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WD 2007/ 136347 PCT/ SG2007/ 000136 METHOD AND APPARATUS
FOR BUMP | NSPECTI ON FI ELD OF THE | NVENTI ON Thi s

w0 pwensdden rel ates to a nethod and apparat us fPRCT/86G200®000136

di mensi onal inspection of bunps, and 5 particularly,
but not exclusively, to dynam c inspection of noving
waf er bunps and ball grid arrays. DEFINITION Bunp is
taken to include a wafer bunp and a solder ball in a
ball grid array. 10 BACKGROUND OF THE | NVENTI ON \af er
bunp and/or sol der ball height and coplanarity
i nspect | METHAD ANDQIRFARATUSHFOR BUMP INSHETTIONeck for any
signi ficant unevenness and m ssing bunps or balls,
because such defects in a conponent nmean | oss of

FIELD OF SHEMNVENTIONNt act, | eading to conponent failure. 15

This in\@rl@acfnf?léliét?%gé?ﬁ&ﬁod dne L?ﬁﬁgzatislﬂélif e meetnisiQ«ha@inE;B@@&\%tf &Em@, and
. . urracge o a CcO one r.om
perticulfht g et ke G BTN e s R i o, et B g oS

arrays.t ri angul ati on cal cul ati ons on related nmeasurenents of
the images to determ ne a three dinensional position
of each bunp with reference to a pre-calculated

DEFINITIAN brati on plane. This is achieved by hol ding the

Bump i€ GREO0 @riud? 8 wateabingnad\a salded kall ind tdliphie aeagposur es are
made i n succession to capture imges fromdifferent

angl es using multiple cameras, or using a single

BACK‘&%&W?‘%% WFNT'BF‘)‘e | i ght sources ainmed at different

Wafer IRUAEH £28/0P$bldeh BalidRijRnana RbplarStiy hspaitibttse ednmddi caBilet bathd e
ins [ r rod d
e b BASEL BUEL be ATRRORR. ool ol Ut
compogaibiaen 'agp of elegitien pritach lepdirade cpmaengetib¥e-t i ne and hence
I ncreasing production costs. Since only a sanple 25

r f.each. production t | ' ed,
curer P Py R RO OME A DR A b B LSRR, o,
compopgst froma gifeient igweints gnd argles gangIrerfg mingriangilation grlewptionsage s
related GRRBLIERENDYY tRdimBgdER BashirRIahak Sfmenbibitl bddioh Bf dderpbuinokith

view, reqguiri Jrul tipl e exposures, t de in der
oererf % e Sk e o TEBRESeTR ihotg Rl 2

stationgry whjitecratlitie expasurestpse Wags in seslcessionp Congie imageHagn different
anglesuBi6d RABES carhd18d) 8EEsing sirgRRam3R wiMAIRY light sources aimed at
different angles on the component. Such methods are not suitable for inspecting every
component produced as they need the component to be stopped momentarily for image capturing
- adding to total production time and hence increasing production costs. Since only a sample
group of each production batch will be inspected, defective components will still get passed if they
do not happen to be in the sample group. Side view images captured by such methods are also
limited in depth of view, requiring multiple exposures to be made in order to inspect the whole
component if the component size is greater than the depth of view. Again, this increases
inspection time.

SUMMARY

in accordance with a first preferred aspect, there is provided a method of dynamically imaging,
calibrating and measuring bump height and coplanarity of a plurality of bumps on a surface, the
method comprising: illuminating the plurality of bumps with multispectral light from at least one
light source; receiving light of a first wavelength at an imaging device such that a top view image
of at least a portion of the plurality of bumps is captured; said light of the first wavelength having
been reflected off the plurality of bumps at a first angle from the surface; receiving light of a
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In accordance with a first preferred aspect, there is
provi ded a nmethod of dynam cally imging, calibrating
wWapw7ie@duri ng bunp hei ght and copl anarity of BCT/SG2007/000136
plurality of bunps on a surface, the nethod
conprising: illumnating the plurality of bunps with
mul tispectral light fromat |east one 35 |ight source;
receiving light of a first wavel ength at an i mgi ng
device such that a top view inmage of at |east a
portion of the plurality of bunps is captured; said
secdnd gilavelenpthiah the fimaging dariceesush ahat fieget ang oblisee pide wew rrge of at

leasPd E)orﬁdﬂ%f iﬂb Hh%ﬁut‘ybyb&rfps W@re@t ol I{%Eéro‘i the@B&HN8 mfaf/éPéﬁgMP%vmg

vecrpicio SR B DunREeAdSiand TR G MR EUTiRE: Sappening the

captded inc@esucletetriing atabiutedmsp heigiet apth boptpneritg. de vi ew | mage
of at least a portion of the plurality of bunps is
captured, said light of the second wavel engt h havi ng
The B@&ﬁd ey fusa?féemewqe reqeiving light 41 3 hid wavelspetp &t e inading é’é‘f’i‘&? such
that atngaseorfercbiiue BRie Fiatvfirase; of arebspa paiBif thg plursity of Bt iecaptured,

said I@R%ﬁﬁe ¥h9? glg\yegern%\rﬁgw@ie%b Véf@ct@#wﬁ)thﬁ gl'w%n% oﬁ‘&gngns at a third angle

frorrrté%wfepwfqrfp thestegof @O@qﬁﬁ'a@thmwr%'g@ae%t the i magi ng
deV| ce such that at |east one oblique side viewinage

The receivm%] llgg'@magmcl ﬁ rehﬁ%anqulght:cﬁf% %HE@M gé{eﬁ?\fle Q%ihnp?imlrr%r filtering

wave
hghtb@ewhraeffavelemgéluseiﬁoﬁvetflﬁter gadweing Mirprsof  bunps at a thi rd
angle fromthe surface before the step of processing
ecatu 10 The, receiving |ight. ma
TheyateyiE PRFFR BT 57 Imete B b oqay hd rest oL nPtpp peposure,
and tceedand captuned whilefthe susiapeig movinght t hr ough a
wavel engt h-sel ective filter and using mrrors. The top

iew and qblique side view inmages may be received and
The%'?g???%éﬂayi%ﬁ93%9'%5%’"@3%58% 15 and received and
captured while the surface is noving. The first angle

Thel¥BYnf @ng?@ar@qger ﬁ@&aﬁg?@ﬂ&f@%e%&éé ﬁ&ﬁthe}@%p%@%‘ﬂﬁg &b Same
cte romthe group

ano e et s2pimen e 25 EE BT RPRr ent | and. nmy. be

between 10 and 25 fromthe surface. The |rragi ng device
Therﬁﬁ%(gldgrb‘él/ b@ﬁaﬁn&l@de%@l@&én‘tr% 18 AR refog&ngf Séié’d‘ebm dlstortlon and may be

t di t {
sl T S o o S8l P e o & Lk Mg RBiamera
and white CCD canera. 25 The nultispectral |ight may
The%lt@péc{rblgigiﬂrn?ﬂlb@ aﬁﬁqggrgﬁle 1r&4&th{;ﬁt%lelg&éc?ﬁjorﬁ {hgﬁ}&ﬁgo&fsgﬁboof a

consi stin % g
halagprabab} 29130} LR ekee e bl Ay REBAED i hawpg aeble Brahliveseestcol for

eacgesdurol for each col our.

The obligue side view image captured from the light of the second wavelength and the oblique
side view image captured from the light of the third wavelength are of a portion of the plurality of
bumps selected from the group consisting of: the same and different.

In accordance with a second preferred aspect, there is provided apparatus for dynamically
imaging, calibrating and measuring bump height and coplanarity of a plurality of bumps on a
surface, the apparatus comprising: a light source for illuminating the plurality of bumps with a
multispectral light; an image capturing device; a first wavelength-selective element for guiding
light of a first wavelength to the image capturing device such that a top view image of at least a
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The oblique side view inage captured fromthe |ight of
the second wavel ength and the oblique 30 side view

wo pga3capt ured fromthe |ight of the third warel/eayof000136
are of a portion of the plurality of bunps sel ected
fromthe group consisting of: the sanme and different.
In accordance with a second preferred aspect, there is
provi ded apparatus for dynam cally i maging,
calibrating and neasuring bunp hei ght and coplanarity
of a plurality of bunps on a 35 surface,

rorligyphing plyslitt ehimmps icaybe eapiureghtaiddlight o eeffipt W?quanﬁﬁhmawnm@een

reflédhey dﬁ'tWﬁJréliWof@ﬁmbéfﬁBS"rs%dglb fRontHé burkpe raha abedoh&mveneagm

selogekienteR it ol S & Becsfly ot ' Eo SR by ucn
thatreh least ongyeblicuetideniiavgmaae ofebleast e hortiormef the pleplity ofdumpsreapee
caprredaEand I%ﬁﬁ&f th’é se&n\ﬁ‘@a@&&ﬂ%@ﬁ&%eﬁg{e@@a e We%@%@t@f bumps at a

urality of bunps can be captured;
secl] o g e R

first wavel ength havi ng been
reflected off the plurality of bunps in a first angle

Thd Jpespaw %a?ﬂﬁﬁé%@mp@@% tﬁﬁ%@&%tﬁ@Y&h@@érﬁbnt f‘oﬁb&ﬁﬁq Bt of a

nment second wavel en
th“"? W@’ef%béo *E%\BPQ? nguraeg?w@ sueltihatiahigestane phliges S’%‘@FW image of
at lezdaf & pputidn of e phtatity of age carf beadapluesiSsaidilighbdfthedhirdofavelbegth
' ht of
e e o o P o SR S rp AR P
plurality of bunps at a second angle fromthe
ThedwtvEiandth-seldtveogiadntd sy beaslebtad frére theQ@stplebssstiag 6fha dichroic
mw%ﬁx%lqlgth selective elenment for guiding |light of a
mavelength to the imge capturing device such
that at | east one oblique side view inage of 10 at

Thd 8@ @iéw anddlidue@ieQfewtigdpimsyak captured inlfe &pdbulReand captured

capt light of the third wavel ength having
Wm%@%ﬁ%ﬁg 'S%?%%JOff the plurality of bunps at a third

angle fromthe surface. The wavel engt h-sel ective

Thesr&RBHE MayByodghb @6h @k sufigyd t he group consi sting of:
a dichroic mrror and a filter. 15 The top vi ew and

obl i que side view imges nay be captured in a single
Theeseparsiiangle apghitie Hirg eogle thay hsdlasted fremdig fraerecansisting f: thg.same

andldieerdnt, laRd mayed Boti@an MoeaRDselegh @Rsufisem t he surface.
20 The second angle and the third angle nmay be

selected fromthe group consisting of: the sane and
Thedinaging ¢avice mam thclrdy a ktechtiolersrforreduaind peSpéativandistértion, and may be
selédegdff@ﬁﬁhe J dOMBEHING Bf: ARYIb G TP ePErddBoiatk bR RERMBED Gamera.
| ens for reducing perspective distortion, and nay be
The light source may be a triggerable strobe light selected from the group consisting of: a
halogen light and an LED light, preferably an RGB LED light having variable brightness control for

each coiour.

The oblique side view image captured from the light of the second wavelength may be of a
different portion of the plurality of bumps from the oblique side view image captured from the light
of the third wavelength.

Muitiple oblique side view images of a same at least a portion of the plurality of balls as viewed
from different angles may be captured.
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25 selected fromthe group consisting of: a col our CCD
canera and a bl ack and white CCD canera. The |ight
wa@omrase3wny be a triggerable strobe |ight sel eB€ESGI00TN0136
the group consisting of: a halogen Iight and an LED
light, preferably an RG LED |light having variable
bri ghtness control for each colour. 30 The oblique
side view i mage captured fromthe |ight of the second-
wavel ength may be of a different portion of the
plurality of bunps fromthe oblique side view inmag
Thegaparaireisay fdhar corerise g pluralityof miarsteigkiding gt fodhet tnr?gms 99""’9
Mul ti ple oblique side view inages of a sane at |east a

ori pEsE o OF 2B MBS 0L, OFes® 55wo 2007/ 136947
In oREThSGRODFIO0MEBEN Mavbedylp anderdepd fag repdibtveintogietieal effect,

ther® sRAIHER bk Hé(scﬂlgedrﬂyrv\}'a? bfnohBnitlive Bkanpld dn@)’Href&r@bdtelhﬂaodlments of the
I magl n evi ce

press BN ThRa T OFRG DBERG IO B TR BRPAYg [ eoais crdings.
understood and readily put into practical effect, 5

I tr“b‘?vﬁ hal | now be described by way of non- linitative
IS énprl‘gé only preferred enbodi nents

0
Fig{ 1o Atematic ‘@%Of&@%%r?ﬁ‘ﬁ farﬁhrﬁ‘éﬁﬁ&nﬂ?ﬁdmwﬁfg‘iﬁe‘a’% 8 buppes:
Fig.20€ 8 tpaRyiinggd df bipitaligtof bienmif@miafys embddimedief te aventigs:

Fig. E*‘gan abl dht?e GuSAHP Pﬁé‘é &a o@% Qifth@ﬂurélw’é\"’ bﬂan§ of . 2;

I'Mensi ona I nspecti on
Fig./ igjan gblipue sider iy mags;,\pflarpgglgn gfthey) lwplﬁy afi quws g}f)qu) @r&jfgerent from
the hér@dn dt tHel piupdiityesThadips @ Fig. ®F the invention; Fig. 3 is an

Fig q:}bls % légneSI dg%evolf%\g&nl JFE/Q)‘? b\ﬂvElpSQ‘ro%oer ge'cgr{a e?xfboﬁ R%at@f We%vkﬁt%n;

e Vview
Fmﬁmg@okérﬂucasweﬁoww Booef ﬂ@ﬂr@urﬁltmfé?w%ﬂf&fg Bu nps of Fig.

F|927 is achcfuﬁee wabe Sidoew Inha@e prand plaaiitpdf bulmes piFig.al i ty of

Flgpqu n? g?rp? 9/at|8€ of a tﬁ%we\? lma e gﬁ% %)(I:lét?egs: i€ ﬁ’ge\o% dhg@&ebf g%lufahté/ of bumps
from a\ﬁwmemmlmeﬁlgfthﬁ @Verﬁon §n<én obl i que side view imge of

Figt 418 aRbwdhak ot & methoddrtfe @fmdnkiginal Bynaicdnspdctios oftaipber
oblique side viewimage of the plurality of bunps of
Fig. 6; Fig. 8 is a conmbination of a top view i nage
and oblique side view imges of a plurality of bunps

peFARED ®ESBRIFTIGNTbP e REFERRED EMBODIMENTS); and Fig. 9
is a flowhart of a nmethod for three-dinmensional
dynam c inspection of bunps. 20

According fo one aspect, there is provided an apparatus 10 for dynamic three-dimensional

inspection of bumps as shown in Fig. 1. The apparatus 10 comprises at least one colour light
source 12 for illuminating a component 14 having a plurality of bumps 16 disposed on a surface
18. The component 14 can be for example a wafer bump or ball grid array (BGA) device. The
colour light source 12 may be an LED light, a halogen light or other triggerable light source.
Preferably, the colour light source 12 comprises red, green and blue light emitting diodes (LEDs)
for providing light of respective wavelengths of 50% point at 580nm, 485nm and 475nm, and has
separate brightness control for light of each wavelength. Multispectral light comprising a plurality
of different wavelengths (e.g. red, green and blue light) from the light source 12 is projected onto
the plurality of bumps 16 at a low oblique angle, incident at preferably between 10° to 25° from
the surface 18.

The apparatus 10 further comprises an imaging device 20, a plurality of mirrors 22, at least one
filter 24 selective for light of a first wavelength, and at least one dichroic mirror 25 selective for
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DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
According to one aspect, there is provided an

wappanaws 10 for dynam c three-di nensional 2BCT/SG2007/000136
i nspection of bunps as shown in Fig. 1. The apparatus
10 conprises at |east one colour light source 12 for
illumnating a conponent 14 having a plurality of
bunps 16 di sposed on a surface 18. The conponent 14
can be for exanple a wafer bunp or ball grid array
(BGA) device. The <colour light source 12 may be an

lighEdPtHel et vavelen g ﬂﬂ@rﬁadudggiéhcé)io rﬁéﬁ%"a dolobOCKE 8dheRa, ltypiially a

Pr ef
S eSS A i eBIg P R e oo Pggaeed maoe
captubids  c30erb dink qpoondatiersgrithihightiramt ratespein Usee A telecentric lens may

b %%W%Q%anqgra @Qe/uﬂé’bﬂépe%e%%%% 485nm and 475nm
an

separate ri ghtness control for |ight of each
wavel ength. Multispectral |ight conprising a plurality
InQffird e b&iirednt, liwva vethengtwiselémitts gleedllighg 6& B figsnd4 bthdkﬂchronc mirror

2& hgmi %)ot[‘n b Q%lécg\?e flo &%@rge%%éﬁemgoa/egﬁnep%%&ﬁs tﬁgpa(‘?ﬁ]{)f(%h re n light

toa*te crgfr@fae%@ﬁpryh%@r@wélght hee beangefiested Pféﬁhleqsmp%wpé@e plysahty of
bdﬁﬁ)s-ﬁb at ﬁi@@t@foaﬁéﬁ thbQurkddk i 8 G"he @l‘é@?ﬁ’fghﬁﬁéu@cﬂi byr!ﬂ?é}hIHGrs 22, passed

kot ©F o iy B Getrte S ERieeBrooF et 24 B bilft Focived by

thanamext 20 erisdaptored asip greeniop viewrimage 525y salesg chapgel fobthe cdour CCD

cWer£ QQ Zi‘o%v% WT% 2 R é@%@%&&%&ﬁ@ooldm&*& b pstarbecaB!uFegtCB\e top

wavel en % eVI ce ﬁ%’? be a col our
Views fraeg ?S?}fii"’éd“fPrV‘aﬁo t *E?oLISS?JFO’E”é’ &psigpal ppRipFRpCtion
inbledingigidging @siohisdingdomes$, abiP-dabbuhp Ridesp miselesamehrioaf biwingd) and also

ln%ﬂﬁﬁg%fopﬁge% qu:@ne{)fﬁl '[rigggula@ r?@arﬁ%ragorls ﬂl@ b‘aﬁ’ib@i’ﬂ pthe":téﬂ"ﬁé\/@‘|mage 50

frame rat De Used. A telecentric |ens
aﬁ?ﬁi’fgeb%'a”é(ﬂr%%%ﬁébs"?fbethe canera to reduce perspective
distortion. 5 1n a first enbodinment, |ight of the

Tlgai e{:oﬁgra%\{@ LI?@&%FI%% ag{]gse(‘ Bn C{J %(Q'Pi lgﬁ‘r%r éé%%le]::ﬁvletfcﬁ l%%f Q%B%ond

IC mrror e sel ective ron
wajteleagtn) ang Bt leashpieciiepiq mifer e elepyRior g of rdthir! wavelepgh. '” this
ergmcelmnt ligHa bf thd @cbm@alwras 24 lightt &1d réd@ctggieifrolsi2ghite provided.

to r?ﬂsect cﬁ\@r}ec{ | (9% &/ﬁ e aﬂov(\? lgﬁ{of oﬁgrs\{/avgw%?ﬁs t!ﬁ?%ﬁ%ro l?ﬂ eLl%ht of the third
wq@length@ Q\bqeélghf I[kp‘@m, at lgas@ Qe dighraigyeirgy FOripprgvigeg to reflect only

biRThERhiIb QlidwWiHoPaBhgb BRight'cEBRerfal éigigtid4 and refl ect ed
off the green dichroic mrror 25 before being received

by the canera 20 and captured as a green top view
Airgveegdin&(B2spows e pginoidheaned it tofthe drenecrplcalier tTOR ligh ey fzgen
refScte UM Iehdl a pb&io@of th Iaralt@of%ufqp@1maﬁ angﬁé/\ﬁlau&t @@h#%ﬁw the
s e s G arh BroSHRS o0 Sl ORI APy AR s ors 54

andyspedithrouph a red filter 36 before being received by the camera 20 and captured as a first
oblique side view image 52 by a red channel of the colour CCD camera, as shown in Fig. 3.

Similarly, arrowed lines 38 shows the path of the blue light to the camera 20 after the blue light
has been reflected off at least a portion of the plurality of bumps 16 at an angle of about 10-25°
from the surface 18. The blue light is reflected off blue dichroic mirrors 30, guided by the same
mirrors 34 and passed through a blue filtter 40 before being received by the camera 20 and
captured as a second oblique side view image 54 by a blue channel of the colour CCD camera,
as shown in Fig. 4.
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i ncluding bridging and m ssing bunps, abnormal bunp
si zes, m splacenent of bunps, and also 15 information
wo ooo7tiBa3ee di nensi onal triangul ati on cal cul at i BEIEFSGXi0®000136
bunps in the top view i mage 50 appear generally
circular in shape. The apparatus 10 al so conprises at
| east one dichroic mrror 28 selective for light of a
second wavel ength, and at | east one dichroic mrror
30 selective for light of a third wavelength. In this

Inﬁ] gﬁmggﬁg\?@\t@g@ﬂeg Eé OIQ];tht urmpzsr ége%gm@@;\éﬁ Gﬁngédhln éﬁ‘s Elfgodlment
the edripsceptonet! jn abliqhielsidgview impge 82 azd diffarent @om ithgHumes captuied in
obhEEE d%r\‘/gzmﬁaéeoswﬂ%e@ Bl!ilﬂ&@élde \llév@lh\tagé)iz §hB®s blh}h;ﬁéjcorrespondmg to

RSRORRIGPoRS BbuTgS PG HE Mo P e e gie Poimyg S view
imbgaiv combsdoadsath krevhrag exxpase dajtesolomng arglibree xtentegight columns of

bu\ft@\é%t?@ﬂg\pﬁna%g grrowed lines 32 shows the path of the

t tothe canera 20 after the red light has
been reflected off at |east a portion of the

Byditstrd disyarfaés thetwas tHdickkoicemirramn @b,e28030 arddhg pldrakitP &f biinpsi6,
op&jga(? Ratﬁ % tﬁg gf tt;lle dlﬁ%%% 051&9%;1 l!ﬁ;g{%tcaﬁ o e‘f){ th? Q&ﬁéﬂ T?Ig ﬁs th Q\Q)W

rocmrr ors

sirgditanegyd cpriwine @f R p@tﬁgwném@ é@P9P$ % g? 53@°@é¥¥ff?f9é‘t W% gnd

ViRtV d shijle iR sra fplcally24kirgnd tesphidloadeargs.a first

oblique side viewimage 52 by a red channel of the

col our CCD canera, as shown in Fig. 3. 30 Simlarly,
Treraposteits 110 mew fuBer dtetyde a peritiop sensohotishaw fai delertije prepence of the

cotntb%n&ﬁ ﬁrféeﬁzs?@ tr@ﬁér@ﬁe Ifghtesobr'cél §2 bﬁcghﬁ c:n’(b@@.?dlﬁﬁ@nﬁ%duééairﬁﬁbe
Lur ald
coph T G- oRBE b6 B¢ v eriet rld Sty egaed By fhuaea

light is reflected off blue dichroic mrrors 30,

it %?Hug%fé nBd ﬁlﬁ?mﬁlﬁéﬁ%ctréﬂlg&]f @ kSattdréd Bfifhe I@%ﬁaﬁ@dﬁ bd’hﬁ&ul@hvh@n the
u |

et 4 5 Tl elr by T B iR aVE by bl ARl hnd By
wineleagibselectivhdioteit mirforg 2fe 28 gD dlers @@DGc%emchpluralézso@n@wa mirrors

22 %4 Ehegcan‘éera r\é@ vy @Jl{t 3%%%6 Bﬂéu@%ﬂn@@%@% Bas Bdan tdliBcted off

ue side view inm
repuibin Bitabars PG it TR yTRBESsrony one
ca@p from ¢fcht pamtxautar argplecarg ividpoiitéscaptveg el iR obather diaf flengtha that are
re&&%ﬁrﬁ e SQHQE I& %R)t\hgv\%gmi dle pl%pén'téal%? trﬁé di’tfﬁrd(d rﬂWois@QZB 30 and

e red de vi ew
weeaefneeﬁs'ﬁawﬁgﬂ%% 50,0 Famreaing e SBRa Al o bumbe

shown in top view image 50, while the blue oblique

F?rJ eg?m e{le Gk t@p {llgﬁgﬁag%%o ok 53%9 %Q? oitgﬁeénh@htt wcgtfse% r&di8ilter 24

ol'ums an ree ex reme i np§
anChgrptgrﬂlthcéq,\ynirr rg\@nt qua and Jrep,shgptﬁrgmdpquSaefgr@glngPWQﬁ eflected
at doe ofilthe Plueilily ofbunipars frdi,rea2Bing B8 camneta RiEaph ragk icépjured from a

p%&ﬁ’a? a%‘g% and viewpoint is thus of a different colour from another image captured from a

different angle and viewpoint. Multiple corresponding images that overlap on a same focal plane
of the camera can thus be simultaneously captured using only one camera, while each image can
be distinguished from the other images by its own separate colour during image processing and
analysis.

By varying the number and position of dichroic mirrors selective for different wavelengths, other
embodiments of the invention may be readily obtained. For example, the dichroic mirrors 28, 30
can be placed on opposite sides of a plurality of bumps such that a green.top view image 56 (Fig.
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optical path lengths of the different coloured |ights

can be kept the sanme. This is to allow 10 sinul taneous
w@aprasddny of the correspondi ng i mages 50, 52, PGHSEGE200M00136

different angles and viewpoints in a single exposure

typically taking 10 to 50 mi cro seconds. The apparatus

10 may further include a position sensor (not shown)

for detecting presence of the conponent 14 so as to

trigger the |light source 12 and the canmera 20 for

synchronlsed '

i mage 15 capt uri | r abber s
5) 84 t58.8"9 P'wb"&%%qed«*emm eSéﬁuﬁ%gF'a?-g%ggfl)gﬁa Py fh%§ﬁme plurality
of 8lrses, Bieeit frood ditkeeht andids ambi vialvpbitte Aphtraity of bidigue side view images is

thl%uérr% ﬁe?z&'mﬁ&l m&%&m bdmﬁgbglft‘b@h%;% %tepxunﬁﬂé?ofﬁzlobié@n'tf%sﬁg to be

[ um nat
obtairied; EYfd@pioxss MeaguememMGaRNasy thh% Bfﬁatfﬂrerg‘f*@818|°§‘/fesuﬁs are
m@@@édlonlng the wavel ength selective dichroic mrrors
25, 28, 30, filters 24, 36, 40, and plurality of
guiding mrrors 20 22, 34, the canmera 20 receives
Fig.isghbwayet amvtiier enbodiaant pidid inventipay wheseil ihe inasing dexise Bied 2K x
2K ehdkemt ﬁ/ﬁltéxf)éD cénkb@a F&h&fh@'dlcﬁr)zﬂlcﬂflrrdwm?% 6 aﬂi pl&ted on all four sides

T T
comeampdmmtnages rowggb bai e dllowed gmvetbip @tﬂﬁ@meml@ll@ﬁ Geenyise hay
cAh& latér%feld%ﬁr‘gﬁghé;froﬁm&e%ﬂ&ﬁerw%I&Jr%U%QVMWCBESI #hd analysis.

prevente I cnhroic

ARV BYFGHIPOUBPBGY R PRp IR RUrpacion g8 g erpited BLIBRFRF"= vin
mt:lhs&pectmmjhafoﬂlﬁlng 26p Mow irsagmifR] and redablue apl oréeaviohtriergéngsespective

I#\ al]lec Wﬁ:a&%@é & 6§5ﬁﬁe.nplur'alg)h$f buRBEGHSEN §|E‘@0fgl'ieet%i3‘ view image.

green dichroic mrror 25 prevent b
and red light fromnultispectral Iight that was
Fig.ef dhewt & chethatl 1@00f dfidantidiespettion af humps asindtberpepatBus degeribed in the

ee{rlge?ﬂg;%&?tg %h’ﬁnﬁ%&ﬂ 8@90md1:1§&.ha étgﬁa‘ﬂ)@ o?i@tﬂﬁh’é'tsﬁgthfe ?ﬁ%h@ of bumps 16

VI e
W@Up‘émﬁ‘pef’tfablliﬁhbfgfm fhe poft 1@&%@@@@8 1%30m43 @GC af rle?eévlj@ﬁlpht of
difistghtavadélehgitis avpe CoD. cahdbdatzomr&rmxrgm peatituta viansigeth has been

rei Ec%etd cgfvt% é)l&‘gllin? 18 b%mgé D ot }%ﬂilculgj C?%BIQ antp\;levﬁﬂﬁt GoH ViR aﬁ@@ohque

aneo tured Using one cane
sigghyiews ineagenofiatigars a pamon @‘éh%nf@@utwﬁ GF@Pﬁe@ qar\ % éa%%fﬁ%?y the
cdriERg 26, PRdferbbl$ tRIRaGR REY @biredGinnltanedusty. Moe caphge images are then
rocessin I [ .
oBBSET S Y PR O e i AP G AR BT
togateteamigintasobligiersidle ViewriBagss KRS than opherlqupspYesHoTHRSY include
cgﬁﬂhgaahhym&bﬁahmﬁ@es&@hwem@amme, the dichroic mirrors
can be placed on opposite sides of a pIuraIity

of bunps such that a green top view inmage 56 (Fig.
TWOIB00RA BBOSHUTCTCT IBIRGORNGIOL daamiz)maging of B PHRES bff"i‘ﬂeon'y one

céh%rb q'tfh%r&i {8 corh NErt IR IS nobhavé Helstopped rﬁorﬁdﬁiar@)for&ﬁﬂﬁple images
show

tocﬁefqagwéerqt ItE)Le ngﬁ%es\%ré%%qpﬁlfergpsumﬂtsﬁleﬂ;sew ina sm@e exposure while

thelzbmgorentis dethe in@ve.iTirisgeas greafly cut down inspection tlme and allow inspection of
every component that is produced without adding to production time and costs. The invention
also allows imaging of a larger side view inspection area without suffering from out of focus
problems due to tilted viewing angles. Side view focal range can be enlarged over current
methods by providing multiple dichroic mirrors selective for light of different wavelengths in order
to increase depth of view. By having a sufficient number of dichroic mirrors to cover all the bumps
on a component, the whole component can be inspected in a single exposure, reducing
inspection time when compared to the multiple exposures needed using current methods.

7



t hus captured for each individual bunp, allowng a

greater nunber of coplanarity results to be obtained.
w(abi0g/1363pT oves measur ement accuracy when the gPEERS5€2007/000136

nunbers of results are 5 averaged. Fig. 8 shows yet

anot her enbodi rent of the invention, wherein the

i magi ng device 20 is a 2K x 2K black and white CCD

camera, and the dichroic mrrors 25, 28, 30 are pl aced

on all four sides of the conponent 14. Because the

bl ack and white CCD canera has no col our channels,

multiple 10 correspondi ng i mages nust not be all owed
Whikt there hbapeebriescrisatie tHedaragoingl depeiptimceursierrédembodamentbaf the

pr%s%hﬁﬁvegﬁond S/ bQ nge?’é?c?o‘i’i b&/rﬂ‘fbglz QIQEP ‘?rnﬂé Q@ﬁno% Gé?JCQMEd that many

vaéw@asjprrmwwaqon@we@ﬂq %frd@@en Q@?@ﬂfwfﬁg pe¥pe Bﬁd%\“'@}?“i ??plfémg

mﬁpm@p@ge@yWQMananera with nultispectral |ight
formng a top view image 62, and red, blue and green
l'ight form ng respective oblique si de Vi ew. i mages 62,
64, 68 of the plurality of bunps on each side of the
top viewinmage. 15 Fig. 9 shows a nethod 100 of
dynam c inspection of bunps using the apparatus
described in the wearlier Figs. 1 to 8 The nethod 100
conprises a step 102 of illumnating the plurality of
bunps 16 with multispectral light fromthe |ight
source 12, and steps 104a, 104b, 104c of receiving
light of different wavel engths at the CCD canera 20,
wherein light of a particular wavel ength has been 20
reflected off the plurality of bunps 16 at a
particul ar angle and vi ewpoint. Top view and oblique
side view i mages of at |east a portion of the
plurality of bunps 16 can thus be captured by the
camera 20. Preferably, the i mages are captured
simul taneously. The captured i nages are then
processed in another step 106 to determ ne bunp hei ght
and coplanarity. Although it is preferable to capture
mul ti pl e oblique side view imges of nore than one
col our, the invention may include 25 capturing oblique
side view i mages of only one col our. The descri bed
enbodi nents of the invention allow dynam c i magi ng of
t he bunps using only one canera, wherein the
conmponent 14 does not have to be stopped nonentarily
for nultiple images to be captured. The nultiple
i mges can be captured sinultaneously in a single
exposure while 30 the conponent is on the nove. This
can greatly cut down inspection tine, and all ow
i nspection of every conponent that is produced
W t hout adding to production tinme and costs. The
invention also allows inaging of a |larger side view
i nspection area wi thout suffering fromout of focus
problens due to tilted view ng angles. Side view focal
range can be enlarged over current nethods by
providing rmultiple dichroic mrrors selective for
light of different wavel engths in order
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35 to increase depth of view By having a sufficient
nunber of dichroic mrrors to cover all the bunps on

wa2@onpowent , the whol e conponent can be i nspeRCESG007/600136

si ngl e exposure, reducing inspection tinme when
conpared to the nultiple exposures needed using
current nmethods. 7 WD 2007/136347 PCT/ S&007/ 000136
Wi | st there has been described in the foregoing
description a preferred enbodi nent of the present

THE\G@AIMSN, it will be understood by those skilled in

the technol ogy concerned that many variations or
modi fi"eeshqdsih dvrapicallytimaging, edlibiating e meesugiogistmpitighd andayplanarity

mvent i g 9007 “rﬁgﬁ“i"“é%m%“"@o@% 20136 THE
ICEX?BBIQWUU%HXRQ CPTU(S%%(]%?RQW Vgh| iSPﬁﬁ’ﬁ?l ghtfrom at least one light
cal i brati Agfreghnd neasuri ng bunp he| ght and copl anarity

of a plyr %cbl‘&nﬁg ﬁght&?'émw%leﬂ?lﬁlé{ rﬁ %ng}&glcgg&%nqgatatop view

conprisin !ﬁaum nat i na Ip

with mult 88?%1 St3 RgHen PTBeP W w@‘&gmpwﬁ@amwg%tsaw@ght of the
sour ce; b)lrS‘r\weIENgtmlgavlng Obén reflected off itpluvdiyel Bigls bt atirsBingle
i magi ng deyh @R Sl that a top view image of at |east

a portion of the plurality of bunps is captured; said

|i ght feq@iving ligh'qf azagpad é’ﬁ@%‘%gﬁg&hﬁgﬂ%@éﬁe\rl@fﬂuekcthedat least

of f f t he pbneradligueysidefietyimge ot Iasi 4 pdfondN@k Slurafhfy%frbﬁrﬂ?s is
surr ace, con

2t the | mag tLFFQd %a%:l%'h%f e %B%Mavel?ng}higgng % éefgﬁiieij g& @e

si de vi e\/\PFrﬁﬁég bHF‘P%?th@a@Id adlipbem thersuddcetdnd pl ural ity

of bunp$ preceseiagihtl tthredidiaged th 9&tbrnfe dbbshuts S&Qﬁ‘ﬁelght and
wavel engt ky Eﬁgﬁtng been reflected off the plurality of

bunps at a second angle fromthe surface; and d)
processing the captured i nmages to determ ne absol ute
banpTheahghdd doidim 1 hregpbapdiigt Y. 2. The rret hod of

claim1l, o ris e|V|ng ght of a

third wav']:? eé‘?%”q t"?nﬁwgv"a\‘i‘gﬁﬁgﬂ‘gﬁ 8\7?"?9@%’6\‘5?? fusathagat least one
| east oneOb“@Hﬂ S'd@wwsmetle of eeasit arageorm‘f thatpluratigysdf b@nps is captured,
portion Osfalctll@ﬁt dPihd i wlaVel gt%@? bdeh r&@&géj@‘?%e plufetty of bumps

said ligh hird vel eng havi ng
reflectedét ?'rdtaﬂgeh F":flsim? ®of bunps

before the step of processing the captured images.

3. The method of claim 1, wherein the receiving light includes reflecting light off a
wavelength-selective dichroic mirror.

4. The method of claim 1, wherein the receiving light includes filtering light through a
wavelength-selective filter.

5. The method of claim 1, wherein the receiving light includes using mirrors.

6. The method of claim 1, wherein the top view and oblique side view images are received
and captured in a single exposure.

7. The method of claim 1, wherein the top view and oblique side view images are received
and captured while the surface is moving.
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at a third angle fromthe surface before the step of
processing the captured i mages. 3. The nethod of claim

waoorhasel n the receiving [ight includes refl ep€T/6G2007/000136

light off a 25 wavel ength-selective dichroic mrror.
4. The method of claim1l, wherein the receiving |ight
includes filtering light through a

wavel engt h-sel ective filter. 30 5. The nethod of claim
1 wherein the receiving light includes using mrrors.

T m1l wherein the top view and
ob‘? E{Eamg{haiofﬁam Vﬂﬂﬁge&fh%\f"éf Ingle &y WPeslgoregniiore Bptswifase. i n
a single exposure. 35 7. The nethod of claim 1,

WhET §h8mbihSd BfQi%unY b We%@?&cb SR aq V'éﬁ %%feﬁgﬁecgd from

received and e sur
VO 2@”@79“1@@8@?6“@@#7*3@@@7@@@*@@@@ 8. The nethod of

clain11 mhereln the first angle is 90 degrees from

th d_of erein the

s e@éﬁ %Ofgdn cYT ? nfeﬁm% 5 ﬂréqcaé‘g%ragg H@m@@ta@@e fedipfween 10
t he @P%ﬁb @@ﬁ@?%ﬁ?%@ of: the sane and different. 5 10.
The nethod of claim2, wherein the second angle and

t I e between 10 and 25 fromthe

suftr d0e POy RS CRl S B Pepis e Hifrat inepmao fens or
|nagr%@md@W¥%@dWﬁdbmdes a telecentric lens for 10
reduci ng perspective distortion. 12. The nethod of

cl n ing device is selected from

th‘g2 Sbomst“h% Iagq 5’@ereﬁ‘rtg © I1aging geyice iscslasig e tha-gioup consisting
bl ackf: arnelowifiCDeca®@er and awtaak arkbvhltd CCDhamert hod of cl ai m

1, wherein the nultispectral light is a triggerable

st cted fromthe group consisting of: a
ha1|r3oSE"rw 'igffL?f © éﬂf‘i‘efeﬁﬂ‘? myHpect 'é%hE'P alsiogerable stm_tB lightD
| i ghselérdad frogn magmabd:oambﬂng@htamelsgerﬂ@htterne bn LED Ilgmfbl‘bferably an
Co' ORER LEM: ligHH8viRERAe g@ Pﬁ‘ule?s' éghl?ol o%%{h%blput he obl i que

i de view i mage capture rom-t ‘the 20
second wavel engt h and t he oblique S|de Vi ew i mage
c dpt Tineedethodanclale2, lvihglatn tef ol sidaivieth xmﬂ@lﬂp@%tfﬂ%m&ﬁ@hght of the

of aspehd kRRIAkth tan(ﬁhg L)H é{y vidl m!%&é"? E)tusfele tgﬁ ight t Sfthe third

t he %roup consi sting
avelength are of a portlon of the plurahty of bumps selected from the group consisting

of; the same and different.

15. An apparatus for dynamically imaging, calibrating and measuring bump height and
coplanarity of a plurality of bumps on a surface, the apparatus comprising:

a light source for illuminating the plurality of bumps with a multispectral light;

an image capturing device;

a first wavelength-selective element for guiding light of a first wavelength to the
image capturing device such that a top view image of at least a portion of the plurality of
bumps can be captured; said light of the first wavelength having been reflected off the
plurality of bumps in a first angle from the surface; and

a second wavelength-selective element for guiding light of a second wavelength
to the image capturing device such that at least one oblique side view image of at least a
portion of the plurality of bumps can be captured, said light of the second wavelength
having been reflected off the plurality of bumps at a second angle from the surface.

10
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15. An apparatus for dynam cally imaging, calibrating
and neasuring bunp height and 25 coplanarity of a

w@bkwrasddsy of bunps on a surface, the apparat uBCT/SG2007/000136

conprising: a light source for illumnating the
plurality of bunps wth a multispectral light; an
i mage capturing device; a first wavel ength-sel ective
el enment for guiding Iight of a first wavelength to the
image capturing device such that a top vi ew i mage of

on af . the urali 30 bunps can
o't 307 B R AL BB B kS Do i ot SR e for
been QF“éPQ aht ofcp thifdf wavialengih tortb imtayge cptubngnisvice Buch thataSikbast one
ang| %b[fqﬁ@ B h&N Mot 8E8 iea@t‘%oﬂ R Plarah of bum}ﬁ){s oan be captured,

wavel egam fSE %l ve el enent for
second gyt %‘E{r Wa"tek?”QtH@aY"fﬁatlfén ﬁﬁt%jrq @eld@@i'tb@f bym@hatathlrd
t hat angle frem#te sonfieeeobl | que si de view i nage of at | east
a portion of the plurality of bunps can be captured,
sajd _light of the second wavel ength 35 havi ng been
r et/ 48% 8rpPagHys of HEimpiSuwRarein {he yavelengiheselsstivg elsments dreseigicted from
f r omittelygouplenhisistiig of: d8chEk ARRYY bdd3bd/ PCT/ SG2007/ 000136
16. The-apparatus of claim15, further conprising a
thi rd wavel engt h-sel ective el ement for guiding |ight
of 18 ThepRnarafigg\peslaimgthwhenein the tmei,’(:‘g\Gﬁnd apitque sidg viele images can be
such chfiarbd ita sirgRSkpda0@. 0obl i que side view i mage of at
| east a portion of the plurality of bunps can be
ca tured, said light of the third wavel ength having
The pnatatus @f efim TBhehepdinitha tdptviewaend bblipe siaé view inegeslcan be

5 angé;ﬂur&_{@metﬂtgesuﬁégef,@,q,gvmgﬂ The apparatus of claim
15, wherein the wavel engt h-sel ective el enents are

selected from the group consisting of: a dichroic
mi 3% dhe appdratusiof ¢laimr 5, i@reiBthe Tiseargepagtedegs:es from lttad sitdde,
wherein the top view and obl i que side view i mages can

ture a single exposure. 19. The appar atus
of?1c FaF tPotus fhadtarih Hieceis b SerPBRA g P i rgleds seectod
vi ewfrprmitpessoup@pnsiséng ofaipé sanedlandhiifleesnt he surface i s
novi ng. 15 20 The apparatus of claim15, wherein the

0 degrees fromthe surface. 21. The

fi an
p%aﬁ‘%ft af&fusé’f "ﬁw%”h%féﬁhéﬁ?fmﬂ%@g&see@émt@rﬂbar\glembetween
t he t®fiand 28ngihethaswefasel ected fromthe group
consisting of: the sanme and different. 20
23. The apparatus of claim 15, wherein the imaging device includes a telecentric lens for
reducing perspective distortion.

24. The apparatus of claim 15, wherein the imaging device is selected from the group
consisting of: a colour CCD camera and a black and white CCD camera.

25. The apparatus of claim 15, wherein the light source is a triggerable strobe light selected
from the group consisting of: a halogen light and an LED light, preferably an RGB LED
light having variable brightness control for each colour.

26. The apparatus of claim 16, wherein the oblique side view image captured from the light of

the second wavelength is of a different portion of the plurality of bumps from the oblique
side view image captured from the light of the third wavelength.

11



22. The apparatus of claim 16, wherein the second
angle and the third angle are between 10 and 25 from

wo b@7assfiace. 23. The apparatus of claim 15, WPET/8GI07/000136
the i magi ng device includes a telecentric lens for 25
reduci ng perspective distortion. 24. The apparatus of
claim 15, wherein the imging device is selected from
the group consisting of: a colour CCD canera and a
bIack and white CCD canera. 30 25. The apparatus of

s.a.tri

ot o ealRcE} iy ung b e St SoS Ut bR G sopme gt oas
hal o@@ﬁmm eftte %Lﬁ@!l%@f beliEs|vieyhd from diférentzabblys cam HR@BptLiED
i ght having variable brightness control for each

0 . 1he apparatus of claim 16, wherein the
ot B gt SR aftede Py che e iousing g to the

t he breagadevigevel ength is of a different portion of the
plurality of bunps fromthe oblique side view inmge
captured fromthe light of the third wavel ength. 11 WO
2007/ 136347 PCT/ S&2007/ 000136 27. The apparat us of
claim15, wherein nultiple oblique side viewimges of
a sane at least a portion of the plurality of balls
as viewed fromdifferent angles can be captured. 28.
The apparatus of claim 15, further conprising a
plurality of mrrors for guiding light to the 5
i magi ng device. 12
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