
4AR 2005 SYSTEM AND METHOD FOR IDENTIFYING SOLDER JOINT DEFECTS TECHNICAL:
FIELD The present disclosure relates generally to systems and methods for
high- resolution inspection of circuit board assemblies using measurement
systems, and In  particular, to systems which measure solder joints within
circuit board assemblies for  quality control analysis. BACKGROUND OF THE
INVENTION 10 Rapid and precise quality control inspections of the soldering
and assemb  electronic devices have become priority items in the
electronics manufacturing  -industry. The reduced size-of componentsand
solder -connections, the resulting increased density ofcomponents on
circuit board assemblies and the advent of surface  mount technology
(SNIT), which places solder connections underneath device 15 packages where
they are hidden from view, have made rapid and precise inspections  of
electronic devices and the electrical connections between devices very
difficult to  perform in a manufacturing environment. Many existing'-4
inspection systems for electronic devices and connections make  use of
penetrating radiation to form images, which exhibit features representative
of  20 the internal structure of the devices and connections. These systems
often utilize conventional radiographic techniques wherein the penetrating
radiation comprises X- rays. Medical X-ray pictures of various parts of the
human body, e.g., the chest, amts,  legs, spine, etc., are perhaps the most
familiar examples of conventional radiographic  images. The images or
pictures formed represent the X-ray shadow cast by an object 23 being
inspected when it is illuminated by a beam of X--rays. The X-ray shadow is
30 recorded by an X-ray sensitive material such as film or other suitable
means. The appearance of the X-ray shadow or radiograph is determined not
only by  the internal Structural characteristics of the object, but also by
the direction from  which the incident X-rays strike the object. Therefore,
a complete interpretation and  analysis of X-ray shadow images, whether
performed visually by person or numerically 



Computer, often requires that certain assumptions he glade regarding the
characteristic of the object and its orientation with.1 respect to the X
ray bean . For  example, it is often necessary to make specific assumptions
regarding  the shape, 1PJAR 2005 internal structure, etc of the object and
the direction  of the incident X- rays upon the object. Based on these
assumptions, features of the X-ray image be analyzed to determined the
location, size,shape, etc, of the corresponding structural characteristic
of the object e.g a defect in a solder connection, which produced the image
feature. 5 These assumptions often create ambiguities, which degrade the
reliability of the  interpretation of the images and the decisions based
upon the analysis of the X-ray  shadow images. One of the primary
ambiguities resulting from the use of such  assumptions In the analysis of
conventional radiographs is that small variations of a  structural
characteristic within an object, such as the shape, density, and size of a
10 defect within a solder connection, are often masked by the overshadowing
mass of the  solder connection itself as well as by solder connections on
the opposite side of the  circuit board, electronic devices, circuit
boards, and other objects. Since the  overshadowing mass is usually
different for each solder joint, it is extremely  cumbersome and often
nearly impossible to make enough assumptions to precisely 15 determine
shapes, sizes, and locations of solder defects within individual solder
joints. In an attempt to compensate for such shortcomings, some systems
incorporate  the capability of viewing the object from a plurality of
angless. The additional views  enable these systems to partially resolve
the ambiguities present in the X-ray shadow  projection images. However,
utilization of multiple viewing angles necessitates a  complicated
mechanical handling system, often requiring as many as five  independent,
non-orthogonal axes of motion. This degree of mechanical complication
leads to increased expense, increased size and weight, longer inspection
times,  reduced throughput, impaired positioning precision due to the
mechanical  complications, and calibration and computer control
complications due to the non 23 orthogonality of the axes of motion. Many
of the problems associated with the conventional radiography  techniques
discussed above may be alleviated by producing cross-sectional images of  



the object being inspected. Tomog.raphic techniques such as laminokraphy
and  computer-aided tomography (C'T) have been used in medical applications
to produce 0 cress-sectional or body'-section images. In medical
applications, these techniques  have met with widespread success, largel'y'
because relatively low resolution on the  order of one or two millimeters (
approximately 0.04 to 0.0S. inches) is satisfactory and  because speed and
throughput requirements are not as sever`: as the corresponding I I N AR 2
JJ5 industrial requirements. In the case of electronics inspection, and
more particularly , for inspection o!  electric it connections such as
solder joins, image resolution on the order of 'several  micrometers, for
example, 20 micrometers (approximately 0.0 ; 08 inches) is preferred 5
Furthermore, an industrial solder joint inspection system must ;generate
multiple  images per second in order to be of practical use on an
industrial production line.  Laminography systems which are capable of
achieving the speed and accuracy requirements necessary for electronics
inspection are described in the following  patents: U.S. Patent No.
4,926,452, entitled, "AUTOMATED LAMINOGRAPHY  10 SYSTEM FOR INSPECTION OF
ELECTRONICS," issued to Baker et al.; U.S. Patent No. 5,097,492, entitled,
"AUTOMATED LAMINOGRAPHY SYSTEM FOR  INSPECTION OF ELECTRONICS," issued
toBaker et al:; U:S_ Patent Na.  5,081,656, entitled, "AUTOMATED
LAMINOGRAPHY SYSTEM FOR  INSPECTION OF ELECTRONICS," issued to Baker et
al.; U.S. Patent No. 15 5,291,535, entitled, "METHOD AND APPARATUS FOR
DETECTING  EXCESS/INSUFFICIENT SOLDER DEFECTS," issued to Baker et al.;
U.S. Patent  No. 5,621,811, entitled, "LEARNING METHOD AND APPARATUS FOR
DETECTING AND CONTROLLING SOLDER DEFECTS," issued to Roder et al.;  U.S.
Patent No. 5,561,696, entitled, "METHOD & APPARATUS FOR INSPECTING 20
ELECTRICAL CONNECTIONS," issued to Adams et al.; U.S. Patent No. 5,199,054,
entitled, "METHOD AND APPARATUS .FOR HIGH RESOLUTION INSPECTION  OF
ELECTRONIC ITEMS," issued to Adams et al.; U.S. Patent No. 5,259,012,
entitled, "LAMINOGRAPHY SYSTEM AND METHOD WITH  



ELECTROMAGNETICALLY DIRECTED MULTIPATH RADIATION SOURCE," 25 issued to
Baker et al.; U.S. Patent No. 5,583,904, entitled, "CONTINUOUS LINEAR  SCAN
LAMINOGRAPHY SYSTEM AND METHOD," issued to Adams; and U.S.  Patent No.
5,687,209, entitled, "AUTOMATIC WARP COMPENSATION FOR  LAMINOGRAPHIC
CIRCUI'T' BOARD INSPECTION," issued to Adams. The  entirety of each of the
above referenced patents is hereby incorporated herein by 30 reference. In
a l lnrinography system, which views is Fixed object and has an imaging
area  that is smaller than the object being inspected, it may be necessary
to move the object  around to position different regions of the  object
within the imaging area thus i 1 MAR 2005 generating multiple laminographs,
which when pieced together form an image of the  entire object. This is
frequently achieved by supporting the object on a mechanical handling
system, such as an X-Y-Z positioning table. The table is then moved to
bring the desired regions of the object into the imaging area. Movement 111
the X and  5 Y directions locates the region to be examined, while movement
In the Z  direction moves the object an and down to select the plane within
the object where the cross- sectional image is takers. Several of the
above-referenced patents disclose devices and methods for the  generation
of cross-sectional images of test objects at a fixed or selectable cross 10
sectional image focal plane. In these systems, all X-ray source system and
an X-Ray  detector system are separated in the "Z" axis direction by a
fixed distance and the.  cross-sectional image focal plane is located at a
predetermined specific position in the  "Z" axis direction which is
intermediate the positions of the X-ray source system and  the X-ray
detector system along the "Z" axis. The X-Ray detector system collects data
15 from which a cross-sectional image of features in the test object,
located at the cross- sectional image focal plane, can be formed. These
systems postulate that the features  desired to be imaged are located in
the fixed or selectable cross-sectional image focal  plane at the
predetermined specific position along the "Z" axis. Thus, in these systems,
it is essential that the positions of the cross-sectional image focal plane
and  20 the plane within the object, which is desired to be imaged, be
configured to coincide at  



the same position along the "Z" axis. If this condition is not met, then
the desired  image of the selected feature within the test object will not
be acquired. Instead, a  cross-sectional image of a plane within the test
object, which is either above or below  the plane that includes the
selected feature will be acquired. In some arrangements, 25 less than
optimal views of a solder joint may be imaged. Consequently, analysis of
these less than optimal views can lead to inaccurate analysis of the
associated solder Presently, one technique commonly used for positioning
the selected feature of  the test object within the cross-sectional image
focal plane, physically measures the 30 "Z"-axis position of the selected
feature. Using this measurement, the test object is then positioned along
the "Z" axis Such that the selected feature coin( ides with the -axis
position of the cross-sectional image focal plane. Ally of a Variety Of
standard methods and instruments may he used to physically measure, the "j
axis.  position of the selected of the test object. There are several types
of  commercially available Z-ranging systems, which are used to determine
the distance  between a known location In "T' and a feature on the surface,
or Mist below the  surface, of the test object. Such systems may he as
simple as a mechanical fixing of 5 the test object, a mechanical probe, a
laser-based optical triangulation system, an  optical-interferornetric
system, an ultrasonic system, among others. Any one of these  Z" axis
position measuring systems may be used to form a "Z-nmap" of the surface o
the test object. The "Z-map" typically consists of an array of X and Y
positions associated array of the Z-va]ues of the surface of the test
object. The locations 10 Y positions) are points on a plane shared with the
test object that is substantially  parallel to the cross-sectional image
focal plane. The systems most commonly used in  systems for cross-sectional
image features on printed-circuit boards are laser-based  triangulation
range finders. Range finders have been used in particular for
cross-sectional X-ray image  15 systems that are used to image electronic
circuit board assemblies. Circuit-board  assemblies are typically very thin
in comparison to the surface area in which the  components are mounted.
Some circuit assemblies are made with very dimensionally- stable material,
such as ceramic substrates. However, the majority of circuit-board  



assemblies are constructed with a material that is somewhat flexible or in
some cases 20 very flexible. This flexibility allows the board to develop a
warp in the axis perpendicular to the major surface areas (i.e., the
surface areas that contain interface  pins) or the "Z" dimension.
Additionally, some circuit board assemblies have  variations in board
thickness. In addition to electronic assemblies, there are many  other
objects that have dimensional variation on a scale that is significant when
25 compared to the depth of field of the "Z" focal plane in cross-sectional
X-ray imaging.  By measuring the surface of a warped test object, the
magnitude. of the variation in  the "Z" dimension care then be used to
properly adjust the positional relationship of  the test object with
respect to the "Z" focal plane of the cross-sectional imaging  system so
that the desired image of the features of interest within the test object
can be  30 imaged. Specifically, one such range tinder system is designed
for use in a system such  as that described U.S. Patent No. =!,926,452 to
Baker, et at. Hereafter referred to as  the `452 patent. The ' 152 patent
discloses a laminography system in which an X-ray 1Z MAR 2IU0' based
imaging system having a very  shallow depth of field is used to examine
solid  objects such as printed circuit boards, The shallow depth of field
provides a means  for examining the integrity of a solder joint without
interference from the components  above and below the solder joint. The
material above and below the solder joint is out 5 of focus, and hence,
contributes to a more or less uniform background. To provide the  needed
selectivity, the depth of field of the laminographic-imaging system is on
the  order of less than approximately 2 millionths of an inch (2 rnils.j.
Unfortunately,  surface variations on the printed-circuit board often
exceed this tolerance. To  overcome this drawback, the surface of the
printed-circuit board is mapped using a 10 laser-range finder. The detailed
laser-range finder generated map is then used to  position the circuit
board with respect to the X-ray imaging system such that the  component of
interest is in focus even when the board is translated from one field of
interest to another. One disadvantage of solder joint inspection systems is
the methodology used  15 in determining whether a measured solder-joint
feature is indicative of a solder joint  



that is "acceptable" or "defective." Present solder-joint inspection
systems apply a.  pre-set threshold to each solder Joint feature in order
to make these determinations.  This methodology for identifying "defective"
solder joints is problematic for  determining when an individual solder
joint on an array package is "defective." This 20 is especially evident in
the accuracy rate of identified "open circuits" for solder joints
associated with various array package types. Ball-grid array (BGA) circuit
packages, for example, have a planar-bottom  face or mounting surface that
is generally either square or rectangular in shape. This  face may be
covered with small spherical leads that carry electric signals to and from
25 the integrated circuit that is a part of the "chip" or integrated
circuit package. As is  known, the planar bottom forms part of a substrate
(typically a multi-layered  substrate.) to which an integrated circuit die
is affixed. A number of factors combine such that there are significant
measurable  differences frond solder ball (i.e., a solder joint,) to solder
ball across the surface of an  3t) array package. First, the package
material may vvaq) resulting in a significant variation in the relative.
distance between the mounting surfaces of the package and a
printed-circuit board. Generally. BOA packages warp such that the edges
tend to pull  away from the mounting surface of tht printed-circuit board
(i.e., the edges turn I MAR 2005 upward). However,  it should be
appreciated that BGA-package warp can occur in a  host or various ways
with the distance between the mounting surfaces  of a BOA  package and a
printed-circuit board varying in a number of different ways across the
mounting surfaces. Other packages, such as, but not limited to column arid
array 5 (CG.A), flip-chip, chip scale packages (CSFs), and quad flat packs,
etc. may also  suffer from wam_ In addition to package warp, the
printed-circuit board material may warp. It  should be appreciated that
these two conditions are not mutually exclusive of each  other. Stated in
another way, both the printed-circuit board (i.e., a mounting surface) 10
and the package may be warped. Furthermore, either of the printed-circuit
board  and/or the package may suffer from "tilt." A "tilt" condition is
present when the  mounting surface elevation (i.e., height in the "Z"
dimension) varies from one edge to  



an opposing edge on either a package or a printed-circuit board. These and
other factors may work together such that a printed-circuit assembly  15
may contain a plurality of multi-pin devices (e.g., array packages) with a
significant  variation in one or more solder joint measurements. For
example, in the case of  substantially uniform (in volume) solder balls
applied to the mounting surface  conductors of a BGA package, an increase
in the distance between the mounting  surfaces of the BGA package and the
printed-circuit board may cause one or more 20 solder balls to stretch such
that its diameter is less than that of the solder ball in its  pre-reflow
condition. Generally, the solder balls collapse from their pre-reflow
condition. The halls closer to the center of the array typically collapse
more than the  solder balls closer to the external edges of the array.
Despite a wide range of measured solder-joint characteristics across the 25
multitude of connecting pin locations on an array package, the associated
conductors  on the printed-circuit assembly and the array package may be
adequately connected,  both structurally and electrically, via the
corresponding. solder-joint. Any associated  differences in the various
measurements of the solder-joints (in those situations where  corresponding
conductors are adequately connected) is representative of an acceptable 30
variation across the plurality of solder joint measurements. The wide range
of acceptable solder-joint measurements makes it extremely  difficult to
set pass./fail thresholds for ~various measurements of solder-joints that
accurately reflect the actual electrical -1ind physical condition of each
individual solder  joint. In practice, the accurate detection of "open
circuit" conditions with solder -joint inspection systems for BGA devices
has been problematic. Not only is it time  consuming to rework each BGA
package identification as having one or more "defective" solder -joint test
results, short of a full functional test of the printed-circuit assembly 5
(i.e., a completely populated printed-circuit board), or in-circuit test of
the part, which requires 100% electrical test access, no non-destructive
verification method exists to Independently confirm the accuracy defect
conclusion. In response, some manufactures have usdd oval shaped pads vvith
various  printed-circuit devices. The, oval shaped pads cause solder balls
to formI oval shaped  



10 solder joints when the pad is properly bonded by the solder. The oval
shaped pads permit detection of "open" solder joints as the associated
solder image remains  circular. Despite this and other improvements in
detecting defective solder joints, it  would be desirable to have an
improved system a and method for improving the  accuracy of solder-joint
inspection systems in accurately identifying defective solder 15 Joints
used to physically and electrically connect various printed-circult devices
on  pi-inted-circuit boards that accounts for acceptable variation in
measured solderjoints  on a printed-circuit assembly. SUMMARY OF THE,'
INVENTION 20 In response, to these and other shortcomings of the prior art,
a solder-joint  inspection system and method for adapting test threshold to
identify solder-joint  defects are disclosed. In one arrangement, the
solderjoint Inspection system records  location in formation regarding a
plurality of pins (i _e., solderjoint interfaces) on each  printed-circult
device of a printed-circult assembly (i.e., a device populated printed 25
Circuit board) as well as information regarding, the variation in distance
between the  mounting surface of the printed-circuit assembly, and &vice
package. The solder joint inspection system generates an expected pass/fail
criteria for each solder joint  that accounts for acceptable variation in
actual measurement  values recorded for the  set of solder Joints on each
printed-circult device. Briefly described, in architecture  30 an improved
solder-joint Inspection system can be realized with a means  for measuring
a solder joint; a means for computing ; and a data storage means Some
-embodiments of the system can be viewed as providing a method for
identifying solder joint defects. In this regard, the method can be
summarized by the  1 1 MAR 2005 following steps: recording a measurement
of each solder joint or, a printed-circuit  assembly; estimating Iii
expected value for each of the solder joints that accounts for  acceptable
valiance in elevation of the printed-circuit device with respect to a
printed- circuit board; comparing  the recorded measurement with the
expected value for each 5 solder joint to generate a error value for each
solder joint; and identifying  measurement error outliers. Other
embodiments of the system can be viewed as providing a method for  



adapting test thresholds. In this regard, the method can be summarized by
the  following steps: acquiring location information for a plurality of
pins on a printed 10 circuit device; obtaining information indicative of
height variation across a mounting  surface of the printed-circuit device;
recording a measurement of a plurality of solder  joints associated with
[he plurality of pins; estimating a range of acceptable  measurements for
respective solder joints responsive to the height variation across the
mounting surface; and setting at least one threshold responsive to a limit
of the range. 15 Other systems, methods, and features associated with the
adaptation of test  thresholds that account for acceptable solder joint
diameter variance in a printed- circuit assembly will become apparent to
one with skill in the art upon examination of  the following drawings and
detailed description. It is intended that all such additional  systems,
methods, and features included within this description, are within the
scope 20 of the systems and methods for identifying solder joint defects as
protected by the  accompanying claims BRIEF DESCRIPTION OF THE DRAWINGS The
systems and methods for adapting test thresholds for identifying solder  25
joint defects can be better understood with reference to the following
drawings. The  components in the drawings are not necessarily to scale
emphasis instead is placed  upon clearly illustrating the principles of the
test methods and the adaptation of test  thresholds that account for
acceptable solder joint measurement variance across a  printed-circuit
device on a printed-circuit assembly. Furthermore, in the drawings, 30 like
reference Numerals designate corresponding parts throughout the several
views.  FIG. 1 is a block diagram of an exemplar circuit inspection system.
FIG. 2 is a plot of solder joint diameter values for an exemplar ball-grid
allay device.. MAR 2005 FIG. 3 is a plot l solder- joint diameter values
]or another exemplar ball-grid array device. FIG. 4 is a side-view
illustrating the effect of ball-grid array wary or; individual solder joint
diameters. 5 FIG. 5 is a side-view illustrating the effect of ball-grid
array warp coupled with  



printed-circuit board tilt and warp on individual solder point diameters.
FIG. 6 is a plan-view of an exemplar hall-grid array device illustrating a
method for determining the distance from a centroid of a device for two
solder joints.  FIG. 7 is an exemplar plot of solder- joint diameter values
versus solder joint  10 (pin) distance from a package centroid. FIG. 8 is a
second exemplar plot of solder joint diameter values versus solder  joint
(pin) distance form a package centroid. FIG. 9 is an exaggerated plan-view
of solder joint diameters for a first  arrangement of solder joints on an
exemplar ball-grid array package. 1 5 FIG. l 0 is an exaggerated plan-view
of solder joint diameters for a second  arrangement of solder joints on an
exemplar ball grid array package. FIG. 11 is a schematic illustrating the
association of identified solder joints on  an exemplar ball-arid array
package with its neighboring solder joints that may be  applied by the
circuit inspection system of FIG. 1. 20 FIG. 12 is a plot of near neighbor
solder joint diameter errors sorted by  package type and error size that
may be created by dated recorded by the circuit  inspection system of FIG.
1. FIG. 13 is a plot illustrating a near neighbor solder-joint diameter
errors outlier  analysis that may be applied by the circuit inspection
system of FIG. 1. 25 FIG, 14 is a flow diagram that illustrates a method
for adapting test thresholds  that may be practiced by the circuit
inspection system of FIG. 1. FIG. 15 is a functional block diagram
illustrating various exemplar  components of the solderjoint analysis
application of FIG. 1. FIG. 16 is a flow diagram that illustrates a method
for identifying, solder-joint  30 defects that may, he practiced by the
circuit inspection system of FIG. 1. 10 i1'R2J5 DETAILED) DESCRIPTION The
present invention is directed to a system and method, which addresses the
above listed problems. Particularly important is that an improved
solder-joint  inspection system configured to apply the method for adapting
test thresholds may 



5 significantly reduce the number of false "defects" identified upon
analyzing one or more measurements of Mach individual solder joint. An
improved solder-joint  inspection system configured In accordance with the
method for adapting' test thresholds accounts for acceptable variation in
the distance between the mounting  surfaces of a printed-circuit device
package and a printed-circuit board when setting  10 pass/fall criteria.
More specifically, the method for adapting test thresholds accepts
low-frequency variation in measured parameters of adjacent solder joints
across the  mounting surface of the printed-circuit device, while
identifying high-frequency  variation between adjacent solder joints. To
facilitate the description of the system and method, an exemplar system is
1S discussed with reference to the figures. The exemplar system and
associated methods  are provided for purposes of illustration only. Various
modifications are feasible  without departing from the inventive concept.
For example, the exemplar data, figures, and related description are
focused on  diameter measurements associated with solder joints affixed to
BGA packages. Those  20 skilled in the art will appreciate that
low-frequency variation occurs in other solder joint types (i.e.,
non-spherical joints) at least due to the same reasons that cause BGA
packages and printed-circuit boards to warp. Consequently, the method for
adapting  test thresholds will be applicable to various other solder joint
types. In accordance with preferred embodiments, a commercially-available
solder- joint inspection system, such as the 5DX X-ray Inspection System
available from  Agilent Technologies of Palo Alto, California, records
location information regarding  a plurality of pills (i.e., solder-joint
interlaces) on each printed-circuit device of a  printed-circuit assembly
(i.e., a device populated printed-circuit board). Using the  location
information, the solder-joint inspection system associates each of the
plurality 30 of pins with a set of neighbor pins (i.e., adjacent pins) on
each respective printed- circuit device. After recording at least one
actual measurement of characteristic of  each solder joint under
inspection, the solder joint inspection system generates an  expected
pass/fail criteria for each measurement associated With each respective 11
I 1 t"` wi ,'R. 



solder joint that accounts for acceptable (i.e., low frequency) variation
in the  actual  measurement values recorded. Exemplar characteristics Ofa
solder joint that may be  measured may include thickness, shape, heel
height, solder volume, among others. Several estimating, techniques may be
used to identify individualized expected  5 values for each pin of a
printed-circuit device. For example, one embodiment uses a  statistical
value derived from a set of adjacent solder joint measurements to estimate
an expected measurement of a present solder Joint under test. Statistical
values may  include an average, a mean, a median, etc.. In a variation of
this first embodiment,  measurements recorded from across the mounting
surface may be sampled when 10 estimating the expected values. In other
words, the estimated values for each solder  joint used to couple a 100 pin
device could be determined from actual measurements  from a subset of
solderjoints across the 100 pin device. A second embodiment performs a
two-dimensional polynomial fit over the  measurement data to identify an
expected measurement value for a solder joint under  15 test. A third
embodiment employs a Fourier analysis over the measured results to identify
high-li-equency variations between adjacent solder joints. An inverse
Fourier  transform can be used to identify an expected measurement value
for specific solder  joints. Once an expected measurement value is
associated with each solder joint of a  package under test, the solder
joint inspection system can perform a comparison of the 20 actual measured
value for each particular solder joint of interest with the associated
expected value to generate an error value. After an error value is
associated with  respective solder joints under test on each
printed-circuit device, an outlier analysis  can be performed to derive a
custom pass/fall criteria for each solder joint. Referring now to FIG. 1,
illustrated is a functional block diagram showing  25 various components
within an exemplar solder-joint inspection system 100. Generally, FIG. I is
a schematic illustrating the various functional building blocks of a
computer-based solder-joint inspection system, which can apply the various
methods  for identifying solder-joint defects. Generally, the solder joint
inspection system 100  can comprise any one of a wide variety of wired
and/or wireless computing devices, 1) such as a desktop computer, a
portable comp titer, a dedicated server computer, a  multi-processor
computing device, among others. Irrespective of its specific  



arrangement, the solder-joint inspection system 100 can, for instance,
comprise a  processing device 102, memory 1 10, quo or more user interface
devices 120, a display 2D 1 I 130, one or more inpRoutput (1/C)I devices
I4'), and one or more network Interlace.  devices 150, each of which is
connected via a Local interlace 11 X, The processing device 102 can include
any custom made or commercial ly  available processor, a central processing
unit (CPU) or an auxiliary processor among  5 several processors associated
with the solder joint inspection system 100, a semiconductor based
microprocessor (1n the form of a microchip), a macro-processor,  one or
more application-specific integrated circuits (ASICs), a plurality of
suitably  configured digital logic gates, and other well known electrical
configurations  comprising discrete elements both individually and in
various combinations to 10 coordinate the overall operation of the
solder-joint inspection system 100. The memory 1 10 can include any one of
a combination of volatile memory  elements (e.g., random access memory
(RAM, such. as DRAM, SRAM, etc)) and  non-volatile memory elements (e.g.,
ROM, hard drive, tape, CDROM, etc.). The  memory 1 10 typically comprises
an O/S 112, one or more applications such as a 15 solder joint analysis
application 114. Persons having ordinary skill in the art will  appreciate
that the memory 110 can, and typically will, comprise other components,
which have been omitted for purposes of brevity. These may include a, host
oC  programs configured to control various aspects of the solder-joint
inspection  mechanisms. 20 The one or more user interface devices 120
comprise those components with  which the user can interact with the
solder-joint inspection system 100. For example,  where the solder-joint
inspection system 100 comprises a personal computer (PC),  these components
can comprise a keyboard and mouse. Where the solder joint  inspection
system 100 is expected to be used in extreme environments (e.g., near a 25
solder flow machine), We components can comprise function keys or buttons,
a  touch-sensitive screen, a stylus, etc. The display 130 can comprise a
computer  



monitor or plasma screen for a PC or alternatively a liquid crystal display
(LCD) as  may he desired. With further reference to FIG. 1, the one or more
1JO devices 140 are adapted  30 to f :cilitate connection of the solder-
joint inspection S,-Stem 100 to another system  and/or device and may
therefore include One or more serial, parallel, small computer  system
interface (SCSI), universal serial bus (USB), IEEE 1394 (e_g., Firewiretm),
andAY other interface: components that may he used to comrnunicative.ly
couple the 3,  a R 2005 13 J'IfAR 2005, Solder-joint inspection system 100
with one or more remote data storage devices for recording test measurement
results. The network interface devices 15i.i comprise the  various
components used to transmit and/or receive data over a network. By way oC
example, the network interface devices 150 may Include a device that can 5
communicate both inputs and outputs, for instance, a modulator/demodulator
(e. g., a  modem), wireless (e.g., a radio-frequency (RF)) transceiver, a
telephonic interface, a  bridge, a router, a network card, etc. Various
software and/or firmware will be used to manage, coordinate, measure,
record, estimate and compare expected values with measured values to
generate error  10 values, as well as to perform an outlier analysis on the
generated error values, among other functions. The related software and/or
firmware responsible for theses and other  functions associated with the
use of the underlying solder-joint inspection system 100  can be stored on
any computer-readable medium for use by or in connection with any
computer-related system or method. In the context of this document, a
computer 15 readable medium denotes an electronic, magnetic, optical, or
other physical device or  means that can contain or store a computer
program for use by or in connection with a  computer-related system or
method. These programs can be embodied in any  computer-readable medium for
use by or in connection with all instruction execution  system, apparatus,
or device, such as a computer-based system, processor-containing 



20 system, or other system that can fetch the instructions from the
instruction execution system, apparatus, or device and execute the
instructions. In the context of this  document, a "computer-readable
medium" can be any means that can store,  communicate, propagate, or
transport the program for use by or in connection with the  instruction
execution system, apparatus, or device. 25 The computer-readable medium can
be, for example but not limited to, an  electronic, magnetic, optical,
electromagnetic, infrared, or semiconductor system,  apparatus, device, or
propagation medium. More specific examples (a noel-exhaustive  list) of the
computer-readable medium Include an electrical connection having one or
more wires, a portable computer diskette, a random access memory (RAM), a
read- only memory (ROM), an erasable programmable read-only memory (EPROM),
an  electrically erasable programmable read-only memory (FEPROM), or Flash
n-lemory,  an optical fiber, and a portable compact disc read-only memory
'CD ROM). Note that  the. computer-readable medium can even be piper or
another suitable medium upon MAR 2005 which a program is printed, as the
program can he electronically captur-ed, via for  instance, optical
scanning of the  paper or outer medium, then compiled, interpreted or
otherwise processed in a suitable manner as necessary and then stored in a
computer  memory. FIG. 2 illustrates a plot 200 of sample data points
measured and recorded from a particular type of BGA device package. As
illustrated in the plot of FIG.2, the data  includes the diameter in mils.
for more than 350 solder joints inspected. One ()(-the  solder joints
associated with a pin near the left of the plot, identified by reference
number 210, has a known defect. As illustrated solder joint 210 has a
diameter of 10 approximately 30.5 mils and is nearly in the middle of the
range of recorded diameters  for the BGA package. More specifically, the
recorded diameters for individual solder  joints range from 29tmils, to
31.5mils. for a total variation in diameter of 2.5mils.  Clearly this view
of the data indicates that it is impossible to set either a low or a high
threshold that would isolate and/or otherwise identify the known solder
joint with the 15 defect from a host of acceptable solder joints.
Consequently, an acceptable solution is  



not available for setting pass/fail thresholds given this data arrangement.
Similarly, FIG. 3 illustrates a plot 300 of sample data points measured and
recorded from another BGA device package type. As illustrated in the plot
of FIG. 3,  the data includes the diameter in mils. for more than 350
solder joints inspected. 20 Here, none of the solder joints is defective.
The recorded diameters for individual  solder joints range .from
approximately 26.75mils. to 31.5mils, a range of 4.75n-ills. or  nearly
twice the range of diameters recorded for solder joints associated with the
BGA  device represented in FIG. 2. Importantly, despite the dramatic
increase in the range  of solder joint diameters recorded, not a single
solder joint in plot 300 is defective, 25 further illustrating that a
direct application of pass/fail thresholds based solely on  individual
solder joint diameter measurements may lead to inaccurate defect calls.
Reference is now directed to the side view of FIG. 4. As Illustrated in
FIG. 4, a printed-circuit assembly 400 may comprise a BGA device 410 and a
printed-circuit  hoard 420 electrically and physically connected at a
plurality of substantially aligned  30 points via a plurality of solder
joints 4 12. It is important to note that the illustration is not to scale.
The relative height (i.e., the thickness) of the FGA device 41.0 and the
printed-circuit board 420 used in forming the. primed circuit assembly 400
will often 15 I 1 MAR 2UJ5 vary and the silo of the various solder joints
formed by the plurality of solder balls  will generally be significantly
smaller. As further illustrated in the side view of FIG. 4, the BOA device
41(1 may  wale with an upward curve such that opposing ends of the BGA
device 41(1 are 5 "pulled" away from the mounting (i.e., the upper) surface
of the printed-circuit board  420. The BGA device 410 may warp due to
thennal expansion mismatches within the  package and/or for other reasons
such as stress applied by the printed-circuit board.  The solder joints 412
cool before the materials in the BGA device 410, thus setting the  warp.
Because the volume of material (solder)_o each of the solder balls remains
10 fixed, those connection points with mounting surfaces (the underside of
the BGA  device 410 and the upper surface of the printed-circuit board 420)
further removed from each other in the "Z" dimension will have a reduced
diameter when measured at  



the focal plane 450. As previously explained, this BOA device warp can
cause a wide  variation in the measured diameters of solder joints 412.
Because of the upward 15 curvature of the BGA device 110, solder joints
near the center of the BGA device 410  typically have a larger diameter
than solder joints toward the outer edges of the BGA  device 410. As
illustrated in the side view of FIG. 5, a printed-circuit assembly 500 may
comprise a BGA device 510 and a printed-circuit board 520 electrically and
physically  20 connected at a plurality of substantially aligned points via
a plurality of solder joints 512. As with the illustration of FIG. 4, the
printed-circuit assembly 500 of FIG. 5 is  not to scale. As illustrated in
the side view of FIG. 5, there are at least two other factors that can
result in an acceptable variance in solder joints measurements solder
joints associated with a BGA device 510: printed-circuit board warp and BGA
25 device tilt. A BGA device tilts when one corner or more corners is at a
different "Z" value than the remaining corners of the BGA device 510. As in
the case of BGA.  device warp as shown in FIG. 4, printed-circuit hoard
warp may be non-linear and  vary across both the X and Y (i.e., into the
page) dimensions. Consequently, the  connection points with mounting
surfaces (the underside of the BOA device 510 and 30 the upper surface of
the printed circuit board '20) further removed from each other i1]  the "Z"
dimension, will have a reduced diameter when measured at the focal plane
550. As previously explained, the resulting wide variation in the measured
diameters  of solder joints 512 makes it difficult to use this information
as the sole indicator of I() where to place pass/fail criteria for use in
the solder-joint inspection system I(.)(-) (F).G, Reference is now directed
to the, plan view of FIG. 6, which illustrates a  method (or associating
the distance from the centroid 610 of an exemplar BGA device  600 with each
of the plurality of solder joints 612 located on the mounting surface of
the device. As illustrated in FIG. 6, the solder-joint inspection system
100 can he used to identify a centroid 610 of a particular BGA device 600
presently under test.  After having identified the centroid 610 of the BGA
device 600 in the X - Y plane,  the solder joint inspection system 100 can
be used to determine and store the distance 10 of the center of each
respective solder joint 612 from the centroid 610. 



The significance of these distance measurements will be appreciated when
observing the sample data plots of FIGs. 7 and 8. The data plot 700,
illustrated in  FIG. 7, arranges the solder joint-diameters for the various
conducting points of the  exemplar BGA device type by their distance from
the centroid 0-10 of the BGA device 15 600 (FiG. 6). As opposed to the
sample data plot of FIG. 2, the data indicates a  somewhat linear
relationship between solder joint diameter in mils. and the distance  of
the solder joint from the centroid 610. Similarly, the data plot 800,
illustrated in FIG. 8, arranges the solder joint  diameters for the various
conducting points of the exemplar BOA device type by their  20 distance
from the cenlroid of the BGA device. As opposed to the sample data plot of
FIG. 3, and as in the case of the sample data plot 700 of FIG. 7, the data
indicates a  somewhat linear relationship between solder joint diameter in
mils. and the distance  of the solder joint from the centroid- However, in
the case of the BGA package type  analyzed and plotted in FIG. 8, the slope
of the linear relationship is negative with  respect to an increase in
distance of the respective solder joint from the centroid of the  device-
Clearly these views indicate that it is possible to configure one or more
thresholds for each separate solder joint of a BGA device when the
thresholds account  for the acceptable variance that can be expected across
the various solder joints  arranged along the X-Y plane. For example, an
upper pass!faail threshold for solder joint diameter may mirror  the
average diameter vs. distance from tho centroid for solder joints
associated with a  particular printed-circuit device. The upper pass fail
threshold may he applied in a  linear fashion having a fixed positive delta
from the average diameter vs. distance MAR 2005 measurements recorded for
the particular printed circuit device. Actual solder joint  diameters that
exceed the upper passifail threshold where the distance between the
mounting surfaces is not relatively close may be considered as having
excess solder  and may he marked for further investigation. Similarly, a
lower pass/fail threshold may mirror the diameter vs. distance from the
centroid for the solder joints on the printed-circuit device with the lower



pass./fai! threshold having a fixed negative delta from the diameter vs.
distance  measurements recorded for the printed-circuit device. Actual
solder-joint diameters  that exceed the lower pass/fail threshold may be
indicative of an open circuit 10 condition and may be marked for further
observation. FIGS. 9 and 10 present plan views of two exemplar BGA devices.
The BGA  device 900 illustrated in FIG. 9 is representative of an
arrangement that places solder  joints in rows and columns near the
external edges of the device. As illustrated in the  plan view of FIG. 9,
the mounting surface of the BOA device 900 is substantially 15 coplanar
with the X and Y dimensions of the solder-joint inspection system 100 (FIG.
1). For purposes of illustration, the exaggerated diameter chart reveals a
number of  solder joints 912 across the mounting surface. The diameter of
each of the individual  solder joints shown is substantially out of scale
in order to illustrate solder-joint  diameter variance across the
individual solder joints on the BGA device 900. As 20 shown in the plan
view of FIG. 9, the BGA device 900 reveals a non-linear "Z"  dimension
variation in the diameters of each of the solder joints 912. Here, the
solder  joint diameter variance is somewhat random across the mounting
surface of the BGA  device 900. The BGA device 1000 illustrated in FIG. 1 0
is representative of an 25 arrangement that places solder joints 1012 in
rows and columns centered about the  centroid of the mounting surface of
the device. As illustrated in the plan view of FIG.  10, the mounting
Surface of the BGA device 1000 is also substantially coplanar with  the X
and Y dimensions of the solder-joint inspection system 100 (F[G. 1). As
with  the exaggerated solder joint diameter chart of FIG. 9, the
exaggerated solder-joint 30 diameter chart of FIG. 10 reveals .s number of
solder joints 1012- across the mounting  surfacee. As shown in the plan
view off IG. 10, the BOA device 1000 has warped in  the typical manner,
with the solder joints closest to the external ed=cs having the 18 I I 4AR
2005 smallest diameters and those solder joints relatively close to the
centroid of the. BGA  device 100() having the largest diameters. In
accordance with preferred embodiments of the improved solder-joint  



inspection system 100 (FIG. 1) and the associated method for adapting test
thresholds,  5 a near neighbor analysis is performed for each of the solder
joints associated with a printed -circuit device (e.g., BGA device 900) in
order to account for the acceptable  measurement variance across the solder
joints of the respective printed-circuit devlct.  The technique assumes
that there is change in solder joint measurements over the  package, but
that measurement changes from one solder joint to adjacent solder joints 10
should he very small. Each solder joint associated with a BGA device may be
associated with a set of near neighbor solder joints as illustrated in the
partial plan  view of FIG. I I. When a solder joint is located along the
edge of the BGA device  1100 as is the case with solder joint 1 1 12a, the
five adjacent solder joints 1 113a will  form the elements of the near
neighbor set for solder joint 1 1 12a. For a solder joint 15 located in a
corner of the array of solder joints, as is the case with solder joint 1 1
12b,  the three adjacent solder joints I 1 13b will form the elements of
the near neighbor set  for solder joint 1 1 12b. As further illustrated, a
"field" solder joint (i.e., a solder joint  surrounded by eight adjacent
solder joints) may be associated with the eight adjacent  solder joints.
Note that a number of different methods could be used to choose 2U neighbor
pins (i.e., solder joints) in addition to those illustrated in FIG. 11. For
example, solder joints within a specified number of rows or columns could
be  considered among various other methods for associating neighbor solder
joints with a solder joint under test. A number of different methods may be
used to estimate an appropriate solder  25 joint measurement from the same
measurement recorded for the solder joints in a  particular solder joints
near neighbor set. For example, the measured values  associated with each
of the solder joints within a near neighbor set can be statistically
analyzed to set an expected measurement for an identified solder joint. In
this regard,  the mean, median, or average measured value for the se.t of
measurements can he used j0 as the expected value the identified solder
joint. In some arrangements, an estimated  value may be predicted based on
a measured characteristic. For example, the height  Of a solder joint could
be measured and knowin'g the volume of an original solder ball  an estimate
of an expected diameter for the associated solder joint may he determined.
MAR, 110[1,5 



A near neighbor error value can then be calculated for each  of the
plurality of  solder joints by comparing the actual solder joint
measurement with the expected value derived for the solder joint from the
measurements of the near neighbor set. The near neighbor error data for the
exemplar BGA device types previously described 5  is illustrated in the
data plot of FIG.12. In this regard, the data plot 1200 illustrates  BGA
device type and error maonitude, As shown by th-- composite data plot 1200,
the error signature of the exemplar BGA346 device is significantly
different From the  error signature of the BGA347 device. 10 Reference is
now directed to the near neighbor outlier analysis plot  Illustrated in
FIG- 13. The composite data plot 1300 Illustrates .1 box plot analysis of
tht near neighbor error data plot 12100 (FIG. 121). A box plot Is an
effective visual  representation of both central tendency and dispersion.
It simultalleously shows the  25th, 50th (I-nedian), and 75th percentile
scores, along with the minimurn and 15 maximum scores. The "box" of the box
plot shows the middle or "most typical" 50%  of the values., while the
"whiskers" of the box plot show the more extren-it values. is  The height
of the boxes 1302 and 1304 for the respective BGA devices is representative
of the interquartile range (IQR) It has been discovered that considering
any diameter error more than three 20 times the IQR beyond the top of the
respective box 1302, 1304 is an effective pass/fall  threshold for BGA
solder Joints. As illustrated by the box plot data in the composite  piot
of FIG. 13, no outlier near neighbor error value for tht BGA347 device type
exceeds the contemplated (13 times IQR) value. In this case, the improved
solderjoint  inspection system 100 has accurately reported no defects
associated with the solder ?5 Joints of theexernplar BGA34-/ device. As
further Illustrated in the composite box  plot 1300, the same cannot be
said for the soldti-joint. error outliers associated with  the exemplar
BGA346) devict. As Illustrated, several near neiglibor CI-1-01- ValUtS
excetd the contemplated error value threshold. As in the case of the other
BGA  device type, the improved solder joint Inspection method and
associated mehod for 30 ~adapting test thresholds has accurately identified
that the exemplar BGA346 device  has solderjoint defects- As described
above, flits technique for adapting test  



thresholds compensates for DGA device warp, printed-circuit  board. and DGA
device tilt. The technique accurately identifies many BGA device
solderjoint Open I i AR 2U05 conditions that were previously undetected
with the 5DX solder-joint inspection system. Reference is now directed to
the flowchart of 1;1G. i4. which illustrates a  method for identityingg
solder joint defects 1400 that mnay be practiced by the 5 improved solder
joint inspection system 100 of FiG. I. In this regard, the improved
solder-oint inspection system 100 may begin practicing the method 1400 by
acquiring  the location of the conductive pins (i.e., the center of the
array package solder joints)  across the mounting surface of an array
package device as indicated in step 1402.  After having located each of the
pins and thus the solder joints, the improved solder 10 joint inspection
system 100 may acquire information concerning array package warp  as
illustrated in step 1404. This information may be measured using a laser
rangefinder and/or by other methods such as but not limited to identifying
the near  neighbor conductor pins or solder joints for each solder joint on
a device under test  and estimating the package warp by observing one or
more characteristics of the 15 solder joints associated with the near
neighbor pins. The improved solder joint  inspection system 100 may then
measure and record the actual diameter and/or some  other relational
characteristic (i.e., the thickness, heel height, solder volume, etc.) of
each solder joint as indicated in step 1406. Thereafter, as illustrated in
step 1408, the improved solder joint inspection 20 system may formulate an
estimated or expected value for each of the solder joints. A  number of
different methods may he used by the solder-joint inspection system to
derive the expected values. For example, measured diameters or some other
characteristic of the solder joints along a row of solder joints in the
X-dimension  and/or along a colurnn of solder joint diameters in the
Y-dimension may be used to 25 formulate a best fit polynomial equation for
the corresponding data set formed by the  measured diameters. The resulting
best-fit polynomial equation may then be used to  generate an expected
value for each solderjoint. In other embodiments, an expected  value for
each individual solder joint can be determined as a mathematical result
from  



an expected best-lit result in the X-dimension in combination with a
best-fit result in  30 the Y-dimension. Alternatively, a Fourier analysis
can be applied to the measured data to  generate anl expected value I' r
each of the solder joints. As is known, a Fourier  transform presents a
representation of .a two-dimensional relationship as a weighed 1 1 H111R
2005 sum of sines and cosines forward transform goes from the spatial
domain, which  may he continuous or discrete, to the frequency domain,
which is always continuous.  Thus a Fourier transform can he used to
analyze data in the frequncy domain for high  frequency changes in the
measured diameters. As is known, high-frequency changes 5 can he removed
via a suitably configured filter. The inverse Fourier transform may  then
he applied to the data to derive the expected values for each of the solder
joints.  Irrespective of the method used to generate the expected values,
the low-frequency  (acceptable) variation in measured values across the
array package device are reflected  in the expected values and thus the
modified pass/fail thresholds. 10 Next, as shown in step 1410, the improved
solder-Joint inspection system 100  may be programmed to compare the
estimated or expected value generated in step 1408 with the respective
measured value for each of the solder joints recorded in step  1406 to
generate an error value. As described above, and as illustrated in step
1412,  the improved solder joint inspection system 100 may be programmed to
store and 15 analyze the errors for outliers. These outliers are indicative
of unexpected a  high-frequency) variance in the solder joint measurement,
which has been determined  to be an accurate indicator of defective solder
joints for BGA devices. It should be  appreciated that the process steps
illustrated in the flowchart of FIG. 14 may he  repeated as desired to
complete a solder joint analysis of other printed-circuit devices  20
mounted on it printed-circuit assembly. FIG. 15 is a Functional block
diagram illustrating various exemplar  components of the solder joint
analysis application 114 of FIG. I. In this regard the  solder-joint
analysis application 114 may include recording logic 1500 configured to
receive one or more characteristic values observed in various images
generated and 25 analyzed by the solder-joint inspection system 100. The
solder-joint analysis  



application 114 may also include logic 1510 configured to determine an
expected  value for each of the solder joints under observation. As
previously described, the  logic 15 10 may use any of a number of methods
for generating an expected measurement value for each respective solder
joint that accounts for variance between  30 the mounting surfaces of an
associated device and the printed-circuit board. As shown in FIG. 15, both
the recording, logic. 1 500 and the logic 1510 may be  configured to
provide information regarding each respective solder joint to  comparison
logic 1520- In turn, comparison logic 1520 may he configured  to  I MAR
200, determine the difference in magnitude between the measured the
recorded  measurement value) and lh associated expected value: far each of
the respective  solder Joints under observation. As further illustrated in
tl;e block diagram, the  comparison logic 1520 may be configured to forward
each of the respective error data values to an error value data array 1530.
Next, the error- value outlier analysis logic 1540 may be configured to
receive  a plurality of the respective error data values and perform an
outlier analysis on the  information. After having identified the error
value outliers in the outlier analysis  logic 1540, the solder joint
analysis application 114, may forward identification 10 information
associated with the outlier data values that exceed a threshold to the
outlier error reporting logic 1550. The outlier error reporting logic 1550,
may in turn  provide position and/or other identifiers for the associated
solder joints to one or more  peripheral devices in communication with the
solder-joint inspection system 100. FIG. 16 is a flow diagram that
illustrates a method for identifying solder-joint  15 defects 1600 that may
be practiced by the circuit inspection system of FIG. 1. In this  regard,
the improved solder joint inspection system 100 may begin practicing the
method 1600 by measuring and recording a physical characteristic of each
solder joint  associated with a particular array package. After having
measured each of the solder  joints, the improved solder-joint inspection
system 100 may use information 



20 concerning array package warp anchor printed circuit hoard warp to
estimate an  expected value for each of the measured solder joints as
indicated in step 1604.  Next, as illustrated in step 1606, the improved
solder-joint inspection systern 100 may be configured to compare the
expected value with the respective measured  value to generate an error
value for each solder joint under observation. As indicated  25 In step
1608, the plurality of error values generated in step 1606, may be applied
in an  error data value outlier analysis to identify defective joints.
While particular embodiments of the improved solder-joint inspection system
100 have been disclosed in detail in the foregoing description and drawings
for  purposes of example, it will be understood by those skilled in the art
that vaI-rations 30 and modifications thereof can he made without departing
from the scope of the  invention as set forth im the following, claims. For
instance, other solder-joint  measurenments associated with non-array
package type devices can be expected to  reflect low-frequency variation
for various r asons including those described above I I MAR which result in
"Z -dimension variance between tht mounting surfaces,  Consequently, one or
more related techniques for adapting pass/fail thresholds for  non-array
package solder joints. The present disclosure is intended to include the
application cif these techniques. 24 1 1 MAR 200 CLAIMS Thus, having
described the systems and methods for identifying solder joint defects, I
claim the following: A method for adapting test thresholds, comprising the
following steps: sequiring location information for a plurality of solder
joints on a  printed -circuit device; obtaining information indicative of
the variation in distance between a mounting  surface of the
printed-circuit device and a printed-circuit board; recording a measurement
of a physical property of a plurality of solder joints used to  couple the
printed-circuit device to the printed-circuit board; 



estimating a range of acceptable measurements for respective solder joints
responsive  to variation in distance between the mounting surface of the
printed-circuit device and the  printed-circuit board; and setting at least
one threshold responsive to the range. 2. The method of claim 1, wherein
the step of acquiring location information  comprises an investigation of
an array package. 3. The method of claim 1, wherein the step of recording
comprises a diameter measurement. 4. The method of claim 1, wherein the
step of recording comprises a he measurement. The method of claim 1,
wherein the step of recording comprises a volume measurement. b_ The method
of claim 1, wherein the estimating step comprises performing a  statistical
analysis on recorded measurements of an identified set of neighbor solder
joints. 25 1 1 MAR 2x05 7. The method of claim 6, wherein the statistical
analysis comprises calculating  the median of the recorded measurements of
the identified set of neighbor solder joints. 8. The method of claim 1,
wherein the estimating step comprises formulating a  best fit polynomial
equation using the recorded measurements of a plurality of solder joints.
9. The method of claim 1, wherein the estimating step comprises applying
the  recorded measurements of a plurality of solder joints in a Fourier
analysis. 10. The method of claim 9, wherein the Fourier analysis comprises
the application  of a high-frequency filter on the recorded measurements of
an identified set of solder joints  distributed across the surface of the
device. 11. The method of claim 1, wherein the step of setting further
comprises:  comparing the expected value with the recorded measurement to
generate an error value for the plurality of solder joints on the
printed-circuit device; and performing an outlier analysis on the plurality
of error values to establish at least one  threshold value. 12. The method
of claim 11, wherein the step of comparing the expected value  



with the recorded measurement comprises a mathematical combination of the
expected value  with the recorded measurement. 13. The method of claim 12,
wherein the mathematical combination comprises a  difference. 26 i i MAR
200$ 14. A method for identifying solder joint defects, comprising the
steps of:  recording a measurement associated with a plurality of solder
joints on a printed- circuit device; estimating an expected value for the
plurality of solder joints that accounts for  acceptable variance in the
distance between the mounting surfaces of a printed-circuit device  and a
printed-circuit board coupled by the solder joints; comparing the recorded
measurement with expected value for the plurality of       solder joints to
generate a respective error value; and identifying defective solder joints
by applying an error value outlier analysis to the  plurality of error
values. 15. The method of claim 14, wherein the step of recording comprises
an  investigation of an array package. 16. The method of claim 14, wherein
the step of recording comprises a diameter measurement. 17. The method of
claim 14, wherein the step of estimating an expected value for  the
plurality of solder joints comprises performing a statistical analysis on
the recorded  measurements of a set of neighboring solder joints. 18. The
method of claim 14, wherein the step of estimating an expected value for
the plurality of solder joints comprises performing a statistical analysis
on the recorded  measurements of a set of solder joints equidistant from
the centroid of the printed-circuit  



device. 19. The method of claim 17, wherein the statistical analysis
comprises calculating  the median of the recorded measurements of the
identified set of neighboring solder joints. 20. The method of claim 14,
wherein the step of estimating an expected value for  respective solder
joints comprises formulating a best fit polynomial equation using the
recorded measurements of the plurality of solder joints. 27 I 1 MAR 2UU 21.
The method of claim 14, wherein the step of estimating an expected value
for  the plurality of solder joints comprises applying the recorded
measurements of a plurality of  solder joints in a Fourier analysis. 22.
The method of claim 21, wherein the Fourier analysis comprises the
application of ahigh-frequency filter on the recorded measurements of a
plurality of solder  inmrc 23. The method of claim 14, wherein the step of
comparing the expected value  with the recorded measurement comprises a
mathematical combination of the expected value  with the respective
recorded measurement. 24_ The method of claim 23, wherein the mathematical
combination comprises the  difference of the expected value with the
respective recorded measurement. 25. The method of claim 23, wherein the
step of identifying defective solder joints  comprises a box plot analysis
responsive to the plurality of error values. 26. An improved solder joint
inspection system, comprising: means for measuring at least one
characteristic of a plurality of solder joints on a  printed-circuit
device; means for computing an expected value for the measured
characteristic for each of the  plurality of solder joints that varies as a
function of distance between the mounting surface of  the printed-circuit
device and a printed-circuit board; and means for formulating an error
value as a function of the measured characteristic and  the expected value
for the plurality of solder joints. 27_ The system of claim 26, further
comprising: means for analyzing the plurality of error values to identify
solder joint defects 



28. The system of claim 27, wherein the means for analyzing comprises a box
plot. 28 MAR 2aou 29, The system of claim 26, wherein the means for
measuring comprises an  automated X-ray inspection system. 30. The system
of claim 26, wherein the means for measuring comprises an optical
inspection system. 31.A solder- joint defect analysis detection program
stored on a computer readable  medium, comprising: logic configured to
record at least one characteristic of a plurality of solder joints on a
printed-circuit device; logic configured to determine an expected value for
the at least one characteristic for  the plurality of solder joints
responsive to low frequency change in a solder joint  characteristics
across the device; logic configured to generate an error value from a
mathematical combination of the  expected value and the recorded
characteristic for the plurality of solder joints on the printed- circuit
device; and logic configured to identify error value outliers. 32. The
program of claim 31, wherein the logic configured to record records at
least one characteristic of a solder joint associated with an array
package. 33. The program of claim 31, wherein the logic configured to
determine an  expected value reflects a statistical analysis of the
recorded characteristic. 34. The program of claim 31, wherein the
statistical analysis comprises calculating  a median. 35. The program of
claim 31, wherein the logic configured to generate an error  value
calculates the difference of the recorded characteristic and the expected
value. 36. The program of claim 31, wherein the logic configured to
identify error value  outliers comprises a box plot analysis. 29 



MAR' 200 37. The program of claim 36, wherein the box plot analysis
identifies error values  that exceed a constant multiple of the
interquartile range for the error values above a constant  percentage of
the error value data range. 38. The method of claim 1, wherein the step of
obtaining comprises measuring the  distance between a mounting surface of
the printed-circuit device and a printed-circuit at a plurality of
locations.  39. The method of claim 1, wherein the step of acquiring
location information  comprises an investigation of a quad flat pack
package. 40. The method of claim 1, wherein the step of recording comprises
a two- dimensional measurement. 41. The method of claim 1, wherein the step
of recording comprises a three- dimensional measurement. 42. The method of
claim 14, wherein the step of recording comprises an  investigation of a
quad flat pack package. 43. The method of claim 14, wherein the step of
recording comprises a one- dimensional measurement. 44. The method of claim
14, wherein the step of recording comprises a two- dimensional measurement.
45. The method of claim 14, wherein the step of recording comprises a
three- dimensional measurement. 46. The method of claim 1, wherein the step
of estimating an expected value for a  plurality of solder joints comprises
performing a statistical analysis on the recorded  measurements of a set of
solder joints equidistant from the centroid of the printed-circuit  device.
30 I I i AR 2t; 47. The program of claim 32, wherein the logic configured
to estimate, estimates  responsive to the distance between the mounting
surface of a printed-circuit device and a  printed-circuit board. 



31  ABSTRACT OF THE DISCLOSURE SYSTEM AND METHOD FOR IDENTIFYING SOLDER
JOINT DEFECTS An improved circuit inspection system incorporates an
automated measuring  technique that accounts for acceptable Z-axis
elevation variance across both a printed- circuit device and a mounting
surface when making solder -joint pass/fail decisions.  The improved solder
joint inspection system applies a near neighbor solder joint  diameter
error analysis for each solder joint on a printed-circuit device. A near
neighbor solder joint diameter error outlier analysis is used to identify
solder joint defects with improved accuracy.  FIG.1  


