
WO 2004/083980 PCT/US2004/007818  SYSTEM AND METHOD OF
MITIGATING EFFECTS OF COMPONENT DEFLECTION IN A PROBE
CARD ANALYZER  CROSS-REFERENCE TO RELATED APPLICATIONS
The present application claims the benefit of United
States provisional  5 application Serial No.
60/454,574, filed March 14, 2003, entitled "MITIGATING
THE  EFFECTS OF PROBE CARD/FIXTURE AND METROLOGY BASE
DEFLECTION  IN A PROBE CARD ANALYZER," the disclosure
of which is hereby incorporated  herein by reference
in its entirety. FIELD OF THE INVENTION 10 Aspects of
the present invention relate generally to the field of
probe card  analyzers, and more particularly to a
system and method of mitigating the effects of
component deflections in a probe card analyzer system.
BACKGROUND OF THE INVENTION Traditional probe card
analyzers measure probe planarity by electrical means,
15 and generally measure probe alignment by optical
means. Electrical planarity  measurements are
typically made by slowly bringing a conductive contact
surface into  contact with the probes on a probe card.
In that regard, the conductive contact surface is
moved toward the probe card; the conductive surface
first makes contact with the probe  that extends
furthest from the probe card surface (the "lowest"
probe), and finally makes 20 contact with the probe
that extends least from the probe card surface (the
"highest"  probe). In this context, the terms "lowest"
and "highest" are not necessarily intended to  imply a
vertical orientation. The process of moving the
conductive contact surface from  first to last contact
point and beyond is generally referred to in the art
as "overtravel,"  since the first probe to make
contact with the conductive contact surface is loaded
25 beyond the point of first contact. As probes are
"overtraveled," the contact loads increase. For probe
cards  implementing many probes, these contact loads
can become quite high, and are capable  of producing
deflections in system components that may
significantly impact the  accuracy of measurement
results. 30 In a typical probe card analyzer system
taking electrical planarity measurements  across a
single large contact surface, the deflection of the
probe card, the probe card  fixture, the metrology
frame, or some combination thereof, may become an
integral part  of the planarity measurement itself.
This is due to the fact that the loads arising from  



1 WO 2004/083980 PCT/US2004/007818  contact with lower
probes cause deflection, which in turn increases the
apparent planarity  of higher probes. Optical
planarity measurements, on the other hand, may be made
by optically  scanning the tips of free-hanging
probes. Under such conditions (i.e., free-hanging  5
probes with no overtravel), contact loads are never
created, and hence cannot cause component deflections
or flexure of any kind. Accordingly, such optical
planarity  measurements may differ from electrical
planarity measurements, even with respect to  the same
probe card under analysis. Additionally, optical
methodologies generally enjoy  a speed advantage over
electrical planarity evaluative methods. The rapidity
of optical 10 planarity measurements and techniques
make such optical technology attractive; it is  highly
desirable to develop a method of producing equivalent
electrical planarity analysis  based upon or
benefiting from fast optical measurements. Currently
implemented systems and methods are deficient in that
traditional  methodologies do not accurately correlate
optical planarity measurements, which are  15 made in
the absence of contact loads, to electrical planarity
measurements, which are  made in the presence of, and
are influenced by, such contact loads. SUMMARY
Aspects of the present invention overcome the
foregoing and other shortcomings  of conventional
technology, providing a system and method of
mitigating the effects of 20 component deflections in
a probe card analyzer system. An exemplary system and
method combine non-bussed electrical planarity
measurements with fast optical planarity  measurements
to produce "effectively loaded" planarity
measurements. In accordance with one exemplary
embodiment, a method of obtaining planarity
measurements in a probe card analysis system
comprises: computing planarity effects  25 due to
fiducial plate deflection; combining planarity effects
due to probe card deflection and due to probe card
fixture deflection; and responsive to the computing
and the  combining, calculating a load compensated
planarity for the probe card. In some
implementations, the method may further comprise
accounting for planarity effects due  to stage
deflection; additionally, the calculating may be
further responsive to the 30 accounting. In accordance
with one aspect of an exemplary method, the accounting
comprises utilizing a distance sensor proximate to the
stage deflection. The computing may comprise utilizing
an optical metrology technique, such as a  



three-dimensional optical metrology method. In some
embodiments, the utilizing an  optical metrology
technique comprises: acquiring image data of a
fiducial on the fiducial 35 plate; responsive to the
acquiring, identifying deflection data values
representative of a  2 WO 2004/083980
PCT/US2004/007818  deflection of the fiducial plate;
and responsive to the identifying, providing
correction  data values enabling a first order
correction of the deflection. In some alternative
embodiments, the method further comprises: further
identifying rate data values  representative of a rate
of deflection of the fiducial plate; and responsive to
the further 5 identifying, providing additional
correction data values enabling a second order
correction of the deflection. In accordance with
another aspect of some embodiments of a planarity
measuring method, the combining comprises: obtaining
measurements of optical  planarity and electrical
planarity for the probe card; measuring fiducial plate
deflection at 10 first electrical contact; and
responsive to the obtaining and the measuring,
computing a  combined deflection value for the probe
card and the probe card fixture. As set forth below
with specific reference to exemplary embodiments, a
method  of obtaining a combined deflection measurement
for deflections of a probe card and a  probe card
fixture may comprise: obtaining measurements of
optical planarity and 15 measurements of electrical
planarity for all non-bussed probes; identifying
fiducial plate  deflection at first electrical contact
at all non-bussed probe locations; and responsive to
the obtaining and the identifying, computing a
combined deflection 'attributable to  deflection of
the probe card and deflection of the probe card
fixture. Some such methods  are disclosed as further
comprising acquiring stage deflection measurements at
proximal 20 sensor locations, and wherein the
computing is further responsive to the acquiring;
alternatively, the stage deflection measurements may
be assumed to be zero in some  applications. In
accordance with some embodiments of a method of
obtaining a combined  deflection measurement, the
operation of identifying fiducial plate deflection
comprises:  25 selectively positioning an imaging
apparatus to acquire optical data at a selected non
bussed probe location; acquiring the optical data when
a non-bussed probe makes contact  with the fiducial
plate at the selected non-bussed probe location; and
responsive to the  acquiring, measuring the fiducial
plate deflection at the selected non-bussed probe
location. The foregoing selectively positioning,
acquiring, and measuring may be  



30 selectively repeated for a different selected
non-bussed probe location. Alternatively, the
operation of identifying fiducial plate deflection may
comprise  computing the fiducial plate deflection as a
function of full overtravel plate deflection at  a
particular probe location and of optical planarity;
the computing may comprise  utilizing a two
dimensional interpolation calculation to approximate
deflections at other  35 probe locations. 3 WO
2004/083980 PCT/US2004/007818  The foregoing and other
aspects of the disclosed embodiments will be more
fully understood through examination of the following
detailed description thereof in  conjunction with the
drawing figures. BRIEF DESCRIPTION OF THE DRAWINGS 5
FIG. 1 is a simplified block diagram illustrating
components of one embodiment  of a probe card analyzer
system. FIG. 2 is a simplified block diagram
illustrating exemplary z-stage deflection  under
contact loading due to overtravel. FIG. 3 is a
simplified block diagram illustrating exemplary
fiducial plate  10 deflection under contact loading
due to overtravel. FIG. 4 is a simplified block
diagram illustrating one embodiment of a technique
for measuring fiducial plate deflection. FIG. 5 is a
simplified flow diagram illustrating the general
operation of one  embodiment of a method of obtaining
planarity measurements in a probe card analysis  15
system. DETAILED DESCRIPTION By way of general
background, it will be appreciated that the approach
to  obtaining optical planarity measurements generally
known in the art and set forth by way  of example
herein is that of three-dimensional comparative
metrology using a 20 substantially transparent
fiducial substrate, e.g., a glass, acrylic, quartz, or
other suitably  transparent fiducial plate as set
forth in more detail below. While an exemplary three-
dimensional comparative metrology technique is
described below, other optical planarity  assessment
methods may be known or developed in accordance with
generally known  principles. The following description
is provided by way of example only and not by 25 way
of limitation; the present disclosure is not intended
to be limited to any particular  method of performing
an optical planarity analysis. 



FIG. 1 is a simplified block diagram illustrating
components of one embodiment  of a probe card analyzer
system. As is generally known in the art, system 100
may  comprise a metrology frame 110 to which other
components are mounted. Specifically, 30 exemplary
system 100 generally comprises a plate reference
surface 121 configured and  operative to carry or
otherwise to support a substantially transparent
fiducial plate 122, a  probe card 132 attached to or
otherwise supported by a probe card fixture 131, and a
z- stage 140 configured and operative to provide
relative movement (along an axis, z, e.g.,  vertically
in FIG. 1) between fiducial plate 122 and probe card
132. In some  4 WO 2004/083980 PCT/US2004/007818
embodiments, one or more sensors, such as z-sensor
141, for example, may measure the  relative distance
between probe card fixture 131 and plate reference
surface 121. Typically, fiducial plate 122, in
addition to being substantially transparent as set
forth in more detail below, is also electrically
conductive to enable electrical planarity  5
measurements. Optics assembly 150 may be employed to
acquire image data (e.g., visual or  optical data) of
one or more probes 133 through substantially
transparent fiducial plate  122. Accordingly, the term
"substantially transparent" as used herein generally
refers to  the quality of allowing transmission of
sufficient energy in at least a portion of the 10
electromagnetic spectrum, such as the visible
wavelengths of the spectrum, for example,  to allow
optics assembly 150 to acquire such images or optical
data through fiducial  plate 122. It will be
appreciated that various factors may affect
characterization of a  particular fiducial plate 122
as "substantially transparent" in this context. For
example,  "substantial" transparency may be affected
or influenced by some or all of the following, 15
among other factors: transmission properties and
attenuation properties (such as the  refractive index,
the presence and density of any occlusions, etc.) of
the material used to  construct fiducial plate 122;
the thickness of fiducial plate 122 along the optical
axis of  optics assembly 150; the type (frequency and
amplitude, for example) of energy  impinging upon or
passing through fiducial plate 122; the capabilities
and sensitivity of 20 optics or imaging hardware
employed at optics assembly 150; and the like. In some
embodiments, fiducial plate 122 may be constructed of
glass, acrylic, quartz, or a similar  material
substantially transparent to electromagnetic energy in
a predetermined or  desired portion of the spectrum.
It will be appreciated that system 100 may also
comprise various motors,  



25 actuators, positional sensors, and the like (not
shown in FIG. 1) configured and generally  operative
to control relative positioning and orientation of the
various components such  as z-stage 140, x-stage 160,
y-stage (not shown), optics assembly 150, fiducial
plate 122,  and probe card 132. For example, the
operational focal length of optical equipment, lens
arrangements, sensors (such as a charge-coupled device
(CCD) or complementary metal 30 oxide semiconductor
(CMOS) detector), or other imaging hardware utilized
at optics  assembly 150 may affect the optimum or
desired distance (in the z dimension) between  optics
assembly 150 and fiducial plate 122. Similarly,
selective positioning of optics  assembly 150 relative
to fiducial plate 122, probe card 132, or both, in
either or both of  the x and y directions may be
required or desired. In many applications, precise
three 35 dimensional positioning and orientation of
the various components may be influenced or  5 WO
2004/083980 PCT/US2004/007818  controlled by one or
more computers, micro-controllers, programmable logic
controllers,  or other electronic or electromechanical
components such as stepper motors, worm gears,
precision actuators, and the like. Numerous hardware
and software configurations  suitable for this purpose
are generally known in the art, and are susceptible of
many 5 variations and modifications. The present
disclosure is not intended to be limited by any
particular combination of hardware elements and
software modules operative selectively  to manipulate
the components of system 100 in three-dimensional
space. Additionally, various components illustrated in
the exemplary FIG. 1  embodiment may be coupled to one
or more computers or other processing components.  10
Specifically, a data processing component comprising
hardware and software may be configured and operative
to receive acquired image data and to compute
planarity, for  example, or to perform other
operations. Such a data processing component may
additionally be operative to command or request
movement or rotation of various system  components to
correct for deflections as set forth in more detail
below. The present 15 disclosure is not intended to be
limited by any particular data processing hardware or
software implementation, control electronics, feedback
mechanisms, and the like. As is generally known in the
art, one factor underlying the superior speed and
efficiency of optical planarity analyses over
electrical planarity analytical methodologies  is the
rapidity and efficiency with which the planarity of
bussed probes can be measured  20 using the optical
technology. In some embodiments, a system and method
constructed and operative in  



accordance with the present disclosure combine
non-bussed electrical planarity  measurements with
fast optical planarity measurements to produce
"effectively loaded"  planarity measurements.
Specifically, aspects of the present invention are
related to 25 acquiring fast measurements of planarity
that incorporate the effects of deflection under  load
that are present in typical electrical planarity
measurements. Furthermore,  exemplary approaches as
outlined herein also produce useful measurements of
the  combined deflection under load of probe card 132
and probe card fixture 131. As contemplated herein,
and further by way of background, the following  30
terminology will be used to describe various methods
for measuring planarity: "electrical planarity"
generally refers to electrical planarity measurements
of  non-bussed probes acquired in a loaded condition
(i.e., under contact load); "optical planarity" or
"unloaded planarity" generally refer to optical
planarity  measurements of all probes acquired in a
no-load condition (i.e., under no contact load);  35
and 6 WO 2004/083980 PCT/US2004/007818  "loaded
planarity" generally refers to hybrid planarity
measurements of all probes acquired under load; in
this context, load planarity measurements may be
derived  from a combination of fast optical and fast
non-bussed electrical planarity measurements.  These
measurements generally may incorporate the effects of
deflection under load, and  5 hence may be. related to
or correlated with "electrical planarity"
measurements. In order to calculate loaded planarity,
a determination may first be made of the  magnitude of
deflections or flexures associated with various system
components; as set  forth in general above, these
deflections or flexures may occur during the
measurement  of electrical planarity when one or more
probes are subjected to loading as a result of an 10
overtravel condition. Specifically, such deflections
may include some or all of the  following, without
limitation: deflection of z-stage 140; deflection of
fiducial plate 122;  and deflection of probe card 132,
fixture 131, or both. Stage Deflection Measurement
Effects As set forth above, electrical planarity is
conventionally measured by slowly  15 moving, or
"overtraveling," a reference surface (such as plate
reference surface 121)  relative to a reference
surface 135 associated with probe card fixture 131. In
the case of  a probe card analyzer (such as indicated
by reference numeral 100 in FIG. 1) that  measures
planarity optically via comparative metrology, an
appropriate reference surface  



is typically plate reference surface 121. Planarity
for probe card 132 may be recorded as 20 the location
of z-stage 140 (along the z-axis) relative to plate
reference surface 121 at the  point where the lowest
probe 133 first makes electrical contact with fiducial
plate 122.  This stage location (in the z dimension)
generally is considered to represent the location  of
plate reference surface 121 relative to reference
surface 135 of probe card fixture 131. FIG. 2 is a
simplified block diagram illustrating exemplary
z-stage deflection  25 under contact loading due to
overtravel. As illustrated in FIG. 2, a problem may
arise as  loads develop during overtravel.
Specifically, z-stage 140 may tend to deflect in the z
direction, flex about one or more axes, or otherwise
to deform relative to reference  surface 135 of
fixture 131 due to structural compliance; additionally
or alternatively, as  addressed below, flexure or
other deformation may occur in fixture 131, probe card
132, 30 or both due to the same forces exerted by the
contact loading on probes 133. By way of  example, the
left side of FIG. 2 illustrates a deflection of plate
reference surface 121  relative to reference surface
135 of probe card fixture 131. If a base-line or tare
z- position of stage 140 that is used to infer
planarity is taken from a remote measurement  that
neither observes nor accounts for such deflection
effects (e.g., a measurement  7 WO 2004/083980
PCT/US2004/007818  acquired from a motor shaft encoder
near the base of metrology frame 110), error may be
introduced into the planarity measurement. One
exemplary mechanism which may effedtively eliminate
the foregoing error  employs a direct measurement
acquired as close as possible to plate reference
surface  5 121 and reference surface 135 associated
with probe card fixture 131. In that regard, the FIG.
2 embodiment is illustrated as employing a direct
measurement sensor (z-sensor  141) appropriately
disposed proximate both plate reference surface 121
and reference  surface 135 associated with probe card
fixture 131. Electrical planarity measurements  based
upon, or taking into account, these proximal sensor
measurements may  10 significantly reduce errors
induced by deflection of stage 140. Fiducial Surface
Deflection Under load from probes 133 which have been
overtraveled, fiducial plate 122  may deflect, flex,
warp, or otherwise deform. Such deflection typically
has two primary  components: rigid body deflection of
fiducial plate 122 due to compliance at its supports;
15 and bending deflection due to compliance of
fiducial plate 122 itself. Such deflection  may result
in reduced, and potentially non-uniform, overtravel of
one or more probes 133  



over the probe array. In that regard, FIG. 3 is a
simplified block diagram illustrating  exemplary
fiducial plate deflection under contact loading due to
overtravel. In accordance with the exemplary
embodiment, a system and method as set forth  20
herein may accurately measure the amount of deflection
that has occurred in the area of  fiducial ' plate 122
that actually contacts the array of probes 133;
accordingly,  commanded overtravel may be compensated
to nullify or to mitigate undesirable effects  of the
quantified deflection. Specifically, net resultant
overtravel may closely  approximate desired
overtravel. It will be appreciated that the only
portion of deflection 25 remaining uncompensated may
be deflection of fiducial plate 122 within the area
actually making contact with the array of probes 133.
In practice, this component of  deflection is much
less significant than the other deflection components
that are  identified, and may thus be. considered
negligible. As set forth above, the exemplary optical
metrology techniques described herein  30 are
generally three-dimensional comparative metrology
analyses employing or  comprising stereoscopic imaging
processes and a substantially transparent fiducial
plate  122. In addition to measuring probe planarity
and alignment, these optical analytical  methodologies
may also be capable of measuring deflection of
fiducial plate 122 relative  to optics assembly 150. 8
WO 2004/083980 PCT/US2004/007818  FIG. 4 is a
simplified block diagram illustrating one embodiment
of a technique for measuring fiducial plate
deflection. In one imaging operation, a fiducial grid
network  disposed on, or incorporated in the structure
of, fiducial plate 122 may be imaged from  two
perspectives. This imaging operation may result in
acquisition of visual or other 5 image data of the
fiducial grid in a no-load situation, i.e., fiducial
plate 122 is not under  loading for purposes of this
imaging process. The position of the fiducial array
(in a no- load condition) may be measured from each
imaging perspective. In another imaging operation, a
load (such as may be expected during overtravel  in a
probe analysis application, for example) may be
applied to fiducial plate 122; as set  10 forth above,
fiducial plate 122 may deflect under such a load. The
fiducial grid network may then be imaged, again from
two perspectives. In some applications, including the
exemplary embodiment illustrated in FIG. 4, these
perspectives may correspond to those  employed in the
no-load imaging process; alternatively, in some more
sophisticated  imaging techniques, one or both
perspectives may differ from the perspectives used for



15 the no-load imaging process. Based upon this loaded
imaging operation (i.e., acquisition  of visual or
other image data), measurements may then be taken of
the grid structure (in  the loaded condition) from
each imaging perspective. It will be appreciated that
the order in which the foregoing imaging operations
are conducted may not be important, or may be of only
tangential importance; in some  20 applications,
either the loaded or the no-load condition may be
imaged first. In some exemplary embodiments, the
imaging processes may be iterated or alternated one or
more times to prevent calibration errors or to
mitigate the effects thereof. As illustrated  in FIG.
4, fiducial plate 122 is deflected a distance, 8Z.
Changes in apparent location  (e.g., in the loaded
condition) of one or more elements of the fiducial
grid relative to the 25 original location (e.g., in
the no-load condition) may be expressed as oyo and
Sys, for each  respective perspective. This geometry
is depicted in FIG. 4, where the z axis is vertical
and the y axis is horizontal in the plane of the
figure. The viewing angle of optics  assembly 150 off
normal from each perspective is defined by the angle
0. Given the geometry in FIG. 4, it is possible to
compute the deflection in fiducial  30 plate 122
relative to the no-load/condition via Equation (1):
5,=(8yo+Sy])/2tan0 (1)  Individual deflections may be
mapped over the area of fiducial plate 122 that is  in
contact with probes 133 to produce a set of
measurements representing a number, n, of  deflections
over the contact area, as set forth below in Equation
(2) 35 pr = (x,, Y], 8g]]) (i = 1, 2, . . . , n) (2)
9 WO 2004/083980 PCT/US2004/007818  where x; and yi
are the x and y locations of the deflection
measurement, and 6gll is the  measured deflection (in
the z direction) in fiducial plate 122. It is noted
that the x axis is  normal to the plane of FIG. 4.
Individual points, Pli, may be fit to a best-fit plane
by various methods such as a  5 linear least squares
technique, for example, or some other suitable
statistical  methodology. From the plane fit, all of
the following physical characteristics fiducial  plate
122 may be extracted: the deflection at the center
(Sglcenter); the pitch angle about  the x axis, Ogl;
and the roll angle about the y axis, Ogl. In
accordance with the foregoing plane fit or a similar
quantitative deflection  10 analysis operation,
z-stage 140 may be manipulated or otherwise controlled
to perform  an incremental move in z, pitch, roll, or
some combination thereof, to perform a first  



order correction for measured deflections. Such an
incremental move or positional  adjustment may be made
relative to the nominal overtravel position, and may
generally  be defined as set forth in Equations 3-5
below: 15 IZ1cmd= - Sg1center (3)  0lcmd = - egl (4)
(D1cmd = - 1g] (5) where axial rotations are performed
about the center of fiducial plate 122. These
incremental moves or adjustments may have the effect
of establishing a  20 first order correction for
deflection effects. In many cases, this first order
correction will  be sufficient to accommodate the
dominant deflection characteristics, to correct for
any  effects caused thereby, and to model a desired
level of uniform overtravel. Due largely  to flexure,
deformation, or other material deflection or
compliance, it is possible that the  full extent of
the commanded or desired incremental move (whether z
translation or x or  25 y rotation) may not be
realized in some applications. In that regard, it will
be appreciated that any deviation from the foregoing
commanded or desired adjustment generally represents a
second order deflection error.  If a higher level of
accuracy (than that provided by the first order
correction set forth  above) in compensation is
desired, the deflection rate of fiducial plate 122 may
also be 30 precisely identified; a second incremental
move or adjustment may then enable  elimination or
minimization of such second order error effects. In
some applications, for  example, a second order
correction may be accomplished by measuring deflection
of  fiducial plate 122 over the same area as measured
prior to the first incremental move.  This second
deflection analysis may allow acquisition of a set of
measurements as  35 expressed below in Equation (6):
10 WO 2004/083980 PCT/US2004/007818  P21 = (xi, Yi,
8g2i) (i = 1, 2, ... , n) (6) Again, these
measurements, P2i, may be fit to a best-fit plane,
such as with a  linear least -squares technique or
other suitable statistical mechanism, to identify the
central deflection and rotations of fiducial plate 122
(8g2center, (r)g2, and g2). The second 5 order
translational and rotational deflection rates may be
computed via Equations (7-9):  f~ = (8g2center -
3glcenter) / 6g1center (7) fe = (egg - eg1) / (r)g1
(8)  fm = ((Dg2 - Igl) / (Dgl (9) 



An additional incremental overtravel command, relative
to the nominal  10 overtravel position (i.e., no
deflection compensation position), may then be
expressed as  follows in Equations (10-12): AZIcmd = -
6glcenter [1/(1 - Q] (10)  elcmd AgI [1/(1 - fe)] (11)
01cmd 1g1 [1/(1 - f0)] (12) 15 At the completion of
such a second incremental move, with the exception of
errors due to bending variations in fiducial plate 122
over the array of probes 133, the  full desired
overtravel may be achieved. Probe Card and Fixture
Deflection In accordance with some embodiments,
deflection effects caused by deflection  20 or other
deformation of probe card 132, of fixture 131, or of
both may be considered.  Assuming no a priori
knowledge of the relative compliance of the two
foregoing  components, the compliance effects of each
may be combined together, and therefore a  combined
card/fixture deflection measurement may be obtained.
In one exemplary embodiment, the relationship between
measured optical  25 planarity and electrical
planarity may be expressed generally as set forth
below in  Equation (13): Peinb =Poinb + 8ginb + 8cfinb
+ 5sinb (13) The quantities peinb and Poinb represent
the electrical and optical planarity,  respectively,
at a non-bussed probe, inb. The remaining three terms,
8ginb, 8cfinb, and 8sinb,  30 represent the deflection
of fiducial plate 122, the combined probe card/fixture
deflection, and the deflection of z-stage 140,
respectively, at a non-bussed probe, inb, at the time
of  its first electrical contact. As set forth in
detail above with specific reference to FIG. 2,  the
term 8sjnb may be made effectively zero, for example,
using appropriate z-sensor data  from a suitable
location. 35 Solving for the card/fixture deflection,
8cfnb, in Equation (13) yields:  11 WO 2004/083980
PCT/US2004/007818  Scfinb =Peinb -poinb - 3ginb -
Ssinb (14) The sole unknown term in Equation (14) is
the deflection in fiducial plate 122 at  first
electrical contact, Sginb. The present disclosure
contemplates several mechanisms for  measuring or
estimating this first touch plate deflection, Sginb 5
The most direct method of computing Sgi" b is to
adjust optical assembly 150 to  



image directly opposite each probe 133 as it makes
contact with fiducial plate 122, and  to measure the
deflection of fiducial plate 122 at that point. This
approach, however,  comes at the expense of both
complexity and time, as two-dimensional motion of
optics  assembly 150 (in both the x and y directions),
fiducial plate 122, or both, is required 10 accurately
to position optics assembly 150 and to measure the
deflection of fiducial plate  122 at each probe 133 as
it comes into first contact. Another approach for
computing Sginb is based upon an assumption that
loading  of fiducial plate 122, both with respect to
forces and to roll and pitch moments, may be  treated
as approximately linear with total cumulative probe
overtravel. In this context, 15 the term "total
cumulative probe overtravel" generally refers to the
sum of all the  overtravel components (each of which
may be respectively attributable to each individual
probe 133) from respective first touch to the current
position. For most probe cards  under typical probe to
fiducial plate leveling conditions, this assumption of
linear total  cumulative loading is a good assumption.
One notable exception arises in the case of 20 probe
cards utilizing vertical buckle beam technology, but
even this technology has  linearly increasing loads
from first touch to the point just prior to buckling.
Given the foregoing linearity assumption, the first
touch fiducial plate deflection  may be calculated as
a function of full overtravel fiducial plate
deflection, Sgfnb, at a  particular probe (inb) and
knowledge of the optical planarity, poinb 25
Initially, the total cumulative overtravel from first
touch to the final overtravel  position may be
determined in accordance with Equation (15): Ir 0
4u,a1-1?U, linear technology OTthtal = 'P to
fnln(zfu,al - pa,, t _`6 ) buckle beam technology (l
~}  uckle where the quantity zfinai generally
represents the final overtravel position as determined
30 by Equation (10) set forth above, and the quantity
Szbuckie generally represents the probe  buckling
distance. Then, for every probe, i, the total linear
overtravel required to reach it  from first touch is
given by Equation (16) set forth below. In this
context, "total linear  overtravel" refers to the
total overtravel distance over which the loads are
linearly  increasing with displacement. 12 WO
2004/083980 PCT/US2004/007818  I pf-l max (la~,a 1 F
0) linear technology OT; (16)  



I } p'_j mill nax (floi - Elo1. 0) , tSEi..~ xle
buckle beans technology Under the assumption of load
linearity with cumulative overtravel, the.fiducial
plate deflection at first touch is simply expressed as
the fiducial plate deflection at full  overtravel
multiplied by the ratio of the cumulative overtravel
to first touch to the total 5 cumulative overtravel.
This is expressed mathematically as set forth below in
Equation  (17): 5ginb = 6gfinb (OTinb / OTtotal) (17)
Given Equation (14), the combined card/fixture
deflection at every non-bussed  probe, inb, may be
computed. Fixture deflection at other locations can
readily be  10 determined and quantified by two
dimensional interpolation. Load Compensated Optical
Planarity Equation (13) sets forth a relationship
between electrical and optical planarity.  This
equation allows loaded planarity to be calculated. By
taking the measured optical  planarity for a given
probe and adding the first touch card/fixture
deflection. observed at 15 that probe, the equivalent
loaded planarity may be expressed as indicated in
Equation  (18): Pli =Poi +Sof(xi, Yi) (18) The term
Scf (xi, yi) in Equation (18) requires a two
dimensional interpolation to  evaluate. This
interpolation to model characteristics at the location
of a probe, i, may be  20 performed on the ordered
triplet of data (xinb, Yinb, Sofnb) evaluated at a
point (xi, yi). FIG. 5 is a simplified flow diagram
illustrating the general operation of one  embodiment
of a method of obtaining planarity measurements in a
probe card analysis  system. As indicated at the
center of FIG. 5, an exemplary method of obtaining
planarity  measurements may generally comprise
computing or accounting for stage deflection 25
effects (block 510), computing or accounting for
fiducial plate deflection effects (block  520),
computing or accounting for probe card and probe
fixture deflection effects (block  530), and computing
load compensated planarity (block 540). One exemplary
mechanism for mitigating stage deflection effects
contributing to  planarity errors employs a direct
measurement acquired as close as possible to the  30
fiducial plate and to the probe card fixture, i.e.,
acquiring stage deflection measurements at proximal
sensor locations, where "proximal" in this context
generally refers to the  vicinity of the fiducial
plate and the probe card fixture where stage
deflection is most  likely to occur. Applications
employing an appropriately disposed direct measurement
sensor were described above with specific reference to
FIGS. 1 and 2. As indicated at  



13 WO 2004/083980 PCT/US2004/007818  block 511,
accounting for planarity effects due to stage
deflection may comprise utilizing  a distance sensor
(e.g., z-sensor 141 in the FIG. 2 embodiment)
proximate to the stage  deflection. Various methods of
computing fiducial plate deflection effects such as
depicted  5 at block 520 are set forth in detail above
with specific reference to FIGS. 3 and 4.
Specifically, the operation at block 520 represents a
process by which the amount of  deflection that has
occurred in the area of the fiducial plate that
contacts the array of  probes may be accurately
measured. As set forth above, optical analyses for
measuring fiducial plate deflection  10 (block 521)
may involve acquiring image data of one or more
fiducials in a grid or  predetermined pattern on the
fiducial plate (block 522). The image data acquisition
process depicted at block 522 may employ a CCD or CMOS
device, for example, and  may additionally require or
benefit from other optical components. In some
embodiments, image data may be acquired from different
perspectives, such as from two 15 or more
perspectives, and under different load conditions,
such as a loaded condition and  a no-load condition.
In particular, the imaging operation at block 522 may
result in  acquisition of visual or other image data
of the fiducial grid in a no-load condition and in  a
loaded condition, wherein each condition is imaged
from two perspectives.  Accordingly, measurements may
be taken of the grid structure under differing
conditions  20 and from multiple imaging perspective.
The foregoing measurements may be employed to compute
deflection, pitch, and  roll of the fiducial plate
(block 523) which may be compensated, for example,
with a first  order correction (block 524) as set
forth above with particular reference to Equations
1-5.  The dashed arrow from block 524 back to block
520 is intended to indicate that 25 accounting for
fiducial plate deflections may terminate at block 524,
i.e., second or  higher order corrections may be
neither required nor desired. Deflection, pitch, and
roll  rates for the fiducial plate (block 525) may
additionally be computed, allowing a second  order
correction (block 526) as set forth above with
reference to Equations 6-12. Those  of skill in the
art will appreciate that the exemplary computations
set forth herein are 30 susceptible of numerous
modifications and may be altered or influenced by, for
example,  overall system configuration and mechanical
precision, resolution of the imaging  apparatus
employed, computational capabilities of data
processing components, desired  



accuracy of corrections, and other factors.
Corrections beyond the second order are also  possible
and may readily be implemented with appropriate
hardware and data processing  35 capabilities. 14 WO
2004/083980 PCT/US2004/007818  As indicated in FIG. 5,
computing or accounting for probe card and probe card
fixture deflection effects (block 530) may generally
comprise obtaining measurements of  optical planarity
and measurements of electrical planarity (block 531)
for all non-bussed  probes, identifying fiducial plate
deflection at first electrical contact (block 532) at
all 5 non-bussed probe locations, and computing a
combined deflection (block 533)  attributable to
deflection of the probe card and deflection of the
probe card fixture. By  way of example, the various
operations depicted at blocks 530-533 may be executed
substantially as set forth above with specific
reference to Equations 13-17. Similarly, computing the
load compensated planarity (block 540) may be  10
executed substantially as described above. The
relationship between electrical and  optical
planarity, such as expressed in Equation (13), for
example, may allow loaded  planarity to be calculated
as a function of the measured optical planarity for a
given  probe and the first touch card/fixture
deflection observed at that probe. Aspects of the
present invention have been illustrated and described
in detail  15 with reference to particular embodiments
by way of example only, and not by way of  limitation.
It will be appreciated that various modifications and
alterations may be made  to the exemplary embodiments
without departing from the scope and contemplation of
the present disclosure. It is intended, therefore,
that the invention be considered as  limited only by
the scope of the appended claims 15 WO 2004/083980
PCT/US2004/007818  WHAT IS CLAIMED IS: 1. A method of
obtaining planarity measurements in a probe card
analysis system; said  method comprising: computing
planarity effects due to fiducial plate deflection; 5
combining planarity effects due to probe card
deflection and due to probe card  fixture deflection;
and responsive to said computing and said combining,
calculating a load  compensated planarity for said
probe card. 



10 2. The method of claim 1 further comprising
accounting for planarity effects due to  stage
deflection and wherein said calculating is further
responsive to said accounting. 3. The of claim 2,
wherein said accounting comprises utilizing a distance
sensor  proximate to said stage deflection. 15 4. The
method of claim 1 wherein said computing comprises
utilizing an optical  metrology technique. 5. The
method of claim 4 wherein said utilizing an optical
metrology technique  20 comprises: acquiring image
data of a fiducial on said fiducial plate; responsive
to said acquiring, identifying deflection data values
representative of  a deflection of said fiducial
plate; and responsive to said identifying, providing
correction data values enabling a first  25 order
correction of said deflection. 6. The method of claim
5 wherein said utilizing an optical metrology
technique further  comprises: further identifying rate
data values representative of a rate of deflection of
said  30 fiducial plate; and responsive to said
further identifying, providing additional correction
data values  enabling a second order correction of
said deflection. 7. The method of claim 1 wherein said
combining comprises:  16 WO 2004/083980
PCT/US2004/007818  obtaining measurements of optical
planarity and electrical planarity for said  probe
card; measuring fiducial plate deflection at first
electrical contact; and responsive to said obtaining
and said measuring, computing a combined  5 deflection
value for said probe card and said probe card fixture.
8. A method of obtaining a combined deflection
measurement for deflections of a probe  card and a
probe card fixture; said method comprising: obtaining
measurements of optical planarity and measurements of
electrical  10 planarity for all non-bussed probes;
identifying fiducial plate deflection at first
electrical contact at all non-bussed  probe locations;
and 



responsive to said obtaining and said identifying,
computing a combined  deflection attributable to
deflection of said probe card and deflection of said
15 probe card fixture. 9. The method of claim 8
further comprising acquiring stage deflection
measurements at  proximal sensor locations and wherein
said computing is further responsive to said
acquiring. 20 10. The method of claim 9 wherein said
stage deflection measurements are assumed to  be zero.
11. The method of claim 8 wherein said identifying
fiducial plate deflection comprises:  25 selectively
positioning an imaging apparatus to acquire optical
data at a selected  non-bussed probe location;
acquiring said optical data when a non-bussed probe
makes contact with said  fiducial plate at said
selected non-bussed probe location; and responsive to
said acquiring, measuring said fiducial plate
deflection at said  30 selected non-bussed probe
location. 12. The method of claim 11 wherein said
identifying fiducial plate deflection further
comprises selectively repeating said selectively
positioning, said acquiring, and said  measuring for a
different selected non-bussed probe location. 35 17 WO
2004/083980 PCT/US2004/007818  13. The method of claim
8 wherein said identifying fiducial plate deflection
comprises  computing said fiducial plate deflection as
a function 'of full overtravel plate deflection at  a
particular probe location and of optical planarity. 5
14. The method of claim 13 wherein said computing
comprises utilizing a two  dimensional interpolation
calculation. 15. A computer readable medium encoded
with data and instructions for obtaining  planarity
measurements with respect to a probe card analysis
system; said data and said  10 instructions causing an
apparatus executing said instructions to: compute
planarity effects due to fiducial plate deflection;
combine planarity effects due to probe card deflection
and due to probe card  fixture deflection; and
calculate a load compensated planarity for said probe
card.  



15 16. The computer readable medium of claim 15
further encoded with data and  instructions; said data
and said instructions further causing an apparatus
executing said  instructions to account for planarity
effects due to stage deflection. 20 17. The computer
readable medium of claim 15 further encoded with data
and  instructions; said data and said instructions
further causing an apparatus executing said
instructions to compute said planarity effects due to
fiducial plate deflection utilizing an  optical
metrology data processing technique. 25 18. The
computer readable medium of claim 17 further encoded
with data and  instructions; said data and said
instructions further causing an apparatus executing
said  instructions to execute said optical metrology
data processing technique by: acquiring image data of
a fiducial on said fiducial plate; responsive to said
acquiring, identifying deflection data values
representative of  30 a deflection of said fiducial
plate; and responsive to said identifying, providing
correction data values enabling a first  order
correction of said deflection. 18 WO 2004/083980
PCT/US2004/007818  19. The computer readable medium of
claim 18 further encoded with data and  instructions;
said data and said instructions further causing an
apparatus executing said  instructions to execute said
optical metrology data processing technique by:
further identifying rate data values representative of
a rate of deflection of said  5 fiducial plate; and
responsive to said further identifying, providing
additional correction data values  enabling a second
order correction of said deflection. 19 


