An J nspection System Technical Field The invention concerns an inspection
system for three dinensional inspection of mnute objects on a substrate.
Background of the Invention 10 The inspection of packaging for electronic
devi ces such as integrated chip (1C) packaging is widely used in the

el ectronic industry. ICs, electronic chip or chip packages, such as ball
grid array (BGA) types, are placed in a tray and passed through an

i nspection device. The purpose of the inspection is to nmeasure the

coplanarity (relative heights), &obldtegaidw (al ignment) and the hei ght of
each solder 15 ball on the B "or%B %&Chl p, or solder bunps on wafer and

die. As is known in the prior art, these hei ght nmeasurenents can be
acconpl i sherkchyicaldsedd triangul ati on nmethods, interferonmetry, and ot her
non-cont act neasurenments. However all tend to be either conpl ex,
difficult, inaccurate or slowto inplenent in a manufacturing setting. 20
BGAs on 51 CsTheyipientish| opneests an igsrsapnalysteo| ferethred gliregnsignal lzgpedion af r anged i n
different Pakik8keds of Psubifiect to a circuit board. However, if there is a
m ssed connection, the ICis defective. Commobn causes for |ncorrpl ete

sol der bonds include insufficient ball hei ght and m ssing sol der balls
resul ti ng fBaskgrdusd ofthe msasticur i Nng  handling. Therefore it is inportant to
mai ntai n high standards of production quality by performng thorough

i nspections of BGAs. Typically, inspection of a BGA is performed prior to
assembly orf ha'rEPeCH%%fpe?haem for elgeizopig deyiges guchasdteqrafed BNIC) detected, the
| C can be Ipatieghe’ widuhi@adinahe slejtrenit indastrariCs, 3eceorid ¢chép @rrchipt ed circuit board

wth the | a?k‘;g%vg&w g%@dgr@%%pwgfypéy%ﬁ%eamtﬁ Sh@pRkes v, confocal and

| aser rang ave i nspect solder balls in a
BGA on an |th19'€9@@at"l§ée®m deyice. Therpupposs oféfrerwqpa?ﬂog fSrtamea%e Based on precision
opti cal de%b}ﬂ:ﬁhan?h@&ﬁvdﬁdﬂ@%olme@hﬁ (alidnnaepl) iafy e Rbigit ofeas gblgerent resol ution

but hei¥ S li|>al on the EBH] o arWCm?:%S(W s%ﬁgmumps on wafer and die. As IS known in

the prior art, these height measurements can be accomplished by Iaser
triangulation methods, interferometry, and other non-contact measurements.
However ail tend to be either complex, difficult, inaccurate or slow to implement in
a manufacturing setting.

20
BGAs on ICs typicaily use a group of solder dots, or balls, arranged in different
patterns, to connect to a circuit board. However, if there is a missed connection,
the IC is defective. Common causes for incomplete solder bonds include
insufficient ball height and missing solder balls resulting from dislodgement during

25  handling. Therefore it is important to maintain high standards of production quality
by performing thorough inspections of BGAs.

Typically, inspection of a BGA is performed prior to assembly on a printed circuit
board. If a defective BGA is detected, the IC can be rejected instead of rejecting an

30  entire printed circuit board with the IC.

Conventional technigues such as interferometery, confocal and laser range finding
have been widely used for inspecting solder balls in a BGA on an integréted circuit
chip or similar structure. Based on precision optical design, these methods might
35 achieve high measurement resolution but they suffer from low measurement
speed. Shadow imaging is highly susceptible to inaccuracies and can lead to

object irregularities proceeding undetected.



speed. Shadow imaging is highly susceptible to inaccuracies and can lead to
object irregularities proceeding undetected. Referring to Figure 1A a
prior art technique for inspecting heights of a mnute object, for
exanple, a BGA, is a triangulation nmethod, in which a |aser beamis
precisely directed onto the top of a BGA ball, and a photo sensor or inage
sensor is used to detect the reflected |lighting beam By triangulation
calculation, the ball height of the BDA can be inspected. This nethod
suffers fromlow resolution, low accuracy and | ow i nspection speed. Figure
1 B shows another prior art technique, a stereo neasurenent system which
10 uses a t Refewsing tchFigerectimer Riios e tteghpigee for digredting HBioRis tof 2RI  f er ent

angl e. By pesjsiast éxmpli &IBTA, id H@ianRadtioh eisiod, Byweiichna RByr lamaibl e t o i nspect

| t i gh d,. b f i | St i it i
R e R T N A
only a chnpiuatcio deteepthe ireflgcted dghitiog bean. tBy trigngulgtian dsicaletian, fheshalr devi ce.

Thi s net hodp§4th bEHS BRI b8 st Fhik Hathod 2ufedS Rbri idworsollRh8BWI Ng to Figure
| C, anot her two-canera system uses one canera to view the BGA device in

the normal ®fCHEEX3GPY BSHEFIARSERYY: The X and Y di mensions are det erni ned
and then each row of BGA is noved to a predeterm ned position and a 20

second cameig, L 3g el &Gt itk bDRohRReCEESo Rlal AR Lfserd Whihan ang e.

This nmetho varitation of a stereo vision system In order to

el i ni nai® tY¥fes agwp pdvee-GRNIR Syt 1) Vis ghe PPIE%thF’Bhd'U%’F%/taﬁrigl‘J’n BYn different
pﬁSi t}OHS Operspbetivé vigibhl tes measuminient dystemamytbebleneinsmst okrdeatdasatat a ti nme.
Therefore, |t ffe fr I LS 1.0n A r devi ces and
t echni ques '3 heg%relé’M;% HESQJ%Q"E}”@E%E“?}%@E& '& regﬁg&sg}eﬁ%}ﬁp h%ﬁngﬁ%%ght of mnute
obj ect's i n davicesprtramricaiedaaliveation. I deghr { isoPnit ACOMRYSISE CORPABNI | n a first
preferred agnRed withtheEfibiatedhisdter defteamnis mefhed bifes fEons lo@nndpedtioh hr ee

15 resolution.

Referring to Figure 1C, another two-camera system uses one camera to view the
BGA device in the normal direction is provided. The X and Y dimensions are
determined and then each row of BGA is moved to a predetermined position and a
20 second camera is used to view the top edges of the balls from an angle. This
method is another-variation of a stereo vision system. In order to eliminate the
perspective error and magnification variation in different positions of the field of
view, it inspects one row of balls at a time. Therefore, it suffers from low inspection

speed.
25
Prior art devices and techniques are unable to precisely measure and verify the
height of minute objects in an expeditious manner.
Summary of the Invention
30 '

In a first preferred aspect, there is provided an inspection system for three
dimensional inspection of minute objects on a substrate, the system comprising:
a calibration module to calibrate an inspection angle for capturing an
obligue image of the objects, the calibration of the inspection angle being
35  performed by using one object as a reference;
at least one image capturor to capture a first image of the objects, and to

capture an oblique image of the objects; and



di nensi onal inspection of mnute objects on a substrate, the system
conprising: a calibration nodule to calibrate an inspection angle for
capturing an oblique inage of the objects, the calibration of the

i nspection angle being 35 performed by using one object as a reference; at
| east one inmage capturor to capture a first imge of the objects, and to
capture an oblique inmage of the objeats; and an i nage processor to
determ ne the position of the objects using the first inage, and the

height of the Obbﬁ%aﬁe‘dﬁa‘c oh'a%ef%h%hélm@ béfﬁﬂ%ftﬁ@lﬁfe%ismsinﬁtﬂetﬁsthe' ght of an

object is notvvlthlnag et erm ned crlterlal is classified as
def ecti ve alfepoerrnd fsdieiontrf therobjerts uging Beebigke B9 ct is identified. The
system may furt hﬁﬁer@rﬁmﬂ’fel rﬁ@heoffah bb;emuwmpremdnimdmemmur e atilting

angl e of th en determning the
posi tion ﬁas#bﬁ f%‘i“"‘??n" thebp‘:'s}t'?rg? to e miégte'g?@%ﬁggngl e may be

cal i brat®d by obserV| ng the top-position variation of an object in two

consequent ifBRgRRM ALERIRY cBRFnée@ﬂﬁn@@%Ha@@tfm&dﬁmotrmsﬂbjaetmmg is noved a
gi ven di stance ‘within the detﬁ A 8t|cs t& et ge
capturor. 18'9(f ’?f'yP%fﬁ{enﬁfgﬁ tﬁ'lgtaﬂg? "‘85}%}’?‘?@' £t & U ?P%sn'ogour ce to

il 1um nat e aducheib} @dtieobjeots. t he substrate. The il um natl on source may be a
di ffused linear light source. The illum nati on source nay be Light
Emtting D odes (LEDs) arranged in an arc he illum nation

source Hhy Bheripipectipnahole BipY B‘? ralbrated &y P'i’ls&B’é“g t"\%@p'p?ﬁ‘tf"ﬂ r‘ﬁ"ﬁ‘?ﬁ?? 8h source may
strobe to capibjceindwcipedduent irodijee ttken by the iMmge ngatu;bmlmn tidDobjdee syst em may

t
) oompri se {49 B0 GANMIRL Sl BE oblIRSRGARYI G, A gy tel ecent i ¢

| enses. Tel ecen enses ensure |cat|o f the images
of all the WUt s even though the objective distances of the objects are
different. The telecentric |enses mnimses size distortion. 25 The

?Etel cal ]Dfa eos‘fyst%m r!wéysﬁjnrileq%%pr?s%pa%qﬁu%ina%@ry s&?ceptg rilﬂﬁmgitecﬁ’lle%jeﬁtg the plane of
on the substrate. The illumination source may be a diffused finear light source. The '

ilumination source may be Light Emitting Diodes (LEDs) arranged in an arc or in a
line. The illumination source may strobe when capturing the image. The
illumination source may strobe to capture a specific object in a moving state.

20
The system may comprise two image capturors. The image capturors may have
telecentric lenses. Telecentric lenses ensure magnification uniformity of the images
of all the objects even though the objective distances of the objects are different.
The telecentric lenses minimises size distortion.

25  The optical axis of a first image capturor may be perpendicular to the plane of the
substrate. .
The optical axis of a second image capturor may be at the inspection angle. The
inspection angle is the angle between the optical axis of the tilted capturor and the
plane of the substrate. Preferably, the inspection angle is small, about ten degrees.

30  Advantageously, by having a small inspection angle, high accuracy is achieved
and sensitivity to the shape of the objects is obtained.

The substrate may be a semiconductor chip, printed circuit board, semiconductor
wafer, integrated circuit module or electronic device. The substrate may be placed
35 in an industrial standard tray carried by a transportation mechanism. The

transportation mechanism may be a conveyor system or an XY moving stage.



The,optical axis of a second inmage capturor may be at the inspection angle.
The inspection angle is the angle between the optical axis of the tilted
capturor and the plane of the substrate. Preferably, the inspection angle
is small, about ten degrees. 30 Advant ageously, by having a smal

i nspection angle, high accuracy is achieved and sensitivity to the shape
of the objects is obtained. The subsgirate may be a sem conduct or chip,
printed circuit board, seniconductor wafer, integrated circuit nodul e or

| ect [ t t I dard
oo Sy Tate S e I A A g st St ance

may be a comﬂyeye)arraxy@im e gamar)W(Brﬁ&) Ajdes bupe arrayns wetsy BPRS. may be sol der
bal | s or wafer bunps or gol den bunps The objects my be arranged as a
ball grid array (BGA), sol der e i mage capturor
may be a hi §fif 'F@%%Fi?f‘irﬁrﬁ“‘-ﬂlb@ﬂ'%{? Tﬁ‘gﬁl‘jﬁé’ggﬂwwg quPg&s?éﬁﬁ "W char ge
Coupl ed Pevi CRargECH)plediDwIca(COD)CMBSaca MO cainaraa second aspect, there is
provi ded a nmethod for three dinmensional inspection of mnute objects on a

substrate, the nmethod conpri si na calibrating an ins ectlon %ngl_e for
capturing a acSQFfrﬂq@éPthﬂlg@ ipprovied 4 ethp] BEeee dprpsoag! SPERIPRY of t he
i nspection ﬁmgk%bja@tbagaBWSirﬂérm@lmbmowsommsme object as a reference;

capturing a first érgﬁ%%ﬁgneség g%l?ﬁ:lrue%;c @d;&&w%tl&g%eeofg{ t he object and

t he obllquelrra rmnrn sition of the
obj ect s1wsi ehipctshthe talibgtion ofﬁlqemsma@ntaﬁ@'e heingparformeg f”sl"ﬂén‘?)%‘]l%t s using the
obl i que i nege, _pebnkbe first inmage; wherein i f the height of an object is

not within a predeterm ned criteri S ctive and the
)p05| tion of the ?f@?’@@?{}ét"ﬂﬁ?ee%efpeingcﬁ”?fet%ﬁwfs %t%'f’k hg%e@ﬁ ﬁgrrgy further
conpri se anchliqetimage oftrebttscandi br ati ng the magnification of 20 the inmage

capturor. The ”Etéetf‘é?ﬂmmﬁl’hefdééfba%f ﬂ%ﬁéﬂsﬁ@m]@lh@ fifsh Ridgefand#eateighni Ng t he
tilting angles t of the objects nay be revised

ubstr
with thE ti?f t"lerﬂj’leﬁﬁg'f;'é%thefg'q’f'ﬁé!“??&aaﬁ hegfsg'tnf‘?@ ®obj ects may be cal cul at ed by
conpari ng- t he obiteedisifthe heibkt ofien gifiéct is not within a predetermined criteria it is

classified as defective and the position of the defective object is identified.

The method may further comprise an initial step of calibrating the magnification of

20  the image capturor.

The method may further comprise the step of determining the tilting angles of the
substrate. The height of the objects may be revised with the tilting angles.

25  The height of the objects may be calculated by comparing the objects to the height
of the object used as the reference.
The absolute height of each object may be determined by using the absolute
height of the object as a reference. The absolute height may be determined by
other precision measurement methods, such as auto-focus, a laser range finder,

30  confocal, or interferometry.

Alternatively, the absolute height of each object may be determined by the
combination of its normal value and the measured height variation if the average

ball height is very close to the designed normalt value.

35
The shape or curvature of the head of the objects may be determined using the

oblique image.



of the object used as the reference. The absol ute height of each object my
be determ ned by using the absolute height of the object as a reference.
The absol ute hei ght may be determ ned by other precision neasurenent

nmet hods, such as auto-focus, a |aser range finder, 30 confocal, or
Interferonmetry. Alternatively, the absolute height of each object may be
determ ned by the conbination of its normal value and the measured hei ght
variation if the average ball height is very close to the designed nornal
val ue. 35 The shape or curvature of the head of the objects may be

determ ned using the oblique image. Al the objects on the substrate may
be capt ur ed Al the@bietts pmthg euhstrat enay bk capiered ege? iIMAYSSHe a bright arc i mage of

each obj ect 1 h@fdle ¥ aREAIROUS InYightdarcK indgel ef iehbiirbrats ead.| | uni nat es
t he object but does n i

of admt |ight direct 0 the ¢ ns. The
system may Af€BtapeRyst &% fied &!’Bml"f”'ﬁ’é'dplf'?'glﬁ%lsnﬁxcogj-eﬁtl %’ﬁgPel%t thgafilnﬁ he obj ects.
In a thisd aghpéicctly tb the camereridnson i s an inspection systemfor three
di mensional 10 : nspection of mnute objects on a substrate, the system
conprising: atilt nmeasurenent nodule to neasure a.tilting angle of the
substrate, Zke syslgmmayisoimeggite e selipeaitiand CxpeiRTEY %{t"felq&’éefgi mage of the

obj ects, and Ejo capture an oblique imge of the objects; and an i nage
processor t t.ermn he iti.o | j irst 15
Mmge. the et gHE SPotrteBieirs scih Repdeitth SRIHE KT HEE MindrdRngs 1o, 5t

i mage, ahd inspsafinares pinutsrebiesis on REURSRIS; G SYRRIT EMRIREFei n i f the height of an
obj ect is not wijhiMeRAuRhRAGhANIIFIHARagié 4 Bingangle of the saisastej fi ed as

."ﬁ)defective and the position of the defectiy | €CL ai.Suidentifi.ed. 20 The
system may furt h%trlga@f) e %apguéﬁrit%Fa %l"%r? fﬁ%ﬁﬁ%'gg o?yec%);elq%'r %{%Jetban i nspecti on
angl e for ceqptue amaplique ivbde of the dbieal§eandf t he objects, the calibration of the

i nspection angl g hahd proRaLHQb6 BBEmIYe 18 ipbdicans tieljbRets usihg dheffitéter ence.
15  image, the height of the objects using the oblique image and the first image, and

compensation for the tilting angle;
wherein if the height of an object is not within a predetermined criteria it is
classified as defective and the position of the defective object is identified.

20 The system may further comprise a calibration module to calibrate an inspection
angle for capturing an oblique image of the objects, the calibration of the inspection
angle being performed by using one object as a reference.

In a fourth aspect, there is provided a method for three dimensional inspection of
25  minute objects on a substrate, the method comprising:
measuring a tilting angle of the substrate;
capturing a first image perpendicular to the substrate of the object, and an
oblique image of the objects; and
determining the position of the objects using the first image, the height of
30  the objects using the oblique image and the firstimage, and compensation for the
tilting angle;
whérein if the height of an object is not within a predetermined criteria it is
classified as defective and the position of the defective object is identified.

35  Advantageously, the present invention enables multiple objects are measured at
the same time to achieve high speed and precise inspection of objects



In a fourth aspect, there is provided a method for three di nensional

I nspection of 25 m nute objects on a substrate, the nethod conpri sing:
measuring a tilting angle of the substrate; capturing a first inmage

per pendi cular to the substrate of the object, and an oblique imge of the
objects; and determ ning the position of the objects using the first imge,
t he height of 30 the objects using the oblique imge and the first inmage,
and conpensation for the tilting angle; wherein if the height of an object
I s not Wthbﬁeﬁ)l%rﬁgt ifdmdwist eria it is classified as defective and

t he position of RePderective o Ject is identified. 35 Advantageously, the
present invention enables multiple objects are measured at the sanme tine
t? ?ﬁhl gle _hhgéa(a?p@egk ﬂﬁ?inﬂi’n}?@ﬂ ?ﬁl !nﬁﬁpmtdbajﬁb&f lvuubj ettehcBrioethe Descri pti on

o] e awi ngs An. exa e .of the invention w now be described with

ref erence t 8 WBa”VQQSE%'QWTWBC%raV\A ngs, in which: 5 Figures 1A, 1B and 1C
are a sef ofigsehdmntt anddiCasie gt of schemalic dewingsef R riameihodgeédfices; Figure 2
is a schemapifedrawing of a preferred enbodi nent of the system Figure 3 is

a two di nensional inmage and a three . di nensignal, | e captured b t he
system 10 Foyaldsa %ﬁg‘ﬁﬂtﬁdﬂ%’"ﬁr‘gaipqu‘?ﬂegl%ﬁ’i"grﬁgnt(?ktﬁ?%’éﬂeﬂ’ﬁgonorret)r/i c

rel ati onshi pigiretavieanws diensieriayintageandin threadieensichat ineghshrfied b% an obj ect ;
Figure 5 isyan #énll.ustration of a two di nensional image of an object and a
hei ght i mage 6t t'he sane object; Figure 6 is an jllustration of an

al gor i t Hin uBigwes 6 aae#B AR illestaians A teatigBamelic reiaionsfup &"?W‘"F‘?"n ®angl es of a
waf er; Fi gukeight of h idage dnld timtheryhi o¥an objean al gori thm used for automatic

Ydet erni nat i f_ the .. ILNs: ' ! i i N = i
) GeLer et Eydin U PAIREL o N PRl D8 f ol BeSaY Rl oure 9 15 an
image of the same object;

Figure 6 is an illustration of an algorithm used for automatic determination of the
15 tilting angles of a wafer;

Figure 7 is an illustration of an algorithm used for automatic determination of the

inspection angle of the tilted camera;

Figure 8 is an example of a back lighting source for height image;

Figure 9 is a schematic drawing of a second embodiment of the system;
20  Figure 10 is a schematic drawing of a third embodiment of the system;

Figure 11 is a schematic drawing of a fourth embodiment of the system; and

Figure 12 is a process flow diagram for three dimensional inspection of minute

objects on a substrate according to a preferred embodiment of the system.

25  Detailed Description of the Drawings

Referring to Figure 2, there is provided an inspection system 10 for three
dimensional inspection of minute objects 11 on a substrate 12. Minute objects 11
include, but are not limited to, solder balls 11, wafer bumps or Ball Grid Array
30 (BGA} 12. The substrate 12 is placed in an indl:lstrial standard tray (not shown)
carried by a ftransportation mechanism such as a conveyor belt 40. Figure 1
depicts the system 10 as it might appear as part of a typical manufacturing
process. The system 10 is part of a chip manufacturing facility (not shown),
specifically, the quality control and inspection part of the operation.
35
The system 10 comprises a calibration module 20, two high resolution digital
cameras (CCD) 22, 23 and an image processor 24. The calibration module 20



_Figure 9 is a schematic drawi ng of a second enbodi ment of the system 20
"Figure 10 is a schematic drawing of a third enbodi nent of the system
Figure 11 is a schematic drawing of a fourth enbodi mnent of the system and
Figure 12 is a process flow diagramfor three dinensional inspection of

m nute objects on a substrate according to a preferred enbodi nent of the
system 25 Detailed Description of the Drawi ngs Referring to Figure 2,
there is provi ded an i nspection system 10 for three dinmensional inspection

of mnute ob' C t | ud but
ot |1 ¢ ed SIS POy RS B Sorddng e Bblfe RBLEFI et A DR VB B Are
12. The subdwa arffqerthDOISlsorpl ar@ﬁ,edabiyntf@nnspn@t@gtamlaﬁosq abryhief ‘%"F‘@iﬁd( not shown)

carried by ohtRNSIRY brahd QibsHRE RANTHRNhspEEIn ARgIa 30 @BY BY MerelSddiord0. Figure 1

depicts the system 10 as i ar as. part of a typical manufacturing
process. éed)éﬁeé’tdgﬁ?rfﬁﬁ‘g i°8 trla‘?&\‘"teq’gfns%epg M BIME uf act uring facility (not

shown), sspeC|f|caIIy the quality control and inspection part of the

oper at i on. %fa&%\ff}' SR ieﬂs%%mrzb%gépr%wﬁ@d intioft £EP REMs©2283 two hi gh

resolution d and an i.mage processor 24. The
calibration Hﬁ‘ﬁ%ﬁﬂ ée'E‘@"FE'QI’Q"B‘FSa?%@%He .pwgﬁ@%quah'eaﬁg}ﬁ‘ee%ﬁuwﬂwgt uring two
obl i que i nagep edmérbexhatdicedtiic dénses Vimihiafef @menbionsd sdistortors . AlRs,ef er abl y, the

| nspect | On ?ée%?rﬁrtcsgnseg &gfétun?fg)m%h %}éﬁctaﬁga%rrlf{&%t&gr {Plleaé?@ 31‘eldt (;}e substrate

12. The endi ng on the
type of 19 nsp‘é‘&'tof e Cﬁ@@f@l Prajof the egrearamid captuEasa il impge ‘PféP%B%‘"Sﬁ? 28 are
provi ded 'nfr&ﬁtabo@%rﬁﬁmﬁﬁsplgf% of 2 subkimt@v‘a{e,otﬁ@lcemeratzalcapﬂumases 28 may be

)prOV|ded for | east t e centric
| enses el i rrf"hﬁ%’Qu%frﬂ@ﬁsrggq?a?a"ﬁﬁit%me ‘q?f’egtﬂnc%e iel e@gﬁﬁ?lﬁc *gnses provi de
uni f or med olebsesabniymgsirdw chiballsril towre thet substentn 12 ds pble|te] byfacegatelew of t he

camer a. OnemeésuFéae &ﬁ:g%aéen?r% AR UAIRWs amiigls rowsTBg8aRf 11 ha el |s 11 from
above (nor st rat

an-obl 1 dic TifEERe o @ P PBAFRL e A AP RE B GHehal & 50708y thout
tel ecentri c:mabenﬂesmambrycasm XMaalcgiptep i positien ghthe tb@"%bbmmathe 12 is able
to be accurghGhge and calculates the height of the balis 11 using the oblique image and

the first image. Calibration of the inspection angle 30 is performed by selecting a

ball 11 on the substrate 12 as a reference object. This approach enables

20 calibration to be performed quickly and precisely as only a single ball 11 is used as
the reference object for comparison with all the other bails 11 on the substrate 12.
Calibration only needs to be performed once for the measurement of balls 11 on a

large wafer prior to inspection commencing.

25  The system 10 comprises a tiit measurement module 25 for measuring the tilting
angle of the substrate 12. This increases the measurement accuracy of the ball 11
as the substrate may be tilted at a small angle for a variety of reasons. The moduie
25 provides automatic compensation for the tilting error of the system 10 and
enables the system 10 to be insensitive to vibration.

30
The system 10 also comprises an arrangement of light emitting diodes (LEDs) 26
in a ring for illuminating the balls 11 on the substrate 12. The LEDs 26 are able to
strobe the balls 11 or a s'peciﬁc ball 11 when capturing images. A secondary light
source 29 comprises a line or area array of light emitting diodes 29 in an arc or

35  other arrangement to illuminate the balls 11 from the side is also provided to
produce a bright arc of the head of the balls 11. The bright arc images can be used



measured. Using telecentric lenses allows nultiple rows of balls 11 on the
" 15 substrate 12 to be precisely inmaged and captured by the canera 23 in a
single image. The inmage processor 24 cal culates the position of the balls
11 using the first image and cal cul ates the height of the balls 11 using
the oblique image and the first image. Calibration of the inspection angle
30 is perfornmed by selecting a ballgll on the substrate 12 as a reference
obj ect. This approach enables 20 calibration to be performed quickly and
precisely as onl S use r [ e object for
conpari son W‘H?"é‘f‘ thFﬁEﬂ’ﬁtoﬁg'F bﬁlﬁﬁﬁs+r?fe8%g? ?ght%%ugfer%{%n%gg Cal i bration
only needs steobbéor pigh Speetioegemepiuingrdutifgescaminguneyeeant. of balls 11 on a |arge
waf er prior to inspection conmrencing. 25 The systen110 conprises a tilt
measur enent nodul e 25 for neasuring the t of . the substrate 12.

Thi s i ncr eaE@8 tbﬁ%apmg'ﬁ?wghé@@ﬂF%ﬁdd?e ‘E’arq%?barleldgtfim'“ea%byt he substrate
may be t4 |t gghgdf tr@oﬁdﬂ?@trlcal&élgﬁoﬁslflm in & heighitideteymiodtion elgsritvs. Thihe nodul e 25

provi des a”t@%}hg%o@g{sﬁg%gfm&@11% llSoA 14 bloBtheBlirgd. O the system 10 and

enabl es the insensitive to vibration. 30 The system 10 al so
conprises an arrangenent of light emtting diodes (LEDs) 26 in a ring for

i1 uni nat i ngig§rbesdabland 5 hiusatd e tisherhdtid rmiula fol terkiiy) BEhegHe abl eto

strobe the b cif 11 whe S.
secondary |?f3‘mba"§ih?'b5'9%§%§ 'b?'seggm W oﬁae"e%?ghg%ée)%y%ir@giné%?ﬂﬁ ht emitting
di odes BB i top @htherroinieture3ghjestshtt. The telergaiie fanstiv set| umahth%p@‘»'ttonéo baI ls 11 from

the side i scqplshedleftiddOhi fom mé)QH%@rfa%eQrof %tba?ﬁé Obmhetmn.mm of the balls
11. The bright arc i.m 0 (eter pe of the balls

11. The sec@ﬁ?ﬂﬁr ?"P?tg‘ﬂrgd@’oﬂ]l?fetﬁﬁéél‘?:ctfﬁt”ﬁl'?’3 ?raog]aéper&d um'Hg}s Deed i mage
capt uri ng dsystemg Tise threei padiesriives lighh sourder, B@Atand celapllauaredﬂoﬁlhﬁgé@ ahei ght

di fferencesygf ufaﬂ% tllu-:-ﬁtn;'r(??u%ﬁ& .@%h&{sﬁao%ﬁ@ inges H:%' g RF cé|&maia@omet ri cal

rel ati onshi ps N g et er m nat nalrgorllt m % q}ﬁtows t he
copl anald t yofdfte :i[h%a"tﬂ?lg & The ussPfdfisesciRe p5aEg gt sﬂ‘é’ﬁ%ﬁ? Ifs "4 G0r es 4A, 4B
and 5 il | uspositibres dfftiee bisjieayo amiiheir ipoofifes tonbk adentifedde ttier piesdenysiteRe hei ght
figures in only one image. Telecentric lens 22 provides uniform optical
magnification over the entire field of view although some crescent shape figures at
top and bottom of the image are defocused. The system can achieve high

20  resolution and speed measurement. The trigonometric formula is:

I =0~y )/ M cosa

Ahy, = (yz _J’l')/Mcosa z[(.Vz —yl)—(y] '—y,)}/ M cosa
2[()’2 —yl)"xsina]/Mcosa

and a common expression for the height of a ball on the substrate is given as:
25
hy = b’f —Nh X Sina]/Mcosa +h

where x, = 0.
and:

30 x, is the distance between the i ball and the ball 1;
y, is the image height of the apex of the i" ball;

h, is the height of the i ball;



of the balls 11. In Figure 4A, a diffused arc line or area |light source
“illumnates the 10 top of the miniature objects 11. The telecentric lens is
set up at the position to collect the reflected Iight fromthe top
surfaces of the balls, but the illumnation |ighting cannot directly enter
the telecentric lens. It is a dark field illumnation system The three
parties: the |light source, BGA and canera, are positioned in a

triangul ation and the triangul ati on relationship and i nages are used for

cal cul ating,,15, of th of diffused line or area

li ght sourc¥ 'Setﬁﬁmag@'e‘iaﬁ%’ ‘?%\S Ie"585| %%rﬂ%rao? %ﬁﬁe objects and their profiles

t o be i dent i fsi teelinspectiireangledsugimbetedeapie cameguzand the plahs/ofdheXi Yrage.

Tel ecentric %3%23 22 provides uniformoptical nagnification over the entire
field of vie | t hough sonme crescent shape figures at top and bottom of
the i mage are defocused. The system can achi eve high 20 resolution and
speed meAsUrigire BlilusirBes thel BOMMETRE etermiitingTthedtiiting :anyf2 of % )unwaipad] / Mcosa

| Af cosa=[ (Y2 - a c ress] f hei ght of a
ball on the" @‘ﬂbi’weét}ep %Jsuredﬁ'e\?gn@eg%ag'g \%ﬁmj’ i @escﬁpB du?cg é/aEEOS a+h 30 X,
i s the di stdigleubstnte forewatpee wialer. Fpaineasyiing th%@"@aﬁ"ﬂ'e@f %/WhQ'%W@fﬁre i mge hei ght

of the apexthé)favérﬁq'e heigttlok bal;in lofie irh@yeh€icaibliated at ﬁﬁr énd Paitions by i s the
magni fi cati on_of

s of e mera 23, an i ns ectlon angl e
(angl e bet viIB¥¥9the cgﬁgﬁlﬁaﬁef}&ﬁ}?d éa"ﬁ?a"ﬁ“édhoﬁ"e f’lﬁtg‘" byﬁ'e &R0 5 Figure 6
i |l ustrBt escaies. T npdremietic faiwblarsn ning the tilting angle of an unwar ped
_wafer under me%’urement The sanme principle can be applied to each

¢x - Ax
Ah

4=~
34

where:

¢, is the tilting angle in the x direction;
:ﬁy is the titling angle in the y direction;

15 Ah_is the height difference at the two end-positions in the x direction;
Ahy is the height difference at the two end-positions in the y direction;

Ax is the distance between the two end rows of balls 11 in the x direction; and

Ay is the distance between the two end rows of balls 11 in the y direction;

20  Figure 7 illustrates the algorithm used for automatic determination of the inspection
angle 30 for each die/substrate under measurement. An image of any selected row
of balls 11 is captured at a place within the depth of focus of the telecentric lens.
Then the row of balls is moved to a second place which is still within the depth of
focus of the telecentric lens and the height image is captured. The inspection angie

25 is then determined as follows:

_ [RMAh]
o =arcsmj ———
Ax

where

30« is the inspection angle;



_dielsubstrate for a warped wafer. For neasuring the titling angles of a
whol e wafer, the average height of balls in one image is cal cul ated at
four end positions by noving the X, Y stage a predefined di stance, which
are obtained by the top view 10 canmera. The trigononetric fornula is:
where: 0. is the tilting angle in the x direction; Oy is the titling
angle in the y direction; 15 Ahx is fohe height difference at the two
end-positions in the x direction Ahy is the height difference at the two
end-positions in the y direction; Ax . is the distance between the two end

I‘O\é\ls of bal Wy'i!‘ecﬂ"bf%@ 'ﬁs‘ﬂﬁt‘%eftth%ﬂte"&?merﬁy i s the distance between the two
end rows of ,bal 1in direction; 20 Figure 7 illustrates the
al gori t hm ué&® %‘F'S 3%5%?‘?@}4%& ermination of the inspection angle 30 for

each di e/ subgigtad RsumdaiighBasatoament . An i mage of any selected row of
balls 11 is captured at a place within the depth of focus of the
telecentric lens. Then the row of balls is noved to a second place which
i s still5 wiFipire & Hestrdteptah preferred embadioentt ¢iche dpdclighting soyreng®-ahd t he hei ght

i mge is capitepek LEBQ%O'fJ}ﬁr%Catré Ryht, %a@H €D Q@d.re%tealfteéh sgscenrumrd as fol | ows:
a = aresin where 30 a is %ﬂwfn I he ?allbrated
T

resol uti on 'BIPEElPE & hetséﬂ"et?ﬁ n"ig'gn ?ﬁ%"d’f@xﬂrﬁﬁ%s t“%ﬁ@%‘&”“é’m Ah is the

resul ting hoedntenssgyi ation. Figure 8 illustrates a preferred embodi ment of
the back lighting source 29. A nunber of LEDs 80 forman arc |ight, each

LED 80 directed to an object 11 under inspection at the sang angle. This
i |1 umi nkt i ofeferery 9 Figvesd: this embqdipent y36s ’E'ngysoc}? Q'Fﬂéhq M3t © tn;ﬁ‘ér gg 10
) Ref erri ng tmanéhguite clnerap3sfoe measiing htights & seeondi camera BDist useddé | ect t he

| mge of t hc%lculate the position of each ball 11 as X-Y co-ordinates on the substrate 12.

Referring to Figure 10, this embodiment uses three mirrors 50, 51, 52 to reflect the
15 image of the balls 11 into a camera 23. The fields of view for the two parts of the

image on CCD array 23 may be different.

Referring to Figure 11, in a different amangement to the embodiment depicted in
Figure 6, this embodiment uses three mirrors 50, 51, 52 to reflect the imaging light

20 of the balls 11 to a camera 23.

Referring to Figure 12, the inspection process for three-dimensional inspection of
solder balls 11 on a BGA 12 involves calibrating 90 the magnification (M) of the
cameras 22, 23. Next, the imaging angle 30 for the camera 23 which captures the

25  oblique image is calibrated 91 by using a single ball 11 as a reference. After
calibration 80, 91, the tilting angle of the substrate 12 is determined 92 in each
direction. The position of the balls 11 are calculated 93 as X-Y co-ordinates based
on the image captured by the camera 22 of the top of the balis 11. The top position
or height of the balls is determined 94 using the oblique image captured by the

30  other camera 23. The height difference is calculated 95 between each ball 11 and
the reference ball 11. This is performed by an additional device, for example,
Height of Substrate Finder 60, which measures the absolute height of the
reference ball on the.substrate 12. The height differences and the tilting angle are
revised 96 in to identify if any balls 11 on the substrate 12 are defective. Balls 11

35  which do not meet a certain height criteria are classified as defective and their
position on the substrate 12 is identiﬁ'ed in X-Y co-ordinates.



_balls 11 into canmera 23 for measuring height. A second canera 22 is used to

)

cal cul ate the position of each ball 11 as X-Y co-ordinates on the substrate
12. Referring to Figure 10, this enbodi ment uses three mrrors 50, 51, 52
to reflect the 15 image of the balls 11 into a canera 23. The fields of
view for the two parts of the inmage on CCD array 23 may be different.
Referring to Figure 11, in a different arrangenent to the enbodi nent
depicted in Figure 6, this enbodi nent uses three mrrors 50, 51, 52 to
reflect the imaging light 20 of the balls 11 to a canera 23. Referring to
Figure 12, the inspection process for three-dinensional inspection of

sol der bal | 8 wilibegappeecipied by persensoikiiedsindkg arbihat PUyREra verRioRdYT i cati on (M

of the canBpdficalighs day-beNexE to thh Svirtide a8 BhodiRgh theIPedifRrenibd@imeaer a 23 whi ch

captures the 25 obliqgue i e is calibrated 91 b Si si.ngle ball 11 as
a ref er ence VRt @?Pa”'ﬂ%fff"ﬂgg‘? PERE 66 ,Sp'ﬁtlc,’fah%‘% E'V?']JE'PT Tyaﬁ 5 ’°§§‘g|d§“6¢’ e‘?he substrate
12 i s def erHeneies&? ¢mbogimeEhnts dier dbdrefore, tThe powsideiedninofll trespeftal [ s 11 are
cal cul ated ﬁ&t%eéth&Qés(ﬂ'rcmenat es based on the inmage captured by the
canmera 22 of the top of the balls 11. The top position or height of the
balls is determ ned 94 using the oblique inage captured by the 30 other
canera 23. The height difference is cal cul ated 95 between each ball 11 and
the reference ball 11. This is perfornmed by an additional device, for
exanpl e, Height of Substrate Finder 60, which neasures the absol ute height
of the reference ball on the substrate 12. The height differences and the
tilting angle are revised 96 in to identify if any balls 11 on the
substrate 12 are defective. Balls 11 35 which do not nmeet a certain height
criteria are classified as defective and their position on the substrate
12 is identified in X-Y co-ordinates. Il It will be appreciated by persons
skilled in the art that nunerous variations and/or nodifications may be
made to the invention as shown in the specific enbodi nents without
departing fromthe scope or spirit of the invention as broadly descri bed.
The present enbodi nents are, therefore, to be considered in all respects
illustrative and not restrictive.



12 VE CLAIM 1. An inspection systemfor three di nensional inspection of

" minute objects on a substrate, the systemconprising: 5 a calibration

)

s

nodul e to calibrate an inspection angle for capturing an oblique imge of
the objects, the calibration of the inspection angle being perfornmed by
usi ng one object as a reference; at |east one imge capturor to capture a
first image of the objects, and to jgapture an oblique i nage of the

obj ects; and 10 an i mage processor to determ ne the position of the objects
usi ng the fh)'gﬁ '@_mage, and the height of the objects using the oblique

i mage and t LA, i mage; wherein if the height of an object is not
within a predetermned criteria it is classified as defective and the

posi tion of4the gefgmbionyabh esthrdsdimaamnhilitspestiod 5 @inutd bBjeay &4 em accor di ng
to claim1, further conprising.a tilt neasurenent nodule to neasure a
tilting ang?&bgyate e %’g%%’tcf"ﬁf’ MI3. The system according to claim2, wherein
the tiltsng angla chlibratise cnodhierto cdlittrate ranninsppclidneanyiss for icopfudngdamei ght of t he
obj ects. 20 T ySt >Car di | i i hgeihd1spect i on
angle is ca?hﬁ?)ureaplga(?% %c@'g]r ecr?% S’(‘)&%ﬂﬁebpartlﬁlﬁta)dé?h%fméggjaggtihggeog%"éd]i nspect ed per
i mage capt urasformed by yaing one abierERSEIPIREAE  t 0 cl ai m 1, wherein the inspection
angle is 25 appit@esioheahnygeldptufir tol&ptusy s fietinage of tie objetts apad m 1, wher ei n

the inspection angle is gre Moo 100 to enabl e hi gh measurenent speed.
30 7. The s‘i?g{aree ng)gg%’re&"%geot?ggé)f)%l&?ﬁaaﬁ? further conprising an illum nation

source 1o il urdAnieege pracesedsjtedeierming theypositign ot the phiecispEngsthie fitshy according to
claim?7, wWhegag Bnd i€ hbibhtéhe BbjbalusFiRUREEDIiGR imbg@gidig: Mét mdjecct hei ght is an

SLE d?re line arr awq%?e%ﬁlbe%gighloggﬁ ol ](rert]:tgst r%ortlglithl% g%?e%ete%néd“cﬁ'@?i)a it9d fiber
classified as defective and the position of the defective object is identified.

15 2 The system according to claim 1, further comprising a tilt measurement

module to measure a tilting angie of the substrate.

3. The system according to claim 2, wherein the tilting angle is used when
determining the position and height of the objects.

20
4. The system according to claim 1, wherein the inspection angle is calibrated

according to the number of objects to be inspected per image capture.

5. The system according to claim 1, wherein the inspection angle is

25  approximately 10°.

6. The system according to claim 1, wherein the inspection angle is greater

than 10° to enable high measurement speed.

a0 7. The system according to claim 1, further comprising an illumination source

to illuminate the objects on the substrate.

8. The system according to claim 7, wherein the illumination source for
imaging of object height is an arc or line arrangement of Light Emitting Diodes
35  {LEDs) or fiber bundle.



13 9. The system according to claim?7, wherein the illumnation source

" strobes the objects when capturing each inmage. 10. The system according to
claim1, further conprising at |l east one light re- director to direct |ight
fromvarious view ng angles into the at |east one inmage capturor. 11. The
system according to claim 10, wherein the reflective surface is a mrror.
10 12. The system according to claimsl, wherein the at |east one inage
capturor has a telecentric |ens. 13 The system according to claim1,
wherein the_opti s of a fi rst ge capturor
is substantall y(}@ee?‘ﬁgﬁb?cé’ﬂf"é{? tcf §3, %(rﬁ\]etﬁ% "u'%ﬁ 'Oﬂas'%gm? Hegal4 The
system accoﬂmohgctswhcﬂ@tw"]geamemmﬁn the optical axis of a second inmage of
the at | east one image capturor is at angle a to the plane of the
substrate. 20 15. The system accordl{uq oclaiml Iwh reir tihe substrate is
a seni condudf-or T'&‘?ﬁyﬁtemp?qc?ﬁj'é%i iyl 85?95’,‘”'?591?%8??58%?@?“ Waf er,

i ntegrated didtitd dinet tight fom vagibectiewing @ngles intethe 286 ieb8t orkhiaggst em

accordi ng to ﬁ{ gim1l, wherein the objects are solder balls. 17. The system
accordi ng topc aim 16, wherein the solder balls are arranged as a ball
grid array (BGA). 30 18. The systemaccording to claim11l, wherein the at

| east one i4{mge TRPEERT acdofling tohadigelo ampletdthbardectve( £EBYe ti gi tal canera
or CMOS digital canera. 19. A nethod for three dinmensional inspection of

m nute obj e®'€ on a substrate, the method conprising: calibrating an

i nspecti®n angl e for capturing an oblique imge of the objects, the

cal i brati onm0f tHiR dysmesctd @y RNEHIR 10AheIgN BRY 4t Wabfshe Mifagésdap@radne obj ect

has a telecentric lens.

13. The system according to claim 1, wherein the optical axis of a first of the at
15 least one image capturor is substantially perpendicular to the plane of the

substrate.

14, The system according to claim 1, wherein the optical axis of a second

image of the at least one image capturor is at angle a to the plane of the substrate.

20
16. The system according to claim 1, wherein the substrate is a semiconductor
chip, printed circuit board, semiconductor wafer, integrated circuit module or
electronic device.

25 16, The system according to claim 1, wherein the objects are solder balls.
17. The system according to claim 16, wherein the solder balls are arranged
as a ball grid array (BGA). '

30 18 The system according to claim 1, wherein the at least one image capturor

is a Charge Coupled Device (CCD) digital camera or CMOS digital camera.

19 A method for three dimensional inspection of minute objects on a
substrate, the method comprising:

35 calibrating an inspection angle for capturing an oblique image of the
objects, the calibration of the inspection angle being performed by using one object

as a reference;



~as a reference; 14 capturing a first inmage and the oblique image of the
objects; and determning the position of the objects using the first

i mge, and the height of the objects using the oblique imge and the first

i mage; wherein if the height of an object is not within a predeterm ned

criteria it is classified as defective and the position of the defective

object is identified. 20. The nethodgaccording to claim 19, further

conprising an initial step of calibrating the nagnification of an inmage

capturor to capt u%gwikggﬁrismggesan%fthet&ﬁ?ueegg%&c&%%et%o?ecglandThe met hod accordi ng

to claim19, furf onprisrng the m hi'ng whet her the
substrate is til dedeminingdhe pasitipmef tharapiasts usipg thprfiest anwdg@d@wﬂi ng to claim
21, wher ei notieodiRisdiRing e dblitfie MR GHS theSirst ihfageeVi sed with the tilting
angl e. 23. The nethod _accordi g to ?Ialpt 2, mhgﬁeln thﬁ hekght of the
objects is cal cﬁ?eé?'%lﬁﬂﬁpe'%tr?g 7 PR 5178 ‘6'&7%%’?@ FIMRAHEIYHE of the obj ect
used as i heclagsifibeaedutetive2dhd 2. poditian ofdtchiptectveabiedi ingentdied| ai m 22, wherein an
absol ute hei ght of each object is determned by a trigononetric algorithm
or by auto-focus, by confocal or _b¥ interfergnetry method, 25 25. The

met hod accof®i ngThegnethediageording W?@F’él%f‘ﬁﬁ'i'e%\c[?%ﬂﬂ'ﬂ%a’%@'f'ﬂﬁiepﬁ each obj ect
may be det egdibra@m thymagimdatioh B0an inageiptidr to/adptuee tha thaveasiihed hei ght

vari ation ifbéﬂg average ball height is substantially close to the designed
normal  val U&“"30 26. The net hod according to claim 19, wherein the shape
of the Head of the objects is determ ned using the oblique imge. 27. The
met hod accogdi NOTHeGnethaRIzBeokdng 10RRIME19) fidthbr dohrioy ebpon the substrate

determining whether the substrate is tilted at a tilting angle.

22. The method according to claim 21, wherein the height of the objects is

15  revised with the tilting angie.

23. The method according to claim 22, wherein the height of the objects is
calculated by comparing the objects to the height of the object used as the

reference.

20
24, The method according to claim 22, wherein an absolute height of each
object is determined by a trigonometric algorithm or by auto-focus, by confocal or
by interferometry method.

25 25 The method according to claim 22, wherein an absolute height of each

object may be determined by combining its normal value and measured height
variation if the average ball height is substantially close to the designed normal

value.

30 26. The method according to claim 19, wherein the shape of the head of the

objects is determined using the oblique image.

27. The method according to claim 19, wherein al the objects on the substrate
is captured in each image.

35
28. An inspection system for three dimensional inspection of minute objects on

a substrate, the system comprising:



. i1s captured in each inmage. 35 28. An inspection systemfor three

di nensi onal inspection of mnute objects on a substrate, the system
conprising: atilt nmeasurenent nodule to neasure a tilting angle of the
substrate, at |east one inage capturor to capture a first imge of the
objects, and to capture an oblique imge of the objects; and an inage
processor to determine the position of the objects using the first inmge,
t he hei ght of the objects using the oblique inage and the first inage, and

conpensation for Emﬁeééut fﬂgmmtgmemQlllmqefngrerb?thggh&%teo‘c an object is

not W|th|napre etermned criterra It 1s assif defective and the
position of the @deastens igagspantyronte cariyn @;frstdnager) thepbiesi§e®dt em accor di ng
to cl ai m 28¢aphuié beigeedimage Sitiobiecpdndor ati on nodule to calibrate an

i nspection angle_for cap turi t he
calibration of tﬁré'maﬁ%B OS?ﬁsgrﬁgg%g ngp‘{)ﬁ]gﬁgs*ﬁoqeo?%equﬁ&g%ﬂ@h%%%ne obj ect as
a ref erﬁncmage,ﬁh%t)elgmomrv@ﬂctﬁGlﬁmm H\eé@“@ﬁrﬂﬁm angdhe f"ﬁfs'ﬂ‘@&%@@ﬁ of mnute

obj ects on gomnggﬁg,{@pﬁet,&,ﬁ@a,{gﬁ: hod conpri si ng measuring a tilting angle
of the substrate, and an . obl ?e of the

obj ects; and de\?"é‘?’?fﬁﬁ?'}‘?d‘egﬁofﬁ%g?l?qt 5&"%?"”?%%”'8%?%"5 "@F’ﬁgp he first

i mage, t he tladsibd asndefecl@® drideéheoipsiot of theslefagtivenbjeotit idguidied.-nage and the first

i mage, and conpensation for the tilting angle; wherein if the height of an
object is not within a predetermned criteria jt is classified as

defecti V& affd t hB‘epfd?P'F‘l%FPrﬂFg forfizirg &8 ithey corpsising @ cpibratign Modlp o g

to calibrate an inspection angle for capturing an oblique image of the objects, the
calibration of the inspection angle being performed by using one object as a

reference.

15 30 A method for three dimensional inspection of minute objects on a
substrate, the method comprising:
measuring a tilting angle of the substrate;
capturing a first image and an obligue image of the objects; and
determining the position of the objects using the first image, the height of
20  the objects using the oblique image and the first image, and compensation for the
tilting angle;
wherein if the height of an object is not within a predetermined criteria it is
classified as defective and the position of the defective object is identified.



