WO 01/ 69206 PCT/ US01/07331 1 | MAG NG SYSTEM FI ELD OF THE | NVENTI ON The
present invention relates to an imagi ng system BACKGROUND | NFORVATI ON 5
Machi ne waeone2sgstens are commonly used in industry for PCDWSOITeRd

i nspection. In particular, these systens are used to obtain digital inmages
*of objects in order to determne, with a conputer, whether the object is
of "acceptable" quality with respect to predeterm ned specifications. 10
An exanpl e of an application forMacmRehgreTEMSI On systemis inspection of
sem conductor chi ps and sem conductor device packages, both | eaded and
grid array. In such a system for |eaded packages, automatic inspection
usi ng i i SHPN NGENDrearried out, "in particular, with respect to
defectlve | eads and defects on leads. In a typical systen1 a nunber of
devi ce fﬁhd%%&ﬁ%ﬁ%ﬂk?Y%ﬁﬁﬁﬁf\Mﬂh%§Q%1QQKﬁq iewgdlingr sys&¢m-and a conput er
conpares the inmages to device. package specifications stored at an earlier

tinme. Nhné of these Séstens are fairly 20 good at detecting netallic,

hi ghly h as slivers or burrs found on |eads.
Haev ea chii@se vanwentdyans syt edrmdavs diskhi ¢yl EXdQQE??t £Bg [39 &l an,
non-nmetallic matter, such as fibers and ot her contam nat ackllght
technléﬁé§dcéﬁsﬁ@cﬁéé@ f ol 1| @adédcpaekagsbessusysheps ﬂequusedhandllng of
each aBQt§¥ﬁrH1@§%erlwﬁb%Q b% BQE@BE%athorg@gagbn8e£8 &bﬁefrggkée Ieads

Backlig htlng cannot be used s or grid array pac ages
Accor dFRABPEESEN Bhakprs éﬁﬁo@bﬁﬁﬁ? éﬁ phe pﬁéSEh@blﬁVeqﬂabntyaw1systen1|s

prOVld?Qsﬁ@étlHBQbBQd@HeQQhHQE %@81§¥é£€ﬂbhﬁC|Udes a l'ight source for
|Ilun1nat|ng the object with t he t fromthe |ight source having

ROtirst wavel ength. The
An example of an application for a machine vision system is

inspection of semiconductor chips and semiconductor device
packages, both leaded and grid array. In such a system, for
leaded packages, automatic inspection using machine vision is
15 carried out, in particular, with respect to defective leads
and defegts on leads. 1In a typical system, a number of device
packages‘are imaged while in their carrier tray, and a
computer compares the images to device package specifications
stored at an earlier time. Many of these systems are fairly
20 good at detecting metallic, highly reflective defects such as
slivers or burrs found on leads. However, these conventional
systems have difficulty detecting foreign, non-metallic

matter, such as fibers and other contamination.

25 Backlight techniques can be used for leaded packages, but they
require handling of each and every device which is potentially

damaging to the fragile leads. Backlighting cannot be used on

chips or grid array packages.

30 SUMMARY

According to an example embodiment of the present invention, a
system is provided for iméging an object. The system includes
a light source for illuminating the object with light, the |
light from the light source having a first wavelength. The



WD 01/ 69206 PCT/US01/07331 2 system further includes an inmage capturing
device and a filter device. The filter device is transm ssive for |ight
havi ng awoaveRength which is different than the first warer@sgvdr3siand »
reflective for light at the first wavel ength, the inage 5 capturing device
.capturing an inmage of at least a portion of the object using |ight
transnit$ﬁﬁt¢mr6ughheheim¢lu@¢sd@wit@ageThepgwsimgn¢Emd¢qu4¢ﬂwaiﬁﬂﬂuﬁme a
dark fie um i S Al Fi g.
1ill ustég‘f eéséa f?}?éstpg%<tééyl<gg\g%% emggécgg?gﬁ%at‘g tﬁg} g-el_sent V(J: i on.
Fig. 2 |Weimsltera¢els wh &t ongl @xﬁfmt@xtsysm@rm Ao of i 31y Vtay&lh@gdﬁ Fpreesent
|nvent|on oms a am)l,e. o i ac ordlng to the
present i nfvleen i on. g ot\!/\r/‘se aEJfﬁl r n%%:leqa% s’ysq]eem gnccgordl ng to the
pr eSent capmentng)rdeﬁ@ &ﬁhm\sxgammxanqﬂ@ off zn liawge < apintrieth wsf ng t he
dar k Id Ilunlnatlon te according. tq the se |nven |on

Fig. 6 s ¥Eur (4 ]erkgdr%%/% sy@sﬁanrﬁnélc%%%g%lt%r%ugr{)hgl pg{alslen o \}erﬁl on
Fig. 7 iThea sf)ls(nmhaﬁaty sthowd hegr tilres Jprdee ess darck ofi ednd mmgmi‘r&&l@a:pt ured using
t he exa I%ﬁ?ystenlshomn in Fig. 2. Fig. 8 is a flowhart show ng the

pr ocessi ‘an image captured using the exanple systemaccording to Fig.

4. 35 DETAI LED DESCRI PTI ONFig. 1lillustrates a first exanple system
accordi e systemincludes a |ight source 100

£ o0 wWo BRAES ating an object 110 with |ight,
t he IIQMngrQWhﬂhﬁstrates a first example system according to the

present invention.

Fig. 2 illustrates a second example system acccrding to the

15 present invention.

Fig. 3 shows an example of an image captured according to the

present invention.

20 Fig. 4 shows a third example system according to the present

invention.

Fig. 5 shows an example of an image captured using the dark

field illumination system according to the present invention.

25
Fig. 6 show a fourth example system according to the present
invention.
Fig. 7 is a flowchart showing the processing of an image

30 captured using the example system shown in Fig. 2.
Fig. 8 is a flowchart showing the processing of an image
captured using the example system according to Fig. 4.

35 DETAILED DESCRIPTION

Fig. 1 illustrates a first example system according to the

present invention. The system includes a light source 100 for



| i ght source 100 having a first wavel ength. The system further includes a
filter device 120 which, on the one hand, 1is transm ssive for |ight having
a wavel ewpohioizoeh is 5 different than first wavel engt h, podusew/d7BE ot her
hand, is reflective for light havingthe first wavel ength. An i mage
.capturing device 130 captures an inmage of at |east a portion of the object
100 usi ng llunghta ttimgnsm tdbegice dthriddg witthe lfiightter theeviigent ¥iolmn tbree exanpl e

operatign of the first, enbodi nent, .the light source_ 100 il ]l um nates the

obj ect 130 RS U OSneae 3 it S LSOt | Gt SYREER i npi nges t he
sur f ace fafrthlee ibcabjdect allQ,1tetr ideiviige flAI0 ekdnpl e onnehal bine, hand,

non-fl uqrescent  portions of.t%i gbject, IS reflec%gd Eé he object toward
the imadge *APCHEESET t@T13G I FnEaFilPFel HBVFLEPYSE, “EohFi dfred to

refd ect giffgerexadmphan litrsavivalvel ehigght , adidr eat $hehibgheef heatiediki ght 140
away fromthe i nmage caﬁture. evi.ce 1%0. .20 Sone ?f thﬁ | i ght ,which

i npi nge<efh8CShVEaleTof 100E 8B4BE TRe0f1EPFi KANGLIePErNexanpl &dmage

nonmet akkpeurfihyoreseent 150r ekgRurset har inagkherobretkastsaapsethed by this
matter which then flugresces as a result. The IigFt 150, for eianEIe

vi si bl e®35tPegRPIEELgl00n4asiRg A1dATeFEAGPRIWAEEntNECRBRgERSt AAhtEhe

source Hbghty, emtted by the object toward the i nage capture device 130
is transmtted through the filter device 120. The inmage capture device 130
C%Btures an i mage of the object using the transmtted light 150. 30 Fi.g. 2
illustrates a second exanpl e enbodi nrent of the present invention. This
- second exanpl e enbodi nent is described ipn the confext of a |eaded device

i nspect FBrPRY sTEMPHRVRREF 2t HPRePt GhpI FEETT cHRPQIHERE  cHF st Ibssi bl e.
35 As sh@wwcd M Ed 0il Pumdndt @9t tBOUSIEP 200116 WwitlVifledul®raviolet

light. Some of the light which impinges the surface of the
15 object 110, striking, for example, metallic, non-fluorescent
portions of the object, is reflected by the object toward the
image capture device 130. The filter device 120, configured
to reflect, for example, ultraviolet: light, directs this
reflected light 140 away from the image ~apture device 130.
20
Some of the light which impinges the surface of the object
110, striking, for example, nonmetallic, fluorescent foreign
matter on the object, is absorbed by this matter which then
fluoresces as a result. The light 150, for example visible
25 light (e.g., having a wavelength which is longer than the
source light), emitted by the object toward the image capture
device 130 is transmitted through the filter device 120. The
image capture device 130 captures aﬁ image of the object using

the transmitted light 150.

30
Fig. 2 illustrates a second example embodiment of the present

invention. This second example embodiment is described in the
context of a leaded device inspection system. However, other
applications are, of course, possible.

35
As shown in Fig. 2, a light source 200 is provided to

illuminate a leaded device package 210 which may be in its



illumnate a | eaded devi ce package 210 which may be in its WO 01/ 69206
PCT/US01/ 07331 4 carrier tray with an ultraviolet light. An excitation
i ght f™voowi/beod i ght source 200 is transmtted through aptEmsoigysiiem 215
to a filter and beamsplitter 220 whi€h is configured as, for exanple, a
long pass filter. The filter and beamsplitter 5 220 reflects the |ight

onto the-fackager 200 wiRH td0Nns ©fa d el Packags 2510, HQUiexamy a.ighhe
non-fluorescent netal |eads and the plastic body, reflect the Il ght

i mpi ngi fFom Hdteohni Ithe Ut 24 et R 50k tfe S& oAt ond-eaf BiYs tEM

devi ce packags 210 R NtAHNDHHE A Ay el BNGHN @S it c3qUEe ed bt |
here, ultraviolet. Accordingly, the Iight reflected fromthese portions of

t he devifex el ahe flianderPagid Hddnr spllia &l lzeg, angd bgameplistiesct ed

by ¢ he Hijlgt et fand-theame SAlGH &nt22Ghd phckag® 21@i.rection away froma lens
system 230 15 and charge coupl ed device (CCD) canera 240. In accordance

with this second exanpl e enbodi nent, the wultraviolet |light is absorbed by
forei gnpRRLeLial oN thite padeulee 2RACKAYS. Rl r e ekh gl L scing
as a reggﬁt. 20 Fn Fhispgxangle e%ﬁo ineﬁt, FE%'IFgEtgghi??gér%%gghg

f or ei gnmefatedeadshasdathavellergtilk Weidyh rsfleagethehanghheinbingingl et
source |j For a LLte ig y L h isible |ight
spectru%bg% 8nligﬁ?étggbﬂfsggﬁﬁgggghi%r%heghagge ??8%88% ?Eeyéglter and
be8m spHeviee pagkpget PaAsmringdins theoaghet Wevélénethaad beanssprcet er

220. Li i LS i th - il e itter 220
I e
transm fred thghe perthensCpf2be FaeigCeDtoBdr@4he sf thgt eand doearr ane

gr abber r oces , ! C i of the
obj ect 3%?%%%%32% airzlgm?l?%téﬁélplgﬁ?ig%t%?g% gt?g %eﬂgég?%pdrmy e used to
di spl ayskheteaptef@d I ntige i a dbepchion wwaysirm asiens tws teaptad®ed

imge, f04 elgh Bt &8 c @Nud e dEVEES) Paskage Jpy. be

In accordance with this second example embodiment, the
ultraviolet light is absorbed by foreign material on the
device package, the foreign material fluorescing as a result.
20 In this example embodiment, the light.emitted by the foreign -
material has a wavelength which is longer than the ultraviolet
source light. For example, the emitted light may be in the
visible light spectrum. The light that is emitted in the
direction of the filter and beam'splitter 220 is transmitted

25 through the filter and beam splitter 220.

Light which is transmitted through the filter and beam
splitter 220 is directed to the lens system 230 which focuses
and/or directs the transmitted light to the CCD 240. The CCD
30 240 is coupled to a frame grabber 250 and a processor 260,
which together capture an image of the object using the
transmitted light. A display device 270 may be used to
display the capturéd image to a user of the system. Using the

captured image, foreigh material on the device package may be

35 identified.

Fig. 3 illustrates an example image of a portion of a package.



35 identified. Fig. 3 illustrates an exanple inmage of a portion of a
package. WD 01/69206 PCT/US01/07331 5 As shown, the package body 300 and

t he devi eobeextss 310 are barely (if at all) visible. Howeeeusowr7ssiber 315
whi ch was adhered to sone | eads of the device can be clearly seen. Here,
the fiber 315 is bright in conparison to the dark 5 background. Fig. 4

i1l ustrateshvdrti rehexsdptagenmmnd) ot ofd the pasert 1damsentlioonreThi s
third e;iqfle %HQQdinent i s an enhancenment of the enhodi mrent shown in Fig.
2. I'n patAisddl artt dticdtdiIng” 1o RS 1 hitoWstsodi ferftiPe ddrk Whitshgwas

i1 um natdrar sy Lm0 lisaiddad tHe ddia @medi menic1ehowy iseehi.g. 2. The
dark field illum nation 400 may be used for detecting, for exanple,

net al | i deg&redths Hidehm H3 vier Bt A dity GPRFEdRRGe tre 4B, daskKi vers and
burg s ang et .uri ng defects which could cause 15 leads to electrically
short to adjacent |eads. As shown in Fig. 4, the dark field illumnation.
system 400 includes a. |Iong wavelength |Iight source, such as, for exanple,
a ring Igight 4410, 5304t diaf frusey 428mbek dibbushbdct Be khgh%rggeﬁﬁ‘tted by
the ring I'ight 410. -(In the exanple -enbodinent, the ring Iight 410

i ncl udesnvestipps. ) ThAen thkgddgxrrmpilel gmbediipanhat FoAns§shanrgpent sof

act uat edpel LABbAG MMt BRLKHNGA! FIRL 211 | 4R Batc%%cwsrpaséésgd%g- el ght
impinging, for exanple, the netallic |eads of the package 210 and any
sﬂpverstgﬁsbemb§d29€6§usé darkefiseldodlyminpipnghystemst@Pt b addede

directiep tRE ERSobihbRE 8RdwReam sphLtber 2R0. qJPkSeibight is transmtted
through the filter and beamsplitter 220 to the Iens 230, onto the CCD

240. ThéloapipabiandiPAempyahe yradbéer debepkdvydefer cepamprl i mage of the
devi ce RackpPE-2d0rLecbhsudh PrOLESSP 0262 0phiPF B GCESSANY-1ddypone

enbodi nent, the dark field illum nation system 400 ‘and he |1 ght source
200 naySbevoperat@deeegbent s anejufagturing defects which could cause
15 leads to electrically short to adjacent leads.

~ As shown in Fig. 4, the dark field illumination. system 400
includes a long wavelength light source, such as; for example,
a ring light 410, and a diffuser 420 for diffusing the light
20 emitted by the ring light 410. (In the example embodiment,
the ring light 410 includes red LEDs.) When the dark field
illumination system 400 is actuated, light from the ring light
illuminates the package 210. Light impinging, for example,
the metallic leads of the package 210 and any slivers or burrs
25 cause at least some of the light to scatter in the direction
of the filter and beam splitter 220. This light is
transmitted through the filter and beam splitter 220 to the
lens 230, onto the CCD 240. The CCD 240 and the frame grabber
250 provide a captured image of the device package 210 to the

30 processor 260 for processing.

In one embodiment, the dark fiéld illumination system 400 and
the light source 200 may be operated sequentially. In
particular, one image of a first area.of the package 210 may

35 be captured using the dark field illumination system 400, and
a second image of the first area of the package 210 may be

captured using the light source 200. Each of the two images



particular, one inmage of a first ar.ea.-of the package 210 may 35 be
captured using the dark field illum nation system 400, and a second i nage

of the fiwebi/emea of the package 210 may be captured usipgrake/d7sght
source 200. Each of the two images W® 01/ 69206 PCT/ US01/ 07331 6 can then

‘be processed and defects detected. The inage captured using the dark field
i |1 um natarort lsyrs thempd- scmddd dvel  durfoness atk fagrt enet ghlei ¢ mdgkechpuwkid e t he
i mage capt.ure Si the i ght urge 200 caoul d rocessed for the

non- net a Ll%(? g;r% tfi(;drgrekscfrelrﬁl&dg elél?ns .nalctnloélnostyhsgremerégﬁdl r?éjgt% %tehe dark field

i 11 um natricore ssyest ford @@ tadid ot e flacgist, swirlee t2@0 inmgebeappetratedsing

si mul taneousl.y. That is, both the dark field illumnpation system 400 and
The |1 gREoig bt GO 78 58 A B8 &SR eb UL P, PaRa TSt e hife | mage
of 5an arfeaoalesideatdeifeetgackage 210 may be obtained. In this image, both
nmetallic defects and fluorescent, non-netallic defects would be visible.

15 Fig. 5 shows an exanple of an imge captured using the dark field

i Il um nahi anosyetreempBAimbatshens, duke Ifeads 200uminébeonpagkege and
ble. 20, Fig. 6 shows

nmetallic nuf acturi ng. defe 501 are clearl Vi S]

Bt i r dSBUaNBPe LABEAPREAESof ODNB2Hr BEaRPo T aF A LT OHE A Re QRLYat LA br m  As

illustrasedpodn epti gakk sysiem 600misaBRUAt edsomad ganiny S0, 1 Bqeh
measured such as a, sem conductor chip or

posi tioned abogg an ogjéect to bg ‘y’l

skt condBRTGF d480i BaYpatkagku2ied THBULhABEONEYY st3 1Y Hes I tontBadred

wi t hi n dheaneheeauppntnbi ebvibeypaekeqgéabl o cas gbOrobtieyedmpy ige i ngul aLed
ages nay be

and in carrier trays. Simlarly, the epn] conduct or devi ce C

in carrt®B#9%+ QR TR ai)g}f? C%T‘A‘[%?/E? eﬂ?éogl%??%ﬂ%défoqﬂ?e% e, one of
t he optidepéctysienbd shownisibfdg. 2 or Fig. 4, including, e.g., 30 the
illumnation portions and the filter and beamsplitter 220, and the CCD

240. The gantry 602 may include, for
15 Fig. 5 shows an example of an image captured using the dark

field illumination system 400. As shown, the leads 500 of the

package and metallic manufacturing defects 501 are clearly -

-visible.

20 Fig. & shows.a third example embodiment of the present
invention in schematic form. As illustrated, an optical
system 600 is mounted on a gantry 602, and positioned above an
object to be measured such as a semiconductor chip or
semiconductor device package 210. The chips may still be

25 contained within the wafer upon which they were fabricated or
they may be singulated and in carrier trays. Similarly, the
semiconductor device packages may be in carrier trays. The
optical system 500 may include, for example, one of the
optical systems shown in Fig. 2 or Fig. 4, including, e.g.,

30 the illumination portions and the filter and beam splitter
220, and the CCD 240. The gantry 602 may include, for
example, a motion mechanism (not shown) such as that described
in U.S. Patent No. 5,463,227 issued to Stern et al., expressly
incorporated herein by reference, for positioning the optical

35 system 600 to.different X-Y positions above the device péckagev
210. The motion mechanism may be controlled by a computer 604
(which includes, for example, a microprocessor 604a, a memory

device 604b and a program storage device 604c) to



exanpl e, a notion nmechani sm (not shown) such as that described in U S
Patent No. 5,463,227 issued to Stern et al., expressly incorporated herein
by referavngel/sf206 positioning the optical 35 system 600 tpcOUBéRI7831L X- Y
positi ons above the device package 210. The notion nmechani sm nay be
.controlled by a conputer 604 (which includes, for exanple, a

M Cr opr eeassit iGG4ay BoRRRBLY tdm%vld‘eeu@;%tg;a%még@ prnegaam %h@r%?»%l@é\ii ce

604c) to V\g 01/ %t%ZOG PCT/ US01/07331 7 -automatically p05| tion the device
package SYP3 Fh®Uhé Ogpei Balrtl?y“stoéfmté’(?o O(PcFrlCélpéb’ﬁitSW of etRE1gpt teal

syst en) eaehatdthert Goreamhget Bapthele.i Mg ¢3RLHEEN gbetHQSEEbﬂﬂlﬂg the
scannin axis is transmtted Hé the conmputer 604 to process electfronics 5

605. (I A*&R 4Pt &FRAFMVELBALBYI FBAL COE“ﬁélteﬁtﬁ@él tgyBrefr680eleempnscs

stgtiongpy. andnt hg gbter@atﬂew @ﬁb@@qknaa% 211:Qe'§ tﬁpyfdsygg .‘)'al 3 6“3' ation
tabl e automati cal | exanpl e, corrput er 4 nunber of

contro or
sem conHﬁ’é‘?éf‘SdéWgbon‘bé)ékaﬁ’é@ Fré? Eélaupﬁnﬁﬂ’t@?Ilyaghdg%eé]h@ntsal |y
processgdvyai 89219 Ef'éx%sﬁé/@i@m t8bfe aexoas!w@@ii)ﬁaé&é{tm)ﬂ%@ ﬁgt heg the

optical systemor each of the sem conductors packages at bp roprl ate
time foPXPRBRYE. captRitesr Cald) col | Bchebey ehesoptderducyest ete 6O ar e
transmgsed 2y Bk AN Qeh 51 998 h S 699; ,ghe
processFg elae???on?}(lzs 605, which |n%: ugré& §?(§\5 exzarsrlpﬁe\} eé:%ggé%%sdslfsgln%
QDcessidhss (PEPLIN. i ¢l talby orehemaE ¢l by ROV tesrtshe mrtdieoppt ocali gi t al

B
(A'D) copviesd ess, e d R @gmow&arg iGatdQn links, receives

and processes the analog data. 20 The. processe ata |s then transmtted
to t he ATIHRAREF2B04L iMey Togndimags camfeureesul ts of the analysis are reported
to an operator on output device 606. Fig. 7 is a flowhart show ng the
processing of an image 25 captured using the exanple system shown in Fig.

2. The Batggeoldmctiede®yi $hei oft itdale sttt 609t @ye7 tORNsTH4tt eids, atshe

i1 8t ensiahy aval1uRy ati g8agh & ¥heodiate AfedtheniMBIBoES The process
electronics 605, which includes, for example, digital signal
processors (DSPs), digital to analog (D/A) converters, analog
to digital (A/D) converters, and input/output (I/0) and
communication links, receives and processes the analog data.

20 The processed data is then transmitted to the computer 604 for
analysis. The results of the analysis are reported to an

operator on output device 606.

Fig. 7 is a flowchart showing the processing of an image

25 captured using the example system shown in Fig. 2. The image
obtained is first thresholded (step 710). That is, the
intensity value at each X-Y coordinate of the image is
compared to a threshold intensity value. If the intensity
value is lower than the intensity value, the image portion at

30 that X-Y coordinate is designated "background," and may be set
to "0" for example. Everything else is potentiélly foreign

material, and may be set to "1" for example,

Next the image is scanned for clusters of "1"s, or bright
35 images (step 720) .- The location for each cluster found is
identified (step 730), and reported (step 740). A package may

be rejected based on the number of clusters identified, for

example.



conpared to a threshold intensity value. If the intensity value is |ower
than the intensity value, the inmage portion at 30 that X-Y coordinate is
desi gnat exo dbexkgr ound, " and may be set to "0" for exanpber/URBwmen7yiihi ng
else is potentially foreign material§ and may be set to "1" for exanple,
-Next the inmage is scanned for clusters of "1"s, or bright 35 inages (step
720) .- Fheg.l écats en flowcbach shostieg fthengrosesikiegt ofi ed (sagp 730), and

oDt orSePSURR (BT SHEKRRET oy SR REAE ISP E oS, 5% s 1
a f| owchart ishdirng fPRePEPEE8SENH] tHE garkmhgeldcapage edousfay the exanple

system sheuBsikinG 8héd, ﬂnagepaag)teylear usfifg B&@ﬁeéﬁé ngatherdatk field inmage,
or_for rocessing the inage Etur gsmg both the dark field 5
i 1Puni nhi OR8PS ERM ﬁﬁﬁt?'ﬂea’f‘ PesoapPeE 58Bret ‘ﬁ’% ofy Fige ‘fmage obt ai ned

is first threshol ded as di scussed above in connectl on with Fig. 7 (step
810). lp this ima the.l ead ) duct devi c ckage w il be
vi si bl ePhe o TRE"] ggtalri%dl S f| TSt tségrc e(gl(? ?/?Sl’b?cusf ea&(;s"’lgD

parti cm@mr,le@heonrmgbh Fig sear téeepf 81 0hn érdgehxﬁf Janafge,sttheeabbe(cteé epft 820).

Once t he,e edgRi Obnbhier &4 r&évi@@dpéékégél%lih?erﬁ@m&gé ae?i?es Hifag Ocat ed

usin re-stored device_ package eciTications exanpl e

g P
A9 of khef bFFgnteardrd |frP1f h‘él%%b% teadas tHepart igbaked the glmaqg/
sear chiing deirchedt f5s antddgietel n nf NEsX-MeLDOftidiataen), . | PHYd nthd he

Ieads 840 hese .bri ght eas i ncl ude,. for, exanple, images of
(ed{ 95 suchgasstsllievaégs a% %na%% ﬁe"ﬁm&&ﬁf 7% metal lic
for e| grlqmtefrd aksind Hrtﬁesnog‘rﬁd savioee Zﬂﬁ:km Mnfrlcamoa@dl tfican of the

dark fisglshdild updegd igad)Systham o fThGRe Ko aG@Ast A ntlﬁ% 1 GRge! %‘2 n(step

850). Wil e t he present invention has been articul ar sh ovvn an
descri b8k hestakeshdé -Bo +pitdt seadFeish ﬁtlélsttﬁé‘lseéﬂ

determining X-Y coordinates), ignoring the leads (step 840) .
‘These bright areas may include, for example, images of metal
defects such as slivers, and images of fluorescent, non-
metallic foreign material (if the light source 200 was used in
20 addition of the dark field illumination system). These areas

can then be reported (step 850).

While the present invention has been particularly shown and
described with reference to preferred embodiments thereof, it
25 will be understood by those skilled in the art that various
changes in form and details may be made therein without
departing from the spirit and scope of the invention. For
example, it is possible to use an image capture device other
than a CCD camera. For example, any type of light sensitive
30 device including, for example, photo sensitive diodes or diode
arrays may be used. Also, with respect to the light sources
described herein, light at wavelengths other than those
described above may be used depending on, for example, the
wavelength necessary. for fluorescence excitation or the type

35 of filter arrangement used.



25 will be understood by those skilled in the art that various changes in
formand details nay be made therein without departing fromthe spirit and
scope of whel/sawenti on. For exanple, it is possible to uBeT/asol/aTBgIE
capture device other than a CCD cameta. For exanple, any type of |ight
.sensitive 30 device including, for exanple, photo sensitive diodes or diode

arrays Whgythésu€edimaAHsPs:with respect to the light sources described
herein, light at wavel engths other than those described above nmay be used

depending on, for exanple, the wavelength necessary.for fluorescence
excitation Brs?hﬁemyﬁer Bﬁagingihhebbaécangeﬁmmfiyﬂaﬂ WO 01/ 69206

PCT/ US01/ 07331 9 stem for ipagin n obj ect,
conprising: a I|g%VT Fc%o?B?e g?ﬁnfﬁi??h@a o%ﬁ%xﬁbWﬁ%£1éa§§E|tation
light, the execiwdtDon|iphht | rﬂmatdélﬁcit@hion soijiee heom Nthea Tidist

wavel ength; a dark field |II€n1nat|on g 3 mfor illumnating the object

with Iight rﬁﬁﬁ?ﬁsz?YﬁQ% tfghgtave ‘ge capturing device; a filter
devi ce which is ta ansii Sﬁie/pdfpxlurﬁimmcewsdéngfﬁoxemltltlﬁ(irtatitmf obj ect
and for light at  the third wavel the fluorescent |light being at a
second wavel SHytdPHHIFE ettt ]flr?}?ﬁt 1fr?grs,at W gt endthe filter device
further being refdrecidaee farptigiig dwviqg the first wavel ength reflected

fromthe object, turln device positioned to capture an inmage
of at least a port %ﬁ %r?e‘”d% iy 45T L SR APt ed t hrough t he

filter devi @auocardcentr QGREROrerdCiteAt iDY0 e obijehkt: saur ¢8rand ghhe sdar k
stemto illum nate the object with the excitation

field |Ilun1nat| )
light from tthE F% Fy§€dﬁ&?Q%ﬁ?llﬁﬁﬁ ﬁﬁﬁPSFﬁétdéﬁﬁhFléﬁanﬁlPGnﬁnatlon
sinultaneousbyond wavelength different from the first wavelength,

the filter device further being reflective for light

having the first wavelength reflected from the object,

the image capturing device positioned to capture an image

of at least a portion of the object using light

transmitted through the filter device; and

a processor actuating the light source and the dark

- field illumination system to illuminate the object with

the excitation light from the light source and light from

the dark field illumination simultaneously.

2. The system according to claim 1, wherein light filter
device reflects light at the first wavelength away from the

image capturing device.

3. The system according to claim 1, wherein the excitation

light from the light source is an ultra-violet light.

4. The system according to claim 1, wherein the filter device

includes a long pass filter.

5. The system according to .claim 1, wherein the filter device
is for positioning between the object and the image capturing

device.



2. The system according to claim1, wherein light filter device reflects
light at the first wavel ength away fromthe imge capturing device. 3. The
system aocoodéanrge to claim 1, wherein the excitation |ighpctmeenwd7dza |i ght
source is an ultra-violet light. 4. The system according to claim1,
wherein the filter device includes a long pass filter. 5. The system

accordi g t @ehe iyitbn WeIHididde d idllamn deviveereis k8e RBasbhyoni ng between
t he object and the .image capturin devi ce. WD 01/69206 PCT/US01/07331 10
6. The HpYEdRPESordi AGNES IcItian %hem/rférréitnwaﬂél%%hd wavel ength is

| onger than the first wavelength. 7. The system according to claim1,
wherein _the dark field illumnation systemincludes red LEDs. 8. The

syst em decor#eng§YEER &ckerdingr ttRecl@dmpli sFRgreanpsBert Hankngidedi ce for

aut omat i;Galny nReSbhi QYsRSm %Ech%@%% ?ae @kpsi) the object, and ii) at |east
a portion of the imge capturing device so that the inage of the object

may be captured. 9. A system for imaging an object, conprising: a |ight
source gor ihbugloatingctBeqQRbeeh Wibhm eXCEhathop Lighlisifg: excitation
light fromthe ??ght sggrce hgving afirst mave?engt%?gal%arﬁ field
illumnation systenppditiphipgndevage fhc abjevativahlyiphsihbenhgga third
wavel engt h; i SRRt YEL ng, deyLcgp - il [ } ssive for

fl uorescent ??ght av?ng a_seéong wave e%bf%%ahggx %g %%??ggént t han t he
first wavel epgthiamndof okhei ghaghaoapgur heg tde vidce waw et lerigt the almagef | ecti ve

fo light haypnghd NShfdéetmayie! engiiiredhe 1 mage capturing device
positioned to capture an i1nage of at [east a portion of the object
9. A system for imaging an object, comprising:

a light source for illuminating the object with
excitation light, the excitation light from the light
source having a first wavelength;

a dark field illumination system for illuminating
the object with light having a third wavelength;

an image capturing device;

a filter device transmissive for fluorescent light
having a second wavelength which is different than the
first wavelength and for light having the third
wavelength, and reflective fo~ light having the first
wavelength, the image capturing device positioned to
capture an image of at least a portion of tﬁe object
using light transmitted through the filter device;

a processor automatically actuating the light source
and the dark field illumination system sequentially to

illuminate the object.

10. The system according to claim 9, wherein the second

wavelength is longer than the first wavelength.

11. The system according to claim 9, wherein the light from

the light source is an ultra-violet light.

12. The system according to claim 9, wherein the filter



using light transmtted through the filter device; a processor
automatically actuating the Iight source and the dark field illum nation
system seqoentdzaé |y to illumnate the object. 10. The syBtEws@orssidi ng to
claim9, wherein the second wavel ength is |onger than the first

wavel ength. 11. The system according to claim9, wherei-n the light from
the |ighevsQuWr G& ibSsaf ibhlbandtedt, inghtop b2+ Tha syst %egcord' ng to
claim9, wherein the filter WD 01/ 69206 PC?/U801/07331 11°device is

posi t i oféBtHéLREeACVRECobpBEL PRAG It RPESildgBedc 4pt HrifhgcleVigbt and bei ng
posi ti oped1ketkdl bgctnki 8Bt echefilkected by e, OPLECE; | B e@é@ﬁégd Byt he
filter device, and” to transmt fluorescent |ight enmtted fromthe ogject
to the tPrhgenemptuflHgraegeps. lightThmisyedefrancbhdi agjtotctai the,

wher ei N hBgedexhegri 8g@qel98g Pass filter. 14. The systemaccording to
claim9, farther conp?i5|ng: a positioning device for automatically
positioning one of i) the object, and ii) at |east a portion of the i mge

Capturelg?Vifﬁe %i%ﬁ@ﬁtaéggr&fﬁgethc%gfmogje&ﬂepgyh %F%‘é%%%%é?%alg- An

i nspection systemfor sen conductor chips of “seniconductor
packagekon@opgp®s sthiften. | i ght source for illuminating a sem conductor chip
or sem conduct or device package w..''. excitation light, the excitation

light fromthe Iight source having a first wavel ength; an imge capturing
devi ce; 14 fiThersyibdre eaegardim s st o ec ¥aim | 9 ghfuttand mg-np sieciong: wavel engt h

which is differerg\kii&’ailrtitg}ghr{'ré  wavel ength, and reflective for 1ight

having the first vel engt d {he Tnage cap du“}alatnlgca 21\% EEFTSI T IHEd to
one of i) the object, and ii) at least a portion of the
image capture device, so that the image of the object may

be captured.

15. An inspection system for semiconductor chips or
semiconductor device packages, comprising:

a light source for illuminating a semiconductor chip
or semiconductor device package w! ' excitation light,
the excitation light from the light source having a first
wavelength; '

an image capturing device;

a filter device transmissive for light having a
second wavelength which is different than the first
wavelength, and reflective for light having the first
wavelength,. the image capturing device positioned to
capture an image of at leagt a portion of the
semiconductor chip or semiconductor device package using

light transmitted through the filter device.

16. The inspection system according to claim 15, further
comprising:
a dark field illumination system providing dark
field illumination of the semiconductor chip or

semiconductor device package.

17. The inspection system 16, wherein the dark field



capture an inmage of at |east a portion of the sem conductor chip or

sem conduct or devi ce package using light transmtted through the filter
devi ce. M0 oilbreoé nspecti on system according to claim15, POTAUREr07331
conprising: a dark field illum nation2system providing dark field
ilTum nation of the sem conductor chip or sem conductor device package.

17. The j1N$RAaG tlbrS YSIRBm Gn Mefedl 1 tdighglarigHd.el d WO 01/ 69206
PCT/ US01/ 07331 12 illum nation systemincludes a ring light. 18. The
i nspection system according to claim 16, wherein the dark field

i 'l um nagi_on T%Fi@x@?e%'i%e%y%t@'mf fusrdildy tBhel1kiarest | QRes¥SheMhe
according to claim15, further conprising: a processor controlling the
| i ght s&ar&e fardd Ad lugdmatiios| §YisltegnilmaivsiessPsféffus6r-The i nspecti on
system according to claim19, wherein the processor is configured to
actuate both the |light source and the dark field illum nation system

si mul t ahBousTye 2DSPERE ioRs SEELRBN asgoremngc t6r 6lagmt &2l AAFIRSL wherei n
the progessoLihg.configured to actuate the light source and the dark
field illumnation systemsequentially relative to one another. 22. The
i nspecti on syst enRaP&EBFESAQGr £onEralming, ther theht sowpeesang: the

posi tioni ng gg%%cgiﬁygi@glgﬂgnggygﬁes9gggﬁge to a position for the .

illumnation. . The inspection systemaccording to claim 15, further
conprising: a positioning device noving at |east a portion of the inage
capture;systemrehabb¥eibR 5P dRVEEE-PAEKGIRo £Pafn PLS! thRd-& PR £ART UM NG

the i mage of the device.
processor is configured to actuate both the light source and

the dark field illumination system simultaneously.

21. The inspection system according to claim 19, wherein the
processor is configured to actuate the light source and the
dark field illumination system sequentially relative to one

another.

22. The inspection system according- to claim 15, further
comprising:
a positioning device movihg the device package to a

position for the illumination.

23. The inspection system according to claim 15, further
comprising:
a positioning device moving at least a portion of
the image capture system relative to the device package
to a position for capturing the image of the device

package.

24. A method of inspecting a semiconductor chip or
semiconductor device package, comprising:
illuminating a semiconductor chip or semiconductor
device package with an excitation light, the excitation
light At a first wavelength from the light source having

a first wavelength;



package. 24. A nethod of inspecting a sem conductor chip or sem conductor
devi ce package, conprising: illumnating a sem conductor chip or

sem condweo o1/6920@Vvi ce package with an excitation |ight, ther@saidati on
light at a first wavel ength fromthe1Bi ght source having a first

wavel engt h; WO 01/ 69206 PCT/US01/07331 13 transmtting fluorescent |ight

‘emtted fromthe tdevice Eacka ﬁ at a secogq velen%th to an i mage
capturing devi ce; “ditFE8YY d”ﬁig HOrEPLES e d Y G mEPRE 88Nt EBRdGBEOr  chip or

sem conduct odedécieC @aprakagatat skeohdr stavenavgltangbhagwayafeom the i mage
capturing devi and capturing a first inmage of the sem conductor chip or

ce,
seniconductoFaBEVF&ngQEQéﬁé;using the fluorescent light. 25. The nethod
according to clai mi24ctivgt hegheoppristRad itkbMmpat 58gi tBgagepLEoNnduct or
chip or sem conductor device Eackage,mﬁth a |light having'a third
wavel ength 8P #PePEnEePiBRANERELPFrdEviaePBREPAS BF kR £1FP | ght

reflected frogvébengeni 6ARYUELOR tKEI PmOGeSERbERPINGt 98y feYi cg, package at |
the third wavelength to the inage capture device; and capturing a second

i mage of the seni CORHUELDY @hfprSbrimedt cehdike orembsoreuptrkageipmsong t he
light refleciadicéramtbe sem consuct eclhlépnertﬁénfﬁmdégccﬁél{tdﬂ%gn

package at the third wavel ength. 26. e nethod according to clal
further conprising: sinmultaneously with the step of illum nating the

sem corEhICt OFhe& Mhdk 105d SERE SIS QY deyirk & Packags, Wi t%m\#ﬂ%ﬂr{;ght sour ce,
illum nating the sem conductor chip or sem conductor device package with a
li ght having a thitdmigateehdile defigafugtamatie 9o semi@faidngtdr, and

device package with a light having a third wavelength
different from the first wavelength;

transmitting light reflected from the semiconductor
chip or semiconductor device package at the third
wavelength to the image capture device; and

capturing a second image of the semiconductor chip
or semiconductor device package using the light reflected
from the semiconductor chip or semiconductor device

package at the third wavelength.

26. The method according to claim 24, further comprising:

simultaneously with the step of illuminating the
semiconductor chip or semiconductor device package with
the light source, illuminating the semiconductor chip or
semiconductor device package with a light having a third
wavelength different from the first wavelength; and

transmitting light reflected from the semiconductor
chip or semiconductor device package at the third
wavelength to the image capture device;

wherein the first image is captured using the light
reflected from the device package at the third

wavelength.

27. The method according to claim 24, further comprising:
automatically positioning the semiconductor chip or

semiconductor device package for the illumination.



transmtting light reflected fromthe sem conductor chip or sem conductor
devi ce package at the third wavelength to the imge capture device;
wherei n tweof/saed i nage i s captured using the light reflpcr@doforesn t he
devi ce package at the third wavel eng¢h. 27. The nethod according to claim
.24, further conprising: automatically positioning the sem conductor chip

or  senmb@onductal Hdey ize m@s%ge afolophlae d | 'cksmpgﬁtsiiﬂa-; WO 01/ 69206
PCT/ US01/ 07331 14 28. A method of imaging an object,” conprising:
automati cal |y posiPtitefiarig cerd yoPosilf iohd ngbposet ofand) ithy abjkefst aad
portion of aRp;ijmage; uryi BhC8s LR Amakhkr tion, ilLum nating
t he obj ect mﬁ%%ngxcigggﬁbﬁ P?é%?, t%g aexcﬁﬁéfi%%pF?SEPQhQSY%Eea t1'r €t
wavel engt h; ferafseestiitagnf| uorescent light enmitted fromthe object at a

second wavel engt h; e I e PLHUE L igce;.directi | ight reflected
fromthe object a%&?ﬁégﬂfkggg &ggngﬁS?E g%§§ §§8ﬁg?%é°?ngg%h%ap ﬁ?lng
devi ce; caperfihgtachi Adghtnhgeing ahéiobfesvavesengthhe fl uorescent

light; illum nati .obj ect - ight.having.a third vel engt h
di?ferent fron1thgg?%$§%9g%§élg%%%g?gc%égn%ﬁgﬁgi%glﬁ?% t£?%ﬁl fed fromthe
obj ect at thebi&ttdanasebengtdh vavehengnmgeo capt uimaglevegeturioapt uring a
second inagqjg$iége object using the [light reflected fromthe object at
the third wavel ength; and repositioning the one of the object and the at

| east portion ofditecthmgel tapt urehbe clewd cCEron hthe efioiddt @it nthe OCCurri ng
only after tpltlrgé n?axjéfgrﬁg'&ﬁmaqveafn rcgnt]etflseeciorpadge capturing device;
capturing a first image of the object usiﬁg the
fluorescent light;
illuminating the object with a light having a third
wavelength different from the first wavelength;
transmitting light reflected from the object at the
third wavelength to the image capture device;
capturing a second image of the object using the
light reflected from the object at the third wavelength;
and
repositioning the one of the object and the at least
portion of the image capturing device, the repositioning
occurring only after both the first image and the second

image are captured.

29. A method of imaging an object, comprising: -

a) illuminating an object with an excitation light
having a first wavelength;

b) transmitting fluorescenf light emitted from the
object at a second wavelength to-an image capturing
device;

c) simultaneously with step a), illuminating the
object with light at a third wavelength using a dark
field illumination system;

d) transmitting light reflected by the object at the
second wavelength to the image capturing device;

e) directing light reflected from the device package



i mge are captured. 29. A nethod of inmaging an object, conprising: a)
illumnating an object with an excitation light having a first wavel engt h;
b) transmovi/emod | uorescent light emtted fromthe objecpcrUS@/wexond
wavel ength to an image capturing devbce; c¢) sinultaneously with step a),
illumnating the object with light at a third wavel ength using a dark
field illumnation system d) transmtting Ilight reflected by the object at
the second R&véhendthsto eNeLlpRagR éHﬁYu?Fﬁ@ Hegj twage) cdptesinag | i ght
reflected frgpythe;dgyhce package WO 01/69206 PCT/US01/07331 15 at the
first wavel ength away fromthe inmage capturin device; and f) capturing a
first inmage of thé)déépéérbaekagélragih@agﬁeoglU@?e@%éh@elpghka@md t he
light reflec t h % t 3 T t ding to

cl aim 20, fUrEhS] oepe T ol oht ohar ca Ty ost Ton b bt et 2fY the

obj ect, and the¢)sacondasavaleagthon of the inmage capture device, to a
first position so that the first inmage may be captured.

30. The method according to claim 29, further comprising:
automatically positioning one of: i) the object, and
ii) at least a portion of the image capture device, to a

first position so that the first image may be captured.



