4AR 2005 SYSTEM AND METHOD FOR | DENTI FYI NG SOLDER JO NT ;
‘F.I ELDr The present disclosure relates generally to syst emDEZEgTiﬁEMfBbS
hi gh-" resol ution inspection of circuit board assenblies using neasurenent
systens, and In particular, to systenms which neasure sol der joints within
fhbgm}}CKFinRéssgnblies for quality control analysis. BACKGROUND OF THE
Rapi d an ' N * [ | rpfctie [
and assents VGBS U FA0 Do BB B LR SRS TS e =71 e e
el ectroni cs nanufacturing -industry. The reduced size-of conponentsand
sol der -connections, the resulting increased density of conponents on
circuit board assenblies and TREL HELr f ace  nount technol ogy

(SNI'T), which places solder caqnnecti y i
they & e hi ddER FPGM JER TR B oAt T AT 4 SR B D R g e ©

el ectyoni ¢ devic j QNReed f i
di ffIDCU! ‘ECS?lB”Onp%]rg e&?%gioﬁagmﬁgﬁﬁl%%%t%ﬁb?ﬁg envi ?qgﬁ;ﬁ?mwﬁzrdﬂmjn ;iells n\éerz
:O gﬁgte?; lt @.jhiéi},{&% _ﬁﬂitij_stfeﬁfs vﬂiiflcmmmsdéafijgi@§ \ahblincférﬁh'é@t??réﬁ‘és‘?ﬁﬁﬁ@s Use of

ing radiation to formimages, which exhibit features r i
of ZOIAmgﬁYRQWWﬁw“%I$%Cture of the devices and connections. $ﬁé§262;§§2x§
often utilize conventional radiographic techniques wherein the penetrating
radi ati on conprises.X- rays. Medical X-ray pictures of various parts of the
human body, e.g., the geGKGROUND ORTHE BYVENTIAN. . are perhaps the nost

fam | iar exanpl es of conventional radi ographi i I '

pi ctifr 1(_'as f % nebid epil BEEKE dHEY KON/ 1§§P§gt6 Scozi-glf'c %@E%ﬁl%o%ljﬁggﬁénﬁgl%g ggrg

i nspecte en it.is. illum hy: i i i
30T ecor dEBY Af1iceS Py K e e hor s tabl €

- means.  Thg.ARPeBia8GR0kizt BE companenshadaaldr comtichgrsafiy FYldRE er mi ned not

only by the’internal Structural characteristics of.the obi
t he di r eintieosedfdensity affiostponpas Pﬁeiraéht)of%g Pﬁ%’t’g‘t‘iﬁ Fﬁ%%ﬁ‘teﬁg"%'{%j%g%‘i“f Le?lefs gr gy

a_coml e LLSTRISL L0 Sty pANEl 4308 BhnorfcAy ushiasan bemees. whe her

per f or nedOUHt on or numerical |y Conputer, often r
. . , equi res that
certgl N RsRMERLRASIHEP a8 laddenrfagavitmgiave made rapid and precise iI‘lSpCC'[iC(])nS

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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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

o]



O cress-sectional or body'-section inma i i i
_ ( _ ges. In nedical applications, th
techni ques have net with w despread success, largel'y' pBecausé ?e’ﬂﬁi’i}%;ﬁey

1owresolution on the order of one or two milli i

_ _ ( mllimeters appr oxi mat el
to 0.0S. inches) is satisfactory and because speed and(tthughput y 004
requirements are not as sever : as the corresponding I I N AR 2 JJ5

industrial requirenments. In the case of el
ectronics inspection, and nore
particul mdhstrigd fﬁ‘dﬁ”qﬂ?ﬁ?ﬁectl on o! electric it connections such as sol der

joins, inmage ULi @D
€801 ULi 00 00, Lihe; Qs dabn Ofnd is6reqfaalculmyc foretpecson dor  exanypl
20 m croneter ?L‘ proxi mat ef % © 08 inches) is pref err Qﬂ 5 Furthe;(rmrrfee

an i ndUSElEétﬂLal&@hﬁ&hohmlmh ab acsipergbumfn impet walier on QErRIHER Y SRR pl e

i mages per second in order to.be of practical
product i mucrpinpigrs, f@‘#ﬁ"ﬁ@@r AP RYCTRYELCE pmxélﬁ‘mﬂ?@capagphés %Lﬁ cﬁ:r%\l% ng the

speed_ an ccurac
s t
descr] belE PR Fa D K e, 026, 452 ent 1t ed.

" AUTOVATED), deANENGERARIS rdck o 6 STt R@RusNSPECTIdGNNEkP e EE@PRCNC "
to Baker et arﬁ3 U.S. Patent No. 5,097,492, entlthg“ . " 1ssued

LAM NOGRAPHY SMSTITEMEIPGRS)’SF‘?{SPE@WW ‘%ﬂ?aﬁé’éﬁ%}’&g P§Sued toBgﬁ«gr et al:

US_ Patent.Na. , 5 081 6 ",
N 1R bhES B tﬁmﬁ%wtm SYSTEM FOR
| NSPECTI GQUERTBHE rﬁessu‘ed 6 Baker et al.: U.S. Pat eﬁt No. 15

HY

5,291, 5338811 K| esteni W W3, ARRARATUS (RAR GRAP

EXCESS/ | REOFEI G ENT - SOLDER DE?E%S o to%ﬂm@lﬁm@ . S. Patent
NO. ERQG?E%gIEM BORi MMCTIDEA@NE@Mg Eglfh%ﬁ*tﬁ‘é EB?U TECTI NG AND
CONT "k

T okl S e MR TR S I ot
CONNECTI ENSp T fesk £ 0EAURINIES, "absued tb Bakéatt eht UNo PaBnIY9, 054, entitl ed
VETHOD APPARATUS . FOR H GH RESOLUT ELECTRONI C ’
| TEMS, " bS8U6AS; tamtnﬂd@.mléTOMATE@LéMB&‘b%rAﬁg? Iisqé%h entitled

"LAM W.
QYA GAlehiYNBl RECTED
MULTI %%WWB%S s]gﬂg l%(%rg('ﬁlgaker G;tﬁ-@al : ENSI Pat ent No.

S, 5%39%;9892325 te![ngﬂzd a&@ﬂnawgmmwmqmmmﬁw SYSTEM AND
EXCESS/INSUFFICIENT SOLDER DEFECTS,” issued to Baker et al.; U.S. Patent
No. 5,621,811, entitled, “LEARNING METHOD AND APPARATUS FOR
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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,
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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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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
“7°_axis position of the cross-sectional image focal plane. Any of a variety of

standard methods and instruments may be used to physically measure the “Z”-ax1s
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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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array pacﬁﬁgﬁ]eﬂmgﬁ}gy for identifying “defective” solder joints 1s 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 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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a printed-circuit board. These and other r v such
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A S ES g
cause ong, OF, P & 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-
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measured solderjoints on a printed-circuit assenbly.
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 pnnted-
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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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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of spg der joi II}rIGdf ATGh %&fggeparteaaplﬁﬁ-%?é%\gof 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-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
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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 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
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devi ce. 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



A second enbodi nent perforns a two-di nmensional polynomal fit over the
neasurenent data to identify an expected neasurenent value for i b alaR2005
joint under 15 test. A third enbodi ment enploys a Fourier analysis over
the neasured results to identify high-li-equency variations between
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programs configured to control various aspects of the solder-joint inspection
mechanisms.

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



conprising discrete elenents both individually and in various conbi nations
to 10 coordinate the overall operation of the solder-joint insge¢tigaR 2005
system 100. The nenory 1 10 can include any one of a conbination of
volatile nenory elenents (e.g., randomaccess nenory (RAM such. as DRAM
SRAM etc)) and non-vol atile menory el ements (e.g., ROM hard drive, tape,
CDROM etc.). The nenory 10 typically conprises an QS 112, aone or nore
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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 cognection 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



various conponents used to transmt and/or receive data over a network. By
way oC exanple, the network interface devices 150 may |nclude ajdpviag 2005
that can 5 comruni cate both inputs and outputs, for instance, a

nodul at or/ denodul ator (e. g., a noden), wireless (e.g., a radio-frequency
(RF)) transceiver, a telephonic interface, a bridge, a router, a network
card, etc. Various software and/or firmvare will be used to manage,
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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



which a programis printed, as the programcan he electronically captur ed,
via for instance, optical scanning of the paper or outer nediu %20@5
conpi | ed, i nterpreted or otherw se processed in a suitable manner as

necessary and then stored in a conputer nmenory. FIG 2 illustrates a plot
200 of sanple data points nmeasured and recorded froma parti cul ar type of
BGA device package. As illustrated in the plot of FIG t he gal i ncl udes
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directed to t e view o lustrated in

pri nt ed- cty;ncaJl}thaasseﬁr@bydidﬂeterrﬂ}an@ohbr jCSlGS aavaﬁAtmaewutcreed«g&@oémd BeGA
printed-circuit hoard 420 electrically and physically connected at a
pIuralltFeWFe§ugstant|alIy aligned 30 points via a plurality of solder

joints 4 12. |4 l'uﬁstk fnt @B dE%éWBPFfd‘%t atphﬁte'dLJdéi?ft aadenfyly 560 AR to scale.
The reI ative hei ght the thic ness) of the FGA devi ce 41.0  and the
comprise a BGA dev:ce 510and a prmted -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



printed-circuit board 420 used in formng the. prinmed circuit assenbly 400
will often 15 1 1 MAR 2UJ5 vary and the silo of the various sol ded MARNEENS
formed by the plurality of solder balls wll 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 fromthe nounting (i.e., the upper) surface
of the priwnkedogiice pats/ fadarictriad20uscThehB@Aldgvine ensfd@iomaysiwar IP0dGESL o

t hennal expansi on m smatches within the package and/or for other reasons
such as sttess applied by the printed-circuit board. The solder joints 412
cool before th [ i .. VAR ~ & h I he warp.
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il lustration ofhesignifigancelod thast diserpce measirenants aqb by appecisfedmign 5 is  not
to scale. ;As illustrated. in the .side.vji f,. F1.G b, -thepe are at | east two
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connection points with nounting surfaces (the underside of the BOA device
510 and ofthe 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 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



30 the upper surface of the printed circuit board '20) further renoved from
each other i1] the "Z" dinmension, will have a reduced dianeter jwhp

nmeasured at the focal plane 550. As previously explained, the resuPtAi néﬂﬂﬁ
wide variation in the nmeasured dianeters of solder joints 512 makes it
difficult to use this information as the sole indicator of 1() where to

pl ace pass/fail criteria for use in the solder-joint inspection system

1 () () (RraGrenRefierenas is inopardtiiecpeaed-oirtinedeptanisewosferfdi@ 6, which
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610 of a parhhesd ﬁtﬁrk@%ﬂﬁtﬂl@ﬁnf@s@tg@ﬂ@ﬁen“y under test. After havi ng
identified the centroid 610 of the BGA device 600 in the X - Y plane, the
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the vari oms,asemmhmcstnengdp@fcmthe pfintefeirceix daptar ABCA &Qédﬁfd@mf GBBCHS t hei r

di stance fromthe centroid 6 As
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of the o) ol nt omthe centroid 610. Simlarly, the data _pl ot 800,

illustrated i nFIIsG) afd 1apreamgquart Views of they exapapier BGﬁaﬁﬁé’t@ﬁsTfl@B@%e vari ous
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FIG 3, g’aﬂn@ﬁ] rb@m%tn@ c?lﬂﬁﬁs‘ﬂteartthg el 8dgtaba i dbviceOsaflufttdted ib ththe data

indicate inear relationship between sol der joint dianeter in
mls. andplifeicoi StRIGCR, thetnduneng erdee qfdnenBGF\r@wctet%)odéﬁtbstﬁn@ﬁllmmever in

the case of the BGA pack d pl d i
of L1 | eekanar Wit oRaRn o fEeRsigat PLiear e alpgteetn S foo B " ©! oPe
di stance ﬁf P%P@ r@&s&%%'m’s%aﬁeﬁ dpe eiz@geztaté‘drcgﬁﬂutatéecmmet@ama afimbbeof devi ce-

Clearly these indicate that it possi ble to confi %ure one or nore
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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 FIG. 10 reveals 2 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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arranged along the X-Y plane. For exanple, an upper pass!faail threshold
for solder joint dianeter nmay mrror the average dianeter vs. cji étWeZGUS
fromtho centroid for solder joints associated with a particular
printed-circuit device. The upper pass fail threshold may he applied in a
| i near fashion having a fixed positive delta fromthe average di aneter vs.
di stance MAR 2005 neasurenents recorded for the particular printed circuit
devi ce. Astubést dolnkesrs pod Htose goldergpmisrelaiaelveessdd hatenipiet! passi‘ ai |

t hreshol d vvhegi(g e di stlaglcg et,we_e[lnr the nounting surfaces is not

rel ativel YeBfpdd ippthE PRSI EHHE havi ng excess sol der and may he

mar ked for furyher - nesvi@altRited Shibbdidtdnis o [hé PEOYARSSAdrgbint t hr eshol d
may mrror the dianeter vs. distance fromthe centroid for the sol der

j oi nt's oniidpectjpmi systent KO (EUG T 1 )denitbeasspeintet neethasiver adapyiagdest thakshoids; eshol d
having_a fixed negative delta fro he di ter,.vs..distance asurement s
recor ded Paeatasiner AR EISREtr™ &qr@g& &%Eé‘i’ld?df)ﬁg? @ﬁsg‘f’ﬁ[tedd‘fqﬁln‘bt ers
that excegdothe..OHRc, RaRsL! BA BEVESHS) th BRE: RE:dehEi 38! ¥ acabialk open

circuit 10 condition and' nay for further observation. FIGS. 9 and
10 pr esentpaabi@Bmuhtormsiande icnessekestiarnoBGh (devisspstivd penBd&ircde vieeiec900
illustrated in FIG 9 is representative of_ an. arran%ement t hat pl aces

sol der | dhpteshpigue assemes thas heerFChABLE INSAKIERIQHTREASIEHYEE BET Hife devi ce.

As illustr ?ék%geg{?gts{I]Q?{neg%@gngﬁg%\ggﬁ es Tk offe sdIAG SRV P eRtoi @k §oiflls L he BOA

devi ce 90875 antl anar wth the X anc(li Y di nensions of the
sol derg j okluld Bspegishall. Bush estddOPint BiGeiate)witiFo B(pdidpasesaghei | | ustrati on,
t he exaggerated diameter chart reveals a nunber of solder j.oj r]ts 912 '
across t hassapaiedivith % eatfo4agar nprﬁélber%é?réiélﬂbgf%éﬁ&%ﬁ%ﬁfd infke PHHPAR'BRIal  sol der
joints shown i.s.,substantially,out. of scale.i N ;

sol der - | ol Wt o%lg}hgf.eﬁﬂ%/egﬁ Jhoxn%egﬁl‘%g{r)lgslé&ﬁ]d:ﬂ?%@\%?g%%{)ﬁg(b)Iéc?lef?tdjéglitcﬁt s on the
BGA devi cer @D is A i20e Sixawoldenjdiliel NRanhy fiewadibcdrt €1d6x, jotrite] BGA widlvi ce 900
reveals a non-linear "Z" dinmension variatjon_ in the djanet ?rs .of each of

the sol deforndhnelensr ofiies ecarmeizhben &for SPYFRioNRi et e¥oRataldfdeint s
Soreued L BSE S5 450 BE RLDHLIASghi e T e et P08, The o
that pl acgs isek deacémisbldsr b2 11 1Y wilbfoandhe elenignis of ént waedeighbartset he
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.
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centroid of the nounting surface of the device. As illustrated ipn the plan
view of FIG 10, the nmounting Surface of the BGA device 1000 is al §?Mf? 2005
substantially coplanar with the X and Y dinmensions of the solder-joint

i nspection system 100 (F[G 1). As with the exaggerated sol der joint
dianeter chart of FIG 9, the exaggerated solder-joint 30 diameter chart of
FIG 10 reveals .s nunber of solder joints 1012- across the nounting
surfacee. As showar hdigite epbanalvi ew Gkf blf@110111@16dtfhe8u8mfHmlé’e’“fDO@b has

warped in the typical manner, der t he
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accept abl &~ "neasur enent _varl ance across the sol der joints of the respective

print ed- cRUildviclayp&ind erfdtendg@gthoe.que smmhyﬁletdmatposhedma|pi§0tdﬁ§ﬁ,ge in
sol der joint neasurenents over t B@(}BaCka ge, . but that sure nt changes

from one Beleder sigoatite afdhaeearnd# dedeyies insigni C@H&fd’ﬁ erRRt YIS ng 1

Each sol der 0| nt as 2 BGA device may be associated with a
set of ne%{'rr h‘ﬁ% %’8@3%}??‘11%0?%{]% as illustrated in the partial plan view

of Fifg I 1. \Pﬁeﬂar@qcmlrﬁwdwnmtonse haﬁaie%(ﬂlbajﬁﬁgddtﬂesradglgsmfplctthe BGA
device 1100 as is the case with sol der joint 12a, the five adjacent

so: (cjier j oullmftsaltid B4 \113:1 The pomppiitfeled piged Q) ]éJl\”Stsz%S hbox PRLRRHKYS OSet for
SOl der orn a. or 15
J @ana:érrnc]l%i af grro cka?z} @Ot g%O P?Cn ” A L)g)f gfo?gs dnnef?ecﬁg’ﬁﬂ%%alm t he

array of se vm er ’j ol nt

three adj @Eﬁgéritﬁmmbdwbé?ﬂr‘él ien@erﬂc@ﬁnﬂﬂdldpefsﬁmﬂlt kienglaeemntsshofvstthe near
nei ghbor s for solder joint 1 1 12b. As further ilJustrated, a "field"

sol der j o24th, {0th énedian)saididith peicantile sopres wrIEd 1y thei rgHEmEY; aent sol der

joints) may .be associ at.ed. V\A,th h | 8 t h
a nuriger @%XIB}“F‘? Ecroé?ﬁa#é: R8¥s°% II(g'ul%(gjxlg’e Shg\ggﬁl Lg(l)e:é;r %St}g’%g%bsm%?ng Lhat
(i.e., sobdgE vhigkd)leitie adldgitdrgnoﬁtnebhﬂwtsh¢\us&termbmxnnanelx@ue:s1 For

exanpl e, solder joints within a specified nunber rows or colums could
be consfﬂi@ﬂe‘dgiamﬁﬁ@ tees O3 HrchBr04niet H@dﬁspﬁe&w%%@écﬁ%qeﬁgs nei ghbor sol der

joints Wrtqralreg‘enﬁz?tl\%erf tf] fn?érqt%gleerraﬁfes(t]QR).
It has been discovered that considering any diame‘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 vah_les
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 exemp]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



A nunber of different nethods nay be used to estimate an appropriate sol der
25 joint nmeasurenent fromthe same neasurenent recorded for the bdl déiR 2005
joints in a particular solder joints near neighbor set. For exanple, the
measured val ues associated with each of the solder joints within a near
nei ghbor set can be statistically analyzed to set an expected neasurenent
for an identified solder joint. In this regard, the nean, nedian, or

aver age neasiioad thaabge: froviotsly usdstectod wibhabe p Biewlderdaint epasted jO as the
expected value the identified solder joint. In sone arrangenents, an
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nei ghbor joiut tnspéctidnalysi s 0pinaty achLire!rifs ah@tbni conEdrfing hiray phekagemagsi t e data
plot 1300 Illustrates .1 box plot analysis of tht near nel ghbor error data
pl ot 12100 ilystreted 12 $iep 1A0%o?hlﬁll%fpm§tlf§hméf pe atgageed pEBEPR 1asepr esent at i on of
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It has been di'scov considertng error nore than three

20 tinmes llisfft@ctlmybt%hfﬂmﬂ) thiethes peaburthad rrﬁ&lﬁ@ﬂida‘tﬁtab@ﬂ&nb%ﬂnd/bﬁﬂﬁnbs an
effective pass/fall threshold for BGA solder Joints, As illustrated by the
box pl ot oﬂmaelatppntah@lwéwgﬁpl(lee 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 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



piot of FIG 13, no outlier near neighbor error value for tht BGA347 device
type exceeds the contenplated (13 tinmes IQR) value. In this case, the

i nproved sol derjoint inspection system 100 has accurately reporfet HMAR 2009
defects associated with the solder ?5 Joints of theexernplar BGA34-/
device. As further Illustrated in the conposite box plot 1300, the sane
cannot, be said for the soldti-joint. error outliers associated with the
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1402. After having | ocated each of the pins and thus the solder joints,
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met hods uUEH (AgerdRitte MErbi VildeedAd Gescelbed hforiengnd d3allmeated inaiephldd2, conduct or
pins or solder joints for each solder joint on a device under test and
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di amet er pandfeiuenOfB arighdtah thedlddrgoiat meaarantry waichhag bean detérhdngchi ckness,
heel height, solder vol une, etc.a of each solder joint as .indjicated in
step 14060 bThereufate mdicatoriof dafeetine arldemomielor BAokdeyipes. il B¢ sol der

jornt | "3 Sr%g:ila%r& that the process steps illustrated in the flowchart of FIG. 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



20 system may formulate an estimted or expected value for each oi ffﬁ
solder joints. A nunber of different nethods nay he used by the AR 200
sol der-joint inspection systemto derive the expected val ues. For exanple,
measured di aneters or sone other characteristic of the solder joints al ong
a row of solder joints in the X-dinension and/or along a colurnn of sol der
joint dianeters in the Y-dinension may be used to 25 fornulate a best fit
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expect &d \valluafemldn ﬂrrcealehleefﬁtﬂtdﬁléwsléﬁﬁler joints. As is known, a Fourier

transform pres T es .ﬁmn leoarrlw of.. : i l, hip as a
wei ghed 1 ? é%o BT 61081 Hed arm‘ ‘E%E:qﬁé@ mg’%\%é‘?' ﬁ%‘ﬁ%ﬁs{?ggrp%qgoes from

t he SpatiNﬁ I ani?'o'?’thé’\‘&b t:vé@o%t&ﬂﬂﬁés%@%r@hﬂ@hiﬁlﬂﬁ%Qnal‘_’yﬁsbh@hefrequency
domai n al ways continuous. Thus Fourier transform can he used

to anal yZBldethEﬂldnn Afree hhwegmdﬂmylﬁdd)ﬁm Wdrmﬁllﬁlcgw1€r$ iredeentier endpyes in the

measur ed i s.kno fre han he renoved
via a sui Dg‘@oﬁﬁséfﬂﬁéﬂmi“ﬁ“f‘ pis a ﬁ@cqt’ﬁ’{}gqg ?ﬂ#ﬁﬁg?ﬂg‘r‘% may then
he appyie f&ﬁa&tf%ﬁ agﬁatc?at&pwﬁﬁElievcﬁltlﬁé}%a%ﬂﬁﬁésqﬂat@lcé@ﬁa fressheRicd 1 t he sol der
j oi nts. rrespective of the method used to generate the expected val ues,

t he | ow f owttjereereyr re;@caungpimblﬁ)() Videi cut ligrrenion rmatyw@dIWbQJQemﬂaemm the
array package, devjce ar and th

nodi fi ed E}gg’gﬁ%ﬂ“%ﬁpé@%i 5%% Pﬂéf‘?r hﬁélssé’ﬁg’%ﬁi ﬁoﬂdeéﬂ%lﬁts 19P8° °f Wémﬁi rrpr oved

sol der-Jo eGLEOR B8R L8N willPific R6IdRF-RAREERALISR ape. the
esti mat edbé}grphgx%pgct ed val ue Lger?er atwed i ﬁ st epr’i408 Wi tlh ts respective

measur ed val ueFiGrlécaceHloof d:tigrarrstbhfdélustrajﬁm meﬂ@ddpdehtnilf)ﬂ@ gpderya®mé to

generate an. err describ above nd as il step
Tano 13 T rd e Ve iR BRub Dbl D elero megRianyion oy Che: i B amed o
“store and, 3an@h){ﬁ)?o\$e'a%o@%f j:Hu% ihQecObH bys@ns 100 Pre%egyltﬂrh@resngﬁ{he i ndi cative
of unexpec a high-frequency) variance in the Solder joint neasurenent,
whi ch hasmbthed 1660 equaetdlngtamdbecc‘aﬁma@qdwaltcel dhatictratste o6 tachiesoldsr jajat sol der

joints f Oe{ssn?c%e E\'\v\ﬂhcae ganuln}larsar}t%l}lrlp%cl?age 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



appreci ated that the process steps illustrated in the flowhart of FIG 14
may he . repeated as desired to conplete a solder joint analysis 0{102@§§2 !
printed-circuit devices 20 nounted on it printed-circuit assenbly. T&
is a Functional block diagramillustrating various exenplar conponents of
the solder joint analysis application 114 of FIG I. In this regard the

sol der-joint analysis appli.cation 114 ma ﬂncluqe recording | ogic 1500
confi gur edithioresylptie i 4 g IBITRSIBF ViRAES ﬁ'é(‘fegﬁttéerﬁng’f’? VST '8ES observed in
various | . Y Z2dobYdabher sakaerl rir&ihBidsirgspect i on
systen1163?§$%SQ§Q|H§FF?€int”ﬁ%ﬁ?@g?gt appli?at%gﬁﬁlﬁ4ﬂﬁ§$ gﬁso i ncl ude

| ogi ¢ 15h6n-aanf pakueelsdlderdeiner Miheeressnetipdosied is mmhdel foancledetheof t he

sol der joints .under observation. As previously described, the logic 15 10
may use ApRICHOBOhbEHEFCBRAYRELt hods for generating an expected nmeasurenent
val ue for each respective solder joint that accounts for variance between
30 the nounting surfaces of an associ ated device and the printed-circuit
board. As shown in FIG 15, both the recording, logic. 1 500 and the |ogic
1510 may be <configured to provide information regardi ng each respective
solder joint to conparison logic 1520- In turn, conparison |ogic 1520 may
he configured to | MAR 200, determne the difference in magnitude between
t he neasured the recorded neasurenent value) and | h associ ated 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 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
val ues and performan outlier analysis on the information. After having
identified the error value outliers in the outlier analysis |ogic 1540,
the sol der joint analysis application 114, nmay 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

| ogi ¢ 1550, may in turn provide position and/or other identifiers for the
associ ated solder joints to one or nore



peri pheral devices in comunication wth the solder-joint inspection system
100. FI-G. 16 is a flow diagramthat illustrates a method for ideﬂtifMﬂﬁ@MﬂS
sol der-joint 15 defects 1600 that may be practiced by the circuit

i nspection systemof FIG 1. In this regard, the inproved sol der joint

i nspection system 100 may begin practicing the nmethod 1600 by neasuring
and recordi ng a physical chargc {stic of each solder joint associated
with a particular array packggéﬁgéter havi ng neasured each of the sol der
joints, the inproved sol der-joint inspection system 100 may use information

20 concerning .array. kage war char .pri.pted circuif -hoard warp to

esti mat ?hélsri hg‘g%eeé%ggg@lgfﬁgen}sﬁcp%%g%&g?r iﬁ)erﬁ‘hg’}%ﬁg@?ré%m{s‘% "8‘3*?1 joints as

i ndcigiat tbelfollowmpep 1604. Next, as illustrated in step 1606, the inproved
sol der-joint inspection systern 100 nmay be configured to conpare the
expected value with the respective neasured value to generate an error

val ue fdr easahnagloldderadping testithcsholdeasmbrdid thafolld®ingsepscat ed 25 I n step
1608, the plural ity of errqr valuyes generated in step 1606, may be applied
nan | arrBRIGEe s B SIS SO BARERFy T ect i ve ] of Nt

Whi Heriggar ti cul ar enbodi ments of the inproved sol der-joint inspection system

100 have,peen .disclosed.in detail .i.n the foregoing description and draw ngs
for  putBOSE bl RNt (e Vpriaien (hRAct BOREBY THBTE Ski | 1eq i n the ars
t hagurfiéd of ttprinlRa-cidditaledicdmdiafprin@l-ciprug tblrady eof can he nmade wi thout departing
fromthe scope of the ipvention as set forth imthe followmng, clainms. For
i nst ancé‘?"m@f’%@rm?ﬁqr%‘?"j Pigal Ri’?'mcﬁ?rﬁrﬁg é’g ﬁﬁl‘iﬂ‘tya"s%@g?ré?'ﬁﬁ “@ﬁd??'u non- arr ay
pacéagle teypfittedeirduitaivicat toprinwpettithobd; refl ect | owfrequency variation
for various.r asons Jjncluding those descrihed ove | I MAR which result in
"Z - di mETETgRe 95‘?‘?%?#&8“8@ fruteen r’i‘fsf"??ﬁv%sﬂ’? SRS sl equent |y, one or
nor ® veiddtiah Btidtee bibétarerpshe adundabsuiacedpf fadsihtcdicircuiticeishaldde f or non-array
packne}lge%_c%ollﬁpler ; glklnts. The present disclosure is intended to include the
app]i’l cation cif these techniques. 24 1 1 MAR 200 CLAI M5 Thus, having

descr i bedtidgut least shethssinidireshsionts tHeaungedent i f yi ng sol der joint defects, |
claimthe follow ng: A nethod for adapting test thresholds, conprising the

foll ow ng steps:
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



sequiring location information for a plurality of solder joints on a
printed -circuit device; obtaining information indicative of the]vérmﬂmigmg
in distance between a nmounting surface of the printed-circuit device and a
printed-circuit board; recording a nmeasurenent of a physical property of a
plurality of solder joints used to. couple the printed-circuit device to
the prinpted-gircuit ard; estinating.a range of .accept.abl e neasurenents

f or resgéct{@E"gb°88E8F8ﬂ%P§a?@g%ﬁk§%§§“m J @%?Fg??8§gpam§istance bet ween

t hehawoedivni of theseoofdad mestiretnams pf thoidedified set uf eighbarisclderdsidist he printed-circuit
board; and setting at |east one threshold responsive to the range. 2. The
met hod of claim 1, wherein the step of acquiring |location information
conpri s&s arThe metsl bDAiinaN whireia theastimating aieK ag@prise. foridudatings hod of claim 1,
wher ei he step of recordin onprises a.di aneter asurenent. 4. The

e RO BESTE FAhon e dre fotoHist SrByr<gtents SCOP APHY T IUE & he

measurenent. The method of claim1l, wherein the step of recording conprises
a volu megsurepent . b The method of claim1, wherein the estimating step
conpri sr%s pg‘r?“f’ Eﬁﬁﬁﬁf“éﬁ‘ms}t 3’%’%‘?‘#&“3"?‘%‘&55’7‘%‘? wmpTsesaRRlyga e neasur enent s of an
i degtbided RehsiRnet oNSIGHIRG bf HOcHRIntd 0 Fhisrier Zhlykis1 MAR 2x05 7. The net hod of
claim6, wherein the statistical analysis conprises calculating the nedian
of the recorded neasurenents of the identified set of neighbor sol der

joints.18. Themdmbdeftlhh 9CwRdréh the POl hdlysisROmpSdel M hppigatbhep conpri ses

BRIk b B AR S S BR85S, e erent

es disthibhited Gorsss G2 sGEHTP bf Ge8evaeP! Yi Ng the recorded nmeasurenments of a

plurality of solder joints in a Fourier analysis. 10. The nethod of claim

9, wherein the Fourier analysis conprises the application of a

hi gh- f raquemayméthbd 6ficl0m 1] WEeréif R sEE of RRME frdhBBRdhpriak: an identified set of
s distribuie e surface of the device. 11. ‘The net hod

| d j oi nt d.
of cl aifHPPanTihs pFFiedTalg ik thsreoelet! PisaPrTIET e TS B

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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conparing the expected value with the recorded neasurenent to gengrate an
error value for the plurality of solder joints on the printed-cir di MAR 200¢
device; and performng an outlier analysis on the plurality of error val ues
to establish at |east one threshold value. 12. The nethod of claim 11,
wherein the step of conparing the expected value wth the recorded

measur epent ,conprij se mat h ical. conbi natign of the expected val ue
with t hg}?r e@o‘?%g?fl %%%%ﬂ%%ﬁfmfgg&%c S Froé?%’&“g%fesge?% iﬂ1 12, wherein the
mat henatetwdihg £ opdsirakit@ssocianp itk e sluslitydif bldur ¢ritteon firited MAR 200$ 14. A

et og far identifying solder joint defects, conprising the steps of:

h
r eCOF idﬁﬁcea nmeasur enment associated with a plurality of solder joints on a

pri nt ecesti@atinglah bxpdeted edbye foSthe flatalin@f sddee pachachcsbahtadorf or the plurality of

sol derﬂjloi nts that accog}ﬁnts ft?lr accept abl e var.i a(?c.e ir& t.he di stance

be AHERRP'S LRGN P A Aes eteasthe mogntne syace:  APETRY CHRIOEECe and a

pr iaid Astineidreirtiit bdadiasoabledBinhedideyjoldie sol der joints; conparing the recorded

measur enment .vvi“'g h expect ed val ‘ue,nf*(‘)‘r thq pl wapl i4t‘y 1of e e sol der joints to
gener at @ RIFEIFIEINFE MEATHTPLF e SXRCPHEANS PRI UAEY8Et i ve sol der joints

by s@@p ot paierE £ REpe¥idlceoPiililel # anal ysis to the plurality of error

val ues., 15. The nethod of. claim 14, wherein the step of recording conprises

an i n/eifipgdefrivsEolder igipts By applaingageon wluegydicRalygatoghe ¢l ai m 14, wherein
t hplusaliglof efrorivaley, di ng conprises a di anmeter neasurenent. 17. The nethod of
claim 14, wherein the step of estimating an expected value for the
-plurality of solder joints conprises performng a statistical analysis on

t he redqdr dehe 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.
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measurenents of a set of neighboring solder joints. 18. The nethod of claim
14, wherein the step of estimating an expected value for the pl Ujati té%of _
sol der joints conprises performng a statistical analysis on the rfe d00
measurenents of a set of solder joints equidistant fromthe centroid of the
printed-circuit device. 19. The nethod of claim 17, wherein the

statisti,¢al .anal ysi.s_.co jses calcul ating .the nmedian of .the recorded
neasurer%%‘nts SRS of éﬁﬂi‘”g‘“‘é‘e”gef’°E8%‘*8ﬁB?ﬁ%P@Hsa@Pef%i nts. 20. The
et theplunlityelf sildar joiqts wingrisdsapihies St eponitd msisimmbigr rkpect ed val ue for
resst%?ﬁ,lt-imx{l .sol.der L%i rkts conprises fornmulating a best fit polynom al
equa raR oSt AGOFIRE 2P ¥ or ded measurenents of the plurality of sol der
joints. 27 1 1 MAR 2UU 21. The nethod of claim 14, wherein the step of

esti mat Lhg expect val.ue for e.plurality of solder joints conprises
appl yi ngﬂt hzﬂl"é'begtl"’ é’ggf‘r‘ﬁ?s‘u?"g?fﬁlﬁf%&gf‘”‘gaﬁ?"(ﬁséﬁ"l“??seéfhe sol der joints in a
FoupplesatidindlahiphSreqdecy T offtiehedrded mesaiefentd of ¥BLBN RS §Rr FOuri er anal ysis
conprijses the application of ahigh-frequency filter on the recorded
medsUrenents of a plurality of solder innrc 23. The nethod of claim 14,

wherein the step of conparing the expected value wth the recorded’

measur egent _conpr.i ses .a mat hematical conbi nati on of the expected val ue
with th resj%’@g'feff\?gOfg?fﬁ’rléeﬂh%&%ts@ﬁﬁﬁ‘fqmm‘lg trpexpgehreof cl ai m 23,

whewithithe retb@dedtddagiididnt mpeisddlinliftch@tict VIS8 of theexpitdd wlugnce of the
expeﬁl]tt%%eval ue with the respective recorded neasurenent. 25. The net hod of

cl ar SRRFIE Leprdedi@easyeens i dentifying defective sol der joints

conprises a box plot analysis responsive to the plurality of error val ues.

26. An jnpraqoyed sol der jaint inspection system conprising: neans for
measur i Hig a%?@’ﬁg’f’d Btﬁ“éa’%‘%ﬁr‘ﬁ'&?%? Ffaﬂ‘e{ﬁ‘fm'éf‘iﬂnm”é‘??’i SP“B’F’S‘?g'Peder joints on a
“pr idiffeeeccoMit ixpecttdWale with 8RR ISspédif e Ro0ed thétguradergXpect ed val ue for the
nmeasured characteristic for each of the plurality of solder joints that
varies as a function of distance between the nounting surface of the
print ed2ici r Qe method b fxtaianrd, whepdin the sep 6f idéaitifind dpfdcive soiidr jomans f or

" OTBHBAL! It SR rBbitre B 8 pluthlf o SorVanuled]® MBASUred characteristic and

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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the expected value for the plurality of solder joints. 27_ The sy]st1erwﬁqf 2008
cl-aim 26, further conprising: neans for analyzing the plurality of error™"
values to identify solder joint defects 28. The system of claim 27, wherein
the neans for analyzing conprises a box plot. 28 MAR 2aou 29, The system of
claim 26, wherein the nmeans for neasuring conprises an automated X-ray

i nspect ion . St of im 26, wherein the neans for

measur i %g cz%%%%g%nsgf(a%hm%g%iwcaemqﬁén]g%aélgk‘?glﬁasgg}’ggccé’mpn%"f?ﬂ sol der- joint
defaatomatah Xl rypinspediiinesgdténon program stored on a conputer readable nmedium
conprising: logic configured to record at | east one characteristic of a
plurality of solder joints on a printed-circuit device; |ogic configured

t o det e3tri n@hanysexpeco 26, alhaeinfthy médne foa nehseisd conpeset hasgrtter i stic for the
pl ur éc'{i(t}%s otf sol der joints responsive to |ow frequency change in a sol der
joint "ChATSCt eristics across the device; logic configured to generate an
error value froma nmathematical conbination of the expected value and the
record characteristic for the plurality of solder joints, on the printed-
i r out t oy P ReErt P st R a e, SEH T oBPP S IblEe out i or 5. 39,
Thenepinmgeaaiprieingcl ai m 31, wherein the logic configured to record records at
| east gne characteristjc. of a solder joint associated with an array

pac kagcelf’glgﬁ‘?n%%wgé IS BEraaHaT ogy °'§_“L?d°\%%?18 tyt“ﬁé‘ﬂis%b‘l“ﬂ:ts @bhfigured to
depruted-cirundeviexpect ed val ue reflects a statistical analysis of the

recorded .characteristic. 34. Th ogram of claim 31, wherein the

stati sﬁ?%&?ongﬁ%f ?l‘%tef%‘%?"i ?8?%&%@5?‘5?‘?%@{“%0%?‘3??@%8.°rThe progr am of

cl thie plusdity offselieijsints ipdneigt f 16 fifet@itatatge igesdddcifotntan error val ue

cal cultat. s the S’IF]:S{ erence of the recorded characteristic and the expected

vaPiisctenics qross Be dSYSH of ¢l ai m 31, wherein the |ogic configured to
i dent i flygiecondgureddolgenerate 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.
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outliers conprises a box plot analysis. 29 MAR 200 37. The program of

cl-aim 36, wherein the box plot analysis identifies error values {hhtMAR 200
exceed a constant nmultiple of the interquartile range for the error val ues
above a constant percentage of the error value data range. 38. The nethod
of claim1l, wherein the step of obtaining conprises neasuring the distance

bet ween, nting surface of t.h rinted-ci.rcuit. device and a

print ed’-f:li %f?m é)lflﬁl ll}lrgq’ ?VE’ESTC%&P’I 855{‘)?%@?"5' 'ét?ﬁeﬁ'ﬁéorr‘r’%elf'ﬁod of claim1,

wh énrtixnegiheostaapmoltipla ok mteaguahidcabgedor thevérar NEbds@bove@enBranses an

L nvgrgeh;a%attitgn of % qéjgad fl at pack package. 40. The nmethod of claiml,
whBFETHEE Rie"STED VoTe e85 ng conprises a two- di nensional neasurement. 41.
The nethod of claim 1, wherein the step of recording conprises a three-

di nensi_gnal asur t. 42. The nmeth of. claim14, wherein the step of
recor digﬁg CEH%F[F %‘g‘ﬁ m il heEgn ﬁ‘ﬁft%ﬁfoog’fa’%"%cﬁgl&“?efﬁeasﬁgggﬁﬁackage. 43. The
e tiis@tte®btwebd Wodiding WRREEIMhd idtedichfiafeviceadradiingd coegirat ses a one-

di nensi onal neasurement. 44. The nmethod of claim 14, wherein the step of

r eBYPRI RS °CHifFi ses a two- di mensional measurenent. 45. The nethod of claim
14, wherein the step of recording conprises a three- dinensional

measur enent, 46. The thod of claiml, wherein the step of estimating an
expect ég? vaITb"emFtB?J]%fcggP &f‘gTef‘i"il&BFte%%qlaa‘é‘f‘mﬁ)lP?ﬁ’gn@ ?tfog‘es performng a

St adnipBibéstalinvafiihieni of a QikdithepdcRpakaed neasurenents of a set of sol der
joints equidistant fromthe centroid of the printed-circuit device. 30 I |
i AR 2t; 47. The program of claim 32, wherein the logic configured to

esti nat4e, eThd HEth®Bof clgh POMratetht e tredbrBigddapriebeen t he nounti ng

surface of a printed-circuit device and a
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,
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printed-circuit board. 31 ABSTRACT OF THE DI SCLOSURE SYSTEM AND I\/’EEHWRF%R
| DENTI FYI NG SOCLDER JO NT DEFECTS An inproved circuit inspection syste U
i ncorporates an autonated nmeasuring technique that accounts for acceptable
Z-axis el evation variance across both a printed- circuit device and a
nmounting surface when nmaki ng sol der -joint pass/fail decisions. The

i nproved solder joint i.nspectian_system | i es a near. nei ghbor sol der
j oi nt 'ramL';( "e?ro%?‘f’(#dﬂ ‘é’f"gﬁ‘PH’iﬂ){% n@%‘%ﬂfé?’ 5135 S8R5 pri nt ed-ci rcui t
deydémsivétoﬂ@eadistmé Bioen tisahdaiing @ifide of k prmédtircalt todceand i er anal ysis i s
t

use o.identify solder joint defects with i nproved accuracy. FIG 1
printed-circuit board. y J nmp y
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