arm below said knee, whereby
said contact tip 1s below said reverse arm and said seli-clean-
ing skate 1s below said contact tip.

24. The method of claim 19, wherein positioning said
self-cleaning skate above said pad comprises disposing said
skate at an approximate center location of said flat middle end
above an edge of said conductive pad.

25. The method of claim 24, wherein engaging said con-
ductive pad comprises engaging said approximate center of
said skate with said conductive pad edge.

26. A probe for engaging a conductive pad, said probe
COmprising.

a contact end disposed on one end of said probe for receiv-

ing a test current; and
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a self-cleaning skate disposed on another end of said
probe, said skate comprising a generally square front
end, a generally vound back end and a generally flat
middle section therebetween, wherein said skate
engages the conductive pad. 5

27. The probe of claim 26 further comprising a retention
portion disposed on said contact end.

28. The probe of claim 27 further comprising a block for
holding said retention portion.

29. The probe of claim 27 further comprising a probe arm 10
disposed on said retention portion.

30. The probe of claim 29 wherein said probe arm com-
prises a base arm below said retention portion, a knee below
said base arm, and a reverse arm below said knee, whereby
said contact tip is below said veverse arm and said self- 15
cleaning skate is below said contact tip.

31. The probe of claim 26 wherein said skate is disposed on
a contact tp.

32. The probe of claim 26 wherein said self-cleaning skate
is generally planar. 20

33. The probe of claim 26 wherein the conductive pad is
generally convex shaped.

34. The probe of claim 26 wherein the conductive pad
moves to engage said skate.

35. The probe of claim 26 wherein the conductive pad 25
comprises a non-conductive surface layer of debris.

36. The probe of claim 35 wherein said non-conductive
surface layer of debris comprises a non-conductive oxide.

37. The probe of claim 26 wherein said skate comprises a
skate height of up to about V> of a length of said skate. 30
38. The probe of claim 26 wherein said skate comprises a

skate width up to about Vs of a length of said skate.

39. The probe of claim 26 wherein a width of said skate is
narrower than a width of said contact tip.

40. The probe of claim 26 wherein said skate comprises a 35
U-shaped cross-section.

41. The probe of claim 26 wherein said skate comprises a
semi-circular cross-section.

42. The probe of claim 26 wherein said skate comprises a
V-shaped cross-section. 40

43. The probe of claim 26 wherein said skate comprises a
box-shaped cross-section.

44. The probe of claim 43 wherein said box-shape com-
prises rounded edges.

45. The probe of claim 26 wherein said skate comprises a 45
parallelogram-shaped cross-section.

46. The probe of claim 45 wherein said parallelogram-
shape comprises a first parallel side connected to a bottom of
a contact tip and a second parallel side for contacting the
conductive pad. 50

47. The probe of claim 46 wherein said first parallel side is
lavger than said second parallel side.

48. The probe of claim 26 wherein said skate vound back
end comprises a vadius with a size up to a length of said skate
height. 55

49. The probe of claim 26 wherein said round back end
comprises a variable radius back end.

50. The probe of claim 26 wherein said skate is disposed
perpendicular below a contact tip.

51. The probe of claim 26 wherein said probe is one of an 60
array of probes.

52. The probe of claim 26 wherein the conductive pad
comprises a cleaning sheet.

53. A probe for engaging a conductive pad, said probe
COMpPrising: 65
a contact end disposed on one end of said probe for rveceiv-

Ing a test current,
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a self-cleaning skate disposed on another end of said
probe, said skate comprising at least one rounded edge
and at least one flat edge blade, whervein said skate
engages the conductive pad;

said skate comprises a skate height of up to about /> of a
length of said skate; and

the conductive pad being generally convex shaped.

54. The probe of claim 53 further comprising a retention
portion disposed on said contact end.

55. The probe of claim 54 further comprising a block for
holding said retention portion.

56. The probe of claim 54 further comprising a probe arm
disposed on said retention portion.

57. The probe of claim 56 wherein said probe arm com-
prises a base arm below said retention portion, a knee below
said base arm, and a reverse arm below said knee, whereby
said contact tip is below said reverse arm and said self-
cleaning skate is below said contact tip.

58. The probe of claim 53 wherein said skate is disposed on
a contact tp.

59. The probe of claim 53 wherein said self-cleaning skate
is generally planar.

60. The probe of claim 53 wherein the conductive pad
moves to engage said skate.

61. The probe of claim 53 wherein the conductive pad
comprises a non-conductive surface layer of debris.

62. The probe of claim 61 wherein said non-conductive
surface layer of debris comprises a non-conductive oxide.

63. The probe of claim 53 wherein said skate comprises a
skate width up to about Vs of a length of said skate.

64. The probe of claim 53 wherein a width of said skate is
narrower than a width of said contact tip.

65. The probe of claim 53 wherein said skate comprises a
U-shaped cross-section.

66. The probe of claim 53 wherein said skate comprises a
semi-circular cross-section.

67. The probe of claim 53 wherein said skate comprises a
V-shaped cross-section.

68. The probe of claim 53 wherein said skate comprises a
box-shaped cross-section.

69. The probe of claim 68 wherein said box-shape com-
prises rounded edges.

70. The probe of claim 53 wherein said skate comprises a
parallelogram-shaped cross-section.

71. The probe of claim 70 wherein said parallelogram-
shape comprises a first parallel side connected to a bottom of
a contact tip and a second parallel side for contacting the
conductive pad.

72. The probe of claim 71 wherein said first parallel side is
lavger than said second parallel side.

73. The probe of claim 53 wherein said rounded edge
comprises a vadius with a size up to a length of said skate
height.

74. The probe of claim 53 wherein said rounded edge
comprises a variable radius back end.

75. The probe of claim 53 wherein said skate is disposed
perpendicular below a contact tip.

76. The probe of claim 53 wherein said probe is one of an
array of probes.

77. The probe of claim 53 wherein the conductive pad
comprises a cleaning sheet.

78. A probe for engaging a conductive pad, said probe
COmprising.

a contact end disposed on one end of said probe for receiv-

Ing a test current,

a self-cleaning skate disposed on another end of said

probe, said skate comprising at least one vounded edge
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and at least one flat edge blade, wherein said skate
engages the conductive pad;
said skate comprises a skate width of up to about /s of a

length of said skate; and

the conductive pad being generally convex shaped.
79. A probe for engaging a conductive pad, said probe
COmprising:

a contact end disposed on one end of said probe for receiv-
Ing a test current,

a self-cleaning skate disposed on another end of said
probe, said skate comprising at least one rounded edge
and at least one flat edge blade, wherein said skate
engages the conductive pad;

said skate comprises a U-shaped cross-section; and

the conductive pad being generally convex shaped.

80. A probe for engaging a conductive pad, said probe

COMpPriSing:

a contact end disposed on one end of said probe for veceiv-
Ing a test current;

a self-cleaning skate disposed on another end of said
probe, said skate comprising at least one rounded edge
and at least one flat edge blade, whervein said skate
engages the conductive pad;

said skate comprises a semi-circular cross-section; and

the conductive pad being generally convex shaped.

81. A probe for engaging a conductive pad, said probe

COmprising:

a contact end disposed on one end of said probe for receiv-
Ing a test current;

a self-cleaning skate disposed on another end of said
probe, said skate comprising at least one rounded edge
and at least one flat edge blade, wherein said skate
engages the conductive pad;

said skate comprises a V-shaped cross-section; and

the conductive pad being generally convex shaped.

82. A probe for engaging a conductive pad, said probe

COMpPriSing:

a contact end disposed on one end of said probe for rveceiv-

Ing a test current;
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a self-cleaning skate disposed on another end of said
probe, said skate comprising at least one vounded edge
and at least one flat edge blade, wherein said skate
engages the conductive pad;

said skate comprises a box-shaped cross-section; and

the conductive pad being generally convex shaped.

83. A probe for engaging a conductive pad, said probe

COmMprising:

a contact end disposed on one end of said probe for receiv-
Ing a test current;

a self-cleaning skate disposed on another end of said
probe, said skate comprising at least one rounded edge
and at least one flat edge blade, whervein said skate
engages the conductive pad;

said skate comprises a parallelogram-shaped cross-sec-
tion; and

the conductive pad being generally convex shaped.

84. A probe for engaging a conductive pad, said probe

COMPprISIing:

a contact end disposed on one end of said probe for receiv-
Ing a test current;

a self-cleaning skate disposed on another end of said
probe, said skate comprising at least one rounded edge
and at least one flat edge blade, wherein said skate
engages the conductive pad,;

said rounded edge comprises a vadius with a size up to a
length of said skate height; and

the conductive pad being generally convex shaped.

85. A probe for engaging a conductive pad, said probe

COmprising.

a contact end disposed on one end of said probe for receiv-
Ing a test current,

a self-cleaning skate disposed on another end of said
probe, said skate comprising at least one rounded edge
and at least one flat edge blade, wherein said skate
engages the conductive pad;

said rounded edge comprises a variable radius back end;
and

the conductive pad being generally convex shaped.
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