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Abstract—A new, cage-like structure is presented and is
shown to be able to electrically identify a probe needle that has
fallen slightly off its probe pad, even when the standard probe
resistance structure (pads shorted together) reports “good”
probe resistance. Using both structures together enables a more
accurate evaluation of a probe system’s capabilities. Both test
structures were used to compare three types of probe cards,
reporting the smallest probe pad size that provides 100% probe
yield.
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1. INTRODUCTION

In wafer probe, a common method for assessing proper
contact of the probe needles to the probe pads is to measure
needle-to-needle resistance using a structure in which the pads
are intentionally shorted together (Fig. 1). If the needles are
sitting on the pads, a low resistance between them should be
measured. Any resistance above a chosen value is considered
an “open” and is called a failure. This method is effective for
catching dirty or damaged probe needles and can be used to
trigger a probe needle cleaning or repair cycle. In this work,
this structure will be referred to as the “shorts” structure since
the probe needles will be shorted when functioning properly.

There have been numerous published studies of wafer
probing and probe resistance, but most tend to focus on lower
probe resistance [1]-[4], the physics of the needle-on-pad
contact [5]-[8], or the impact that wafer probing has on yield
[9]-[12] and/or assembly [13]-[16]. Based on anecdotal
evidence, it is believed that the use of the aforementioned
structure with its pads shorted together is ubiquitous.

If a probe needle has partially fallen off its pad but is still
making some contact, it could be measured as “good”. For
inline probe (i.e., probing done before wafer processing is
complete), a probe needle that is slightly off the probe pad
could be shorted to a neighboring metal line while still
measuring as “good” probe resistance. For an end-of-line
probe on passivated pads, this may or may not be acceptable,
as any neighboring lines will be passivated and should be
protected from the probe needles. That said, a probe needle
hitting passivation could cause cracks, which could become a
reliability issue [17]. Therefore, another type of structure is
needed to catch this failure mode.

II. NEW STRUCTURE

A new, cage-like structure has been developed to catch
when a probe needle has shorted to a metal feature near the
probe pad. Two implementations are shown in Fig. 2. The
first requires one pad as a “witness” that is used to detect a
probe needle that is slightly off any of the other probe pads
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(Fig. 2a). This would measure as a short to the “witness” pad.
The wire from each probe pad to the “witness” pad could
potentially be millimeters long and a high resistance there
could reduce the ability of the structure to detect a short. In
addition, a misaligned needle for that “witness” pad cannot be
included in the measurement of probe needle misalignment.

Ideally, the series resistance between the probe pads would
be minimized and all probe pads would be testable for shorts
to neighboring wires (i.e., one pad not sacrificed to act as
“witness” for all the others). Fig. 2b shows the cage structure
used for the majority of this work, which satisfies both of these
requirements. Each pad can be measured for probe needle
misalignment and also acts as a “witness” for the probe needle
misalignment on neighboring pads. The resistance from each
probe pad to its adjacent pads is measured, with “good”
defined as measuring a high value, indicating no shorting.
This structures works for probe pads that are larger than the
width used for the “witness” lines. For very small pads, the
structure in Fig. 2a would be preferable. In either format, this
type of structure shall be referred to as the “opens” structure
since the probe needles will be electrically open when
functioning properly.

The structures described here could be used for any sort of
probe card qualification, including routine production
monitoring of probe hardware. The ability to measure opens
and shorts for each probe needle enables identification of
issues with individual probe needles. In addition, these
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Fig. 2 The new cage-style “opens” structures used in this work. In (a),
measuring a short between any pad and the “witness” pad indicates that the
probe needle has fallen slightly off its probe pad. In (b), every pad acts as
the “witness” for its neighboring pad(s).
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Fig. 1 Industry-standard probe resistance

measurements.
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Fig.3 The 76 probe pad sizes measured for this experiment.
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Fig. 4 Example layouts of the structures used in this work: (a) “shorts”,
(b) cage “opens” for pad sizes of 20 um or more, and (c) cage “opens” for
pad sizes of 20 pm and smaller.

structures can be used for comparisons of probe cards and/or
probers to assess their capabilities.

III. EXPERIMENTAL

“Shorts” and “opens” pad structures from Fig.s 1 and 2
were built in unpassivated aluminum using a 90 nm
technology on 200 mm wafers. As shown in Fig. 3, probe pad
size was varied in a full matrix of widths and heights of 20,
25, 30, 35, 40, 45, and 50 um, plus a partial matrix of pad
widths and heights down to 5 um. The witness lines were
3 um wide and were 3 pm from the probe pads. All structures
had 22 pads in a single line with a pitch of 100 pm. These
pads were left unpassivated to maximize sensitivity to a probe
needle shorting to a neighboring witness line.

Fig. 4 shows example layouts of these structures. For the
pad sizes of 20 um and below, alternate layouts were used
(Fig. 4c) because the pad dimensions were comparable to the
minimum with rule for aluminum.

Both the “shorts” and “opens” types of structures were
measured on every pad, using the probe procedure from [18],
including the 10 um target scrub length. For analysis, the
measured resistances for each structure and probe pad were
first converted into a 1 for “pass” or 0 for “fail”. The criteria
used for “pass” was probe resistance = 1 MQ for the “opens”
structures and << 10 Q for the “shorts” structures. Taking the
average of these values provides a probe yield, either per pin
or per probe card (22 pins).

Fig. 5 Photo of the probe scrub marks made by a damaged probe card
with bent needles. One probe pin didn’t touch its probe pad at all and two
others were misaligned in the Y direction.

A. Structure Verification

The first experiment was intended to verify that the new
cage structure did what is was designed to do — to detect a
probe needle falling off its probe pad. Three die were probed
at 25 °C using a damaged probe card with bent needles
(Fig. 5). One needle on this probe card was so bent that it
didn’t make contact with its probe pad at all. Two other
needles were bent roughly 12 pm and 20 pm in the direction
perpendicular to the row of probe pads (i.e., vertical in Fig. 5).
The intended output was to measure how well the “shorts’ and
“opens” test structures responded to various amounts of probe
needle misalignment so different probe pad sizes were used as
a substitute for multiple probes with intentional misalignment.

B. Probe Card Comparison

The second experiment compared three styles of cantilever
probe card: interlaced (the industry standard, which has probe
needles coming from two sides), a one-sided card, and an
experimental low-scrub, one-sided probe card. Photos of the
interlaced and one-sided styles and the “scrub” marks they
make on probe pads are shown in Fig. 6. Five die were probed
at 25, 125, and 175 °C. Note that while 76 probe pad sizes
were measured each time, only the square sizes (where X=Y)
are shown in the plots for brevity. The desired output was
determination of the smallest square probe pad size that each
probe card was capable of probing reliably at multiple
temperatures.

IV. RESULTS

A. Structure Verification

Using the damaged probe card, the probe needle that didn’t
make contact with its probe pad failed the “shorts” structure
and passed the “opens” structure, as expected. This is where
the standard “shorts” structure works well, detecting bad
probe needles. The “opens” structure detected an open, so
passed.

The probe yields for the two bent probe needles are shown
in Fig. 7 as a function of probe needle position with respect to
the probe pad. Photos of the probe scrub marks are included

(a) Interlaced

(b) One-sided

Fig. 6 Photos of the types of probe cards compared in this work and
example scrub marks made by each.
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Fig. 7 Probe yield as a function of probe needle distance from the edge
of the probe pad. Error bars for the probe needle misalignment
measurements are not shown for clarity, but are estimated to be +/- several
microns.

for clarity. The position of the center of the probe needle was
estimated from the scrub mark photos and then the distance to
the edge of the pad was calculated. These are fairly crude
measurements, with a resolution estimated to be +/- several
microns, but they should still enable comparison of the two
test structures. When the probe needle landed completely on
the probe pad, both the “shorts’ and “opens” structures passed.
When the probe needle partially fell off its probe pad, the
standard “shorts” structure still passed while the new “opens”
structure failed. When the probe needle was completely off
its probe pad, the “opens” structure continued to fail but probe
needle fell far enough off its pad that the “shorts” structure
also failed.

To compare how the two test structures respond to the full
matrix of probe pad sizes, Fig. 8 shows probe yields measured
at 25°C for the industry-standard interlaced probe card. Both
structures yielded 100% for large pads (lower right corner of
the tables), but the “opens” structure yield had a smaller region
with 100% yield. Viewing the matrix in this form also
provides insight into how rapidly the probe yield drops off as
probe pad size is reduced.

B. Probe Card Comparison

Fig. 9 shows probe yield for the interlaced probe card as a
function of temperature for a 25x25 pum probe pad.
Unsurprisingly [19], higher temperatures produced lower

Pad Size X (um)
5 10 15 20 25 30 35 40 45 50
5 1.89% | 90% | 88% | 86%
10 [ 85% | 88% ! 89% | 92% 94% 94% 94%
15193% | 89% | 92% | 91% 94% 94% 94%
20 | 87% | 91% | 90% | 92% | 91% | 94% | 95% | 94% | 92% | 95%
94% | 93% | 95% | 95% | 95% | 95% | 95%

Pad Size Y (um)
3

30 90% | 90% | 94% | 95% | 92% [100%|100%]100%| 95%
35 100%]100%]100%|100%{100%|100%]100%.
40 91% | 87% |100%[100%]100%]100%|100%]100%[100%
45 100%]100%]100%[100%]100%100%|100%
50 86% 1 91% | 95% | 94% | 95% 1100%1100%[100%[100%

(a) Shorts at 25 °C

Pad Size X (um)
5 10 15 20 25 30 35 40 45 50
512% [ 12%] 16% | 18%

101 27% | 63% | 59% | 52% 64% 59% 57%
151 28% | 77% | 63% | 58% 61% 55% 59%
20 | 33% | 66% | 58% | 72% | 64% | 65% | 65% | 78% | 80% | 85%

82% | 84% | 82% | 82% | 82% | 82% | 82%
30 67% | 82% | 82% | 82% | 82% | 82% | 82% | 82% | 82%
35 82% | 82% | 82% [100%]100%100%|100%

Pad Size Y (um)
>

40 69% | 76% | 73% | 73% | 73% {100%]100%]100%[100%
45 91% | 91% | 91% [100%1100%100%|100%
50 73% 1 72% | 82% | 82% | 82% 1100%1100%[100%[100%

(b) Opens at 25 °C

Legend: [ 0+% 70+% 90+% 100%

Fig. 8 Probe yield for the full matrix of probe pad sizes, measured at
25 °C using the industry-standard interlaced probe card. (a) is the standard
“shorts” structure, and (b) is the new “opens” structure.

probe yields. Subsequent plots shall focus on the 175 °C
measurements, since that is worst case.

Fig. 10 shows probe yield for the standard ‘“shorts”
structure as a function of square probe pad size for the three
probe cards described earlier. Minimum probe pad size was
35x35 pum for the interlaced probe card and 20x20 pum for the
one-sided probe card. The experimental, low-scrub probe
card did not fail for any probe pad size down to 5x5 pm.

The corresponding plot using the new “opens” structure is
shown in Fig. 11. The minimum probe pad sizes were
35x35 um for the interlaced probe card, 25x25 um for the
one-sided probe card, and 15x15 pm for the low-scrub probe
card. For the interlaced and one-sided probe cards, these were
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Fig. 9 Probe yield of the industry-standard interlaced probe card as a
function of temperature for 25x25 um probe pads. As expected, probe
yield dropped with increasing temperature.
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Fig. 10 Probe yield as a function of square pad size for three types of probe
card using the standard “shorts” structure. Minimum probe pad size is the
smallest pad that has 100% probe yield.

the same values as found with the standard “shorts” structure.
For the low-scrub probe card, the “shorts” structure did not
find any failures, even down to 5x5 um, but the “opens”
structure failed below 15x15 pm.

V. DISCUSSION

A. Test Structure Comparison

For the traditional “shorts” structure to fail, the probe
needle apparently needs to fall completely off the probe pad.
These probe needles were around 7 pm in diameter, so having
the probe yield drop to zero for distances of more than 5 pm
from the pad edge is within the measurement error of the
distance. Fig. 12 re-plots the measurements from Fig. 7 to
show the measured probe resistance instead of probe yield.
The probe resistance was an acceptable value (<10 Q) even
when the probe needles were a few microns off the edge of the
probe pads. Any farther off the pad and the resistances
jumped immediately to GQ (i.e., open). Thus, the standard
“shorts” structure worked well for detecting a probe needle
that’s completely off its probe pad, but falsely read as “good”
resistance when the probe needle was partially off the pad.

The plot in Fig. 7 shows the expected electrical behavior
for the new “opens” structure. The photos in Fig. 7 confirm
that the “witness” lines surrounding each pad electrically
detected when a probe needle was slightly off its probe pad.
Thus, this cage structure is more sensitive to probe needles
falling slightly off their probe pads than the standard “shorts”
structure. That said, it falsely reported as “good” when the
probe needle made no contact at all. And, of course, this
structure cannot report probe resistance, since “good” here
means no electrical connection between neighboring probe
pads.

Each type of probe structure reports different failure
mechanisms so ideally, both would be used to evaluate a probe
system. The “shorts” structure can detect a probe needle not
making good contact to its probe pad but can give false “good”
readings if the needle does not land completely within the
probe pad. The “opens” structure can detect that case, but
gives a false “good” reading if the probe needle makes no
contact at all. It is common within the industry to use the
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Fig. 11 Probe yield as a function of square pad size for three types of probe
card using the new “opens” structure. Minimum probe pad size is the
smallest pad that has 100% probe yield.

“shorts” structure by itself, but adding the new cage-style
“opens” structure can address its known weakness.

B. Probe Card Comparison

The standard interlaced probe card was shown to be
capable of probing square pads down to 35x35 um at 175 °C,
while the one-sided probe card was capable of 20x20 um. The
interlaced probe card was designed with its probe needle
placements staggered by 14 pm to compensate for their
complementary scrub directions, as is common practice. The
one-sided probe card, by contrast, was designed with its probe
needles in a straight line. The comparison is shown in Fig. 13.
This means the interlaced probe card should require a 15 um
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Fig. 12 Probe resistance as a function of probe needle distance from the
edge of the probe pad. Resistance was <10 Q when the probe needle was
on the probe pad and even when it was a few microns off, but jumped to
GQ for more than a few microns off the probe pad.
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(a) Interlaced probe card (b) One-sided probe card

Fig. 13 Probe scrub marks for the interlaced and one-side probe cards.
The interlaced probe card was designed with staggered probe needle
placements (a common practice), whereas the one-sided card’s probe
needles were designed to be in a straight line. This is why the interlaced
probe card required larger probe pads than the one-sided probe card.

larger probe pad than the one-sided card, and the
measurements agree extremely well. The experimental, low-
scrub probe card was shown to be able to probe 15x15 um
probe pads, a modest improvement over the one-sided probe
card. The data from this experiment did, however, provide
insights into design improvement options for the next revision
of that probe card (the possible subject of a future publication).

VI. CONCLUSION

A new cage-like “opens” structure has been defined and
verified that it electrically detects when a probe needle
partially contacts its probe pad but also shorts to a neighboring
wire. The standard “shorts” structure (pads shorted together)
was shown to report acceptable probe resistance even when a
probe needle was slightly off its probe pad. The new cage
structure, however, cannot measure probe resistance or detect
when a probe needle makes no contact to its probe pad. Thus,
using both structures produces the most accurate assessment
of a wafer probe system. Both structures were used to
compare three types of probe card, producing plots of probe
yield as a function of probe pad size. The measurements
confirmed that an the interlaced probe card, which had probe
pins with staggered alignment, required 15 um larger probe
pads than the one-sided probe card, consistent with the probe
cards’ designs. A third, experimental one-sided probe card
was also measured and shown to enable slightly smaller probe
pads than the one-sided probe card.
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