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ORI ENTATI ON MARK BACKGROUND OF THE INVENTION 1. Field of the Invention

100011 The L nvention relates to systens and net hods red cting
i nt egr at ed Weqe@@?%sg}ﬁi c conponents, and particularly for i nsggg{qsﬂﬁgﬁﬁgfl grid

array (BGA) connected conponents. 2. Description of the Related Art 10002]
El ectronic circuit packaging technol ogy presents an inportant aspect of

circuit design. Inproved nethods of packdging offer inprovenents in circuit
performance as well as cost and tinme savings. Since its devel opnent in the

1960" s surface MOUBALLSGRID ARRAYIX-RAYIORIENTATIQONIVDRRI( S are

soldered directly to netal pads on the surface of a printed circuit board,
have suppl anted conventional "through-hol e" packagi ng nethods. Such

technol ogi es afford better ci ' f hi gher connecti on
density. Some of the curre%éﬁ%ﬁgb@%ﬁﬁieg%i}mm echnol ogi es are the
pl astic-l eaded mwhliRraRMhi&kiont Ne small-outline integrated circuit, chip
capacitor, chip resistor, ball grid array, and chip scal e package. ]00031
As wi t h any{0pedk afieqgesenichneitiog yelates fa syistents amd infeslitsds domlinspes imgrntdgoated he

I nspection and verification of the conponent connection quality are

i nportant  telectiofiielcBApBhente) avdpiréicielanP GitindpetiipaliGirRiSarra¥-(BGA )i cofileeddl on i S
sonetimes used to verify conponent connections, particularly those where
some of thew%raﬂg.ﬁg_i ons are obscured for an ordinary visual inspection.

2. Description of the Related Art

[0002] Electronic circuit packaging technology presents an important aspect of circuit
design. Improved methods of packaging offer improvements in circuit performance as
well as cost and time savings. Since its development in the 1960’s surface mount
technologies, in which electronic components are soldered directly to metal pads on the
surface of a printed circuit board, have supplanted conventional “through-hole” packaging
methods. Such technologies afford better circuit performance and a higher connection
density. Some of the currently available surface mount technologies are the plastic-leaded
chip camer, the small-outline integrated circuit, chip capacitor, chip resistor, ball grid
array, and chip scale package.

[0003] As with any packaging technology, efficient methods and systems for the
inspection and verification of the component connection quality are important to
implementing surface mount technologies. X-ray inspection is sometimes used to venify
component connections, particularly those where some of the connections are obscured for
an ordinary visual inspection.

[0004] Ball grid array technology gener;ally employs a dense gnd of discrete solder balis

to facilitate electrical connection of an electronic component (such as a application



100041 Ball grid array technol ogy generally enploys a dense grid of 2%?%%%&?%6

solder balls to facilitate electrical connection of an el ectronic conponent
(such as a apbieasswon 28 APRIL 2006 WD 03/038896 PCT/ US02/ MB0gs02/34mpeci fic
integrated circuit (ASIC)) and a printed circuit board (PCB). Wth precision
al i gnment and heating, connection is nmade between an array of sol der pads on
the conponent and anot her correspondi ng ;array of sol der pads on the printed
circuit via the nelted solder balls. The advantages of BGA packagi ng

i ncl ude reduced. conpopent si ost . _and, wei ght, hi r /.0 count for a

gi ven subst tPft ’Cd?tg%?{éﬁﬁﬁ?'g\i/égslg)gﬂdrq %%I}Qed 8&?’%&"%&;@%113‘] HNPIEEISIONG ¢ ensi on
to multi-chip nodul es. Because the grid presents obscured connections,
X-ray i nspedigngnt anddhsatings connssden isgnadseveen e aray e§sqldsr nads eiahe
connections. [00051 Furthernore, many conponent designs enpl oyi ng surface

mount t echnaimppnent aad dnghert docrgspomdingB@EAay tod séider pady on Hevpriedweienit iveethe
connection patterns of solder pad arrays. These symretrical connection

patterns armeléddorder Balls( Thefadtintaget ANB@APacREgiAE SR ludeheducBd Bdhphent Sgd)se
arrangenment of connections and conveni ent processing. A dense pattern of

connection %Oék%@ (chfr%n}, gaglep'g i 6ahi 8P gﬂren §ﬁgsft1%f%earé% gﬂ%&&%\@&h% i efsl ’

i ncl udi ng tech roper orientation of t onponent Wt

symetric conﬁoecti on atterns is onvi'tntféional K dﬁt er m ﬂled t%ly a v{sual

i ndi cat or WBIPTTAYCEBAABRENXITSON AR BYY LR TNYHFSt RECBPE M A FEUSt boar d.
However, inproper orientatjion of the conponent still qQccurs. _100(’;)61 Vi sual
ori ent at i orPhSAYEE serBEetons X g InsRTaten &5 qqmmenly usrddo yisrity the ntegrity pf BOAf t he

conponent, invisible to an x-ray inspection. In sone cases physical features
bui It into ¢dmaections. :

[0005] Furthermore, many component designs employing surface mount technology,
and particularly BGA technology, have symmetrical connection pattemns of soider pad
arrays. These symmetrical connection patterns are preferred (in fact, standard) because
they provide a dense arrangement of connections and convenient processing. A dense
pattem of connection is a principle motivation fbr surface mount technologies, including
BGA technology. Proper orientation of the component with symmetric connection
patterns is conventionally determined by a visual indicator when the component is
integrated with the printed circuit board. However,‘improper orientation of the component
still occurs.

[0006] Visual orientation indicators are typically silk screened onto the exterior of the
component, invisible to an x-ray inspection. In some cases physical features built into the
housing material of the electronic component are also used as markers to indicate proper
orientation of the electronic component. However, the housing matenal is always

invisibie to x-rays; an x-ray visible housing material would prevent any x-ray inspection of
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housing material of the electronic conponent are also used as markers to

i ndicate proper orientation of the el ectronic conponent. However, the

housi ng MatWEi0ai038886 al ways i nvi sible to x-rays; an x-ray vi SCBIESHME8¢ ng
material would prevent any x-ray inspection of 28 APRIL 2006 WD 113/ 038896
PCT/ USt 12/ 34809 3 the electronic conponent integration. Thus, connection
integrity inspection and orientation venification are currently perforned
as two separate processes. 100071 There is a need for nore efficient systens
and net hod £ ' ect ' [ Ui kagi ng: re is a need
for additi gtﬁgfeleﬁ%ﬁ‘gg *@%eéﬁég@l"\%ﬁt Eﬂgg’%?nﬁ{r?ﬁ ﬁrﬁﬁm}nct)@g\ﬂgﬁg{)%ﬁg;m‘gqui pment and

procedures. There is.particularly a need for such inproved systens and
met hods foroqeﬁg’b‘BEFF‘ﬁécaé‘B?rﬁ@rFé‘FfFXWPeésﬂrg‘cefjéﬁt%‘? Swt‘g&é’ﬁ%@?%g. There is

further a need for such systens and nethods w thout sacrificing the benefits
of synmet r i [0897]c oPheeesiageed fr menrp sfficTend systemsand metheds ofdnspeeieansfor hese needs.
SUMMARY OF THE | NVENTI ON 100081 The present invention discloses a nethod and
appar at us pletrotlicrircuinpakagingn Thére i & eealr foeaiditiorab inspection eheks wathi £

conponent integration where x-ray inspection is enployed to verify the

connect | on it Yadiliond? Ea AN MRipFoceaiiRO MPhkre A SebhiculiH PPAGK! B ucilhUS.

the invention is particularly useful for surface nount téchnol ogies, such

25 3 bal | el S emd BR8] b ORng TS BLEPEALANCRIOR pRBNeNE:

i ncor porated”i nto rsting rntegra processes r

m ni nrum of additional ti and_ equi pment. 10Q091_An exeppl ary .nmet hod_of
produci ng iﬁ’?ﬁfe‘ét Lagf {DFB‘fﬁhc,s%tS 8ﬂ‘iﬂ’c§§108§l"”h@°¥‘ﬁ’é°”$‘ﬁ{}% ibBHeItZ'}BHf)ri ses
provi ding an el ectronic conponent for integration and providing an x- ray

vi si bl e or isommetiicshcomgriean rettemsy The preserd dnvegtipe mesisthaseneedsuch t hat proper
orientation

SUMMARY OF THE INVENTION
[0008] The present invention discloses a2 method and apparatus providing inspection of
the onentation of an electronic component integration where x-ray inspection is employed
to verify the connection integnty of the clcctron‘ic component after integration. Thus, the
invention is particularly useful for surface mount technologies, such as a ball grid array
(BGA) integration. The present invention can be incorporated into existing integration
inspection processes requiring a minimum of additional time and equipment.
[0009] An exemplary method of producing inspectable electronic components using the
invention comprises providing an electronic component for integration and providing an x-
ray visible orientation indicator for the electronic component such that proper orientation
of the electronic component is verifiable by x-ray inspection after integration of the
electronic component. The x-ray inspection also makes connection integrity of the

electronic component verifiable after integration of the electronic component.



of the electronic conponent is verifiable by x-ray inspection aft er28APRIL 2006
integration of the electronic conponent. The x-ray inspection al so makes
connection | i of the electronic conponent verifiabl (%I er .
integrati onw(}}&g‘kéé%l ectroni c conmponent. 28 APRIL 2006 WO 037 é@%’é’ 549

PCT/ US02/ 34809 4 [0010] An exenplary nethod of inspecting electronic
conponents using the invention conprises producing an x-ray of an

el ectroni c component after the el ectroni ¢t conponent is integrated, wherein
the el ectronic conponent includes an x-ray visible orientation indicator
and per f or njo0d0k- payexemplascintihod of inspeting eRytroric v@npdénentaningahd BRertithegri ty
of the electronic conponent and to verify proper orientation of the

el ectroni ¢ ¢QNRORE PloduliB 3 k-riV o LALIR RIY: RRGRNENUR LB RibcibSic cOMBRdnPN
conprises an electronic conponent for integration and an x-ray visible

orientation.i.ndi cator.faor I ronic co £ h...that. proper
orientati onlsdgt%g%gede}vg%rf Ir"oth?gle%(r)%g%%%m onlcgt Iﬁgﬁfﬁnagb)ﬁ}eé?’gf@? F%éﬁgtlaﬁ(g"pect i on
after integration of the electronic.co nent. The Xx-ray inspection also
makes conneligiT aviwéqqnergﬂ ’Sfaytlﬁ@eev%gftgmrax&wﬁaﬁéﬁ? gwor intgpily offther
integration of the electronic conponent. [0012] The invention can be used
wi th any x- elagironisgracpaadntiand ¢y venfy proncs eherdttagyof theielpctrande eampanert. nount
technologies like ball grid array integration. The invention is useful
wher e the elidtty oAnexemplanrapphratusalsingabe mventiviptomprises an elzogeaieadm@dineso! der
pads and/or solder balls. [0013] In one enbodinment, an x-ray visible

ori ent at i onfdr itk &afid arfdiam x0RY I4sik1e BHEMhtionii8icatér Fr¥he/élgdthintec &mpAbRisLEN

i ndi cator can be produced as part of ‘a manufacturing process of the

el ectroni ¢ GOMMBRENT;enfalbn SATLlErordib Bt Mivekikile 84S} AlspiohARbE At or

can be

integration of the electronic component. The x-ray inspection also makes connection
integrity of the electronic component verifiable after integration of the electronic
component.

[0012] The invention can be used with any x-ray inspected integration technology, such
as surface mount technologies like ball gnid anéy integration. The invention is useful
where the electronic component includes a symmetrnical arrangement of solder pads andfo.r
solder balls.

[0013] In one embodiment, an x-ray visible orientation indicator has metal content. The
x-ray visible orientation indicator can be produced as part of a manufacturing process of
the electronic component. For example, the x-ray visible orientation indicator can be
produced as part of fabricating a die for the electronic component (e.g. the orientation
indicator is fabricated in the die), silk screening markings on the electronic component
(e.g. one mark being the orientation indicator), or producing solder pads for the electronic

component {(e.g. a unique solder pad being the orientation indicator).
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produced as part of fabricating a die for the el ectronic conponent %e.g. t he

orientation indicator is fabricated in the die), silk screening markings on
t he el ect r owioo3massponent (e.g. one mark being the orient at ipaf/tisoezidsad or)
or produci ng solder pads for the electronic conponent (e.g. a unique sol der
pad being the orientation indicator). 28 APRIL 2006 WO 113/ 038896

PCT/ US02/ 34809 5 BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0014] Referring now to
the drawings in which like reference nunbers represent corresponding parts

t hroughout: 100151 FI GS. Hﬁ?ﬁ@%géﬁ‘#“dﬁtdﬁﬁﬁmﬁ GA connection

x-ray; 100161 FIG 2 ill Cl ose-up view enpl ary BGA

connection; 100171 FIG 3 illustrates,an exenplary BGA connection x-ray with
an x-ray vil@9Hle Refemagpgyite the ‘ifHWE’&FH}YVhFSEIfSI&rﬂe@e pumbeary Espresets an

exenpl ary BGA connection x-ray with an x-ray visible orientation indicator
in the die;cofrespp@finEpats troughost r at es an exenpl ary BGA connection x-ray wth
an x-ray visible orientation indicator solder pad; 10020] FIG 6

i 11 ustrat eq0ers]eXaGB| bA yndBEB ilennecd iypitakBGAyconhédliod xsapar ate x-ray visible
orientation indicator; [00211 FIG 7 is a flowhart of a nmethod of producing

i nspect abl qo@l¢FCtPIEN ANKAHREBERS up YRWISE &\ elPUBP BN corpdidi0022] FIG 8 is

a flowchart of "a nethod of 1 nspecting electronic conponents using the

I nvention. [0017] FIG. 3 iilustrates an exemplary BGA connection x-ray with an x-ray visible

orientation ndicator;

[0018] FIG. 4 illustrates an exemplary BGA connection x-ray with an x-ray visible
orientation indicator in the die;

[0019] FIG. 5 illustrates an exemplary BGA connection x-ray with an x-ray vistble
orientation indicator solder pad;

[0020] FIG. 6 illustrates an exemplary BGA connection x-ray with a separate x-ray
visible orientation indicator;

[0021] FIG. 7 is a flowchart of a method of producing inspectable electronic components
using the invention; and

[0022] FIG. 8 is a flowchart of a method of inspecting electronic components using the

invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
10023] In the following description of the preferred embodiment, reference is made to
the accompanying drawings which form a part hereof, and in which is shown by way of

illustration a specific embodiment in which the invention may be practiced. It is to be
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DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENT 100231 In the follow ng

description of the preferred enbodi nent, reference is made to the
acconpanyi ny UP3AWHEs which forma part hereof, and in whi ctPGEUYREHH? by way
of illustration a specific enbodinent in which the invention may be
practiced. It is to be 28 APRIL 2006 WO 03/138896 PCT/ US02/ 34809 6

under stood that other enbodi nents maybe uilized and structural changes
maybe made without departing fromthe scope of the present invention. 1.
Over vi ew [ OfedadiaqnRAlcRRe Bnbb@WRRALs Ay 6 RALZES afld SHR rglychgﬁngpeeﬁﬁ% BARRRSt i on
integrity inspection and orientation verification for conponent
integration,..The invention s applicable to any. electronic conponent (e.g.

i nt egrated %IW%‘%FFBW% ;e fcﬁgga‘%r%?@&sfw]&vczg 1lmé‘rger circuit and reveals a
symmetric connection pattern under x-ray inspection. Automated or manual Xx-
ray inspection is used to verify connection integrity for integrated

el ectroni c conponents. However, if the connection pattern of the electronic
conponent ik syn@efrview, scrutiny of the captured x-ray will often reveal no
i ndi cati on whet her the conponent is inproperly oriented. This is because

the x-ray vipepdjl eTiopraant in0BntRalcr@itdd d ynéngpibetddelt coNIBIRGM intedrity ilsPQ&dA FI GS.

Il Aand IBillustrate a typical ball grid array x-ray of an electronic
conponent -oribABtiSY V0% dali haR itRAd LGS Y&t q%%ﬁ) % rid of
sol der ba?%gcognﬁggﬁ{ons erldgn ?ﬁggﬁsgonnécféoﬁgﬁogﬂcﬂg énggg vvgaeﬁr?lé ﬁ@r st

sol der pad 106 on the el ectr.onic, conponent. 100. and a, second sol de d 108
on the pri roedreBl emonur e e s RTRE Ahich iRy HE 2 Had S el e
connection integrity of the solder balls 112 to the sol der é)ads 106, 108.
By convent iT§keals Hafimethc spnnesieibpaticghundsd A 1pX Ingeestigha Adtpmated of aanual x-

ray inspection is used to verify connection integrity for integrated electronic components.
However, if the connection pattern of the electronic component is symmetric, scrutiny of
the captured x-ray will often reveal no indication whether the component is improperly
oriented. This is because the x-ray visible connection pattern 1s typically symmetrical.
[0025] FIGS. 1A and 1B ilustrate a typical ba.]I grid array x-ray of an electronic
component 100. The symmetric connection pattern 110 is composed of a gnd of solder
ball connections 102. Each connection 102 is made between a first solder pad 106 on the
electronic component 100 and a second solder pad 108 on the printed circuit board 104.
An X-ray inspection is used to verify the connection integrity of the solder balls 112 to the
solder pads 106, 108. By convention a particular connection 102A is designated as “pin
17 for both the component 100 and the printed circuit board 104. Proper orientation of the
electronic component 100 is venified by matching the “pin 1” connection 102A between
the two elements. As previously described, however, conventional indicators are invisible

to x-ray inspection. Of course, the invention is not limited to providing an ortentation



" for both the conponent 100 and the printed circuit board 104. Pr 2f&RFRIL 2006
orientation of the electronic conponent 100 is verified by matching the
"pin 1" co C 102A between the two el enments. As previously described,
however, &‘Hf"?@r’n indicators are invisible to x-ray i né’% Gfsf'%fﬁ”“"

cour se, the invention is not limted to providing an orientation 28 APRIL
2006 WD 113/038896 PCT/t1S112/34809 7 indicator directed at "pin I"; any
connection 102 or location within the cofponent 100 can serve as an
orientation indicator as described in the exanple enbodi nents hereafter.

100261 FI G indichtbt disdctediat Spia 1¢| aeconfectiofWOR br RitaorewRhiarthe ESmipsnempt i on
102. The solder ball 112 forms the connection between a first sol der pad

106 on the gl oq@%mmﬁmeatapg &%@a%ﬁ&%@g@piew é)eg,ger&%r@dh {he

printed ci rcw t E)oard connections can or e ginning with the

sol der ball 2 h first sol der S 6 of the ectrical
conponent @Bﬁ’i cﬁghgfﬁﬁfr@@? E’ﬁe'l’fﬁlvfeé”d #%"i"ﬁg'%?a&g Eingeo @33%8 of the
board 104. 100271 Furthernore, although the symmetric connection pattern 110
i s shown i rfofdsebalt bi2nfogns BICQPFQFCH%P?@’C%&ﬁT%é@SFTmaé‘ 198icartheeledrasic ot her
symmetric patterns are also used. A symretric pattern 110 need only have at
| east two pospobéng 160 pmhd sdcond soldéripat 168 en theytigtd agwitdoatd HawThe t he
integrated el ectronic conponent 100 is x-ray inspécted. In other

enbodi Ment Sconhidteiosey/diBe forincaiegR@inOMitlpetseIder balls 1aD HERertd ftha figst kétdwi t h one
or nore omtted rows and/or colums or omtted portions of rows and/or

col ums  (NQLgs SRPYMhe elé&ﬂaﬁﬂcomsnaﬁ%@%d ih@:‘{?n%ls% H8kdb 4R REorkd doldekent Iy

i ncor por at into any existing autonat: ay I nspection process, such as

one that pe ad?fd?soﬁﬁgg grlb}.ed i mge

[0027} Furthermore, although the symmetric connection pattern 110 is shown in the

form of a grid having four possible orientations, other symmetric patterns are also used. A
symmetric pattern 110 need only have at least two possible orientations which are
indistinguishable when the integrated electronic component 100 is x-ray inspected. In
other embodiments, the symmetric connection p;\nem is formed from a grid with one or
more omitted rows and/or columns or omitted portions of rows and/or columns (not
shown).

[0028] The present invention can also be efficiently incorporated into any existing
automated x-ray inspection process, such as one that performs computenzed image
recognition fo verify connection integrity. Identfying the position of an orientation
indicator can easily be supplemented to the more complex image recognition required to
verify connection integrity-.

[0029] In addition, although the invention is principally described herein with respect to

x-ray inspection of a BGA integrated eiectronic component 100, the invention can be
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recognition to verify connection integrity. Identifying the position of an

orientation indicator can easily be supplenented to the nore conpl ex i mge
recogni ti onWepdisss®d to verify connection integrity. 10029%®drnusacidisny on,

al though the invention is principally described herein with respect to
x-ray inspection of a BGA integrated el ectronic conponent 100, the invention
can be 28 APRIL 2006 WO 113/038896 PCT/ Ug02/ 34809 8 incorporated into any
X-ray inspection process for a conponent 100. The invention is not Ilimted
to BGA integration.or, even surface chnol oqgi e .mEXanple .

Enbod: ment o FOBeFOGHE RaRb Bral e 7 8 P SuBT 08 TR rtin s poty
visible indicator is provided on the electronjc conponent. Although not
required, t]%‘t?%@i@d’iﬂegﬁawn PrRYED AWaCE MO Esghnologiger eby provi ding a nmore
distinct mark in an x-ray. A nunber of different techniques can be used to
produce the indicator, however, it is preferable that the indicator is
produced as part of the ordinary manufacturing processes of the electronic

conponent, 2 hus EWaRipik EimBgdinfeh® cost of inplenentation. It is also
preferable that the indicator does not obscure the elenents which are to be

x-ray inspeghs- m%@.@%ﬁm%ﬁiﬁgﬁmﬁpbﬁéerﬁ}‘in&hﬂm%xﬁ-ﬁgwmemaﬁ%% iPpReRRges of

an el ectroni c conponent can be altered to | ement the present
invention are,detailed in the follown ar agr.aphs. Thew.Jinclu rinting
dent 1 {1 catTORE ReRRne eiriodntf  Rtneleh PouecRE R HRARTGo P S 1S SR BTG ng
sol der pads,6and electrical contacts. [0032] FIG 3 illustrates an exenplary

BGA connectPMIROX POt g R TrRystHCk mark inangi-Rye A pmbssof di fsgent trghigpescano.

Markings are printed on the exterior of electronic conponents
be used to produce the indicator, however, it is preferable that the indicator is produced as

part of the ordinary manufacturing processes of the electronic component, thus minimizing
the cost of implementation. It is also preferable that the indicator does not obscure the
elements which are to be x-ray inspected.

[0031] Some examples of ordinary manufacturing processes of an electronic component
which can be altered to implement the present iﬂvention are detailed in the following
paragraphs. They include printing identification marks, die fabrication, and manufacturing
and positioning solder pads and electrical contacts.

[0032] FIG. 3 illustrates an exemplary BGA connection x-ray showing an x-ray visible
orientation indicator 300. Markings are printed on the exterior of electronic components
100 as part of ordinary manufacturing processing for the purposes identification. For
example, electronic components 100 can be marked using a silk screen process. In this

“1’!

embodiment, the orientation indicator 300 is a silk screened x-ray visible mark
indicating the “pin 1” connection 102A. To enhance x-ray visibility of the mark, metal
content can be included in the silk screened material. For example, the silk screened ink

can be loaded with metal powder. Other printing processes, such as stamping or manual



100 as part of ordinary manufacturing processing for the purposes 28APRIL 2006

identification. For exanple, electronic conponents 100 can be marked using

a silk scre g;ngi&sés. In this enbodinment, the orientation jindicator 300 is
X-ray v

a silk scredi® isible "1" mark indicating the "pinp BARE i on

102A. To enhance x-ray visibility of the mark, netal content can be
included in the silk screened material. For exanple, the silk screened ink
can be | oaded with netal powder. OQther p#inting processes, such as stanping
or manual 28 APRIL 2006 WO 03/038896 PCT/US02/34809 9 witing, can also be
used provi dedtisy) cin dlay by ussidiprevided #n x-sayprisitlearark lispradode iIpRdditibe, thdfsrk
itself may take any form or shape, although "1" obtains recognition in the

industry. 10Q83dayRhi@ arfy folth 68 bt SstthaBgtE XSO ARy re BN GSH Ettﬁ in‘aﬂstlég ray with

an x-ray visible” orientation indicator in the die 400 o e el éctronic

circuit of o t e oE ; nent  manuf act uring typically
enpl oys fabﬁop?t?ﬂgfg%@?%r%%géngﬁlﬁﬁé}y%é&% ﬁ%n%?lggéirﬂml Bt ﬁ'ponent
100 and includes formng the electrjcal connectiqgns, with the sol der pads
106. | n oneTERIHAN FigaloTan ‘B@-‘ﬁ%ﬁ&x?é‘?‘ﬁ?’@cté?‘?'éﬁ?%‘%q ofthe pempanest 1b2 | s
fabricated within the die 400 in an innocuous region that will not obscure
the x-ray FElngipoit ¢oprpopenthanub@urngrispictliyoemployhabocatingtaadie 400 oftie cat or 402
can be any shape, as long as it can be used to verify proper orientation of

t he el ect r oflédtrofiiRrgronie 6f thtREmpbre®n 0 ashinclideeRimirngthe clecEtalebniidedon e 400
is distinctly marked with metal as the orientation indicator 402. The

ori ent ati ongjNeGaldeF pA494 0¥ I odeenibddient] &1 Rt REERGHRNENEN Hlafatt? Q02 is

i ncludes netal constituents. [00341 FIG 5 il'ldstrates an exenplary BGA
comect o At e Y B LR B, ORI 298, el e
inspection of the BGA connections. The orientation indicator 402 can be any shape, as
long as it can be used to verify proper orientation of the electronic component 100. In one
embodiment, one corner of the die 400 is distinctly marked with metal as the orientation
indicator 402. The orientation indicator 402 will be x-ray visible because the die 400
includes metal constituents.
[0034] FIG. 5 illustrates an exemplary BGA connection x-ray with an x-ray visible
orientation indicator 500 included in the solder pad 102A. In this embodiment of the
invention, the orientation indicator 500 is a distinctly shaped contact pad 500 at the “pin
1” connection 102A. The shape of the distinct contact pad 500 can be any form that will
allow it to be distinguished from the other contact pads 102. However, the shape should
be such that there is negligible negative impact to the electrical performance of the
component 100 and such that it does not obstruct x-ray inspection of the electncal
connection..
[0035] FIG. 6 illustrates an exemplary BGA connection x-ray with a separate x-ray

visible orientation indicator. In yet another embodiment of the invention, the x-ray visible



invention, the orientation indicator 500 is a distinctly shaped cont®&RRIpaH6
500 at the "pin 1" connection 102A. The shape of the distinct contact pad

500 can be ?rqa%@s%t hat will allowit to be distingui Shedrfgé@ﬂ%"é!}%“’gt her

cont act pad wever, the shape should be such that t

negligi bl e negative inpact to the electrical performance of the conponent
100 and such that it does not obstruct x-ray inspection of the electrical
connection.. [00351 FIG 6 illustrates ahOexenpl ary BGA connection x-ray
with a separate x-ray visible orientation indicator. In yet another

enbodi nent  @fieritAidniindieatbt 600, is b aepaxaté elgmehtwithia tRScoiidnknt2A6riMMOTHe 3/ 038896
PCT/ US02/ 34809 10 orientation indicator 600 is a separate elenent within

t he componeplyidiRi 806 8n bRRled sépdlfd) PR offfurh AUREdrERAIRLELY f1om the

ordi nary manufacturing processes. Alternately, the separ I cator 600

can be an additional, non-funct.ion | der . i thout .an .electri.cal
connect or og ﬂg%lf’lt&gyr’ hl?aﬁeP‘f?t%é%Ch?/’go ?dggt% yg?ﬁ%? gcﬁp%rga\i“g%-gﬂlc\%o?ﬂ S?ﬁgrpafiuncti onal
sol der pads, .Using an extra sol der d.as. the orientation indi cator 600

el i mi nat es (ihonbEelegical camiesion PRt %&ﬁﬁ},a@@wp@aﬂpmeﬂleé.aloesm t8e Vet hod
Enbodi nents 100361 PIG 7 is a flowhart of a nmethod of producing

i nspect abl efuptiéwal srider padsrpdsinpasextasioldsr pabas the erientation intisator 6@@ss begi ns
by providing an el ectronic conponent for integration at block 700. Next, an
X-ray Vi si bélgnidateetHealced forianepaaitlyrmimfachiied pirect roni ¢ conponent i s

provi ded such that proper orientation of the el ectronic conponent is
verifiable by x-ray inspection after integration of the electronic conponent
at block 702. The orientation indicator can be provided as part of a nunber

of ordinarys el eckf oiE Method Embodiments

[0036] FIG. 7 is a flowchart of a method of producing inspectable electronic components
using the invention. The process begins by providing an electronic component for
integration at block 700. Next, an x-ray visible orientation indicator for the electronic
component is provided such that proper orientation of the electronic component is
verifiable by x-ray inspection after integration of the electronic component at block 702.
The orientation indicator can be provided as part of a number of ordinary electronic
component manufacturing processes, such as printing identification marks, die fabrication,
and manufacturing and positioning solder pads. The x-ray inspection also makes
connection integrity of the electronic component verifiable after integration of the

electronic component.

[0037] FIG. 8 is a flowchart of a method of inspecting electronic components using the
invention. The process begins by producing an x-ray of an electronic component after the
electronic component is integrated at block 800. The electronic component includes an x-

ray visible orientation indicator. The orientation indicator can be provided as part of a



conponent manufacturing processes, such as printing identification PERAIRRIL 2006
die fabrication, and manufacturing and positioning solder pads. The x-ray

i nspection als kes connection integrity of the electronic onent
verifiable @ﬂ'ﬁ#’%ﬁ? egration of the electronic conponent. ["66 G = S
a flowhart of a nethod of inspecting electronic conponents using the

i nvention. The process begins by producing an x-ray of an electronic
conponent after the electronic conponentlis integrated at bl ock 800. The

el ectroni c conponent includes an x- ray visible orientation indicator. The

ori ent at i OmunHet 68érdinabodledddni vipdaehtatanficturiy prock8sedPiRch a2 PRRiNYO
03/ 038896 PCT/ US02/34809 11 nunber of ordinary el ectronic conponent

manuf act uri. r Qe as: Pr 0 i i f 4 i ie

2011 oat 1 ordon s ARERRgRs, AL ERRESIR! Ll bl ORAL bid b BidEpadl °

i nspection of the x-ray to verify copnectign i.ntegrity of the.electronic
component | Nt Bgneper i lgheary BrEBR GrmsiosineRRIIR P ICOTROREH | s
performed at bl ock 802. CONCLUSI ON [0038] This concludes the description
i ncl udi ng tand prerifyprensr engibationithe Qectione componer:is perfermed ah blogkq80%. or egoi ng
description including the preferred enbodi mrent of the invention has been
presented for the purposes of illustration and description. It is not
intended to be exhaustive or to limt the invention to the precise form

di scl osed. Many equival ent nodifi ca@gNOsUsSIBNVari ations are possible in
i ght of the above teaching. [0039] It Is intended that the scope of the
i nvention hm LS i . et o by the
cl ai s appgﬁ%ieg& @?%%@Mﬁ%thggg%ggg%gﬁq@ glﬁi ?gﬁfﬁﬁiﬁﬁ%@%&‘ﬁﬁsﬁ§ ormat i on

provide a ComRl &l Gention O Th frgbints ddsDSptBAMIRGNY 1S Safndd SmBbaihitit of the

invention has been presented for the purposes of illustration and description. It is not
intended to be exhaustive or to limit the invention to the precise form disclosed. Many
equivalent modifications and variations are possible in light of the above teaching.

[0039] It is intended that the scope of the invention be limited not by this detailed
description, but rather by the claims appended h;:reto. The above specification, examples
and information provide a complete description of the manufacture and use of the
apparatus and method of the invention. Since many embodiments of the invention can be
made without departing from the scope of the invention, the invention resides in the claims

hereinafter appended.

WHAT IS CLAIMED IS:



apparatus and nethod of the invention. Since many enbodi nents of the

i nvention can be nmade without departing fromthe scope of the invetft4iHL 2006
the invention resides in the clainms hereinafter appended. WHAT | S CLAI MED
|S: 28 APRIL 2006 12 CLAIMS 1. A nethod of producing inspectable electronic
conponents, conprising the steps of: _ providing an electronic conponent for

I ntegration; and providing an x-ray VFsible orientation indicator for the

el ectroni c conponent such that prepgaiMyientation of the electronic
conponent is verifiable by x-ray- iInspection after the integration of the

el ectroni c conponent; wherein the x-ray inspection also nakes connection

integrity of the el ectronic . conpon verifi.able after the integration of
the el ec%ironi @&%‘%ﬂiﬁgﬁﬂo@ﬁ@gt’ﬂ ggfaﬂﬁ,el%g,tr%ql%|c8mgppgﬁ§,aqqnaﬁ15f% ator is a
mar ki ng Rfep®bed on the exterior of the electronic conponent. 2. A nethod of

produci ng i nspectable el ectronic conponents, conprising the steps of.
provi di ng an @reddingan elecoomo nemporfent for mtegraten;and and provi di ng an x-ray

vi si bl e orient agvi.‘ﬁn i ndi cat oL {eor .tgﬁ. el.ectroni.c tﬁOﬁor&enI such trﬂat pr oper
orientation &8f°% _8%‘!‘&5{%%‘{%?8 c il igatgr, fory e sfeg BY O dP s pect i on
after t h@uémtmrﬁbtan ofiEntafidit o€ tRE Ld1QMoRicC OHMPHRIAL ;is WEBHRbR bi&-2ay aY
i nspection al so nakes connection integrity of the electronic
inspection after the integration of the electronic component;
wherein the x-ray inspection also makes connection integrity of the electronic
component verifiable after the integration of the electronic component, and the x-ray
visible orientation indicator is a marking printed on the exterior of the electronic
component.
£
2. A method of producing inspectable electronic components, comprising the
steps of:
providing an electronic component for integration; and providing an x-ray
visible orientation indicator for the electronic component such that proper orientation
of the electronic component is verifiable by x-ray inspection after the integration of
the electronic component;
wherein the x-ray inspection also makes connection integrity of the electronic
component verifiable after the integration of the electronic component, and the x-ray
visible orientation indicator is a marking fabricated within the die of the electronic

component.

3. A method of inspecting electronic components, comprising the steps of:
producing an x-ray of an electronic component after the electronic component
is integrated, wherein the electronic component includes an x-ray visible orientation
indicator; and
performing x-ray inspection of the x-ray to verify connection integtity of the
electronic component and to verify proper orientation of the electronic component,
wherein the x-ray visible orientation indicator is a marking printed on the

exterior of the electronic component.



conponent verifiable after the integration of the el ectronic conponEBYPRIRREDS
the/x-ray visible orientation indicator is a marking fabricated within the
die of the electronic conponent. 3. A nethod of inspecting electronic
conponents, conprising the steps of: producing an x-ray of an electronic
conponent after the electronic conpodént is integrated, wherein the

el ectroni,c conponent i.ncludes an x-ray visible ori.entation i.ndicator; and
per for o x- PepeTi gL EPEG ARl SPmyoRt, BRpySBe Attt | nt egri 1y o
the el ectronigodueiRURSR aydThnldectBhic OnPoRARTAAGF (R &R ingoAgnte! ect roni ¢
conponent, ereinthe x-ray visible orientation indicator is a marking
printed anint¢gratedxwkareiortheklectienielcempeneit andedesomentay ViSbRPRIGNIRDOG6 13 4. A
met hod of. Jén§£1__ect' ng el ectronic conponents, conprising the steps of.

pr oduci né“ i -’F%f%/ of an el ectronic conponent after the el ectronic conponent
i's integrat edpeMb@hifl k-fah SnleSSdn ONhe XCRIMORRAR bdiletsiaSintdriy bRtheVi Si bl e
orientation indicator; and performng x-ray inspection of the x-ray to
verify celtenic spmponangand ip vskify propendriantation of themlgstnesivtcompgnens, veri fy

ientation of th | ect i.C. t. wh in th - i sibl
or i ent at i on 1 ALICEEAR S F3,iHES PREH SN R Sn 18P avking o Bl
el ect r onitke §@GPHRYMcironic component.



