METHOD AND APPARATUS FOR | MPROVI NG DEFECTI VE SOLDER JO NT DETECTI ON USI NG
X- RAY | NSPECTI ON OF PRI NTED ASSEMBLI ES Background of the Invention
Integrated circuits continue to be designed with increasing nunbers of 5
signal lines for higher performance and | ower cost per square inch. In
addition, |arger nunbers of power supply and ground lines are needed to
ensure that the circuits function at higher speeds. Traditionally, the

el ectrical and nmechani cal connections between the integrated circuit (1C
package and the printed circuit board (PCB) were nmade by sol dering and
have been 10 MGFTIHOBrANDAPRARATAS FORIMRROWING DERECTIVEIBGLDERS Wer e
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i ncreased, nore |eads have been pksemmBligs! ess space. The dual inline
package of the 1970s and 1980s had a typical |ead spacing (also known as
pitch) of 15 2.54mm (. 100 inch), and the | eads were sol dered into copper
plated holes in the PCB. Surface nmount technol ogy (SMI), which becane nore
common for PCB assenbly by the electronics industry during the 1980s and

1990s, elimnated the pla fibedsventioni rcuit | eads and began the
Qf the first SMIs had 1.27mm

trend toward no spaced | egqds, So . ,
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placed in an,ar rg%/n.gagder the | C package, nany nore a | arger
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particul ar thei gintedElciredit beald (PCBLereddidie BY SoffeRifg SIMY hive Yoehese array
packag%s thﬁ‘é}ipheral to the package. Usually these connections were along two
parallel sides or on all four sides of a square or rectangular IC package.

As the number of lines into and out of IC packages has increased,
more leads have been piaced 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 soldered 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,
elimiqated 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 comparabie 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-

a0 speed circuits.



Ps, resulting in inproved el ectrical performance of high-
38 gggggrgPL§u$fs_ 1 The nns? comon forns of these array packages a[e
called plastic or ceramc ball grid arrays (PBGA CB®&), ceran1ﬁ CFOunniS
grid arrays (CCGA), and chip scal e packages (CSP). The sane tﬁc no kgye
also used for directly attaching silicon ICs to the PCB or t ebp?f ?téh
This technology 5 is called Flip Chip. Package naterial, soIdeL a t p teh,
and conposition, and the internal interconnection nmethod of the integr
circuit to the package vary greatly, but all of these conponents can
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ther efore, e%h{eis%gﬁ.;‘%%@%& "adied i Qgg&g@ﬁg{ere 4eh q(gq@gﬁgqg%mhpe?@andi cularly
)(_f,r r ﬁéar | ypp@moptmmamarignéa oentioaty witifeadhothdle PCA. An i mage of the sol der
joints is formeqan an, x: ro?yso%aetre&n% on' at tr;/?)ic?a} r;:’ech Sriugye rgr]:ge from
hundreds to tens of thousands per assembly. Assurance that the solder
15 joints have been made ciorrectly is critical to the performance and reliability
of the PCA. With peripherally teaded components, inspection of the solder
joints is either done by manual or automated x-ray inspection (MXI or AX]).
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 joint, and
therefore, its connectivity and probable level 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 a 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 bails (or
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- [ f a ball grid array package as in FIG 2. As w _
x-ray 1hage o FIG. 1 illgstrates a typical ball grid array 10 with a substrate 20 and

15 solder balts 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 illustrates 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. 3 is 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
package and printed circuit board assembly, due to the shading caused by
the solder in the solder ball.

25 Titing 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 detect with x-ray inspection.

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

20 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 methou of automatic x-ray inspection that
measures these diameters and compares them statistically to detect open



be readily apparent, the open solder joint 35 can sonetines be

I ndi stingui shable from ot her acceptable sotder joints in the ball grid
array package and printed circuit board assenbly, due to the shadi ng
caused by the solder in the solder ball. 25 Tilting the printed circuit
board assenbly in the xray inspection systemto mtigate the effect of
this shading is usually ineffective, since adjacent solder balls (or
colums) cause simlar shading problenms. Because of this shading, open
solder joints are difficult to detect with x-ray inspection. On nmany open
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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
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. 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 bails to form oval shaped solder joints 70 when the pad is properly

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



95 manufacturing environnments. Some manufacturers have used oval pads on
the printed circuit boards to enhance detection of opens, since part of

t he oval pad extends beyond the shadow of the solder ball (or colum),
which permts the x-ray inspection systemto generate inmages of part of
the printed circuit board pad. 20 Like conventional round pads, the center
of these oval pads is coaxial wwth the solder ball (or colum) and package
pad. Open solder joints tend to have a different appearance in the x-ray
i mge than acceptable solder joints when oval pads are used. Fig. 4 shows
an exenpl ar y detectign phegen efidemjcints ep i besmoidtet soldef ithage2 50 F@mairish an oval
pad. The acc r joint appears uniformy dark due to thick

sol der shadiﬁ@%gﬁg&éégpﬂgad and the dianeter of the solder ball equals X
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|ayout 86 o siilah et FautRY WoulASSRANG! WS FBvAbhdy gRackage. It Ts noted

that the spacing_of the pads 88 is regular rows and colums Fig.
8 is an exenpl ar yesniteyther dpproversentain detsicting soider qointautin raged aareayt Wi t h

round pads 88ckged dtiBhG Yval PHEE WP BE desirable to have an improved
system and method for improving the accuracy of solder joint inspection
15 systems to accurately identify defective soider joints used to physicallg.r 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.



10 layout 86 on a printed circuit board or area array package. It is
observed that simlar trace routing would be Iimted using oval pads 84.
Despite the inprovenent in detecting solder joints in area array packages
utilizing oval pads, it would be desirable to have an inproved system and
met hod for inproving the accuracy of. solder joint inspection is systens to
accurately identify defective solder joints used to physically and
electrically connect various printed circuit devices on printed circuit
board while | eaving nore space available on the printed circuit board or
area array package for trace routing layout. 5 Summa O The I nvention In
response to these and ot her. shortconin%§ of the prior art, a solder 5
joint inspection system and RNg sol der joint defects are
di scl osed. In one arrangenent, the system nmay be viewed as providing a

met hod for identifying solder joint defects in a printed circuit assenbly
with area array Hpéetpapss tathese had othee shdconlings o the pRBREE, a EBigs; Mt hod may

be 10 symmar;; i n_of f d. |l ayout on either or both of the
pri nted el rdont hsBbaRiP AT Gnlingingd dor Hehuyfcasidegdoiat eatentsaore ¢ he
printed- cirdisdlasedssenbly. O her -systens, nethods and features associated

w th detecting fnolocrzl_ler'a' oint defects in accordance with the invention wll
become apparent to 2" 752GHEELIEN) PYSteMemayt be yinwesk agi praviding ef t he

fol | owi ng_dmasthouorddehtrag soines jomt dbfeclsini AbAREE Girtl)ebsddirory Yith addi ti onal
uded within this description are within

f%:tgggbeng n%ﬂé. ng?@%ﬁgg%hgaﬁ%Fﬁ%ﬂ§°fdﬁtmﬂéﬁﬁvﬁymﬁgﬂ§$xﬁenayb&nt def ects
as deseri bedummarized bycempR{RY! &1 oftbétl Pad 1ABubon either or both of the
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 will becon;re 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 systems
and methods for identifying solder joint defects as described in th

accompanying claims.




Brief Description O The Drawi ngs A nore conplete appreciation of this
invention, and nmany of the s attendant advantages thereof, wll be readily
apparent as the sanme becones better understood by reference to the

foll owi ng detail ed description when considered in conjunction wth the
acconpanyi ng drawi ngs in which like reference synbols indicate the sane or
simlar conponents, wherein: FIG 1 illustrates a typical area array
package soldered to a printed 10 circuit assenbly; FIG 2 illustrates a
typi cal area array package soldered to a printed circuit assenbly with a
defective solder joint; FIG 3 illustrates an exenplary top view of an
x-ray image of an area array package soI dered to a printed circuit
assenbly; 15 FIG 4 il usBietPesgripbeaty hhe Drawingsw of an x-ray i nage of
an accept abl e solder joint utilizing an oval bondi ng pad; FIG 5

il lustrates an exenplary top view of an x-ray inmage of a defective sol der
joint utilizing @nmowatonyletsi apyraviationfof Gis ﬁwemﬁdmstah@h%ﬁy@f tep view of round

bondi ng pads bondi F 7 illustrates a top view of a
smal | sécti ol ﬁﬁaﬁt %’B?t@g?s E%fﬁ?g ‘8@3“ 4'@("1'33?'@05 ap Kiersante AcOMESAAP or a
PCA; FIG 8 hetterianderstosd ay?éfarenb@%%falldiﬂﬁd Hetaféd aéaanpﬁorﬁwﬁé/rp' cal PCA
shovmngaty gattern with trace routin ayout; 25 FIG 9

.
i|lustrates “f'aﬁ' 'Bﬁ%’e ptionwith; the AsrRraRanyingcrawios in whichyike sol der | oi nt

i nspecti on syfetetite shinBolslifditath Yed sh&or SiRMaVe rid array
package bondi ng g@]lsg @%d ar: of fset pri F\tledam%ﬂen%og’?’%k"gd FIG 11
|

illustrates a si WE%WBWEQ?aWM@ﬁCH‘QQWdeg@dRI@nr]mdl |lustrates a
top vi ey of cm.p@gsambwage of . an acceptabl e offset . solder joint;

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 assembiy;
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 |mage 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 iflustrates 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
showing a typical grid pad pattern with trace rouﬁng 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 view of an offset solder joint;
30 FIG. 12 illustrates a top view of an x-ray image of an acceplable offset
soider joint;

FIG. 13 illustrates a side view of an open offset soider joint;



FIG 13 illustrates a side view of an open offset solder joint; 7 FIG 14
illustrates a top view of an x-ray inmage of a defective offset sol der

joint; FIG 15 illustrates a top view of a snall group of area array
package bonding pads, overlaid a corresponding group of offset printed
circuit assenbly bonding pads; FIG 16 illustrates a. top view of a small

section of offset printed circuit assenbly bonding pads; FIG 17
illustrates a top view of a snmall section of area array package bonding
pads overlaid a correspondi ng section of offset printed circuit to assenbly

bondi ng pads; FI GFlGL84iilustrates attes viewtaTpnwH-eWifhg@ oA BblechRGifan of of f set
printed ci rc%aer.gﬁ‘l?_enbl y bonding pads with exenplary trace routing; Fig.
[

19 is a flowdragrarththat illustrates a nmethod for attaching an area array
package to a pri rfiled1&illustites a3seAbly Yo WishialQrd R J?QQQHHQ pads,, 1s and
or HBtec I 'ng

FIG 20 is lagramthat illusirates a nmethod f
def ecti ve sca)?%lé]?)/% %%G%ﬁ)geﬂ%udgcgﬂeﬁ,?@r@ greup of efésed printed wirewit of f set- bondi ng
pads. Deét ai | aseDbiychonditnggpadshe present invention provi des systens and
met hods, which a%e?.lﬁé t}he above |isted problenms. Particularly inportant
is that an i nproved Soflydratesa fop vigys pbe singh sestionaifoffsetfrirgtadenirauis use of f set
pads may si gissémbrtonding'padstce the nunmber of false "defects” identified
upon anal yzi ng ng 0{ ‘m)re measurenents of each individual solder joint.
An i nproved sol dEfG1diilhistralasslonviewnofsy smalhsentioniofarcacartay mekagslance wit h
the of fset adsing®eas By o ' t r out i area on the
printed circuit ggﬁrd _andafd;éf S%ﬁiﬁgﬁbggéﬁé‘g‘g%%%t 9@&?418{‘:&{% descri ption of
the syl em ﬁﬁfﬁ'ﬂ'ﬂygﬂﬂl@’,’g Badsxenpl ar

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 a printed circuit assembly with offset bonding pads.



systemis discussed with reference to the figures. The exenplar system and
associ at ed net hods are provided for purposes of illustration only. Various
is nmodifications are feasible without departing fromthe inventive concept.
For exanple, the exenplar data, figures, and rel ated description are
focused on dianmeter neasurenents 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 nethod for offset pads will be applicable to various
ot her solder joint types. |In accordance with preferred enbodi nents, a
comercially avail able solder joint inspection system such as the 5DX
X-ray | nspection System avai | Bietaildd Blesagiptiont Technol ogi es 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 Fasgmdent {nlve@non p’t]roﬂéé% §ﬁ,t@rﬂ§)'éhétn?éihoc&f Whihddrégyi t board) .
Using the | catb{g | nf TTE on, the solder joint 1nspection Ké?tem
associ afes &A%A 514%;5’ leqls; t@ﬁ%@“'ﬂﬁ@ﬂﬂﬂﬁﬁ lat@%tandmprqvgﬂ@n pi ns
(i.e., adjagset inspesoroByaaahcoiRRRL ity sl bﬁééi‘d &dsl Gyt @ Al ter
recording at ‘iH?fgetL one actual neasurenent of aract ristic of each 30

sol der j oi nf® einyabeE of talse ldﬁéecéﬁ)l"é%’ﬁlf?@)ilﬁ@n iansiygng iopa asyserem gener at es
an _expect ethedRBRIIEH of dachrindiviclt) SHREr TRAS LGNS ??é%%ld% Fifpty L0 each

respective solder joint that accounts accep f requency)
vari ati on i insPagionsysiem mguwdn%ﬁccwdawm'eﬂ)em‘edt pdBserpbunts for

char acier i shéceptatiie %aé? ﬁ&fn Qb‘eBt Qgérp d el B %ﬁh’e%{’ﬁ‘iﬁ%l r%ygre“ ng now

t hi ckness, shape, vol ume, "arno
to FIG 9, Pak@8erated is a functlonal bl ock di agram showi ng vari ous

conponents W t hipy @ébllf?é@’qlﬂsﬁﬁptﬁ)ﬂl | usg&&% m' Qﬁfﬁﬁ&bg‘% 0?5[§S¥‘St ein 100.

Generally, FIG is a schematic | I'ng 4 onal
bui | di ng bl d&kem @rdsﬁstﬁgeq)wbrefmat@mecf@urqsmme emmmtsy@tem apgét em which

can apply tRQo¥tdd Metndes Aéprdvited f‘a??)upo\éeg df HOSESHon only. Various

15 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 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
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 (j.e., solder-joint interfaces) on each

25 printed circuit device of a printed circuit assembly (i.e., a device popuiated
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 under 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)

variation in the actual measurement values recorded. Exemplar



defects. Generally, the solder joint inspection system 100 can conprise any
one of a wide variety of wired and/or wireless conputing devices, such as a
to desktop conputer, a portable conputer, a dedicated server conputer, a
mul ti-processor conputing device, anobng others. Irrespective of its
specific arrangenent, the solder joint inspection system 100 can, for

I nstance, conprise a processing device 102, nenory 110, one or nore user
interface devices 120, a display 130, one or nore input/output (1/0O

devi ces 140, and 15 one or nore network interface devices 150, each of

whi ch is congesheeridticd dta shRep) ordtma?ﬁfa?% mhédsurdd'fa rtr&"ﬁﬁfesﬂﬁﬂ device 102

can include any custom nade or° commercially avallable processor, a central
processi ng ufhiape( bgRhheight, @ﬁfdeau@dumﬁaarpom@ttre&or anbng several processors

associated with tdg, m(gbn %:ﬁq mgl Y |¢J§?rgf'e%t ISOQ fﬁ%?ﬁo‘?@ #gcrogisﬁ%bn%gggguct or

based m croprocessor a mcroch one
or nore applsmng)waspmlmmonemtseagﬂamah @Dcemplarsscﬂd’ﬁhﬁls:) m@eptx@r! ality of

t bI t and .ot known el ectri cal
cont | gubas s bl GeRlOHE, PH B sl iRk dh VoSG i
vari ous conﬁi.!maionehsbuildmgoblndkmaafeat b@npﬂér»baﬁcﬂldoldéﬁmﬂt lirpeefiort Pe sol der

100. . T a de any.one of a

Lol nat on Syp TR e iy e VBRI cietiods”for, fntiina ket Sehor 5 ( RaM
such as DRAMefecﬂ?Aﬁbne’elty Xhe sstderjoint M@b@dﬂbh%ﬁ%ﬁ?m{) %rﬁ?@ﬁﬁlﬁsé@ages ESMO/ S
h d i ca [
1‘1”2OI 0:113\/20 g 0&&»@%@%@&% W&)ﬁg %‘H@ﬁ “éngeégﬁmémng SPweeSaﬁaFfws@

appl i cabi on dia&k‘top daﬁim ahpartatde @b UﬁYasd@d;datéd‘ seRRr &ompitérl APPr eci ate
that the rrermr#; can, apd t ﬁ“f) onpri se other components,

a )
whi ch have BB pW??%d:O”’PBP"%GﬁX‘E%@@%‘B %‘F%’% t'@ieSPﬁ%‘é%Ofn%ﬁlsﬂ% cude a host
of prograns acranéergmtedhé Cho!déil’ﬁuﬁtohnsbéétidhugsys%é:ﬁe%@ &dn, 1R AeAes - | oi nt

| nspecti on maChrEtlsneg rocessm gewgg e10:(2) rmggge 1u 1SOeronlerzatrenE(Ir;é‘Cuese:('j ﬁl\t/ér?aecz 120
conpri se t hE¥8P P g ’ ry e,
devices 120, a display 130, one or more input/output {/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 custom 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 semiconductor based microprocessor {in the
form of a microchip), a macro-processor, one or more application-specific
integrated circuits (ASICs), a plurality of suitably configured digital logic
gates, and other well known electrical configurations comprising discrete
elements both individually and in various combinations to coordinate the

25 overall operation of the solder-joint inspeétion 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, etc.)) and non-volatile memory elements (e.g., ROM, hard drive,
tape, CDROM, etc.). The memory 110 typicaily comprises an O/S 112, one

30 or more applications such as a solder-joint analysis application 114.
Persons having ordinary skill in the art wiil appreciate that the memory 110
can, and typically will, comprise other components, which have been amitted
for purposes of brevity. These may include a host of programs configured to
controf various aspects of the solder-joint inspection mechanisms.
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with which the user can interact with the sol der-joint
fgggggfpgﬁ system 100. For exanple, where the solder-joint inspection
system 100 conprises a personal conputer (PC), these conmponents can t
conprise a 5 keyboard and nouse. \Were the sol der-joint inspection syz em
100 is expected to be used in extreme environnents (e.g., near a solder
flow nachine), these conponents can conprise function keys or buttons, a
touch-sensitive screen, a stylus, etc. The display 130 can conprise a
conputer nonitor or plasnma screen for a PC or alternatively a liquid

crystal 10 di spl®ie (dn€Dbor amord)usee MesHaceddeWiddh faar tchﬁﬂané@f floggce to Fi G

dapted to facilitate connection of
Uhe. So dor - STRONEAL,E1E Fhishafe s Gvntegect st e Solsipeiainhinsmiation devi Co and
may t her ef or systene|10de P cRimpR Ynefs b sold?kajbfﬁlt ';ﬂgggﬁ%ggst%%”ﬁ% er system
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::m 2\rm ?g)e ( %Feﬁt%gﬁfspﬂﬁ'e‘ﬁqme%(ﬁ@orﬁbﬁfﬂescmmmnam cae cougeidet®

conmuni gat i w@yuoé}gug{ae rﬁcﬂﬁesob\ﬂ-férr JtRL rhtolde? Hsgg?t%eé%%régﬁ%q\n th one or

Its.
nore renote data storage devices or repor resu
- The net wor k S¥ReErd decbqiaispd dr e&@@rrteonpwrcmmm (e.gr,i e a colepniow s used to

et work i o iy B SRR ofn CERIRISR B YR o o Borfrini oot e

network interface devices
bot h i nput s '@HFA-SeHsiYe Scrdeps & ﬁhdmcmg: aThln)dildpdayoanecmdubmbﬂée de.g., a

roden) W r ebfApfict dhtor & BAURS ESAUBID BELLEAT S T gl &1 €PRONI €

interface, a , a rou

IS he iredhor di nate 25 rreasure record, estimate
i mart ma? QBY&b@E)aa)mau gles enerate error val ues,

d conpare exp I S val ues to
22 vel Irrpas to pwgﬁrﬁgen%ﬁ\pﬂcé}o Eﬁ%#éﬁ%%ﬁ%ﬁpméf& viges 148} argr Oxg: EFZ
amng ot her adapied kafesiitallaeonsdcaba i s buBeSomtHspctcr &80 9 00RBPONS! ble

CI at ed
Sol der - o1 e lElent HAGHE F8licd 35 fiak therelbrs icudgr Py rmore seral,
Corrput er-r mﬂﬂ"esmmmdtmswﬂm bifertacel (SCSV) BN sANséHat BugLySBRMPUL er -

15 IEEE 1394 (e.g., Firewire™), and/or other interface components 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

resilts. 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., @ modem), wireless (e.g., a radio-frequency (RF)) transceiver, a
telephonic interface, a bridge, a router, a network card, efc.

Various software and/or firnware 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 analysis on the

generated error values, among other functions. The related software and/or

firmware responsible for theses and other functions associated with the use of

the underlying solder-joint inspection system 100 can be stored on any

30 computer—readébfe medium for use by or in connection with any computer-

related 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

11



rel ated systemor nethod. In the context of this docunent, a conputer-
readabl e nedi um denotes an el ectronic, nagnetic, optical, or other physical
device or neans that can contain or store a conputer programfor use by or
in connection with a conputer-related systemor nethod. These progranms 11
can be enbodied in any conputer-readable nmediumfor use by or in

connection with an instruction execution system apparatus, or device, such
as a conputer-based system processor-containing system or other system
that can fetch the instructions fromthe instruction execution system 5

apparatus, ofafi®d ERbBARASHEGH] Sobtdr el Ilfum! for' & G9NGRAH O this

docunment, a cornpgter;rea@a _ ~can be any neans at can store
communi cat e, cqngplgrawvigh agringtiughperacutione systeryr apperatus usreddwcep isucim

ti | | i e i r Q[ device. The
omput er - caaB C Ul BE bl<ftin THEC SRR by R R B a8l o, 2
el ectroni c, thagmeni tetcloghe clastructibes tfraomeihaenstyctionf eae@dionosystemni conduct or

C hon Exhadebetus (846 A ER0te ThIREH S PRt ks ano T
el ectrical ciocoment, arfcbmaputegreadeblermedin®” van BS ang nsaht Aibt@an GaeRUL er

cr asabl o pr STRMIRAE. PESRADRH o ROPRETt EBRCRICOraIn. (o8| BE8 0% &1 1 ef asab! e
pr ogr anmabl eonsedionntith the instrictidnERBEMon syste, 2pbarat®iTor devie) optical fiber,
ot b -1 eadabl SEEAMBHEEseAG0E, TREUPLERT b, Tor EXETHS PULRT A Ethed: um upon
whi ch ae progs,anan s efictrobied, magnéths %ﬂ&iﬁ%@@tr@rﬁﬁﬂﬁe&i&m affarei cal |y

captured, via for instance, optical scanning of the paper or other medium
thgn conpi | &8MGopd r&séﬂ“oﬁgﬁrﬁ@?mpg\é'c%r‘Efc@@@@ﬁatf%‘ medin).-t MMPE manner as

necessary, gapekifidiexensiles sl nbilerhARIVSIiSH ofMHEéOmpUTéGreadtbit IhdBilimat es a top

vi ew of corresponding ball grid array package bonding pad 200 and a
printed ci rlﬂ‘}f ChBfar eﬁﬁ%ﬁ'Z‘?@'"@ﬁfﬁ" 8p¥ing s enextor R 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 iilustrates 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 soider joint image shows a uniformly dark solder joint due to the
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25 each other. Fig. 11 illustrates a cross-section side view of an
accept abl e solder joint 212 between an ball grid array package or area
array package 202 ball and an offset printed circuit board assenbly 212
pad. By offsetting the printed circuit board pad 210 fromthe ball grid

array or area array package ball, vertical or near vertical x-rays wll
create useful x-ray images 30 for analysis, with an obvious difference
bet ween acceptabl e and open joints. Fig. 12 illustrates a top x-ray image

view of an acceptable solder joint 220 between a ball grid array package
bal | or areahiek rsaldepankdigg dddloth BEA aad®Cinpadd antl the ididnedercof thei t board -
assenbly pad ﬁ#{) . AS segwi n Fig. 12, an acceptable solder joint inmge

shows a uni M IPYEHESN-der joint due to the 12 thick sol der shading of
both BGA and PCAFpads mistrdtde adiraseicxionfsidehdewssl sleopgroisoideipiatl s Y. Fig.

13 illustrates a cross-section side vie f an open sol der._jolnt between a
bal | grid aPeiyeeroa ) Q”qoéﬂ'aﬁé@zapﬁi' %ﬁy\lgB?@éld f}'g@?fﬁﬁtop?fﬁzé @ Brinted

Ci rcui tgboapdnigdZeirduft Bd¥ed $abdefs theisBldef fist dds héX rMosdreelly Yanand .makes an
open joint, the resulting x-ray imge is as shown in Fig. 14, which is a

top view of makesgaPRss et therasuitinge-rap iroagen's asiownds Fig- 4f+ whichackage
ball pad 20 d f ' o | ? ; nin Fig_
14, the prl%nfgelﬁg) %Bwoéf,a??%p&{%&&a o.gtlgsoég%tgdgreg Efjtl;?h edgéﬁ%yeﬁi%légéni mal

circuit board p 10, et
sol der | ef t bathpad)20B end enrafisat printed circuBbaped prR210.0As serd BiFdgelbr of the

open sol der Dy ed éircuﬁtﬁfotgﬁc{apéd‘ﬁfb gprfelépégliqﬁwlt& db_%gé hiniffal bolgerqef@nsol der

joint is concentric Wt Ol’l(ﬁ:]-l al ball grid array ball pad 200. If all
of - t hetpadsthenpriried sircuit bdargi pad,210,pbardieraetee phithe gpen selfeeiointrist he same

direction aﬁ‘:rg?&ﬁhﬁn 90%585‘”%39%"%80?@%%;%3 dééﬁ%g?iﬁﬁis%h@é’ntﬁ?ﬂftﬂ&ﬁ the 15

forces of surface tension process w real i gn the
area array pagikaide!grid aray bpll pad @80.ci rcuit board array pad, sol der ball,

and  package gaﬁgzgﬁ Ja{atgg'_p%dpsnw% biirft84 b¥oul dodRESssehttiy aldedikal i thhe pur pose
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
offsetting 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 smaller pattern. This small pattern 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 pachkage 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. Aiternatively, the pads
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Therefore, small sub groupings of pads on either the printed circuit 20
board assenbly or the area array package may be offset along a line toward
the center of the group, making a smaller pattern. This small pattern 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
conponent will not 25 realign during the soldering process and negate the
desired effect of the offset pads. One exenplary enbodi nent is shown Fig.

15, in which rﬂﬂ’@@ ' ' rJdui ri nted
circuit asseﬁ%W%re o?lﬁijgtas%%’ﬂvxgy?iné)}e%g SSE ﬁely. i?@"@@?‘?“ sbgiglrbcﬁﬂg pads 200
(dashed |i nesgnventions design adeand3prosasieagtorréanigm ofnthe aregukkeygri d
pattern. As a I : L: als se of

of fset gr ou%%k gqﬁ'e%\é%so%ﬁﬁtifgm@%g%er@g§§ Bg@ﬁé{gﬁéﬁ@mh’é’ le#%g?é‘i n

symet ri cal geyenigss by d€oanss PEB design atlesshpave tonstintpl ¢asts, ypufing use with
conventi_onal / r ' [ I.CUi senbl y.

At or natt vel Gl FEeS b RR oa iR b BERIELFE- SebEhbiRiny be of rset in
symetrical groupdg. 0 illostratgs acsmulbséctional topedew nofredrespamting rapeesses f or
design of the area array .package. Wi optiron is ultimately sel ected by
desi gners wiTTaY A4S ?%[WR C"‘%ﬁ\?@??f@@gwgﬁ; accgrdin L(é%ttnfe'gl"ﬁf?ﬁanuﬁts space
cogst rﬁi nt 3,55 aottithatreaidh ightlip &F foErQad ls;arren& ﬁswmdkrlitlgcem&bﬁtﬁﬁéléﬂi ng, test
and ot her ign criteria..Fig, 16 illustrates a small sectional top view
of correspoﬁg?'ﬂﬁac%e 19- é'?r' ?Ft%’é%sxﬁd‘é"%’rseﬁ’??ﬁetap MV & anRE€ANHFIY pads

accor dijng tcpat:k?e‘ BMPP&dOP00 (dashed lines)ckhvidgalegtRe yriar sHaRingf oviedlaid pads 210
is offset toward the center of those four pads. |Eg 17 illustrates a
smal | sect i SRAPSRAFING; BURiEY cliguil rassemblyapads, 24 {gelid ines)pbadn@ @ ( dashed
lines) havi rfFséqid 1afoldr i d spacing overlaid corresponding printed circuit

assenbly pads 210 (solid lines) having an offset pad |ayout.
By using the same size round pads as conventional pad fayouts, the

same amount of printed circuit assembly area is availabie for routing traces,

15 thus avoiding the layout design penaity 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 encugh 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.

Fig. 18 illustrates an example of possible trace routing layout with
groups of 4 offset pads toward each other as illustrated in Figs. 15-17. 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
area array package with a reguiar grid pattern to a printed circuit assembiy
with an offset pad pattern in accordance with one embodiment of the present
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By using the sanme size round pads as conventional pad |ayouts, the sane
anount of printed circuit assenbly area is available for routing traces,

15 thus avoiding the |ayout design penalty incurred with the use of oval
pads. If the anpbunt of offset is equal to the width of one circuit trace
and one space, the sanme nunber 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 imge, but not so nuch as to prevent
the solder joint 20 from being forned. For exanple, the pads may be offset
appr oxi mat el ipvergion 3090 firash erray riackagepivitbhai regblar hgrich patieranctay bk r ect i on.

Fig. 18 ill %ﬂ.@al o) | bl,&.. C outyi ng. | ayout wth
grgups of 40 F@gﬁbgﬂggt owar g’re(]éltggrq@%%eérb?%{é&?l fui;trgt;bgm}eﬁ] I‘—:fr&é'w 15-17.
The pads arasseimblyewitteaoudiset pagdayoirt cmmddiggitomaé pﬁdaa)@uan:dtﬁqoafe pair .

25 si I Il e reducin e .nu . 0 race an
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i nvent i i -ray i tign of solder joint, defects wi,thou
l:g\r/rgpolmpgi P\%‘@I’%%ﬁ%‘?@@% ‘?’)éeb?!‘o or Faft¥ &Hﬁyc‘ia’c@%ﬁ% IS tSPQEée(foQﬂf]dﬁg i ne surface
area on t he aftachedetly myd(ﬂotmamseﬁbltdh tfgé &ﬁt@dt(?afc[]ﬁ}éss@m@iya\ﬂiﬂﬁ offsétd. 19 is a
fl di th ilJustrates a netho or attaching, an area array
pag\livaglea\?\n'r ? ﬁ]ags Sé%w'gwﬁ'gtf% tpagily F'Bﬁ’rﬁc'f‘l?dab)b?rﬁoﬁ?ég"'@‘i‘ M the ahBabtey with an
of fset pad pahtegroirciib agserbidangehiie B regfacpi ghdentted akd thePhRBENt 14

th a regular grid pattern may be

hssenbi'b. PUPERESEEe SRR GRS Motk hat R Blathe s M iped St - assenbl y
with an of f asdeniiiyl a9 ydusignC @hbRESOAH NBnkPaihfac aaW. | aYoWll gkol Bg  area

arra ackage may be assenbl ed, purchased or otherw se obtained 5 320. The
ar eayalroray %%%’ﬁﬂé’@d' a ?’Te@ﬁeﬂeﬂﬁ Yt bR PEfiprERAd aailesn othes than thatd  circuit

assenbl y 33fiscldfiti RérRFoPEXEMPIBACKRPBsdsS B deififle, 89498 My 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 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 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 illusirative 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, resulting 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 printed circuit

assembly or the area array package pads. Also, the small pad groupings for
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attached by any known neans to the printed circuit assenbly with offset
pads 340. It will be readily appreciated by those skilled in the art, that
the printed circuit assenbly nay have a regular pad grid pattern and the
area ~0 array package may contain an offset pad pattern relative to the
printed circuit assenbly as design choices and constraints allow. It wll
al so be appreciated that these steps nmay be perfornmed in orders other than
that disclosed here for exenplary purposes. For exanple, step 320 may
occur before step 310. 15 Fig. 20 is a flow diagramthat illustrates a
met hod for pefseding may e dgpe i gequps wthas thasy 4 gade eeshhg The BNt endt def ect s
on an of f'set qiRéchiph 8ok fidyvary eyRABING o thé sBEIGR refduAy, AARK F6GmgaCCor di ng
to the present invention. One” nay nmeasure one or nore desire

* char act eri st nesfeFnceg tlediigatetmesbinpisal, j easht or opthehgeguicements apf package
attached to g hgcirdalsR, circuit assenbly, for 20 exanple, the width or

di aneter of the solder joint 410. One nay obtain or estimte an expected
value fdr an acceptable offset solder joint characteristic -420. The
expected val ue of an acceptable solder joint and the neasured value of an
of fset solder joint nmay be conpared 430. An error value for the offset

sol der joint may be generated 440, in order to identify 25 whether the
particul ar solder joint is acceptable or defective. It will be _
appreciated that these steps may be perforned in other orders, for exanple,
step 420 may be perforned before step 410. Although this preferred

enbodi nent of the present invention has been disclosed for illustrative
pur poses, those skilled in the art will appreciate that 30 various

nodi fications, additions and substitutions are possible, w thout departing
fromthe scope and spirit of the invention, resulting in equival ent

enbodi nents that remain within the scope of the appended clains. For
exanpl e, the pad offset may be done on either or both of the printed
circuit assenbly or the area array package pads. Al so, the small pad
groupi ngs for 15
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of fsetting 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, nmechanical, cost, or other requirenents
of a wparticular design. 16 CLAIMS WHAT IS CLAIMED I'S: 1. An assenbly,
conprising: 2 a printed circuit assenbly with a pad | ayout pattern; and an
area array package with a pad | ayout pattern attached to the 4 printed
circuit assenbly; wherein at | east one of the pad | ayout of.the printed
circuit assenbly or the pad | ayout of the area array package has an offset
s pad layout relative to the other Qlad[M8yout. 2. An assenbly in accordance
. wth claim1, wherein the Bad | ayout of 2 the printed circuit assenbly is

of fset rel atWHATIS GLAMBRISI ayout of the area array package pad |ayout. 3.
An assenbly in accordance with claim?2, wherein said pad |ayout 2 of the
area array package is in a regular grid pattern. 4. An assenbly in
accordance with claim3, wherein said pad layout 2 of the printed circuit
assenbly is of fset pawi ~spaced smal |l groupi ngs of pads
correspondi ng to?'tﬁ}eqﬂa%gbd-éa?';&@ﬁedr%gﬁded on the area array package. 5. An
assenbly in accoagenied ciscuitasseabiy With aped &yout pattersgndar |y 2 spaced snal |
groupi ngs of pads, ¢ ri Ik CUi i f pads of f set
toward each o'E) hez?n |%gpleafr§gad a%kggehg\}l%r?ﬁagﬁ%@?@hﬁt&ﬁ@{%cﬁ%’ t8Zthf"o
correspond phinted thevipaxtembly; bdebximdbldastroriehs tise pad myoatyofplee jidgged 17 z 4 6.
A et hod focr:ircmnaus];gﬁ'ﬁqw& eaprédalgﬁc?uqbclthé: %r 2] ér%s'ayngéckage has an offset

6 pad layout relative to the other pad layout.

2. An assembly in accordance with claim 1, wherein the pad layout of
2 the printed circuit assembly is offset relative to the pad layout of the area
array package pad layout.

3. An assembly in accordance with claim 2, wherein said pad [ayout
2 of the area array package is in a regular grid pattern.

4. An assembly in accordance with claim 3, wherein said pad layout
2 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.

5. An assembly in accordance with claim 4, 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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obtaining an area array package having a pad | ayout pattern; obtaining a
printed circuit assenbly having a pad | ayout pattern corresponding to the
pad | ayout pattern of the area array package; and s attaching the area
array package pad | ayout pattern to the printed circuit assenbly pad | ayout
pattern, wherein at |east one pad |layout 8 pattern is a regular grid
pattern and the other pad |ayout pattern is offset relative to the regul ar
grid pattern. z 7. A nethod for detecting offset solder joint defects

bet ween sol der pads on an area array package attached to offset sol der
pads on a printed. lnnEMKMUbtnaamhathganaa$mﬁmyngmphsngteps of : nmeasuring a
characteristic of an aoffset solder joint; 6 .determning a value for an
accept aBl e of f set chqtiaglpg PO a%ba%ﬁ%aﬂl%at‘ﬂﬁglw&gaﬁgﬂnof fset sol der

joint characteri st ldbtémhg% Wsﬁtbd oﬁrc&:h@s@éhﬁlﬁ@%hhg @bﬁa&ﬂéycﬁ@'ﬁﬁﬁem oi nt
char act erl stic val ue in accgr dance with claim 7,

further *conpri si ng cpﬁgsgqr@wg ththe a%%@ya%w&eahofé ? GFed, AT AEP3YA%ehe sol der
joint. 9. A nethodgng accordance with claim8, further conprising the step
determnlnglf t he soIderHoint is defective, 18 .
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

refative to the regular grid pattern.

2 7. A method for detecting offset solder joint defects between solder
pads on an area array package attached to offset solder pads on a printed .
4 circuit assembily, comprising the steps of:
measuring a characteristic of an offset solder joint;
6 determining a vaiue for an acceptable offset solder joint; and
comparing the measured offset solder joint characteristic value with

8 the acceptable offset solder joint characteristic value.

8. A method in accordance with claim 7, further comprising the step
2 of:
generating an error value for the solder joint.

9. A method in accordance with claim 8, further comprising the step

determining if the soider joint is defective.
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