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In particular, it has been noted that known systenms which sehdrRRBr3002
conbination of ) lasers and triangulation to obtain the three di nensional
hei ght or cgQpl .ty measurenent of a |lead array can be parp}
sensitive t%ﬁ&%i& | ectivity of the lead material, which m%bg}ggiiﬁldrsg%
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In accordance with another aspect of the present invention}garbgatoo:

i nspection systemis provided which is operable to make both two

di mensi I and three di nensional (3D) neasurenents } duct or
packagegp%ﬁ?%éﬁghere is relative novenent between the |eéﬁﬁ?§§g3§??on
system and the sem conductor packages or devices. The system may be

advant agétesefedtiviy chupetendtics of thetlpathmptsrialrddhieneerwiliechhissilsopeen al need 0
transfer gem conductor devices f.rom handli or storage structures such as
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whi ch i a3 brsedexelapsdsor | ocat ed such that the sem conduct or package or
device will be located in a field of viewfor a first CCD canera and a high
intensity light for making 2D i nspection neasurenents by capturing an inmge
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my be agaphed dfosaliaidnltdadeoi ea@duelatve 6L Yiid Gndpadtidh i dpPardlius,t dar EBSYction
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FIGURE 1 is a perspective view, in somewhat sinplified or i rm
of a sem conductor device handling or transfer apparatus |%§{6§3$%%£%0h | ead

i nspection system of the present invention, FIGURE 2 is a plan view of the
| ead i nspection system portion of the apparatus 10 shown in FI GURE 1;
FIGURE 3 is a section view taken generally fromthe sine 3-3 of FIGURE 2
and showi ng further c nents in sqonewhat schematjc form FIGJRE 4. is a
perspective vi evvaosfmggg@ﬁ?ag5%&‘0?%“1‘8’66e€%n€@°'&?n$rrﬁ?%gil egsiony image; of sgid ay
(BGA) showing the array of solder ball |eads thereon; 15 FIGURE 5 is

per spec:‘f’ﬁ‘%“‘g'\c@ﬁﬁﬁ’f“aa‘éem conduct or devi ce having gull wing prong type

| eads extending fromall four sides of a rectangular substrate or package
portion of the deRAtebmepnsanRipdigg 3 progessing, peit eperahly sanustted e saidofii amhsi onal
(2D) inmage of the device of FIGURE 4; 20 FIGURE 6B is a representation of

t he t hrew@ndiontisadisensars o pymparing dmages taererated; thersbyf repiieGREY, Aith) InfFEMGIRE 7A i S
a representation of the 2D image of the device of FIGURE 5; FIGURE 7B is

r epr esétoreshin sid procespig Wit i rage of the device of FIGURE 5; FIGURE 8 is a
perspective view of an alternate enbodi nent of a |ead inspection 25 system
of the present invention for inspecting | eads on so-called flip chips; and
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t he description which follows |ike parts are marked throughout the
speci f iuHtiple semisanducian deyiogs fram one toansport of kandling stiuntire 46 anotherspiiont vel y .
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packages 12 froman el ongated, generally rectangul ar support or handling
medi a powpss.sing a tray 14 to anot her support structure or handling nedia
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W t h s@Demebairdméntp of kanidonduetbrypackages while there is relative movement between
the lead inspection system and the semiconductor packages or devices. The system may be
advantageously incorporated in a transfer machine which is operable to transfer
semiconductor devices from handlilng or storage structures such as tubes or trays to other
handling or storage structures, such as tapes or other tubes or trays. Since there is a need in

the production process to pick a semiconductor package or device out of one of these types

of handling structures and move it to a different handling structure, the arrangement of the
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described further herein. The sem conductor devices 12 nmay,ahs@pbR200 2 *
type which conprise a plurality of prong type | eads projecting TBrom one or
nore sides of a rectangul ar base or substrate and may be 009{&12%9%3853 have
a so-cal | edV@IH9F ng shape. when viewed in cross section. Typically the
tips of the | strict requitrenegnt of true position 20 and

ead% mist neet a, ] 2
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devices tr, : rd t f .ations
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sol der bal lindpectibm. are supported in a ;) predetermined array on a planar

portion of the c{svi ce,package or substrate. Exanples of sen conductor
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25 det akl i [ . r 10 i.ncl ud frame
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like is provided for supgrorti ng the tray 14 for linear traversal 1n the

di rection dfeldpf sigwofor fa st ©Chbramergand @ihigh intensity Jights for ouaking 2DtiospebiiorB0 .
t st . i h f ltiple t 14
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The support structure 22 also includes a suitable traversing nechani sm 25
for novPlng therdeads. o additiom x resationalepasition asforientetion isooeraphtéd treaachynt fouatly
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menber therefor, not shown, for noving the tray along the Support "structure
22 into a pottionadpositide of the devinetto piace tharteadscinizeprofér arientation rwjtthespeeetd 4 Wo
spaced apart col umm portions 32 and 34. The overhead frape nenber 30, is
spaced a sUetS) ée"angm%gatsﬁée‘ﬂe (ROSoR %‘gﬂ’&ngevé‘i?pg‘ﬁr i ¢ rcalled tarss
traver gisng Ak ; g{mu [ e aal
drive 3; bdﬁ\%/ay oa?@e@gom@b riven f/mggﬁﬁelg{agd@ggqgﬁ%ér}g{é%ss?%%&g%&n{&?gsﬁ%d
not or 38. Tpositionaofeths isemicvadictor devicorelative pe aalasey wldoln dc bpetable ta expggecthe
menber 40, sujtably nounted on ft, frame, nenber 30 for |inear traversal

t her eal ong 9&VI<6 8 Blang ogilsla&ﬁ@engify prpendisilaniodle B ¢ REths semicapdusipr package
normal to t Of. 1§ ; Em[ i
suitably no%ﬁttg%ﬁ%ﬁlo{sh%gér arrg&& %%?lg%ﬁh%ﬁgf%@ghm%n@%g%@ m{/eé?rg%? s%cr?gdi S

al so adapt e§CDocahipf 0 The displackmentasfdhd iseti ling plejected tel thef secorid> caméra Pravides
sem conductor device 12 froma selected recess in tray 14 and,transpor,ti ng

t he serAOconafermation«fithe height 1of the S9ldsh ball o1 preng Jepds efathe deyigeokrom) Whishent

t hereon, as_j N4l | & . ' duct or devi ces
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transport devi ceTHe sysiéth Wiahe prdsentcincaition hldocpdvides e flexibililtofbeifg abke to )
operable to nove in opposite directions along an axis depicted by the arrow

43 in Fl GURRspect asemjcondistordevisrdn @ varigly of prientationsa gEhesinspastion Ayslm sray be

device 12, r ve the.device fr the tra nd ld th Vi in
desired pos?‘fap 6 (YRIIOYS; s?’glc%‘ﬁlg%fra i 1c&eﬁ%@ﬁpgqoroﬁ'gqs38}t hs;'ﬁ%ﬁsh rnﬁﬁalrgplg'r
tape 165 A W rif§desti rigl ABdptéd P inspedti RARS 8fl vRrioushgizes of
suppor'?zsne er 40}';}113 lﬁ?egtllj‘lﬁ?a l'y clondr‘?gg edto théﬁsgi ckup device 42 _%egrOZS
rotating t hsenmiconduotonelevicdslinamding verytsmall semicond@torndayines fabrisateil riedividually t o
i.ti.on se skil

' Che Bt i Poric op e sumieics Mol HOESHLSRPUERS Of ey Bl St mispiger bl
trolled | L UNCLL O Vi : tanty
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pi cked up agendiel d by the pickup head 44) rotated to a desired position
about the central axis 30 43 of the pickup head and then transported to a

position to deposit a device 12 on the support 7 28 OCTOBER 2002 WO
991 56075
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PCT/ US99108936 structure or tape 16. The pickup head 44 may, ofQR:8%&3P! €
include a suitable orifice at its distal end 44a connected to a source of

vacuum not shown, for providing a pickup and hol ding force Sy
seni conductP 9MIT%ce 12. Once a sem conductor device or pacﬂageegfﬂmﬁﬁaﬁs been

removed fromtr 14 .and. pl aced. he tape 16, the support nenber 40 is
returned 5 to aﬁéé%éi'ﬁ?@“%%ﬁwﬁ%ﬂpﬁpe@@& tg?’l@)‘?‘?’(éfm anedadusntagss ofitha ce
fromthe tihhibf togbthef WA YRer RRpdrBnPRBEAL e PR ' f or
provi di ng lsi gnlal S gtégl I ndi cat e%g? ecli s%?y t%re%o& tﬁ%%ﬂnoéfﬂﬁgg%ﬁ%ﬁd%&&ﬁ%q he
pat h i ndi cwehiell fdllpwain conj@ictiofl with therdraemg. i s repeated until the tray 14 is
enpty whereupon the tray is then noved to a parked position or renoved from
t he apparatus 10 and another tray of sem conductor devices is placed in a
wor ki ng pospig RIP gy@g ,ﬁy cture 22 and operably controlled by
t he not orog%mtllgﬁgg@poslﬁto?ﬂﬁg un g?\ e@support menber 40 for sequenti al
renmoval of semFIGURE s adgorspectivet Viewein omewhat Simiplified BE sdhemtid forfiRof ke
moved by- mechani sm 25 under head 44 for pickup of devices 12 seriatim by
novement oRmi¢ARducter deviasdandling 1) tansfeioanpargiustinciuding the leadoinsnectionssysiem o) may

al so be sui I : on nenber 30 for controlled novenent in opposite
direction?héggﬁévﬂgga%ﬁg path 31 for renoving devices 12 fromtray 14.

Wil e a sem conFIGURE 2disvd pran hdew of s R@d lilspectionysycef poitian AF Wke dfpahpisreen
the tray 14 and the tape 16, inspection of the conductor |eads of the
devi celd s shawniieFIGIRE 1y conbination with the transport and handling

[ cient. and rapid .l thi , | ti
Dot om i nel udi rfCRE R SeobOE e BRA ptasplle’ BB apE B3 2 S EIIIRE Al
in a posi tihewinlfufthé RRIPOh&Itsn sbheWlatBlidndtic4binand 3D inspection of a

sem conductor device 12 to determine if its .conduct or leads are in a proper
position with rEERERE 4ti acparspectivecviewiod at semidondubtenggyinetcopiprisiog @ tmllagntd t o
determne if t nds of the | eads r Surfaces of the |eads which are
going to LA @?@@ sﬁ?]w&g %ﬁayvﬁaft%ﬂldgrg?aelii’#s@?ef@&ft el ements are
substapyially cpritamers isf gerspeda@Rliéw of ACseARdvRALRSISd kel t&vﬁig%msﬁﬂlg%}oﬂge
apparatus 10 in 25 a position such that the support nenber and 't he

pi ckup andtype dsadp extendieg frorvial hfoar sidepofsertctangularcubsteate ordpackage! pprtioneof thére
appar at ungo_so that the aforenmentioned inspections can be carried out. As
shown in FPES 2 and 3) the apparatus 50 includes a generally rectangul ar
planar, plat e-| bk YRisPHBftkentficfli T ARSA dftlcAlibiell (419) iRfAE of headflcB 3t NG
pl ural spaced agar o?e%}sngs 54, 56? an@%g8 forr?eé lfldhgrﬁe))il%Aosaet abllce

opti cal seRKElIURE4¢ch as a 30 CCD canera 60 is nounted at an acute angle "a"

of approxi mtely 4 FIGURE 3, with 8 28 TOBER 20 WO 991 .56075.

PCT/ U539/ 08936 %&ﬁ%’ét R 15 a meresaniation of thethree dispeision (gﬁé“%%eﬁa‘ﬁ ViS§i¥apl y
supported . by a bracket 62 for projection through the opening 54.
The canera as'a suitable light receiving |l ens 64 supported thereon and

@Si tioned wi t hFIGHRECIA isa refeesdntation of the2Deimageabfiths devite pf IGLIRE\&ad 44,
GURE 3, such that a sem conductor device 12 S#J‘Rpart‘ed fﬁri L@igl ckup head

44 may be 5 vi s FHOURE; T isaepresentafion atthe 3hamageof the %Vlﬁﬁﬂb G 0 incl udes

a second optica 0§ : .Sl 6 : th

t he support pl ah@@ia%df g%ﬁ%ﬁ“ﬁ%&ﬁgﬁ g‘{%@@%’ﬁ%@%@%‘ﬁ%ﬁ Lerg?grbsggﬁﬁ’?lrmge

of thezsur 5kdn b2 the Presbitintention estingdeads on sd-calieal ipChipsiandny portions
t hereof facing downward, viewing FIGURE 3 . The canera 65 is nounted an a

sui t abl e br ackeFIGERE 90s ecleteipesspectva Wews pprtislly srtigned, on & jasger sedle ¢Es a

Sul tabl e | e i syhem showadn FIGUReR, ©) ect ed




through the opening 58. The lens 66 has a central axis 67 gx{8egdER%02

substantially normal to the plane of the support plate 52 and the surface
12a and, thus, alsgo extending at an angle of about 45 with t to
the axis 63VO9P#HE3 ens 64. Referring further to Fl GURES 1 t@ﬁ%ﬁmgﬁtﬁa d

primarily , | | ' | e.d0 i s supported above
t he surfacyﬁgﬁgﬁépﬁ]@%&%g?ﬁ%ﬁgfgﬁ@ﬂo%wgrﬁ bracket 72 and is
characterized b thesdebsiption veHidhyfollows 1iké pRRs afhharked dtoudtlodIRE séeci}?&\/ibﬂg a
central opening 76 formed therein and aligned with the opening 58. One or
nore high iand drwing with dhe sams refesence umevads, sespestively. FTIBURBwIng figeres appaott ed
in the shield 74 atnd %retg e ablle t(aii Ilgm' nate the surface 12 of the
sem conducfgFsaly; 1o soyls and cerany qlements may be shown pxaggeraied i sealnorin someyhat

sem congluckeHendfY for ih ¥ if@rest 6t ity atfoonildéirss UcCh devi ce passes over the
opening 5 8 and 76 and is substantially centered with respect to the axis
67 so that the Bafeming 66 FIG)REAdt there dn illostrptedofa syseenddui seordance with the
Accor di ngl éi)’the su rt nmenber 40, FI GURE Jf) for the pickup head 44 may be
traversed GVERLGDHEM #gomen of jan gpparatis, 14 o ransfarging parpicenducior deviers or
wher eupon i - EJ DE Y et

presence o?o t% E%@éﬁ%%%ﬁ@??rﬁed%@%@ %@gﬁ?ﬁl 13 tg\égrjlltbghre gd I:ﬁrr#atn#g&é’p%hﬁ I ng
58 and t he empediiment 62 thér@pparpins 0hdlusirgbd semewhet Séhewiatitallie i HIGURE 1 is
energi zed to conpletely illumnate the surface 12a of the device 12 while
al | owi AY t RBeralifde Hagseraplubiy Mlesemipondueier denices oF packpges) 2-lsem an slangaigd by

o0 Corpar ESAIR ¥Elah e dbgBn o ahdinaPHBRESBIAASHY %gﬁiﬁ?rtgiﬁwowﬁég%%pibg—?
Menory ci r geidture v hahdlingAhédia cotigrishi @i elofgatebbribledapen 6, BogestRictutdithethg

OCTOBER 2002 WO 991 56075 PCTI | 1599/ 08936 device 12, the rotative position
of the deviwell kiovn iefiseat of semigonduater deyiess, whereby dheglevises) ave4prepared ifer

conpared t ref QL] entat | . Lce w espect tg such axis
and t he. cpoeayBEdy e Bubil BREAR Monb ORGSR o B S o
be sui 18bl exampia} e s@uticbidactoridevicddl 2 Qe Prided With 66186 ballNgpél RUAS andIwilll b
desired position. Once this task has been 5 conpl eted the sem conductor

devi ce 12 idescribedy fmthes cherain.a Bher paiconduptes idevisess 131 oy alsatbe of 2 type vdtidwn
in FI GURE 3, wh ' .high int ity li.ght h 8 [
oper abl 6t SOPPBRC Prssy aPRronB i o srtiline BiHhceie of Hodte (e at A Bflaptr '
surface 1280 olsiBstFhEs/dridnay’bd Qnfigh@td MveCdRéalled Gult WiNEaRPY ¥hen Fiéed M ©

wel | -defined reflection fromconductor Ieads on the device to nmake further
measur enentcsosskedtion. dypically thedipsiof the leddsgunest neshd stricheequiremdrd of ¢mie positioe t or

devi 12 | d. the | b 84.1 f th duct d
Lhe serflcorfdcttengaby i Updrriag Wollosy SHsaC MhdhS, b o GSORRoichdfibes, o
communi cat Eﬁrai)f}:ebfl_ﬁe{g @Eﬁlﬂfsoﬁﬁﬁﬁy REmpRkE oftiel ednfAfratiR8 of stidafred3balfl Bfid

processi ng thereby. ghintensity Iight source or |aser 82 conprises a
t ubul ar shiatags BGAF wheRih plurdlcspateivhat himisphericalusolder diall deagis rage supipprted tmar * )

sheet-1i ke beam 84 of radi ated ener i.ch extend arallel to_ 15 the axis
67 and al sdredetcamined; araypn %Pf@a%@ g“é?%ﬁ?"é“o?” or sHbstraeo é‘?‘?‘ﬁﬁ@éﬁent
of laser Ii 2 &6 : Y1ny WaTole] %m?
device 12 a%gﬁ@gﬂ%gﬁ%%ceggew gfmaén)écuée ang %O&Lt‘ﬁh?ogzpect tgﬁsuc v

sur f acespr ogetdiBseréindfre accurate i mage of the device and its associ ated
| eads. As shown in FIGURE 3, the CPU 90 is suitably operabléa(;onnect ed to
the canera 20 60Bytway ofuesamples the peparatemn i Osingludes aoframel 18 Baving)ia: genstallye

| 82 f Iy h | f |
{1 anom ¢ ochrbnAR el Gelegal FlaRl' b, Setled oG SRR oo ToffBrs R2gc
in a suitablgniHRar GpPoséLEBgdted HiR deftht BRe U6 proviidled! fOf supfRBfisy the tray 14 for

linear traversal in the direction of arrow 24 from a point wherein the tray is loaded into the

1]

30 . support structure. A storage magazine, not shown, for multiple trays 14 may be provided



viewed by the cameras 60 and 65 are conpared to these prestppethdeiBg®s and
the sem conductor device 12 is either passed as having a sultable
configuration of its leads or 25 rejected by the inspection appas 50.
The CPU 90 B’P%’sééiif’t ably linked CPU, not shown, may be used to coﬁ{o?%fs t he

oi ckup noafRier L BuRPR fich bR e hovibeeliabn LP ofRdhs ppor Bribtisn A2 Bhe 50
and a sensg@ippBfi.strinttideRE2 diso fHRladEEa @ﬂ%@&i@?ﬂﬁ’mb&ﬁﬁfsﬁ@pfbrmi@%ﬁﬁ gs in

positions as indicated for sensor 98 and encoder 39. Sensor 98 I's opefable
to determ Heinthe diyestioniof thegrroz024 lingparly /such trayeasing hrechanisor in2idingya precision

trolled t i ] i tor, devj ce 10 28 OCTOBER 2002
00 901 560 /S TERRE BERAR I Safifled, THe oS B il b a6 chmmectsibiocmn enalper o
oper abl & t Belfl6f EHfail BAvE hRcRART 2O endibedtIe witi PRIy 14@9%@% ée@goméérﬁﬂ pni ng

t he pi ckup head 44 to engage a sem conductor device 12 an ve It from
the tray 1therafor, setrshown.7ior movingahatrbyealong thetsappurhsiruchuee 22 ime aipositiok andes

device 12 suppost by the, picku ead 44 is at a predeterm ned, position
with respedt 8{?‘3{‘?"33‘“5’}/9 W"QWP&M@G%%%?@JWFB?“@GB%P‘PIH@NPH“LQS'H%ﬁ&@i on

wi th CPU 94 a ' r L, gt 0Nl Sem or
devi o 12 05 Dac o S HuRRerkdh  Sied 3 oyRant Whelld Ghches SERER 20 4RL "
gi ven t ypesuppdrts iszigabld lisamnritaeersingtmechasismcds wWhichthsy esapriberandéhdias Gpkeoabl e,
in conjpunction wt U 90, .to deteym ne successive pqsitions of the device
al ong Jbgt hehain drye gagayr BeY ehexagrle driyaniyrcopacsisd 192 RipIson sanfrolled mptor 38,
| nspect ed ' : n y
oy, orera o7 P cighERERRR I, ig ppaBl) Hmedtf (53 Sitkin Hepll A0 b1y

i tably | imokettd@Althe fiatmeshember J0ofor dinpar trdvershlatheteylpag 0 oppRite ditektidhgras
device so that the device can _be properly oriented and the |ight sources 70
and 82 sui fngigaleddydhe path oy 3y gHe thepathsolgnoyement affrayddeluct or devi ce.

Ref erri ng now t I S0k ] t I 12
mvert ed 15w ¢ K1 SRE embet 0% uably 5l G ot B 57 RY M el e
1 through ghovémentSid ie Qivdlatapted de suprtl2 pickup afdvholdihgddevideV4Y fof Gef@hg ia0N
with respect to that shown in FIGURE 3 for clarity and conprises a

so-cal | ed semicogductpradevice (13Aiom @ eselretadc decessimin Baigldn agd nEpngppring the
rect angul ar,_nl upstrateall ' S eads
112 positi Sﬁgggﬁd;\}ké&pr%t {é)r rt#e né&a&&?ﬁgﬁf '%@gi)’ﬁu%ﬁgo%tng&r g@/ée,qﬁ%néﬁﬁgg%‘{dp e,

; and 20 pr ojifi¢dtéiDby R positions of sdma obithd Seenicetidnttonievicesnie difdade plabed bis thel2
are adhered to pads, not shown, which are suitably connected to conductors

of an i nt eghppaststaichueepn taps K oEkedpiokuptand tranepost device 42 dncludgs g telescrpipghiead
manner ., . The devi 2.1.s adaptqd to he secure ui t abl LI GU ard
or el efnt ,mﬁﬁ)f‘ ‘g‘ﬁg h I epeable; ?lénod’lcs'f'ﬁppgﬂ{ef(g?é'&r%fﬁ?%e%s%ﬁ%géﬂ’l@g‘k F)y :ageads
112 cont actyn@RPAPRAFIGIIRE Y Clop Exteidifg Riward %{94 k6 ehdagh aaeMicoh@ictexdRiek €2,
Accordingly) it is 25 inportant when inspecting the | eads 112 that their

/\i/) Qoper posiremove the davice fpmdhe tray bhand hold dre denige ima desirod pesitian unti) itjemoved
rified) that, the pregence . of all. | eads .he verjfjed and that.the .
copl anar |) t ;ﬂﬂaﬂel’??éw&eﬁ?r}%d@& Megig gr etlﬁat‘b,‘ S"b\i?&*‘? Rreraseen lligrqogor 461s
bl ed t Lo : ' | -
assenbl e cﬁ#&ﬁR@? Q{A’t supg\:}& g(% 40BHA i€ SMtAR cotinklied BLile HAMDERIRRA BT

conductors. e) i1llustrat'es an imge 113 received by
the carpsr a rofatingdire pitlapdiesad dd abaut centralsixis 43)&wopposite difeetiGis toi pydperlycrienea 70
and generally centered with respect, to the axi, ?‘£7. When al I mage ig 111‘

28 OCTOBER deyise Monog dssitedotatiygositiono °§%§Pﬁ i the %&"EQPEF agohatithe o
conpared to "1 " ' yolg I 90
and 17t neufion B mal Be HufibiBlrecPlea  BEIRHAEH S Gratoh B e Mol DY
,more of t heySiydeessidalg pldckOkmidohidictor d@dcesl 10supbrted1on 2ttysi4 il & pbdifion so bet

|
verified the device Y? may be rejected. Upon rejection, if such occurs, the
support nengickedAfp andyhelkbbyt the pinkup Hiead 44, rotated to a desired position about the central axis

30 43 of the pickup head and then transported to a position to deposit a device 12 on the support




5 to a suitable position to release the sem conductor devicg, l2~d@r,0., -
recycling or scrapping, as the case nmay be. For exanple, the support nenber

40 may be traversed by mechanism 36 to a position where the &Ml ;bégd 44
may deposi t WQ 9688t ed semi conductor device into a tray or r @8%°116,
Yy

FIGURE I . Oher t ' duct devi, ' 2cted by th
appar at us SOEOF 5P s Pk 655 #h ey, for SKwmmlh e  Syapl oifdest bt 12
appar a . . 6.2 aple osfiged! e 1
67 to bo arrananF R Roldieb S s dvieRm hANED, B R ERe T BRbuP A0 (e

arrow 31, KaDiinfdorconAsemiemudnetsr ddviceallyuDace & sérmicomiuc®P @BVt BYpidRagd Mge
113 of FIGURE 6A, with _the aforenentioned tenplate stored within the CPU 90
and i ssueshas begnssrnyed Somieaynidiand plased gn thertapesl 6 the sppractmemberdt04a retemed i ent

the dew c ' : [ ot . ' cauld b ewed, . for
exanpl \egl, gts? %ﬁﬁpg?g%ﬁﬁgoﬁ%&%%%ﬁwﬁﬁ #Oggg‘ﬁﬁég?wgﬁﬁgﬂ g‘és% PEHST 1 es
to be rota3®i &reddly eorrecte Qs inidchinis B6ChE %Mn% Bigdals do illicalé beciReI9Rhé S
carried out before the pickup head 44 noves to the position shown in FI GURE
3) at whi cpespioniafihead 44 alopg shepath indicated hylasrowadler Thie aracess, is sepeated @uiltihe

xamp o, oid B Efhenl vkl e 38y et Poted B mebhzfielich Sb¥maedom 65 e

canera 60 gfarifusi FPSIRE anblifer itdH @€ Serficordutibrevicd A Plackdin a MRAERg hddtioRs
vi ewed by ?@e camera 6a0n, ishlia%di c%tgg at {25‘5 I n E’:la&JRE %B. Aég%%e l%‘?cﬂup

head 4K nothesupport sicture)22 and ppdrably ¢ortvalled byt RBtaE 2620 be positioredrnumder thé
| d ball | ead 12 ' d,by th 0 d. ite | ,
Shown | n FHEBRE RO S0, 1Pp el sdpmoval of prsppdigor deiggsdbelshomo Aliougs

ball | eads i ; j : : r
Ponds 5320t oy 38 Sndy BhENAL indkhahish s idel Al 34 RorbifiY of ueOlsIorseithn

t hr ough 11Bjhmosermentiof supportaseraberidfaply doxppati B, the suppbrt meniber 40 fnaly alsd benay
be substanti.a reajer or |le nd artanged in a variety, of patterns
other 1 hanSWiRBUmIHEhGh SRSt 3P o0 Ferislieh TR an SPpese dig-s oAl y o

repr eseqt ag,l W kiadiigat ed for the sake of clarity and
conci sﬁest@{% he é‘éﬁggkﬁg%shﬁ‘g‘ﬂtﬂ flqi he sol der ball |eads, as indicated
by the inmages i WhileGsinticaiiductH? devied 1 DT bERR nRY6® bWEh® Sppafidr510 between the
PCT/ US99/ 08936 nay be co red tp a npl ate stored J| sui {abl e noyry
portion of Hahd4@nd tbe}apsfpﬁm @gicﬁg ‘é?t%deQd&tﬂféE%%SﬂF%Fﬁ CATRTLPY Phe

hei ght s of T Spec i )

position i ﬁ&?ﬁ@a%ﬂ‘gﬁfmﬁo er md@?w{%ﬁﬁﬁm&%@ aEelgfd {ns e(ﬁ' Flflth\l/fhi ch

al | sol der répatd, dnei’zﬁ?ec\!ibﬂsyaemt meludirigears appaatas 60, seeCRIGURBS. 1 AoonghdBng v,
y

It is not 5 absolute necessary that each sol der ball |ead have {he sanme

hei ght 2@bovispesed inuBspesition enoths gpparatyss 10 9o makeita ZRaand D tipgpscian oh

sol der bal |l _|ead I £h. Wiqdsl . C ac { O [ ' al |

e in o paPPERelCh dedick 2ol obeRide irf GhBDGIPRICHE S S b posBR bl |
linits on t&Pedtas kachi othérsnlllthe leadmijsporastinchufcaritb deteahinie il e @nd cfthbleads )
pl ane, if desired. Measurenent and conpari son techniques simlar to those -

descri bed ionsufases of tht: deadsmhichore goipgtte he plased inccentaghwith-sgriaie cigadielements
determning th itional f.th tjve leads 112 [f ..

e P B 3o S ARG T BubRRR B A SR el pbindoi,
devicepd2 igs sﬁ%ogl‘r:hg:g{/thﬁf ﬂ{)egf. bt thEmb&C40BRA Ahe PRKEH 408 head4tdhe

next sem conduc I ce processed by the apparatus 10 is subjected
to the i nsplisposedfopmovementdiirectly et thecapparatus S0 so that the aforementioned inspections

can be carried out. As shown in FIGURES 2 and 3, the apparatus 50 includes a generally

_

rectangular planar, plate-like frame member 52 disposed parallel to path 31 and having plural
spaced apart openings 54, 56 and 58 formed therein. A suitable optical sensor such as a
30 CCD camera 60 is mounted at an acute angle “a” of approximately 45°, FIGURE 3, with



15 Referring now to FIGURE 5, another semni conductor device,ghcRsEER3gE Whi ch
may be inspected by the systemof the present invention is illustrated and

general ly designated by the nuneral 130. The device 130 is rein
a generall y“f%%f%??ﬁul ar, planar box shaped substrate 132 isoggjéé]{o?glgwtag

o be. qul | PG Bedude AU ApRotf BRE 5 G sEPote Srenaty s radket G 20
134d. The repsrefeaitrthiagh de dgeRingsdl %eﬂeagex:arsoﬁ{a@@ﬁ&b?e 1i%1§ r?r.?:g\'rln %Iae{g 64.

somewhat schematic and the total "nunber o eads projecti si de
of the substpported t@peomeand ipesitioxit veitit fespecttodhekinear traveh path3d tofipiultup hed. 44, n

FI GURE 5, vjce 130, is oriented jn the same direction that it would be
when faci nﬁ&”g%cjaﬁg?lhg'a%ﬁ SeIAtgoRguctor rﬁ‘%‘%g sW&ﬁéj by ke pickwn, Beadcddomay beoul d
engage §he vguhiivnmspebied bYthd Ofnesafgt rate 132 whereas, as previously 25

menti oned the p)iacg%p hggd 44 woul d engage a surface on the substrate 110

opposi te but gefTheaipbaramarsél ineludesa tskopnd wpficat sedsda chmprisingiacOCDhented @sr
- balls 112 project. Referring to FIGJRE 7A, there is illustrated an inmage
135 of the ed nandibsneaty thesuprarbplats 52456 ahigredpyrith the apsping 38 der eapwringhe

device is t | et |.J [
11 na e ey, 8 i shufoe 19 of Y SRfGIERduchibe, 3% W s ), ponfhgf ST
tenpl ate) Madingdovward witwing FIGURES Tite cafer065 Bmduntddis £hlitaBe bratke dsamge
13 5 o f 13 28 OCTOBER 2002 WO 99156075 PCT/ US99108936 F| GURE 7A shows
the podPti sREncstedte thesypporbplateciipnd includes p seitable lenvieh far raceivingdieht proisctere

b . ol Us™ ot oasi £ ot . .
of the ob MiGuBNthe cpeling 387 The 10035 4als Sinudbeil 7 BREMiNS Pioetiubicl R, "
wever, i Rhéplsd oft e egipitplate S2had arRBuifc 124h)and/ thid) alsh ieR@ndthg b dngRdst

134a through S 134d, the device 130 is also noved past the |ight source or
| aser 82 arhbontetS’ sdthdbie respastto the axie f3rrPthe lane 6d.apt ured by the canera 60.

FI GURE 7B shows L v.pical, arra ' of, t.he get . of .| ,_ as

i ndi cat ed by t hAGTIEE @%ﬂ?’a{%ﬁﬁt}“ﬁggﬁﬁ’&‘gﬁ i3nea§‘ﬁlmﬁllyﬁ@1%§éaanﬁ1%ge
from the seqhtefity 1Bl Sodr4170 is @uﬂzpdﬁ@d ABoVeEthe duFiie 57b, biBeuppefipfatd 52 bhat
produced by the set of |eads 134c and the inmages 134id are those produced

by the set. syitablehracket J2@nd Foshataptesizedhby @ subistantially ringghapedishi¢ld 74/ IGRVRE 3,

d i ned. di f ' 134j by, . dj he ed f
Phe subot r diginggenita oushifl i forndl Bemle s aiemss HABIRE A 5, RAF of R,
may be benthighintésit{ 1iPhtesdfrced 7?%@%&&& i FROURE 25 arel3@ppoitel en HeSRRIETY arli

correspondi ng verification of position of each lead inmage for the sets
of | eads 13ate operablartoiieminate the sutfecedkdai afcthd 3émicendustos algvico d2, ahwell as dhe

2. 15 Wt t to det 1,Ni th it | tq t.h
eads gt HaERY of gp bxian 96 A emiconau dqviie B DR e e B aHish Wb Ber ne
substrate Jé‘gsés%va%?g 2@5’% §ehRd ‘%‘&fﬁ is R\%sﬁﬁﬁél%eh&rﬁ' vl ¥espd3t to the bhig6? kc]l?

134i ax of an I nmage or exanpl e, en superinposed on the image o
fhe | ead 13that thé cdrhéth/BRE mak cdpmse amimagebf the deviéee sane position, then it is

termned that the planarity of the |e ' stion_of .the se 34a | s
not 20 proper. TﬁF"sOr@BWames%WPﬁ?dE%@r%@’ Eg'?‘g#gdl'(fﬁ'i ﬂ’F(ﬂ“"@ﬁ’C‘?‘Faét‘&t'H%y L’Eads
of the sets 34¢ sgzlﬁh" i@ B7C0her edulibit he
CPU 90. If %ﬂ#ﬁa?géﬁ&ﬁﬁaﬁ?g 5&[%?@’ Oegﬁ;ﬁg{?&?&?%@?g W tﬂﬁtbhe ;l)losi tion
of the 45 p S¥nsér W8, Bipures/2emd 35 wdlvdetest thd srefence/df the kemitonduptos devicecsubistartintly
device is rejected. Those skilled in the art will appreciate fromthe,
foregoi ng deenteredsini the opening 38 ends therapegng 32 inerenpen the dightieurce Qsvillbedriafly he
' nspection glrp«elxj'gairz&t o coSn?pfePel)p E)l?urmalglat% ﬁ\g SUITace Haf of {h%ncielede 12 while allowing the

’ camera 65 to capture an image thereof. The image captured by camera 65 is transmitted to a
central processing unit (CPU) 90, Figure 3, and compared to a prescribed image of the device

30 12 stored in a suitable memory circuit therein. After the camera 65 captures an image of the




and with greater speed) process sem conductor devices or pg&&éﬂﬁ%R%ozt he-
types described herein while inspecting the packages for the accuracy of
the positions of the package | eads. The CPU 90 may be suitab e:fgrred
to i nspect PHIWEYE® of the two general types described herei ké;f’ri%&%&

i nt er changeabl j t hout requiri hat the packages or devices be handl ed
30 in any QSHSF 52 teiatve Detior ofthe deviaeayith stnset odbe ais 43 afibe pickip headkes
devi f . 9/ 08936 . t
T L i e L O

50 is not iCPIAAY magyssobh cormmund sighd) whegby thelgickupthea®ad Wil bakiiBlyXotated by
operation of the apparatus 1Q. Referri n% now to FI GURES 8 and 9, anot her

embodi ment the metas#ete Rraparly, ere dbmdeyvics; 12rinadesired, positiasn Qrpeithistaskrhas beerand

gener al Ity | . . I 5 enbodi nent of, Fl 8
and 9, gn ?C(ra?gﬂ géél%t tgg s%‘ﬁg@f g’g H%gé }%ﬂglacélp@%acla ft 8% sﬁgf)se%ltp‘)f’wgn%?]g%%ggif
and posi ti amalshewasin FIGURE 3,avherdini aighfinealigaighb@luted, AafiSs @lasedAd fRtable
smal|l integrated circuit devices 16 see FI GURE 9, which are disposed on a

waf er type tepieat aplanapigany Shenridoiermakioiithe planenfdbie surfaceil 2a dEthe devicd 62 tar e
fabricated. ,Th ' ' ' | 64 ' fli hi.ps, b

o rayed on RS T et b0 WS¥EGFE e sipisPaRAeRed srtlkRin Fom comBusioutsonhg
and sever al qehisd o Sflakd BirthRx I ErembRts tdTe BERAMPBEitiohs b SEFFERaRs 2N8s Iye t he

waf er substrates 166 nmay be arranged on a suitabl'e support structure 168
whi ch rifly restnicondiicien dewiced24s passpbover thedaser baon 84 imapes dfnibgpeartductor Epdsaomt us

162. F | e, 168 b fi d h th h
Frame 170" Hvepohger YRBcH e Frlien B T aiheth 0 4bEUeh bies s SRTOBRICHRY o
doubl e headgdhfEdrd¥ protessing &mc@@n@foﬁ&éﬁ@mr@{fo}%r&wﬁng&eg&?. rﬁle%gw e

to the franme 170 in the directions’indicated by the arrows 1/3, 7175 an
177. The diintentityolight sburn®orelasert82i codipriseseal tubylan shields87, FIGURE33, angetict svithr &

tual | dicul ar. As sh i | GURE 9, the,i t tus 162
i1 ze% | HOUEF Qbapeaerdhy Piaar hesslke bosm 46, 5R TSI SETEOBIh M ABRRPaRRIGH

| at i _ _ ol
ol osue 108 ekE67 s WIS ORY the RG2S sbim Bitle RGBT, THEURRdne] offser
ar r angement light souvree $2ugamal toth@guefabe 1 2:56f thdsemitdiductondevicSIR aridthe canats axie5,

the light source 70 and the |aser or |ight source 82 are all in,an inverted
posi tion wi@hat @ paKe apgle th FreRect do serhpRiIrfage prvideg @ more aeyEAle iMaget 9f thae

arr angenent t.he . . . However, the apparatus 162 can be suitably
connect ed t%%ccégﬁltggﬁl nlﬁttggzeeaﬁ% ally the same nanner as the apparatus 25

50. Accordi ngly, At Rovep PRFFGURE 16 ?hec@PULD isGaitibilp operablytdonnertgbiot the araera
group of devices, such as the devices 164 mpunted on a wafer-like substrate

166 andbpebQitthel camers 63n theight sewrce d0tand dbe lighti seuraerr lpwse 82 fon spnteailing Hey

of | eads 165 there El 9, Iz t
appar at us 5P Q}?ptq %Bgﬁ%mlgléﬁg %ﬁ;@?‘gﬁgcﬁ%@ﬁ %1&%55 g%c({ohﬁ’gr etdhel ‘
Support str pChrb@grafifinddPivnagss i £ sllablé fgraMSitéred i theCOPYI 0w Rére®Nthe images | )
concerni ng the 30 whereabouts of the substrates 166. However) the articles
or subst r at eewedcbyrdlye bameras d andy 665are oemEBERORERhesO prestored images and the
semiconductor device 12 is either passed as having a suitable configuration of its leads or
25  rejected by the inspection apparatus 50. The CPU 90 or a suitably linked CPU, not shown,

may be used to control the motors 26, 38 and 46 and also control the pickup and holding

?

action of the pickup head 44. Suitable sensors, including the sensor 78, the encoder 39 and a
sensor 98, FIGURE 1, may be appropriately located on the apparatus in positions as
indicated for sensor 98 and encoder 39. Sensor 98 is operable to determine the position of

30  tray 14 so that the motor 26 may be controlled to properly position a semiconductor device

10



WD 99156075 PCTN S99108936 predeterm ned positions on the ?é&%éé%%&z% or,
i f traversing thereon, may be placed in predeterm ned positions relative to
the frame 170 and, with known di nensional input signals provided to the CPU
90, the app¥O2945607162 may be noved to a position with regar JCTS3/08936
particul ar reference point on a substrate 166 prior to beginning the |ead

i nspect i onldpprdesdhe pickup head\Adr The igpenderR9 is enerable tondsterminenint [position gfiittre

when pl acol PRRRittekf 40 it f3RBEAAE B efRiR nedt Bt enitBes s it Boiee o,
appar at us &l refmdvelt Fonlthe fraf 14 Ukd sEnSor'iii§ Bpepdid ;&d&&hﬁae%r&%&{rﬁ%&a&%

apparatus 162 relative to the sem conductor devices 164, such that eac
devi ce nmaydéyicesk? suppotied; hysthepickah hept ¢4 doatsy predetérminedrpdsitipe withirespectf to e

d
d I bed Lnab ' | i, d 10 . 11 hi h ' f
one. ski | R saERe 0t £ SGRSC R ceBmite b Foenon it Rt R ind s 38, lse
Convent i onglovies Edri pdkitioniak QR Micondutior ®ivted? tIBY ilkEminated ib?das@i"%odr&a 82 at

i npl ementing the invention as regards those features and Specific
i dent i fi cadé¢sirad intervals.ctFof aigivien ypeednd. sizachfasamingaductdr dewiee il ythatehcolend® isl so

believed to be, cl.earl.y recogni tq those skilled in the art fromthe

f or egoi ng 8%%‘5117’5? F@H?‘"ﬁ%‘?&“ﬁ@ﬁé@%ﬁ&&kﬁﬂ?@ﬁ SYELESSINSROsItipRs of;the) deyice algng
previ ously i f ' ' At

been dosc: Thag et oict AR GE 1A B RRANCIRE Be Heplild ol SELABARNSF |
vari oub) subem 84it Thersensord 38pT8 &idce8 may be opgratbe imemhunetidhwith agedgtmisiged r om

the scope and spirit of th ag&%ld dclains. 16 28 OCTOBER 2002 CLAI MVs:
@ A syst et g CRY aﬂgbarsw% (ROt shove foTcR Barticwlan PR amicondyctor

ot her, sgj ' | j 111 hs ' eon,
the. exi bt cabae P MECARMENAE Pl hispel G Sharind uiiholicls 70 ohf B9 Syl
det er m nedgnedgizel ®)indpecn thalehdscifitige semidondmsgratevicappar at us i ncl udi ng a frane;
a head operabl e_to engage and support a sem conductor device and nove said

sem conduct or dB¢fesang RoW IO RIGURE d; thers is allyshrated @ seipicondyctos dlevice (12 inverigd

frane; ;and I | el ' a Iant osed
noa phin SRt E8el B REEbhayP BRUAAUS R WhGine T FRODREST Rodieh ' 358

i nspect i on sepieadiicto? devizk A2i I9SREWH iinAnARPEaTed! positioni with eREEchld ehdt GhbwaAKACt

at least the existence of said | eads on said sem conductor_device or the
posi t i onal FHGWBEadyfofclarity qande seraprises tavsogaliadn balb midnamay (BGHd ctype glexyice

substrate saj.d ) ' 0 L I d
eads i t horuanut 3G HElRERHAGE siheralt® RG] WiBE Bre ARELHAF0IEEr
sem conducléls 4ayi saditionednis ai preddtémiingl buirf of @oREing @l folve) fg?0&akripl), anglai d

i nspection apparatus including: a first oﬂll cal sensor operable to generate
a two a9 nepmjenting from gurfase 12a of thecsybsteatel uChosoldps\Palle 112ars adhered ppadsanot

v ce: _andbbove ARGy 2piibele @ ROBIBOR ol ikl il SORRE ARG D,
(f Jzi d first tﬁ@ﬂ:@@&@{i@o %Phikﬁéwl_vn HRRAG STHedevit@TRA% hiiptdd BIRSeAREE (P4 Bltable

ereby, respectively, with information
circuit board or element, not shown wherein the distal surfaces of the solder ball leads 112

contact coplanar conductor pads on such circuit board, for example. Accordingly, it is
25  important when inspecting the leads 112 that their proper position with respect to each other
and the substrate 110 be verified, that the presence of all leads be verified and that the
coplanarity of the leads be verified so that, when the device 12 is assembled to a circuit, all
leads make contact with their corresponding conductors. FIGURE 6A, for example,
illustrates an image 113 received by the camera 65 when the device 12 is positioned over the

30 light source 70 and generally centered with respect to the axis 67. When an image is

11



stored in said processing unit. 17 28 OCTOBER 2002 2. The,s¥sdeRBoeet -
forth in daim1l wherein: said inspection apparatus is positioned between a
first support structure for said sem conductor device and a E68 port
structure fWP94Y5seni conductor device and said systemi nclﬁdes&éﬁ%%g’rt

neans for | for r.sing sakd head tyeen.said first support
structure gﬁ;ﬁggﬁg ﬁ%eega&?éé’ @%g‘dg F ?‘%Q?F‘E g‘f ﬁ?@mp%ﬁe TIERERAELQ Pmﬂﬁ‘i“{) $f°%e€t
forth in Owathii @e P 90 Bid,SAiE poXifibe BF b 1eddUNSSwilR t@hedtia AfothG 1Y & i d
.head al ong a substantially linear path between said first support

struct ure arge eftheiside cdged 1409 3d0b, 190¢,Ud0d ofthersubstrate! 1 0vs aos verified i device
connect ed tlﬂ sai, d hez%gqf r orienting said sem conductor deyjice supported by

sai d head i'A™eYpPLges PRILFEISEUST HGHCR, BeRiTS, I SURPOTh meaiber4Q May Bf Havessesnal
i mage. 4. i ' WAk i .St |G
Sengor 15 oot REIBISKR H3Gette! By RSN RAE 128} kil ordblabilh. & | o
di nensi onalthe casegeaybe. Fox epareple; the siipport niemttpe 40 inaydiedraversed by thectantsmiz/ioc e
to determ ne f, .the existence of dth Qsi ti,onal accuracy of —said | eads
on sai d sePOYHERVHER BRRIFEIP hoad dd sy, demhelt B rsiccted semicondyaitrdavicetnip ey | n
Claim4 wh K | ORES{.N bebat] Ak t. ' d
forI causi ng)E géglsbﬁéé‘ggé,ﬁiﬁo“ ein't @gﬂaélp asdé%n%%gguct o?ﬁggé\}:&g%&%ﬁ ugsg?gééjbyﬁ%
pr edet er m npghrgras$a may, of pourseybl cagied sutglifdesiredc i son of said two di nensional
imge with said predeterm ned inmage. 18 28 OCTOBER 2002 6. The system set
forth iR O ai m ¥ afrvics; 13 whose impges ag showm i FIGURIL 64, 18 sepproperly erieotsd abanter a.
7. The sys . . Al L.nGl ugli. ng, | i C ng,a

Y D5EE7 Io“Jget zggngd ﬂn@&rl@%ﬂfle Ul M & thdvesihi igd%ted B il 4 O

sensor for energl zin source when sal sem C

device i s NRYEPUD Medurd theinpulis @eopby ichinpariny thedmdgd ¢ 831 oNFIGURE H2E Ghitl O
said first optical sensor. 8. The systemset forth in Caim7 including: a

second | i gltke ¥fprgmentionsd template sorgd mathin the LRI 90284 |issues a gommisndita theanasor ed
onto 46 to rotate the pickup head 44 to orient the device 12 in a prescribed position. The image

+

15 could be skewed, for example, as indicated at 113a, FIGURE 6A indicating the device 12
requires to be rotated back to the position indicated by image 113. This step is carried out
before the pickup head 44 moves to the position shown in FIGURE 3, at which position the
planar, sheet-like laser beam 84, see FIGURE 4, also, is projected on a set of solder ball
leads 112a through 112d, for example, and a reflection of the projected light beam is

20  captured by the camera 60 as an image.

The images of a row of solder ball leads 112, as viewed by the camera 60, is
indicated at 122a in FIGURE 6B. As the pickup head 44 moves further to the left, viewing { )
FIGURE 3, successive rows of solder ball leads 112 are imaged by the camera 60 and a
composite image, as shown in FIGURE 6B, is provided. The first and last images of solder

25  ball leads 112 are referenced in FIGURE 6B wherein a row of solder ball leads 112ato 112d
is indicated by the image 122a and a row of leads 112e through 112h is indicated as an image
122b. The actual number of leads may be substantially greater or less and arranged in a
variety of patterns other than shown in the exemplary views of FIGURES 4, 6A and 6B, and
only a representative number of leads are indicated for the sake of clarity and conciseness.

30  The so-called height of the solder ball leads, as indicated by the images in FIGURES 6B,

12



sai d sem conductor device and said second optical sensor Z ﬁgﬁoln a
position to receive and transnit an image generated by said Secon I ght
source as a reflection fromsaid sem conductor device for determni t he
positional WOMMEERI§ of plural | eads on said seniconductor dep\ﬁ% {}ﬁ‘i
respect to e ch ot her {?or determ. ng(il on of opI anarity of said_| eads.

The syst ef¥e ?%?Raﬁ"‘% SRS & & "étﬁl? & MERRrE JoTtnn of the Cﬂ‘élgl@dés .
i nfor mat i efciibhied SSin ?meglﬁtamevﬁ}b | whaem’ @R !Hei B & %*ab +%a1'i’ é&t%erﬁgx ke d”“'t

to conpare the positions of pective ones s as

sai d i mageorgpared, amﬂﬁekgectstauts p&auomdm the girhy, S0 déteenind if aﬁﬂmd: WRI Edtabldhed A
sensor to, de e mne&{s k’%f rity. 10. The systemset forth in daim?9
wher ei n: of byl feady, will gonisey thessunface ebfush glance Acosrdingly, inisaot

di d fj
31570250 ot e B ek Gl SO SN B A
devi ce cobutie tsempbuamahaﬂ theatipd oﬁmes;aldér balbitadsswhitAsIP 66ritadd heSFLIRmMEROnEE

bet ween saj d support structures. 28 OCTOBER 2002 11. The invention set
forth in ergifhagr ’éﬂlé.ﬂha pagicy ase@e%d'l‘bm sy} oS equsssy be smwbtgoplemnehmns 12.

The syste ﬁ%t laékocyibﬂmllghsgx BétWegn W@ ?ub%tr?teolslﬁ aﬁ?r%lfcilsaé)l 3 %B e nsor is

di sposed recei an rnage projec Elet er i ned

pl ane of sal d mmmdmctaﬁd dﬁﬁpeﬁﬁom h%chifdi&ssbiﬁﬁl@fnt%efthJserH&ch&dQ /i 12
including: a light source disposed for projecting a beamof |ight nornal to

sai d pP anéfosementioned paiericipnlieations may ibseised dn detmngmgcthd pgptxomhlac«smsmf | s

et | oct ca T RRERVH @8 T df SopRoey BE e Jeu, P2 shinl g sl e 1 o

i d pl angerficosdiictbr devite PP ikuejedted Jstefefadly tthe MafngXRiRHPed %BoJeoaﬁme el @i M
| i ncluding: mgmm tion sensor operabl e to determ ne when said

semi condué@mmo tqreieiv@elhﬁlrm prioegssedoby thecgppafatusal @ ist $ubjectadptol thalinspectivor f or
ener gi zi n | ht.source. 15. The systemset forth in Caim14
i ncl udi ng: mé: ‘3} °8§8‘i‘5‘m e to determne the position of said head and to

causeisai d CONREmARANR tb FIGURENS Zﬁo&eﬁe&ﬁe@hdubﬁhheﬁeyspgaeﬁ%ongﬁctn%pce in

response to predeterm ned rel ative novenent between sai d
devi ce, sdednspected by)ﬂm|syslbms:§ ﬂmq:res;ndnsaat@nseﬂhmmbandcgdnemﬁyl designafed. byThe

system set, forth , m A5, sai d. second |ight source conpri ses a
aeer oportruneisl 136 3be Svigt 3D 3 B SHeNIFOBARSHIE SRS
device to shﬁﬂeﬁ%ﬂéﬂta?e PI2uk abiagted'® Rbpdre8psosed seifbLiprdfE typR¥dhTdoniuctst leads,
sometimes referred to as gull wing leads and indicated by the numerals 134a, 134b, 134c and
20 134d. The representation of the device 130 in FIGURES 5, 7A and 7B is somewhat

schematic and the total number of leads projecting from each side of the substrate 132 may

() be substantially greater than that indicted. In FIGURE 5, the device 130 is oriented in the

same direction that it would be when facing the cameras 60 and 65. In other words, the

pickup head 44 would engage the surface 133 of the substrate 132 whereas, as previously

25 mentioned the pickup head 44 would engage a surface on the substrate 110 opposite but
generally parallel to the surface 12a from which the solder balls 112 project.

Referring to FIGURE 7A, there is illustrated an image 135 of the semiconductor

device 130 as captured by the camera 65 when the device is passed over the central opening

76 in the light shield 74 and illuminated by the light source 70. This image is compared to a

30 template, not shown, suitably stored in a program in the CPU 90. The image 135 of

13



28 OCTOBER 2002 device wherein said second optical sensor | Bﬁgg to-
record i mages of each of said | eads of said plural rows of 'z?ga sE[a(%IO&Z
determ ne the coplanarity of said | eads. 17. The system set i aim
1 wherein: WOYSAEAd is operable to change the orientation oé%&ﬂ’ogﬁg

sem conduc jce about an,axis.substantially normal to a plane of said
sem condﬂc%ﬁf‘wggyi”tg‘qwﬁ %B%P@)él° @egawaOf lCFQ%I%ﬁtthreagh bms\ﬁitﬁfﬂémt@ithg :an
i mage of sgj } i fqrth d aim1l
whorei . oSl T3S ARAHEL Wad e g dfout B PodHaR SIS Hholeioh ol 2Dt -
first handkliown tie devicalBd hiybsifcied itk Hpatan@nduct or device to a second

handling nmedia after said images are ,~ generated by said first optical
sensor and sai dHoweseTdinopderctaideteaningrthe caplananityi afshy tipsi of the firads ¥ 34acthrongh

forth i i M8 hn: said head, i ble to t i.d
ser cortluct ol a3 Ts pRd oo RE Rl bR PR KT o et R RRE Nelretd e g o
sai d i mgebeaesearicaubed Hathel cdrhérd 60O PIGURE BLHRWs adPsicalabdy 9 fR1Es OfhkCcal

sensor with correspondi ng predeterm ned i mages of said sem conductor
devi ce. 21setofleads 134a, as indicated by the lines 134ia while a set of lines 134ib indicates an image
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109! () -" 109 () - ! Z10%! () - mLO% () - 76M/dENDCL010! #10%& () - @ L09& ()~ @
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109 () - a@’@we@&@mmmmmh@hmme( )theingection@priaratad 50 is
f 0|1]9 ZGJE_LO((y?gL- |c§?l %&;é%()gc}qmlﬁlg%&(r%%ardl tfd& ncﬁg/&/&/?lg/r%gf'oop%ra(f\'on of the apparatus 10. -

0°/§L1 (() %/M l% (1530/&{&% OWEH&& 1o g&;&g{%g@gsj)ané% (ax;l&f)?{%% fgﬁbgcé%)gnl BY & s{stent inl rdbace

10" 109 ()with olmu(v)ents@ 1so ws@tecz afdgengrally idesignaedd by -t hofétal )160. In the

10%; (.1 EAGHINY-f FIGURES § 5 Sy g iispepyon sppav, 1671 domied fo. wbasst s
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integrated circuit dev1ces 164, see FIGURE 9, which are disposed on a wafer type substrate

166 from which the integrated circuit devices 164 are fabricated. The circuit devices 164,

sometimes known as flip chips, may be arrayed on the substrate 166 in a substantial quantity,

10  between fifty and several hundred, for example. In the embodiment of FIGURES 8 and 9,

the wafer substrates 166 may be arranged on a suitable support structure 168 which may

O move relative to a support frame 170 for the inspection apparatus 162. For example, the

support structure 168 may be configured such that the frame 170 moves linearly relative to

the wafers 166 in the direction of the double headed arrow 171 and the apparatus 162 may

15 move on and relative to the frame 170 in the directions indicated by the arrows 173, 175 and

177. The directions of movement indicated by arrows 171, 173 and 175 are mutually

perpendicular,

As shown in FIGURE 9, the inspection apparatus 162 utilizes the elements of the

inspection apparatus 50 comprising a support plate 52d similar to the support plate 52 but

20  comprising part of an enclosure 163 for the apparatus 162 and inverted with respect to the

arrangement of the support plate 52, so that the camera 60, the camera 65, the light source 70

() . and the laser or light source 82 are all in an inverted position with respect to the device to be

— inspected, as compared with the arrangement of the apparatus 10. However, the apparatus

162 can be suitably connected to a CPU 90 in essentially the same manner as the apparatus

25 50. Accordingly, the apparatus 162 can be positioned with respect to a group of devices,

such as the devices 164 mounted on a wafer-like substrate 166 and operated to scan each

device to determine the positional accuracy of leads 165 thereon, FIGURE 9, utilizing the

same methodology as the apparatus 50. Initial positioning of the apparatus 162 with respect

to the support structure 168 may be dictated by positional considerations concerning the

30 whereabouts of the substrates 166. However, the articles or substrates 166 may be placed in
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well as the apparatus 50, when placed in an inverted position with respect to the position of

the apparatus 50 and placed on structure which will enable movement of the apparatus 162
relative to the semiconductor devices 164, such that each device may be suitably inspected.
The construction and operation of the systems described hereinabove is believed to
10 be within the purview of one skilled in the art of semiconductor device inspection systems.
Conventional materials, elements and methods may be carried out in implementing the -
invention as regards those features and specific identifications not set forth herein. -
Advantages of the invention are also believed to be clearly recognizable to those skilled in
the art from the foregoing description, including those which have been pointed out
15  previously herein.
Although preferred embodiments of the invention have been described in detail,
those skilled in the art will also recognize that various substitutions and modifications may

be made without departing from the scope and spirit of the appended claims.

N
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a lead inspection apparatus mounted on said frame and interposed in a path of
movement of said semiconductor device relative to said inspection apparatus, said inspection
apparatus being operable to inspect at least the existence of said leads on said semiconductor device
or the positional accuracy of said leads in two dimensions with respect to a substrate of said
semiconductor device or the positional accuracy of said leads with respect to a predetermined plane,
while moving said semiconductor device from said one position to said another position, said
inspection apparatus including:
a first optical sensor operable to generate a two dimensional image of said
semiconductor device;
a second optical sensor operable to generate a third dimensional image of said
§emiconductor device; and
control means including a processing unit operably connected to said first and
second optical sensors for comparing images generated thereby, respectively, with information

stored in said processing unit.

17



#10%&' ()- "SL0%&' ()-y Y"10%' ()-F"10%' ()-AfffBggi i dENN "

/" 10%&' ()-" - $10% ()- ,, m 100%& ()-*nt L0%& () - B oerdRRAQLE ()-

& $100& ()-"icidieifiviiijbC $10%¢ "10%& ()-' #10%& ()- 10%& ()-"910%! ()-
10 10 10910% () -] ki dI | m@?bC $10! &FF( 10%& () - S$10%&' ()= YF *109%& () -

"100& ()- Y "10%&' ()-!*y$10% () - rmn

ol pp! ga?bC $10! 01 (( 10%& () - @' F* 109& ()- , Y10%& () -

| 7" 109 ()-1.t$10% ()-1t10% ()-!qqrrAsssaBbC $101f 6$100& ()- Ant 10%& ()-
37" 10%& () - B1G' 10¥@sylstem sef forth #0fim 1 wherein:

& ()-*Y"100%& ()-sSsSstt&t ubC $101 3" 10%& () - y#10%& () -1 10% ()-"910%& ()- 10

10 10910%& 0407 1
1, 5107, ()l G U A o )

109 Je)msd;olﬁ&%%@gé\%igé_—tﬁg 1884 lu(p?foﬂgl{i@tufe)f ﬁiﬁ&%ﬁm@« 8ékich ol k@B 10! 1Y

1001008 88 w@%%%@@ {o fraver %%agﬂ%%ﬂgw%%ﬁéﬁud@s bl 10

#10%& ( - SH10%&: 5aBbC $10! " : 109%&’ () - 3" 10%&' () -
Iyl 10%%‘35“?%%@%%"?3%@50%& () - fflot()/«)&J() 5: DdEbC $10! 0 0
'F"10% () - YUBL0%&! ()- "G 10% ()-f

over () - s1ov (- RIS AR C Slo1a0ve () a0 ()- 10
891058 (- 1o S8 Rusfind BomBemdie fedoh for ity siid fedd Glok hubstitiatty inear
iova: (PR P R MR o ) Bl il ok o

operably connected to said head for orienting said semiconductor device supported by said head in a

predetermined position upon generating said two dimensional image.

4. The system set forth in Claim 3 wherein:
said first optical sensor is operably connected to said prc;cessing unit for comparing
i said two dimensional image with a predetermined image of said semiconductor device to determine
i the existence of and the positional accuracy of said leads on said semiconductor device in two

dimensions.

5. The system set forth in Claim 4 wherein:
said processing unit is operably connected to said head for causing said head to
orient said semiconductor device in said predetermined position upon making said comparison of

said two dimensional image with said predetermined image.
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optical sensor.

8. The system set forth in Claim 7 including:

a second light source operable to generate a generally planar beam projected onto
said semiconductor device and said second optical sensor is disposed in a position to receive and
transmit an image generated by said second light source as a reflection from said semiconductor
device for determining the positional accuracy of plural leads on said semiconductor device with

respect to each other for determination of coplanarity of said leads.

9. The system set forth in Claim 8 wherein:
said processing unit includes information stored therein which is operable to enable
said processing unit to compare the positions of respective ones of said leads as determined by said
image generated by said second light source and said second optical sensor to determine said

coplanarity.

10.  The system set forth in Claim 9 wherein:
said second light source and said second optical sensor are disposed dom&em of
said first light source and said first optical sensor in relation to the direction of movement of said
semiconductor device connected to said head as said head is transporting said device between said

suppott structures.
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predetermined plane of said semiconductor device.
13.  The system set forth in Claim 12 including:
a light source disposed for projecting a begm of light normal to said plane of said
semiconductor device and said second optical sensor is disposed for receiving an image produced
by light from said light source reflected from said semiconductor device at an acute angle with

respect to said plane of said semiconductor device.

14.  The system set forth in Claim 1 including:
a position sensor operable to determine when said semiconductor device is in a field

of view of said first optical sensor for energizing a first light source.

15.  The system set forth in Claim 14 including:
a sensor operable to determine the position of said head and to cause said control
" means to energize a second light source at least once in response to predetermined relative
movement between said semiconductor device, said first optical sensor and said second optical

sensor.

16.  The system set forth in Claim 15 wherein:
said second light source comprises a laser operable to project a generally planar

beam onto said semiconductor device to illuminate plural rows of leads on said semiconductor
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17.  The system set forth in Claim 1 wherein:

said head is operable to change the orientation of said semiconductor device about
an axis substantially normal to a plane of said semiconductor device in response to said first optical

sensor recording an image of said semiconductor device.

18.  The system set forth in Claim 1 wherein:
said head is operable to remove said semiconductor device from a first handling
media and transport said semiconductor device to a second handling media after said images are

L generated by said first optical sensor and said second optical sensor, respectively.

19.  The system set forth in Claim 18 wherein:
said head is operable to transport said semiconductor device to a third handling
. media in response to comparison of said images generated by said first optical sensor and said

second optical sensor with corresponding predetermined images of said semiconductor device.
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