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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 inspection systems for electronic devices and connections make
use of penetrating radiation to form images, which exhibit features representative of

50  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, arms,
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
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being inspected when it is illuminated by a beam of X-rays. The X-ray shadow is
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 complele interpretation and
30 analysis of X-ray shadow images, whether performed visually by a person or
numerically by 2 compuler, often requires that certain assumptions be made regarding
the characteristics of the object and its orientation with respect to the X-ray beam. For

example, it is often necessary to makg specific assumptions regarding the shape,
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enable these systems to partially resolve the ambiguities present in the X-ray shadow
projection images. However, utilization of multiple viewing angles necessitates a

20  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-

25  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. Tomographic techniques such as laminography and
computer-aided tomography (CT) have been used in medical applications to produce

30 cross-sectional or body-section images. In medical applications, these techniques
have met with widespread success, largely because relatively low resolution on the
order of one or two millimeters (approximately 0.04 to 0.08 inches) is satisfactory and

because speed and throughput requirements are not as s€vere as the corresponding
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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,”
issued to Baker et al.; U.S. Patent No. 3,5 83,904, 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 CIRCUIT BOARD INSPECTION,” issued to Adams. The
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entirety of each of the above referenced patents is hereby incorporated herein by
30  relerence.
In a laminography system, which views a fixed object and has an imaging area
that is smaller than the object being inspected, it may be necessary 10 move the object

around to position different regions of the object within the imaging area thus
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plane at the predetermined specific position along the “Z’i 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 1o inaccurate analysis of the associated solder-
joint.

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 coincides with the

“Z”-axis position of the cross-sectional image focal plane. Any ofa variety of

standard methods and instruments may be used to physically measure the “Z”-ax1s
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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 can 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.
Specificully, one such range finder system is designed for use in a system such

as that described in U.S. Patent No. 4,926,452 to Baker, et al. Hereafier referred to as

the ‘452 patent. The *452 patent discloses a laminography system in which an X-ray

n
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This methodology for identifying “defective” solder joints is problematic for

assenblies are constructed with a material that is sonewhat ermPI(gml%:gE%

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 18
known, the planar bottom forms part of a substrate (typically a multi—‘layered
substrate) to which an integrated circuit die 1s affixed.

A number of factors combine such that there are significant measurable
differences from solder ball (1.e., a solder joint) to solder ball across the surface of an

10 array package. First, the package material may warp resulting in a ;igniﬁcant
variation in the relative distaﬁce between the mounting surfaces of the package and a
printed-circuit board. Generally, BGA packages warp such that the edges tend to pull

away {rom the mounting surface of the printed-circuit board (i.e., the edges turn
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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 balls 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 multitﬁde of connecting pin locations on an array package, the associated conductors
on the printed-circutt 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
correspornding 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 measurenients makes it extremely
dlifﬁcult to set pass/fail thresholds for various measurements of solder-joints that

accurately reflect the actual electrical and physical condition of each individual solder-



an opposing edge on either a package or a printed-circuit board. These and
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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 thresholds to identify solder-joint
defects are disclosed. In one arrangement, the solder-joint inspection system records
location information regarding a plurality of pins (i.e., solder-joint interfaces) on each
printed-circuit device of a printed-circuit 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 device 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-circuit device. Briefly described, in architecture,
30  animproved 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 thig regard, the method can be summarized by the
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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 ofthe systerns and methods for identifying solder joint defects as protected by the

accompanying claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The systemns 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 necessanly 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 paris throughout the several views.
FI1G. 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 array

device.
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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-grid 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 F1G. 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 solder joint analysis appiiéatibn of FIG. 1.
FIG. 16 is a flow diagram that illustrates a method for idéntifying solder-joint

30  defects that may be practiced by the circuit inspection systern of FIG. 1.

10



printed-circuit board tilt and warp on individual solder point dianeters.
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15  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 Jeast due to the same reasons that cause BGA
packages and printed-circuit boards to wafp. 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-

25  joint inspection system, such as the SDX X-ray Inspection System available from
Agilent Technologies of Palo Alto, Califomia, records location information regarding
a'plumlity of pins (i.e., solder-joint interfaces) on each printed-circutt device of a
printed-circuit assembly (i.e., a device populéted 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 a characte.ristic 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
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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/fail 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. ] 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,
30 such as a desktop computer, a portable computer, a dedicated server computer, a
multi-processor computing device, among others. Ifrespective of its specific
arrangement, the solder-joint inspection system 100 can, for instance, comprise a

processing device 102, memory 110, qne or more user interface devices 120, a display
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20 The one or more user interfaée 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), these components can compnse function keys or buttons, a
{ouch-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 be desired.

With further reference to FIG. 1, the one or more YO devices 140 are adapted

30  to facilitate connection of the solder-joint inspection system 100 to anotl*-ner 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),

and/or other interface components that may be used to communicatively couple the
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i nspecti on system 100 conprises a personal computer t hese components
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system 100 is ex ed to be s extrene.en ronrre near a 25
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a t fﬁ;Chre%QE’tﬁE HlMBInS QERRE arfelSdidniS m&hetic, Updcsli 8Py philicsialkviemRr i se a
compHLer means that can contain or store a computer program for use by or in cognectlon with a
“computer-related system or method. These programs can be embodied in any
computer-readable medium for use by or in connection with an 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
sysiem, apparatus, or device and execute the instructions. In the context of this
document, a “computer-readable medium” can be-any means that can store,
comrmunicate, 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 non-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-

30 only memory (ROM), an erasable programmable read-only memory (EPROM), an
electrically erasable programmable read-only memory (EEPROM), or Flash memory,
an optical fiber, and a portable compact disc read-only memory (CDROM). Note that

the computer-readable medium can even be paper or another suitabie medium upon
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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 4.75mils. 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 asse-mbly 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 412. It is important to note that the illustration is
not to scale. The relative height (i.e., the thickness) of the BGA device 410 and the

printed-circuit board 420 used in forming the printed-circuit assembly 400 will often
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Consequently, an acceptable solution is
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 comnected ata plurality of substantially aligned points via a plurality of solder joints
512. As with the illustration of FIG. 4, the printed-circuit asselﬁbly 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 for
solder joints associated with a BGA device 510: printed-circuit board warp and BGA
25  device tilt. A BGA device tilts when one comer or more corners is at a different “Z”
value than Lhe remaining coners of the BGA device 510. As in the case of BGA.
device warp as shown in F1G. 4, printed-circuit board 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 BGA device 510 and
30 the upper surface of the printed-circuit board 520) further removed from each other in
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

16



not available for setting pass/fail thresholds given this data arrangenent.
Simlarly, FIG 3 illustrates a plot 300 of sanple data points neds irtARd 2805d
recorded from anot her BGA devi ce package type. As illustrated in the plot
of FIG 3, the data includes the dianeter in mls. for nore than 350

sol der joints inspected. 20 Here, none of the solder joints is defective.
The recorded dianeters for individual solder joints range .from
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di amet er aftiensaléardeingfoay 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 BGA device type by their

20  distance from the centroid 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
ofthe soldérjoint 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

25  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.

30 For example, an upper pass/fail threshold for soider joint diameter may mirror
the average diameter vs. distance from the centroid for solder joints associated with a
particular printed-circuit device. The upper pass/fail threshold may be applied in a

linear fashion having a fixed positive delta from the average diameter vs. distance



the focal plane 450. As previously explained, this BOA device warp can
cause a wde variation in the neasured dianmeters of solder joirtsg ﬂ, .
Because of the upward 15 curvature of the BGA device 110, sol der joi ]rj'lﬁ'%smﬂﬁ
near the center of the BGA device 410 typically have a |arger dianeter
than solder joints toward the outer edges of the BGA device 410. As
illustrated in the side viewof FIG 5, a printed-circuit assenbly 500 may
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di mensi onth WNCFG%‘QQE"&“@@EM%’Q&“’&FU%EP&Y %Bglcﬂ%‘é‘:‘s r&d p%fl Cﬁh@?f oca} pl ane
550. #As péo%glft%g@}nggg?%me%méd S Brih&bktivAgotM de variation in the neasured

di ameters ] oints 512 mekes it difficult to use this information
as the sol e i neliza® and 00 presintwiter e o ivac exquagsy BEil davidesedha Bt use in

Lo the, peatresboiGtercn T80 S Eer b e el s e SedB o hg' o
the di staghs. ﬂlrrgmggngg{ﬂgg@e%& 64 O BfnaR B &% MM eAdevBEA AdauugeateSRhwi t h each

of the pluralit) joints 612 | ocated on the nounting surface of
the devi cglan Aswi dfIRISt § ahedhduntifg Girfe of e BGIAddaviqediOfis pulspadiellvn syst em

100 can b eSS A B S 1 Pl RO SR 55,2,
o 0.y el 1Bk ale, of SR ol hgesost S 1 ca
of the center of each
respect i veldeojaets 9 BiantosS 2 rhowninglsarfeent s damagr 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
70  shown in the plan view of FIG. 9, the BGA device 900 reveals a non-linear A
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. 10 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 FI1G.
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 (FIG. 1). As with
the exaggerated solder-joint diameter chart of FIG. 9, the exaggerated solder-joint
30 diameter chart of FEG. 10 reveals a number of solder joints 1012 across the mounting

surface. As shown in the plan view of F1G. 10, the BGA device 1000 has warped in

the typical manner, with the solder joints closest to the external edges having the
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The significance of these distance neasurenents will be appreciﬁtgd when
observing the sanple data plots of FIGs. 7 and 8. The data pl ot I700MAR 2005
illustrated in FIG 7, arranges the solder joint-dianeters for the various
conducting points of the exenplar BGA device type by their distance from
the centroid 0-10 of the BGA device 15 600 (FiG 6). As opposed to the
sanple data plot of FIG 2, the data indicates a sonmewhat || near,

rel at i onshinplibetiwesners ohd thosg edlder jdinanestasivevrlonee thegsglpWeofahs Bhree  of

t he sol der lo[néq&ipn1the centroid 610. Simlarly, the data plot 800,

i 11 ust rat 48ViER | RYavgny BF JEElARA R0l der joint  diameters for the various
conducting poi pf gcc%?datn&?»ﬁ% fefred BOPodignees N@RnrpvEheder-j8u di st ance
fromthe cenlroid of the BGA device. As opposed to the sanple data pl ot of
FIG 3, amngpagidnsyttom CHSEIGS 1)tdnd thangsbaagdmztpidoior 20ptol (et thresholddhie dat a
indicates a sonmewhat l|inear r Iat%ggsh%rﬁ?FtW@ﬁE.sokder $oi t .diameter in
mls. andatse iighbaparly s IStRFEOEBFYEY of he FYAFIARI S BN BEd ¥ lihever , i n
the case Qaliinfen?ci!%gﬁ‘dg\%gﬁ?egg BYRE 4 AR Sl oA Rb iR ol e BEGptBic the sl ope
of the liAear relationshrp”is negative MAtﬂ respect to an increase in

di stance gfecatiliemegspeahieerenliiesolfioijointsafahe tehpectienprinied-anicutt devicdevi ce-
Clearly these views indicate that it is, possible to confi (lgure ne or nore

t hr eshol dhe gachpigen asemes 1o these Fehapgs RSOREr I HEACHRFMEBSHER Hene

t hreshol ds,_ ac r.. I i it across
the vari oliHEE il thel Blep s PEBRCRRLAR ont B4 JGE GELo ERRICIRIRITRS “an
upper 1 passidud@bt vérpsaaliolBich esidsojotie msgooiardd whitiamBi(ek dereige mayber  t he

average dianeter vs. distance fromtho C_entroi_ﬂ for solder joints '
associ at edssapiated avithpnsatiof nparmepghbat sidwiipls as iusated inthePaHpR 2 ass f ai

t hreshol d_may he~appl ied. in a.. Linear fashiion having.ankinted eesitive delta
fromthe 563%1%%26(1?2‘% %Pa&gﬁeéﬂélﬁgﬁé%é% %@ rregg%rements recorded for
the parti ¢uiceds ipEHiedaee withrseldet jaigvildea, the fivahdjscint esldgrgbintis 1 biZaneler s t hat
exceed the upger passifail threshold where the distance between the

mount i ng Eumfthe elemestsfithe eeaameiedbgr sot fusoldgyIod 1ddAsi B¥retI4 INELI ng
excess sol der ..and ma r . 1 b: ; aSimidsarly, a

| ower” pas Fftgfllm? ?%15%%{'@(3 %ﬁﬁf?é@%&ﬁg g?é%{‘}é@éyg&aﬁpﬁ %@e{q‘]r%r’n t he
centroi d fi@rhiebadjaetmesldeojoits 10 kil Ppiinnhedemenswif thedesar asighbdrset he | ower

for solder joint 1112b. 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 2 number of different methods could be used to choose

20  neighbor pins (i.e., solder joints) in addition to those illustrated in F1G. 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 set of measurements can be used

30  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 knowing the volume of an original solder ball

an estimate of an expected diameter for the associated solder joint may be determined.

19



pass./fai! threshold having a fixed negative delta fromthe diangter vs.
distance neasurements recorded for the printed-circuit device. miclt UBAR 2005
sol der-joint dianeters that exceed the lower pass/fail threshold nay be
indicative of an open circuit 10 condition and may be marked for further
observation. FIGS. 9 and 10 present plan views of two exenplar BGA devices.
The BGA device 900 illustrated in FIG 9 is representative of an
arrangenment t hatnept aggsbos ebdevalug cimthsn iba Lnlo\)\bicslrfﬁl soh @it Mg dle

external edges of the device. As illustrated in f FIG 9,
t he mount kaiderspitsaecostP g “B’Oﬁinﬁ’é\??'gér@ﬁﬁ m%‘s‘é'ﬁglgpt WB nﬁe}‘p%g(e@opl anar

with the %<f1139981I\feg'[gptlnl?'sgl@étafta §nttiRen ﬂ%l HelsuiLidats dMBPRErineEhsysieem 100 (FI G
1). For purposes ustration, e exaggerated dianeter chart reveals a

nunber of Thsataekrighbbrdrior 932 far:rlmgsembélr rﬁiﬁmacwge tyoes pregiouFhyalegirtdhegt er of

each of the individual solder_joi nt sho t t of
in order tsoliitatmﬂﬁltmélgqed:g@)p@épf f{ﬁ ltlaﬁém%élf ﬁ?:g%glgt ;?I]l)doﬁgghtgso scal e

| ndi vi dual, Sgl Sl g&%ﬂ%%@%ﬁgﬁ&ﬂ?gh an%% (5, RS A sbited bp pl an

vi ew of “t he evi ce reveals a ‘non-linear "Z di nensi on

vari ati ongigp @é’iﬁcedy}@é’fﬁ{cﬁérﬁormﬁag@@mbe of\s shews by tercongiostis d@a plotHEP, t he
solder joint dianeter variance is_sonewhat randq acro t he, nou t| ng
surface ofhetcher BEmaturtenfithecgomlarB@Asendaess ssignperntly dderat BmitC rG 1 0

is representati ve rent that places sol der joints 1012 in
rows and CHITUREME %ﬁf@’lgg%js“\g ?ag‘ﬁ centroid of the nounting surface of
the dgyice. Aspifeldist isaiddiretiédm® tht aserviciitbof efdrGutlick@nalybie phasunt i ng
Surface of the BGA device 1000 is al so substantially coplanar wi.th_. the X

and Y di rréllustlrmndslrdﬂ(l A3. Ik demppuierttala plopetlll BHsisyiat abom B! erglsis 95 As

with the exa ed sol meler

exagger at 8 "§TI ' ]OBFIE?“%%%#Og@O &llchar AEESEF@ %feﬁ&gg EISBEI number of
sol der JO,Ieg;e%e%l&] ofaRiPetlaen ta«naghspﬁtsﬁdracxeammnsdmmuowstme pl an
vi ew of f t he BOA device 1000 has warped in the typical manner,

wi t h t he Zdhddéith {roedin), sidbddl percentlnsceres. @#WW@@%§I‘W§VPW@he 18 1 | 4AR
cont gt o BROHE e G5y Pes S0Be PoRav A Ph e al BT e upaATesiR e
accor dancer é Liugy, Qf}ﬂ'ért]%i“vﬂmﬂﬁk nemhs bet ptd‘ﬂ@hcb\mdfme& eoledervalisnt
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 diamf:t”er error more than three
20  times the IQR beyond the top of the respective box 1302, 1304 is an effective pass/fail
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 the BGA347 device type
exceeds the contemplated (3 times IQR) value. In this case, the improved solder-joint
inspection system 100 has accurately reported no defects associated with the solder
25  joints of the exemplar BGA347 device. As further illustrated in the composite box
plot 1300, the same cannot be said for the solder joint error outliers associated with
the exemplar BGA346 device. As illustrated, several near neighbor ervor values
exceed the contemplated error value threshold. As in the case of the other BGA
device type, the improved solder-joint inspection method and associated method for
30 adapting test thresholds has accurately identified that the exémp]ar BGA346 device
has solder joint defects. As described above, this technique for adapting test
thresholds compensates for BGA device warp, printed-circuit board warp, and BGA

device tilt. The technique accurately identifies many BGA device solder joint open



i nspection system 100 (FIG 1) and the associ ated nethod for adapting test
threshalds, 5 a near neighbor analysis is performed for each of ] thdiAlbI2i8y
joints associated with a printed -circuit device (e.g., BGA device 900) in
order to account for the acceptable neasurenment variance across the sol der
joints of the respective printed-circuit devlct. The technique assunes
that there is change in solder joint neasurenents over the package, but

t hat measumgirent tichargesef costy andetsgbdenthjibe ADA wldatj@semntpesobder joints 10
shoul d he very small. Each solder joint associated with a BGA device nay be
associ at e¥*W'th a set of near nei ghbor solder joints as illustrated in the
partial plan yiew,pfisHo@ ditected WiROnBweRASr FICRI AL whigh kipeahRdaal ong the
edge of the BGA device 1100 as is the case with solder joint 1 1 12a, the
five adj acethbd $@lidetifyoindigedjolrt dafents 1400flbatmayhe whamehby Uof t he near

nei ghbor set for solder joint 1 1 12a, F sol der joint, 15 located in a
corner of MRV sllpr-HiniBFRESHOR BySH ,IOQQ?%E&t he[“églééé%‘ijﬁh%lﬂfag}-’g%t oint 11
12b, th [ ' [WeY : | ment s of
the near StEnRa RRRash SRRl EI0 Rl Tebir aricicl Mo gkl IO B e ed, o
"field" sbtdebtidpobNhe conductivap®melicey the ekmer obthe aoanpedtadrsoddayhoingsij acent

sol der joints) may be associated with the eight ?&acent so) ger joints.

Not e t hatacEsh tifepumsnEdii e &fn Y IIERAZESiEY e e IUGFG 18 SERIESE: 2U nei ghbor
pins (i.e rn_ 1.0l Nt [ j b t i G 11. For
exanpl e, Péfct) r}g‘&%%c])?én#ésdq%ﬂ%% ﬁrﬂle}q%p@gﬁ ? }lgég]ensug%gf'dl%t% H?%&E}E 1%93&(13%1115(1%5 could
be qonsijgier BdperiiBNGystamnil00 st degnirerkifbaadsidnafonagamgianty package ghbor sol der
joints with a solder joint under test. A nunber of different nethods may be
used to astllysriedan sigpdrepr Thiseniopnation mpx be sreasurpd 4UBE @MASAE from t he same

near  noi onsrrag b9yl e hot 8 kol NofedREIAGRIE BT | °c0ch

of the sekifboi @ndhsorbindbhsclddrgamtir ghdindoldLloiansn bdeHtahndt ksal | y
anal yzed to set an expected neasurenment for an identified solder joint. In
this regand estimmngrbanackaseivarp bpbsgenagee PRmet @aragirsecs rthe he se. t of

J; I he i i £1.ed | d
o1 nto 1 RCEBrET: PRatARE s A pb G HRBER S, A el e R e e "based on

a neasur egkpehtamasbiem Bio day fheh nevsauelaad rédeed theighial diineter an/desohei nt coul d
be neasured and_knowi n'g the volune of an original solder ball an estinate

of an expéer edatipnahehaskcigristic (e, hs dyeknasedicgbhaght. joddssvohye. K-t er ni ned.

MAR, 110k detPsolder 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 be used by the solder-joint inspection system (o
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 column of solder joint diameters in the Y-dimension may be used to
25  formulate a best fit polynomial equation for the corresponding data sét formed by the
measured diameters. The resulting best-fit polynomial equation may then be used to
generate an expected value for each solder joint. In other embodiments, an expected
value for each individual solder joint can be determined as a mathematical result from
an expected best-fit 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 an expected value [or each of the solder joints. As is known, a Fourier

transform presents a representation of a two-dimensional relationship as a weighted



A near nei ghbor error value can then be cal culated for each of the
plurality of solder joints by conparing the actual solder joint

measurement with the expected val ue derived for the solder joint1ftoiR HE
nmeasurenents of the near neighbor set. The near neighbor error data for the
exenpl ar BGA device types previously described 5 is illustrated in the
data plot of FIG12. In this regard, the data plot 1200 illustrates BGA
devi ce t ypen afuinernorosiaeniA Mwald%dl@h@vm*’@;ﬁ fram thegonppd sloma athc!pl ot 1200,

the error signature of the exenp| BGA346 devi c n|f
di f f er entmPf BrEQHBUOw ¢ shscEsigla iy %e‘ﬁfe“f)h 0’%&3%5”3&/?10 %ﬁ%%%%/ence is

now di reoﬁlﬁq .tP%uF' laenlﬂ% dn{l&h]%qgéd @dJErIJdlfie BRAhY R ﬁec?le@&y dbihhivgby@gad in

FIG 13 nposi t ata plot 1300 I1lustrates box pl ot analysis of
t ht near ﬁ’ﬁ%}u@ﬁ&}&iﬁa&ﬁeﬁs@ﬁ lltéa‘halspl'adtdlﬂzﬁ&.t@fk (A4 @an@m;hxgmfmwww@baﬁg@s an

effective visual representatio t nt ral nden nd_di spersi on.
It si Aul toanIbe Ger8PYEdsHpAS LRy © t%ﬁ“ecgfglﬁ ’eﬁ%“if%“e oungh i r‘z'%‘i’rﬂ’ ey Eentl l e
scores, gl on ,W'nﬁatl é‘}(bﬁle%[h' e Flvé‘ﬂ% ek%e&%lv”?d@a ﬁa@%&ﬁoftﬂ@&ldé}q&msof the box

pl ot showe® Sr oSt pi caf™ 50% of the values., while the

"whi sker Slrregiecﬁhﬁoftxm; riekieid L&h@m géaerarmtle @optetedivaluesy dledew: fréquendihe hei ght
of the boxes 1302 and 1304 for the respective BGA devicges is g%% entative
of the i foenepahled viratioanpaeesry VPlf-’eﬁ%%getEﬁ APRS R BE LA ering

any dia r err s HRsbeyond the top of the
respect i \}lé%ﬁo%pigﬁ‘ﬁm g&ﬁ&ﬁguéﬁ e ?& x‘?‘rég%g%‘igﬁ? ﬂ% threshol d for BGA

sol dgp Joi nt s.NAS, dslshewsh iaées 190, ttnemhmw@d sdldetgbmt imptdiencystposliole  pi ot

of FIG 13, no outlier near neighbor error value for tht BGA347 device type

exceeds Ummmﬂm@é compare the sstirgppd paPXRECeAYapugigsneraed In SRR i npr oved
| d t 5t e
SO e O e LSRR 003, SR MR ged A plofgets

further hubgsd patersc | hrﬂeﬁmmﬂés@nb@i(abdﬂepindlﬁﬂﬂust]tahel inahep ldadnot be
said for the soldti-joint. error outliers associated with the gxerrpl ar

BGA346) desviniroverksolderdeint inseestion syseral 1 09dny broprggiapgpeddo-siorng nd val Ut S
exce the con Iat d enrar of the other
eV|a8%Jyfey¢9 Phre'of tr &Ve 1%“L"‘%guetr szrsg?%ﬁ dﬁcaggggtﬁmo%gﬁ%tfgegg a%ld

assom at @ m%@n&%rvaa@ncead@m ddM@ertjBimt niehﬁl&&h@xhtdﬁ;hh:hﬂmabeﬁﬂMﬁhymdjenti fied
that the exenpla GA346 device _has solderjoint_ defects- escri bed

above, f It¢ bean eeshrdteindiqager oddafFeiingselderjoints for BGA devices. i shou d be
appreciated that the process steps illustrated in the flowchart of F1G. 14 may be

repeated as desired to complete a solder joint analysis of other printed-circuit devices
20  mounted on a printed-circuit assembly.
FIG. 15 is a functional block diagram illustrating various exemplar
components of the solder-joint analysis application 114 of FIG. 1. 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

b
n

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 1510 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 1500 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 be conligured to



t hreshol ds conpensates for DGA device warp, printed-circuit boarfl.1 aﬁ/gl DGA
device tilt. The technique accurately identifies many BGA device" R 200
solderjoint Open | i AR 2U05 conditions that were previously undetected
with the 5DX solder-joint inspection system Reference is now directed to
the flowhart of 1;1G i4. which illustrates a nethod for identityingg

sol der joint defects 1400 that mmay be practiced by the 5 inproved sol der

joint inspeehhRR 18y STRMANIOG Bhgfriue bhiwden thhirgsusueghfid,, thdvecomtpd oved

sol der-oint inspection system 100 nay begin practi ci n(% t he nethod 1400 by
acqui r i ng menheenenatihen 1bd heresasonelitnegEdpiane Tpy cash otilresRaitide of the
array package sol der joints). agr HOE | LaCe array
package dé&g&reloé{gs }”ﬁ(&éf@g CHOR 4 S@E‘Stﬁ%g“gpw fé’?gﬁgﬁ‘:fﬁgi é‘ggt% each of the

pins and thus.tde 186kdero halnksonfifieed mpfoowed aoh dethekOspeoiivd errorshect i on
system 100 nmay acquire informati on concerning array package warp as
i 11 ust§ at edluentostneqsror 494ie AT asrayiPéPnat i on may be neasured using a | aser

rangef i nder andlor by ot et ethads, Buch 85 BUh Nt ldoikladalorddsati fyi ng

ot I
the near nei ghtidb ‘Lot ot PIHE B 'sol'der jor nt's tor each sol dér joint on

a device H@@lﬁﬁl_ﬁc @3 the RESECESE LB daNOvAING PrRGKABEMWATRRY 20HIS6E whilge One or
nore characteri stics of the 15 solder joints associated with the near

nei ghbor pifosnatibne A frephovied idaatifed theoirrur valusspeliars onths pstiemand@sifray t hen
nmeasure and.record the, actual dianeter and/.qQr _so ot her .rel ati onal

char act er [0 Ef“?% ﬂ'k—?S,queﬁémftrﬁnég'ﬁ‘é§"E?h‘fﬁ§lé’f]qﬁgi rg“ﬁ){'?rgr%‘f(%ﬁgnk}ﬁfﬁwg, etc.) of
each g9l defrinQiiidh ASciAd wah ot dulistap 1AM Fhaeeaf § SkeshaRl folthdistrated in
step 1408, the inproved solder joint inspection 20 systemnay fornul ate an

est i mat edowtieexpectestingalage T H0. Sierousiertemsr seodéns jogints0, may nuiser  of

nspection systemto

di fferent 'met hods. may he used. by .the .Sol der-joint i

der i ve  t h@ouaersn e EheHR TR e Aesab (1Rl TS OBF STBREE ot her
charact er j stierQhiet B DebARiuriQkiah Svitd @BUoRief-nThsRligeEyst@hnbs. in the
X-di mension” and/or along a colurnn of solder” joint dianeters in the

Y- di mensi on maylthd 6us edlawodi2grafrothatil lasteates denethoidi for wehyHorg sdldescomti on for

best 11t BUFSnORTAI L gaREr BrFoHE IHR vl dBas s Yore dratal Bfidtred
- val ue for 8a6hi30qkHesVeRisBider-|dintQhHREL STDALARDD thaydRcBXREAISSL theal ue for
each individual sol'der joint” can be determ ned as a mathematical result
from 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  conceming array package warp and/or printed circuit board 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 system
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 errer 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 variations
30 and modifications thereof can be made without departing from the scope of the
invention as set [orth in the foilowing claims. For instance, other solder-joint
measurentents associated with non-array package type devices can be expected to

reflect low-frequency variation for various reasons including those described above



an expected best-lit result in the X-dinmension in conbination with a
best-fit result in 30 the Y-dinension. Alternatively, a Fourier ?anMﬂi%GW
can be applied to the nmeasured data to generate anl expected value I'""r =
each of the solder joints. As is known, a Fourier transformpresents a
representation of .a two-dinensional relationship as a weighed 1 1 H111R
2005 sum of sines,qnq(ﬁosines forma%d t ransf orm goes ;ron1the spati al
dormmi n, WHLHESHR He UBIETALYHEANGE baiveer iemopyMeririatsSquency domai n

whi ch i s lxé’@,}(@nt‘ﬁﬁ%%@%‘ﬁ’%% retal QS 1hi QU b B abli AN SEQFM AREHBRIsYsed to

anal yze data in t'he frequncy domain #or hi gh® frequency changes in the
measur ed noi-amey packagdsolis jkinewThehirglenf disgjosne s inkkadgelo ibclodntiie r enoved
via a suitablx conigured_fiIter. The inverse Fourier transformnmay then
he appli &plicgliohal Bstct 8 eHsFi ve the expected val ues for each of the sol der
joints. Irrespective of the nethod used to generate the expected val ues,
the I owfrequency (acceptable) variation in neasured val ues across the
array package device are reflected in the expected values and thus the
nodi fi ed pass/fail thresholds. 10 Next, as shown in step 1410, the inproved
sol der-Joint inspection system 100 nay be programmed to conpare the
estimated or expected val ue generated in step 1408 wth the respective
nmeasured val ue 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 inproved solder joint inspection system 100 nay be progranmmed to
store and 15 analyze the errors for outliers. These outliers are indicative
of unexpected a high-frequency) variance in the solder joint measurenent,
whi ch has been determned to be an accurate indicator of defective solder
joints for BGA devices. It should be appreciated that the process steps
illustrated in the flowhart of FIG 14 nay he repeated as desired to
conplete a solder joint analysis of other printed-circuit devices 20
mounted on it printed-circuit assenbly. FIG 15 is a Functional bl ock
diagramillustrating various exenplar conponents of the sol der joint

anal ysis application 114 of FIG 1. In this regard the solder-joint

anal ysis application 114 may include recording |ogic 1500 configured to
recei ve one ar nore characteristic values observed in various inmages
generated and 25 anal yzed by the sol der-joint inspection system 100. The
sol der-joint anal ysis



application 114 may al so include | ogic 1510 configured to determ,ne an
expected value for each of the solder joints under observation. 1At MAR 2005
previ ously described, the logic 15 10 may use any of a nunber of nethods
for generating an expected neasurenent value for each respective sol der
joint that accounts for variance between 30 the nounting surfaces of an
associ at ed device and the prgﬁgﬁﬂﬁgircuit board. As shown in FIG 15, both
the recording, logic. 1 500 | ogic 1510 nay be configured to

provi de informati on regardi ng each respective solder joint to conparison

200,  aet anmnand el PEPRIR R Ak i BRR B SRR, e

r ec olaitettle foltewimyr enent val ue) and | h associ at ed expected val ue: far each of
the respective solder Joints under observation. As further illustrated in
tl;e block diagram the conparison |ogic 1520 may be configured to forward
each of 1t he Aesgiedtforadaing ast thiathaldvaomessiigphaflliewingstepsal ue data array 1530.
Next, the errqr-value outlier analysis |ogic 1540 may be configured to
recei ve FHIFRUPERTT POOPACR L RPSPREY PAFREIPEE SAPEIGArTEE and perform an

out Héveee; anal ysis on the information. After having identified the error
value out]iers in the.qutlier analysis .. |logic 1540, the sol der joint

anal ysi 505’ & ipfgrmatign infipativeof the ypnadpnin; % BETESENAZIPURHIS nf or mat i on

as s ket of the\prihfad thi@nt@letitd A1 a@aih@d viaduit@sarihat exceed a threshold to the
outlier error reportin ogi ¢ 1550. The oputlier errar reporting |ogic 1550,
may in 4 mg&%@fl&@ﬂﬁ@&ﬁﬁ%ﬂ%ﬂmw °gf‘ﬁ@’faﬁ‘fyo‘§ﬁ?}§?rij‘g?t§ “Te@?c’ t he associ at ed
sol emplejiiripfihedtidcuitiRvios toRl Rintepirbyd @l devi ces in comunication with the
sol der-j i nt. inspectjon system 100. EIG 16 is flow di agram t hat

Pl ust r SHisting | EREOR P oPH BTG R SBERYs S0 RaRa o 1600 that may
be pivaddtion ilidancet baweintighéuntingsueRdel ob thedyiatca-niraft device anfithed N this regard,
ther%%gfove sqide joint inspection system 100 may begin practicing the
met Fiod 1669 ﬂr suring and recording a physical characteristic of each
sol der jsaiing at leagt soc€iheskiedd mifohsiee pahetranguel ar array package. After having
nmeasured each of the solder joints, the inproved sol der-joint inspection

system 100 may use information
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 height
measurement.

5. The method of claim I, wherein the step of recording comprises a volume
measurement.

6. 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



20 concerning array package warp anchor printed circuit hoard warp to
estimate an expected value for each of the neasured sol der jointlsTa$lAR 2505
indicated in step 1604. Next, as illustrated in step 1606, the inproved
sol der-joint inspection systern 100 nay be configured to conpare the
expected value with the respective neasured value to generate an error

val ue for e | der .j.oi nt . under servation. As indicated 25 In step
1608, tﬁ'e p?ﬁlr@gfeﬁ}og og(flglglr(f8’Per\‘713I%Efesgag§tgﬁleaP%l¥Sés(j°°Wn§ctsé‘%mﬁ%ﬁg, may be applied

i n themediamrod thedecbaled mleaseremeiits bEthe dealfipd ke of eighbl@nsbldénjoidef ect i ve j oi nt s.

Wil e particul ar enbodi nents of the inproved sol der-joint inspection system
100 have been disclosed in detail in the foregoing description and draw ngs

for puBposethe afethed angdin, 1, whertin te chtémating ees tagdisyorniuixsieg skil [ ed in the art

t hat | -rations 30 and nodifjcgations thereof can_he nmade w thout departing
f O RS OB B o e PR FESRE 8 AR B Ot W A FSF B Towi g, cl ai e, For
i nstance, other solder-joint neasurennents associated with non-array
package,type devices. can be expected to reflect |owfrequency variation

for varfous rcFEBAS °f PP AGoP HESE ISR FFHERPPIBERY ™8 'R whi ch result in
" Z recdide®mdsoRmyias bRd 1@alng bIeRr foliks ifa Whlrienghafisf aces, Consequently, one or
nore rel ated techni ques for adapting pass/fail thresholds for non-array

package sol der joints. The present disclosure is intended to include the
gppl i C";,“d' on r']m& ﬁe&b@&ﬁ:ldﬁﬂgbﬁhaﬁﬁ gxe Ffaéziel a%almlaoﬁpx@seahéh%@cémus : hgv:c ng
escri.bed the syste and nmet hods for jdentifying.s er joint defects, |
cl 8??1#‘?#7&%“8?%5&%@‘%%%‘5@%@5@%@ ﬂ@"‘{ftﬁgt“‘ag’ﬁ? WS, conprising the
f oldisoibiited acbse e suFRE of the B&ideocat i on i nformation for a plurality of sol der
joints on a printed -circuit device; obtaining information indicative of

the variation in distance between a nmounting surface of the
print edrici r Thé mettled dfomim N dwiterdh thalsRp ofdetiidy ififrthboRpiisssecor di ng a nmeasur enent

of a physical property of a pluralj of solder joints used to couple the
pr i nt o PRPREIE R s vl g HEL et BT SElEtE oo et
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.
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estimating a range of acceptable neasurenents for respective sol dler joints
responsive to variation in distance between the nounting surface i MAke 200!
printed-circuit device and the printed-circuit board; and setting at |east
one threshold responsive to the range. 2. The nmethod of claim 1, wherein
the step of acquiring location information conprises an investigation of

an array, package., 3...The .nmet hod. of .claim 1, . wherejn the step of recording
conpr i sie/‘ls aAd?%En%%é?’dﬁfg@Eﬁ%@gﬁ]tofm ﬁ&e%ﬂ&"‘?ﬁétsﬁ‘%ﬁ’%ﬁ% ithli m 1, wherein the

st ep of recading dinaguenepasssascdwhiea platityof sEddr joidihen agirdiagd of claim 1,

wher ei.t t.he step of recording conprises a volunme neasurenent. b_ The net hod
of “EF%4i%™S wherein the estimati ng step conprises performng a statistical
anal ysi stimmtinget expdeted V@lﬁ&ﬂﬁﬁﬁﬁﬂhﬁtyﬁfétﬂdb;jcﬂ?ﬂﬂlhﬁdcﬁﬂsﬁﬁir of nﬁi ghbor sol delr
joints...25 1 1.MAR 2x05 7. The net hod of cl ai m.6, erein the statistica

| nAFSRELE P in be SR priaterhie TOHL G ST GF PHE-PECUARGE neasur enent s of
t hend Oietddicirest eid cofiplatiyghdidespintier .j oi nts. 8. The nethod of claim 1,

wherein the.estimating step conprises fornylating a best fit polynom al

equat i SHTHEMEGR R CEAHERREREYPe FERtEd wrucforhopBrli® et of sol der j oi nts.

9. solie joiRs dQendddte £lcipcblivk.crrdh@iR} 4hdt he estinmating step conprises applying
the recorded neasurenents of a plurality of solder joints in a Fourier
anal ysiléentipng defeetivespiderdoints by peplyjngen speeralie putliseanalysis fodhe anal ysis conpri ses
t hpluRRi of 6@drivaRles, Of a hi gh-frequency filter on the recorded neasurenents of
an identified set of solder joints distributed across the surface of the
-device. 11. The nethod of claim1, wherein the step of setting further

conpri SI8s:  TEORWBEd dTGlairh ¢4, WHERET tBelstapadfu@ omlidgltotbases &€ 0r ded nmeasurement to
generate an_error value for the plurality of solder joints on the

pr IESBEANeR PEAT A 2YRAPK28E:  and performing an outlier analysis on the plurality

of error val ues to_ establish at | east one t hreshol d val ue. 12. The net hod
of cl ai,m 11”1'hWhe edor}cmt}glitw%p of CO”D%E(,[CQ,%-the exsgsegajed val ue

e metho erein the step o ing comprn ameter

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.
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wi th the recorded neasurenent conprises a mathenatical conbination of the
expected value wth the recorded neasurenent. 13. The nethod of ?Ifilmzz, _
wherein the mat henmati cal conbination conprises a difference. 26 i i}
200% 14. A nethod for identifying solder joint defects, conprising the
steps of: recording a neasurenent associated with a plurality of sol der
joints a printed- .circujt. device: esti.nmating an expected value for the
plurali ?3 of e&?%'éo(rac]fglflm }Sj‘i,pfﬁ‘gfmg&ecs}fgﬁ?gst ﬁ‘“gaé‘cec‘f%fﬁfe R g’éri ance in the

di stheploelilyef vedn jdittecomprisdsiapglyisg thé aceslediheBuphbmt 60rtidiayot device and a
pri -cir.cul.t board .coupled by the solder joints; conparing the recorded
nea%&dr%g]ﬁ%llﬁstmﬁhwe’é% &ed value for the plurality of solder joints to
generate a respective error value; and identifying defective solder joints

by appl ying an errqr value outlier analysis to the plurality of error

val ues. ¥171'5. ﬁ}‘?é“ F?B‘éf‘“B’fzelel” TTW%E,F%%%P@IW‘%%@P%%B’GM recordi ng conpri ses
an. applivatsi dfg dighdfeq@dncafilicd bh & rtdflkdiBasurkfientd BEa PIRGMYYr Qfideg! @i M 14, wherein
the step of recording conprises a dianeter neasurenent. 17. The nethod of

n

cl dPf®14, wherein the step of estimating an expected value for the
plurality of solder joints conprises performng a statistical analysis on

t he rec%{de m%grgﬂents of a set of neighboring solder joints. 18. The
met hod 6F clEFMeIRY ohfamdidnvheren gesjse of canwriingths mipedst Wisect ed val ue for

t hewiflths reddrded nthsuSher SeoniphikalaSn MRS SRR bhO&pectsi @St i cal anal ysi s
on t.he recorded rre&{?surerrents of a set of solder joints equidistant from

t he" T BdhRFpeeive Fecpied BEAsHE®REtc) r cui t

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.  Animproved 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

ﬁlot.
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device. 19. The method of claim 17, wherein the statistical analygsiis MAR 206F
conprises calculating the nedian of the recorded neasurenents of th
identified set of neighboring solder joints. 20. The nethod of claim 14,
wherein the step of estimating an expected value for respective sol der
joints conprises fornulating a best fi t pol ynom' al equation using the

recor de [ h of sol.der jaints. 27 I 1 MAR 2UU 21.
The met ??"g %al mf%f?mv\%ev?lg’%h ean g’ﬁmg?su@égﬁoﬁiﬂﬁcﬁ@nan expect ed val ue
forautomhied KI»ra}fmlspettyoncsﬂstsml der joi nt s corrprl ses applying the recorded
measurenents of a plurality of solder joints in a Fourier analysis. 22.
The nmethod of claim2l, wherein the Fourier analysis conprises the

appl i cail. on Tat sheingdfclame 2y evherginfthd heins il mekrifcoaipead aegiur ements of a

pl ur echo of solder innrc 23. The nethod of claim 14, wherein the step of
cofpari %Yﬁ‘ﬁ% expected value wth the recorded neasurenent conprises a

mat hemat i cal conbi nati on of the expected value wth the respective
recordegd megsur nmmpg The nmethod of claim 23, wherein the nmathematical
conbi nat’ on t‘b’ﬁ’rj‘r Jount gefpqh Bralyfisdptartion PPBE YHE WAEEPREFAIE with t he
reﬁm&am;mphemgr ded neasurenent. 25. The nethod of claim 23, wherein the
step of |den tive sol der. joints conp rises a box plot analysis
respon %c?nglgW%‘ng? %‘th‘ﬁ}"ﬁ? 'BFSt{Ya?fﬁglgmhﬁ’ RHFr I R2d sol der j oi nt
inpﬁnﬁeimfmmwwdeem conprising: neans for measuring at |east one

character.i sti.c o plurallt of s r. jojnts on rinted-circuit

devi ce: OHEEMEER S‘Eto?f]t?ﬁﬂ{‘}?? rloR ?Fteél)?’ﬁéﬁg &%‘eﬁsémfeoctha‘f’ﬁ%’?% ur ed

Chﬂkaltlfzell}t(ﬁ&blderfjﬁhts&&ﬁ&hsﬂﬁtdlbﬂﬁe@leﬂfﬂhhﬂg‘y&uﬁafsoﬂéfﬂﬁﬂ joints that varies as a
%talton of _di sg}ﬁ nce between t he mounting surface of the printed-circuit

deV| 58‘*3‘?%853""%5? W %ircuit board; and means for formulating an error

val ue aSglacdhﬁgm‘bdmrge@fratéhﬁarﬂﬂiE%wﬁﬂn Ehﬁﬂu&ﬁit&ﬁllcﬁhlbmat&fmd)fﬂiehe expect ed val ue

- f d 26, f h
comert R A b Kb il R e By AR BB s to | denti 1y
sotitteit dwmemndd efects

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.
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28. The system of claim 27, wherein the neans for analyzing conprises a box
pl-ot. 28 MAR 2aou 29, The system of claim 26, wherein the neans fér] MAR 200
measuring conprises an automated X-ray inspection system 30. The system
of claim 26, wherein the neans for neasuring conprises an optical

i nspection system 31.A solder- joint defect analysis detection program

stored a.conputer .rea I rediu onpr.ising: logic configured to
record %? I gﬁ%%%rﬁ'g of ‘%ngzﬁlrjé’ﬁ?%@t" bS?}’lg?ﬂgB?léﬁcﬁaieﬁ)?mggﬁla%sr joints on a
pr kit exdeediarconsdnt weliple of thk OgErquadidnianguvietle éror ddt@rehovee camtapk pect ed val ue for
t he gg.ma! eafstt1 one clha(i cteristic for the plurality of solder joints

T eBPOREPY " PO TY azaurén}%y change in a solder joint characteristics
across the device; logic configured to generate an error value froma

mat he i cal_, conbi ion_of the. expected.val ue .and the recorded

char agf%ri strf"'cm?t ?‘P‘%tﬁ TR RS (he Btf"g)%oqtb&ér}m% BMREES BT THeEs tg?i nted- circuit
dewiseie batwded D@bwntia® Afrfagsraick grinted @R deyiceitdarprivetiarcunsit hi ers. 32. The
program of claim 31, wherein the logic configured to record records at

| BSOS “Efti &ict eri stic of a solder joint associated with an array
package. 33. The program of claim 31, wherein the logic configured to
determ ne an expected value reflects_a statistical analysis of the

recor ded chg“%@?‘g‘?q %ftcﬁe? Lgmherejspthe sfep ofacqyiting IBTaEP’?ﬁng’ITaWer ein the

St adnpBisésQa linvasiiphiydl of a QR4UITat BRE psokhgeul ating a nedi an. 35. The program of
claim31, wherein the logic configured to generate an error val ue

cal cul ates the difference of the recorded characteristic and the expected
val ue. 486. ThemahaDifanim i, wietdiniha dtep redonditp dofprikedgiteo-confi gured to

identif rror value outliers conprises a box plot analysis. 29
ensu};lale measurement. mp p y

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,
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MAR 200 37. The program of claim 36, wherein the box plot analysip‘g MAR 2
identifies error values that exceed a constant nmultiple of the i
interquartile range for the error val ues above a constant percentage of
the error value data range. 38. The nmethod of claim1l, wherein the step of
obt ai ni ng conprises nmeasuring the distance between a nounting surface of
the printed-circuit vice and a _printed-circuit. at a.plurality of

| ocati dHfs. TREPTOSFHE ofgt ’BPB"?:‘P emgi‘fc%%ﬁr%}itﬂesttﬂ@&s?sg%atg? acqui ring

| O€eapdnsife ioMhdidiaict Bidweed MERhduRee @Ffadeldy & piiitghdifcoin dofceandiuad flat pack
package.. 40, The nmethod of claim1l, wherein the step of recording conprises
a PHHS-GicHER® Snal neasurenent. 41. The method of claim 1, wherein the step
of recording conprises a three- dinensional neasurenment. 42. The net hod of
claim 14, wherein the step of recording conprises an investigation of a
gquad flat pack package. 43. The nethod of claim 14, wherein the step of
recordi ng.conprises a one- dinensional neasurenment. 44. The nethod of claim
14, wherein the step of recording conprises a two- dinensional neasurenent.
45. The nethod of claim 14, wherein the step of recording conprises a

t hree- di nensional neasurenent. 46. The nethod of claim1l, wherein the step
of estimating an expected value for a plurality of solder joints conprises
perform ng a statistical analysis on the recorded neasurenents of a set of
sol der joints equidistant fromthe centroid of the printed-circuit device.
301 I i AR 2t; 47. The program of claim 32, wherein the |ogic configured
to estimate, estinates responsive to the distance between the nounting
surface of a printed-circuit device and a printed-circuit board.
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31 ABSTRACT OF THE DI SCLOSURE SYSTEM AND METHOD FOR | DENTI FYI NG Sﬁ,' R
JO NT DEFECTS An inproved circuit inspection systemincorporates a AR 20
aut omat ed neasuring technique that accounts for acceptable Z-axis

el evation variance across both a printed- circuit device and a nounting

sur f acgsankerT mekTHE) DSSILOBYRE | oi nt pass/fail decisions. The inproved sol der
joint T nspection system a}gﬁ%ﬁi es a near niﬂ bﬁé"@g?%der joint dianeter
error & HY BIR SOPTEFY NG RYLLER Ig]Ei *tircuit device. A near
nei ghbor soind@broveai ditcuitingpeeti@rsygem aicorporbles &1 anamatedsieasurisg used to i dentify

| der, j.oin f W th |nprov , .
sol de te(l:h%qute thgte acgo%]t% for a%ceptagi% Zgax%(%le%gtﬁ)lljlrvgg%cc acholssgbojfh a printed-

circuit device and a mounting surface when making solder-joint pass/fail decisions.

The improved solder-joint inspection system applics a near neighbor solder joint
diameter error analysis for each solder joint on a printed-circuit device. A near
= eyl le ~

ICignoor "Gld"’i’jﬁi it diameter error outlier anarysis i5 usc

defects with improved accuracy.

FIG. 1
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