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METHOD AND APPARATUS FOR DETECTING TOPOGRAPHICAL FEATURES
OF MICROELECTRONIC SUBSTRATES

BACKGROUND

The present invention relates to methods and apparatuses for detecting
topographical features of microelectronic subsirates, for example, detecting the
surface roughness of a microelectronic substrate having solder or gold bump
terminals. Packaged microelectrenic assemblies, such as memory chips and
miéroprocessor chips, typically include a microelectronic substrate die encased in
a plastic, ceramic, or metal protective covering. The dies are typically formed in
or on a wafer, such as a silicon wafer, and can include functional devices or
features, such as memory cells, processing circuits, and interconnecting wiring.
Each die also typically includes bond pads or other conductive structures, such as
gold. bumps or solder bumps that are electrically coupled to the functional
devices. The conductive structures can then be electrically coupled to pins or
other types of terminals that extend outside the protective covering for connecting
to buses, circuits, andfor other microelectronic assemblies.

One method for increasing the throughput of packaged microelectronic
assetmblies is to perform many processing oberations on the dies before the dies
are singulated from the wafer, a practice referred to in the industry as wafer-level
packaging. One such process step includes disposing gold or solder bumps on
the dies at the wafer level to form a "bumped” wafer. When performing such
operations at the wafer level, it is typically important to measure the average
tiwickness, thickness variation, and roughness of the wafer to ehsure that the
wafer meets tight dimenslional specifications, and to ensure that any microdefects
of the wafer (which can reduce wafer strength) are eliminated or reduced to

acceptable levels.
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Figure 1A is a schematic illustration of a conventional apparatus 10a for
measuring the thickness and thickness variation of a wafer 30, Such apparatuses
are available from ADE of Westwood, Massachuseﬁs, under madel numbers 9520
and 9530. The apparatus 10a can include a narrow, rod-shaped vacuum chuck
12 that supports the wafer 30, a Jower capacitance probe 11a that measures the
distance to the wafer back surface, and an upper capacitance probe 11b that
measures the distance to the wafer front or device-side surface. The thickness of
the wafer 30 at a particular point an the wafer can be calculated by subtracting the
two distance measurements from the total distance between the capacitance
probes 11a and 11b. The total thickness variation (TTV) of the wafer 30 can be
calculated by traversing the ratating wafer 30 in between the probes 11a and 11b,
determining a maximum thickness value and a minimum thickness value, and
subtracting the minimum thickness value from the maximum thickness value. The
average thickness of the wafer can be calculated by taking the mean of all the
thickness values collected.

Figure 1B is a schematic Hllustration of an apparatus 10b used o determine
the roughness of the wafer 30. The apparatus 10b can include a support table 20
that carries the wafer 30 with the back surface of the wafer 30 facing upwardly. A
stylus 41 traverses over the back surface of the wafer 30 and moves up and down
as it passes over roughness features on the back surface. A {ight 12 illuminates
the back surface of the wafer 30 for visual inspection through a microscope 13
which can be used to capiure a videa image that can be saved on a bitmap file for
correlating with the capacitance scan data. Such apparafuses are available from
Veeco-Metrology Group of Santa Barbara, California.

One drawback with the devices 10a and 10b described above is that they
may not be suitable for detecting the characteristics of bumped wafers which have
solder bumps or gold bumps that project from a surface of the wafer. For
example, the apparatus 10a shown in Figure 1A typically cannot distinguish
between the surface of the wafer 30 and the elevated surface of the bumps on the
wafer 30, and can accordingly produce erroneous thickness and thickness
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variation measurements. The capacitance probes 11a and 11b typically do not
have the high resolution required to determine surface roughness. The apparatus
10b shown in Figure 1B typically includes a vacuum system in the support table
20 to draw the wafer 30 tightly down against the table 20. When the wafer 30
includes solder bumps or gold bumps, the bumped surface of the wafer 30 may
not form an adequate seal with the support table 20. Furthermore, the contact
between the support table 20 and the wafer 30 can damage the bumps and
render all or part of the wafer 30 inoperable.

Figure 1C illustrates a conventional apparatus 10c available from August
Technology of Bloomington, Minhesota, and specifically configured to detect
characteristics of a bumped wafer 30. The apparatus 10¢ can include a support
table 20 having a vacuum system to draw the back surface of the wafer 30 down
tightly against the support table 20, with the bumps 34 facing upwardly. A two-
dimensional inspection camera 43 traverses above the device-side surface of the
wafer 30 to éssess the position, diameter, and/or surface characteristics of the
bumps 34. A three-dimensional inspection camera 44 can traverse above the
device-side surface of the wafer 30 to determine the height of the bumps 34.

One drawback with the device 10c shown in Figure 1c is that it is not
configured to determine the thickness, the total thickness variation, or the
roughness of the backside of the wafer 30, Accordingly, none of the apparatuses
described above with reference to Figures 1A-C are capable of adequately
determining the characteristics of the wafer 30 fypically used to assess whether
the wafer 30 is ready for singulation and subsequent packaging operations.

SUMMARY

The present invention is directed toward apperatuses and methods for
detecting charactetistics of a microelectronic substrate having a first surface with
first topographical features and a second surface facing opposite from the first
surface and having second fopographical features. In one aspect of the
invention, the apparatus can include a support member configured o carry the
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microelectronic substrate with a first porion of the first surface exposed and a
second portion of the second surface exposed. The apparatus can further include
a topographical feature detector positioned proximate to the support member and
aligned with a first portion of the first surface of the microelectronic substrate
when the microelectronic substrate is carried by the support member. The
topographical feature detector can include a non-capacitive detection device
configured to detect raughness characteristics of the first topographical features.

In a further aspect of the invention, the apparatus can also include a
second topographical feature detector positioned proximate to the support
member and configured to detect a characteristic of the second topographical
features. The second topographical features can include solder bumps or gold
bumps, and the first topégraphical features can include a roughness element that
is not a conductive connection structure. The second tfopographical feature
detector can include a probe having a contact portion configured to contact the
microelectronic substrate, or a radiation emitter and receiver configured to direct
radiation toward the microelectronic substrate and receive reflected radiation to
detect a roughness of the microelectronic substrate. The radiation emitter can be
configured to emit faser radiation, and the radiation receiver can be configured to
receive laser radiation.

The invention is also directed toward a method for detecting characteristics
of a microelectronic substrate having a first surface with first topographical
featurss that do not include conductive connection structures, and a second
surface facing opposite from the first surface and having second tapographical
features. The method can include supporting the microelectronic substrate while -
at least a first portion of the first surface is exposed and at least a second portion
of the second surface is exposed. The method can further include detecting a
characteristic of the first topographical features by positioning a topographical
detection device at least proximate to the first portion of the first surface and
activating the topographical detection device while the first portion of the first



surface and the second portion of the second surface are exposed fo receive
feedback from the first topographical features.

in a further aspect of the invention, the method can further include
determining a thickness variation for the microelecironic substrate by establishing
a reference plane, determining distances from the reference plane to a plurality of
raughness features of the first surface, selecting from the determined distances a
minimum distance value and a maximum distance value, and subfracting the
minimum distance value from the maximum distance value. In yet a further aspect
of the invention, the method for determining the thickness variation of the

microelectronic substrate can be carried out on a computer.
BRIEF DESCRIPTION OF THE DRAWINGS

Figures 1A-C are side views of apparatuses in accordance with the prior
art showing selected components schematically.

Figure 2 is a side view of an apparatus in accordance with an embodiment
of the invention showing selected components schematically.

Figure 3A is an enlarged side view of a portion of the apparatus shown in
Figure 2.

Figure 3B is a flowchart illustrating a process for determining thickness
variation for a microelecironic substrate with an embodiment of the apparatus
shown in Figures 2 and 3A,

Figure 4 is an enlarged side view of a portion of an apparatus in
accordance with another embodiment of the ihvention showing selected

companents schematically.
DETAILED DESCRIPTION

The following disclosure describes methods and apparatuses for detecting
topographical features of microelectronic subsirates. The term "microelectronic
substrate” is used throughout to include substrates upon which andfor in which
microelectronic circuits or components, data storage elements or layers, andlor
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vias or conductive {ines are or can be fabricated. Many specific details of certain
embodiments of the invention are set forth in the following description and in
Figurés 2-4 to provide a thorough understanding of these embodiments. One
skilled in the art, however, will understand that the present invention may have
additional embodiments, and that the invention may be practiced without several
of the details described below.

Figure 2 illustrates an apparatus 110 in accordance with an embodiment of
the invention. In one aspect of this embodiment, the apparatus 110 can include a
support member 120 that supports a microelectronic subsfrate 130. The
microelectranic substrate 130 can have a first surface 131 with first topagraphical
features 133 (such as roughness elements) and a second surface 132 facing
opposite from the first surface 131 and having second topographical features 134.
The second topagraphical features 134 can include solder bumps, gold bumps, or
other electrical connection or termination sfructures that are offset from the
second surface 132. The first topographical features can include roughness
elements, but do not include solder bumps, gold bumps or other electrical
connection or termination struciures that are offset from the first surface 131. At
least a portion of the first surface 131 can remain exposed for accéss by a first
topographical feature detector 140a. At the same time, at least a portion of the
second surface 132 can remain exposed for access by a second topographical
feature detector 140b. Accordingly, the apparatus 110 can simultanecusly detect
characteristics of both the first topographical features 133 and the second
topographical features 134 white the mictoelectronic substrate 130 is supported
by the same support thember 120.

In a further aspect of this embadiment, the support member 120 ¢an have a
peripheral contfact surface 122 configured to contact a peripheral area of the first
surface 131 of the microelectronic substrate 130 and an opening 121 under an
interior portion of the first contact surface 131. The opening 121 can be an
annular opening large enough to aliow access to at least a representative portion
of the first surface 131. The contact surface 122 can also extend radially inwardly
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far enough to stably support the microelectronic substrate 130 without allowing
the microelectronic substrate 130 to unduly sag or warp. The size of the
peripheral region of the microelectronic substrate 130 engaged by the contact
surface 122 can depend on factors such as the diameter of the substrate 130 and
the thickness andfor rigidity of the substrate 130. In other embadiments, the
support member 120 can engage only the peripheral edge of the microelectronic
substrate 130, for example, with suction devices, clamps, and/or ather retention
elements configured to stably support the microelectronic substrate 130 in a flat
orientation.

In one aspect of an embodiment shown in Figure 2, the support member
120 can include apertures 123 that extend through the contact surface 122. The
apertures 123 can be in fluid communication with a chamber 124, and the
chamber 124 can be coupled to a vacuum source 126 with a conduit "125.
Accordingly, the vacuum source 126 can apply a vacuum to the vacuum apertures
123 to draw the microelectronic substrate 130 against the stipport member 120.
The aperiures 123 can also be coupled {o a positive pressure source {o separate
the ;rlicroelectranic substrate 130 from the support member 120. In other
embodiments, the support member 120 can include other arrangements for
securing the microelectronic substrate 130 during operation. An advantage of any
of these embodiments is that the microelectronic substrate 130 can rest flat on the
contact surface 122 while the topographical feature detectors 140a and 140b
assess the topographical features 133 and 134, respectively.

The first topographical feature detector 140a can be positioned proximate
to the exposed portion of the first surface 131, and the second topographical
feature detector 140b pasitioned proximate to the exposed padrtion of the second
surface 132 For example, the first topographical feature detector 140a can
include a stylus or probe 141 that contacts the first surface 131 to detect
differences in elevation between one first topographical feature 133 and another.
Alternatively, the first topographical feature detector 140a can include other
devices that also detect or assess characteristics of the first topographical
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features 133 (for example, by receiving feedback from the first topographical
features 133), as described below with reference to Figure 4.

The second topographical feature detector 140b can include a fwo-
dimensional inspection camera 143 and/or a three-dimensional inspection camera
144. The two-dimensional in3pe¢tion camera 143 can have a line-of-sight
directed generally normal to the second surface 132 to detect the position,
diameter, and/or sutface features of the second topographical features 134. The
surface features detected by the iwo-dimensional camera 143 can include the
surface finish of the second topographical features 134, and/or whether adjacent
topographical features 134 are inappropriately connected, for example with a
salder bridge 136. The three-dimensional inspection camera 144 can have a line-
of-sight directed obliquely foward the second surface 132, for example, to detect
the height of the second topographical features 134 above the second surface
132. [n other embodiments, the second topographical feature detector 140b can
include other devices or arrangements.

In yet a further aspect of an embodiment of the apparatus 110 shown in
Figure 2, the first topographical feature detector 140a can move over the first
surface 131, as indicated by arrow “A" The second fopographical feature
detector 140b can move over the second surface 132 as indicated by arrow gy
The movement of the first topographical feature detector 140a can be coordinated
with, or independent of the movement of the second topographical feature
detector 140b. The support member 120 can move the microelectronic substrate
130 relative to the topographical feature detectors 140a and 140b (as indicated by
arrow "C") either in conjunction with, or in fieu of, moving the topographical
feature detectors 140a and 140b. In any of the foregoing embodiments, the
relative movement between the microelectronic subsirate 130 and the
topographical feature detectors 140a and 140b can be sufficient to obtain at least
a representative sampling of the characteristics of the first topographical features
133 and the second topographical features 134, respectively.



Figure 3A is an enlarged view of a portion of the apparatus 110 and the
microelectronic substrate 130 described above with reference to Figure 2. lnh one.
aspect of the embodiment shown in Figure 3A, the stylus 141 can include a stylus
tip 145 that moves over the first surface 131 during operation. The first
topographical features 133 of the first surface 131 can include a plurality of
recesses 135 and projections 136. As the stylus tip 145 passes over the recesses
135 and projections 136, the first topographical feature detector 140a can detect,
track and store measurements of the distance "D" between a reference plane 146
and the first surface 131. A plurality of distance measurements D can then be
integrated or otherwise manipulated to define a roughness measurement of the
first surface 131. For example, the calculated roughness can be an arithmetic
roughness {Ra) determined by the following equation:

Ra =3[/}

where = representative length .
f(x)} = function describing surface profile, with f(x} = 0 at its mean

value

in one embodiment, the target range for Ra can be from about 13 microns to
about 17 microns, and in other embodiments, the target range can have other
values. |

In one aspect of the foregoing embodiment, the stylus tip 145 can remain in
contact with the first surface 131 of the microelectronic substrate 130 as the stylus
141 and the microelectronic substrate 130 move relative to each other.
Altemnatively, the stylus tip 145 can disengage from the first surface 131 when the
stylus 141 and/or the microelectronic substrate 130 are moved, and re-engage
when a new relafive position is reached. In still a further alternate arrangement,
the apparatus 110 can include a plurality of styli that simultaneously make
individual distance measurements, reducing or eliminating the need to move the

styli or the microelectronic substrate 130.

O



In one embodiment, the first topographical feature detector 140a can be
used to determine a thickness variation for the microelectronic subsirate using the
information recejved from the stylus 141, Accordingly, the process can include
tracking a minimum distance D, {corresponding to the distance between the
referenée plane 146 and the highest prajection 136), and a maximum distance D
{corresponding ta the distance between the reference piane 146 and the deepest
recess 135). Assuming the microelectronic substrate 130 is positioned flat on the
support member 120 (Figure 2) and the second surface 132 is flat, the total
thickness variation (TTV) of the microelectronic substrate 130 can be computed
subtracting Dy from D,. This method for determining TTV can be particularly
useful when the processes used to form the microelectronic substrate 130 are
reliable enough to produce substrates having a repeatable overall thickness
value. In such instances, the apparatus 110 need only provide data on surface
roughness and total thickness varlation and need not detect or calculate the
overall substrate thickness.

One or more of the foregoing process steps can be completed
automatically by a computer program run on either the first topographical feature
detector 140a or a computer coupled to the first topographical feature detector
140a. Referring now to Figure 3B, the process 300 can include receiving a
plurality of measurements for distances between a reference plane and a
corresponding plurality of topographical features of a microelectronic substrate
(step 302). The process can further include selecting a minimum distance value
from the plurality of distance values (step 304) and selecting a maximum_ distance
value from the plurality of distance values (step 306). In step 308, the process
can include determining a thickness variation value for the microelectronic
substrate by subtracting the minimum distance value from the maximum distance
value. The process can optionally include determining a raughhess value for the
microelectronic substrate, for example, by using any of a variety of known
summation andfor integration techniques (step 310). The thickness variation
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value andfor the roughness value can be output fo a user in step 312, for
example, via a visual digital display or a printed hard copy.

If the total thickness variation andfor roughness values determined for the
first surface 131 are outside specified limits, the process used to remove material
from the first surface 131 (for example, by backgrinding the first surface 131 with
a Model DFG 850 backgrinder available from DISCO Carporation of Tokys,
Japan) can be modified. Accordingly, the next-microelectronic substrate 130 (or
batch of microelectronic substrates 130) can have the proper amount of material
removed from it prior to being assessed by the apparatus 110.

One feature of the apparatus 110 described above with reference to
Figures 2 and 3 is that the second surface 132 of the microelectronic substrate
130 is exposed while roughness and total thickness variation measurements are
made on the first surface 131. Accordingly, the apparatus 110 can be less likely
to damage the second topographical features 134, for example, when the second
topographical features 134 include solder or gold bumps, or other protruding
conductive elements.

Another advantage of this arrangement is that the apparatus 110 can
simultaneously assess characteristics of the first surface 131 and the second
surface 132. Accordingly, the overall time requii‘ed fo assess the characteristics
of the microelectronic substrate 130 can be reduced because both processes ¢an
be carried out at the same time. As a result, the throughput for wafer-level
packaging can be increased.

Yet another advantage of the foregoing amangement is that the
microelectronic substrate 130 can remain on the same support member 120 while
both the first surface 131 and the second surface 132 are assessed. Accordingly,
the microelectronic substrate 130 is less likely to become damaged as a result of
moving the microelectronic substrate 130 from one support member to another.

Still another advantage of the foregoing arrangement is that the apparatus
110 can be used to monitor the quality of the backgrinding process. Accordingly,
any discrepancies in the backgrinding process can be detected at an early stage
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and corrected by additional backgrinding andfor by adjusting the backgrinding
apparatus.

In other embodiments, the apparatus 110 can have other arrangements.
For example, as shown in Figure 4, the first topographical feature detector 140a
can include a non-contact detector 142 in addition to or in lieu of the stylus 141
described above with reference io Figures 2 and 3. In a further aspect of this
embodiment, the non-contact detector 142 can issue emitted or incident radiation
147 (such as a laser beam) that strikes the first surface 131 of the microelectranic
subsirate 130 and returns as reflected radiation 148. The reflected radiation 148
is received by a sensor of the non-contact detector 142, The radiation emitted
and received by the non-contact detector 142 can include visible laser radiation in
one embodiment, and can include other types of visible or non-visible radiation in
other embodiments. [n still a further embodiment, the non-contact detectar 142
can include a receiver (such as a camera) that detects radiation emitted by a
separate source (such as a light source) and reflected by the first surface 131. In
any of these embodiments, the non-contact detector 142 can be configured to
interbret_ the Teflected radiation 148 (for example, by comparison fo a fixed
reference plane) to determine the roughness characteristics of the first surface
131 and the total thickness variation of the microelectronic substrate 130,

in one embodiment, the non-contact detector 142 can be moved relative to
the microelectronic substrate 130 to scan the emitted radiation 147 over the first
surface 131. Altematively, the microelectronic substrate 130 can be moved
relative to the non-contact detector 142, or both the microelectronic substrate 130
and the non-contact detector 142 can be moved relative to each other. In still a
further embodiment, the non-contact detector 142 can include a stationary device
that receives (and optionally issues) a broad beam of radiation to detect a
representative roughness and total thickness variation of the lower surface 131
without moving the microelectronic substrate 130. An advantage of this latter
arrangement is that the time to determine the characteristics of the first surface
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131 can be reduced because neither the microelectronic substrate 130 nor the
non-contact detector 142 need be moved relative fo each other.

In still a further embodiment, the apparatus 110 can be configured to
include a stylus 141 that is interchangeable with a non-contact detector 142. For
example, the stylus 141. (which can be a relatively inexpensive piece of
equipment) can be used to detect the surface characteristics of a relatively thick
micraelectronic substrate 130, which is less fikely to become damaged or warped
as a result of contact with the stylus 141. The non-contact detector 142 (which is
a relatively more expensive piece of equipment) can be used in place of the stylus
141 to detect the surface characteristics of relafively thin micraelectronic
substrates 130, which are more likely to become damaged by direct contact with
the stylus 141. |

in other embodiments, the apparatus 110 can have other arrangements. In
one such embodiment, the apparatus 110 need not include the second
topographical feature detector 140b, for example, when the characteristics of the
second topographical features 134 are known to an adequate degree, or when it
is not necessary to determine the characteristics of the second topographicat
features 134, or when these characteristics can be defermined from another
apparatus. In still further embodiments, the support member 120 can have
arrangements other than the generally ring-shaped arrahgement described above
with reference to Figure 2. For example, the support member 120 can include a
plurality of circumferentially spaced-apart support portions that together provide
support for the microelectronic substrate 130. In yet further embodiments, the first
topographical feature detector can include non-capacitive detection devices other
than the stylus 141 and the radiation receiver and emitter described above, so
long as the non-capacitive detection devices are configured to detect the surface
roughness presented by features other than conductive terminal or connection
structures (such as solder bumps or gold bumps).

From the foregoing, it will be appreciated that specific embodiments of the
inventic;n have been described herein for purposes of illustration, but that various
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modifications may be made without deviating from the spirit and scope of the

invention. Accordingly, the invention is not fimited except as by the appended
claims,
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CLAIMS

Iiwe claim:

1 An apparatus for detecting characteristics of a microelectronic substrate
having a first surface with first topographical features and a second surface facing
opposite from the first surface and having second topographical features, the
apparatus comprising;

a support member configured o cairy the microelectronic substrate with a
first portion of the first surface exposed and a second portion of the
second surface exposed, and

a topographical feature detector positioned proximate to the support
member and aligned with the first portion of the first surface of the
microelectronic  substrate, the topographical feature detector
including a non-capacitive detection device configured to detect
ronghness characteristics of the first surface when the

microelectronic substrate is carried by the support member.

2 The apparatus of claim 1 wherein the topographical feature detector is
configured to: ' |
determine distances from a reference plane fo a plurality of the first
topographical features;
select from the determined distances a minimum distance value;
select from the determihed distances a maximum distance value; and
subtract the minimum distance value from the maximum distance value.

3  The apparatus of claim 1 wherein the second fopographical features
include conductive structures protruding from the second surface, and wherein
the topographical feature detector is a first topographical feature detector, and
wherein the apparatus further comprises a second topographical feature detector
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positioned proximate to the support member and configured to detect a
characteristic of the second topographical features when the microslectronic

substrate is supported by the support member.

4  The apparatus of claim 1 wherein at least one of the topographical feature
detector and the support member is movable refative fo the other while the

microelectrenic substrate is carried by the support member.

5 The apparatus of claim 1 wherein the topagraphical feature detector
includes of a first system configured fo detect roughness features of
micraelectronic subsirates having a first range of thicknesses, the first system
being interchangeable with a second system configured to detect roughness
features of microelectronic substrates having a second range of thicknesses, with

a maximum thickness of the second range being greéter than a maximum

thickness of the first range.

6 The apparatus of claim 1 wherein the second topographical feature
includes a solder bump, and wherein the apparatus further comptises a raised
feature delector positioned proximate to the support member and configured fo

detect a characteristic of the solder bump.

7 The apparatus of claim 1 wherein the second topographical feature
includes a gold bump, and wherein the apparatus further comprises a feature
detector positioned proximate to the support member and configured to detect a

characteristic of the gold bump.

8 The apparatus of claim 1, further comprising:

a first camera positioned proximate ta the support member and configured
to detect at least one of position, a surface defect and a bridge of
at least one of the second topographical features of the
microelectronic substrate when the micraelectronic substrate is

supported by the support member; and
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a second camera positioned proximate to the support member and
configured to detect a height of at least one of the second
tapographical features of the microelectronic substrate when the
microelectranic substrate is-supported by the support member.

9 The apparatus of claim 1 wherein the support member has a contact
surface with a plurality of aperiures, the apertures being coupleable fo a vacuum
source to draw the microelectronic substrate into contact with the support

member.

10 . The apparatus of claim 1 wherein the support member has a generally ring-
shaped contact surface, and wherein the first portion of the first surface of the
microelectranic substrate is disposed annularly inwardly from the contact surface

when the support member carries the microelectronic substrate.

11 The apparatus of claim 1 wherein the fopographical feature defector
includes a probe having a contact porlion configured to contact the
_microelectronic substrate, the topographical feature detector being configured to
detect a roughness of the microelectronic substrate based on measurements at a

plurality of locations on the microelectronic substrate.

12 The apparatus of claim 1 wherein the fopographical feature detector
includes a radiation receiver pasitioned to receive radiation reflected from the
.microelectronic substrate, the topographical feature detector being configured fo
detect a roughness of the MIuoeledronic substrate based on measurements at a
plurality of locations on the microelectronic substrate,

13 = The apparatus of claim 1 wherein the topography detector includes a laser
beam emitter positioned fo direct radiation toward the microelectronic substrate,
the topography detector further including a laser beam receiver positioned to
receive radiation reflected from the microelectronic substrate, the topography
detector being configured to detect a roughness of the microelectronic substrate
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based on measurements at a plurality of locations on the microelectronic

substrate.

14 - An apparatus for detecling characteristics of a microelectranic substrate
having a first surface with first topographical features that do not include
conductive connection structures, and a second surface facing opposite from the
first surface and having second topographical feafures, the second topographical
features including conductive structures protruding from the second surface, the
apparatus comprising:

a support member configured to carry the microelectronic substrate with a
first portion of the first surface exposed and a second portion of the
second surface exposed; and

a topographical feature detector positioned proximate fo the support

| member and aligned with the first portion of the first surface of the
microelectronic substrate, the fopographical feature detector
including at teast one of a contact probe and a radiation receiver
positioned to detect characteristics of the first topographical features
while the micraelectronic substrate is carried by the support member
without contacting the conductive structures protruding from the

secand partion of the second surface.

15  The apparatus of claim 14 wherein the topographicat feature detector is
configured to: '
determine disfances from a reference plane fo a plurality of roughness
features; _
select from the determined distances a minimum distance value;
select from the determined distances a maximum distance va!ue;‘and
subfract the minimum distance value from the maximum distance value.

i6 The apparatus of claim 14 wherein the fopographical feature detector is a
first topographical feature detector, and wherein the apparatus further comprises
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a second topographical feature detector positioned proximate to the support
member and configured fo detect a characteristic of the second topographical
features when the microelectronic substrate is supported by the support member.

17 . An apparatus for detecting characteristics of a microefectronic substrate
having a first surface with first topographical features that do__pot include
conductive connection structures, and a second surface facing opposite from the
first surface and having second topographical featu;‘es, the second topographical
features including conductive structures profruding from the second surface, the
apparatus comprising:

a support member configured to carry the microelectronic substrate with a
first portion of the first surface exposed and a secand portion of the
second surface exposed;

a first topographical feature detector positioned proximate to the support
member and aligned with the first portion of the first surface of the
microelectronic substrate when the microelectronic substrate is
carried by the support member to detect characteristics of the first
topographical features, the first topographical feature detector
including at feast ohe of a contact probe positioned to contact the
first surface and a radiation recelver positioned to receive radiation
reflected from the first surface; and

a second topographical feature detector positioned proximate to the
support member and aligned with the second portion of the second
surface of the microelecfronic substrate when the microelectronic
substrate is carried by the support member to detect characteristics
of the conducti\)e structures protruding from the second surface.

18 The apparatus of claim 17 wherein the first topographical feature detector

is configured to:
determine distances from a reference plane fo a plurality of the first

topographical feafures;
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select from the determined distances a minimum distance value;

select from the determined distances a maximum distance value; and

subtract the mirimum distance value from the maximum distance value ta
determine a thickness variation for the microetectronic substrate.

19 The apparatus of claim 17 wherein the first topographical feature detector
includes a first system configured to detect roughness features of mic;‘oelectmnic
substrates having a first rahge of thicknesses, interchangeable with a second
system configured {o detect roughness features of microelectronic substrates
having a second range of thicknesses different than the first range of thicknesses.

20 - The apparatus' of claim 17 wherein the second topographical feature
detectar includes:

a first camera positioned proximate fo the support member and configured
to detect at least one of a position, a surface defect and & bridge of
at least one of the second topographical features of the
microelectronic substrate when the microelectronic substrate is
supported by the éupport member; ahd

a second' camera positioned proximate to the suppart member and
configured to detect a height of at least ohe of the second
topographical features of the microelectronic substrate when the
microelectronic substrate is supparted by the support member.

21 The apparatus of claim 17 whersin the support member has a contact
~ surface with a plurality of aperiures, the apertures being coupleable to a vacuum
source fo draw the microelectronic substrate info contact with the support

member.

22 The apparatus of claim 17 wherein the support member has a generally
ring-shaped contact surface, and wherein the first portion of the first surface is
disposed annularly inwardly from the contact surface when the support member

carries the microelectronic substrate.
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23  The apparatus of claim 17 wherein the first topographical feature detector
includes a probe having a contact portion configured to contact the
microelectronic substrate, the first topographical feature detector being configured
to detect a roughness of the microelecironic substrate based on measurements at

a plurality of lacations on the microelectranic substrate.

24 The apparatus of claim 17 wherein the first topographical feature detector
includes a radiation emitter positioned to direct radiation toward the
microeiectronic substrate, the ﬁrst.topographica! feature detector further including
a radiation receiver positioned to receive “radiation reflected from the
microelectranic substrate, the first topographical feature detector being configured
to detect a roughnéss of the microelectronic substrate based on measurements at

a plurality of locations on the microelectrenic substrate.

25  An apparatus for detecting characferistics of a microelecironic substrate
having a first surface with roughness features and a second surface facing
opposite from the first surface and having raised conductive features, the
apparatus comprising:

a support member having a contact surface configured to contact the first
surface of the microelectronic substrate, the suppaort member being
shaped to leave a first portion of the first surface exposed and a
second portion of the second surface exposed when the
microelectronic substrate contacts the support member;

a roughness defector that includes a probe having a contact portion
configured to contact the microelectronic substrate, the roughness
detector being configured to detect a roughness of the
microelectronic substrate based on measurements at a ;;Iuraﬁty of
locations on the first surface of the microelectronic substrate; and

an actuator coupled to at least one of the roughness detector and the
support member to move at-least one of the roughness detector and
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the support member relative to the other while the support membier

supports the microelectronic substrate.

26 The apparatus of claim 25 wherein the contact surface has apertures

coupleable to a vacuum source to draw the microelectronic substrate toward the

support member.

27 The apparatus of claim 25 wherein the roughness detector is configured to:
determine distances from a reference plane to a plurality of the roughness
features on the first surface of the microeléctronic substrate;
select from the determined distances a mfnimum distance value;
select from the determined distances a maximum distance value; and

subtract the minimum distance value from the maximum distance value.

28 The apparatus of claim 25 wherein the roughness detector includes a first

system configured fo detect roughness features of microelectronic substrates
having a first range of thicknesses, interchangeable with a second system
configured to detect roughness features of microelectronic substrates having a
second range of thicknesses different than the first range of thicknesses.

29 The épparatus of claim 25 wherein the raised conductive features include
solder bumps and/or gold bumps, and wherein the apparatus further comprises a
raised fealure detector positioned proximate fo the support member and
configured to detect a characteristic of the solder bumps and/or gald bumps.

30 The abparatus of claim 25, further comprising:

a first camera positioned praoximate to the support member and configured
to detect at least one of a position, a surface defect and 4 bridge of
at teast ane of the raised conductive features of the microelectronic
substrate when the microelectronic substrate is supported by the

support member; and
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a second camera positioned proximate to the support member and
configured fo detect & height of at least one of the raised conductive
features of the microelectronic substrate when the’ microelectronic

substrate is supported by the suppatt member.

31 The apparatus of claim 25 wherein the support member has a generally
ring-shaped contact surface, and wherein the first partion of the first surface is
disposed annularly inwardly from the contact surface when the support member

carries the microelectronic substrate..

12  An apparatus for detecting characteristics of a microelectronic subsirate
having a first surface with roughness features and a second surface facing
opposite from the first surface and having raised conductive features, the
apparatus comprising:

a support member having a contact surface configured to contact the first
surface of the microelectronic substrate, the support member being
shaped fo leave a first portion of the first surface. and a second
portion of the second surface exposed when the microelectronic
substrate contacts the support member;

a roughness detector that includes a radiation receiver positioned to
receive radiation reflected from the first surface of the
microejectronic substrate, the roughness detector being configured
to detect a roughness of the microelectronic substrate based on
measurements at a plurality of locations on the first surface of the
microelectronic subétrate; and

an actuator coupled o at least one of the roughness detector and the
support member to move at feast one of the roughness detector and
the support member relative to the other while the support member

supports the microelectronic substrate.
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33 The apparatus of claim 32 wherein the contact surface has apertures

coupleable to a vacuum source to draw the microelectronic substrate into contact

with the support member.

34 The apparatus of claim 32 wherein the roughness deteclar includes a
radiation emitter is configured to emit laser radiation and a radiation receiver

configured to receive faser radiation.

35 The apparatus of claim 32 wherein the roughness detettor is configured to;
determine distances from a reference plane to a plurality of fhe roughness
features on the first surface of the microelectronic substrate;
select from the determined distances a minimum distance value;
éelect from the determined distances a maximum distance value; and
subtract the minimum distance value from the maximum distance value.

36 The apparatus of claim 32, further comprising:

a first camera positioned proximate to the support member and configured
to qétect at least one of a position, a surface defect and a bridge of
at least one of the raised conductive features of the microelectronic
substrate when the microelectronic substrate is supported by the
support member; and

a second camera positioned proximate to the support member and
configured to defect a height of at feast onhe of the raised conductive
features of the microelectronic substrate when the microelectronic
substrate is supported by the support member.

37 The apparatus of claim 32 wherein the support member has a generally
ring-shaped contact surface, and wherein the first portion of the first surface is
disposed annularly inwardly from the contact surface when the support member

carries the microelectronic substrate.
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38  An apparatus for detecting characteristics of a microelectronic substrate
having a first surface with roughness features and a second surface facing
opposite from the first surface and having raised conductive features, the
apparatus comprising:

a generally ring-shaped suppf:rt member;

a contact surface on the supporl member, the contact swrface being
configured to contact the first surface of the microelectronic
substrate with a first partion of the first surface exposed and a
second portion of the second sutface exposed,;

a roughness detector positioned proximate to the support member;

the roughness detector being and aligned with the first portion of the first
surface of the microelectronic substrate when the microelectronic
substrate is carried by the support member;

the roughness detector including at least one of a contact probe configured
to contact the first surface, and a remote detector configured fo
receive radiation reflected from the first surface;

wherein at least one of the roughness detector and the support member ié
movable relative o the other while the microelectronic substrate is
carried by the support member, and wherein the apparafus further
comprises,

a first feature detector positioned proximate to the second surface of the
microelectronic subsirate to detect at least ane of a diameter,
position, and surface characteristic of the raised conductive features
when the microelectronic substrate is carried by the support
member; and ' '

a sécond feature detector pasitioned proximate to the second surface of
the microelectronic substrate to detect a height of the raised
conductive features relative to the second- surface when the
microelectronic substrate is carried by the support member.
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3g The apparatus of claim 38 wherein the raised conductive features include
solder bumps and/or gold bumps, and wherein the first and second feature
detectors are configured to detect characteristics of the solder bumps and/or gold

bumps.

40 ° An apparatus for detecting characteristics of a microelectronic substrate
having a first surface with first topographical features that include roughness
elements, and a second 'surface facing opposite from the first surface and having
second topographical features that include raised conductive structures, the
apparatus comprising: '

support means canfigured to catry the microelectronic substrate with a first
portion of the first surface exposed and a second portion of the
second surface exposed;

first topography detection means positioned proximate ta the support
member and aligned with the first portion of the first surface of the
microelectronic substrate {o detect at least one or a roughness and
a thickness variation of the first surface when the microelecironic
substrate is carried by the support member, the first topography
detection means including at least one of a contact probe positioned
fo contact the first surface and a radiation receiver positioned to
receive radiation reflected from the first surface; and

second topography detection means positioned proximate to the support
member and aligned with the second portion of the second surface
to detect a characteristic of the raised conductive structures when
the microelectronic substrate is carried by the support means.

41 The apparatus of claim 40, further comprising actuator means r;peraﬁveiy
coupled to at least one of the first topography detection means and the support
means {o move at least one of the first topography detection means and the
" support means relative to the other while the microelectronic substrate is carried
by the support means.
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42 The apparatus of claim 40 wherein the first tobography detection means is
configured to:
determiine distances fram a reference plane to a plurality of roughness
features of the microelectronic substrats;
select from the determined distances a minimum distance value;
select from the determined distances a maximum distance valde; and

subtract the minimum distance value from the maximum distance valtie.

43 The apparatus of claim 40 wherein the first topography detection méans
includes a first system configured to detect roughness features of microelectronic
substrates having a first range of thicknesse‘é, interchangeable with a second
system configured to detect roughness features of microelecironic substrates

having a second range of thicknesses different than the first range of thicknesses.

44  The apparatus of claim 40 wherein the second topography detection means
includes:

a first camera positioned proximate to the support means and configured fo
detect at least one of a position, a surface defect and a bridge of at
least ane of the second topographical features of the microelectronic
substrate when the microelectronic substrate is supported by the
support means; and )

a second camera positioned proximate to the support means and
configured to detect a height of at least one of the second
topographical features of the microelectronic substrate when the

microelectronic subsirate is supported by the support means.

45 The apparatus of claim 38 wherein the support means has a contact
surface with a plurality of aperiures, the apertures being coupleable to a vacuum
saurce to draw the microelectronic substrate into contact with the support

member.
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46 The apparatus of claim 38 wherein the support means has a generally ring-
shaped contact surface, and wherein the first pertion of the first surface is
disposed annularly inwardly from the contact surface when the support member

carres the microelectronic substrate.

47 - The apparatus of claim 38 wherein the first topography detection means
includes a probe having a contact portion configured to contact the first surface of
the microelectronic subsirate, the first fopography detection means being
configured fo detect a roughness of the first surface based on measurements at a

plurality of locations on the first surface.

48  The apparatus of claim 38 wherein the first topography detection means
includes a radiation recelver positioned o receive radiation reflected from the first
surface, the first topography detection means being configured to detect a

roughriess of the first surface based on measurements at a plurality of locations |

on the first sturface.

49 A method for processing a microelectronic substrate, comprising:

forming first topographical features on or in a first surface of the
microelectronic substrate, the first topographical features including
roughness features but not including electrical connection structures
offset from the first surface;

forming second topographical features ont or in a second surface of the
microelectronic substrate facing opposite from the first surface, the
second topographical features including conductive structures
protruding from the second surface;

suppoarfing the microelectronic substrate while a first portion of the first
surface is exposed and a second portion of the second surface is
exposed; and

detecting a characleristic of the first topographical features by positioning a
topographical detection device at least proximate to the first portion
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of the first surface and activating the topographical detection device
while the first portion of the first surface is exposed and while the
second portion of the second surface is exposed with the conductive

structures protruding from the second surface.

50 The method of claim 49 wherein detecting a characteristic of the first
tapagraphical features includes detecling a rougﬁness of the first portion of the
first surface by positioning a roughness detection device at least proximate to the
first portion and acfivating the roughness detection device while the first portion of

the first surface is exposed.

51 The method of claim 49 wherein detecting a characteristic of the first

portion includes receiving radiation reflected from the first partion.

52 . The method of claim 49 wherein supparting the microelectronic substrate
includes carrying the microelectronic substrate with a support member, and
whetein the method further comprises detecting a characteristic of at least ane of
the second topographical features while carrying the microelectronic substrate

with the support member.

53 The method of claitn 49, further comptising moving at least one of the
microelectronic substrate and the fopographical defection device relative to the
other while the first portion of the first surface is exposed.

54 The method of claim 49, further comprising determining a thickness
variation for the microelectronic substrate by: . |
establishing a reference plane;
determining distances from the reference plane t¢ a plurality 0'1: roughness
features of the first surface;
selecting from the determined distances a minimum distance value;
selecting from the détennined distances a maximum distance value; and
subtracting the minimum distance value from the maximum distance value.
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55 The method of claim 49 wherein supporting the microelectranic substrate
includes positioning the microelectronic substrate on a generally ring-shaped
support surface with the first portion of the first surface positioned radially inward -

[ S

from the support surface.

56 The method of claim 49 wherein supporting the microelectronic substrate
includes forcing the microelectronic substrate into contact with a suppart member.

57 The methad of claim 47 wherein supporting the microelectronic substrate
includes applying a vacuum to the microelectronic substrate to draw the

microelectronic substrate into contact with a support member.

58 The methed of claim 47, further comprising detecting at Jeast one of a
position, a surface defect, and a bridge of at least one of the second
topagraphical features while supparting the microelectronic substrate with the first

portion of the first surface exposed and the second portion of the second surface

exposed,

59 The method of claim 48, further comprising detecting a height of at least
one of the second topographical features of the microelectronic substrate while
supporting the microelectronic substrate with the first portion of the first surface

exposed and the second portion of the second surface exposed.

60 The method of claim 49, further comprising detecting a characteristic of at
least one of the second fopographical features by directing laser radiation toward
the microelecironic substrate and receiving radiation reflected from the
microelectronic substrate while the first portion of the first surface is exposed and

the second portion of the second surface is exposed. ’

61 The method of claim 48, further comprising removing material from the first
surface of the microelectronic before, affer, or both before and after detecting a

characteristic of the first topographical features.
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62 The method of claim 49, further comprising:
removing a first portion of material from the first surface of the
microelecironic substrate prior to detecting a characteristic of the |
ficst topographical features; and
removing a second portion of material from the first surface of the
.microelectronic substrate after detecting a characteristic of the first

topographical features.

63 - A method for detecting characteristics of a microelectronic substrate having
a first surface with first topographical features that do not include conductive
connection structures, and a second surface facing opposite from the first surface
and having second topographical features, the method comprising:
supporting the microelectronic substrate while at least a first portion of the
first surface is exposed and at least a second portion of the second
surface is exposed; and _
detecting a roughness of the first surface by positioning a {opographical
detection device at.least proximate to the first topographical features
of the first surface and activating the topographical detection device
to receive feedback from the first topographical features while the
first portion of the first surface and the second portion of the secand

surface are exposed.

64 The method of claim 63 wherein detecting a roughness of the first surface
includes contacting a probe with the first portion of the first surface to determine a

roughness of the first portion.

65 The method of claim 63 wherein detecting a roughness of the first surface
includes receiving radiation reflected from the first portion.

66 The method of claim 63 wherein supporting the microelectronic substrate
includes carrying the microelectronic substrate with a support member, and

wherein the methad further comprises detecting a characteristic of at least one of
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the second topographical features while carrying the microelecironic substrate

with the support member.

67 The method of ciaim 63, further comprising moving at least one of the
microelectronic substrate and the topagraphical detection device relative to the

other while the first portion of the first surface is exposed.

68 The method of claim 63, further corﬁprising determining a thickness
variation for the microelectronic substrate by:
establishing a reference plane; N
determining distances from the reference plane to a plurality of roughness
features of the first surface;
selecting from the determined distances a minimum distance value;
selecting from the determined distances a maximum distance value; and
subftracting the minimum distance value from the maximum distance value.

69  The method of claim 63 wherein supporting the microelectronic substrate

includes positioning the microelectronic substrate on a generally ring-shaped
support surface with the first portion of the first surface positioned radially

inwardly from the support surface.

70 The method of claim 63 wherein supporting the microelectronic substrate
includes forcing the microelectronic substrate into contact with a support member.

71 The method of claim 63 wherein supporting the microelectronic substrate
includes applying a vacuum fo the microelectronic subsirate to draw the

microelectronic substrate into contact with a support member.

72  The method of claim 63, further comprising detecting a characteristic of at
least one of the second topographical features while supporting the
microelectronic substrate with the first portion of the first surface exposed and the

secand portion of the second surface exposed.
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73 The method of claim 63, further comprising detecting at least oﬁe of a
position, a surface defect, and a bridge of at least one of the second
topographical features while supporting the microelectronic substrate with the first
partion of the first surface exposed and the second portion of the second surface

exposed.

74  The method of claim 63, further comprising detecting a height of at least
one of the second topographical features of the microelectronic subsirate while
supporting the microelectronic substra.te with the first portion of the first surface
exposed and the second portion of the second surface exposed.

75 The method of claim €3, further comprisiﬁg detecting a characteristic' 6f at
least one of the second topographical features by directing faser radiation toward
the microelectronic substrate and receiving radiation reflected from the
microelectronic substrate while the first portion of the first surface is exposed and

the secand portion of the second surface is exposed.

76  The method of claim 63, further comprising removing material from the first
surface of the mictoelecfronic before, after, or both before and after detecting a

characteristic of the first topographical features.

77 The method of claim 63, further comprising: .
removing a first portion of material from the first surface of the
microelectronic substrate prior to detecting a characteristic of the

first topographical features; and |
remaving a second portion of material from the first surface of the
microelectronic substrate after detecting a characteristic, of the first

topographical features.

. 78 A method in a computer for detecting characteristics of a microelecironic
substrate having a first surface with roughness feaiures and a second sufface
facing opposite from the first surface, the method comprising:
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‘receiving a plurality of measurements for distances between a referenice
plane and a corresponding plurality of the roughness features of the

first surface of the microelectronic substrate,
selecting a minimum distance value from the plurality of distance values;

selecting a maximum distance value from the plurality of distance values;

————

and
determining .2 thickness variation for the microelectronic substrate by '

subtracting the minimum distance value from the maximum distance

value,

79 The method of claim 78, further comprising determining a roughness value

for the micraelectronic substrate from the plurality of distance measurements.

80 The method of claim 78 wherein receiving the plurality of distance
measurements includes receiving a plurality of distance measurements made by a

probe that contacts the microelectronic substrate.

81 The method of claim 78 whereln receiving the plurality of distance
measurements includes receiving a plurality of distance measurements from a
device that receives radiation reflected from the microelectronic substrate.

82 A method for detecting characteristics of a ﬁicroelectmﬂic substrate having
a first surface with roughness features and a second surface facing opposite from
the first surface and having protruding conductive features, the method
comprising:

supporting the microelectronic substrate with a first portion of the first
surface exposed and a second portion of the second surface
exposed; and '

~detecting a roughness of the first portion of the first surface by contacting a
probe with the first portion and moving at least one of the probe and
the microelectronic substrate relative to the other while the first
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portion of the first surface is exposed and the second portion of the

second surface is exposed,

83 The method of claim 82 wherein supporting the microelectronic substrate
includes carrying the microelectronic substrate with a support member, and
wherein the methad further comprises detecting a characteristic of at least one of
the protruding conductive features while carrying the microelectronic substrate

with the support member.

g4 The method of claim 82, further comprising determining a thickness
variation for the microelectronic substrate by:

establishing a reference plane;
determining distances from the reference plane to a plurality of roughness

features of the first surface; ,
selecting fram the determined distances a minimum distance valug;
selecting from the determined distances a maximum distance value; and
subtracting the minimum distance value from the maximum distance value.

85 The method of claim 82 wherein supporting the microelectronic substrate
includes positioning the microelecironic substrate on a2 generally ring-shaped
support surface with the first portion of the first surface pasitioned radially

inwardly from the support surface.

86 The method of claim 82 wherein supporting the microelectronic substrate
includes applying a vacuum to the microelectronic substrate to draw the

microelectronic substrate into contact with a support member.

i
-

87 The method of claim 82, further comprising:
removing a first portion of material from the first surface of . the .
microelectronic substrate prior fo detecting a characteristic of the

first tcpographfcal features; and



—_—

A

removing a second portion of material from the first surface of the
microelectronic substrate after detecting a characteristic of the first

topographical features.

88 A method for detecting characteristics of a microelectronic substrate having
a first suﬁace with roughness features and a second surface facing opposite from’
the first surface and having protruding conductive features, Mthe method
comprising:

supporting the microelectronic substrate with a first portion of the first
surface exposed and a second portion of the second surface
exposed; and

detecting a roughness of the first portion of the first surface by directing
radiation foward the microelectronic substrate, receiving radiation
reflected from the microelectronic substrate at a radiation receives,
and moving at least one of the receiver and the microelectronic
subsfrate relative to the other while the first portion of the first
surface is exposed and the second portion of the second surface is

exposed.

89 The mettiod of claim 88 wherein supporting the microelectronic substrate
includes carrying the microelectronic subsirate with a support member, and
wherein the méthod further comprises detecting a characteristic of at least one of
the profruding conductive features while carrying the microelectronic substraté

with the support member.

- 90 The method of claim 88, further comprising determining a thickness
variation for the microelecironic substrate by: ?
establishing a reference plane:
determining distances from the reference plane to plurality of raughness
features of the first surface;

selecting from the determined distances a minimum distance value;
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éelecting from the determined distances a maximurn distance value; and
subtracting the minimum distance value from the maximum distance valus.

91 The method of claim 88 wherein supporting the microelectronic substrate
inéludes positioning the microelectronic substrate on a generally ring-shaped
support surface with the first portion of the first surface positioned radially
inwardly from the support surface.

g2 The method of claim 88 wherein supporting the microelectronic substrate
includes applying a vacuum to the microelectronic substrate to draw the

microelectronic substrate into contact with a support member.

93 The method of claim 88, further comprising:
removing a first portion of material from the first surface of the
microelectronic substrate prior {o detecting a roughness of the first
surface; and
removing a second portion of material from the first surface of the
microslecironic substrate after detecting a roughness of the ﬁrét

surface.

94 A method for detecting characteristics of a microelectronic substrate having
a first surface with roughness features and a second surface facing opposite from
the first suface and having protruding conductive features, the method
comprising:”
supporting the microelectronic subsfrate by camying the miccoelectronic:
substrate with a support member while a first portion of the first
surface is exposed and a second porﬁon of the second ;‘.urface is
exposed;
detecting a raughness of the first portion of the first surface by positioning
a roughness detection device at least proximate to the first portion
and moving at least one of the dete&ion device and the

micraelectronic substrate relative {o the other while the first portion
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~ of the first surface is exposed and the second portion of the second
surface is exposed; and

detecting a characteristic of at least one of the profruding conductive

features while the micraelectronic substrate is carried by the support

member.

g5 The method of claim 94, further comprising determiningma thickness
variation for the microelectronic substrate by:
establishing a reference plane;
determining distances from the reference plané to a plurality of roughness
features of the first surface;
selecting'from the determined distances a minimum distance value;
selecting from the determined distances a maximum distance value; and
subtracting the minimum distance value from the maximum distance value.

96 The method of claim 94, further comprising detecting a characteristic of at
least one of the protruding conductive features with a camera while the first
partion of the first surface is exposed and the second portion of the second

surface is exposed.

97 The method of claim 94, further comprising:
removing a first portion of material from the first surface of the
microelectronic substrate prior to detecting a roughness of the first
surface; and
removing a second porfion of material from fhe first surface of the
microelectronic substrate after detecting a roughness of the first

-

surface,
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