
METHODS FOR EXAMINING A BONDING STRUCTURE OF A SUBSTRATE AND BONDING
STRUCTURE INSPECTION DEVICES Technical Field [0001] Embodiments relate to
methods for examining a bonding structure of a substrate and bonding
structure inspection devices. Background [0002] Semiconductor devices, such
as integrated circuit chips, may be electronically connected to leads on a
lead frame by a process known as wire bonding. The wire bonding process
involves adopting a wire to connect pads residing on a chip or die to a
lead in a lead frame. Once the chip and lead frame have been wire bonded,
the chip and lead frame may be further packaged in ceramic or plastic to
form an integrated circuit device. [0003] In many cases, an inspection of
the quality of the wire bond may be performed manually by a human operator
using a microscope. However, this manual method may be time consuming and
costly. Having said that, it may be desired to perform an automatic wire
bond inspection. However, a number of challenges may need to be addressed
for the automatic wire bond inspection. For example, due to a relatively
high specularity of the wires on the lead frame; illumination may need to
be designed so as to minimize the specularity on the respective surfaces of
the wires and the lead frame to ensure a relatively accurate measurement.
At the same time, good contrasts on otherrespective surfaces such as die
surface and bond surface shall also be desired so as to be able to carry
out two-dimensional (2D) measurements. [0004] While there may not be any
standard illumination systems available in the 



market for stereo vision system, some examples of the state of the art
illumination systems adopted may include a co-axial light, a dome light, a
ring light, a combination of the dome light and the co-axial light or other
combinations thereof. [0005] Having said that, there may be some issues
faced when adopting the state of the art illumination systems. These issues
may include a relatively low contrast between the chip and the wire bond, a
difficulty in extracting an object information for a threedimensional (3D)
calculation and a limited intensity tuning range of some of the
illumination systems. [0006] Therefore, there is a need for an alternative
illumination system which may be able to provide a uniform illumination for
the object surface to be inspected while at the same time enhance the
contrast between the die surface and the wire bond. [0007] Commonly used
measurement for wire bonds often are done using 2D sensor(s). However, some
critical wire bond quality issues such as die tilt, lifted wire, sagging
wire loop cannot be measured using 2D cameras. Furthermore, inspection
often is done manually. Therefore, there is a need for an automatic 2D and
3D inspection system. Summary [0008] hi various embodiments, a bonding
structure inspection device may be provided. The bonding structure
inspection device may include a substrate receiving regionconfigured to
receive a substrate, the substrate including the bonding structure to be
examined; a stereoscopic image determining device configured to determine
one or more stereoscopic images including one or a plurality of predefined
regions of interests of portions of the bonding structure to be examined,
the predefined regions of interests 



corresponding to reference regions of interests in a stored predetermined
reference model of a reference bonding structure of a reference substrate;
a memory configured to store the predetermined reference model of a
reference bonding structure of a reference substrate; and a feature
determiner configured to determine one or more two-dimensional feature
parameters and one or more three-dimensional feature parameters of the
bonding structure to be examined from one or more of a plurality of the
predefined regions of interests; and a determiner configured to determine
as to whether the determined feature parameters fulfill at least one
predefined quality criterion with respect to the reference model. [0009] In
various embodiments, a method for examining a bonding structure of a
substrate may be provided. The method may include: providing a substrate
including a bonding structure to be examined; determining one or more
stereoscopic images including one or a plurality of predefined regions of
interests of portions of the bonding structure to be examined, the
predefined regions of interests corresponding to reference regions of
interests in a stored predetermined reference model of a reference bonding
structure of a reference substrate; determining one or more two-dimensional
feature parameters and one or more three-dimensional feature parameters of
the bonding structure to be examined from one or more of a plurality of the
predefined regions ofinterests; and determining as to whether the
determined feature parameters fulfill at least one predefined quality
criterion with respect to the reference model. Brief Description of the
Drawings [0010] hi the drawings, like reference characters generally refer
to the same parts throughout the different views. The drawings are not
necessarily to scale, emphasis 



instead generally being placed upon illustrating the principles of various
embodiments, hi the following description, various embodiments of the
invention are described with reference to the following drawings, in which:
FIG. IA shows a front view of. a light detection arrangement, the light
detection arrangement including a first light source, a second light
source, a first beam splitter and a second beam splitter according to an
embodiment; FIG. IB shows a front view of a light detection system, the
light detection system including the light detection arrangement of FIG. IA
according to an embodiment; FIG. 2A shows a front view of a light detection
arrangement, the light detection arrangement including a body structure
with a cutout portion according to an embodiment; FIG. 2B shows a top view
of the body structure with the cutout portion of FIG. 2A according to an
embodiment FIG. 3 shows a perspective view of a prototype of the light
detection arrangement of FIG. 2A according to an embodiment;FIG. 4A shows a
left image obtained with the prototype of the light detection arrangement
of FIG. 3 according to an embodiment; FIG. 4B shows a right image obtained
with the prototype of the light detection arrangement of FIG. 3 according
to an embodiment; FIG. 5A shows a front view of a light detection
arrangement, the light detection arrangement including a beam splitter.
arrangement arranged on the same side of a body structure as an object
receiving region according to an embodiment; 



FIG. 5B shows a side view of the light detection arrangement of FIG. 5A
according to an embodiment; FIG. 6 shows a perspective view of a prototype
of a light detection arrangement of FIG. 5A according to an embodiment;
FIG. 7A shows a left image obtained with the prototype of the light
detection arrangement of FIG. 5A according to an embodiment; FIG. 7B shows
a right image obtained with the prototype of the light detection
arrangement of FIG. 5A according to an embodiment; FIG. 8A shows a front
view of a light detection arrangement, the light detection arrangement
including a bar shaped light source according to an embodiment; FIG. 8B
shows a side view of the light detection arrangement of FIG. 8A according
to an embodiment; FIG. 9A shows a front view of a light detection
arrangement, the light detection arrangement including an arc shaped light
source according to an embodiment; FIG. 9B shows a top view of the arc
shape light source of FIG. 9A according to an embodiment;FIG. 1OA shows a
front view of a light detection arrangement, the light detection
arrangement including a blue color dichroic mirror and a red color dichroic
mirror according to an embodiment; FIG. 1OB shows a top view of the light
detection arrangement of FIG. 1OA according to an embodiment; FIG. 11 shows
a flow-chart of a method for detecting light in a light detection
arrangement according to an embodiment; 



FIG. 12 shows a front view of multi-camera wire bond inspection head in
accordance with an embodiment; FIG. 13 shows a dome light for wire bond
stereo inspection in accordance with an embodiment; FIG. 14A shows images
with poor contrast between the wire end and the die in accordance with an
embodiment; FIG. 14B shows an image with ideal illumination for each camera
in accordance with an embodiment; FIG. 15 shows a flow diagram illustrating
a method for examining a bonding structure of a substrate in accordance
with an embodiment; FIG. 16 shows a bonding structure inspection device in
accordance with an embodiment; FIG. 17 shows a bonding structure inspection
device in accordance with an embodiment; FIG. 18A shows a perspective view
of a wire bond inspection system in accordance with an embodiment;FIG. 18B
shows a front view of a wire bond inspection system in accordance with an
embodiment; FIG. 19 shows an overall flow chart of a process in accordance
with an embodiment; FIG. 20 shows a flow diagram illustrating details of
learn product steps in accordance with an embodiment; . . FIG. 2 1 shows a
flow diagram illustrating a 2D wire bond recipe creation in 



accordance with an embodiment; FIG. 22 shows an illustration of bond
placement measurement regions of interest (ROIs) in accordance with an
embodiment; FIG. 23 shows a flow diagram illustrating 3D wire bond recipe
creation in accordance with an embodiment; FIG. 24 shows an illustration of
die tilt ROIs in accordance with an embodiment; FIG. 25 shows a flow
diagram illustrating details of an inspect product step in accordance with
an embodiment; FIG. 26 shows a flow diagram illustrating inspecting 2D
features in accordance with an embodiment; FIG. 27 shows an illustration of
long tail ROIs and measurement in accordance with an embodiment; FIG. 28
shows a flow diagram illustrating inspecting 3D features in accordance with
an embodiment;FIG. 29 shows an illustration of wire loop height ROIs and
measurement in accordance with an embodiment; FIG. 30 shows a flow diagram
illustrating calibrating 2D inspection in accordance with an embodiment;
and FIG. 3 1 shows a flow diagram illustrating calibrating 3D inspection in
accordance with an embodiment. Description [0011] The following detailed
description refers to the accompanying drawings that 



show, by way of illustration, specific details and embodiments in which the
invention may be practiced. These embodiments are described in sufficient
detail to enable those skilled in the art to practice the invention. Other
embodiments may be utilized and structural, logical, and electrical changes
may be made without departing from the scope of the invention. The various
embodiments are not necessarily mutually exclusive, as some embodiments can
be combined with one. or more other embodiments to form new embodiments.
[0012] The word "exemplary" is used herein to mean "serving as an example,
instance, or illustration". Any embodiment or design described herein as
"exemplary" is not necessarily to be construed as preferred or advantageous
over other embodiments or designs. [0013] An embodiment may provide a light
detection arrangement. The light detection arrangement may include a body
structure configured to provide light, the body structure including a first
light-transmissive portion and a second light-transmissive portiondisposed
at a distance from the first light-transmissive portion; an object
receiving region arranged such that light provided by the body structure
may be illuminating at least a portion of the object receiving region; a
first camera having a first main optical axis; a second camera having a
second main optical axis; wherein the body structure may be arranged
between the first camera and the second camera on its one side and the
object receiving region on its other side; wherein the first camera may be
arranged such that its first main optical axis may be directed to the
object receiving region via the first lighttransmissive portion; wherein
the second camera may be arranged such that its second main optical axis
may be directed to the object receiving region via the second
lighttransmissive 



portion; an arrangement configured to provide light reflected from the
object receiving region such that a first reflected light portion may be
provided as a first co-axial light portion aligned to the first main
optical axis, and such that a second reflected light portion may be
provided as a second co-axial light portion aligned to the second main
optical axis. The distance between the first light-transmissive portion and
the second light-transmissive portion may vary according to design and user
requirements. [0014] In an embodiment, each of the first light-transmissive
portion and the second light-transmissive portion may be configured to at
least allow some light to pass through. For example, each of the first
light-transmissive portion and the second light-transmissive portion may be
translucent. Alternatively, each of the first light-transmissive portion
and the second light-transmissive portion may be configured to be
transparent. For example, the first light-transmissive portion and the
second light-transmissive portion may be formed as two separate openings or
as a single opening.[0015] In an embodiment, the body structure may have a
dome shape. The dome shape may include a radius of between about.40 mm to
about 45 mm, for example. The dome shape may be sized so as to accommodate
the object to be arranged in the object receiving region and at least one
body structure illuminating light source. The body structure may include a
dome light, for example. The body structure may also include any other
light source as long as the light source may provide uniform illumination
on the object receiving region. [0016] In an embodiment, the light
detection arrangement may further include a structure having the first
light-transmissive portion and the second light-transmissive portion,
wherein the body structure has a cutout portion and the structure is
arranged in the cutout 



portion. The structure may be made of a material which may not allow the
through passage of light. For example, the structure may include a
rectangular plate or a diffused white plastic sheet. [0017] In an
embodiment, at least a portion of an inner surface of the body structure
facing the object receiving region may have a reflective surface. [0018] In
an embodiment, at least a portion of an inner surface of the body structure
facing the object receiving region may be configured to generate light.
[0019] hi an embodiment, the at least a portion of an inner surface of the
body structure facing the object receiving region may include a light
generating coating and/or a plurality of organic light emitting diodes.
[0020] Li an embodiment, the light detection arrangement may further
include at least one body structure illuminating light source arranged to
illuminate at least a portion of an inner surface of the body structure.
The at least one body structure illuminating lightsource may be positioned
within the body structure or positioned outside of the body structure.
[0021] In an embodiment, the at least one body structure illuminating light
source may include a plurality of lamps. [0022] In an embodiment, the
plurality of lamps may include a light emitting diode array. [0023J In an
embodiment, the plurality of lamps may include a diffuser or a diffuse
light source. [0024] In an embodiment, the arrangement may include a light
arrangement. [0025] In an embodiment, the light arrangement may include a
first light source and a second light source. The first light source may be
arranged to direct light through the 



first light-transmissive portion to the object receiving region and/or the
second light source may be arranged to direct light through the second
light-transmissive portion to the object receiving region. [0026] In an
embodiment, the first light source and the second light source may be
arranged such that a light axis of the light emitted by the first light
source may be substantially parallel with the first main optical axis and
that a light axis of the light emitted by the second light source may be
substantially parallel with the second main optical axis. [0027] In an
embodiment, the first light source and/or the second light source may
include a plurality of lamps. [0028] In an embodiment, the plurality of
lamps may include a light emitting diode array. [0029] In an embodiment,
the first light source and/or the second light source may be a disperse
light beam or a focused light beam.[0030] In an embodiment, the light
arrangement may include a light source being selected from a group of light
sources consisting of an arc shaped light source, a bar shaped light
source, and a diffuser. [0031] In an embodiment, the arrangement may
include a beam splitter arrangement. [0032] In an embodiment, the beam
splitter arrangement may be arranged on the same side of the body structure
as the first camera and the second camera. [0033] In an embodiment, the
beam splitter arrangement may include a first beam splitter and a second
beam splitter. [0034] n an embodiment, the arrangement may include a light
arrangement, the light arrangement including a first light source and a
second light source; wherein the first 



beam splitter may be arranged relative to the first light source and the
first camera such that the first beam splitter may be configured to receive
the light provided by the first light source and to re-direct the light to
the object receiving region via the first lighttransmissive portion,
thereby generating the second reflected light portion; and wherein the
second beam splitter may be arranged relative to the second light source
and the second camera such that the second beam splitter may be configured
to receive the light provided by the second light source and to re-direct
the light to the object receiving region via the second light-transmissive
portion, thereby generating the first reflected light portion. [0035] In an
embodiment, the arrangement may include a light arrangement; and wherein
the beam splitter arrangement may be arranged relative to the light
arrangement and both the first camera and the second camera such that the
beam splitter arrangement may be configured to receive the light provided
by the light arrangement and to re-direct the lightto the object receiving
region via the respective first light-transmissive portion and the second
light-transmissive portion to generate the second reflected light portion
and the first reflected light portion from the received light. [0036] In an
embodiment, the beam splitter arrangement may be arranged on the same side
of the body structure as the object receiving region. [0037] In an
embodiment, the beam splitter arrangement may be configured to receive the
light provided by the inner surface of the body structure, and to generate
the first reflected light portion and the second reflected light portion
from the received light. [0038] In an embodiment, the beam splitter
arrangement may include a single beam splitter configured such that the
first reflected light portion may be provided as the first 



co-axial light portion aligned to the first main optical axis and such that
the second reflected light portion may be provided as the second co-axial
light portion aligned to the second main optical axis. [0039] In an
embodiment, the first camera and the second camera may be arranged along a
common camera plane. [0040] In an embodiment, the single beam splitter may
be arranged at a substantially 45 degree angle with respect to the common
camera plane. [0041] In an embodiment, the arrangement may include a first
dichroic mirror of a first wavelength arranged in a light path along the
first main optical axis and a second dichroic mirror of a second wavelength
arranged in a light path along the second main optical axis. [0042] hi an
embodiment, the first dichroic mirror may be arranged in the first
lighttransmissive portion or on the one side of the body structure
overlapping the first lighttransmissive portion and wherein the second
dichroic mirror may be arranged in the second light-transmissive portion or
on the one side of the body structure overlapping the second
light-transmissive portion. [0043] In an embodiment, the first dichroic
mirror may be a blue color dichroic mirror and the second dichroic mirror
may be a red color dichroic mirror; or wherein the second dichroic mirror
may be a blue color dichroic mirror and the first dichroic mirror may be a
red color dichroic mirror. [0044] In an embodiment, the light detection
arrangement may further include a light separating structure. The light
separating structure may include a opaque material for example a black
paper so as to prevent the light from the first light source from 



interfering with the light from the second light source. [0045] In an
embodiment, the light separating structure may be arranged between the
first light source and the second light source, or between the beam
splitter arrangement and the at least one body structure illuminating light
source. [0046] In an embodiment, the light detection arrangement may
further include an object arranged in the object receiving region. [0047]
In an embodiment, the object may be a die or a chip. [0048] In an
embodiment, the die may include a plurality of bonding structures. The
plurality of bonding structures may include a plurality of bond pads and a
plurality of wire bonds. Each of the plurality of bond wire may be
configured to connect each of the plurality of bond pads to the die. [0049]
In an embodiment, the first camera and the second camera may be arranged in
a manner such that the first main optical axis and the second main optical
axis may be axialsymmetric with respect to a symmetry axis being
perpendicular to a plane defined by the object receiving region. [0050] In
an embodiment, each of the first camera and the second camera may be
arranged at a same camera angle ( ) with respect to the symmetry axis.
Further, each of the first beam splitter and the second beam splitter may
be arranged at a same beam splitter angle ( ) with respect to the symmetry
axis. The difference between the beam splitter angle and the camera angle
is about 45. Correspondingly, the first beam splitter and the second beam
splitter may be arranged at a combined beam splitter angle of 90 + 2a
[0051] hi an embodiment, the arrangement configured to provide light
reflected from the 



object receiving region may compensate for the light provided by the body
structure and escaping through the first light-transmissive portion and the
second light-transmissive portion. [0052] An embodiment may provide a
method for detecting light in a light detection arrangement, the light
detection arrangement may include a body structure configured to provide
light, the body structure including a first light-transmissive portion and
a second light-transmissive portion disposed at a distance from the first
light-transmissive portion; an object receiving region arranged such that
light provided by the body structure may be illuminating at least a portion
of the object receiving region; a first camera having a first main optical
axis; a second camera having a second main optical axis; wherein the body
structure may be arranged between the first camera and the second camera on
its one side and the object receiving region on its other side; wherein the
first camera may be arranged such that its first main optical axis may be
directed to the object receivingregion; wherein the second camera may be
arranged such that its second main optical axis may be directed to the
object receiving region; the method may include providing light reflected
from the object receiving region such that a first reflected light portion
may be provided as a first co-axial light portion aligned to the first main
optical axis, and such that a second reflected light portion may be
provided as a second co-axial light portion aligned to the second main
optical axis. [0053] In an embodiment, when light from the first light
source may be incident on the first beam splitter, light may be re-directed
in two directions. The light separating structure may serve to absorb light
in one direction and the light in the other direction may be reflected off
the object arranged in the object receiving region. The second 



camera may be positioned to receive this reflected light. Similarly, for
light from the second light source, the arrangement may be such that the
light originating from the second light source may be either essentially
absorbed by the light separating structure and/or be reflected off the
object arranged in the object receiving region and thereafter being sensed
by the first camera. [0054] FIG. IA shows a front view of a light detection
arrangement 102, the light detection arrangement 102 including a first
light source 104, a second light source 106, a first beam splitter 108 and
a second beam splitter 110 according to an embodiment. [0055]. The light
detection arrangement 102 may include a body structure 112 configured to
provide light, the body structure 112 including a first light-transmissive
portion 114 and a second light-transmissive portion 116 disposed at a
distance from the first lighttransmissive portion 114. The distance between
the first light-transmissive portion 114 and the second light-transmissive
portion 116 may vary according to design and userrequirements. The light
detection arrangement 102 may further include an object receiving region
118 arranged such that light provided by the body structure 112 may be
illuminating at least a portion of the object receiving region 118. [0056]
The light detection arrangement 102 may further include a first camera 120
having a first main optical axis 122 and a second camera 124 having a
second main optical axis 126. The body structure 112 may be arranged
between the first camera 120 and the second camera 124 on its one side and.
the object receiving region 118 on its other side. [0057] The first camera
120 may be arranged such that its first main optical axis 122 may be
directed to the object receiving region 118 via the first
light-transmissive portion 114 



and the second camera 124 may be arranged such that its second main optical
axis 126 may be directed to the object receiving region 118 via the second
light-transmissive portion 116. . [0058] The light detection arrangement
102 may further include an arrangement 128 configured to provide light
reflected from the object receiving region 118 such that a first reflected
light portion 130 may be provided as a first co-axial light portion 132
aligned to the first main optical axis 122, and such that a second
reflected light portion 134 may be provided as a second co-axial light
portion 136 aligned to the second main optical axis 126. The arrangement
128 may help to generate a good illumination contrast between the die and
the bond wire on an image captured by the second camera 124. [0059] Each of
the first light-transmissive portion 114 and the second light-transmissive
portion 116 may be configured to at least allow some light to pass through
or be translucent. Alternatively, each of the first light-transmissive
portion 114 and the secondlight-transmissive portion 116 may be configured
to be transparent. For example, the first light-transmissive portion 114
and the second light-transmissive portion 116 may be formed as two separate
openings or as a single opening. [0060] i FIG. IA, the body structure 112
may have a dome shape. The dome shape may include a radius of between about
40 mm to about 45 mm, for example. The body structure 112 may include a
dome light, for example. [0061] hi an embodiment, at least a portion of an
inner surface 138 of the body structure 112 facing the object receiving
region 118 may have a reflective surface. At least a portion of an inner
surface 138 of the body structure 112 facing the object receiving region
118 may also be configured to generate light. The at least a portion of an
inner 



surface 138 of the body structure 112 facing the object receiving region
118 may include a light generating coating and/or a plurality of organic
light emitting diodes. [0062] In FIG. IA, the light detection arrangement
102 may further include a plurality of body structure illuminating light
sources 140 arranged to illuminate at least a portion of an inner surface
138 of the body structure 112. The plurality of body structure illuminating
light sources 140 may be positioned within the body structure 112. [0063]
The plurality of body structure illuminating light sources 140 may include
a plurality of lamps. The plurality of lamps may include a light emitting
diode array; in alternative embodiments, the plurality of lamps may include
any other suitable light generating devices such as e.g. organic light
emitting diodes. The plurality of lamps may include a diffuser. [0064] hi
FIG. IA, the arrangement 128 may include a light arrangement 142. The light
arrangement 142 may include the first light source 104 and the second light
source 106.The first light source 104 may be arranged to direct light
through the first lighttransmissive portion 114 to the object receiving
region 118 and/or the second light source 106 may be arranged to direct
light through the second light-transmissive portion 116 to the object
receiving region 118. [0065] The first light source 104 and/or the second
light source 106 may include co-axial light sources. The first light source
104 and/or the second light source 106 may include a focused light beam or
a disperse light source, for example a plurality of lamps. The plurality of
lamps may include a light emitting diode array; in alternative embodiments,
the plurality of lamps may include any other suitable light generating
devices such as e.g. organic light emitting diodes. 



[0066] In FIG. IA, the arrangement 128 may further include a beam splitter
arrangement 148. The beam splitter arrangement 148 may be arranged on the
same side of the body structure 112 as the first camera 120 and the second
camera 124. The beam splitter arrangement 148 may include the first beam
splitter 108 and the second beam splitter 110. It is to be noted that the
arrangement 128 may include any other suitable device configured to
re-direct light such that light may be directed to the object receiving
region 118 or to the first camera 120 or to the second camera 124, as
desired. [0067] The first beam splitter 108 may be arranged relative to the
first light source 104 and the first camera 120 such that the first beam
splitter 108 may be configured to receive the light provided by the first
light source 104 and to re-direct the light to the object receiving region
118 via the first light-transmissive portion 114, thereby generating the
second reflected light portion 134. The second reflected light portion 134
may be substantially aligned with the second major optical axis 126 such
that the secondcamera 124 detects more of the second reflected light
portion 134 than the first camera 120. In addition, the second beam
splitter 110 may be arranged relative to the second light source 106 and
the second camera 124 such that the second beam splitter 110 may be
configured to receive the light provided by the second light source 106 and
to re-direct the light to the object receiving region 118 via the second
light-transmissive portion 116, thereby generating the first reflected
light portion 130. The first reflected light portion 130 may be
substantially aligned with the first major optical axis 122 such that the
first camera 120 detects more of the first reflected light portion 130 than
the second camera 124. . [0068] In FIG. IA, the light detection arrangement
102 may further include a light 



separating structure 154. The light separating structure 154 may be
arranged between the first light source 104 and the second light source
106. The light separating structure 154 may include a opaque material for
example a black paper so as to prevent the light from the first light
source 104 from interfering with the light from the second light source
106. [0069] hi FIG. IA, an object 156 may be. arranged in the object
receiving region 118. The object 156 may be a die (e.g. a semiconductor
die); in alternative embodiments, the object 156 may e.g. be any kind of
substrate or carrier, e.g. a wafer including a plurality of dies. The die
may include a plurality of bonding structures. [0070] hi FIG. IA, the first
camera 120 and the second camera 124 may be arranged in a manner such that
the first main optical axis 122 and the second main optical axis 126 may be
axial symmetric with respect to a symmetry axis 190 being perpendicular to
a plane 158 defined by the object receiving region 118.[0071] Each of the
first camera 120 and the second camera 124 may be arranged at a same camera
angle (d) with respect to the symmetry axis 190. Further, each of the first
beam splitter 108 and the second beam splitter 110 may be arranged at a
same beam splitter angle (b) with respect to the symmetry axis 190. The
difference between the beam splitter angle and the camera angle may be
about 45. Correspondingly, the first beam splitter 108 and the second beam
splitter 110 may be arranged at a combined beam splitter angle of 90 + 2a.
[0072] FIG. IB shows a front view of a light detection system 192, the
light detection system 192 including the light detection arrangement 102 of
FIG. IA according to an embodiment. [0073] The light detection system 192
may include an input 160, an output 162, a 



controlling or processing device 164 and the light detection arrangement
102 of FIG. IA. The input 160 may include a keyboard and the output 162 may
include a display. The controlling or processing device 164 may serve to
control the light detection arrangement 102 and may include a processor 166
(e.g. a (e.g. programmable) microprocessor or any kind of programmable or
hard-wired logic) and' a memory 168. [0074] When in use, the user may
provide the input 160 to the controlling or processing device 164 so as to
control the light detection arrangement 102. Data may be received from the
light detection arrangement 102 and then stored in the memory 168. The
processor 166 may then process the data stored in the memory 168 so as
achieve a desired image data to be displayed on the output 162. [0075] FIG.
2A shows a front view of a light detection arrangement 102, the light
detection arrangement 102 including a body structure 112 with a cutout
portion 170according to an embodiment and FIG. 2B shows a top view of the
body structure 112 with the cutout portion 170 of FIG. 2A according to an
embodiment [0076] In FIGs. 2A and 2B, the light detection arrangement 102
may include the body structure 112 configured to provide light, the body
structure 112 including a first lighttransmissive portion 114 and a second
light-transmissive portion 116 disposed at a distance from the first
light-transmissive portion 114. The distance between the first
light-transmissive portion 114 and the second light-transmissive portion
116 may vary according to design and user requirements. [0077] The light
detection arrangement 102 may further include an object receiving region
118 arranged such that light provided by the body structure 112 may be
illuminating at least a portion of the object receiving region 118. 



[0078] The light detection arrangement 102 may further include a first
camera 120 having a first main optical axis 122 and a second camera 124
having a second main optical axis 126 and the body structure 112 may be
arranged between the first camera 120 and the second camera 124 on its one
side and the object receiving region 118 on its other side. [0079] The
first camera 120 may be arranged such that its first main optical axis 122
may be directed to the object receiving region 118 via the first
light-transmissive portion 114 and the second camera 124 may be arranged
such that its second main optical axis 126 may be directed to the object
receiving region 118 via the second light-transmissive portion 116. [0080]
The light detection arrangement 102 may further include an arrangement 128
configured to provide light reflected from the object receiving region 118
such that a firstreflected light portion 130 may be provided as a first
co-axial light portion 132 aligned to the first main optical axis 122, and
such that a second reflected light portion 134 may be provided as a second
co-axial light portion -136 aligned to the second main optical axis 126.
[0081] Unlike the light detection arrangement 102 as shown in FIG. IA, the
light detection arrangement 102 as shown in FIGs. 2A and 2B may further
include a structure 172 having a first light-transmissive portion 114 and a
second light-transmissive portion 116. The body structure 112 may include
the cutout portion 170 and the structure 172 may be arranged in the cutout
portion 170. As an example, the structure 172 having the first
light-transmissive portion 114 and the second light-transmissive portion
116 may include a rectangular plate or a plate with any suitable shape
matching the shape of the 



cutout portion 170. Alternatively, the structure 172 may include a diffused
white plastic sheet. [0082] In addition, to eliminate multiple reflections
between the first beam splitter 108 and the second beam splitter 110 which
may reach the first camera 120 and the second camera 124, and thereby
causing possible artifacts (i.e. errors in the image presented by the
camera caused by reflections, for example) the light detection arrangement
102 may include a light separating structure 154. The light separating
structure 154 may be positioned between the first beam splitter 108 or the
second beam splitter 110, or indirectly between the first light source 104
and the second light source 106. [0083] Compared with the embodiment
according to.FIG. IA, the embodiment according to FIG. 2A may have a more
compact or integrated design. Such a design is of particular advantage if
commercially available co-axial light sources may be used. As an example,it
may not be allowable to use two commercially available co-axial light
sources in the embodiment according to FIG. IA due to a limited working
distance of lens of the two co-axial light sources. Further, there may not
be sufficient space to include the two co axial light sources above the
dome light. An integrated design of the lighting according to FIGs. 2A and
2B may solve this. [0084] To accommodate the integrated design of the
lighting, the dome light may be cut a rectangular window which may be wider
than the combined width of separate first beam splitter 108 and second beam
splitter 110 so that an integrated first beam splitter 108 and second beam
splitter 110 may be located lower than the ceiling of the dome light.
[0085] To serve both as a support to the integrated first beam splitter 108
and the second 



beam splitter 110 and to reduce the loss of the dome light due to the
cuting of the dome light, the structure 172 or the rectangular plate may be
adopted which may include the first light-transmissive portion 114 and the
second light-transmissive portion 116 in the form of two circular openings
matching the viewing angle of the first camera 120 and the second camera
124. [0086] .FIG. 3 shows a perspective view of a prototype of the light
detection arrangement 102 of FIG. 2A according to an embodiment. [0087] The
light detection arrangement 102 may include a body structure 112 configured
to provide light. The body structure 112 may include a dome light. [0088]
The light detection arrangement 102 may further include a structure 172
having the first light-transmissive portion (not shown) and the second
light-transmissive portion(not shown). The body structure 112 has a cutout
portion 170 and the structure 172 is arranged in the cutout portion 170.
[0089] The light detection arrangement 102 may further include an
arrangement 128 configured to provide light reflected from an object
receiving region (not shown). [0090] FIG. 4A shows a left image 400
obtained with the prototype of the light detection arrangement 102 of FIG.
3 according to an embodiment; FIG. 4B shows a right image 402 obtained with
the prototype of the light detection arrangement 102 of FIG. 3 according to
an embodiment. [0091] In FIGs. 4A and 4B, the left image 400 may be taken
by the left camera or the first camera 120 and the right image 402 maybe
taken by the right camera or the second camera 124. From the respective
left image 400 and right image 402, it may be seem that the object 156 e.g.
the die 194 includes a plurality of bonding structures 174. Each of the 



plurality of bonding structures 174 may include a plurality of bond pads
176 and a plurality of wire bonds 178. Each of the plurality of bond wire
may be configured to connect each of the plurality of bond pads 176 to the
object 156, e.g. the die 194. In addition, the contrast of the die 194 and
the wire bonds 178 in the left image 400 in FIG. 4A and the right image 402
in FIG. 4B seems comparable. [0092] FIG. 5A shows a front view of a light
detection arrangement 102, the light detection arrangement 102 including a
beam splitter arrangement 148 arranged on the same side of a body structure
112 as an object receiving region 118 according to an embodiment; FIG. 5B
shows a side view of the light detection arrangement 102 of FIG. 5A
according to an embodiment.[0093] The light detection arrangement 102 may
include the body structure 112 configured to provide light, the body
structure 112 including a first light-transmissive portion 114 and a second
light-transmissive portion 116 disposed at a distance from the first
light-transmissive portion 114; the object receiving region 118 arranged
such that light provided by the body structure 112 may be illuminating at
least a portion of the object receiving region 118; a first camera 120
.having a first main optical axis 122; a second camera 124 having a second
main optical axis 126; wherein the body structure 112 may be arranged
between the first camera 120 and the second camera 124 on its one side and
the object receiving region 118 on its other side; wherein the first camera
120 may be arranged such that its first main optical axis 122 may be
directed to the object receiving region 118 via the first
light-transmissive portion 114; wherein the second camera 124 may be
arranged such that its second main optical axis 126 may be directed to the
object receiving region 118 via the second light-transmissive portion 116; 



an arrangement 128 configured to provide light reflected from the object
receiving region 118 such that a first reflected light portion 130 may be
provided as a first co-axial light portion 132 aligned to the first main
optical axis 122, and such that a second reflected light portion 134 may be
provided as a second co-axial light portion 136 aligned to the second main
optical axis 126. The distance between the first light-transmissive portion
114 and the second light-transmissive portion 116 may vary according to
design and user requirements. [0094] In FIGs. 5A and 5B, the body structure
112 may have a dome shape. The dome shape may include a radius of between
about 40 mm to about 45 mm, for example. The body structure 112 may include
a dome light for example.[0095] The light detection arrangement 102 may
further include a plurality of body structure illuminating light sources
140 arranged to illuminate at least a portion of an inner surface 138 of
the body structure 112. The plurality of body structure illuminating light
sources 140 may be positioned within the body structure 112. [0096] In
FIGs. 5A and 5B, the arrangement 128 may include the beam splitter
arrangement 148. The beam splitter arrangement 148 may be arranged on the
same side of the body structure 112 as the object receiving region 118. The
beam splitter arrangement 148 may be configured to receive the light
provided by the inner surface 138 of the body structure 112, and to
generate the first reflected light portion 130 and the second reflected
light portion 134 from the received light. This may be to compensate for
the light which may escape through the first light-transmissive portion 114
and the second light-transmissive portion 116. [0097] The beam splitter
arrangement 148 may include a single beam splitter 180 



configured such that the first reflected light portion 130 may be provided
as the first co axial light portion 132 aligned to the first main optical
axis 122 and such that the second reflected light portion 134 may be
provided as the second co-axial light portion 136 aligned to the second
main optical axis 126. [0098] In FIGs. 5A and 5B, the diffused light
provided by the inner surface 138 of the body structure 112 may be
reflected onto the object 156 through the beam splitter arrangement 148 so
as to generate a co-axial lighting effect. Because of the curvature of the
dome light, a requirement for different lighting directions may be met. An
advantage of this design may be that the alignment becomes relatively
simple and easy.[0099] The first camera 120 and the second camera 124 may
be arranged along a common camera plane 196. The single beam splitter 180
may be arranged at an approximately 45 degree angle with respect to the
common camera plane 196. The single beam splitter 180 may be positioned so
as correspond to the position of the respective first light-transmissive
portion 114 and the second light-transmissive portion 116. This may be to
compensate for the light escaping through the first light-transmissive
portion 114 and the second light-transmissive portion 116. [00100] In FIGs.
5A and 5B, the light detection arrangement 102 may further include a light
separating structure 154. The light separating structure 154 may be
arranged between the beam splitter arrangement 148 and the plurality of
body structure illuminating light sources 140 or the body structure 112.
The light separating structure 154 may be arranged substantially
perpendicular to a plane 158 defined by the object receiving region 118.
[00101] In FIGs. 5A and 5B, the first camera 120 and the second camera 124
may be 



arranged in a manner such that the first main optical axis 122 and the
second main optical axis 126 may be axial symmetric with respect to a
symmetry axis 190 being perpendicular to a plane 158 defined by the object
receiving region 118. Each of the first camera 120 and the second camera
124 may be arranged at a same camera angle ( ) with respect to the symmetry
axis 190. [00102] FIG. 6 shows a perspective view of a prototype of a light
detection arrangement 102 of FIG. 5A according to an embodiment. [00103]
The light detection arrangement 102 may include a body structure 112
configured to provide light. The body structure 112 may include a dome
light.[00104] The light detection arrangement 102 may further include a
first camera 120 and a second camera 124 disposed above the body structur
112. [00105] Unlike the light detection arrangement 102 as shown in FIG. 3
where the arrangement 128 may be seen, the arrangement 128 may not be shown
in FIG. 6 as the arrangement may be arranged within the body structure 112.
[00106] FIG. 7A shows a left image 700 obtained with the prototype of the
light detection arrangement 102 of FIG. 5A according to an embodiment; FIG.
7B shows a right image 702 obtained with the prototype of the light
detection arrangement 102 of FIG. 5A according to an embodiment. [00107]
The respective left image 700 and right image 702 as shown in FIGs. 7A and
7B may be similar to the respective left image 400 and right image 402 as
shown in FIGs. 4A and 4B. Similar to FIGs. 4A and 4B, the left image 700
may be taken by the left camera or the first camera 120 and the right image
702 may be taken by the right camera or the second camera 124 in FIGs. 7A
and 7B. From the respective left image 



and right image in FIGs. 7A and 7B, it may be seem that the object 156,
e.g. the die 194 includes a plurality of bonding structures 174. Each of
the plurality of bonding structures 174 may include a plurality of bond
pads 176 and a plurality of wire bonds 178. Each of the plurality of bond
wires 178 may be configured to connect each of the plurality of bond pads
176 to the object 156, e.g. the die. 194. In addition, the contrast of the
die 194 and the wire bonds 178 in the left image 700 in FIG. 7A and the
right image 702 in FIG. 7B seems comparable.FIG. 8A shows a front view of a
light detection arrangement 102, the light detection arrangement 102
including a bar shaped light source 182 according toan embodiment; FIG. 8B
shows a side view of the light detection arrangement 102 of FIG. 8A
according to an embodiment. [00108] The light detection arrangement 102 may
include a body structure 112 configured to provide light, the body
structure 112 including a first light-transmissive portion 114 and a second
light-transmissive portion 116 disposed at a distance from the first
light-transmissive portion 114; an object receiving region 118 arranged
such that light provided by the body structure 112 may be illuminating at
least a portion of the object receiving region 118; a first camera 120
having a first main optical axis 122; a second camera 124 having a second
main optical axis 126; wherein the body structure 112 may be arranged
between the first camera 120 and the second camera 124 on its one side and
the object receiving region 118 on its other side; wherein the first camera
120 may be arranged such that its first main optical axis 122 may be
directed to the object receiving region 118 via the first
light-transmissive portion 114; wherein the second camera 124 may be
arranged such that its second main optical axis 126 may be directed to the
object receiving region 118 via the second light-transmissive portion 116; 



an arrangement 128 configured to provide light reflected from the object
receiving region 118 such that a first reflected light portion 130 may be
provided as a first co-axial light portion 132 aligned to the first main
optical axis 122, and such that a second reflected light portion 134 may be
provided as a second co-axial light portion 136 aligned to the. second main
optical axis 126. The distance between the first light-transmissive portion
114 and the second light-transmissive portion 116 may vary according to
design and user requirements.[00109] In FIGs. 8A and 8B, the body structure
112 may have a dome shape with a flat portion at the top. The body
structure 112 may include a dome light for example. Further in FIGs. 8A and
8B, the dome light may include a housing which may have a flat top for the
purpose of easy positioning of a beam splitter arrangement 148 on top of
the dome light. [00110] The light detection arrangement 102 may further
include a plurality of body structure illuminating light sources 140
arranged to illuminate at least a portion of an inner surface 138 of the
body structure 112. The plurality of body structure illuminating light
sources 140 may be positioned within the body structure 112. [00111] In
FIGs. 8A and 8B, the . arrangement 128 may include a light arrangement 142.
The light arrangement 142 may include one or more diffused light sources
positioned above or outside of the body structure 112. Each of the diffused
light sources may include the bar shaped light source 182 which may include
a length at least longer than the width of the first light-transmissive
portion 114 and the second lighttransmissive portion 116 so that the
required directions of light for co-axial lighting effect may be met. 



[00112] In FIGs. 8A and 8B, the arrangement 128 may include a beam splitter
arrangement 148. The beam splitter arrangement 148 may be arranged n the
same side of the body structure 112 as the first camera. 120 and the second
camera 124. The beam splitter arrangement 148 may include a single beam
splitter 180 configured such that the first reflected light portion 130 may
be provided as the first co-axial light portion 132 aligned to the first
main optical axis 122 and such that the second reflected lightportion 134
may be provided as the second co-axial light portion 136 aligned to the
second main optical axis 126. [00113] The first camera 120 and the second
camera 124 may be arranged along a common camera plane 196. The single beam
splitter 180 may be arranged at a substantially 45 degree angle with
respect to the common camera plane 196. [00114] FIG. 9A shows a front view
of a light detection arrangement 102, the light detection arrangement 102
including an arc shaped light source 184 according to an embodiment; FIG.
9B shows a top view of the arc shape light source of FIG. 9A according to
an embodiment. [00115] The light detection arrangement 102 as shown in
FIGs. 9A and 9B may be similar to the light detection arrangement 102 as
shown in FIGs. 8A and 8B with a difference such that the light arrangement
142 may include the arc shape light source instead of the bar shaped light
source 182. One effect of using the arc shape light source maybe to simply
alignment effort when compared to the bar shaped light source 182. [00116J
FIG. 1OA shows a front view of a light detection arrangement 102, the light
detection arrangement 102 including a blue color dichroic mirror 186 and a
red color dichroic mirror according to an embodiment; FIG. 1OB shows a top
view of the light 



detection arrangement 102 of FIG. 1OA according to an embodiment. [00117]
The light detection arrangement 102 may include a body structure 112
configured to provide light, the body structure 112 including an opening
198; an object receiving region 118 arranged such that light provided by
the body structure 112 may be illuminating at least a portion of the object
receiving region 118; a first camera 120 having a first main optical axis
122; a second camera 124 having a second main opticalaxis 126; wherein the
body structure 112 may be arranged between the first camera 120 and the
second camera 124 on its one side and the object receiving region 118 on
its other side; wherein the first camera 120 may be .arranged such that its
first main optical axis 122 maybe directed to the object receiving region
118 via the opening 198; wherein the second camera 124 may be arranged such
that its second main optical axis 126 may be directed to the object
receiving region 118 via the opening 198; an arrangement 128 configured to
provide light reflected from the object receiving region 118 such that a
first reflected light portion 130 may be provided as- a first co-axial
light portion 132 aligned to the first main optical axis 122, and such that
a second reflected light portion 134 may be provided as a second co-axial
light portion 136 aligned to the second main optical axis 126. [00118] hi
FIGs. 1OA and 1OB, the body structure 112 may have a dome shape. The body
structure 112 may include a dome light. The dome light may include a white
LED dome light with all red (R), green (G) and blue (B) spectrums. [00119]
The light detection arrangement 102 may further include a plurality of body
structure illuminating light sources 140 arranged to illuminate at least a
portion of an inner surface 138 of the body structure 112. The plurality of
body structure illuminating 



light sources 140 may be positioned within the body structure 112. [00120]
The arrangement 128 may include a first dichroic mirror 186 of a first
wavelength arranged in a light path along the first main optical axis 122
and a second dichroic mirror 188 of a second wavelength arranged in a light
path along the second main optical axis 126. The first wavelength may be
different from the second wavelength. The first wavelength may include a
range between about 400 nm to about500 nm and the second wavelength may
include a range between about 500 nm to about 650 nm. [00121] The first
dichroic mirror 186 may be arranged over a portion of the opening 198 or on
the one side of the body structure 112 overlapping the portion of the
opening 198 and the second dichroic mirror 188 may be arranged in the
another portion of the opening 198 or on the one side of the body structure
112 overlapping the another portion of the opening 198. The first dichroic
mirror 186 may be arranged so as in contact with the second dichroic mirror
188 at the respective edges. The first dichroic mirror 186 and the second
dichroic mirror 188 may also be arranged so as to substantially overlap the
opening 198. [00122] The first dichroic mirror 186 may b e a blue color
dichroic mirror and the second dichroic mirror 188 may be a red color
dichroic mirror. Alternatively, the second dichroic mirror 188 may be a
blue color dichroic mirror and the first dichroic mirror 186 may b e a red
color dichroic mirror. [00123] In FIGs. 1OA and 1OB, the first dichroic
mirror 186 may be a blue color dichroic mirror and the second dichroic
mirror 188 may be a red color dichroic mirror. The red color dichroic
mirror may reflect red light and let other wavelengths pass and the 



blue color dichroic mirror may reflect blue light and let other wavelengths
pass. The diffused red dome light reflected from the red color dichroic
mirror illuminates the die surface and the reflected light will pass
through the blue color dichroic mirror before reaching the first camera
120. Likewise, the diffused blue dome light reflected from the blue color
dichroic mirror illuminates the die surface and the reflected light will
pass through the red color dichroic mirror before reaching the second
camera 124.Alternatively, a dome light 112 with mixed blue and red LEDs may
be built to control the blue and red illumination intensity separately.
[00124] The first camera 120 and the second camera 124 may be arranged in a
manner such that the first main optical axis 122 and the second main
optical axis 126 may be axial symmetric with respect to a symmetry axis 190
being perpendicular to a plane 158 defined by the object receiving region
118. [00125] FIG. 11 shows a flow-chart 1100 of a method for detecting
light in a light detection arrangement 102 according to an embodiment.
[00126] The light detection arrangement 102 may include a body structure
112 configured to provide light, the body structure 112 including a first
light-transmissive portion 114 and a second light-transmissive portion 116
disposed at a distance from the first light-transmissive portion 114. The
light detection arrangement 102 may further include an object receiving
region 118 arranged such that light provided by the body structure 112 may
be illuminating at least a portion of the object receiving region 118. The
light detection arrangement 102 may further include a first camera 120
having a first main optical axis 122 and a second camera 124 having a
second main optical axis 126. [00127]. The body structure 112 may be
arranged between the first camera 120 and the 



second camera 124 on its one side and the object receiving region 118 on
its other side. [00128] The first camera 120 may be arranged such that its
first main optical axis 122 may be directed to the object receiving region
118 via the first light-transmissive portion 114 and the second camera 124
may be arranged such that its second main optical axis 126 may be directed
to the object receiving region 118 via the second light-transmissive
portion 116.[00129] The method may include providing light reflected from
the object receiving region 118 such that a first reflected light portion
130 may be provided as a first co-axial light portion 132 aligned to the
first main optical axis 122, and such that a second reflected light portion
134 may be provided as a second co-axial light portion 136 aligned to the
second main optical axis 126. [00130] . FIG. 12 shows a front view of
multi-camera wire bond inspection head 1200 in accordance with an
embodiment, for example of a wire bond inspection vision head 1200. [00131]
FIG. 13 shows a front view of a dome light system 1300 for stereo vision in
accordance with an embodiment, for example a dome light for wire bond
stereo inspection. [00132] FIG. 13 illustrates a general- stereo vision
system 1300 which, without losing generality, may include two cameras, a
first camera 1302 and a second camera 1304, and a light for illumination.
For example, a dome light may be provided by light from a first light
source 1310 and a second light source 1312, which may illuminate a dome
1314 so that the dome 13 14 may reflect light to the sample 1306. [00133]
In various embodiments, the first camera 1302 may be directed to a 



sample 1316 through a first imaging hole 1306. Furthermore, the second
camera 1304 may be directed to the sample 1316 through a second imaging
hole 1308. [00134] The two cameras may be positioned at an angle (for
example less than 15 degree) with respect to the vertical axis, and may
capture images of the same field of view, for example including the sample
1316. The height of a feature on the object may be calculated using its
positions on the images of the two cameras 1302 and 1304. Due tothe fact
that the camera tilting angle may be small, one or two or more cameras may
also be used to calculate both 2D and 3D features. [00135] With a lighting
system 1300 as shown in FIG. 13, the contrast between the die and the wire
bonding may be poor, as will be explained with reference to FIG. 14A.
[00130] FIG. 14A shows a scenario 1400 of two images, a first image 1402
and a second image 1404, with poor contrast between the wire end and the
die, in each of the first wire end region 1406 in the first image 1402, the
second wire end region 1410 in the first image 1402, the first wire end
region 1408 in the second image 1404, and the second wire end region 1412
in the second image 1404. For example, the poor contrast image 1400 of wire
and die may be obtained when using a stereo dome light 1300 as shown in
FIG. 13. [00137] FIG. 14B shows an image 1450 with good illumination for
each camera in accordance with an embodiment. In image 1450 with a good
illumination result for 2D and 3D wire bond inspection, the contrast in a
first wire end region 1452 and in a second wire end region 1454 may be
high. For example, bond height may be measured. For illustration purposes,
some bond height measurement regions may be indicated by 1458, 1460, 1462
and 1464. For example, wire loop height may be measured. For illustration 



purposes, some wire loop measurement regions may be indicated by 1466 and
1468. For example, bond width may be measured. For illustration purposes,
some bond width measurement regions may be indicated by 1456 and 1470.
[00138] With such a good image 1450 captured by each camera for this
inspection and measurement task, the good contrast between the wire end and
die in the first region 1452and in the second region 1454 may be used for a
reliable edge detection and quality evaluation of the wire bonding in
accordance with various embodiments. [00139] The poor contrast in the
images 1400 of FIG. 14 may be caused by missing of the reflection of light
that should come from the opposite hole on the dome light. In the
illumination embodiment with a beam splitter that is used together with a
dome light as explained above and shown in FIG. 5A and FIG. 5B, this
problem may be overcome. The beam splitter may be placed inside the dome
light, aligning with the line formed by the cameras, forming for example an
angle of 45 degrees with respect to the two-camera plane. In various
embodiments, the diffused lighting may be reflected from the internal wall
of the dome light onto the object through the beam splitter to generate the
similar effect of a co-axial lighting. As explained above, FIG. 6 shows the
experimental setup of stereo imaging with two cameras and a dome light
according to various embodiments, and FIG. 7A and FIG. 7B show the stereo
imaging result in accordance with various embodiments. . . [00140] hi
various embodiments, diffused co-axial light may be applied. In various
embodiments, ring light (for example including a mirror surface, for
example to provide a bright field ring image) may be applied. In various
embodiments, diffused dome light may be applied i various embodiments, a
combination of dome light and diffused co 



axial light may be applied. [00141] hi various illumination embodiments, as
explained above, a co-axial light may be integrated to a dome light through
a beam splitter. With a two-camera system, a relatively large-area of light
(for example, a bar light) may be used to add the co-axial lighting effect
to the two camera through a beam splitter placing at an angle of forexample
-45 degree with respect to the plane formed by the two camera optical axes,
as explained above with reference to FIG. 8A and FIG. 8B. [00142] In
various illumination embodiments, two co-axial lights may be integrated to
a dome light through separated beam splitters. Each coaxial light may be
aligned with the camera tilt angle to get the best 2D illumination
contrast, as explained above with reference to FIG. IA. [00143] In various
embodiments, as explained above with reference to FIG. 1OA and FIG. 1OB,
two dichroic mirrors may be used to reflect certain wavelengths of light to
illuminate the 2D surface. As indicated in FIGs. 1OA and 1OB, a white LED
dome light with all R (red), G (green) and B (blue) spectrums may be used
together with a red dichroic mirror (which may reflect red light and may
let other wavelengths pass) and a blue dichroic mirror (which may reflect
blue light and may let other wavelengths pass). Diffused red dome light
reflected from the red dichroic mirror may illuminate the die surface and
the reflected light may pass through the blue dichroic mirror before
reaching the left camera. Likewise, diffused blue dome light reflected from
the blue dichroic mirror may illuminate the die surface and the reflected
light may pass through the red dichroic mirror before reaching right
camera. Alternatively, a dome light with mixed blue and red LEDs may be
applied to control the blue and red illumination intensity 



separately. [00144] In various embodiments, to ensure good accuracy and
repeatability of wire bond device measurement, dome illumination may be
used which may be very effective in illuminating specular objects such as
leadframe surface and wires on a substrate as the diffused light may be
reflected back to the camera from all directions. Domeillumination may be
optimal for visualization of both flat surface structures such as die
surface features as well as 3D wire loops and bonds. [00145] In various
embodiments, dual coaxial illumination may be used in conjunction with the
dome light to increase the contrast of the 2D feature detection, or in an
alternative way, to distinguish probe marks, which may cause false contour
of wire bond width or displacement. The coaxial lights may be aligned with
optical axis of each camera. In various embodiments, the light from left
coaxial light, which may be aligned with the optical axis of the left
camera, may illuminate die surface with reflected light being captured by
the right camera. Likewise, the reflected light from right coaxial
illumination may be captured by the left camera. [00146] hi accordance with
various embodiments, as explained above, semiconductor devices, such as
integrated circuit chips, may be electrically connected to leads on a lead
frame by a process known as wire bonding. The wire bonding operation may
involve bonding a wire to connect pads residing on a silicon die/silicon
chip/semiconductor chip to a lead in a lead frame. Once the chip and lead
frame have been wire bonded, they may be packaged in ceramic or plastic to
form an integrated circuit device. The inspection of wire bond quality may
be done by a human operator using a microscope. This manual method may be
time-consuming and costly. 



[00147] To perform an automatic wire bond inspection, a number of issues
may be desired to be addressed. For example, wires on a leadframe may be
highly specular. Illumination may be desired to be designed- to minimize
the specularity on wire and lead surfaces to ensure accurate 3D
measurement. At the same.time, good contrasts on other surfaces such as die
and bond pads may allow 2D measurements.[00148] Special image-processing
tools may be employed to derive features from wire and lead surfaces for 3D
reconstruction. [00149] Furthermore, due to the variety of wire bond
devices with different wire thickness and loop heights, an optical system
may be desired to inspect wires with thickness from 18 m (micrometer) to
500 mm, loop heights from 20 mm to 3000 mm or more. It may be desired that
the system may be able to measure a few microns (micrometers) sagging gold
wires while maintaining its focus over a dynamic range of a few thousand
microns. [00150] Furthermore, under the same lighting, differences in
uniformity and roughness of wire and lead surfaces may result in black,
white or mixture of the two. wires in imaging outputs, making it difficult
for wire tracing algorithm to accurately locate the wires. [00151]
Furthermore, visual imperfections on the pads and leads caused by probe
marks and discoloration, may jeopardize the detection of bond placement and
bond width measurement. [00152] In the following, methods and apparatuses
for examining a bonding structure of a substrate in accordance with various
embodiments will be described. It will be understood that those methods and
apparatuses may be applied independent from the 



choice of a specific camera system and thus also independent from the
camera systems as described above in the various embodiments: For example,
one of the above described camera systems may be applied. For example, any
other camera system may be applied. [00153] In accordance with various
embodiments, an automated 3D inspection system may be provided that may be
operated with.a manual operator's manual inspection.[00154] In accordances
with various embodiments, a new optical 3D wire bond inspection and
measurement system may be provided. [00155] In accordance with various
embodiments, a new illumination system combining dome illumination for 3D
reconstruction and coaxial illumination for 2D measurement may be provided.
[00156] In accordance with various embodiments, an automated inspection
system for single die wire bond, stack die wire bond, power device wire
bond, gold wire bond and the advanced ribbon bonding may be provided.
[00157] ha accordance with various embodiments, an automated wire bond
inspection system for inspecting 3D wire bond features such as wire loop
height, die tilt and wire bond height, as well as 2D features such as die
surface scratches, bond positions, bond widths, and long tails may be
provided. [00158] In accordance with various embodiments, an automated wire
bond inspection system that may measure the ever-smaller circuit geometry
in an accurate and rapid manner may be provided. [00159] hi accordance with
various embodiments, an automated wire bond inspection system that may
provide higher throughput than manual inspection may be provided. [00160]
hi accordance with various embodiments, an automated wire bond inspection 



system that may improve inspection quality and consistency may be provided.
[00161] hi accordance with various embodiments, an automated wire bond
inspection system that may have inspection recipes therein and may create,
copy and edit such recipes to customize the system to the user's inspection
requirements may be provided.[00162] In accordance with various
embodiments, an automated wire bond inspection system that may use digital
image analysis to perform wire bond device inspection may be provided.
[00163] In accordance with various embodiments, an automated wire bond
inspection system that may be trained by inspecting good wire bond devices
so that once trained the system may detect variations from what it has
learned may be provided. [00164] In accordance with various embodiments, an
automated wire bond device inspection system that may include a "good
device " training step, an inspection recipe creation step, a defect
inspection step, a defect review step, and a report issuing or exporting
step may be provided. [00165] In accordance with various embodiments, an
automated wire bond inspection system that may provide NIST (National
Institute of Standards and Technology) traceable 2D and 3D calibration
steps for all sensors to ensure high precision measurement may be provided.
[00166] hi accordance with various embodiments, an automated wire bond
inspection may be provided with measurement results and/or measurement
data. [00167] h accordance with various embodiments, an automated wire bond
inspection system that may provide for on-the-fly wire bond inspection
where a strobe illumination may be used to capture still views of the
dynamically moving wire bond device may be 



provided. [00168] hi accordance with various embodiments, methods and
apparatuses related to automated inspection equipment, systems and
processes may be provided. In various embodiments, an automated method of
inspecting a wire bond device in any formincluding single die wire bond,
stack die wire-bond, power device wire bond, gold wire bond and the
advanced ribbon bonding etc, may be provided. The method may include (1)
calibrating the sensors used for camera intrinsic and extrinsic parameters,
(2) training a model as to parameters of a good wire bond via optical
viewing of multiple known good wire bond devices, (3) inspecting unknown
quality wire bond devices using the model, and (4) report the measurement
results. [00169] FIG. 15 shows a flow diagram 1500 illustrating a method
for examining a bonding structure of a substrate in accordance with an
embodiment. In 1502, a substrate including a bonding structure to be
examined may be provided. In 1504, one or more stereoscopic images
including one or a plurality of predefined regions of interests of portions
of the bonding structure to be examined may be determined, wherein the
predefined regions of interests may correspond to reference regions of
interests in a stored predetermined reference model of a reference bonding
structure of a reference substrate. . In 1506, one or more two-dimensional
feature parameters and one or more three-dimensional feature parameters of
the bonding structure to be examined may be determined from one or more of
a plurality of the predefined regions of interests. In 1508, it may be
determined as to whether the determined feature parameters fulfill at least
one predefined quality criterion with respect to the reference model. In
various embodiments, some or all of these steps may be referred to as
inspecting the product. 



[00170] In various embodiments, in 1506, the one or more two-dimensional
feature parameters and the one or more three-dimensional feature parameters
may be determined concurrently.[00171] In various embodiments, concurrently
determining the one or more twodimensional feature parameters and the one
or more three-dimensional feature parameters may be understood in a way of
determining both the one or more two-dimensional feature parameters and the
one or more three-dimensional feature parameters. By way of example, on a
computer with one processor with one core, the one or more twodimensional
feature parameters and the one or more three-dimensional feature parameters
may be determined in different threads, which may be scheduled to perform
calculations alternately; for example, in various embodiments, only one
thread may be active at the same time. [00172] In various embodiments, in
1506, the one or more two-dimensional feature parameters and the one or
more three-dimensional feature parameters may be determined simultaneously.
[00173] In various embodiments, simultaneously determining the one or more
twodimensional feature parameters and the one or more three-dimensional
feature parameters may be understood in a way of determining at the same
time both the one or more twodimensional feature parameters and the one or
more three-dimensional feature parameters. By way of example, on a computer
with more than one processor, or a computer with a processor with more than
one core, the one or more two-dimensional feature parameters and the one or
more three-dimensional feature parameters may be determined in different
threads, which may be performed on different processors and/or 



different cores; for example, in various embodiments, more than one thread
may be active at the same time.[00174] In various embodiments, in 1506, the
one or more two-dimensional feature parameters and the one or more
three-dimensional feature parameters may be determined sequentially.
[00175] In various embodiments, sequentially determining the one or more
twodimensional feature parameters and the one or more three-dimensional
feature parameters may be understood in a way of first determining one or
more two-dimensional feature parameters and after that determining one or
more three-dimensional feature parameters. In various embodiments,
sequentially determining the one or more two-dimensional feature parameters
and the one or more three-dimensional feature parameters may be understood
in a way of first determining one or more three-dimensional feature
parameters and after that determining one or more two-dimensional feature
parameters. [00176] . hi various embodiments, in 1506 the one or more
two-dimensional feature parameters and the one or more three-dimensional
feature parameters may be determined from the same one or more stereoscopic
images. [00177] hi various embodiments, one or more additional single
images (for example non-stereoscopic images) may be determined, and one or
more two-dimensional feature parameters may be determined from the one or
more additional single images. [00178] It is to be noted that all methods
described above and below may be performed independently from a choice of a
camera system. For example, each of the methods may be performed using a
camera system chosen from the camera systems as described above. For
example each of the methods may be performed using any other 



camera system.[00179] In various embodiments, a substrate may be provided
selected from a group of substrates consisting of: a semiconductor
substrate; a polymer substrate; and an insulating substrate. [00180] In
various embodiments, the bonding structure may be a wire bond structure.
[00181] In various embodiments, the bonding structure may be or may include
a wire bond structure selected from a group consisting of: a single die
wire bond; a stacked die wire bond; a power device wire bond; a gold wire
bond; an advanced ribbon bonding; and a micfoelectromechanical systems
device. [00182] In various embodiments, the one or more stereoscopic images
may be taken using a plurality of cameras, wherein the plurality of cameras
may take one or more twodimensional images from the substrate from
respectively different perspectives. In various embodiments, the one or
more stereoscopic images may be formed from the one or more two-dimensional
images taken from at least two cameras of the plurality of cameras. [00183]
In various embodiments, the one or more predefined regions of interests may
be matched to the regions of interest in the reference model of the
reference bonding structure of the reference substrate using alignment
markings on the substrate. [00184] The reference structure when used for
setting up the reference model and the bonding structure to be examined may
be not at exactly the same position and orientation. Therefore, it may be
desired to match the regions of interest, in order to compensate
differences in position and orientation, as will be explained below.
[00185] In various embodiments, the one or more two-dimensional feature
parameters 



may include features selected from a group consisting of: a global
reference point; a localreference point; a wire bond placement; a bonding
width; a tail length; a die location; a die orientation; a bond pad
location; a wire placement; a wire bond width; a die surface defect; a die
placement; and a long tail. [00186] In various embodiments, the one or more
three-dimensional feature parameters may include features selected from a
group consisting of: a global reference height; a local reference height; a
default die tilt; a die tilt; a wire loop height; a bond heights for each
wire; a component on the unknown quality leadframe; and a die component on
the unknown quality leadframe. [00187] In various embodiments, the one or
more images may include one or more images selected from a group, e.g.
consisting of: grey scale image; multi-color image; and temperature profile
image. [00188] In various embodiments, the reference model of the reference
bonding structure of the reference substrate may be determined, and the
reference model may be stored. In various embodiments, determining the
reference bonding structure may be referred to as learning a product or a
training a model. [00189] FIG. 16 shows a bonding structure inspection
device 1600 in accordance with an embodiment. The bonding structure
inspection device 1600 may include a substrate receiving region 1602
configured to receive a substrate, the substrate may include the bonding
structure to be examined; a stereoscopic image determining device 1604
configured to determine one or more stereoscopic images including one or a
plurality of predefined regions of interests of portions of the bonding
structure to be examined, wherein the predefined regions of interests may
correspond to reference regions of 



interests in a stored predetermined reference model of a reference bonding
structure of areference substrate; a memory 1606 configured to store the
predetermined reference model of a reference bonding structure of a
reference substrate; a feature determiner 1608 configured to determine one
or more two-dimensional feature parameters and one or more
three-dimensional feature parameters of the bonding structure to be
examined from one or more of a plurality of the predefined regions of
interests; and a determiner 1610 configured to determine as to whether the
determined feature parameters fulfill at least one predefined quality
criterion with respect to the reference model. The substrate receiving
region 1602, the stereoscopic image determining device 1604, the memory
1606 , the feature determiner 1608 and the determiner 1610 may be coupled
with each other, e.g. via an electrical connection 1612 such as e.g. a
cable or a computer bus or via any other suitable electrical connection to
exchange electrical signals. [00190] In various embodiments, the feature
determiner 1608 may be configured to determine the one or more
two-dimensional feature parameters and the one or more three-dimensional
feature parameters concurrently. [00191] In various embodiments,
concurrently determining the one or more twodimensional feature parameters
and the one or more three-dimensional feature parameters may be understood
in a way of determining both the one or more two-dimensional feature
parameters and the one or more three-dimensional feature parameters. By way
of example, on a computer with one processor with one core, the one or more
twodimensional feature parameters and the one or more three-dimensional
feature parameters may be determined in different threads, which may be
scheduled to perform calculations alternately; for example, in various
embodiments, only one thread may be active at the 



same time.[00192] In various embodiments, the feature determiner 1608 may
be configured to determine the one or more two-dimensional feature
parameters and the one or more three-dimensional feature parameters
simultaneously. [00193] In various embodiments, simultaneously determining
the one or more twodimensional feature parameters and the one or more
three-dimensional feature parameters may be understood in a way of
determining at the same time both the one or more twodimensional feature
parameters and the one or more three-dimensional feature parameters. By way
of example, on a computer with more than one processor, or a computer with
a processor with more than one core, the one or more two-dimensional
feature parameters and the one or more three-dimensional feature parameters
may be determined in different threads, which may be performed on different
processors and/or different cores; for example, in various embodiments,
more than one thread may be active at the same time. [00194] In various
embodiments, the feature determiner 1608 may be configured to determine the
one or more two-dimensional feature parameters and the one or more
three-dimensional feature parameters sequentially. [00195] In various
embodiments, sequentially determining the one or more twodimensional
feature parameters and the one or more three-dimensional feature parameters
may be understood in a way of first deterinining one or more
two-dimensional feature parameters and after that determining one or more
three-dimensional feature parameters. In various embodiments, sequentially
determining the one or more two-dimensional feature parameters and the one
or more three-dimensional feature parameters may beunderstood in a way of
first determining one or more three-dimensional feature 



parameters and after that determining one or more two-dimensional feature
parameters. [00196] hi various embodiments, the feature determiner 1608 may
be configured to determine the one or more two-dimensional feature
parameters and the one or more three-dimensional feature parameters from
the same one or more stereoscopic images. [00197] In various embodiments,
an additional single image determiner (not shown) may be provided and may
be configured to determine one or more additional single images (for
example non-stereoscopic images), and the feature determiner 1608 may be
further configured to determine one or more two-dimensional feature
parameters from the one or more additional single images. [00198] It is to
be noted that all inspection devices described above and below may be
applied independently from a choice of a camera system. For example, each
of the inspection devices may be provided with a camera system chosen from
the camera systems as described above. For example each of the inspection
devices may be applied using any other camera system. [00199] hi various
embodiments, the substrate may be selected from a group of substrates
.consisting of: a semiconductor substrate; a polymer substrate; and an
insulating substrate. [00200] In various embodiments, the bonding structure
may be a wire bond structure. [00201] hi various embodiments, the bonding
structure may include or may be a wire bond structure selected from a group
consisting of: a single die wire bond; a stacked die wire bond; a power
device wire bond; a gold wire bond; an advanced ribbon bonding; and a
microelectromechanical systems device.[00202] FIG. 17 shows a bonding
structure inspection device 1700 in accordance with 



an embodiment. The bonding structure inspection device 1700, similar to the
bonding structure inspection device 1600 of FIG. 16, may include a
substrate receiving region 1602, a stereoscopic image determining device
1702, as will be explained in more detail below, a memory 1606 , a feature
determiner 1608 and a determiner 1610. The bonding structure inspection
device 1700 may further include a regions of interest matcher 1710, as will
be explained in more detail below. The bonding structure inspection device
1700 may further include a model determiner 1712, as will be explained in
more detail below. The substrate receiving region 1602, the stereoscopic
image determining device 1702, the memory 1606 , the feature determiner
1608, the determiner 1610, the regions of interest matcher 1710 and the
model determiner 1712 may be coupled with each other, e.g. via a first
electrical connection 1714 such as e.g. a cable or a computer bus or via
any other suitable electrical connection to exchange electrical signals.
[00203] In various embodiments, the stereoscopic image determining device
1702 may include a plurality of cameras (shown as block 1704 in FIG. 17),
wherein the plurality of cameras may be arranged to take one or more
two-dimensional images from the substrate from respectively different
perspectives. In various embodiments, the stereoscopic image determining
device 1702 may further include a stereoscopic image determiner 1706
configured to determine the one or more stereoscopic images from the one or
more twodimensional images taken from at least two cameras of the plurality
of cameras 1704. The plurality of cameras 1704 and the stereoscopic image
determiner 1706 may be coupled with each other, e.g. via a second
electrical connection 1708 such as e.g. a cableor a computer bus or via any
other suitable electrical connection to exchange electrical signals. 



[00204] In various embodiments, the bonding structure inspection device
1700 may further include a regions of interest matcher 1710 configured to
match the one or more predefined regions of interests to the regions of
interest in the reference model of the reference bonding structure of the
reference substrate using alignment markings on the substrate. [00205] In
various embodiments, the one or more two-dimensional feature parameters may
include features selected from a group, e:g. consisting of: a global
reference point; a local reference point; a wire bond placement; a bonding
width; a tail length; a die location; a die orientation; a bond pad
location; a wire placement; a wire bond width; a die surface defect; a die
placement; and a long tail. [00206] In various embodiments, the one or more
three-dimensional feature parameters may include features selected from a
group, e.g. consisting of: a global reference height; a local reference
height; a default die tilt; a die tilt; a wire loop height; a bond heights
for each wire; a component on the unknown quality leadframe; and a die
component on the unknown quality leadframe. [00207] In various embodiments,
the plurality of cameras 1704 may be selected from a group of cameras, e.g.
consisting of: a grey scale image camera; a multi-color image camera; and a
temperature profile image camera. [00208] i various embodiments, the
bonding structure inspection device 1700 may further include a model
determiner 1712 configured to determine the reference model of the
reference bonding structure of the reference substrate.[00209] In various
embodiments, an automated method of inspecting a semiconductor wire bond
device in any form including single die wire bond, stacked die wire bond, 



power device wire bond, gold wire bond and the advanced ribbon bonding,
MEMS device and/or other package configurations for defects may be
provided. The method may include: calibrating multiple cameras for 2D and
3D camera parameters, training a model as to parameters of a good wire bond
device via optical viewing of one or multiple known good wire bond devices,
wherein the training may include taking a gray scale measurement of each
pixel in a grid of pixels on each of the multiple known good wire bond
devices, calculating the 2D features such as global reference points, local
reference points; wire bond placements, bonding widths, tail lengths, die
locations and orientations, bond pad locations, calculating the 3D features
such as global reference heights, local reference heights, default die
tilts, and then from all these 2D and 3D measurement results determining an
upper and lower limit for each measurement and save as 2D and 3D recipes,
inspecting unknown quality wire bond devices using the model, where such
inspecting may involve calculating the 2D measurement of wire placements,
wire bond widths, die surface defects, die placements, long tails, and 3D
measurement of die tilt, wire loop heights, bond heights for each wire, die
and/or other components on the unknown quality leadframe and comparing the
2D and 3D measurement results with the upper and lower limit from the model
and CAD model of the device to determine if the measurement is between the
upper and lower limits and thus deemed good or is outside of a range
between the upper and lower limits and thus deemed of at least questionable
integrity.[00210] In various embodiments, the 2D calibration may include
imaging one or multiple static images of a calibration target and
calculating localized camera calibration parameters. 



[00211] In various embodiments, the 3D calibration may include imaging one
or multiple static images of a calibration target or more targets and
calculating localized camera calibration parameters as well as localized
epipolar geometries. [00212] In various embodiments, the calibration target
may be a two level or multiple level target where on each level, target
points are of the same z-height, while on different levels, z-heights of
the targets may be different. . [00213] hi various embodiments, the
training model step may further include taking the gray scale measurement
of each pixel on a 0 to 255 gray scale. [00214] In various embodiments, the
automated inspection method may further include training a system as to
inspection parameters. [00215] hi various embodiments, the automated
inspection method may further include creating an inspection 2D and 3D
recipe that may be used during inspecting to perform at least one of the
following: defining how substrates are selected from storage receptacles,
defining how wire bond device on a substrate are selected for defect
inspection, and defining how an inspection map is imported or exported, if
desired. [00216] In various embodiments, the automated inspection method
may further include creating group ROIs (Region of Interest) whereby a set
of wire ROIs may be categorized under one group to share the same
inspection methods and parameters. The inspection system may allow users to
define one or more group ROIs. Furthermore, for3D inspection, automatic
ROIs may be defined using localized epipolar constraints or other
constraints such as assuming a default loop height. [00217] . In various
embodiments, the automated inspection method may further include
determining die placement using three or more ROIs. By selecting three 



rectangular or other shape areas on the die surface with rich textures, the
centres of these three ROIs may be found by matching unknown die against a
good die. Offset in x and y directions and rotation angle relative to the
good reference die or to a global reference point may be calculated from
three matched points. [00218] hi various embodiments, the automated
inspection method may further include determining bonding widths of large
wires using subpixel edge detection. Edges from both sides of a wire may be
added together to best-fit a centre line, which may be used as reference
line. Edges along both sides of wire bonding area may be filtered to remove
noisy edges and from each side, and the edge point with biggest distance to
the centre line may be considered as bond width. [00219] hi various
embodiments, the automated inspection method may further include
determining bonding widths with occlusion elimination. In various
embodiments, bond width ROIs may be defined in a second view or more views.
In various embodiments, image rectification may be performed for all views
to bring all cameras to the same parallel optical direction. In various
embodiments, view fusion may be done to merge multiple views into one to'
determine bond width in a similar way as described above from the merged
view. [00220] hi various embodiments, the automated inspection method may
further include determining bonding widths using back-projection method, hi
variousembodiments, three more ROIs may be defined in a second view to
determine bond pad surface by using a best-fit planar surface such that 3D
coordinates of the bonding edges from a second view are known and thus may
be transferred back to the first view by using projective geometry
determined in camera calibration. After that, bond width may 



be determined in the first view. [00221] hi various embodiments, the
automated inspection method may further include determining die tilt in the
3D world coordinate system using three, or four or more ROIs defined in
each view to cover four corners of a die. In various embodiments, a
best-fit plane may be determined from heights measured from matched four
ROIs. hi various embodiments, die tilt angles alpha, beta and gamma in
reference to the x, y, and z axis of the world coordinate system may be
determined and stored as die tilt angles. [00222] Li various embodiments,
the automated inspection method may further include determining die tilt
using four die tilt ROIs defined inside die surface, four more ROIs on
leadframe surface or other reference surfaces. In various embodiments, die
tilt may be formulated as four sets of difference between die ROI height
and its corresponding leadframe height nearby. [00223] In various
embodiments, the automated inspection method may further include
determining wire loop heights by using subpixel edge detection algorithm to
determine the transitions across a wire accurately. In various embodiments,
after determining wire transitions with or without knowledge of wire
thickness, wire centroid may be traced with subpixel accuracy in each view.
In various embodiments, instead of using correlation based stereo matching,
one or more features (e.g. subpixel wire centroids) based stereo match may
be used to reconstruct wire loop with high accuracy.[00224] In various
embodiments, the automated inspection method may further include using
local camera calibration parameters and local epipolar geometry to define
the search line in a second view or other views. In various embodiments,
two nearest centroids to this epipolar line in the second view may be
determined. In various 



embodiments, linear interpolation or other interpolation means may be used
to get the interpolated centroid on the epipolar line. In various
embodiments, this may be the matching point to the selected centroid in the
first view. In various embodiments, after establishing stereo
correspondence, 3D coordinate of a wire centroid point may be calculated
through a process called triangulation. Least squared solution or other
means may be used to triangulate for 3D reconstruction. [00225] hi various
embodiments, the automated inspection method may further include
determining the highest or the lowest point in a wire loop using a subpixel
peak or valley interpolation scheme. In various embodiments, assuming the
highest point z height is zl and zq and z2 are two neighborhood points, the
subpixel peak p may be calculated using the formula below, or using other
subpixel peak interpolation methods: p=(z2-zO)*(z2-zO)/8/(zO+z2-2zl)+zl
[00226] In various embodiments, the automated inspection method may further
include correcting wire thickness in 3D reconstruction by calculating from
camera tilt angle and the wire radius a correction dz such that dz=al*r,
where al may be a constant depending on the wire size, camera tilt angle
and experimental result and r may be the radius of the wire.[00227] In
various embodiments, the automated inspection method may further include
employing double resolution or any kind of superresolution to increase the
resolution around wire ROI. In various embodiments, double resolution may
use different interpolation schemes for different wire regions: slow
changing smooth area, wire rising edge, wire top area and wire descending
edge. In various embodiments, the 



interpolation schemes may be knowledge based resulting from experiments
using specified stereo light which may combine dome light and coaxial light
in one. In various embodiments, linear or cubic interpolation may be used.
[00228] In various embodiments, the automated inspection method may further
include determining wire bond heights by defining a small predefined area
around widest bonding width and feature based stereo matching, performed to
get a sequence of bond heights at wire centroids. In various embodiments,
statistical processing and filtering may be applied to get the bond height.
[00229] In various embodiments, the automated inspection method may further
include determining the bonding 3D profile at widest bonding width
location. In various embodiments, a fixed correlation window may be
selected. In various embodiments, a dynamic correlation window may be
selected. In various embodiments, correlations may be measured for each
pixel along the profile line to get the best match, hi various embodiments,
3D profile of wire bonding at widest bonding width location may be
reconstructed. In various embodiments, this profile may be compared (for
example by using absolute sum of difference or correlation method, or any
other method) with reference bonding profile derived from measurement of a
good wire. In various embodiments, if the difference is big, the device may
be rejected as bad bonding wire.[00230] In various embodiments, the
automated inspection method may further include determining missing die by
either template matching or histogram analysis. In various embodiments, in
a template matching based approach, die surface of unknown quality device
may be matched against a learning die. In various embodiments, if the
matching score is too low, there may be a high chance of missing die. In
various 



embodiments, the second method may compare the histograms of unknown
quality die with learning die and may declare die missing if the deviation
is too big. [00231] hi various embodiments, an automated method of
inspecting a substrate such as single die wire bond, stacked die wire bond,
power device wire bond, gold wire bond and the advanced ribbon bonding,
MEMS device and/or other package configurations for defects may be
provided. In various embodiments, the method may include: calibrating
multiple cameras for 2D and 3D camera parameters, training a model as to
parameters of a good substrate via optical viewing of one or multiple known
good substrates, wherein the training may include taking a gray scale
measurement of each pixel in a grid of pixels on each of the multiple known
good substrates, calculating the 2D features such as global reference
points, local reference points, wire bond placements, bonding widths, tail
lengths, die locations and orientations, bond pad locations, calculating
the 3D features such as global reference heights, local reference heights,
default die tilts, and then from all these 2D and 3D measurement results
determining an upper and lower limit for each measurement and save as 2D
and 3D recipes, inspecting unknown quality substrates using the model,
where such inspecting may involve calculating the 2D measurement of wire
placements, wire bond widths, die surface defects, die placements, long
tails, and 3D measurement of die tilt, wire loop heights, bond heights for
each wire, die and/or othercomponents on the unknown quality substrates and
comparing the 2D and 3D measurement results with the upper and lower limit
from the model and CAD model of the substrate to determine if the
measurement is between the upper and lower limits and thus may be deemed
good or is outside of a range between the upper and lower limits and thus
may be deemed of at least questionable integrity. 



[00232] hi various embodiments, an automated method of inspecting a
semiconductor wire bond device in any form including single die wire bond,
stacked die wire bond, power device wire bond, gold wire bond and the
advanced ribbon bonding, MEMS device and/or other package configurations
for defects may be provided hi various embodiments, the method may include:
calibrating multiple cameras for 2D and 3D camera parameters, training a
model as to parameters of a good wire bond device via optical viewing of
one or multiple known good wire bond devices using color CCD sensors,
wherein the training may include taking a color measurement of each pixel
in a grid of pixels on each of the multiple known good wire bond devices,
calculating the 2D features such as global reference points, local
reference points, wire bond placements, bonding widths, tail lengths, die
locations and orientations, bond pad locations, calculating the 3D features
such as global reference heights, local reference heights, default die
tilts, and then from all these 2D and 3D measurement results determining an
upper and lower limit for each measurement and save as 2D and 3D recipes,
inspecting unknown quality wire bond devices using the model and color
sensors, where such inspecting may involve calculating the 2D measurement
of wire placements, wire bond width, die surface defects, die placements,
long tails, and 3D measurement of die tilt, wire loop heights, bond heights
for each wire, die and/or other components on theunknown quality leadframe
and comparing the 2D and 3D' measurement results with the upper and lower
limit from the model and CAD model of the device to determine if the
measurement is between the upper and lower limits and thus deemed good or
is outside of a range between the upper and lower limits and thus deemed of
at least questionable integrity. 



[00233] In various embodiments, the automated inspection method may further
include color stereo illumination with dome light using one color spectrum
and coaxial illuminations using another color spectrum. [00234] . hi
various embodiments, the automated inspection method may further include
color subpixel wire centroids determination and reconstruction of 3D wire
loop height based on stereo matching of these subpixel features. [00235] hi
various embodiments, the automated inspection method may further include
color double resolution and color superresolution to increase the
resolution around wire area to achieve higher 3D reconstruction accuracy.
[00236] hi various embodiments, the training model step may further include
taking the color measurement of each pixel on a 24 bits color space.
[00237] hi various embodiments, an automated method of inspecting section
by section of a substrate such as single die wire bond, stacked die wire
bond, power device wire bond, gold wire bond and the advanced ribbon
bonding, MEMS device and/or other package configurations for defects may be
provided hi various embodiments, the method may include: calibrating
multiple cameras for 2D and 3D camera parameters, training a model as to
parameters of a good substrate via optical viewing of one or multiple known
good substrates, wherein the training may include taking a measurementof
each pixel in a section of a substrate on each of the multiple known good
substrate sample, calculating the 2D features such as global reference
points, local reference points, wire bond placements, bonding widths, tail
lengths, die locations and orientations, bond pad locations, calculating
the 3D features such as global reference heights, local reference heights,
default die tilts, and then from all these 2D and 3D measurement 



results determining an upper and lower limit for each measurement and save
as 2D and 3D recipes, inspecting unknown quality wire bond devices using
the model, where such inspecting may involve calculating the 2D measurement
of wire placements, wire bond widths, die surface defects, die placements,
long tails, and 3D measurement of die tilt, wire loop heights, bond heights
for each wire, die and/or other components on the unknown quality substrate
section by section and comparing the 2D and 3D measurement results with the
upper and lower limit from the model and CAD model of the device to
determine if the measurement is between the upper and lower limits and thus
may be deemed good or is outside of a range between the upper and lower
limits and thus may be deemed of at least questionable integrity. [00238]
hi various embodiments, an apparatus and method may be provided for
automatic optical inspection of wire bond devices. The apparatus may
include a vision head with multiple CCDs for imaging wire loops and bonding
conditions from multiple views, an integrated stereo illumination optimized
for both 3D triangulation and 2D wire feature measurement, a movable
platform such as an X-Y-Z table integrated with the vision head to inspect
objects such as wire bond devices, a calibration unit and method for
mapping 3D world coordinates into 2D image coordinates, and an image
processing unit for the measurement of 3D features such as wire loop
height, die tilt and wire bondheight, as well as 2D features such as die
surface scratches, bond placements, bond widths, and long tails. The
apparatus and method may provide a rapid inspection of wires, bumps and
other 3D features on leadframes, wafers, MEMS devices, and other
semiconductor substrates. [00239] In various embodiments, an automated
system for inspecting a substrate such 



as a wire bond devices in any form including single die wire bond, stacked
die wire bond, power device wire bond, gold wire bond and the advanced
ribbon bonding, MEMS device and/or other package configurations for defects
may be provided. The system may include: a wire bond test plate, means for
providing a wire bond devices to the test plate; a stereo illumination
system with dome and coaxial lights optimized for wire loop 3D
reconstruction and wire and die surface 2D measurements; a visual
inspection head for visual inputting of a plurality of known good quality
wire bond devices during training and for visual inspection of other
unknown quality wire bond devices during inspection; a laser thermal sensor
based heat detection subsystem to detect the lifted wire, wherein the
methods of heating may include placing heaters (for example a non contact
heater or for example a contact heater) under the leadframe and heat up
bonded leadframes to acceptable temperature level, or projecting a focused
heat source on the wires; a microprocessor having processing and memory
capabilities for developing a model of a good quality wire bond device by
taking a gray scale or color measurement for 2D and 3D features on a
plurality of known good quality wire bond devices and determining an upper
and a lower limit for each 2D. or 3D feature from the plurality of known
good quality wire bond devices, and the microprocessor further comparing
other unknown quality wire bond devices in comparison to the model by
determining a grayscale or color 2D and 3D measurements to accept good
quality or reject bad quality devices. [00240] In various embodiments, the
automated system may further include a focusing mechanism for focusing an
image of at least a portion of the wire bond device as seen by the camera. 



[00241] In various embodiments, the visual inspection head may be or may
include a dual camera or multiple cameras. [00242] In various embodiments,
the visual inspection head may be or may include multiple high resolution
black and white CCD cameras or color CCD cameras. [00243] In various
embodiments, the visual inspection head may be or may include multiple
microscopy lenses. In various embodiments, the magnifications of the lenses
may be changed manually or automatically. [00244] In various embodiments,
the automated system may further include a device for a 3D feature
reconstruction using subpixel wire centroid based stereo matching. [00245]
In various embodiments, the automated system may further include an
autofocus feature. In various embodiments, such a feature may be based upon
a sharpness calculation using segmentation and statistical processing. In
various embodiments, the unknown sharpness image of a wire bond device may
be taken and then segmented into multiple sections to calculate sharpness
of each segment based on either correlation, FFT (fast Fourier transform),
or edge based criteria. In various embodiments, thereafter, a sharpness
calculation may be used to find the correct focus point by statistical
processing of all segment sharpness data.[00246] Methods and apparatuses
according to various embodiments may be applied to: wire bond device 2D and
3D measurement and defect inspection; MEMS device or other substrates 2D
and 3D inspection; 2D and 3D surface measurements; and camera calibration
for precision measurement. [00247] FIG. 18A shows a perspective view of a
wire bond inspection system 1800 in accordance with an embodiment. FIG. 18B
shows a front view of the wire bond 



inspection 1800 system in accordance with an embodiment. [00248] The
automated wire bond inspection system 1800 in accordance with an embodiment
may be used in one environment to find defects on wire bond device but may
be used for this and other uses including for inspecting other devices like
BGA (Ball Grid Array), CSP (Chip Scale Package), solder paste and wafer
bump. The system 1800 may inspect for many types of defects including, but
not limited to, the following: bond placement, bond width, die placement,
die scratches, long tail, 3D die tilt, bond height and wire loop height.
[00249] The system 1800 may for example perform the process described with
reference to FIG. 19 below. [00250] The system 1800 may include a magazine
loader 1802 which may load a magazine of one or more leadframes with
multiple wire bond devices; a leadframe indexer 1804; an inspection head
1808 (which in the following may also be referred to as a camera system, an
optical imaging mechanism, inspection camera or cameras and optics, or a
vision head), for example a 2D&3D vision head, for example with multiple
CCD sensors and stereo light; a die location detection sensor (not shown)
to determine if the die. is under inspection head 1808; a computation unit
1810 (for example a computer),which may perform learning for good wire bond
device during training and may be used for visual inspection of other
unknown quality wire bond devices during inspection; a parameter input
device 1812 (for example a keyboard arid/or a mouse) for inputting
parameters and other constraints or information such as sensitivity
parameters, geometries, wire thickness, wire length, etc.; a display 1814
(for example a monitor) for displaying the view being seen by the camera
presently or at any previous saved period; a 



test plate 1806 as will be explained in more detail below; an xyz table
1810; a reject station 1816; and an output magazine loader 1818. [00251J In
various embodiments, means for providing a leadframe including multiple
wire bond devices to the test plate may be provided as a test plate 1806
and may be manual in that the user may move the leadframe from a cassette
or magazine to the test plate 1806, or automatic. In the automatic
environment, the wire bond leadframe providing means, which may be also
referred to. as leadframe indexer 1804 may include a robotic arm or a
leadframe indexer 1804 that may pivot from a first position where a
leadframe may be initially grasped from a magazine or cassette to a second
position where the leadframe may be positioned on the wire bond test plate
1806 for inspection. After inspection, the robotic arm may pivot the
leadframe from the second position at the test plate 1806 to a third
position where the leadframe may be transported to an output magazine or
cassette. [00252] In various embodiments, the camera system 1808 or other
visual inspection device may be provided for visual inputting of good wire
bond devices during learning product and for visual inspection of other
unknown quality wire bond devices during inspecting product as will be
explained in more detail below. The camera system 1808may be any type of
camera capable of high resolution inspection. An example of one part of
such a camera system may include of one or multiple CCD inspection cameras
used to capture leadframe containing wire bond device or other images from
one or multiple views during defect analysis, for example but not limited
to one of the camera systems described above. The focusing mechanism may be
an optical imaging mechanism 1808 integrated with an xyz table 1810 with
multiple optics therein for using 



different inspection resolutions. [00253] In accordance with various
embodiments, the camera system 1808 may be a two (2) inspection camera
system where high resolution CCD cameras may be used to provide high
resolution gray-scale images for inspection. [00254] In accordance with
various embodiments, computer controlled optics may be provided that may
use long working distance microscopic objectives so as to provide for low
distortion images that may be desired for accurate defect detection. In
various embodiments, multiple magnifications may be selected for inspection
of different field of views and accuracies. [00255] In various embodiments,
computer controlled illumination may be integrated into and with the
inspection camera or cameras and optics 1808 to complete the wire bond
device imaging process. In various embodiments, the illumination system may
be coupled to the camera or cameras and optics 1808 as long as the
illumination system works in conjunction with the camera or cameras 1808.
In various embodiments, in a strobing environment, the illumination may
occur simultaneously or substantially simultaneously with the camera
shuttering which in accordance with an embodiment maybe a high speed
electronic shuttering mechanism. In another embodiment, a non-strobing
environment may be provided, and the illumination may be continuous or as
needed. [00256] In various embodiments, illumination may be by any known
illumination device such as high intensity lights, lasers, fluorescent
lights, arc discharge lamps, incandescent lamps, and LEDs. In various
embodiments, the types of the illumination may be of a dome light only,
dual axial lights only, or both dome light and dual axial lights variety. '



[00257J In various embodiments, ari illumination system may include a dome
illumination and two coaxial illuminations. [00258] hi various embodiments,
dome illumination may involve illuminating the substrates from above where
the illumination system may be mounted directly above the substrate This
dome illumination may be very effective in illuminating specular objects
such as leadframe surface and wires on a substrate as the diffused light is
reflected back to the camera from all directions. Dome illumination may be
optimal for visualization of both flat surface structures such as die
surface features as well as 3D wire loops and bonds.' [00259] hi various
embodiments, dual coaxial illumination may be used in conjunction with the
dome light to increase the contrast of the 2D feature detection, or in an
alternative way, to distinguish probe marks, which may cause false contour
during wire bond width or displacement determination. The coaxial lights
may be aligned with optical axis of each camera. The light from left
coaxial light, which may be aligned with the optical axis of the left
camera, may illuminate die surface with reflected light beingcaptured by
the right camera. Likewise, the reflected light from right coaxial
illumination may be captured by the left camera. [00260] In various
embodiments, the vision head 1808 may include a dual coaxial illumination
system that may be physically located adjacent to the camera so as to
provide brightfield illumination from aboye the objects illuminated. In
another embodiment, the vision head 1808 may include a dome illumination
system that may be located peripherally around the leadframe in the test
plate 1806. In an even further embodiment, both dual coaxial illumination
from above the object and dome illumination 



from around the periphery of the object may be provided. As indicated
above, the illumination as provided by the coaxial and dome illumination
systems may be provided by any known illumination source such as a white
light source, LED, incandescent, fluorescent, or other similar gas envelope
or similar electrical lights, or by lasers or similar devices. [00261] hi
various embodiments, the parameter input device 1812 may be configured for
inputting parameters and other constraints or information. These
parameters, constraints and information may include sensitivity parameters,
geometry, wire bond device size, wire size, wire number, etc. Any form of
input device may suffice including a keyboard, mouse, scanner, infrared or
radio frequency transmitter and receiver, etc. [00262] hi various
embodiments, the display 1814 may be configured for displaying the view
being seen by the camera presently or at any previous saved period. The
display 1814 may be a color monitor or other device for displaying a color
display format of the image being viewed by the vision head 1808 for the
user's viewing, or alternatively viewing an image saved in memory. This
monitor, or another adjacent or other monitormay be used to view the
gray-scale inspection image of the vision head 1808 that may be used by the
system 1800. The display 1814 may be used during inspection to show the
image being viewed by the vision head 1808. hi addition, the system
parameters display 1814 may also be available for displaying other
information as desired by the user such as system parameters. [00263] hi
various embodiments, the computer system 1810 or other computer having
processing and memory capabilities may be configured for saving the
inputted good wire bond, developing a model therefrom, and comparing or
analyzing other wire bond 



devices in comparison to the model based upon defect filtering and
sensitivity parameters to determine if defects exist. The computer system
1810 may also be used to perform other mathematical and statistical
functions as well as other operations. In one embodiment, the computer
system 1810 may be of a parallel processing DSP (digital signal processing)
environment. [00264] hi various embodiments, the system 1800 may be based
upon standard computer technology such as Pentium quad core. [00265] hi
various embodiments, the system 1800 may also incorporate use of an
autofocus feature. Such a feature may be based upon a sharpness calculation
using segmentation and statistical processing. The unknown sharpness image
of a wire bond device may be taken and then segmented into multiple
sections to calculate sharpness of each segment based on either
con-elation, FFT, or edge based criteria. Thereafter, a sharpness
calculation may be used to find the correct focus point by statistical
processing sharpness data of all segments.[00266] In various embodiments,
the sequence of operation may be as follows, and will be described in more
detail below. The operator may calibrate the system to get accurate camera
parameters for 2D and 3D measurement. This may be achieved by imaging a
calibration target and subsequently calculating the camera parameters from
the world and image coordinates of the specific target points. In various
embodiments, camera calibration may be desired to be performed for the
system once a week. The operator may then train the system as to what a
"good wire bond device" is, and may thus for example create a good wire
bond model, or choose an existing model. The plurality of good wire bond
devices may be viewed by the CCD camera such that the computer 



system then may form a "good wire bond" model by grouping all or some of
the common characteristics. In various embodiments, the system 1800 may
perform wire bond inspection by studying a user provided set of known good
wire bond devices as well as by measuring features from digital image's
using 2D and 3D calibration results. Inspection parameters may also be set
to indicate how close an unknown quality wire bond may be desired to match
specific characteristics of the "good wire bond" model to be considered a
good device. These may include sensitivity parameters and defect filters.
[00267] The operator may also create or select previously stored inspection
recipes. This may include information as to how wire bond devices may be
selected from cassettes or other storage receptacles, how each wire bond
device on a leadframe may be desired to be selected for defect inspection,
how and where to inspection 2D and 3D defects and what may be the
tolerances, how defect inspection map files may be imported and exported,
etc.[00268] The system 1800 may then be ready to inspect an unknown quality
wire bond device. A leadframe containing multiple wire bond devices may be
loaded onto the inspection area 1806, for example the test plate 1806. The
system may then be ready to collect an image of the selected area (the
first device position) of the leadframe using the cameras of the vision
head 1808 by moving the leadframe to align the camera with the selected
area, such as a first wire bond device position, so as to take a first
image thereof which may be the whole leadframe, a part of the leadframe, a
wire bond device, or a part of a wire bond device and then viewing and
recording that image. Automatic defect inspection may be performed on the
device's digital image. If a defect was found, then the system may collect
and store detailed information about each defect such as defect 



location on the device, size, shape, etc. [00269] The leadframe indexer
1804 may then be moved to align the camera with another selected wire bond
device area, which may be the next adjacent area or not, to take an image
thereof (the second device position) on the leadframe adjacent to the first
image. In various embodiments, the leadframe may be indexed under the
inspection cameras to the next device position. This second device position
may then be viewed and recorded. These steps may be repeated until all of
the images on the leadframe have been viewed and recorded. Simultaneous
with these image viewing steps, TD and 3D feature measurements, defect
sensitivity and filtering may be used in conjunction with the "good wire
bond" model viewing to determine if initial anomalies or differences
between the "good wire bond" model and the image are actual defects or if
they may be desired to be filtered out. A defect map of the leadframe may
be then created in the computer systemfrom the collection of all of the
defect of all of the devices including all of the defects found thereon.
[00270] In various embodiments, rather than move the leadframe in
incremental steps, the leadframe may continuously be moved. during strobe
illumination thereof. The sections of the wire bond device may then be
scanned by synchronizing the camera with a strobe illumination so that when
the camera is properly positioned over each section of the moving
substrate, the strobe illumination may occur simultaneous with the image
collection via the camera. [00271] At the conclusion of defect inspection
on a given leadframe, defect classification may be desired. Each archived
defect may be manually reviewed by the operator, where the leadframe
indexer 1804 may be moved to the position on the wire 



bond device, that the particular defect may be positioned at so that the
operator may view and classify the defect. This may then be repeated for
all defects. The classified defects may be then saved as a classified
defect map. [00272] That leadframe may then be removed and another
leadframe may be loaded for inspection. This removal and loading of a new
leadframe may either be manually performed or may be automatically
performed. [00273] In various embodiments, to ensure high accuracy, stereo
cameras may be calibrated with localized camera parameters (e.g. rotation
angles, translations, distortions and image center etc) and localized
fundamental matrix and/or epipolar geometry may be used. [00274] In various
embodiments, a special design of a calibration target for camera 3D
calibration without using a z-stage may be provided.[00275] In various
embodiments, stereo illumination with integrated dome and dual coaxial
lights for optimum 2D and 3D illumination may be provided. [00276] In
various embodiments, methods for wire width measurement from two cameras
with projection and fusion may be provided. [00277] In various embodiments,
a three-point die placement measurement method may be provided. [00278] In
various embodiments, a double resolution method for wire tracing may be
provided. [00279] In various embodiments, a four point die tilt 3D
measurement method may be provided. [00280] In various embodiments, an IR
(infra red) detection using laser sensor for 



lifted wires with active IR illumination may be provided. [00281] hi
various embodiments, wire bond 2D and 3D recipe creation methods may be
provided. [00282] hi various embodiments, a rotated ROI and automatic ROI
method may be provided. [00283] hi various embodiments, stereo & coaxial
illumination, stereo triangulation, and/or 2D/3D recipes may be provided.
[00284] hi various embodiments, apparatus and methods for automated optical
inspection of wire bond devices may be provided. [00285] hi various
embodiments, a 2D/3D wirebond inspection system may be provided.[00286] In
various embodiments, optic design and software development consultancy
support may be provided. [00287] In various embodiments, a semiconductor
device inspection method and apparatus may be provided. [00288] In various
embodiments, wire bond 2D and 3D inspection and measurement method and
apparatus may be provided. [00289] In various embodiments, a wire bond
inspection system may integrate various of the above referenced
embodiments. [00290] In various embodiments, the above described systems
and parts may be part of system 1800 and may be used to perform the wire
bond defect inspection as will be explained in more detail below. [00291]
FIG. 19 shows an overall flow chart 1900 of a process in accordance with an



embodiment. In 1902, the process may be started. The system and process may
encompasses a multiple step process of learning a product in 1904, where 2D
and 3D recipes of the product may be created, inspecting product in 1906,
where a wire bond device may measured using knowledge obtained from
training and recipes, reviewing defects in 1908, and if desired, defect
reporting in 1910. The process may end in step 1912. . [00292] Although the
flowchart 1900 is shown to include several steps, not each of them may be
required. For example, after having learnt a product in 1904, more than one
product may be inspected in 1906. In other words: the learning step 1904
may be performed for a product, and then, the inspection step 1906 may be
performed without requiring additional learning steps 1904.[00293] In the
review defects step 1908, defects may be visualized by superimposing
defects onto a graphical display of the corresponding wire bond device. The
defect map may include indication of the defect type, location, and
severity of defects against preset tolerances. The classified defect map as
well as alternatively or additionally the defect information in any of a
number of other formats may be saved for database or other management and
review. In 1908, a defect map may be generate and created from the
inspection results in the product inspection step 1906. To review the
defects, the first step may be selecting a defect to review (or
alternatively reviewing all or some of the defects for this wire bond
device in order). The second step may be moving the inspection head, for
example the vision head 1808 shown with reference to FIG. 18A, to the
position of the wire bond device to be reviewed such that the particular
defect is properly positioned under the cameras of the vision head 1808.
The third step may be a 



user viewing and classifying of the defect. Any number of classifications
may be available and the classifications may be user defined. The
classification step may be repeated. until all of the defects have been
reviewed and classified. The last step may be saving of classified defect
map as well as alternatively or additionally saving the defect information
in any of a number of other formats for database or other management and
review- [00294] If desired, in 1910, statistics may be generated, whereby
defect statistics along with defect maps may be outputted to perform
statistical or other analysis on the types of defects, frequency of
defects, location of defects, etc. This may be useful to the wire bond
manufacturers so as to allow them to focus on major defects and trace the
source. In 1910, the data stored in a database format may be exported or
printed out. This datamay then be analyzed or otherwise used to perform
statistical or other analysis on the types of defects, frequency of
defects, location of defects, etc. which may be useful to the wire bond
manufacturers so as to allow them to focus on defect laden areas. This step
1910 of generating statistics may provide for complete and effective data
analysis as it may report data in multiple formats including graphical,
tabular, and actual image displays. The data that may be placed in tabular
format may allow numerical values to be readily correlated with other
values such as. electrical formats. The graphical data representation may
quickly show trends that may otherwise be difficult to see. [00295] The
above described steps and substeps provide a basic explanation of the
system and process of various embodiments. In the following, a more
detailed explanation of various parts and systems, and details of the steps
these perform will be provided. 



[00296] The overall learning step 1904 will be described below in more
detail. [00297] FIG. 20 shows a flow diagram 2000 illustrating details of
the learn product steps in accordance with an embodiment. For example, the
flow diagram 2000 may be a more detailed flow chart of one step in the
process as shown in FIG. 19, e.g. learn a new product. For example, flow
diagram 2000 may illustrate details of the learn product step 1904 shown in
FIG. 19. [00298] In 2002, the learn product step 1904 may be started.
[00299] In 2004, parameters may be defined and/or trained (and/or stored),
for example in the computer system 1810 shown in FIG, 18A, for inspection
path planning, where wire bond device size, pitch and. how to separate the
device into multiple inspection sections may be learnt so that the
inspection head may move to different partsof a wire bond component for 2D
and 3D feature measurements. In various embodiments, leadframe scan path
and other parameters for a substrate containing multiple wire bond devices
may be defined and stored, for example in the computer system 1810 shown in
FIG. 18A, for use during learning and inspecting. This path planning, when
performed in conjunction with the create 2D recipe step 2006 and create 3D
recipe step 2008 as described below to define 2D and 3D inspection recipes,
may be desired to guide an inspection head, for example the inspection head
1808 shown in FIG. 18A, to position itself during leadframe scanning to a
particular x/y position to perform a specific 2D and/or 3D inspection based
on procedures defined in inspection recipes hi various embodiments, the
path planning may define the z scan height associated with each x/y
position to maintain an in-focus imaging of wire loops and other features.
[00300] hi 2006, region of interest (ROIs) may be defined for all or some
2D 



inspections and training the system as to what a "good wire bond" is, and
may include aligning one or multiple wire bond device images and forming a
model, for example within computer system 1810 shown in FIG. 18A, to define
what an ideal wire bond should look like based upon the common
characteristics viewed, as will be explained in more detail below with
reference to FIG. 21. [00301] hi 2008, region of interest (ROIs) may be
define for all or some 3D inspections in multiple views and the system may
be trained as to how to set the subpixel parameters for optimum wire
feature detection and 3D triangulation, as will be explained in mor.e
detail below with reference to FIG. 23. [00302] hi 2010, this training
model and its features, parameters, etc. may be saved, for example to the
computer system 1810 shown in FIG. 18A.[00303] FIG. 2 1 shows a flow
diagram 2100 illustrating a 2D wire bond recipe creation in accordance with
an embodiment. For example, flow diagram 2100 may be a more detailed flow
chart of one step in the process 2000 as shown in FIG. 20, e.g. 2D wire
bond recipe creation 2006 of defining (and inputting, for example into a
computer system, for example the computer system 1810 shown in FIG. 18A)
the recipe for wire bond 2D inspection. [00304] In 2102, the create 2D
recipe step 2006 may be started. [00305] In 2104, one or more global
reference point(s) may be defined. Each 2D measurement may be linked to one
of these reference points so that when a component changes position in term
of location and orientation, global reference point(s) may be used to
re-align it with the reference sample during learning. In this way a
comparison may be made between wire bond device to be measured and wire
bond device learnt. In 



various embodiments, global references may be used to correct the relative
position change between leadframe learnt and an incoming new leadframe. Any
wire bond features dependent on the leadframe may be corrected using global
reference points. Normally leadframe indexing holes or leadframe corners
may be selected as global reference points. [00306] In 2106, local
reference point(s) may be defined, for example for the correction of
offsets for global independent features. For example, die position in a
leadframe may be different from component to component. Any measurements
relevant to a die may be desired to define local reference points on the
die itself. [00307] The 2108, small wire placement inspection Region of
Interest (ROIs) may be defined. Small wires may refer to those with wire
diameter smaller than lOOum. Foreach wire bond position, one wire placement
ROI may be desired to be defined. Wire placement ROIs may be rotated to any
angle to be in line with actual wire bond orientation. Group ROIs may be
introduced whereby a set of wire placement ROIs may be categorized under
one group to share the same inspection methods and parameters. The
inspection system may allow a user to define one or more group ROIs.
Default small wire placements may be leamt and stored, for example in the
computer system 1810 shown in FIG. 18A, and if needed, may be used by 2D
inspection system to determine the relative placement offset. [00308] In
2110, large wire placement inspection Region of Interest may be defined.
Large wires may refer to those with wire diameter bigger than lOOum. For
each wire bond position, one wire placement ROI may be desired to be
defined. The angle of a wire placement ROI may be adjusted to be in line
with actual wire bond direction. Group 



ROIs may be introduced whereby a set of wire placement ROIs may be
categorized under one group to share the same inspection methods and
parameters. Different inspection strategies may be used for large and small
wires (as will be explained with reference to a determine small wire
placement step 2604 and a determine large wire placement step 2606 with
reference to FIG. 26). Default large wire placements may be learnt and
stored, for example in the computer system .1810 shown in FIG. 18A, and if
needed, may be used by a 2D inspection system to determine the relative
placement offset. [00309] FIG. 22 shows an illustration 2200 of bond
placement measurement regions of interest (ROIs) in accordance with an
embodiment. In the wire placement ROI definition 2200, a first bond
placement measurement ROI 2202, a second bond placementmeasurement ROI
2204, a third bond placement measurement ROI 2206 and a fourth bond
placement measurement ROI 2208 are shown. [00310] Returning to FIG. 21, in
2112 die placement ROIs may be defined. Three ROIs may be defined for each
die. One ROI may be desired to cover a reference point outside the die.
Either a corner point or a indexing hole centre or other feature point may
be selected as die reference point. Another two die placement ROIs may be
desired to be defined inside die area. They may be desired to cover texture
rich areas. The bigger the distance between the two ROIs, the better the
result and sensitively of die offset and tilt determination may be. [00311]
In 2114, die surface scratch and missing die inspection ROI may be defined.
One ROI may be defined for each die for the detection of surface defects
such as scratches, dent, chip off and missing die. [00312] In 2 116, bond
width measurement ROIs for small wires may be defined. One 



ROI may be defined for each wire for wire width measurement. The angle of a
wire width ROI may be adjusted to be in line with actual wire bond
direction. Group ROIs may be defined to apply the same inspection methods
and parameters to all ROIs in this group. If wire placement ROIs for small
wires have been defined, this step may be omitted since both may share the
same ROIs. [00313] In 2118, bond width measurement ROIs for large wires may
be defined. One ROI may be defined for each wire for wire width
measurement. The angle of a wire width ROI may be adjusted to be in line
with actual wire bond direction. Group ROIs may be defined to apply the
same inspection methods and parameters to all ROIs in thisgroup. If wire
placement ROIs for large wires have been defined, this step may be omitted
since both may share the same ROs . [00314] In 2120, bond width 3D ROIs for
large wires may be defined. One ROI may be defined for each wire in each
additional view. This ROI may serve the purpose of overcoming the occlusion
caused by single view point for a large wire. The angle of a wire width ROI
may be adjusted to be in line with actual wire bond direction. [00315] FIG.
23 shows a flow diagram 2300 illustrating 3D wire bond recipe creation in
accordance with an embodiment. For example, the flow diagram 2300 may be a
more detailed flow chart of one step in the process 2000 as shown in FIG.
20, e.g. 3D wire bond recipe creation 2008 of defining (and, in various
embodiments, inputting into a computer system, for example the computer
system 1810 shown in FIG. 18A) the recipe for wire bond 3D inspection.
[00316] In 2302, the 3D wire bond recipe creation step 2008 may be started.
[00317] In 2304, one or more global reference point(s) for multiple views
may be 



defined. Each 3D measurement may be linked to one of these reference points
so that when a component changes position in term of location and
orientation, global reference point(s) may be used to re-align it with the
reference sample obtained learning. In this way, a comparison may be made
between wire bond device to be measured and wire bond device learnt.
Usually, global references may be used to correct the relative position
change between leadframe learnt and an incoming new leadframe. Any wire
bond features dependent on the leadframe may be corrected using global
reference points hi various embodiments, leadframe indexing holes or
leadframe corners may be selected as global reference points.[00318] In
2306, ROIs. for measurement of a reference height or a reference plane may
be defined. This may be desired to be done in each multi-view image. All or
some 3D measurements such as wire loop height and die tilt may be measured
in absolute world coordinate system defined by calibration, or relatively
to a reference height or a reference plane. For example, a reference plane
may be determined by defining three ROIs on the leadframe so that
subsequently wire loop heights may be calculated as the distance of the
projection of the highest point (x,y,z) in a wire to the reference plane.
In this way, a benchmarking between a manual measurement may result from a
typical measurement scope and an automatic wire bond inspection system may
be possible. [00319] In 2308, small wire loop height Region of Interest
(ROIs) may be defined. For each wire, one or more wire ROIs may be defined
to help tracing the wire feature points for 3D calculation. Group ROIs may
be introduced whereby a set of wire loop height ROIs may be categorized
under one group to share the same inspection methods and parameters. After
defining wire loop height ROIs in one view, automatic ROIs may 



be activated to position the corresponding wire loop height ROIs in all
other view based on well known epipolar constraint and other constraints
like assuming a default loop height. In various embodiments, wire loop
height ROIs may be defined manually in all other views. [00320] In 23 10,
large wire loop height Region of Interest (ROIs) may be defined. For each
wire, one or more wire ROIs may be defined to help tracing the wire feature
points for 3D calculation. Group ROIs may be introduced whereby a set of
wire placement ROIs may be categorized under one group to share the same
inspection methods and parameters. After defining wire ROIs in one view,
automatic ROIs may be activated toposition the corresponding wire loop
height ROIs in all other view based on well known epipolar constraint and
other constraints. In various embodiments, wire loop height ROIs may be
defined manually in all other views. [00321] In 2312, die tilt Region of
Interest (ROIs) may be defined. For each die, three or four (which may be
used as a default value in accordance with various embodiments) or more
ROIs may be defined to determine.die tilt in the world coordination system.
Die tilt may also be determined relatively by specifying a number of (for
example 4 or more) die tilt reference ROIs near the corners of a die and
associating each reference ROI with a nearest die tilt ROI. [00322] FIG. 24
shows an illustration 2400 of die tilt ROIs in accordance with an
embodiment. A first die tilt ROI 2402, a second die tilt ROI 2404, a third
die tilt ROI 2406, and a fourth die tilt ROI 2408 are shown. [00323]
Returning to FIG. 23, in 2314, bond height measurement ROIs for small wires
may be defined. One ROI may be defined for each wire bonding position. The 



angle of . wire width ROI may be adjusted to the actual wire bond
direction. Group ROIs may be introduced whereby a set of wire bond width
ROIs may be categorized under one group to share the same inspection
methods and parameters. [00324] In 2316, bonding height ROIs for large
wires may be defined. One ROI may be defined for each bonding position in
each view. The angle of a wire width ROI may be adjusted to the actual wire
bond direction. ' Group ROIs may be introduced whereby a set of wire bond
width ROIs may be categorized under one group to share the same inspection
methods and parameters.[00325] FIG. 25 shows a flow diagram .2500
illustrating details of an inspect product step in accordance with an
embodiment. For example, FIG. 25 may show a more detailed flow chart 2500
of one step in the process 1900 as shown in FIG. 19, e.g. inspect a new
product 1906. [00326] In 2502, the inspect product step 1906 may be
started. [00327] In 2504, one or more global reference point(s) may be
localized to determine leadframe, die and pad positions and orientations.
[00328] In 2506, all defined 2D and 3D regions of interest (ROIs) may be
shifted based on offsets and rotations calculated in step 2504 so that the
incoming device may be aligned with a reference device (for example
training device). [00329] In 2508, all or some 2D features may be
inspected, including die placement, bond placement, bond width, die
scratches and long tails within each individual region of interest. [00330]
In 2510, all or some 3D features, including reference heights, die tilts,
bond heights, and loop heights within each individual region of interest
may be measured. 



[00331] FIG. 26 shows a flow diagram 2600 illustrating inspecting 2D
features in accordance with an embodiment. For example, FIG. 7 may provide
a more detailed flow chart 2600 of one step in the process 2500 as shown in
FIG. 25, for example 2D wire bond inspection 2508, which may include
determination of small and large wire placement on the corresponding
bonding pad, determinatipn of die offset and rotation, inspection of die
surface scratches and long tails and measurement of bond widths for small
and large wires as will be described in more detail below.[00332] In 2602,
the step 2508 of performing wire bond device 2D inspection may be started.
[00333] In 2604, small wire placement may be determined to determine how
accurately a bonder bonds the wire onto the bond pad surface. In various
embodiments, three methods may be used: a present or not present check, a
reference based method by learning a good wire bond device or an absolute
measurement method by determining bond position relative to its bond pad.
[00334] In various embodiments, in the present or not present check, the
system may check if a wire is available or not. Edge detection may be
applied to wire placement ROIs and if sufficient edges are detected, a wire
may be available. [00335] In various embodiments, in the reference based
method, subpixel edges along wire bond location may be calculated and may
be best-fit to form three lines: two running in parallel with the wire and
one in the perpendicular direction. Two subpixel corner points may be
calculated from these three lines. The centre of these two corners may be
used as bond placement position. If this centre is far away from the learnt
one, bond placement error may occur. In the absolute measurement method,
the bond placement 



location may be determined in a similar way like in reference based method.
This position, however, may be compared with bond pad edges to determine
its absolute location on the pad. Tolerances may be set to reject those
bond placements too near the bond pad edges. [00336] hi 2606, large wire
placement may be determined. The procedures for large bond placement
determination may be the same as in small wire bond placementdetermination,
only parameters for subpixel edge determination and best-fitting may be
changed for the best detection of large wires. [00337] In 2608, die
placement may be determined. A good die with accurate placement may be
desired to be learnt first. To do so, three ROIs may be defined in a create
2D recipe section (for example in step 2112 as explained above with
reference to FIG. 21) to select three rectangular areas, one on the
leadframe as reference point and two on the die surface with rich textures.
The centres of these three ROIs may be stored to as the learning positions
of a good die. The patterns within these ROIs may be used as matching
models later on to find corresponding patterns in an incoming wire bond
device. For an incoming device, three bigger ROIs may be defined to allow
the die shiftment from component to component. Template matching may be
performed for all these three ROIs using learning patterns as models. The
three matching positions may be determined. Offset in x and y directions
and rotation angle relative to the good reference die may be calculated
from three matched points. [00338] In an embodiment, two die corners may be
detected by edge based approach. The positions of these two corners,
together with the reference point may be used to determine die offset and
rotation. 



[00339] In 2610, missing die and die surface defects may be determined. For
missing die detection, various methods may be used. In a template matching
based approach, die surface of unknown quality device may be matched
against a learning die. If the matching score is too low, there may be a
high chance of missing die. The second method may compare the histograms of
unknown quality die with learning die and may declare die missing if the
deviation is too big.[00340] In various embodiments, for die surface defect
detection, a good die with good die surface condition may be desired to be
learnt first. For an incoming die, offset and rotation against reference
good die may be determined and translation and rotation corrections may be
applied to bring the incoming die to the reference die position. A pixel to
pixel comparison may be made between reference die and incoming die.
Defects may be those pixels with grey level value differences bigger than a
preset threshold. In an embodiment, good die surface grey level
distribution may be learnt so that binarization may be performed on good
die which may result in no defects (or no blobs found). The same
binarization may be performed for an incoming die to screen out the surface
defects such as scratches or foreign particles. Don't care areas may be
defined for pattern rich areas on a die to avoid over-rejects. For scratch
detection, the defect points may be analyzed using Hough transformation.
Line segments may be detected by peak analysis in Hough space. Line segment
longer than certain value may be from scratches. [00341] hi step 2612,
small wire bonding width may be determined. A dynamic threshold may be
first applied to the bonding area within wire bond width ROIs defined in
create 2D recipe (for example step 2116 as described with reference to FIG.
21). Object analysis may then be applied to find a biggest white object may
be the wire 



surface of a small wire. The centroid of this object may be used as
reference line. Edges along both sides of wire bonding area may be detected
and from each side, the edge point with biggest distance to the centre line
may be considered as bond width. [00342] hi 2614, bonding widths of large
wires may be determined. Subpixel edge detection may be applied to the
bonding area within wire bond ROIs defined in create 2D recipe (for example
step 2118 as shown above with reference to Fig. 21). Edges fromboth sides
of a wire may be added together to best-fit a centre line, which may be
used as reference line. Edges along both sides of wire bonding area may be
filtered to remove noisy edges and from each side, the edge point with
biggest distance to the centre line may be considered as bond width.
[00343] For large wire, occlusions frequently may occur depending on wire
thickness and wire location with respect to a particular camera view.
Occlusion may mean some edges may be invisible from some viewpoints. Li
accordance with various embodiments, to eliminate occlusion, bond width
ROIs may be defined in a second view or more views, where the occluded
bonding area may be visible. Image rectification may be performed for all
views to bring all cameras to the same parallel optical direction. View
fusion may be done to merge multiple views into one (for example for bond
width area only) to determine bond width in a similar way as described
above. [00344] hi various embodiments, three more ROIs may be defined in a
second view to determine bond pad surface by using a best- fit planar
surface. Assuming bonding edges points are all on the same surface, the 3D
coordinates of the points may be known and thus may be transferred back to
the first view by using projective geometry determined in camera
calibration. After that, bond width may be determined in the first view. 



[00345] In 2616, long tails, which only apply for large wires, may be
determined. A reference wire bond device with good bonding tail lengths may
be desired to be learnt first. Similar like bond width detection (step
2614), the location with the biggest bond width may be determined first.
Then the wire placement determined in step 2606 may be used to calculate
the distance between wire placement position to the line representing
biggest bond width. The distance may be defined as tail length. For an
incoming device,tail length may be calculated in the same way and if the
difference between reference one and incoming one is bigger than a preset
threshold, the system may reject the device as a long tail.. [00346] FIG.
27 shows an illustration 2700 of long tail ROIs and measurement in
accordance with an embodiment. In the illustration 2700 of long tail
detection and ROI definition, a first long tail ROI 2702 and a second long
tail ROI 2704 are shown. [00347] FIG. 28 shows a flow diagram 2800
illustrating inspecting 3D features in accordance with an embodiment. For
example, FIG. 28 may show a more detailed flow chart 2800 of one step in
the process 2500 as shown in FIG. 25, e.g. 3D wire bond inspection 2510 of
performing wire bond device 3D inspection, which may involve determination
of reference height for the reference point correction of all 3D
measurements, die tilt measurement by a best-fit die tilt plane, wire loop
height measurements for small and large wires using both correction method
and feature based stereo matching, and wire bond height measurement for
lifted wire inspection, as will be explained in more detail below. [00348]
In 2802, the inspect 3D features step 2510 may be started. [00349] In 2804,
global reference height may be determined by matching small areas 



between first and second view or alternatively more views and by
triangulating the matched views to get the reference height. As shown in
step 2306 with reference to FIG. 23, in create 3D recipe, corresponding
ROIs may be defined in multiple views. Stereo matching may be performed to
establish match candidates between first view and the rest views. As stereo
matching criteria, absolute sum of differences, normalized correlation
and/or weighted correlation may be used. In various embodiments, the match
may befound between two views when correlation reaches a peak. Based on
calibration parameters from camera 3D calibration (for example step 3102 as
will be explained with reference to FIG. 3 1 below), the height
information, e.g. x,y,z of the ROI centre may be derived by a least-squared
solution. [00350] In various embodiments, to enhance the repeatability of a
reference height measurement, not a single height may be calculated, but a
small search area may be defined within each reference height ROI to allow
matching of multiple points and to calculate multiple reference height
within a flat area. Statistical process may. be applied to get the best
height. [00351] In 2804, also a global reference plane may be determined.
By matching three small ROIs in multiple views, a 3D reference plane may be
built. Other features calculated may be projected to this reference plane
to make comparison between manual measurement and automatic measurement
possible. The leadframe surface or die surface may often be selected as
reference plane. [00352] In 2806, die tilt in the 3D world coordinate
system may be determined. As indicated in create 3D recipe step 2312 with
reference to FIG. 23, four ROIs may be defined in each view to cover four
corners within a die. In various embodiments, at least 



three ROIs may be desired to be defined to determine die tilt and in
various embodiments, four or more than four ROIs may be used. In various
embodiments, a bestfit plane may be determined from heights measured from
matched four ROIs. Die tilt angles alpha, beta and gamma in reference to
the x, y, and z axis of the world coordinate system may be determined and
stored as die tilt angles. Average die height may also be calculated by
averaging four ROI heights and with respect to the global reference
height.[00353] In various embodiments, in addition to four die tilt ROIs
defined inside die surface, four ROIs on leadframe surface other reference
surfaces may be defined which may be desired to be as near the
corresponding die tilt ROIs as possible. Die tilt may be formulated as four
sets of differences between die ROI height and its corresponding leadframe
or other reference height nearby. [00354] In 2808, wire loop heights for
small wires may be determined. As indicated in create 3D recipe step 2308
with reference to FIG. 23, for each small wire, one (or more) line shape
ROI may be defined in each view. Subpixel edge detection algorithm may be
used to determine the transitions across wire area accurately. For a white
wire (shiny wire in the multi-view images), a typical transition may be
from black (background) to white (wire body) and then back to black
(background), hi some area, black wires may occur. In that case wire
transition may follow the transition pattern from white to black to white.
[00355] hi various embodiments, after determining wire transitions with or
without knowledge of wire thickness, wire centroid may be traced with
subpixel accuracy in each view. Instead of using correlation based stereo
matching, which not only may result in some false matches, but also may
suffer from poor accuracy, feature (e.g. subpixel wire 



centroids) based stereo match may be used to reconstruct wire loop with
high accuracy. [00356] hi various embodiments, the procedure of feature
based stereo matching may be as follows: after detecting subpixel wire
centroid points in all views, the centroids may be ordered for each wire in
a top-down or left-right manner." For each centroid in the first view
(image), global or local epipolar geometry may be applied to the second
view (image) to define the search line (for epipolar constraint, see the
global fundamentalmatrix for epipolar line calculating step 3112 and the
local fundamental matrix for local epipolar line calculating step 3114 in a
3D calibration session described with reference to FIG. 31 below). Two
nearest centroids to this epipolar line in the second view may be
determined. The intersection point between the epipolar line and the line
determined by these two centroids may be considered as the matching point
to the selected centroid in the first view. If there are multiple views,
the feature based matching may be performed accordingly. After establishing
stereo correspondence, 3D coordinate of a wire centroid point may be
calculated through a process called triangulation. Least squared solution
or other means may be used to triangulate for 3D reconstruction. [00357] In
various embodiments, stereo matching may be established as follows: at
first subpixel wire centroids in the first view may be calculated. For each
valid wire centroid in the first view, global or local epipolar geometry
may be applied to the second view (image) to define the search line.
Transitions along the epipolar line may be i determined to find the
centroid, which may be the matching point of the centroid in the first
view. [00358] Continuity constraint may be applied to the reconstructed 3D
wire centroids to 



filter out abnormal points. [00359] In various embodiments, it may be
desired to determine the highest or the lowest point in a wire loop. A
subpixel peak or valley interpolation scheme may be adopted. Assuming the
highest point z height is z l and zq and z2 are two neighborhood points,
the subpixel peak p may be calculated as p=(z2-zO)*(z2-zO)/8/(zO+z2-2zl)+zl
.[00360] In one embodiment, a correction may be made on the reconstructed
3D wire loop. Mathematically, matching first view and second view or more
views to get triangulation value of z height may calculate the wire centre
height, not the true wire top height. A correction may be calculated from
camera tilt angle and the wire radius. Assuming the radius of a wire is r
and the camera tilt angle is alpha_l, the correction dz may be expressed as
z_correction = z + dz where dz=r*cos(alpha_l). [00361] However, in reality,
due to view occlusion and dome illumination, there may be a fixed offset in
wire centroid calculation hi various embodiments, a correct may be
formulated as dz=al*r where al may be a constant depending on the wire
size, camera tilt angle and experimental result and r may be the radius of
the wire. [00362] To further increase the accuracy of small wire detection,
in various embodiments of the method, a scheme called double resolution or
any kind of 



superresolution may be applied to increase the resolution around wire ROI.
In various embodiments, double resolution may use different interpolation
schemes for different wire regions: slow changing smooth area, wire rising
edge, wire top area and wire descending edge. The interpolation schemes may
be knowledge based operation resulting from experiments using specified
stereo light which may combine dome light and coaxial light in one.
Alternatively, linear or cubic interpolation may be used, thoughthe result
may be less repeatable and less accurate than the knowledge based double
resolution; [00363] Double resolution or superresolution may be used for
small wires since some of the gold wires may have diameters as small as
18um. Depending on the microscope lens used, in some cases the wire
thickness in an image (view) may be just 1.7pixel. A double resolution to
3.4pixel may make the subsequent subpixeling edge detection much easier and
reliable. [00364] In 2810, wire loop heights for large wires may be
determined. As indicated in create 3D recipe step 2310 described above with
reference to FIG. 23, for each large wire, one line shape ROI may be
defined in each view. Imaging of various large wires may show that there
may be an inconstancy in large wire surface conditions and reflectivities.
Sometimes, there may be a symmetrical shinny strip on a large wire surface,
which may make centroid detection possible. On other occasions, the surface
roughness may result in multiple black islands on white shinny surface,
which may make centroid detection impossible. In this case, true wire edges
may be used as matching features. In various embodiments, a correction for
the triangulation value may be desired and may be formulated as 



dz=a2*r where a2 may be a constant depending on the wire size, camera tilt
angle and experimental result and r may be the radius of the wire. [00365]
FIG. 29 shows an illustration - 2900 of wire loop height ROIs and
measurement in accordance with an embodiment. For example, a first loop
height ROI2902, a second loop height ROI 2904, a third loop height ROI
2906, and a fourth loop height ROI 2908 are shown. [00366] Returning to
FIG. 28, in 2812, wire bond heights for small wires may be determined to
check bonding conditions three dimensionally. As indicated in create 3D
recipe step 2314 with reference to FIG. 23, for each small wire, one or
more line shape ROIs may be defined in each view. Wire bond height
measurement may serve two purposes: one may be to determine if there is any
lifted wire and the other may be to determine bonding quality based on 3D
profile analysis at the location where the bonding width is the biggest.
[00367] In accordance with various embodiments, to determine the
bonding.height, a small predefined area around widest bonding width may be
selected and feature based stereo matching may be performed to get a
sequence of bond heights at wire centroids. Statistical processing and
filtering may be applied to get the bond height. [00368] In various
embodiments, to determine the bonding 3D profile at widest bonding width
location, a fixed (alternatively a dynamic) correlation window may be
selected. Correlations may be measured for each pixel along the profile
line to get the best match. In this way, 3D profile of wire bonding at
widest bonding width location may be reconstructed. This profile may be
compared (for example using absolute sum of 



difference or correlation method, or other method) with reference bonding
profile derived from measurement of a good wire. If the difference is big,
the device may be rejected as bad bonding wire. [00369] In various
embodiments, a correction may be calculated from camera tilt angle and the
wire radius to adjust the triangulation result and may be formulated
asdz=bl*r. where b l may be a constant depends on the wire size, camera
tilt angle and experimental result and r may be the radius of the wire.
[0037.0] In 2814, wire bond heights for large wires may be determined. As
indicated in create 3D recipe step 23 16 with reference to FIG. 23, for
each large wire, one or more line shape ROIs may be defined in each view. .
Similar like in a small wire's case, to determine the bonding height, a
small predefined area around widest bonding width may be selected and
feature based stereo matching, or correlation based stereo match, may be
performed to get a sequence of bond heights around wire centroids.
Statistical processing and filtering may be applied to get the bond height.
[00371] As an alternative embodiment to the above described inspection
steps, a so called visibility constraint may be introduced to improve
stereo matching accuracy and to minimize occlusion effect for a large wire.
The visibility constraint may desire that occlusion in one image and
disparity in the other are consistent. The visibility constraint may be
embedded within an energy minimization framework, resulting in a symmetric
stereo model that may treat left and right images equally. An iterative
optimization algorithm may be used to approximate the minimum of the
energy. [00372] To determine the bonding 3D profile at widest bonding width
location, a fixed 



(alternatively a dynamic) correlation window may be selected. Correlations
may be measured for each pixel along the profile line to get the best
match. In this way, 3D profile of wire bonding at widest bonding width
location may be reconstructed. This profile may be compared (for example
using absolute sum of difference or correlationmethod, or other methods)
with the reference bonding profile derived from measurement of a good wire.
If the difference is big, the device may be rejected as bad bonding wire.
[00373] In various embodiments, visibility constraints may be present and a
correction may be calculated from camera tilt angle and the wire radius to
adjust the triangulation result of 3D profile: dz=b2*r where b2 may be a
constant depends on the wire size, camera tilt angle and experimental
result and r may be the radius of the wire. [00374] In various embodiments,
a laser thermal sensor based heat detection subsystem may be used to detect
the lifted wire. The methods of heating may include placing heaters (in
various embodiments for example non contact; in various embodiments for
example contact) under the leadframe and heat up bonded leadframes to
acceptable temperature level, or projecting a focused heat source on the
wires. i [00375] When applying heat source under leadframe, the heat may be
transferred from the leadframe to the die and bonding places, if a wire is
bonded well. Hence the temperature may be higher from a good bond than a
lifted or partially lifted wire. When applying heat source from above, heat
may be dissipated from the heated spot of wire through the wire to die pads
and leadframe, under the condition that a wire is bonded 



well,. Thus the temperature may be lower for a good bond as compared to the
lifted or partially lifted wire. [00376] In various embodiments, by using
laser sensors to detect the heat on a spot on top of the bonded area,
lifted and well bonded wires may be distinguished.[00377] In the following,
processes of camera 2D and 3D calibration in accordance with various
embodiments will be described with reference to FIG. 30 and FIG. 31.
[00378] A wire bond 3D reconstruction camera system may include two or more
single-image cameras, each of which may include a CCD sensor and a fixed
focal length lens system or, alternatively, a CMOS image sensor and such a
lens system. In various embodiments, the single-image cameras may
simultaneously take one image each. These images may be referred to as an
image pair. With the aid of the images taken, a direct distance measurement
of objects visible in both images may be made. [00379] For determining the
distance, it may be desired to precisely know each camera's parameters,
such as camera (and lens) distortion, camera location and orientation,
image centre, y/x ratio etc. These camera parameters may be derived from a
process of camera calibration. [00380] FIG. 30 shows a flow diagram 3000
illustrating calibrating 2D inspection in accordance with an embodiment.
[00381] In 3002, calibrating a camera for 2D measurement may be started.
[00382] In 3004, one or more snap(s) of a static calibration target may be
performed. If more snaps of the calibration target are performed, an
averaging process may be used to calculate average image for later use.
[00383] In 3006, subpixel target centroid determination function may be
applied to 



calculate all target centroids. In various embodiments, centroids may be
calculated by using zero-crossing, multi-cut threshold methods. After
target feature detection, world coordinates which may correspond to the
image coordinates of the target features may be calculated. IOO[00384] In
3008, global camera parameters may be calculated from derived target points
with known world and image coordinates. Various camera models such as
direct lineai- transformation for 2D (DLT 2D), affine, or Tsai 2D may be
used. For an affine model, for instance, 9 camera parameters may be
calculated from calibration targets. [00385] In 3010, local camera
parameters may be calculated from derived target points with known world
and image coordinates. Unlike global calibration, which may calculate one
set of camera parameters for a whole imaging system with camera, lens and
grabber, local calibration may calculate different camera parameters at
different image locations. In various embodiments, for each region, 3x3 or
5x5 calibration targets nearest to the centre pixel may be used to
determine the localized calibration parameters. Again, various camera
models such as DLT (direct linear transform) 2D, affine, or Tsai 2D may be
used. . For an affine model, for instance, 9 localized camera parameters
may be calculated from calibration targets. [00386] In 3012, equations may
be determined based on camera model used for image to world coordinate
transformation and vise verse. [00387] In 3014, the calibration result may
be stored. [00388] FIG. 31 shows a flow diagram 3100 illustrating
calibrating 3D inspection in accordance with an embodiment. 



[00389] In 3102, calibrating all or some cameras for 3D measurement may be
started. [00390] In 3104, one or more snap(s) of a static calibration
target in each view may be performed. If more snaps of the calibration
target are performed, an averaging process may be used to calculate average
image for later use.[00391] In various embodiments, a calibration target
may be desired to be moved to a different height to image target features
at a different height to make 3D calibration accurate. In various
embodiments, a three dimensional calibration target with staircase design
may be used. In this case the calibration target may have two (or more)
levels. All feature points on level 1 may have z height value zl and all
feature points on level 2 may have z height value z2. By snapping one image
of such a calibration target, 3D calibration may be performed without
moving calibration target up and down. [00392] In 3106, subpixel target
centroid determination function to calculate all target centroids in all
views may be applied. Centroids may be calculated by using zerocrossing,
multi-cut threshold methods. After target feature detection, world
coordinates which may correspond to the image coordinates of the target
features may be calculated. [00393] Li 3108, global camera parameters may
be calculated from derived target points with known world and image
coordinates. Various camera models such as DLT (direct linear
transformation), affine, or Tsai coplanar, Tsai non-coplanar, or other
models may be used. For DLT model, for instance, 11 camera parameters may
be calculated from calibration targets. [00394] In 3110, local camera
parameters may be calculated from derived target points with known world
and image coordinates. In various embodiments, for each region, 3x3 or 5x5
calibration targets nearest to the centre pixel may be used to determine
the 



localized calibration parameters. [00395] In 3112, global stereo vision
fundamental matrixes and epipolar equations may be determined. In 3114,
local stereo vision fundamental matrixes and epipolarequations may be
determined. These matrixes and equations may be used for stereo matching
and 3D reconstruction. [00396] In 3116, equations may be determined based
on camera model used for image to world coordinate transformation and vise
verse. [00397] In 3118, a 3D calibration result may be stored. [00398]
While the invention has been particularly shown and described with
reference to specific embodiments, it should be understood by those skilled
in the art that various changes in form and detail may be made therein
without departing from the spirit and scope of the invention as defined by
the appended claims. The scope of the invention is thus indicated by the
appended claims and all changes which come within the meaning and range of
equivalency of the claims are therefore intended to be embraced.Claims What
is claimed is: 1. A method for examining a bonding structure of a
substrate, the method comprising: providing a substrate comprising a
bonding structure to be examined; determining one or more stereoscopic
images comprising one or a plurality of predefined regions of interests of
portions of the bonding structure to be examined, the predefined regions of
interests corresponding to reference regions of interests in a stored
predetermined reference model of a reference bonding structure of a
reference substrate; 



determining one or more two-dimensional feature parameters and one or more
three-dimensional feature parameters of the bonding structure to be
examined from one or more of a plurality of the predefined regions of
interests; and determining as to whether the determined feature parameters
fulfill at least one predefined quality criterion with respect to the
reference model. 2. The method of claim 1, wherein a substrate is provided
selected from a group of substrates consisting of: a semiconductor
substrate; a polymer substrate; and an insulating substrate. 3. The method
of any one of claims 1 or 2, wherein the bonding structure is a wire bond
structure.4. The method of claim 3, wherein the bonding structure is a wire
bond structure selected from a group consisting of: a single die wire bond;
a stacked die wire bond; a power device wire bond; a gold wire bond; an
advanced ribbon bonding; and a microelectromechanical systems device. 5.
The method of any one of claims 1 to 4, wherein the one or more
stereoscopic images are taken using a plurality of cameras, the plurality
of cameras taking one or more two-dimensional images from the substrate
from respectively different perspectives; 



wherein the one or more stereoscopic images are formed from the one or more
two-dimensional images taken from at least two cameras of the plurality of
cameras. 6. The method of any one of claims 1 to 5, wherein the one or more
predefined regions of interests is matched to the regions of interest in
the reference model of the reference bonding structure of the reference
substrate using alignment markings on the substrate.. The method of any one
of claims 1 to 6, . wherein the one or more two-dimensional feature
parameters comprise features selected from a group consisting of: a global
reference point; a local reference point; a wire bond placement; a bonding
width; a tail length; a die location; a die orientation; a bond pad
location; a wire placement; a wire bond width; a die surface defect; a die
placement; and a long tail. 



8. The method of any one of claims 1 to 7, wherein the one or more
three-dimensional feature parameters comprise features selected from a
group consisting of: a global reference height; a local reference height;.a
default die tilt; a die tilt; a wire loop height; . a bond heights for each
wire; a component on the unknown quality leadframe; and a die component on
the unknown quality leadframe. 9. The method of any one of claims 1 to 8, .
wherein the one or more images comprise one or more images selected from a
group consisting of: grey scale image; multi-color image; and temperature
profile image. 10. . The method of any one of claims 1 to 9, determining
the reference model of the reference bonding structure of the reference
substrate; and storing the reference model. 11. A bonding structure
inspection device, comprising: a substrate receiving region configured to
receive a substrate, the substrate comprising the bonding structure to be
examined; a stereoscopic image determining device configured to determine
one or more 



stereoscopic images comprising one or a plurality of predefined regions of
interests of portions of the bonding structure to be examined, the
predefinedregions of interests corresponding to reference regions of
interests in a stored predetermined reference model of a reference bonding
structure of a reference substrate; a memory configured to store the
predetermined reference model of a reference bonding structure of a
reference substrate; a feature determiner configured to determine one or
more two-dimensional feature parameters and one or more three-dimensional
feature parameters of the bonding structure to be examined from one or more
of a plurality of the predefined regions of interests; and a determiner
configured to determine as to whether the determined feature parameters
fulfill at least one predefined quality criterion with respect to the
reference model. 12. The bonding structure inspection device of claim 11,
wherein the substrate is selected from a group of substrates consisting of:
a semiconductor substrate; a polymer substrate; and an insulating
substrate. 13 . The bonding structure inspection device of any one of
claims 11 or 12, wherein the bonding structure is a wire bond structure.
14. The bonding structure inspection device of claim 13, . wherein the
bonding structure is a wire bond structure selected from a group consisting
of:a single die wire bond; a stacked die wire bond; 



a power device wire bond; . a gold wire bond; an advanced ribbon bonding;
and a microelectromechanical systems device. 15. The bonding structure
inspection device of any one of claims 11 to 14, wherein the stereoscopic
image determining device comprises: a plurality of cameras, wherein the
plurality of cameras are arranged to take one or more two-dimensional
images from the substrate from respectively different perspectives; and a
stereoscopic image determiner configured to determine the one or more
stereoscopic images from the one or more two-dimensional images taken from
at least two cameras of the plurality of cameras. 16. The bonding structure
inspection device of any one of claims 11 to 15, further comprising: a
regions of interest matcher configured to match the one or more predefined
regions of interests to the regions of interest in the reference model of
the reference bonding structure of the reference substrate using alignment
markings on the substrate.17. The bonding structure inspection device of
any one of claims 11 to 16, wherein the one or more two-dimensional feature
parameters comprise features selected from a group consisting of: , a
global reference point; a local reference point; 



a wire bond placement; a bonding width; a tail length; a die location; a
die orientation; a bond pad location; a wire placement; a wire bond width;
a die surface defect; a die placement; and a long tail. 18. The bonding
structure inspection device of any one of claims 11 to 17, wherein the one
or more three-dimensional feature parameters comprise features selected
from a group consisting of: a global reference height; a local reference
height; a default die tilt; H Ga die tilt; .a wire loop height; a bond
heights for each wire; . a component on the unknown quality leadframe; and
a die component on the unknown quality leadframe. 



19. The bonding structure inspection device of any one of claims 15 to 18,
wherein the plurality of cameras are selected from a group of cameras
consisting of: a grey scale image camera; a multi-color image camera; and a
temperature profile image camera. 20. The bonding structure inspection
device of any one of claims 11 to 19, further comprising: a model
determiner configured to determine the reference model of the reference
bonding structure of the reference substrate. Ill 








