1 METHOD AND APPARATUS FOR DETECTI NG SMALL REFLECTI VI TY VARI ATI ONS | N
ELECTRONI C PARTS AT HI GH SPEED Cross Reference to Rel ated Application

5Thi s apphocatsmec! ai ns priority fromU. S. Provisi onal pRatuseaiobpgshs cati on
Serial No. 61/253,566 filed October 21, 2009 for a Method and Apparatus for
Detecting Small Reflectivity Variations in Electronic Parts at H gh Speed.
Technical Field This invention generally relates to the optical

i nspection of electronic parts for 10manufacturing defects and nore
particul arly t oMATHQI3p&d) ABRARAGTUS I DETEE€T TN {SMA KL WiEERECROVIAY] acent

materi al s have sim | f (VAN The inspection
of electronic parts %%%ﬁ%ﬁﬁflﬁré%@%@@@;ﬁéﬁfg%él‘gﬁlt%%’SPFg IPuct ures with
indiumtin oxide (I TO on polyethylene terephthal ate (PET) or gl ass,

mul ti-chi p 190rogdWHESencansIRblaghAPeRGkiby €l ectroni ¢ packages requires an
ability tg identify. and. di.stinguish differe materjals agn artg.  Prior
art nethods and agpiraPirgtiohdrEseriarpdn Vet %’f%ﬁé%lal ﬁ%@%é@?@%ﬁon Seral

charact eri st iNg ¢i/n63 564 fMgd Delob&ctii Yodoyoof Medeh akll ApSir-and fofBbREdR are
significantly different. However, in sone electronic parts, such as those

made wit h | TOMIRellspifviyayarighensde Eleeiranic BytsignElighdinsed-r ef | ectivity of

di fferent natj%lin}ﬂ%al Zfipyers are not significantly different. Prior art
appar atus and nethods do not provide the required inspection of such parts
with a quality andhisnepaten gmespeedaterowtivarptiod aégpesyion hécleaigostpagts for

What is ed [ - j j ' ~ t hat can
di sti nguiq?h I garc @1}*}1@ § rn;leaﬁtg@%%a Soﬂﬁ@tﬁﬁﬁgl%fﬁ f%aa!rm%%tg &gglﬁgaéﬂ&a%ggﬁ edré?eg%si cs and
can oper at e athenltieo 2§spEeedstciidishmtsimihovefleequiieses. Di scl osure of I nvention
Therefore, it,is an opject of this invention to provide a nmethod and
apparatus fo 4 r1ig optical inspections on parts with different

mat eri al s havi ng Jheidspdctiopdf dtedirotio pracivel hsvifes, flaPanduRplyQbiretire0f this

invention is tq provide od and appar at or —
wit 1Bd1urn tgl ox?‘der?fa'lt on po yethyPeFrjle tereptfll?haTate (PET) or glass, multi-chip

15  modules, and high-density electronic packages requires an ability to identify and
distinguish different materials on a part. Prior art methods and apparatus operate
effectively when the optical characteristics including reflectivity of each different
material are significantly different. However, in some electronic parts, such as those
made with ITO, the optical characteristics including reflectivity of different material

20  layers are not significantly different. Prior art apparatus and methods do not provide
the required inspection of such parts with a quality and inspection speed now
demanded by the industry.

What is needed is a new optical inspection method and apparatus that can
distinguish different materials with similar optical characteristics and can operate at the

25  speeds industry now requires.

Disclosure of Invention

Therefore, it is an object of this invention to provide a method and apparatus
for performing optical inspections on parts with different materials having similar
optical characteristics.

30 Another object of this invention is to provide a method and apparatus for
performing optical inspections at high speeds with a high throughput on parts with
different materials having similar reflectivities.

Best Mode for Carrying out the Invention




perform ng optical inspections at high speeds with a high throughput on
parts with different materials having simlar reflectivities. Best Mde for
Car ryi ng wototimsotonventi on 2 I n accordance w th wrhirasseowesisnon, wth
this invention it is possible to undertake optically inspection of an
electronic part with first and second nmaterials each independently
reflecting light wwth a high signal-to-noise ratio, but with simlar
reflectivity characteristics, each nmaterial being further characterized by
exhi biting 5smal | Ivacpaipnasrvgthi thisnefcheat, wthitlyis taesmd ity pokefbécto sindartakhat
material. The t.r oni LS. 1|1 um nat i t - rea to be
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stati on occurisdegiesrdently sfesiing hightAnith avbigke sighgnahoissrage ier avitedindtar t he i magi ng
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materials. Thjs high- in, lownoise imge signal .is processe y.
subtracting anerrEet 3 ghin e ﬁ@l@%ﬁ@é%&%@ow})@m@ hetlr@ericvi ty of
the material pattahd hihBndeBSS8Kioh 8EduRCIUrME bdankinar AGHBEISIdnaBis LRRE/QYatt O
generate n-bit digital values representing 2 intensity |evels of the
desired out pube iNMpEHE stakiar indeonssghs sheged hadé psipghigk epfighgrin pship@ach of t he
15material s . in_Lhegl ectraniCd rief

Descri ption %ﬁ%r%gp%l%&%g}sm%&%ég%kﬁg %%bgﬁddgﬁgilﬁg?%%ﬁag %_m arly point
out and di0st iduginptvedbrlight taflectsdiipmstchaftthefirsomdtspdond mateaiatsi dhis highe vari ous

obj ects, adv ages .S i i L nore fully
apoar ent 1o actncRY it R3itceRa 0 st M BAL A iR 17

conj uncti on wialtuk baded upachapdleyiivigy of teewhatgrsal mithul lesser neRectivey er ence nuneral s
refer to like parts,. and in which: .. Fl 1 is a.plot. of .canera . mage
ntensi (i es FOPAGBaY PPEPEIR Shesy Tl ey g spaupe o ge Py Telbr

char act eri st ithsdesired output imagefthd6istiddviartdtvedn a¢fecti@s ffidm ¢aoh ufder st andi ng t he
operation of a specific canera 25used jn practicing this invention;

FIG 3 dépi ctr%at?fraisfaé‘fié%g%te‘itﬁe@%sr@rﬁe8]:3?&8‘[‘0Haﬁtr two different materials

with simlar gap¥Degriptied bakt DWviih®s after certain processing in accordance
with this invention FIG 4 depicts differences in camera output for

anot her set of twdheprrcedeiaimapatreidy minteusinddiginciopelpigehe pbiqceet i vi ti es;
after certail hBPEARRINQnfidh. A QULIRNGS oM dvAREIY Snd AEIVeABRs of this

invention will be more fully apparent from a reading of the following detailed

20 description in conjunction with the accompanying drawings in which like reference
numerals refer to like parts, and in which:
FIG. 1 is a plot of camera image intensities for two different materials having
similar optical characteristics;
FIGS. 2A and 2B are useful in understanding the operation of a specific camera
25  used in practicing this invention;
FIG. 3 depicts differences in camera output for two different materials with
similar optical reflectivities after certain processing in accordance with this invention
FIG. 4 depicts differences in camera output for another set of two different
materials with similar optical reflectivities; after certain processing in accordance with
30  this invention.
FIGS. 5 and 6 depict two different embodiments for implementing a portion of

this invention; and



FIGS. 5 and 6 depict two different enbodi ments for inplenenting a portion
of this invention; and 3 FIG 7 depicts an imge obtained using the
met hod arwloappzosatdas of this invention. Description of PCIraskeassces

Enbodi ments This invention enables the optical inspection of electronic
parts for defects with 5first and second3materials, each independently
reflecting light wth high signal to noise, but with extrenely simlar
reflectivity characteristics. Signals fromsuch materials cannot be

di sti ngui shed fr ofl@atdepotsrarimapesbtainaiwthglihe metbohsmsiappantab offitfisor CCD
camera becausg the difference in reflectivity lies within the noise of the
i mage acquiring apparatus. 10This invention will be understood best by
consi deri ng dresexaioploélliustrativie @mbbdimenst eri al s on t he same part produce

signals with nom nal .canera intensit al ues of .92 and 96 respectively as
shown i FIG 1 ADSIFERameBate ool PestrapRor e lnF oty o SEHME. ¥ ad
shown i n Bl Gfirdt,an@aebndibefiblaleactidegendiany kafleb@ss 1azhbivih high gigahl-tb 0- noi se
ratio (SNR). However, it is irrpossiHI e. to distinguish one mterial fromthe
other 15 becd9& BOYHM mrerhar @ lerislpigty eharidEisEempigraivdioa Bk put  val ue of
94 due to el ggdt&N GnRALS @is_tiﬁ'%lﬁdh@d S¥MLBM otildH vheh RQRH bYA cHRRAHAITRETVA
process by which it is possible to identify materials with extrenely snall
di fferences o GCEY ¢agrerd Racpype diedliffeycrsatineofleiyity dies wiBinwha niss od eHmags er i al
as the part ig3.86aMpd.aRd i nspected at production speeds with sufficient
resolution to %Iet ect small defects in each material. 20Canera or inmage

si gnal oufput, or Thistievesiienywilflsrundergioodbestrby eamisideringsangixgmple by whchtge g - - - - -

[ (I LLUM NATI QN *. OF *. REF * r.at. ' *. * K)Y+ NO * (1)

wheres (1) IELOUGAAPER T RHRSTREREA d Rl e IR AL o2 Lt

25wi t hi n t he aodfAerapdcietld aoshowinemFl{.2) Gk thaahenotic amoera abist het/apt i cal

system - (3) Bek, =y(he, et gt ol Ll ngtedthgl, £ £l sghadh hogm the
ratio (SNR). However, it is impossible to distinguish one material from the other

15  because both materials can produce the same camera output value of 94 due to
electronic noise in the system. This invention describes a process by which it is
possible to identify materials with extremely small differences in reflectivity and to
detect variations within each material as the part is scanned and inspected at
production speeds with sufficient resolution to detect small defects in each material.

20 Camera or image signal output, or intensity, for a given material is given by:

Camg, =[(ILLUMINATION * OF * REF * IntegrationTime * NA? * K)+ Noise]* Eg
M
where:
(1) ILLUMINATION = total illumination power incident on the part
25 within the camera field of view,
(2) OE = transmittance of the optical system,
(3) REF = the percent of illuminated light reflected from the material and
is given by:
= REFLECTED — LIGHT — INTENSITY @)
ILLUMINATION — LIGHT — INTENSITY
30 4) IntegrationTime = time duration over which light is collected by the

camera,

(5) NA = the numerical aperture of the imaging optics,



REFLECTED - LIGHT - INTENSITY 2) ( ILLUM NATION - LIGHT - INTENSITY
30(4)IntegrationTine = tinme duration over which light is collected by the
canmera, (SpPNA0sbte numerical aperture of the inagi ng opCras2010453606) K =
optical power to electronic signal conversion constant for the canera, (7)
NO SE = el ectronically introduced noi se of the canera el ectroni cs when
viewing a dark field, and 5(8)Eg = electronic gain or anplification.
Equation 1 can be expressed in ternms of an optical gain (Qg) and electronic
gai n Eg, such thaf6) Cak=ofjtiREMoweOy clecNoiis eighdl chgvef@)n conetpg forltbQy =
| LLUM NATION * CE > ‘%\IIAZ * IntegrationTinme* K (4) The difference in
canera signal (Carrdt}[1 ?’) between two materials with reflectivities REF2 and
REF2, respectivel ¥7) i SNGISEr dictrofiaally idirdduc¢dOmpise of RicFdameraklide®Pnids * Noi se] *
Eg (5) Letting N =,2* Noise | ation (5) yields: 15Camdiff [Oy * (REFi
- REF2) N Eg (6) Wﬁ%meg&@aﬁ"aghg%”t is apparent that: 1. [Qy * (REF, -
REF2) ] > Nst o di st i$gui Bf =t urbiio giBbeihplifcativi ng a m ni mrum di fference
between their respectjve reflectivities; , _ ,

quation 1 can be expressed in terms of an optical gain (0g) and electronic

gain Eg, such that:

Cam ;, = [REF * Og + Noise |* Eg 3)
where:
10 Og = ILLUMINATION * OE * NA> * IntegrationTime * K (4)
The difference in camera signal (Camgisr) between two materials with
reflectivities REF; and REF;, respectively, is given by:
Cam g, ~[Og *(REF, — REF,)+ 2 * Noise] * Eg (5)
Letting N =2* Noise in equation (5) yields:
15 Cam ,; =[Og * (REF, — REF,) = N]* Eg (6)
From equation (6) it is apparent that:
L. [Og *(REF, — REF,)]> N to distinguish the two materials having a
minimum difference between their respective reflectivities;
2. [Og * (REF, — REF,)]>> N to determine variations within each
20 materials;
3. Increasing electronic gain Eg increases the magnitude of noise in the
camera output signal, and
4, Increasing electronic gain Eg does not improve the signal to noise ratio;
that is:

[0g * (RE;I “REF)] ()

25 S/N =

To achieve optimal performance it is desirable to set the electronic gain Eg=1
and maximize the optical gain Qg such that:

[Og*(REF, —REF,)]>> N (8)



2. [Og * (REF |- REF2)]>> Nto determne variations wthin each
20materials; 3. Increasing electronic gain Eg increases the nagnitude of
noi se i n wbeotiznserva out put signal, and 4. |ncreasing elPeTiusemiom®spad n Eg
does not inprove the signal to noise ratio; that is: 2551 N =[0g * (REFI-

REF2)] (7) To achieve optimal perf®rmance it is desirable to set the
el ectronic gain Eg=1 and nmaxi m ze the optical gain Oy such that: [Og *
(REF, - REF2)]>> N (8) 5 Satisfying this condition enables the

det ecti on of vari attishyisg thiit dvnditiem cimbhe tlerdegdctiorFafrvasatamp hethinteacldet ect 256

intensity levels ween Naterial [LL) (RER REF2)] >
poe - N {o) SE S EENSE b Gt R 2ho ARESIPLERE Blwben i f{ Repadid L)

as defined im:Equatlon (4) is the only |ndependent varlable Referring to

Equation (4): |LLUM NATI ON isgi t al Lb?%%ﬁY @n power incident on the
part within the canera field S\ hs where hi gh power

L uminatison s T eqy) Eedbe %)%ﬁ%g%gggﬁﬂé@%k ol ail B of i fgpomes an

i ssue. For exanpl e, quent use pressure
nmercury vaporthlatmsM)ansehemmll}ymdaiegaitnt wariaBRO Rlefmmug toquoqaema(#) on under nor nal

operating co I cost effecti ase
|IIumnat|onrlﬂ &% %E{ ¥ g&ﬂﬁEPMHQWEPOWg”ane? ﬁF@aﬁ@ﬁ&gHU?ces are
al so very pomwmamﬁddmﬂwﬁmﬁMQ@pMﬁﬁmﬂWﬂ&&ﬂﬁgﬁﬁnﬂm@hmmﬁMﬁmS$ﬁﬁm&ﬁibhe above

mentioned | a Cbher ase and | aser di odes which ca roduce

Si gni ficant  BOTEASS SR Het. 1455, R DECABIGS IR Gy usrd S CTAENG ERBRN AP cat i ons
because tige cn@ta)gélera Mlﬁ@lﬂﬁ@%u&ﬂhé@@kf vhptr@drh @ 8068y Radiforrdo Hoassted 1 n the
i mge. CE is the transmittance of the optical system This is a

function of @peieHeN undsarqrpgsorsding penditons nHisiat 635y oF peskcffesfivs dncreasat i ngs

are usual Iy qpfhiXh#Shohet pdshic Whintl ﬁdv@?%v@l@e‘?&tlﬁﬂém@“&uﬁ@s nekispesyg to be
altered. Filter transm ssion characteristics usually 20 vary between 80%

for absor pti carelypeeydp pefryst prrdugasgmush intesisy fsetheplose ficptianed lamnst er f er ence
filters are F&o%@r%ﬁtr lgscérg Jndflésglt HO&s JhFeh' G Hfodﬁge sﬁ&qﬁctanﬁpo%phﬂe% i on.

15  applicable for most inspection applications because the coherence produces optical
interference band artifacts in the image.

OE is the transmittance of the optical system. This is a function of optical
coatings and filter characteristics. Optical coatings are usually optimized for the white
light spectrum and do not need to be altered. Filter transmission characteristics usually

20 vary between 80% for absorption type filters and 99% for interference filters.
Interference filters are preferred if filters are required for the application.

NA? is the square of numerical aperture and represents a light collection
cocfficient of the lens. As optical gain, Og, is proportional to NA?, the light collection
coefficient is increased greatly by increasing the numerical aperture of the imaging

25 optics.

Table 1 lists characteristics of several commercially available lenses with the
magnification/pixel size, numerical aperture, light collection coefficient, light
collection cone angle, resolving power, depth of focus and working distance for each

lens.

Table 1
Commercially Available Objective Lenses




NA2 is the square of nunerical aperture and represents a light collection
coefficient of the lens. As optical gain, QOg, is proportional to NA2, the
| i ght colweabiimsomoefficient is increased greatly by i neceaseeog/osices

nunerical aperture of the imgi ng 250ptics. Table 1 lists
characteristics of several commercially available |l enses with the
magni fi cation/ pi xel size, nunerical aperture, light collection coefficient,

| ight collection cone angle, resolving power, depth of focus and working
di stanceg for each llens. W) 2011/050197PCT/ US2010/ 053604 6 Thus, [ a high NA
| ens, such as the 10x0.5NA [and 20x0d. 5NA | enses, collect 204 tinmes nore
i ght than thQA;.25X0.935 NA | ens. H gh NA | enses al so| provi de |a
hi gher rlesol ut#on. Res®l vi ngzpower i given by 5 the Rayl ei gh equati on,

nanel y: RESCEVENG PONER = 2- ) 2* SAowhere A wi% thel gavelLength of |ight

i mged dnto Ehg par @\sxshéwlgk—n Tall & 5, 2t R 3 &% OﬁS:NAJ:;I |rL§ 21 y
resol ve |7. 8 & Gf ons ass ¢ rrpqg@%: t e 26Xg. 5INA £ mﬁi?hg% resgl eg(). 5
mcrons [for A&-5=0.55 n%CTonsE a akse ﬁr@vm%a@d‘ge ||°de§h<f§o @g - g
depth of fOCQSE(DO: decregses’ wi tH ener eagi ng N& bei ng given by: 2 DOF

h

=(11) 2* NA2 F&r expnpfe, t|me flor the 0.035NA |ens|Ts 229 m frons. The
DOF for [the 0.3 NA | ens is |3. rions. The depth of fpcus for the 0.5 NA
lens is |1.1 microns|, 15 Tg obtain |the highest optical|gain poss|ble, one
shoul d ijncorporate fthe highest NA llens for which focus|can be mal ntai ned
duri ng2bxispécti oh033f a0t |is suf4dciently TBat, foc29i|s not 3& |probl em
However2.5x/3.2a pad.n73 5 nowosefficiemby flat, 3.68e systemdpust 79i4ncor porate
a

[

a

n aut oskore$ syst.e3r t hato2bs acks the7surface pg [the pant2tio keap.gtjhe
i maging |et E¢s Wohs h theeopti cal D[ during | m$pectionigqdne such
Ut0-ToQl3 3YSTem bs| depqpbDEd Th myoU 'S, Pateni No. 7, W39, 445 162006) for a
Thod o7 PpTT M ZEN0 THIPEFT T 0N Spged T Low, gnd FIuor gggent Lisght

APPTTCHRG GRS [™ TG | SaGNichd 19 47 0.7 1.7 9.8
10X/1.3 0.50 |  0.2500 60 0.5 1.1 2.0
20X/0.65 0.50]  0.2500 60 0.5 1.1 14

Thus, a high NA lens, such as the 10x0.5NA and 20x0.5NA lenses, collect 204 times
more light than the 1.25X0.035 NA lens.
High NA lenses also provide a higher resolution. Resolving power is given by

5  the Rayleigh equation, namely:

RESOLVING POWER =—2— (10)
2% NA

where A is the wavelength of light imaged onto the part. As shown in Table 1, the
1.25X0.035NA lens can only resolve 7.8 microns as compared to the 20X0.5 NA lens
which can resolve 0.5 microns for A =0.55 microns.

10 As also known and evident from Table 1, depth of focus (DOF) decreases with
increasing NA, being given by:

A
N (11)

DOF =
2

For example, the DOF for the 0.035NA lens is 229 microns. The DOF for the 0.3 NA
lens is 3.1 microns. The depth of focus for the 0.5 NA Iens is 1.1 microns.

15 To obtain the highest optical gain possible, one should incorporate the highest
NA lens for which focus can be maintained during inspection. If a part is sufficiently

flat, focus is not a problem. However, if a part is not sufficiently flat, the system must



5Signal to Noise, Resolution O Focus Quality. Integration Tine In
optical inspection systens to which this invention is directed, optical
gain i s pwoporttdsorsal to integration tinme which, in turnpCrassaoesssbtd on of
the type of canera used to scan the part and the scanning speed (i.e., the
rel ati ve speed between the electronic 107part and an inmagi ng station that

i ncludes the canera. As will now be shown, a line scan tinme delay and
integrate (TDI) CCD canera in conbination with high NA optics (NA>0.05)
enabl es superih@rpop@e fimautedies wistdm tratdhacky batwfacopf the pirt tpdicpp theamagieg be
achi eved usi Nop-.TD[, |1 . calrer as rea <. Thi's can be
shown by cong§P§§6m3%1 6?ﬁ§%§gﬁ§%hl 33§&%§ﬁ58%? %ﬁi5¥¥%@%§%%%§%es of
caneras. 15| rnlspeibtd mmuyBihGatant ¥o. ) 1 CAAE (2006) for a MEHed dordd@intivag nodes f or

i nspection using an area canerg..ln Mde. art. is .pl aced .on a nmechani cal
Stage. The subyecttd BrE0pda T RetRor i el kv iR R st ep equal
to or slightlggmmlNgse, RB@nutioh®rFoz® @falityne area canera to i nsure overlap
of each image field. At each |ocation an inmage of the part is acquired
using an integration 20 tinme |ong M8t ai n sufficient signal. This

nmet hod is extrenelyosilcomnfRE@ASSsttRetoStBaLHhUS B RANE&S, b tie%@%a{iﬁ% after
each step to prevent inmage blur. This nethod is not applicable for high

speed pr oductArOriEgdl o dregraing, time which,|ip tugpdea finetied of sheelyBe ofcamerttusefal |y
scanned over Q&nﬂ?erﬂartaaﬂg 1 staRin E)Eéat(?.e.l %19 g@latlvé sﬁée@%_@t@gem& :ahegtg&?ﬁgner alts

centered over each checkerboard square. To 25prevent | nage .

dur at i on Wi nwadfanéeacimagingsttionthatinciudestthecasfora chd wal nomt gghawionlinei me, nust
be | ess than ey j ' ' t he
array 11 tne- Bt Ede IB0RT IREFE Sop ML Ah 1o B bR

t oget her. TheNAx8108) ertables sitpager ecfansgnct ivgh siuoh gentet bgichl gaghthansh te.

Therefore integration ti i.S.ver rt inthis node and lim¢ts. the

o murn achi €051 'S RENe YK SEP 8 PR S RORERy 1 B TSRS Li ne
Scan CCD Cangfy&omparing Jetfofinmecanchidvad gangcoupifetndgybcse chtlay. caner as enabl e
the part to be scanned on a caontinually noving stage using a constant

i ntensity?light source, such m&%ﬁ%%ﬂ?ﬁgenon or mercury vapor
arc lanp. Stage mMyhi@ArARE SRRBIAR idspa@ontisiff ad 416 cabcfiatia M&eS Y parioni zed
usually by a position encoder on the stage. Each tine the stage noves a

di st ance equdllacedon pEcehapicalgtagenbhegitagelis Sprehis achpgkerbogidiagied Wi aatle

optical mag nis, e'p%ﬁﬁdl or sﬁ@ﬁbj é-n{h_@le%algﬁk _§-iz-b of ﬁl@@l@a Qéﬂiergto irn.t{ﬁe B@fé?ﬁﬁ'bf CCD
canmera. For high 'speed Inspection applications, it Is desirable to read out

the data as feadtinnge foldsiAbrach lpbowes mage plide pat sgeatiicd msing arintegrativer ef or e
equal to 4hhe I | f. dat - CCD and
i's given by: t{nﬁeﬁ égé%l}toﬁl%}vﬁ#b%gn lzdfﬁ%@%@éﬁtq% %ﬁiﬂﬁﬁoﬁﬁégﬁ%%wﬁ?‘& g%éslﬁie Dat aR
ate (12) the SFegeamst meachahicghesettichuflougghip siep Bamevent megs blan Tlasrexthed
incorporate nultiple gutputs. For exanple if a canera were to have four 4
out puts each I%B%ﬁg%lf%@e&%%@ew%fcﬁfg@(‘fcggn %ﬁplhfﬁgn%i xel s, data could be read
out of all four ot plwis? sicradintarieainsinyallyrsedued ogr itgaecahd ofast stiobe by a
factor of 4. wever, faster readout rates inply shorter integration tines
whiche o pr AERERRY e ofel B ciitie wpl Lo o HEPEF IR i oh speed
i nspecti o3 sys&RIENGEAORGE, thotRReioh tiblcQ@YEhTash] Ghidss IEQR&IvERke@htidnTO on
gl ass because such systens |ack the required optical gain.

time, must be less than the time in which the part moves 1 camera pixel across the

array. If the flash time is longer multiple pixels will be blurred together. The faster the

stage scans, the shorter the flash must be. Therefore integration time is very short in

this mode and limits the maximum achievable optical gain of the system.

30 Inspection using a Line Scan CCD Camera

Line scan charge coupled device (CCD) cameras enable the part to be scanned
on a continually moving stage using a constant intensity light source, such as a quartz

halogen, xenon or mercury vapor arc lamp. Stage motion and camera readout of the



151 nspection using a Tine Delay and Integrate (TDI) Line Scan CCD Canera
Atime delay and integrate (TDI) CCD canera can provide |onger integration
time, whiweetwdsh19enabl i ng objects to be scanned at hi girCISeas/06300Qg
constant illum nation. To understand how a TDI camera works, consider two
cars O and C2 traveling parallel to each other at exactly the same high
speed in adjacent |anes of a 20hi ghway. A passenger in car 2 takes a
picture of the driver in car 1. This requires opening the shutter of their
canera for a deevis smclmuiged Bunbebyt hprsdionsnerder @l the btegs. rlizch ome hstsieen t he t wo

cars and ther ti h r nd driver

h car 1, ¢ ndi el oo JRlARr BEWIRER, Sy RATEL sy i ot

Consi der an Oﬁ}}gﬁ(ﬂcaﬂmublmgh@mfdatshsatgaidnﬁloﬁthedilneaﬂ@m c@ndrerﬁurh@lspéddustrat ed
by 25 the sm.ley face .in . the i e of the face is.praojected onto a
T “och caner ETABRBUTIRH & s iR Ph e s S ehe FclS s Fn Fow

position B, e@fecttdaentsgra@@ tahiélis TharefoRNGliA to ThoBGesChad G lihsoldkd @atbed i n

every pixel in rowﬂ% e TDl canera. Wen the stage and i nage noves to
row posi ti on ' oy fithe Fﬁ@ %d%ﬁafﬁﬁéycol lected in row position Pl, for each
camera pixel, is tra'}ﬁﬁe%falfzgﬁimn@&qeefab&nﬁz%& SRhHDODPLERR DaEhR%Qe row P2
within the T scanera ine P2 also contains inage detectors, in each

hori zont al pIX | position, that collect one line of charge which is sumed
with the |ine of dhaplgevdlﬁgwsﬂmugeplutisnmé iimfmdail nand?as inmrpcrr@atnmhﬁpm ce the

i mge charge | n eaf;r g)rlhl Z0 t%l pl xerl 03 tf Qn. g N 9f h[e I‘[DI camera
contains i nagoélp(lfest ector splfahaatC Mg &¢ V((A)noeu [N CbhCO ec ?dhglo Ys added
to the cumul ajubive of thipddelss thas gald borradbit of ile Xue ustplits Ellﬁﬁlltaneously, By moving

t he charge or | e wthin the TDI at the exact seed t he nmovi ng
st age one caﬁe‘i}’ﬁ i RS o (BT i acﬁofﬁﬂzf ﬁ?‘ﬁ?ﬁef BILLAdOER %%16%9 61 on t he

Sobj ect Wi t haatkorafidn @AEEGHIEN, a@g reliBBGEndtbd) rredae@apt&el daie mlet&ore@udhehga{ ive
noti on between the obj ect on the stage and C% bel ng transferred between
GLS

rows within tSA& mpewﬁéyaemww ”llﬁpefﬁﬁ’rqdé‘%e‘i B‘PP@BFE@r 1P powkess
through n of b%@ﬁs&ﬁf&’ﬁ"sﬁterﬁsh@cﬂtﬁ@ﬂaﬁu&e,f&iacfpﬁ@al' Bint he top row is sequentially
read out of the devi CE€. he TDI caner a has n rows t hen, and the line
scan and DI hysg yagiRcley i AR ac Se SHf

the TDI canera wi | r

carer a. n Ar%f%%’?%@ ﬂlﬁﬁ%&?ﬁ%ﬁﬂHﬁr‘é’c%?ﬂﬂﬁég%*@ﬁw%%‘%g@éf“%?s%é.
tradeoffs. Fonneewad@l;tél enablngu]vjwsttqbescanmﬁ %a@hlspeedeumggwa!;taltto noi se ratios
to achieve hl hel'ilatloaﬁt q"or %t eers ﬁl a gn?r%gl d 51§er3w C rs 1an ICle e-line
scan canera Wth a T REpGhga ] tle of ?Q I\ff—(?? ] esponse of
44 digital cammelﬁ{g(pat‘ad:lmﬂ)) eacth (ﬁh[brei @:@ttt}ahe sangehigh {ricey 1nmﬁja¢érﬁdﬂneﬁd5ﬁh an

8000- pi x TDL .canera with xi mum data, rate.of 640 MHZ
ond 2l o | PURen e chdtran o grttker ® Bstine O PRERYBI G fh TEGESRHRD, The
different |i ghtnih@eRNEREoDEEYESRErA FRagew WROERITBIRS tieadlis A6 r@xpasdod as 20
different values of the optical power to electronic signal coefficient (K
in equation (&svyee?&wttvﬁéarﬁw (haivay agrelatiye mofipe betygery BaLamre tditer a4 s 26

tinmes nore sepsbiih¥e £ AR ct@t@@fEé’Ml%ll%%sﬁ%@ﬁncﬁﬁ;eeéfhﬁagcee&&nd single line
scan camera. Therefore D1=(26/96) x KSL his inplies that if a given

TDl camera pr oduc@@nadﬁuavebne@unqymg@wgﬁ%ae beloyedn i Wagllfig &#n350s dhstratpdlip, t he
single line g eaﬁn&?r}?cre%ﬁ'ld be ﬁﬁ%ég‘e i3 d ag@é J]&Eedao%gmnitc camagdd 29

watts) to produce the sane outfput s eve Lanps do not ave this
power . Nor eoaeshovdi inddi Iy Whgmtheézbtt@uoﬁthmﬁetcermsntrqw@m@mﬁalr pn ile skaigkel y to

burn and dESt he )thI @z?m&grlmage%arge i¢ E:orlll%cte(ﬁ‘| m GCQ}Y p(f‘xel m rownl of the TDI camera.

When the stage and image moves to row position P2, the line of charge collected in

row position P1, for each camera pixel, is transferred into the same column position in

30 row P2 within the TDI camera. Line P2 also contains image detectors, in each
horizontal pixel position, that collect one line of charge which is summed with the line
of charge transferred in from line P1 to create twice the image charge in each

horizontal pixel position. Each row of the TDI camera contains image detectors that



Integration time can be expressed as: 30l ntegrationTi me=TDl Rows* LineRate
(13) where TDIRows is the nunber of TDI rows in the canmera, and LineRate is
t he ti nme worosasmIZi ne to be read out of the CCD and 1@CiuseiRasseds gi ven
by: LineR ate =# Pixels * CK (14) where #pi xels is

t he nunber of camera pixels per canmera output, and 5CK is the tinme per

pi xel . Substituting equation (14) into equation (4) yields: Oy = | LLUM NATI
ON* OE* NA2 * TDORows * LineR ate * K (15) Equation (15) indicates
that TDI canerhbet wid linemf oldrgethgtup edded to hpcimalhtigaium (fChdrge hemuate t he fir st
system conpri geg%ug%%mrci ally available TDI canera with a 10 lens in

whi ch NA = 0.P37an F = 3.1 microns which may be coupled with the auto
focus syst em descBybedingthtklErgeRati@nte Wehin heTH,cdvhbra aFthe theex specadsitie t hat
the second systemuses the sipngle line s C ra in which = 0.1 and
DO ST575 mis ot apr Ersopifap edRELPEL FoRaR g APPUM B for ¢ hese
two caner as: obABLFthbul ped@dingCagemagdNurldepiule titreh £ b1t alotitis hethibeh

the object on the stage and image being transferred between rows within the TDI

camera. While light is being collected in rows 1 through # of the camera, the image
charge in the top row is sequentially read out of the device. If the TDI camera has n
rows then, and the line scan and TDI camera have the same construction, the image

10  recad out of the TDI camera will contain » times more signal than the single line
camera.

In practice, manufacturers of these cameras make various tradeoffs. For
example, a manufacturer may sacrifice signal-to-noise ratios to achicve higher data
rates. That is, consider an 8000-pixel, single-line scan camera with a maximum data

15  rate of 320 MHZ and a light response of 44 digital counts/(nJ/cm® ) at an electronic
gain (Eg) of +10db and an 8000-pixel TDI camera with 96 rows. It has a maximum
data rate of 640 MHZ and a light response of 1170 digital counts/(nJ/cm?* ) with
Eg=+10db.

The different light responses between these two cameras can be expressed as

20  different values of the optical power to electronic signal coefficient (K in equation (4))
for the two cameras. The first 96 row TDI camera is 26 times more sensitive than, and
twice as fast as, the second, single line scan camera. Therefore Kmp=(26/96) x Ksrc.
This implies that if a given TDI camera produces a given output signal level with a 150
watt lamp, the single line scan camera will require 26 times that amount (i.e., 3900

25  watts) to produce the same output signal level. Lamps do not have this power.
Moreover, directing light at such intensity on a part is likely to burn and destroy the
part.

Optimizing the Optical Gain

Integration time can be expressed as:
30 IntegrationTime = TDIRows ™ LineRate (13)
where

TDIRows is the number of TDI rows in the camera, and

LineRate is the time for each line to be read out of the CCD and



#TDI x K Optical Gain Oy (96 row TDI) 0.3 3.1 .09 (9x) 26x 234x Single Line
Scan 0.1 27.5 .01 (1x) Ix Ix 15Processing the Optical |Imge Signal
Ref erri ngwoeofiaish®72, assunme two nmaterials differ in refPCeasSimownychy 1
count with the 0.1 NA single line scan canera. Wth the 0.3 NA 96 row TDI
| ine scan canera configuration, these sawge nmaterials wll differ by 234
counts, free of noise fromelectronic anplification The difference signal
is conputed by subtracting the two

LineRate is given by:

LineRate =# Pixels * CK (14)
where
#pixels is the number of camera pixels per camera output, and
5 CK is the time per pixel.
Substituting equation (14) into equation (4) yields:
Og = ILLUMINATION * OE * NA* * TDIRows * LineRate * K (15)

Equation (15) indicates that TDI cameras will provide superior optical gain
(Og). Assume the first system comprises a commercially available TDI camera with a
10 lens in which NA = 0.3 and DOF = 3.1 microns which may be coupled with the auto
focus system described in U.S. Patent No. 7,015,445, Further, assume that the second
system uses the single line scan camera in which NA = 0.1 and DOF = 27.5 microns.

Table 2 below compares the light sensitivity for these two cameras:

TABLE 2
Depth Optical
Typeof 1 \n | ofField | na? | FIDIXK Gain
Camera .
(microns) Og

96 row
(TDI) 0.3 3.1 .09 (9x) 26x 234x

Single 1x 1x

Line Scan 0.1 27.5 01 (Ix)
15 Processing the Optical Image Signal

Referring to Table 2, assume two materials differ in reflectivity by 1 count with
the 0.1 NA single line scan camera. With the 0.3 NA 96 row TDI line scan camera
configuration, these same materials will differ by 234 counts, free of noise from
electronic amplification The difference signal is computed by subtracting the two

20 camera signals [Camgig 1 - Camgig» | obtained by viewing the two different materials

at different times and at different spatial positions; that is:

Cam, , =[REF, * Og + Noise]* Eg (16)
and
Cam, , =[REF, * Og + Noise]* Eg (17)
25 While the difference in reflectivity between the two signals is small, the

individual reflectivity of each material may be much greater as shown in FIG. 1.

Therefore when these reflectivities are magnified by the large optical gain of this



20canera signals [Cansigi - Calnsig 2 j obtained by viewing the two
different materials at different tines and at different spatial positions;
that is: wamsigisof9REFi * Og + Noise]* Eg (16) and CaMsi g P2T[USEHB/NS3604 +

Noi se]* Eg (17) 25While the difference in reflectivity between the two
signals is small, the individual reflectiivity of each material may be nuch
greater as shown in FIG 1. Therefore when these reflectivities are

magni fied by the large optical gain of this 11 invention, the magnitude of
each i ndi vi dustengeméreanagngndd of CagheindjvidualrndmGarrng- CamgapetCamedy wi | | be

extrenely |ar h [ | I.ow ng. i | es; .In Example 1
it is assune&gi%ﬁ%ﬁeg’n‘glg@se egtgéenbe?%[?g%? agm%%%alk\ggelﬁﬁﬁ%igg‘g? 8xaln|1prl1€es' scan canera
with Og =l x. In tiBxexaapltaes asanat thdtihdgs auntbisenwhier . &M siggloriibeschal 1 5
and Cansig 2 = 16 cqunts when.view ng.material 2. For a Q.3 .TDl canera
M h oy = osameaigigr Sl eEHe B GRBh vt Dol TR aR i G Teant o1 o 2
= 3744 couynt snMiRYi €V RGuMBlvRE vbwidg material 2.1 For0BTRAETTR dainetaSvidts@gMed

that inages arg taken with _a 0.1%@si-ngle | ine scan, canera with Og =Ix. In
this exanpl e,” €4st Y50 9dd GHIE YIQTIRGMAL Ak 38 CAMsg2 71 §/44fqUtnsi g2=251
counts when wiiRWRG/inBhekHal 2. For the 0.3 NA TDI camera with Og=234x,
Canst g1=58, 734 counts when view ng material 1 and Canst g2=58, 500 counts
when vi ewi ng mat eft Bxanple 2 pds asspmeskthatdmpses g talsenvigai0.-» NApsipglerinascan t h 256

grey scal e | eyl ith QLB 153 bERER. CARRLIB56 cdufith UNliROmb X LNA 11 ne
scan canmera. However theré Is no 15di’'scrim nation between the two materials
because tlifey adil Gagrig 1725 b pduptsiwlpomgwinginpigrialle Foy dredm N4 TdHaeactaeriilzed by +
2 counts of T¥ i se._\\ . . r a2 evel (8
bit) camera c%ngfzﬁ‘x’brae%l %%éé\é\g%ggélg%’, \%%Jg‘@pﬁg ?Eggrk%ﬁffg%ﬁ (?\%nés'géu%gsudto is

sat urated. Thusyts wberdaitwingmutatiab2 extracted fromthe canmera signal. For the

first exanple i gnal _data reaches 3978 cou whi ch .ne t. least 12 20
bits to be roBrBEdeaahEel PR Em e ER R ertard R BERIEL TSaES] count s
whi ch needs dinageastriddl bhd Budine e 0NN keoirechmeti. ME@vdver haehs @f these
exanples we are only ipterested in th per ran f the data, whjch
represent’s t Ceimiedios RiLs C B T R Ui ﬁﬁ?%r%yag@slhmw WM&\*%; 3 for
Exanpl e 1 andydbipis chafaoteriBeasypt BcdntstdfRiBerahbist. hwes 1l ¢. eNpaeermet hodol ogi es
for extracting this difference data. 251. Subtract the |arge offset, shown

in FIGS. 3 afdmaa i p&lrel ghbibsgmasrame! bope bpfadice in both xeBpics. the t er
subtraction igitf R séuBida. afad, A9 dh@cBhi@ht Blu-LRBSH RE cén?er%ig%{a{l.de 22
intensity levels as illustrated in FIG 5 for Z=8 bits (256 Intensity
| evel s); or For the first example, signal data reaches 3978 counts which needs at least 12
20  bits to be represented and in example 2 signal data reaches 65,536 counts which needs
at least 16 bits to be represented. Since in each of these examples we are only
interested in the upper range of the data, which represents the difference between the
two materials, as shown in FIG. 3 for Example 1 and FIG. 4 for Example 2, there are
three alternate methodologies for extracting this difference data.
25 1. Subtract the large offset, shown in FIGS. 3 and 4, in the analog domain. Then
place the result after subtraction into a Z-bit analog-to-digital converter to provide 2%
intensity levels as illustrated in FIG. 5 for Z=8 bits (256 intensity levels); or
2. Place the analog data from the camera sensor into an analog-to-digital
converter with a dynamic range sufficiently large to accommodate the maximum signal
30  level and process only the data in the top of the dynamic range corresponding to the
difference between the materials, as shown in FIGS. 3 and 4. This difference can be
obtained by subtracting the offset in the digital domain after conversion by the A/D

converter as shown in FIG. 6



2. Pl ace the anal og data fromthe canmera sensor into an anal og-to-digital
converter with a dynam c range sufficiently |large to accommbdate the

maxi num sworal1/@097evel and process only the data in thecras2ab/osises dynam c
range corresponding to the difference between the materials, as shown in
FIGS. 3 and 4. This difference can be ohvtai ned by subtracting the offset in
the digital donmain after conversion by the AID converter as shown in FIG 6
12 3. Conbine nmethods 1 and 2 above by subtracting part of the offset in
the anal og dontbmbhefstiods bankt shayn bpyulithetimraitog tteafBtigh theanalopnver t er and

then subtractjpg. t&?orégé’%%{q {ﬂ%g?ﬁe é%%fo 104 ght?atl 9&9«%&&' PQ%\'EH s&tra%fgeth%' ¢

Exanpl e of | nvention Fent poOSSI
di stingui sh rrahamngloﬁfseharvthag@tamdnmnn reflectivi t| es in the presence of

noi se i ntoduced by the canera and Brpces i ng el ectronics. Scanning at high
speeds exasberates this Iim'tatﬁgﬁ—%E‘é—rillgl—ilﬁ%—%ﬁ%%1 ARG LY acteristic limted Iight
and short si nt egr atAsell bt BSirent i rBay 1 @8 bdsRIdIOY AistiAFiRsh hitess hdvirigt at | ons by
i ncreasi ng the cont bet ween t he terials, t hout i ncrea5| ng .t he

10el ectroni ¢ 'aééeffleﬁ“‘flﬁee“ ig Jhernarenopt 80ispRiqdpeddy| the camsii oSN cr eased

by: Using hi gitchhieptdcesmignsl h?glhtsﬁééa@'é)%asB&Qteﬂh%Llﬁﬁltatn@n a@d foged nore light.
Using a TDI CCD canera to i1 ncrease optical gain wthout increasing

el ect roni ¢ néhaecterissipligrted dipkignd shbintseitiohintey. ahhieinugsiaRrereaprydhasa whi ch
the reflecti \{hﬁlbéugﬁsfﬁ h&R&E I thS QU gﬁ?%e%ee'nﬁhé rﬂat&%s WRRGH: ih& ﬁgﬁe the canera

or image signal. acting the reflectivity différence in tiron from
t he IargelOdyr@mﬁrempamg@nsﬂl@waﬂemby 0 Subtracting a |arge offset,

corresponding to ?Eﬂe@w &L{agt% nclretayedzo terial, in the anal og domain

and placing the resu rac ron in an anl al og-to-digital
converter with Z histng hvghéﬁﬁoﬁtldslahdautsfosun‘tbcmncgelnuotoollasoeepm%l@m t he

anal g dat a1 rom CRECCaRN RFBRR RS SnIaL artare P SeghvBe LS P Ul Th o
sufficient dynam e@oik@nge to acconmodate the
15 Processing signals with a large dynamic range in which the reflectivity
difference information is in the upper range of the camera or image signal.
Extracting the reflectivity difference information from the large dynamic range
signal by:
o Subtracting a large offset, corresponding to the minimum reflectivity
20 material, in the analog domain and placing the result after subtraction
into an anlalog-to-digital converter with Z bits where Z bits is sufficient
to represent the reflectivity difference information, as shown in FIG. 5;
or
o Placing the analog data from the camera into an analog-to-digital
25 converter with a sufficient dynamic range to accommodate the
maximun signal level, corresponding to the higher reflectivity material
and processing only data in the top of the dynamic range corresponding
to the reflectivity difference information. One means to extract the
reflectivity difference information is to subtract a large offset in the
30 digital domain after conversion by the A/D converter. The value of the
offset should be the approximate signal value corresponding to the

material of lower reflectivity, as shown in FIG. 6.



maxi mun signal |evel, corresponding to the higher reflectivity material and
processing only data in the top of the dynam c range corresponding to the
refl ecti woyodidsb®rence i nformati on. One nmeans to extra®CTiuseowssicect i vity
difference information is to subtract a large offset in the 30digital
domai n after conversion by the A/D convaster. The value of the offset
shoul d be the approxi mate signal value corresponding to the material of
| ower reflectivity, as shown in FIG 6. 13 oSubtracting part of the offset
in the anal og donai n b&ﬁltbraetimvtexfshemffswndw aanlal dgmtio-bford ¢onmdrsicohyer t er
and subtracting the re ff [ | n sj,ng Lanp
Life and Adjusting the%m% d %t?alc Vr?&%raaﬁlgsg%}pa?m dt??%ﬁgm\?\% ee%gnnlhoptl cal
gain of Ix is too snal tilgltardompim caI gain as large as 234x may not be
required for a given ap?l i catl on, ; et op |cal gain can be
achi eved by varyi ng t he W5¥eEge 4 et F ol Fatp n accor dance with
equati on (515). Re%ﬁhﬁ@aﬂpﬁ%oh@fvﬁﬂksaﬂ%tl@iﬁl%@lnl dmkesasesmlgrm obmdaegaugas/en by:
LanpLife = LanpLife * [Vrat Voper ated | ) (gnpll =
expect ed |anﬂarg? R ntaﬁéloahetfﬁaweéﬁgrtaewem %leP‘Fe uﬁaﬁ‘atr SRR 1 at ed
l'ife when Op%raﬁ‘ltc%ﬁi b@achtiévéd wfyﬁsgttwmﬁger&tt@éimuﬁmaa&ﬂan@nﬂ adlorfafet =
Manuf acturers rated tage. 15 The rated |l a for a frequently
used Osram MyEH qu@twnigg) &é@l{cm@dwm Eltqlilélltﬁb@}&(hlnfifﬁﬁﬁﬁnra@pétf@ gsady:  Reduci ng
| anp vol tage by only 25%|nc S om 200 urs to 1 year.
Lanp vol tage shoul d be ad {Ze Z%mlflﬁ}m rﬁ(f%/%?pén”%f y(g t he hi gher
reflectiwvigty nmat efjpdde: 1 S sI ightly bel ow canera saturation, as illustarted
in FIG 7 which shows the 20 inmage of an |TO circuit on a PET substrate
havi ng different refl ebamplifepexpecpblampdidgeinibsaciid aist8d usi ng a 0. 3NA | ens,
in combination with a kbledfATel ARl diera @Rl uhbd Spefhcdhi! ar ge dynar c
range Al D converter. The bright materia 7°1s the ITO the dark
material is the PET subte¢ nanlefactm@r&mﬂedVWb@dapparent this invention
enabl es the inspecti onvgg‘lte&)arl\;lgn ?a‘%“ fgrglgvgltagerrat erials having simlar
optical characteristics, especia
15  The rated lamp llfe fora frequently used Osrarn Model EJV 150 watt quartz halogen

BIC UI'CI'S

lamp is 200 hours. Reducing lamp voltage by only 25% increases lamp life from 200
hours to 1 year.
Lamp voltage should be adjusted so that the intensity of the higher reflectivity
material is slightly below camera saturation, as illustarted in FIG. 7 which shows the
20 image of an ITO circuit on a PET substrate having different reflectivities. The image
was obtained using a 0.3NA lens, in combination with a TDI camera and the top & bits
of a large dynamic range A/D converter. The bright material in FIG. 7 is the ITO; the
dark material is the PET substrate.
As will now be apparent, this invention enables the inspection of parts with
25  diffferent materials having similar optical characteristics, especially similar
reflectivities. Moreover, it will be apparent that many substitutions could be made for
the specifically disclosed process and apparatus without departing from the spirit and
scope of this invention. For example, the disclosed image signal processing involves a
subtraction operation; an equivalent result could be obtained by establishing an analog
30  or digital threshold. Therefore, it is the intent of this application to cover all such

variations and substitutions.



reflectivities. Mireover, it will be apparent that many substitutions could
be made for the specifically disclosed process and apparatus w t hout

departi ngwbromash®7spirit and scope of this invention. PoT/USz@opba4t he

di scl osed i mage signal processing involves a subtraction operation; an

equi val ent result could be obtained by eatablishing an anal og 30or digital
threshol d. Therefore, it is the intent of this application to cover al

such variations and substitutions. 14 Cains 1. A nmethod for optically
inspecting an electronic part with fir€laimnd second materials each

| ndependent | nr efl el%éthﬁagog‘g écra}lﬂnsgecgngﬁlg ec%ll artt\xp r}%ls s&t h&) but with

simlar reflect|V| erla e|n urt

characteri zedndngrla@eabh idependenslyrad flec iy li ghit mtha hiigh o gifal- @ertonsmrat;o, betugiedd by
defects in that. ma r|51n e steps. of . A

i |1 uminating SPWéaré?fES{‘Ylb’nﬁhﬁraﬁtﬁ?%q%F r?aglm g poigg Bcﬁ%acgeé“?%]ﬁ’ged B)
generating r ekaibitig sill vaintibes wWeelectitiey @uediby@oiccts Pdithht @inerifAaldragi ng
station, 10C39enerat|ng at the imaging station an inage signal fromthe
refl ect ed | i ghtt QQﬁOH@“ﬁP%Hwéﬁ?Fega gain and low el ectrical gain thereby to

produce a high-gaixy, | gMmdRQiEse tHeBRGBosit iedn 4 Ralt ahardie bd Melbye for 1ight
reflected fromeach of the first and second materials, D)processing the

hi gh-gain, |ow noiBRe i BHIGEEE mhHive Biption betvaen e glegromcrsrfaaden énagingd  havi ng
a val ue based upon thegpefl ectivity of the material with the |esser
reflectivity characterlstlcs thereby to generate n-bit digital values
representlidng 2" i &densiingratiey ef the wiagirigestadies ar Enhgolatgp@ltfrqnn‘%geeﬂeh@d

di stingui sh between ref, ?ﬁg&hgpihfgggﬂga ?ﬁfg&ngﬁﬁgf§¥ &mg quﬁﬁ% det ect

defects in the el ectrontc pa as rec a|n1 wherein
sai d i mage si gnal geneah@hmgmsmapmnnnhEQEngwdmrﬂdmgn@heﬁsd@hn@ﬂanmhge W th

s Teci bed i1 claim 1 URBABITOLR B9 MgE=al GHF Benor at i ng oi ep | nel udes
acquiring the imagg W prlocdssigh thewigh-giallovapeist e Qighildy shigedsgtan
25aut omat.cal |y in respanse Lo, measur enEnt s, representing the distance
with the lesser reflectivity characteristics thereby to generate n-bit
digital values representing 2" intensity levels of the desired output
image that distinguish between reflections from ecach of the materials
and that detect defects in the electronic part.
20 2. A method as recited in claim 1 wherein said image signal generating step
includes recording the scanned image with a multiple-row time-delay-and-integrate
line scan CCD camera.
3. A method as recited in claim 1 wherein said image signal generating step
includes acquiring the image with high numerical aperture optics focused
25  automatically in response to measurements representing the distance between the
imaging optics and a location on the electronic part being imaged.
4. A method as recited in claim 3 wherein said image signal generating step
includes recording the scanned image with a multiple-row time-delay-and-integrate
line scan CCD camera.
30 5. A method as recited in claim 4 wherein the imaging station generates an analog
image signal and said processing thereof includes:

1) generating an analog offset signal,



i magi ng optics and a location on the electronic part being imaged. 4. A
nmethod as recited in claim3 wherein said i mage signal generating step

i ncl udes woecondisny7t he scanned i mage with a nul ti pl e-r oRCT/US2010/053604

ti me-del ay-and-integrate Iine scan CCD canera. 30 5. A nethod as recited in
claim4 wherein the imagi ng stati on genamkates an anal og i mage signal and
sai d processing thereof includes: i)generating an analog offset signal, 15
ii) generating an anal og difference signal by subtracting the anal og of fset
signal fromthe inmage ahal oggnsiatimadn analed diffdrgnce eigva by iswlgractie tha aabag
difference signal into the & digi val 6. od as recited in
claim4 wherein the inmagi ng&zstgﬁl$n%%§%%?111éerl}é}%éggﬁfﬁosgasgélagglwmage si gnal and
sai d processi ng ther eofii)i ncdondating ihy acdewdiffticng dignel anahog-bitniige!l si gnal
into a digital inmage signal, ii) generating a digital offset signal, and
ii)generating a digital dif¥%nce signal by subtracting the digital

10of f set si gmal f nomethbeasdiegdiciad claiiby &hSie@nhd intQingetEbapenctdda afabilbg di gi t al
value. 7. A method as recited in claimg éfh(?rei n said conversion of the

anal og i mage 1ma%fi5¢$f§laqdrwpéo<&ﬁsgrr&t§?re?fﬁa ¥dSignal utilizes a

anal og-to-digital convgrtercdhbatind@s afalgd ¥eBe SYAAMLE a dAMEEIMagddihdlet hod
including the step of adjusting said illumnation to set the 15 nage signal
from the higher reflectlvi tgeneratieg 3 dpital 9ffsed sightlh#d t he dynamic range. 8. A
method as recited in clqaim ' - I i GeNG an

anal og signal and sai dhgr oc%eggaﬁ%ge%ﬂ%&%g% eiq%%lbgl e%?()?itsﬁﬂggner a%i g§lan anal og
of fset si 1@na| ! offset signal from the digital image signal to generate the n-bit

digital value.
7. A method as recited in claim 6 wherein said conversion of the analog image
signal into a digital image signal utilizes a analog-to-digital converter that has a given
dynamic range, said method including the step of adjusting said illumination to set the
15  image signal from the higher reflectivity material to be within the dynamic range.
8. A method as recited in claim 1 wherein the imaging station generates an analog

signal and said processing thereof includes:

i) generating an analog offset signal,
1) generating an analog difference signal by subtracting the analog
20 offset signal from the analog image signal, and

iii) converting the analog difference signal into the »-bit digital
value.

9. A method as recited in claim 1 wherein the imaging station generates an analog
image signal and said processing thereof includes:
25 1) converting the analog image signal into a digital image signal,

i) generating a digital offset signal,

i) generating a digital difference signal by subtracting the digital
offset signal from the digital image signal to generate the n-bit
digital value.

30 10. A method as recited in claim 9 wherein said conversion of the analog image
signal into a digital image signal utilizes a analog-to-digital converter that has a given
dynamic range, said method including the step of adjusting said illumination to set the

image signal from the higher reflectivity material to be within the dynamic range.



ii) generating an anal og difference signal by subtracting the anal og

200f fset signal fromthe anal og i mage signal, and iii) converting the
anal og diwbeparmsel193i gnal into the n-bit digital value. ®CANUsetloOB606
recited in claim1l wherein the imaging station generates an anal og i nage
signal and said processing thereof incluades: 25i)converting the anal og
image signal into a digital imge signal, ii)generating a digital offset
signal, ii)generating a digital difference signal by subtracting the

di gi tal of fsétl. si dwwabratfus Gmophelldiimpptciing emalgetrapiigpeat withofiyeandsatoadt he n- bi t

digital value, 3010.4 {Eﬁéaél%e %g réﬂ%giiﬁ ‘5‘1‘[? h:t Qi 3idR SontENELA S, BuGRRver sion
of the anal og 1 age sign Nt o a |g%% |mageg5| nal” utilirzés a
anal og-t o- di girhiddr reteotratyt charatthadtichasctamaend ey fiathec chazaegeizedslay d net hod

i ncluding the s: of adjwusti.ng.said illum.nati.on .t et, the Lpage signal
from t he hi grarordeseef FURRY RNt e BVt et T ange. - 16
11. Appar atsus abparat@pédneilsing: i nspecting an electronic part with first and
second materials e%ch i ndependent | ﬁ?réf lecting light with a high

si gnal -t o- noi se raYi o, MBU [l I AMERHRG G CloghfqnicRaryin lopshar &€t ©rlist i cs, each
mat eri al being further; acterized by exhibiting small reflectivity

di fferences caused by defects in that material, said Sapparatus conprising:
A) neans for il ufnat MAYstrecasadng slative parien bohvepn thesdlegtrogis paréad ¢ be

i maged, B) neans for ggﬁ%q tifgnrel ative notion between the electronic part
and an i maging station, TOC)neans for generating at the inmaging station an
i mge sigfal fromhe mefrsdert gederpiinphat thesimagin stghoropt imaat sigeal froartbie | ow

o i1 al SaL 1, Lt ek 0 g, LAl i G0 0 LIRAESEL GRS 0
mat eri al s, D) nmeans f or ppdoeedsghngpit,hew-moghirgaienignal thayis digirsevd foaghtsi gnal
by reflected from each of the first and second materials,
D) means for processing the high-gain, a low noise image signal by
15 subtracting a signal having a value based upon the reflectivity of the
material with the lesser reflectivity characteristics thereby to generate -
bit digital values representing 2" intensity levels of the desired output
image that distinguish between reflections from ecach of the materials
and that detect defects in the electronic part.

20 12.  Apparatus as recited in claim 11 wherein said image signal generating means
includes means for recording the scanned image with a multiple-row time-delay-and-
integrate line scan CCD camera.

13.  Apparatus as recited in claim 11 wherein said image signal generating means
includes high numerical aperture optical means for acquiring an image automatically

25  focused in response to measurements representing the distance from said imaging
optics to a position on the electronic part being imaged.

14.  Apparatus as recited in claim 13 wherein said image signal generating means
includes means for recording the scanned image with a multiple-row time-delay-and-
integrate line scan CCD camera.

30 15.  Apparatus as recited in claim 14 wherein said imaging station generates an

analog image signal and said processing means therefor includes:

1) means for generating an analog offsct signal,



15subtracting a signal having a value based upon the reflectivity of the
material with the | esser reflectivity characteristics thereby to generate
n-bit di gvoabivabises representing 2n intensity | evel s ofPCrius2dessiced out put
i mage that distinguish between reflections fromeach of the materials and
that detect defects in the electronic pamt. 2012. Apparatus as recited in
claim 11l wherein said i nmage signal generating nmeans includes neans for
recording the scanned image with a nultiple-row tine-del ay-andintegrate
line scan CCD canera. iil3. Wgpafatescrageragentlegdifiereptaiignal by wiverding sai d

i mage signal generating ne ncl ert pti cal
means for acquiring an |nagg§gh(§ha gﬁﬁgPpﬁggﬁggcusggﬂ%%SIng%%ﬁge to
nmeasur enent s representiing tihendfatcameetiferthaamtgdifferagic signaphtiodis A-bit a
position on the electronic ar gelng i mged. 14. Apparatus as recited in
claim 13 wherein said inagelgﬁgﬁ F¢generating means includes neans for

r ecor di ng st hel6s camppstatusagecitddtii cRin 4 tvhple-shioMinb §iAE sedrogenaiads Bt egr at e
| ine scan CCD canera. 3015. Appar at us, as reC|tegF|n claim 14 wherein said

i magi ng st at .aaﬂO@gﬂae%ﬁétgaglaaﬁsaﬁalr%@ssmﬁré@énssﬁhgﬁ ¢4 ai d processi ng neans

therefor includes: i)npans §omsagnehatildhdhafipahag Qfdselo shignal , 17 i1)
nmeans for generating an anal og difference signal by subtracting the anal og

of fset signal fromthe anal B2t #8efd signal, and iii) means for converting

t he anal og difference ﬁjgnﬁhahﬁkﬂgkﬂﬁmﬂggkhgﬁhQﬁ&ﬁhﬁMﬁhﬁﬁ 516. Apparatus as
n

recited in claim14 wherein said imgi tion g erates an anal og i mage
signal and said process]nglnsmﬁ§HEMEr®ﬁmﬂﬂhmbﬂdd@gmcq@ﬂ@éhxﬁﬁuﬁﬁumnvert|ng

the anal og i mage signal |ngﬂealgmqk&al&gggggyﬁggHgl H&@%gﬁeragé Lrate

generating a digital offset Si nal ng a digital
di fference signal by subtra@bnmmxm@eldngatal of fset signal fromthe digita
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analog-to-digital converter that has a given dynamic range, said illumination being
15  adjusted to set the image signal from the higher reflectivity material to be within the
dynamic range.
18.  Apparatus as recited in claim 11 wherein the imaging station generates an
analog signal and said processing thereof includes:
1) means for generating an analog offset signal,
20 i) means for generating an analog difference signal by subtracting
the analog offset signal from the analog image signal, and
ii1)  means for converting the analog difference signal into the n-bit
digital value.
19.  Apparatus as recited in claim 11 wherein the imaging station generates an
25  analog signal and said processing thereof includes:
i) means for converting the analog image signal into a digital
image signal,
11) means for generating a digital offset signal,
i1) generating a digital difference signal by subtracting the digital
30 offset signal from the digital image signal to generate the »-bit
digital value.
20.  Apparatus as recited in claim 19 wherein said conversion means includes an

analog-to-digital converter that has a given dynamic range and said apparatus



anal og-to-digital converter that has a given dynam c range, said

illum nation being 15adjusted to set the image signal fromthe higher

refl ecti woyonatserdsral to be within the dynam c range. 1@CAaSarianssoas
recited in claim 1l wherein the imaging station generates an anal og signal
and said processing thereof includes: i)geans for generating an anal og

of fset signal, 20ii)neans for generating an anal og difference signal by
subtracting the anal og of fset signal fromthe anal og i mage signal, and
iii)nmeans foraddionnedlytinahgles heamrfat aigusting fead dlnoenasipy tvedet thairoageseznakflin
digital value, 19, rat.us .recited.in claimill wherein the inmaging
station gene?%%%gmgﬁggggﬁﬁpggé¥¥gﬁ%ﬁwg%%ﬁgépﬁm%F6%§ESing t hereof i ncl udes:
i) nmeans for converting the analog image signal into a digital inage
signal, ii) neans for generating a digital offset signal, ii)generating a
digital difference signal by subtracting the digital 30offset signal from
the digital image signal to generate the n-bit digital value. 20. Apparatus
as recited in claim19 wherein said conversion neans includes an

anal og-to-digital converter that has a given dynam c range and said
apparatus 18 additionally includes neans for adjusting said illum nation
to set the imge signal fromthe higher reflectivity material to be within
t he dynam c range.



