23 May 2006 METHOD AN PPARATUS FOR IMPROVING DEFECTW/E SOLDER J%EAT
DETECTION USING X-RAY-INSPECTION OF. PRINTED ASSEMBLIESBackground ofth¥ ivéhtdn
Integrated circuits continue to be designed with increasing numbers of 6 signal lines for higher
performance and lower cost per square inch. In addition, larger numbers of power supply and ground
lines are needed to ensure that the circuits function at higher speeds. Traditionally, the electrical and
mechanical connections between the integrated circuit (IC) package and the printed circuit board
(PCB) were made by soldering and have been to peripheral to the package. Usually these connections

were along two paral METHGIDAND AFPARATYS HOR IMRROVIMG DR TW D st s the
number of lines into and o has.incr. ﬁ&ﬁ more leads have been placed in less
space. The dual inline pa&éﬁ@#ﬁgéﬁs&@ﬁ% H?ﬁ;&gé%a%l: SB&M Iso known as
pitch) of is 2.54mm (.100 inch), and the leads wek6 SEMBIgESto copper plated holes in the PCB.
Surface mount technology (SMT), which became more common for PCB assembly by the electronics

industry during the 1980s and 1990s, eliminated the plated through holes for circuit leads and began
the trend toward more closely spaced leads. Some of the first SMTs had 1.27mm 20 (.050 inch) pitch

components and by the 2000s, pitches %w%@&%%ﬁ ;Bil,%éllpch) for quad flat packs (QFPSs). .
Assembly process tolerances and PCBTabricatio ited widespread commercial
manufacturing of componbte8iatad siteHis eanlitusimberdesianaissitim inGEazimrhiinitseBy afhanging
from periphersl leadggiispéar follfi éﬁfﬂamﬁ&c%dﬁcﬂ%ﬁ%é‘rw Prsl?.%@ F?f?gkagﬁm’ many

ould on an

more leads with a larger pitch than those of a comparable QFP ¢ e pu IC package of any

particular size. EleRHEAEiRIREH MHTREES 6 PNBFSHBRIM AL GTRUPDh HBRETRIS thepdes tomparable
/;%Eps, resulting in ienpuoedhiat hetticalipefipunemaetngiigBpeeds. Traditionally, the electrical
' and mechanical connections between the integrated circuit (IC) package and
the printed circuit board (PCB) were made by soldering and have been
10 peripheral to the package. Usually these connections were along two
parallel sides or on all four sides of a square or fectangular IC peékage.

As the number of lines into and out of IC packages has increased,
more leads have been placed in less space. The dual inline package of the
1970s and 1980s had a typical lead spacing (also known as pitch)} of

15 2.54mm (.100 inch), and the leads were soidered into copper plated holes in
the PCB. Surface mount technology (SMT), which became more common
for PCB assembly by the electronics industry during the 1980s and 1990s,
elimin.ated the plated through holes for circuit leads and began the trend

{ toward more closely spaced leads. Some of the first SMTs had 1.27mm

20 (.050 inch) pitch components and by the 2000s, pitches had moved to
0.5mm (.0197 inch) for quad flat packs (QFPs). Assembly process
tolerances and PCB fabrication limitations have limited widespread
commercial manufacturing of components with pitches much smaller than
0.5mm (.0197 inch).

25 By changing from peripheral leads to solder balls (or columns) placed
in an array under the IC package, many more leads with a larger pitch than
those of a comparable QFP could be put on an IC package of any particular
size. Electrical circuit paths are also shorter on these array packages than
on comparable QFPs, resulting in improved electrical performance of high-

30 speed circuits.



30 speed circuits. 1 C 23 M 006 The most common forms of these y packages arexsalleg; 2006
plastic or ceramic ball grid arrays (PBGA, CBGA), ceramic column grid-atrays (CCGA), and chip
scale packages (CSP). The same technology is also used for directly attaching silicon IC's to the PCB
or the package. This technology 5 is called Flip Chip. Package material, solder ball pitch and
Lgomposition, and the internal interconnection method of the integrated circuit to the package vary
greatly, but all of these components can generally be called area array packages (AAP). During
assembly of the printed circuit assembly (PCA), the solder 10 balls on the AAP are soldered to
corresponding circuit padg g b R qﬁq%r ice s t %e ign the PCB so the
pads on the PCB and the AAP. argéglfigﬁ%g f\f/()e‘?t%;@ﬁve% eac %ﬁ@%ﬁ%ﬁrﬁ eear %‘%gng%rr joints on a

typical PCA may rafig&@T6m ﬂhrﬂﬂgdérf@%ngpgﬁﬁmu%pé%%@nl§@lummﬂfmcertha$ the solder
15 joints have beerfOQER)canecHipisceiiéigaldaies wﬁpjﬂw&ﬁ@tﬁwwﬂg e fgRg With

peripherally leaded.components, inspection gf the solder_joints is either doné by manual or automated
X-ray inspection (V\(/jlfﬁllr o'r'%cﬁ}s.a [%?QVD SpEAt a?l?g(f]ﬁé: SbiempisPasspEbitiedinelogye heavy
elements’ in Solderig&afled Tl &hibishackagsivertdrialiusoldetchipite Arandighpestiast 2mto the rest of
the PCA, which is tpisalbriapmecrtdichues SISmsn e n, hydrogen, sodium, oxygen, etc.)
This high contrast in the x-ﬂr% image aIIO\I/vs deterénﬁr(gft)%% cr)r?%?ggspr%c ﬁ%&gﬁgnﬁ/%? solder joint,

and therefore, its ¥8PhERHY BHb3l-ohthnsacaspenentsnay aaneredy bessalieshaivamssgtems, the
X-rays penetrate trpaékage3aeR)endicularly or nearly perpendicularly from one side of the PCA. An

e e hon TRy T S I Al o0
\/‘\C 10 balls on the AAP are soldc-ered. to corresponding circuit pads on the surface of
. the PCB. Standard practice is to design the PCB so the pads on the PCB
and the AAP are aligned vertically with each other.
The number of solder joints on a typical PCA may range from
hundreds to fens of thousands per assembly. Assurance that the solder
15 joints have been made éorrectly is critical to the performance and reliability
of the PCA. With peripherally leaded components, inspection of the solder
joints i§ either done by manual or automated x-ray inspection (MXI or AXI),
X-ray is particularly suited to solder joint inspection since the heavy elements
in solder (e.g., tin, lead, bismuth, silver, indium, etc.) appear in high contrast
20 to the rest of the PCA, which is typically made of lighter elements (copper,
‘ carbon, hydrogen, sodium, oxygen, etc.) This high contrast in the x-ray
/_(:; : image allows determination of the structural quality of each solder jbint, and
o therefore, its connectivity and probable leve of reliability,
In most x-ray inspection systems, the x-rays penetrate the PCA
25 perpendicularly or nearly perpendicularly from one side of the PCA. An
image of the solder joints is formed on an x-ray detector on the other side of
the PCA. This image of the solder joints is then analyzed either visually or
automatically by @ computer. The solder balls (or columns) used in area
array packages typically have a larger diameter than the connection pad on
30 the PCA. Most conventional visual inspection methods are quite limited on
area array packages, since the solder joints are between the IC package and
the PCA and are hidden from view. X-ray inspection is a practical way of
inspecting the solder joints of area array packages. Many defects are easily
detected with x-ray inspection. For example, missing solder balls (or



automatically by a computer, he solder balls (or columns) used in are -array _packqges tymdangymme
a larger diameter than the connection pad on ao the !DCA. Most convent nal visual inspection )
methods are quite limited on area array packages, since 'Fhe solder joints are between the IC package
and the PCA and are hidden from view. X-ray inspection is a prac'FlcaI Way_of inspecting the soldler |
joints of area array packages. Many defects are easily detgcted with x-ray inspection. For example,
missing solder balls (or 2 23 May 2006 columns), solc.ier'.brldges (or shorts) between balls (or oo
columns), voids in the solder ball (or column), and misalignment of the package are all capable o

being detected usin§HUFEYShSisedeiobridyes tortlabor@iibeﬂye@m%lném amgg?ﬁpwggs%jlﬁ{e{rﬁgh t(r(l)er area
th Id Il is, di y undern ] |

columm). When maleat o A ) R Pvaluate

the quality of this crRfiEP E8lesRdibsME YayinsRestiner ball (or column) and the PCB pad, since the
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ray inspectipn of agea attey soldes T o O b B R e P A pact
Solde Insp_lec £ (I) Wr%ergnéeyﬁg%&é%zcﬂ')%@Wi&gﬂ?%ﬁﬁt%a%éﬁ@é@' jeert undgnemthe plane of
tsr?édirc?:.l F(Io(; C i illjlrﬁr;w,a@sia WIc@irb:ailL_gﬁd)arwér@ ERiRgSERSERIP g@a@gd%%ﬁ,@ rg%?;]liltst,e?)do '
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iIIustrgtes an exampRELHoR Selrenn thrsalday bricleigeiuenm)thrantp ICEDet, St that the

interface with the psiecveise tiehnatehAPin e é’olaéﬂbsﬁ(?&B@WH?B&B%@%W%%%%%%V%?Jr_lglnﬁggy

) - i ) ill be readily apparent,
L BTSSR et s s ans
o since the elements of the solder joint (PCA pad, solder ball (or column), and
' package pad) are typically coaxial and arranged vertically to the plane of the
PCA.
FIG. 1 illustrates a typical ball grid ammay 10 with a substrate 20 and’

15 solder balls 30 soldered to a printed circuit board 40 during x-ray inspection,
wherein x-rays 50 are transmitted through the ball grid array package 10 and
printed circuit board 40 to an x-ray detector 60. FIG. 2 ilustrates an example
of a typical ball grid array package 10 with an open solder joint 35 at the
interface with the printed circuit board 40. FIG. 3is an exemplary illustration

20 of a typical final x-ray image of a ball grid array package as in FIG. 2. As will
be readily apparent, the open solder joint 35 can sometimes be

( . indistinguishable from other acceptable solder joints in the ball grid array
/-\‘v package and printed circuit board assempbly, due to the shading caused by
the solder in the solder ball.

25 Tikking the printed circuit board assembly in the x-ray inspection
system to mitigate the effect of this shading is usually ineffective, since
adjacent solder balls (or columns) cause similar shading problems. Because
of this shading, open solder joints are difficult to détect with x-ray inspection.

On many open solder joints on area array packages, solder that

30 would typically be part of the connection with the printed circuit board pulls
away from the printed circuit board and merges with the solder in the ball on
the package. This results in a ball with a slightly larger diameter than that of
acceptable solder joints. One methoa of automatic x-ray inspection that
measures these diameters and compares them statistically to detect open



package and printed circuit rd assembly, due to the shading cause the solder in thesoltigr 2006
ball. 25 Tilting the printed cireuit board assembly in the x=ray inspection-.system to mitigate the effect
6f this shading is usually ineffective, since adjacent solder balls (or columns) cause similar shading
problems. Because of this shading, open solder joints are difficult to detect with x-ray inspection. On
many open solder joints on area array packages, solder that 30 would typically be part of the
connection with the printed circuit board pulls away from the printed circuit board and-merges with the
solder in the ball on the package. This results in a ball with a slightly larger diameter than that of

acceptable solder joints. One methoc of automatic x:ra ig%%ecatioq. ég%nmtsegﬁﬁreﬁl} diameters
and compares th8Rld&GisEsIyiSo HEFSEPEPeiN3 EI;SM%F 6 L& 8Mts’ia described in U.S. patent

application serial fo/uzaet010/@A41EA1 “Bsiten "Systddethod Nrethidgertlyioenfsite] SEHEr Joint
Defects" by Tracy K, Ragland. which. Teferels ISRGEhy Rifcpsfieanatic inspection
and statistical coﬁﬁfaer gf(s)nlDYe‘(F:Far%gé %@%?Eﬁ%%ﬁfbgr%%%%tm%ﬁgny opegl-s, but has limited

effectiveness on area afnig putsagiés RnasyerkransiSRisisAInRERABE AN BRIBIIMA ot to melt

during the solderiggsprocerss- daaERliiomak Yl annamiaIwIel iRt wEhesscaptabia solder joints

on the x-ray image being analyzed is almost indistinguishable, making confirmation of defects by a
repair operator refiay Reelageawithisakdar halk (@rﬁ%ﬁf@ﬂg fb‘f‘éet&/%{ ﬁﬁ%ﬁggﬁp scr:)qgcgfr ball

diameter§ not cgm@m@mrﬁtg:brgagyseidmmiﬂaﬂﬁﬂjlemisuﬁlgpmamuafoéom ardd in the joints
e s b W R L S S SR S0
manufacturing eriudistingitbaSenteaking werfitmationAiaiacts JuaPJR3Ib ARBEISFFRLREEircuit boards
(‘R enhanc?odetecéiiﬁﬂ:&{.‘)p?ﬂﬁ ’E@&ﬁﬁi&ﬁ‘ét & @l@@‘@s@éﬁtﬁ[ﬁe@%ﬁations of solder ball
. diameters not caused by opens, such as voids and variation in the amount of
solder used in the joints on the printed circuit board. These variations can
cause incorrect indictment of acceptable solder joints or false acceptance of
bad solder joints, reducing the credibility' of this method in production
15 manufaciuring environments.
Some manufacturers have used oval pads on the printed circuit
boards to enhance detection of opens, since part of the oval pad extends
beyond the shadow of the solder ball (or column), which permits the x-ray
inspection system to generate images of part of the printed circuit board pad.
20 Like conventional round pads, the center of these oval pads is coaxial with
the solder ball (or column) and package pad. Open solder joints tend to have
(q \/ a different appearance in the x-ray image than acceptable solder'joints whgn
oval pads are used.
Fig. 4 shows an exemplary x-ray image of an acceptable solder joint
25 70 with an oval pad. The acceptable solder joint appears uniformly dark due
to thick solder shading the oval pad and the diameter of the solder ball
equals X. Fig. 5 illustrates an exemplary x-ray image of an open solder joint
80 on an oval pad. The typical open solder joint on the oval pad appears
lighter on the outer edges of the pad due to minimal solder remaining on the
30 printed circuit board and the diameter of the solder ball is typically larger
than X. As will be evident from Figs. 4 and 5, the oval shape pads cause
solder balls to form oval shaped solder joints 70 when the pad is properly

bonded by the solder. And, conversely, the oval shaped pads permit



beyond the shadow of the sotder ball (or column), which permits the x-m inspection systeaBt®ay 2006
‘generate images of part of the-printed circuit board pad. 20 Like conventignal round pads, the center of
these oval pads is coaxial with the solder ball (or column) and package pad. Open solder joints tend

to have a different appearance in the x-ray image than acceptable solder joints when oval pads are
used. Fig. 4 shows an exemplary x-ray image of an acceptable solder joint 25 70 with an oval pad.
THe acceptable solder joint appears uniformly dark due to thick solder shading the oval pad and the
diameter of the solder ball equals X. Fig. 5 illustrates an exemplary x-ray image of an open solder joint
80 on an oval pad. Yekectipivaf epen solder jointsoasttiecorss qizatapselier lighger 80 thmainer edges of -
the pad due to miniga\ seifiartrmajning on the 30 printed circuit board and the diameter of the solder
ball is typically larger than X. As will be evident from Figs. 4 and 5, the oval shape pads cause solder
balls to form oval shaped HBIRYSHIRS FeERHBTige HadVRl Hrichd SRYRICAUT BEEaIRIRIMANG,
conversely, the ovaisfepedpans peimmits adtapcaias Hate SinvaitRpRN. [vEe" et a3 the -
associated sqlder image 80.remains. somewhat circular, However, as.seen in Fig. 6,-oval pads 84
cover more aq?Jea or?%ﬁgeﬁrs] r ac?'en}ﬁocfjmeesﬁﬂﬁ?eug' %‘&?%%Q%Rﬁgc%r?&%tﬁw ﬁ?ﬁ)é&?gz 5
resulting in difficultiégctienootidg pads sfia typigaiceouha gridlipstrfdgeut 861ah septintedichGuinds of a
typical round grid. pRd Q%Y 89 M@%lrw% p&if’wlt%tagfgg ﬁéggﬁrgs&lﬁge.% i é@ted that the

spacing of the pads 88 is regular for both rows and columns; xemplary fiitStfation of a

typical trace routindA8YBLINiRPI IRWS 804 selunNE 1y g Bdsran@remalanoiliustaiion oha printed

circuit board or arefygitzytraeskeutng isysentBdoliint piailoss area Ypios vouHd Eﬁd"ﬂ%d using

oval pads 8? DesqgfnmbePg’n roa/errpnqgaigi '%%aﬁgngdsolder joints in ar?{% array . pac %%es utilizing oval
ds, it would be dediable to have an mproved o OF area array package. “itls observed

) that similar trace routing would be limited using oval pads 84. '

Despite the improvement in detecting soider joints in area array
packages utilizing oval pads, it would be desirable to have an improved
system and method for improving the accuracy of solder joint irispejction

15 systems to accurately identify defective solder joints used to physically and
electrically connect various printed circuit devices on printed circuit board
while leaving more space avaitable on the printed circuit board or area array

package for trace routing layout.



system and method for imprm’ng the accuracy of solder joint inspectiop—li systems to accuraié¥fay 2006
|dent|fy defective solder joints-used to physically and electrically connect-various printed circuit
devices on printed circuit board while leaving more space available on the printed circuit board or area
array package for trace routing layout. 5 23 May 2006 Summary Of The Invention In response to
these and other shortcomings of the prior art, a solder s joint inspection system and method for
identifying solder joint defects are disclosed: In one arrangement, the system may be viewed as
providing a method for identifying solder joint defects in a printed circuit" assembly with area array
packages attached thereto. In this regard, this method. may be 10 summarized by employing an offset
pad layout on either or both of the printed CIrCUIt assembly or on the area array package attached to
the printed circuit assembly. Other systStR)R@IHA g tayentionssociated with detecting solder
joint defects in accordance with the invention WI|| become apparent to 15 one skilled in the art upon’
examination of the following drawings and description. It is intended that all such additional systems,
methods and features it BERPIVIA thesaandipthes shertermingsotteppristtad, sy stides and

methods for identifying ingfsiatiisting iebas taris BB e IMERSHALT %6!9@:“{65?9 ClerbRss 20eb 23 May

2006 Brief Description Of The Drawings A more complete appreciation of this invention, and many of
the 5 attendant ad Y %Sg% thereof, will be readily apparent as the same becomes better understood
by reference to the foIIovagmbtaﬂtaﬂtgmeenptlﬁmv@ystem may be viewed as prowdmg a

method for identifying solder joint defects in a printed circuit assembly with

area array packages attached thereto. In this regard, this method may be
(_(" 10 summarized by employing an offset pad layout on either or both of the
e printed circuit assembly or on the area array package attached to the printed’
circuit assembly. ‘
Other systems, methods and features associated with detecting
solder joint defects in accordance with the invention wil becor_rié apparent to
15 one skilled in the art upon examination of the following drawings and
description. It is intended that all such additional systems, methods and
features included within this description are within the scope of the systermns
and methods for identifying solder joint defects as described in the
accompanying ciaims.



considered in conjunction with.the accompanying drawings in which like—eference symbols ipglivat¢ 2006
the-same or similar components, wherein: FIG. | illustrates a typical ar rray package soldered to a
printed to circuit assembly; FIG. 2 illustrates a typical area array package soldered to a printed circuit
assembly with a defective solder joint; FIG. 3 illustrates an exemplary top view of an x-ray image of an
area array package soldered to a printed circuit assembly; 15 FIG. 4 illustrates an exemplary top view
of-an x-ray image of an acceptable solder joint utilizing an oval bonding pad; FIG. 5 illustrates an
exemplary top view of an x-ray image of a defective solder joint utilizing an oval bonding pad; FIG. 6
illustrates a top view of round bonding pads and.oval bonding 20 pads; FIG. 7 illustrates a top view of
a small section of a typical round pad grid layout pattern of an AAP or a PCA; FIG. 8 illustrates a top
view of a small section of a typical PBrefiRaairigniEd fhe EA@WimEsn with trace routing layout; 25
FIG. 9 illustrates a functional block diagram of an exemplar x-ray solder joint inspection system; FIG.
10 illustrates top view of a ball grid array package bonding pad and an offset printed circuit board pad;
FIG. 11 illustrates a side $ie0Pes epmyeie: apnirRsiatien Ahisdventignsaadasamop fhew of an x-ray
image of an accepiakiadfteldsMiRIdoNGrBHE Wi BLIFERSRSIdenYieNe! sanapeacelised solder joint;
7 0 FIG. 14 illustra s a top view of an x ra image of a ?Iefectlve offset solder joint; FIG. 15 illustrates
a top view of a sm B?BHE‘!ﬂfﬁﬁ%ﬁj&wa{? 6%% the following detailed description when

considered in conjunction with the accompanying drawings in which like

reference symbols indicate the same or similar components, wherein:
© FIG. 1 illustrates a typical area array package soldered to a printed
(-(_ 10 circuit assembly; '
FIG. 2 illustrates a typical area array backage soldered to a printed
circuit assembly with a defective solder joint;
FIG. 3 illustrates an exemplary top view of an x-ray image of an area
array package soldered to a printed circuit assembly;
15 FIG. 4 illustrates an exemplary top view of an x-ray image of an
acceptable solder joint utilizing an oval bonding pad;
FIG. 5 illustrates an exemplary top view of an x-ray image of a
defective solder joint utilizing an oval bonding pad; o
FIG. 6 illustrates a top view of round bonding pads and oval bonding
20 pads; ’
FIG. 7 illustrates a top view of a small section of a typical round pad
grid layout pattern of an AAP or a PCA,; -
FIG. 8 illustrates a top view of a small section of a typical PCA

T

showing a typical grid pad pattern with trace rouiing layout;
25 FIG. @ illustrates a functional block diagram of an exemplar x-ray
solder joint inspection system; |
FiG. 10 illustrates top view of a ball grid array package bonding pad
and an offset printed circuit board pad;
FIG. 11 illustrates a side view of an offset solder joint;
30 FIG. 12 illustrates a top view of an x-ray image of an acceptabie offset
solder joint;
FIG. 13 illustrates a side view of an open offset solder joint;



bonding pads. overlaid a corresponding group of offset printed circuit 5 assembly bonding paxshvfal{=2006
16 illustrates a. top view of a-stnall section of offset printed circuit assembly bonding pads; FIG. 17
iHustrates a top view of a small section of area array package bonding pads overlaid a corresponding
section of offset printed circuit 10 assembly bonding pads; FIG. 18 illustrates a top view of a small
section of offset printed circuit assembly bonding pads with exemplary trace routing; Fig. 19 is a flow
diagram that illustrates a method for attaching an area array package to a printed circuit assembly
with offset bonding pads; 15 and FIG. 20 is a flow diagram that illustrates a method for detecting
defective solder joints of Fp@ntddikistraiteass eplvigwithapiices pRRsiRGPadRERIMANRAPE C Detailed
Description The presscﬁ&yn&ﬂption provides systems and methods, which address s the above listed
problems. Particularly |mdorta'nt is that an improved solder joint inspection system configured to use
offset pads may significarfth? réeliltustaten aimbyiewfalsesiafiegistipdsiibachrmpgpasiaygaing one or
more measuremerisridfiegpadeGvidiaal 8QEREIPBHAME Mﬁ)ﬁggﬂgpsﬁlj@e’t cmﬁﬁ)te_ction system

or

configured in accordance itﬁ the offset pads accounts for 10 acceptable trace routing area on the
printed circuif boar§ &g g\& %'Weg]ﬁ&?égge.. To facilitate description of the system and methods, an
exemplar system is discub@di@itbustiatesna totovibw b aremall RectiserapEfserPameandra@asociated
methods are provid&%émw&g ?Jemgstration only. Various 15 modifications.are feasible without
“departing from the inventive concept For ‘example, the exemplar data, figures, and related description

are FIG. 17 illustrates a top view of a small section of area airay package
bonding pads overlaid a corresponding section of offset printed circuit
~( _ 10 assembly bonding pads;
(- )

FIG: 18 illusirates a top view of a small section of offset printed circuit
assembly bonding pads with exemplary trace routing;
Fig. 18 is a flow diagram that illustrates a method for attaching an

area array package to a printed circuit assembly with offset bonding pads;
15 and

FIG. 20 is a flow diagram that illustrates a method for detecting -
defective solder joints of a printed circuit assembly with offset bonding pads.



focused on diameter measurements associated with solder joints aﬁixﬁ) BGA packages. Thwegy 2006
skilled in the art will appreciate that variation occurs in other solder joint types (i.e., non-spherical
joints). Consequently, the 20 method for offset pads will be applicable to various other solder joint

types. In accordance with preferred embodiments, a commercially available solderjoint inspection
system, such as the 5DX X-ray Inspection System available from Agilent Technologies of Palo Alto,
California, records location information regarding a plurality of pins (i.e., solder joint interfaces) on

each 25 printed circuit device of a printed circuit assembly (i.e., a device populated printed circuit
board). Using the location information, the solder joint inspection system associates each of the

plurality of pins with a set of neighbor pins !i.e., adjacent pins} on each respective printed circuit
device. After recording at least one actual l racteristic of each 30 solder joint
under inspection, the solder joint inspection system generates an expected pass/fail criteria for each
measurement associated with each respective solder joint that accounts for acceptable (i.e.,

_low-frequency) var|at|onTH?I%%R%%’PH%H@H@FH@HW&E@@W&%GEQ@&M@@M@%ﬁ)% 9(1
characteristies of aisplitenjoisttunpratagrhe, rrapstuiacyMRpoReikice thét@?ﬁﬁpr&h@@ohﬂ@ height,

solder volume, a ers.R fern now.to FIG |IIustrat di nctional blogk diagram
showing various ¢ nq%éfr}l]gﬁ?sc E\%ﬁlﬁygn exé:r%rb r sglcﬁgr Jomt mﬁspetf:lﬁ’orémIl 5 sy&eﬁﬁ%'@gnerauy, FIG.
9 is a schematic ilkgsagrifereurshes of faisetisieiedtal ddentifled kipoh sanalyringeoreasetnendder joint

inspection systerTnpUcFuFhaPBY dieraiavadae LaKsr iKY haRilen I lhegfags. Generally

" the solder joint inspection system 100 can comprise any one of a wide variety of wired and/or wireless

computing deviced"SRRGIOR ﬁ’i@@&&@%’ﬁﬂﬁﬁ@@or et tappifaet padsrcavaisderver
(cqfnputer a0 multizeeeptabler tacRpHitpgevee mbeg:ﬂmédSmMEﬁnﬁféme@fdtaﬁaeatfﬂﬁy

package
To Tfacilitale description of the system and methods, an exemplar
system is discussed with reference to the figures. The éxemplar system and
_ associated methods are provided for purposes of illustration only. Various
15 modifications are feasible without departing from the inventive concept.
For example, the exemplar daté. figures, and related description are
focused on diameter measurements associated with solder joints affixed to -
BGA packages. Those skilled in the art will appreciate that variation occurs
in other solder joint types (i.e., non-spherical joints). Consequently, the
20 method for ofiset pads will be applicable to various other solder joint types.
In accordance with preferred embodiments, a commercially available
(f\ solder-joint inspection system, such as the 5DX X-ray Inspection System
available from Agilent Technologies of Palo Alto, California, records location
information regarding a plurality of pins (i.e., solder—joint interfaces) on each
25 printed circuit device of a printed circuit assembly {i.e., a device populated
printed circuit board). Using the location information, the solder-joint
inspection system associates each of the plurality 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
30 solder joint unde.r inspection, the solder-joint inspection system generates an
expected passffail criteria for each measurement associated with each
respective solder joint that accounts for acceptable (i.e., low-frequency)
variaion in the actual measurement values recorded.  Exemplar



arrangement, the solder joing#spection s i

’ - tem 100 can, for ' : -

4/0) devriT::(()eZ fig,:nde f&': more user interface devices 120, a display 130, opne or rﬁé?g?ﬁsgt%@?éﬁﬁgoo(

local interface 11£3 'rllhe prgzgsc;rinnéodre r)etV\/l%rg interface devices 150, each of which is coﬁnec':]egli/tia a

: : evice can include an -

availa : . y custom made o

prbcesslirzrggizi?;t’ Z central processing unit (CPU) or an auxiliary processor armfgrrlgrzgg?g?/

microprocessor (in tﬁ ‘:‘V'th the solder 20 joint inspection system 100, a semiconductor based

integrated circuits (Aglngngoglﬁrg?ig%?hlp)t’ % Imacro-|0rocessor, one or more application-specific

. , _ , suitably configured digital logi
electrical co el 9 gital logic gates, and oth
elecrical configy/alons;ArBRes/ae s gonietalansrie S TS USRS combrmatione
e 25 overall operation of the solder joint i tion compinations fo

arhdﬂb gction system 100. The memory 110 can

include any onehsfe.dopehieiabin SHIRN YRR MReAN0r '
Such o DIAN: SRk anshintrFiBatde Thseigdelb Ao METoga R e e, e,

CDROM, etc.). Th i :
a Solder-joinct Lﬁﬁ%@&n&gﬁ ;ﬁ%ooﬁ%ﬁ?&w gﬁﬁﬂﬁaﬁg%ﬁé%z Q@:&Wtrﬁmgeqﬂﬁncations such as
memory 410 capanl sgtcalGendr e G SN IRtig M Weapaettial® hat the
Ine sovder oint M L ISR 2 s oo TR aspecs o
devces 120 conptom ARSI iy toe spler ot
VS, 100.Egengive sadoeios GoRRSNRDMETR S SPICE Lomprisss a

personal computer (PC), thes j
i rapscion Sy o WL RO MRISS s T e sl
£

10 desktop computer, a portable computer, 2 dedicated server computer, a
Irespective of its specific

n, for instance,

- muiti-processor computing device, among others.

arrangement, the solder-joint inspection system 100 ca

- comprise a processing device 102, memory 110, one or more user interface

devices 120, a display 130, one or more inputfoutput (O) devices 140, and

15 one or more network interface devices 150, each of which is connected via a
local interface 118. '

The processing device 102 can include any cusiom made or

commercially available processor, a central processing unit (CPU) or an

auxiliary processor among several processors associated with the solder-

20 joint inspection system 100, a semiconducior based microprocessor {in the

form of a microchip), a macro-processor, one or more application-specific

()
L integrated circuits {(ASICs), a plurality of suitably configured digital logic
’ gates, and other well known electrical configurations comprising discrete
elements both individually and in various combinations 1o coordinate the

25 overall operation of the solder-joint inspeé:tion system 100.

The memory 110 can include any one of a combination of volatile
memory elements (e.g., random access memory (RAM, such as DRAM, -
SRAM, eftc.)) and non-volatile memory elements (e.g., ROM, hard drive,
tape, COROM, eic.). The memory 110 typically comprises an OIS 112, one
or more applications such as @ solder-joint analysis application 114.
in the art will appreciate that the memory 110

30
Persons having ordinary skill
can, and typicaily will, comprise other components, which have been omitted

for purposes of brevity. These may include a host of programs configured to

control various aspects of the solder-joint inspection mechanisms.
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expected to be used in extreme environments (e.g., near a solder flow chine), the_se COMPONRAL006
can comprise function keys or-buttons, a touch-sensitive screen, a gtyl / e.tc..The display 130 can
comprise a computer monitor or plasma screen for a PC or alternatively a liquid crystal 10 display
(LCD) as may be desired. With further reference to FIG. 9, the one or more 1/O devices 140 are
adapted to facilitate connection of the solder joint inspection system 100 to another system and/or
“device and may therefore include one or more serial, parallel, small computer system interface

(SCSI), universal serial bus (USB), 15 IEEE 1394 (e.g., Rrewire™), and/or other interface components

that may be used to commyRliGHyely CRige RSOlRMAAR! IBShrReton Sy

%W' h Qne or more
remote data storage devices for recording test measurement results. The nEe%v{P/'glrr_g5 mte&%%e devices
150 comprise the vﬁi’@ﬁ@@@?ﬁdﬂﬂbﬁ@%gﬁﬁsﬁ’éﬁéﬁwfﬂg‘rﬁﬁ%w&&‘@é&ﬁa"ﬂéf wsRealian. By way of
20 example, the nesystekintéfacEolegieanAb whays BsIdRRIsIgvRe m@mncww@e both

inputs and outputs, instance, a moduylator/demo tor (e.g., a modem), wireless (e.g., a
ra%io-frequency (RF)) tpa}lﬁsé\ge%/gﬁrgopétBﬂ%ﬁ?ﬁt%ief%%‘?i&8@?%%”@&3%8%&?%&1, etc.
Various softwiare akeybpfrthware Mrisee Usthene thensgjdecimintiinspeclonmsstire, 1800, estimate

i . Il gs to perform
and compare expeglgrataiies Wi JBeaSHr ek rdAde S 1035 e Vf?éﬁfsa S
an outlier analysis osr;e%l,e Jjenerated error values, amonlg o?ﬁgﬁﬁjct hs. The resl% et sottware and/or

firmware responsidRPRIMAESHESRICORBPREALSIiRn aSerRESed nefign: keys oprthutteririging

solder-joint inspectiouchysinsiti¢é Oscasehp stetsranasy SMheorBpke-FRRrahle BiRflivigLliyy use by or
context of this document, a

in connection with gy s ﬁqﬁi@teﬁa%it% %nﬁgéhé)e% én %}p ﬁeiéﬁf'ﬁ‘?" el 3 ngl Saystalyice or

computer- readable m | : _ _ ;
(tnﬁgns that ¥an cofigRlevflEibas coaphedepiregram for use by or in connection with a
.com

puter-related systemygiHgaHS rdferescR PEKRE 0L thé BNPYrROR 110 devices 140 are

adapted to facilitate connection of the solder-joint inspe(:tion system 100 to
another system and/or device and may therefore inciude one or more serial,
parallel, small computer systerh interface (SCSI), universal serial bus (USB),
15 IEEE 1394 (e.g., Firewire™), and/or other interface compbnents that may be |
used to communicatively couple the solder-joint inspection system 100 with
one or more remote data storage devices for recording test measurement
results. The network interface devices 150 comprise the various’
components used to transmit and/or receive data over a network. By way of
20 example, the network interface devices 150 may include a device that can
communicate both inputs and outputs, for instance, a modulator/demodulator
({\ (e.g., a modem), wireless (e.g., a radio-frequency (RF)) transceiver, a
telephonic interface, a bridge, a router, a network card, etc.
Various software and/or firmware may be used to manage, coordinate,
25 measure, record, estimate and compare expected values with measured
values to generate error values, as well as to perform an outlier ana!yéis on the
generated error values, among other functions. The related software and/or
fimware responsible for theses and other functions associated with the use of
the underlying solder-joint inspection system 100 can be stored on any
30 computer—readébfe medium for use by or in connection with any computer-
refated system or method. In the context of this document, a computer-
readable medium denotes an electronic, magnetic, optical, or other physical
device or means that can contain or store a computer program for use by or
in connection with a computer-related system or method. These programs
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can be embodied in any co ter-readable medium for use by or in cgrnection with an instrgiatian 2006
execution system, apparatus;-or device, such as a computer-based systém, processor-containing
system, or other system that can fetch the instructions from the instruction execution system, 5
apparatus, or device and execute the instructions. In the context of this document, a
“computer-readable medium” can be any means that can store, communicate, propagate, or transport
thé program for use by or in connection with the instruction execution system, apparatus, or device.
The computer-readable medium can be, for example but not limited 10 to, an electronic, magnetic,

optical, electromagnetic, infrared..or, semiconductor. syste para ice, O prapagation
medium. More spec&ﬂczctf’e%a%'ﬁgg' g n'gn-aen%hgﬁg}R/uet?éf %??ﬁigcomr%%?grﬁya g%le_b?ne iu%n include an
electrical connectiorehradtigrowishoamipsirugtion, expeution sysismp @eparidstter devaelodvetcess

memory (RAM), a teag-aihn MempeiE (RERNpAR &iasaRiR RISy SIaR A iy REmOTY

(EPROM), an electrically erasable programmable read-only memor (E_EF5ROM), or Flash memory,
an optical fiber, anthatpeaacieted nthacinstsectiong- Jrynmitid oSt R e RidiRN-SKsiean,
computer-reagdablesgrgins Cap @b aRPeREAItcafiAsBUttRING. MeHE chasxverithsprogram is
printed, as the program 20 can,be elegéronicﬁal ca tHred,, via fBr instance o%t]icfal scanning of the

e' iy an e s tha ¢

paper or other medRTH thencSAPREE 8 méa

20'or biherise prodessea in g Sanabia thanner as
necessary, and theysuricates corepagstenandransigril dhigustragsan iy Vise ditoeresponding ball
grid array package. Qe Rith 190 iSRRI URECEKEH V8! BRp#afhdhet asgigliset from 25 each

other. Fig. 11 illustrates a_cross-section side view of an acceptable solder‘]oint 212 between an ball

grid array package or ardd'&rFRypHI§ad3ble FRedim Sﬂ'bﬁéef‘ﬂ'ri?ﬁéﬂ‘e pchmtetbrited oy 212
(pjd By offsgitting ﬁ_b]e wﬂnt&dsdmkboajﬁgmﬁelooﬁspmnhedmihgﬂﬁgumpr maﬂayqpackage ball,
\(; tical or near verég:nq} c)(()rr'g%s Wlllsgg?grtne %?%%Jrla - a)ﬁ%%?%ﬁ%fg %Igr?lﬁ,' é’éﬂ'imrﬁn mus

ifference between acceptable and opeh jomts. Fig Ilistrates a top x-ray Image view of an
acceptable solder fiegific 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-only memory
15 (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 suitable medium upon which a program is printed, as the program
20 "can be electronically captured, via for instance, optical scanning of the paper
or other medium, then compiled, interpreted or otherwise processed in a
suitable manner as necessary, and then stored in a computer memory.

Fig. 10 illustrates a top view of corresponding ball grid array package
bonding pad 200 and a printed circuit board pad 210 that are offset from

25 each other. Fig. 11 illustrates a cross-section side view of an acceptable
solder joint 212 between an ball grid array package or area array package

202 ball and an offset printed circuit board assembly 212 pad. By offsetting

the printed circuit board pad 210 from the ball grid array or area array
package ball, vertical or near vertical x-rays will create useful x-ray images

30 for analysis, with an obvious difference between acceptable and open joints.
Fig. 12 ilustrates a top x-ray image view of an acceptable solder joint

220 between a ball grid array package ball or area array package ball 200

and an offset printed circuit board assembly pad 210. As seen in Fig. 12, an

acceptable solder joint image shows a uniformly dark solder joint due to the

12



220 between a ball grid array-package ball or area array package ball and an offset prinygd,£ikcvitoe
board assembly pad 210. As seen in Fig. 12, an acceptable solder joint.image shows a uniformly dark
solder joint due to the 12 23 May 2006 thick solder shading of both BGA and PCA pads and the
diameter of the solder joint equals Y. Fig. 13 illustrates a cross-section side view of an open solder

joint between a ball grid array 202 ball pad 200 and an offset pad 210 on a 5 printed circuit board

212.. If the solder joint does not form correctly and makes an open joint, the resulting x-ray image is as
shown in Fig. 14, which is a top view of an open solder joint 230 between a ball grid array package

ball pad 200 and arthiffsebjaientebiaclingiiobbathl B&A 246 REAceadin #id. the, dinmetgntefl ibiecuit-board -

pad 210 appears ”%iﬁérqﬁﬁlf%ﬁﬁgwl solder left on 10 the printed circuit board pad 210, the diameter
of the open solder joint is” larger than Y, and the center of the open solder joint is concentric with the

original ball grid array balfjshd!3olustafles: terpsisestoRSidenviRVCRE SR RS SRIdEMIBPLre offset in
the same directionyassbel eoHABRMAVHIERPETRORh @A c206remuPackertet thed i2 foress of surface

tension during the soldering process will reali he area asray package and the printed circuit board
array pad, solder bBﬂ,"Eﬁﬁjdglgéé'Hﬁ)@ggéi%m gﬁ]é@\%qjﬁgélf?' igiTed. L?%lijo&g}e?ﬁ&é}é( pﬂ%‘ose' of
offsetting the pads mdiestarepem idird,thgnespiting xfpaosage Ethestvprinteid.cliduwhizh board

assembly or he arRAAIGENRAG UM DA EIASo DS IR 2 U6 Sty B gouP, making

a smaller pattern. attern is’ repeated as needed until all of thé pads on either the printed

circuit board or thealdre 28] padiamefissterited cisult PeRE BRER18r AssreNtEhEien 1 be
equalized for eachta@phrited @rehipdesrEpdbe rtippesr pgitentivélko aiidmes sbieckeinenthe

SOIQ?”-”Q pr%cess ﬁ'ped gﬁrﬁgae énr}guﬂ ci)rgr %fg%cﬁ%t qgeo {gr%te eardgf the open solder joint is
m larger than Y, and the center of the open solder joint is concentric with the
original ball grid array ball pad 200.

If all of the pads on the printed circuit board assembly are offset in the

same direction as their corresponding pads on the area array package, the

15 forces of surface tension during the soldering process will realign the area
array package and the printed circuit board array pad, solder ball, and
package pad will all be vertically aligned. This defeats the purpose of
offsetling the pads.

Therefore, small sub groupings of pads on either the printed circuit

20 board assembly or the area array package may be offset along a line toward
the center of the group, making a smailer pattern. This. small patiern is
repeated as needed until all of the pads on either the printed circuit board or -
the area array package have offset pads. The forces of surface tension will
be equalized for each small group of pads, so the entire component will not

25 realign during the soldering process and negate the desired effect of the
offset pads.

One exemplary embodiment is shown Fig. 15, in which four pads 210
(solid lines) forming a square on a.printed circuit assembly are offset toward
each other. The corresponding pads 200 (dashed lines) on the area array

30 package remain on a regular grid pattern.

As noted above, there are two ways of implementing the use of offset
groups. The pads on the area array package may be offset in symmetrical
groups (groups of four are shown for simplicity} for use with conventional,
regularly spaced pads on a printed circuit assembly. Alternatively, the pads
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One exemplary embodimen{t-is\ shown Fig. 15, in which four pads 210 lid lines) forming aZNBIE 2006
a. printed circuit assembly are-offset toward each other. The corresponding pads 200 (dashed lines)

on the area array 30 package remain on a regular grid pattern. As noted above, there are two ways of
implementing the use of offset groups. The pads on the area array package may be offset in
symmetrical groups (groups of four are shown for simplicity) for use with conventional, regularly
spaced pads on a printed circuit assembly. Alternatively, the pads 13 23 May 2006 on the printed

circuit assembly may be offset in symmetrical groups, allowing conventional design rules and

Processes for decla 5 AIE AN JackIPrl A ARLeI & iesiel GRS d Rudsgianers vl

most likely be governe PCB design rulés, space constraints, costs, routing 5 requirements,

packaging, manufa8®mapliesal lesisthdrlessRcRSresses). 106 MBSigRe e AT&R FERYI top view
of corresponding ageikagay WhiHABEtoRH s DiBa stsiuschaged thydpsidhesoniitingsiiketyibeention. It is
noted that each group of four, 2101 set toward the center of those, fo ds. Fig, 17
illustrates a small s%ﬁ%ﬁgﬁ:cpg ﬁﬁ%&aﬁ%{egeéﬁgy%eﬁaﬁ?aa&% sa %%rs%ﬁbgé(ﬁgér?gat\ﬁ%s) having
regular grid sqoacingaqu&daidnisopeslrngh@mpridmfmir@iteaisaed)blbmatﬁigm@lﬁm lines) having an
offset pad layout. By “S'”ﬁié?e‘% fg@%gﬁ%rguaﬂé?ﬁgécﬂﬁr%?Q¥BWI%%P%S%¥BHP§HH@%§@5“G amount

of printed circuit assembly e for routing traces, is thus avoiding-the layout design

penalty incurred wigirayePaskagesvapiniad. aire assembiopastesaceosiimiadhadyrmirst dhe circuit
trace and one spage ndhRIIAEIRALTYIEHPbHTRER HEAA DR 6 WRSbtacwRl I edhrcoEhiBe

oot oo e el I GAe o Ao S A b
(r:r(ay be offset apprpadkage!pdlDp8ds260tidanbedinesidiaving veguler it gpacing cvveriaid
- comresponding printed circuit assembly pads 210 (solid lines) having an

offset pad layout.

By using the same size round pads as conventional pad layouts, the
same amount of printed circuit assembly area is -available for routing traces,

15 thus avoiding the layout design penalty incurred with the use of oval pads. If
the amount of offset is equal to the width of one circuit trace and one space,
the same number of traces can be routed, as.would be the case in a
conventional design. The pads should be offset enough so that the offset is -
detectable in the x-ray image, but not so much as to prevent the solder joint
20 from being formed. For example, the pads may be offset approximately 10-
30% of the nominal pitch in both the X and Y direction.
rﬁ Fig. 18 illustrates an example of possible trace routing layout with
o groups of 4 offset pads toward each other as illustrated in Figs. 15-17. The
pads are offset enough to permit one additional frace and space pair on one
25 ‘ side of each row or column while reducing the number of trace and space
pairs one the adjacent rows and columns by one.

As will be evident from the above description, drawings and
accompanying claims, the present invention permits x-ray inspection of
solder joint defects without compromising electrical performance and circuit

30 trace routing line surface area on the printed circuit assembly or area array
packages.

Fig. 19 is a flow diagram that illustrates a method for attaching. an
area array package with a regular grid pattern to a printed circuit assembly
with an oifset pad pattern in accordance with one embodiment of the present

14



Fig. 18 illustrates an example-of possible trace routing layout with gro of 4 offset pads towan £a2006
other as illustrated in Figs. I5-17. The pads are offset enough to permit.one additional trace and

space pair on one 25 side of each row or column while reducing the number of trace and space pairs
one the adjacent rows and columns by one. As will be evident from the above description, drawings

and accompanying claims, the present invention permits x-ray inspection of solder joint defects

without compromising electrical performance and circuit 30 trace routing line surface area on the

printed circuit assembly or area array packages. Fig. 19 is a flow diagram that illustrates a method for
attaching, an areainvenfipackaiye wiga eraypagihgparidinaoraguancgtidirpatermsarallybavith an

offset pad pattern igggg%%]cglyy%ggg elpbofitpsiRbOfhsiRtasenpl4 %inﬁﬁﬂw-&&@fea array

package with a regular grid pattern may be assembled, purchased or otherwise obtained 310. A

printed circuit assePHPRHR GrseffprlidnaddavridrERsrarng tndmaadygyedt afdhsrea array
package may be assemblesy patiagecthay b errinambinipedhaded. drhaimspaarodtamelage is
aligned with the offggt pads on the printed circuit assembly. LT rea array package is soldered,
onded of atacheltBy ANPGRS R ARER LT e e R S AR BB 0.
be readily appreciatisctily abssmhiiil@30in thbenarehasttay packegeiisusicidaremhbiiondgdhare a regular

pad grid pattern angltaies, 103 ARCHANN 'R FRNFINGY SitSet Badhally il B the

printed circuit assembly as design choices and constraints allow. It will also bé appreciated that these

steps may be perfd#fE B ordioMiReieadiy anresiatessay hese il inghey b thetdRe For
example, step 320pmate@ ehsuibaiReiF?d habe igretiier piavyitiapatetihaidlitiesraiea a method
for PO X-ray I P GO Rlay EENY S ORI, JRIRST Rl Al RE MR Sircut
(M\( assembly as design choices and constraints allow. It will also be
appreciated that these steps may be performed in orders other than that
disclosed here for exempiary purposes. For example, step 320 may occur

before step 310.
15 Fig. 20 is a flow diagram that illustrates a method for performing x-ray

inspection for detecting solder joint defects on an offset printed circuit
assembly with area array packages according to the present invention. One
may measure one or more desired characteristics of each offset solder joint
of the area amray package attached to the printed circuit assembly, for
20 example, the width or diameter of the solder joint 410. One may obtain or
estimate an. expected value for an acceptable offset solder joint
g characteristic 420. The expected value of an acceptable solder joint and the
(.- measured value of an offset solder joint may be compared 430. An error
value for the offset solder joint may be generated 440, in order to identify
25 whether the particular solder joint is acceptable or defective. It will be
appreciated that these steps may be performed in other orders, for example,
step 420 may be performed before step 410.
Although this preferred embodiment of the present invention has been
disclosed for illustrative purposes, those skilled in the art will appreciate that
30 various modifications, additions and substitutions are possible, without
departing from the scope and spirit of the invention, resuiting in equivalent
embodiments that remain within the scope of the appended claims. For
example, the pad offset may be done on either or both of the 'pn'nted circuit

assembily or the area array package pads. Also, the small pad groupings for
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assembly with area array paekages according to the present invention. ﬁ_‘le may measure Qa3eMy 2006
more desired characteristics-of each offset solder joint of the area array package attached to the
printed circuit assembly, for 20 example, the width or diameter of the solder joint 410. One may obtain
or estimate an, expected value for an acceptable offset solder joint characteristic 420. The expected
value of an acceptable solder joint and the measured value of an offset solder joint may be compared
430. An error value for the offset solder joint may be generated 440, in order to identify 25 whether the
particular solder joint is acceptable or defective. It will be appreciated that these step

performed in other @f@éf&ngdmé){ahﬂM@nes'!éﬁmﬂgsfﬂﬂgeb@ﬁéﬁo%@j%re-@féﬁm%nhﬂhéugh this -
preferred embodimgps Qfdhemsesanhiyeataiepasdinesn dieciesesh esikuatmtivecauanmmes, those

skilled in the art will appremate th?t 30 various, modifijcations, additjons and substlt tions are possible,
without departing frBfRTIE S0 pB'EAH b rlm%@fﬁelenﬁfiﬂ ré’§uﬁ" off r&&ﬂ“ﬁéﬁé‘?ﬂ ofliments that
remain within the spap&:uﬂ‘bﬂt&agpended claims. For example, the pad offset may be done on either
or both of the_printed circuit assembly or the area array package pads. Also, the small pad groupings
for 23 May 2806 15 23 May 2006 offsetting may be done in groups other than 4 pads each. The
amount and direction of offset may vary depending on the design, reliability, trace routing,
interference, electrical, mechanical, cost, or, other requirements of a particular design. 16 fl fl 23 May
2006 CLAIMS WHAT IS CLAIMED IS: 1. An assembly, comprising: 2 a prlnted circuit assembly with a
pad layout pattern; and

O

......
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an area array package with,apad layout pattern attached to the 4 printed circuit assemb% \Nﬂlergﬂbgt
least one of the pad layout of-the printed circuit assembly or the pad layout of the area array package
has an offset 6 pad layout relative to the other pad layout, wherein said pad layout of the area array
package is in a regular grid pattern, wherein said pad layout of the printed circuit assembly is offset
with regularly spaced small groupings of pads corresponding to the pads to be bonded on the area
array package. 2. An assembly in accordance with claim 1, wherein the regularly 2 spaced small
groupings of pads on the printed circuit assembly comprise four pads offset toward each other
dispersed on the printed circuit assembly 4 to coggRma with the pads to be bonded on the area
array package. 17 23 May 2006 3. A method for manufacturing an assembly comprising: 2 obtaining
an area array pacl)(!ib’éﬁgﬁi%%‘wg@l@out pattern; obtaining a. printed circuit assembly having a pad
layout pattern 4 corresponding to the pad layout pattern of the area array package; and 6 attaching
the area array package pad layout pattern to the printed circuit assembly pad layout pattern, wherein
at least one pad layout a pattern is a regular grid pattern and the other pad layout pattern is offset
relative to the regular gritl. phttessembiteinmriisipad layout of the printed circuit assembly is offset with

:)Z%‘f('ggg ;%f‘ge; Zsma” Y BHRIBIS P RRSSERIERARRA A RadeAuPRstEeta;Rth@onded on the area array
' an area array package with a pad layout pattern attached to the
4 printed circuit assembly; wherein at least one of the pad layout of the printed
circuit assembly or the pad layout of the area array package has an offset
(,\ C 6 pad layout relative to the other pad iayout,
T wherein said pad layout of the area array package is in a regular grid pattern,

wherein said pad layout of the printed circuit assembly is offset with regularly
spaced small groupings of pads corresponding to the pads to be bonded

on the area array package.

2. An assembly in accordance with claim 1, wherein the regularly

2 spaced small groupings of pads on the printed circuit assembly comprise
four pads offset toward each other dispersed on the printed circuit assembly

4 to correspond with the pads to be bonded on the area array package.
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4. A method for detecting offset solder joint defects between solder pads on an area array;3agk3o6
attached to offset solder pads'on a printed circuit assembly, comprising-the steps of: measuring a
characteristic of an offset solder joint; determining a value for an acceptable offset solder joint and
comparing the measured offset solder joint characteristic value with the acceptable offset solder joint
characteristic value. 5.A method in accordance with claim 4, further comprising the step of: generating
an error value for the solder joint. 6.A method in accordance with claim 5,further comprising the step 2

of: determining if the solder joint is defective. 18
3. A method for manufacturing an assembly comprising:

2 obtaining an area array package having a pad layout pattern;
obtaining a.printed circuit assembly having a pad layout pattern
4 corresponding to the pad layout pattem of the area array package;
and
6 attaching the area array package pad layout pattern to the printed
circuit assembly pad layout pattern, wherein at least one pad layout
8 pattern is a regular grid pattern and the other pad layout pattern is offset

relative to the regular grid pattemn,
wherein said pad layout of the printed circuit assembily is offset with regularly

(—\ (J spaced small groupings of pads corresponding to the pads to be bonded

on the area array package.

4. A method for detecting offset solder joint defects between solder
pads on an area array package attached to offset solder pads on a printed
circuit assembly, comprising the steps of:

measuring a characteristic of an offset solder joint;
determining a vaiue for an acceptable offset solder joint; and
comparing the measured offset sokder joint characteristic value with

the acceptable offset solder joint characteristic value.
5. A method in accordance with claim 4, further comprising the step
W 2 of:
generating an error value for the solder joint.

6. A method in accordance with claim 5, further comprising the step

determining if the solder joint is defective.
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