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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

wovanib&q7rel ates to a nmethod and appar at us fo'rctﬁ!;"c,%‘owooons

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 0 BACKGROUND OF THE | NVENTI ON

Waf er bunp and/or sol der ball height and coplanarity

| nspecti OHIF TAOB AN AFPARA ﬁ%ﬁdﬁﬂuf@#ﬁnéﬁecﬁlﬁlﬁ‘:k for any
signi ficant unevenness an bal | s,
because such defects In a conponent nean | oss of

FiEL@beqHEimWN'noﬂt act, leading to conponent failure. 15
hods e t

aking nultiple images of a
ol ¥R Ot st Bera i e Bue i arRlot 5Bt Re ity G and
particefiplf bmt@nt exglugivgho tordysarain dhspentieress maxing water bamps ang ball grid
arayd.r i angul ation cal culations on related nmeasurements of
the images to determ ne a three dinensional position
of each bunp with reference to a pre-cal cul ated
PEFINIXIONr at i on pl ane. This is achieved by holding the
Bumpc.meé}ns%:ana%%P bR é’ﬁ?bld'eﬁ:dﬂﬂéb&il'fd%ﬁ sures are
made 1 n succession to capture inmages Tromdifferent
angl es using multiple cameras, or using a single
BACKGRO®UND WFITHEINVENTOS | i ght sources ained at different

Wafel%?ﬂlpea?udfapscﬁcl%? b&%@ﬂﬁ%kom Q{éﬁg aﬁEB&é!‘agéaré ggnﬂgﬁl%géﬂletd%{ %

i nspecting ev
cheC'ifﬂr@"& 6'&%’6‘??@?1‘{"31’?5'“5%‘9 %ﬁaw@a bﬁﬁﬁ%?rtbah bgcauss sqchﬁ@fects ina
compoiat meanigss ol didetngsl tamtden) leatingpoadmpbnentfatiirere and hence
i ncreasi ng production costs. Since only a sanple )25
group of each production batch wll be inspected,
Cu"eﬂ*éﬁ%g‘%qsw‘“@,‘%%lﬂﬂ Bwitiglefipages ot 3 plyralie of bypips o ajspriacp e&a do
comptwant fhemp pifferehit@iclaPoihts ahdangiad BHdSetorming. tidvigtiation RIbUILTTAE 66

relate8 %Ewrﬂer@/ of‘tfﬁ'écipl nféﬁ:sttg Qgérmﬁ{eea tﬁ\leé %tmensﬁ%&! Sgslt!?ﬂ ofjg&E B d’% with

T eq
rfereigs forcpERloRRS CallRn P@awﬁ@%ﬁ@chiewefi Peholdineiomeamposet e
statiohBy ghiRahi@ipld dxposutdserdinpldin eliccdisRiN.to Oghlire tmdgb$ ffom different

anglejs U%l%tflﬁ@ﬁﬁ :%n%‘?é)segrt ds% 3 smgré ca?ﬁ%a%h’ler i %le ttgﬂt s%grggsgadl%‘g& gt
differgnb SRS O@ﬁhwﬁ@m%ﬁm}h mﬁtﬁgqlsr?ge not suutable for inspecting every

compaonent produced as they need the compaonent {o be stopped momentarily for image capiuring

- 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 gef 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 {o inspect the whole
component if the companent 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 helght and coplanarity of a plurality of bumps on a surface, the
method comprising: liiuminating 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; recelving light of
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calibrating and neasuring bunp hei ght and copl anarity

of a plurality of bunps on a surface, the nethod
WwOs#S63g: |l lumnating the plurality of bumpsiddhogrmeeiss
mul tispectral |ight fromat |east one 35 |ight source;
receiving light of a first wavel ength at an | magi ng

device such that a top viewimge of at |east a

portion of the plurality of bunps is captured; said
- light of the first wavel ength having been reflected

off the plurality of bunps at a first angle fromthe

sestidASenglPR YaimBging Stk sGdh that ht MRt SROMIdREIE iew image of at
lePgT/ S@ZO{%%O&O&%G second vvav(?I e'fqﬁth 'até t he |rr9avg| n
0 PRIOTLT 1% ARl of Uimeets pmies. seif fejber e HRFUd waydienell aaving
beph reflected oftthe plarality ot buops af a $dvendodngledioint the edrfabelripe priosessing the
j ' ngt h havi ng
O A PO o R BB, . e econd
angle fromthe surface; and processing the captured
Thenmgies niay ftibodoripriss rebswidlight dtfu ttird b @égtiegtehe imaging device such
. The r e .
3BIoE B Slouciyde el T Vs PO b EPELS B o covture,
sajfdightobing 8’&'14 wayelenotithaving heen rafpsteg it rafitef buinpwatiarthigangle
froaf tha burfaeelsdfora fHRtdp P ProBssinl theltaptu@l irkagesf bunps is
captured, said light of the third wavel ength havi ng
been reflected off the plurality of bunps at a third
Theenelving fight may Ineluderefientiog kbt off @wavsiengthwepleetive gictrosswirergfiltering
lightiRroighd] wivendthBglesive Aier ditRusk@GRkord.Ng | i ght may
include reflecting light off a wavel engt h-sel ective
dichroic mrror, filtering 1light through a
Thadereliewryuiebline eide vigw Imades oray &a cecaisédhandrvapumddn a Sihgle xppsure,
and irQdivadshdQBptl Yhfid B8 sitRYisiBgS My be received and
captured in a single exposure, 15 and received and
captured while the surface is noving. The first angle
Thedist wlcgtayhed0aiesrebs o thesudasef ace. The second angl e
and the third angle may be selected fromthe group
consisting of.: rthe sane 20 and . different, and nmay be
g 3P e o SRS BT o elitrd M v @Ot s HipO b deame
anghdiffelientc indicheaybethelveree 10T and 26%ingn fhesurfaduci ng
perspective distortion, and may be selected.fromthe
roup consistin f: a colour CCD canera and a bl ack
TS e oninpy Be i eleoskioens fonipdueiag BerEPepive diggprionayd may be
selgetedifrom thggenualsbusisting afba céiouy IPCOemect s afitamknahdehityr GLIpcamera.
consisting of. a halogen light and an LED |i ght,
p[mel'{_erabl % an RGB LED I i Ight havi ng vari abl e brightness
The gitisprctrai gt may by atigogrgple sirpke ligh selgcted Epmdhagranp consigfias of: a
halpggt lighhdfon bEDtipid, prefglably af RGBA_ BEdighitthving valablRakibhtadsd control for

- eatf\Gidp! 1 que

The oblique 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, callbrating 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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30 side view inmage captured fromthe |ight of the
third wavel ength are of a portion of the plurality of

WO /Sedected fromthe group consisting of
and different. In accordance with a second pre?)%rre 07/000136

aspect, there is provided apparatus for dynam cally

i magi ng, calibrating and neasuring bunp hei ght and
coplanarity of a plurality of bunps on a 35 surface,

the apparatus conprising: a |ight saurce for

illum nating the plurality of bumps with a

portidrt of ﬂ't@étm‘rdh@ﬂ of bifit Gan 88 capmgﬁ s&id %Hﬂ bf tﬁ@ﬂr@ﬁ.vav@l@ngtl@havmg been

rinpliad ot SO buRg: R4 4% Bnde FfE Dl st oHarpivldonatn
selerlive Qlﬁmnt for puging/ligbbefiarsaepnd @raveiﬁngﬂ‘eaﬂte imagepcapilring device such

th&@@ﬂ 743&3@.3 Gghqﬁ’@g— (ES Y de@ QP Rt aﬂ%foh %ﬂth@ﬁ:»lumﬁv of br,]rmps can be

o Syl o R TSP e v Lo Lelipc e il o bumps a

S@bﬁd@gletfgondhemmps inafirst angle fromthe surface;
and a second wavel ength- sel ective elenent for guiding
%ht of a?‘{ﬂﬁond velendgthtothelrraecapturln
PRI flteh IrheR comprisecibid WiveleRu-Peferiive Plamentifeguiding ght of a
thipd wanteldngthsd tha uwtcamurrngfdfehhﬁupfh theedt ildayt arfelobwfre Sid6 fiewlRage of
Vi n
atFPeeééﬁé)é Q)fth\?-i ghﬁa}l ty of ﬁ]m& cah H? aj:ﬁﬁ‘&? g%i%n%h% oﬁﬁg gnd mrgveéﬁpgth
hayingbeer fﬁwqdwg ﬂm’rr@!&séof btrﬁes #sfirdangle fiemythe sirfaprer
conprise a third wavel engt h-sel ective el enent for
LI Vi nath to the N
T*%z%ﬂﬁ'?ﬁ# bR tefons M G SRR B B Bl 6 gl
miFoedpdiafiitle of 10 at least a portion of the plurality
of bunp$ can be captured said light of the third

en reflected off .the ura
Trﬁﬁén{[gmgp?ﬁchob? e angﬁ Hra ersomrrarl ga%trdrfafi grcaesmﬁf%@(posure, ang captured
wilg e UHBeers BaYiedt i ve el ements may be sel ected fromthe
group consisting of: a dichroic mrror and a filter.

i Bt A M S50 OB G slde vi e | rages ray be

a si and captured while the
surface is noving. The first angle nmay be 90 degrees

THersetork l2Bq!8 bfid tﬁg fhtrg angle Eﬁﬁb@fﬂé&&@ﬁ%ﬁﬂh% gﬁgﬁ (S‘.r%ﬁlgﬁ%ﬁggﬂf Tk same
a:@rﬁjﬂrje%n{@% §e éé‘f’ d?r?dn?rﬁ& %t ween 10 and 25

fromthe surface The |mag| ng devi ce may i ncl ude a

Trfeﬁhh@gﬁ@lidvic@ nr'ag ﬁ?é‘{jegﬁ %eﬂe%gr\{ﬁd 18 f%%%tdeys%eghé bbb de may be

dfro 0 consi stin
ool R R 5 2 6 o il a4 Bt AT camere
The light source may be a triggerable strobe Iight
THRBbIRGb&@EL MmbPHR & RRGEEISN Prdb@ st SLibdMSh Rim th@ group consisting of: a
halogen light and an LED light, preferably an RGB LED light having variable brightness control for

each colour.

The obfique 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.

‘Multiple 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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hafogen l'ight and an LED light, preferably an RGB LED
i ght having variable brightness control for each

ngzgwmﬁg’@ The oblique side view inage capt ure(i)(,fﬂélﬂommoo.lsﬁ
a

the light of the second wavel ength may be of

different portion of the plurality of bunps fromthe

obl i que side view inage captured fromthe Iight of

the third wavel ength. 35 Miultiple oblique side view

i mages of a sane at |east a portion of the plurality

of balls as viewed fromdifferent angles may be
Tie2dpbataRE map fuher2 0 grisk SR AliyRE MR QP UGB thEh@aging device.

apparatus may further conprise a plurality of mrrors

for guiding |i %ht to the imagi ng device. BRIEF
Bmgsmsm&ﬁpm THE DRMWNGSS | n order that the present

inofteP et (ROprERRht Aokt ity BYVIRS TG So el r6RRY b oo practc oo,
e SR o e b By . e B e SRGTEIS PrIvPB B prLs Nt of the
present ineentigr, Eealescriptiondeing efth rdfdrencd &stbe agbmpanybrgiillugtrativé Brawings.

reference to the acconpanying illustrative draw ngs.
In the drawings: Fig. 1 is a schematic view of an
In PUPES for three-di mensional dynamc inspection of

Fig.urip s schei@tidvigy of2nlappaatiofor Mircewlimeraigeal dinami@inspealidntof bumps;
Of o fi § St ' i i.Q0); .
Fig;2 U A ol S BT o bt cnflBalrRiER e
Fig.is gt ohligys side igw \gapef agortiop gf the plugafity of bunips ofHa | i que
Figi4de aw biiiqud sTpRevdimage ?mﬁm rc];ﬂlﬁ]e bloriit |oﬂlﬁt?\’u|:istr$y Figf 2, BiFeReRt from
- , L I , the portion of the

tﬁ%ﬁﬁ'ﬁ%’?‘?ﬁ“& pg)f?é'[t?{frﬁrggaé‘@f?f |g 3, Fig. 5is a top view
Fig+fdga taprviey impge &fla plupaliprof Bumpsira dercanderalmdinanheldln invastion;
Figfe it hleolitlm(@ﬁdiéxlﬁéwirr;a_é@oﬁhefgplurﬁliti/ &f b@?’lpgbﬂ Fig§lge Isé i de \7/i ew

. t ural i ums .0 . b Fig. IS
Pl g Ragos B G il ol b R @ il P &1 7o
Fig & g combimtign ol topvigw ingage and oldliguhsidraiswimages of atrbprelipy diumps
frdnTBgfd @Mbodrabit Gtife Mvéifioniapwv | mages of a plurality of
Fiailbggg SQ\IL%%? o? 3 %%{J}(ﬁfﬂe tﬁ%g%lgn%%)ﬂ% gyﬁagﬁc ilnsnp\égt%tnloPQUmpasr] d

t hr ee- di nensi onal dynam c inspection of bunps. 20

DETAI LED DESCRI PTI ON OF THE PREFERRED ENMBODI MENTS

o PRECkBTRIT o TREFrerERFEE RdiBENEE 25

i nspection of bunps as shown in Fig. 1. The apparatus
ABrdf R biSRPedlndr€ RDrovRIBE aff SppRkHius| 1096t dynamic three-dimensional-
inspection of bumps as shown in Fig. 1. The apparatus 10 comprises at least one colour fight
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 triggerabile 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 brighiness control for light of each wavelength. Muitispectral 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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source 12 for illum nating a conponent 14 having a

plurality of bunps 16 di sposed on a surface 18. The
14 can be for exanple a wafer bunp or

"S‘??@ﬁaﬁ‘%\§ (BGA) device. The colour Iight sourngxi}l.?gflfo07"00013’6

may be an LED |ight, a halogen Iight or other

triggerable |light source. Preferably, the col our

i ght source 12 conprises red, green and blue |ight

emtting diodes (LEDs) 30 for providing |ight of

respecti ve wavel engt hs of 50% poi nt at 580nm 485nm

te bri ght ness caontrol for
ﬁ-‘zl“g?ﬁ et afiieneity Dredgding eviop €0 BIBKER 7 gloyr CiRcamera, typically a
PP colgir ngnaa prleferablyitbying ofesdifidhef 602 xwaRepieg Férhidhespged image

Ea%g.mn@r %gﬁe@niﬁk wlcﬂﬁcalldma? t{g@hq‘m‘p‘fet}gte Il ?g u§et%u)& ?ﬂ?ec%gtné Rns may

te
Eecﬁf{ s tyfhg camera W@@ﬂperaeecﬁw%@rm y between 10 to 25
from the surface 18. 35 The apparatus 10 further

G5, B3R TR 7 G ano ofte il i Bt i i
29 shevid et &p eeleptive foponly areen lighisAraved link 28whoive theripathof the Green light
& el Cibrier20 by thé’fgrm 1%9%‘5 186 HecRETH 593%@ Zb&@%@\e é)cl)u rality of

RETRRERal Ciic i
tbarrglr the preeff Btea®! gndhefiectad offi the @seh dicholt nofror 26 Béfobe LibDd4eceived by
hé Eé?hecra 26-8d (J?abtgltéd %QSﬁgeh @%w n‘ﬁ@%ﬁt 44 ng%%{geeﬂ cﬁ%fcﬁtfle’ dlour cop

col our canmera_wt

tEeE 8h BIOWE In Kige: *ﬁﬁgﬁ e"ﬁ’@d'ﬁ'ﬁt‘ta%‘ﬁléla c?lwsmé byrERRAr@ cqRgred. The top
vievdirage peproyidsstinforatiingtha cin BHused fdr weadithérs®hal bump inspection

F&@ﬁ'@ ﬁ% %Ad' n?g%ngcﬂcuméy %b&drﬁlgltbuﬁ@\éﬁlag %ﬁ)ﬂcérﬁ‘e gfeb%ﬁ'lgs,l acqad also

'E)fe'tm?tlsféf‘?é@re@&tm%mﬁ%F=a@ﬂﬂ'agv°rg¢%@4ﬂﬂm5gme bumpp B\tlkitop vigw image 50

@besensallyRecupaidshefe. t he green light to the canmera 20

after the green light has been reflected off at |east

a portion of the plurality of bunps 16 at about 90

ThegrrarpiEs LQalsarompises atlgest gpedishreis gifitor P& salagtiveder light of Reecond

wavelre@gts adat l&%ﬁ@ﬁﬁmmlddﬁgamh elebire Br @G ofétlhﬁ'&\ﬁla\%ﬂanétﬂdln this
reen di.chrojc

sEoRFE Ry g 5o RS L G Gl R e B 7p oo provised
t@ f@gtﬁ onl@ Igﬁd\)ljg@tv\whlh@@yv[@jigbgpf athgrwayrlendizatn ebssdifrotdheLight of the third

weRbIoktth EBle ligRATREWse, 8Blesh O bldd didhrdic Mirrof 89 1 Pv'oﬁded to reflect only
are captured

t.  twel . f b
t?”%:gﬁﬁl{/"i’q@aﬁllom\é%a%Q%i?#d'gﬁ%&tﬁ?rﬁ‘fagaﬁﬁmson that can be
used for two di mensional bunp inspection including

A@fo\n@g hiftd 3@95’0\/\@@@&[&9&%@5 Ilgt\‘f‘@'{ﬁ’é &Rc{e Meﬁ’ﬂhé ?e%l llght has been

ornmatl o

f%ﬂ%@& ﬁah'%??i? BRTEPN ‘??We%ﬂ'l"ya‘t% bwﬁp%%ﬁ D A9 Pl FbOUtE25" from the
sbiages! 8 Thetrbelightie refleeted offveg eickidic napge 28, goieeEted dlyrality of mirrors 34

I I
1?1% ggééeg‘ F]hédugp %I?r?cgﬁtgr 3%%%0?@@%@%@13& g?/v e%?mgr%% ahcf gagogtﬂéd as a first
obiliqug sigle view image 52 by a red channe! 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 refiected 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 filter 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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wavel ength, and at |east one dichrolc mrror 30
sel ectlve for light of a third wavelength. In this 20

Wwohesi ey, |ight of the second;wavel ength is r
I'1ght, and red dichroic mirrors 28 are provi dedj%%tmoo7"000136

_reflect only red light, while allowi ng Iight of other

wavel engt hs to pass through. Light of the third

wavel ength is blue light; |ikew se, at |east one bl ue
dichroic mrror 30 is provided to reflect only blue

l'ight while allow ng passage of |ight of other

Wdieedbiiqugtside vB® impges\é b4, thesmBansbar weescdnesimmet. (nfhistdmbodiment,

e gur{méﬁé%)tuk% irt R qEAiR ievdiPha Sfére Hlﬁ&eﬁt@r@rﬂ thQ Bﬁm;!ihaéptured in
| ect ed &_f at For I on

Gt ogs I 5 2bia i K 00 2 Sveriomps caragpgneing o
thé eentralaf aoluennd 8f buhipe sh@wh ih topiviewiiiageedol Gifnleehb ol olsliqak side view
@Eg@w%&egso@aesgfog eftgﬁe Qoo frB Y Blde! okt g%rrt EQirfns of
P"é&@l‘ﬂ/‘é@i"‘ﬁ‘ﬂl"ﬁ?@@@amra 20 and captured as a f| r st

oblique side viewimage 52 by a red channel of the

%PAG@E{ITHJ%? nccgg%@eeﬁ%ﬁﬁé pﬁg}@ mkn% i5928t. % rgqothg 'pr}allﬁt ¥Umps 16,

eptieal patmiangthe of the dtﬁeremtnelowemkghtsl cghbe kephthe pamp. T’f@flﬁ oellew
%&itaa&mea.aarur@ PPk ChiRdd @Tdufghﬁag@h u6,&b] dafronf difetoRandifs @

surface 18. The bl ue

1M
Y'?W‘% 1§ Sinp aReba Sty o S Pl e 50,

. guided by the sane mrrors 34 and passed through a

'mehh% 5rbﬂu§. U] mﬁ@fuﬁﬁér@rfcﬁ:d@%'pﬁ&dﬂ%@@éoy@u@t éﬁﬁwﬁ)n&' défbréﬁﬁgaprg&nce of the

Boare TE5G i iohSisfe RREUe Ja rnisrabgiadlor HnchBiEsgitoce
Gaptupngy imabe ghabin@s 208bd BRE B donhtrBiCDk, 962 6 iEpIeY 0av3® mayralsolie included,
obl i que side view inmages 52, 54, the bunps appear

crescent-s n this enbodi

RGP oRR TBEmtnacty e 6 Toaero Gy Lo gt Hibre foaen the
dormpamernin ¢4 b dlminated iy unatiidpdchal light] Hiapeeershydkrateigiemllyi pusiting the
wirelehGif sél@tﬁiv@@ikﬁr&g %:rﬁiréj?ﬁ ‘éé %W fiItIR 98, 3%2465 QQ{Y"P!UP::W'Bﬁgwdmg mirrors

correspo central six columms. o

ZhBfuths ‘??"Ief?p’gv F%Weﬁ H% gf a5y ong pptticular wavelenglh tB%tlkg\agB%en reflected off
ﬂae plerality ef\btpsrtagea patticur aagpanidiewpdnt ieh that einexge by one
éoﬁqu fr&FP mépﬁh?tlcﬁﬁﬂaﬂgm 4nd v%ﬂﬁt@c&{p{u%t LigR RS v@vel elbdmﬁat are

Vi ew | ma ust1ng di stances
fF?‘Fé"ed'laéF‘i‘Fé?’Ee ﬁ’i‘qg‘? %"'W"'“&%‘e P@Me“é‘%ﬁ’ci’yt“??ed PFeUS 2y T°l’ %/250?8 30and
waveeagth Gelectiopfitecsadd, p& U floengichisg b chrihera@if f er ent
coloured lights can be kept the sane. This is to al I ow
10 sinul taneous capturing of the correspondi ng i mag
g exaggple. 4 top ipw a0 6P Isromaprgr @aly simreen)idvpsiapeathe are%e* filter 24
Sidpded dRXRASHIrEr A5)Pdvent Hiqe dnd kemghtmmtrmﬁ@emaugmt that was reflected

eﬁ%ﬁ‘o{fﬂ plInl?ﬁtg %?r[ %HHﬁ % hg 8% heer‘r,:‘ b rE:acH ﬂ'ﬁa capetureg froma

OoSItl on sen
naﬁ@ulabmﬁﬁﬁ@ wtewmwntgsatha% oft itfareng eriqur friam amtg?rtlm@m@reﬂ droma
d@ffdterit Bgl€ AftBNidwpdt. MiltipR )0 e Eun oM ad I RER 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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15 capturing. |Inmage grabbers, a strobe Iight control

box, and a display device may al so be included. It
WwhoubHisbsg7snoted that nultispectral light is sceﬁéqg

by the plurality of bunps 16 when the conponen 07/000136
illumnated by multispectral |ight. However,

strategically positioning the wavel ength sel ect ive
dichroic mrrors 25, 28, 30, filters 24, 36, 40, and
plurality of guiding mirrors 20 22, 34, the canera 20
receives |light of only one particul ar wavel ength that

Hasd beland bleé beligtesidofiéw indges §f, 60 Gigst 6/ansi7) banhhowéheatarme plurality
GBhbE Wraf i g.h&ea%ﬂ%& ﬁm@&mswﬁnmﬁdﬁ thobﬁcﬂje' %@%mﬁages is

6 one, col our t1cul ar ang
F%%%Bﬁr% o egoh.ind) v'evaéaumm.awngﬁgrﬁtﬁ é’PmRﬂ\?éF%’l'?@@H‘g rqsii fo be
ebtainedr Tié Iptaads Mmbastitthehtdteuradyoihen edresice winrobears ofresilts are
e&ég@_t ed by the dichroic mrrors 25, 28, 30 and
ength selective filters 24, 36, 40 from reaching

~ the camera 20. 25 For exanpl e, the top view imge 50

Fi§. 8CSMBWO §et Encdidr )ém%duﬁérﬂ anthé inGétttion, MBERIAIR iMBEING SRR 20 Is a 2K x

%F%ac?éa&% ?Nhg\%?&? ergaﬂgllfi ?!gepc@ Igfollcgn‘{l m'?rg 3%.%% ﬂﬁ; %?é/ ﬁggec}o cla &l four sides

¢f@fe| agopetEnt - Bg@uswﬁw& blebleansi white CLDpameraihaspescol@r hamels, multiple
n&ﬁg Mh@e&uﬂﬁ@ hét b%%ﬂo@%o&eﬂm £l bRApIEROBBcBuse they

t di f
%? e PR iR Rar oy Q@PW&Q%H*"'&?SFP% i gnalysis.
Hovgiver, thisgemiodingenti atibws Matger olabingpertiop sparielbaepvered de the camera, with
rt'lm@épe&ya? ﬁdh@Bm‘ﬂﬁh &Mop @féﬁr ltﬁ19§ead2 mdq’&? biu@bnd {;‘I’@erﬂ%ﬁoﬁmﬁ@%spectlve

R g L e ERT oo

i mges by its own separate colour during image

- B5.90g0w Q%e@h@&' 10@&%Wa$&uéms;§’é5taoﬁ36f Hﬁﬁé' tﬁﬂ? iﬂ%%pﬂél%@ 'Eies%ﬂged in the

osi tjon of di oic mrrors select
‘%E{?é FigRdt'A 8, Tft?t"l‘?é*?"d 18%?58?%%?\‘1‘ %‘e%?oztcﬁ @”‘Fﬁ%‘@ﬁt"heoﬁ’i“’ﬁ'&?{/"f bumps 16
Joith malgeghiedisal Kbt fadmnigd ligf esurescenpridesteps Hedal it @ty ti4e ofiraceiding light of

d?nfer%rﬁ%av&%t Gt lﬂg éeﬁ%a&gra%p\gt%réiﬁhc\;j\ﬂ} a‘eﬁ)aﬂ{:ulé" \ﬁéfeﬂbth EXS been

S sucC een.top Vie g
RESROOR MG BBt A EEEnoB g HEwRalth Tany i 9 obliaue
@ viewlienagede avieasva iporigest thBplurtlily ¢fbugps 1Hcaantithsbe capoled by the
%ﬂ%}%eﬁd‘ @re?é?&‘ng){ me%% lst¥e o \ﬁgfur&%m%\né%hgf H‘fw e b4 d images are then

rent angl'es an VI ewpoj nt pl ut'a -
REpASSERAIN apaier sl iPg Wé’ﬁ@gnlp%bur'l?wwh&%ca?@ﬁ“ f\"'&a'awt is preferable
tb eaptiriednLatpldnbique shlkvewingged ofiheratien one s, thé invention may include

%Eglgiﬁé@;rlrgﬁé/sﬁeeﬁé@v lﬁigés\?%gjﬁly ﬁgéo"f)duped Thi's inproves

nt accurac e greater nunbers of

results are 5 averaged. Fig. 8 shows yet another

mﬂ&@érlmﬂlbmaédirhé}% df fHeaRtenfdm, 2lA ByrR it inB@ind ¢TRGI ghps using only one

%ﬁ'nv 'rC%/hg ro'm%opﬁ)ﬁ; %Igfoegl aph%gg%gﬁ)gfn C&g%n(i%mg{o?m iple images

be pa@tw@é sThe ofulipledmeaasssen beeapied SB@'dtauewslv e snm%kxnaﬁma while
B bdBpdaeh) IS HRE Mol Thil Cars A cuCdddn MR hstioBithd, iRl Qllow inspection of

- every component that is produced without adding to production fime and costs. The invention

also allows imaging of a larger side view inspection area without suffering from out of focus
problems due fo tilted viewing angles. Side view focal range can be enlarged over current
methods by providing mulfiple 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 muitiple exposures needed using current methods.

7
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10 correspondi ng i mages nust not be allowed to overl ap

on a sane focal plane because they cannot |ater be
wio20d7ngsssshed from one anot her by col our duri Nngdy@&3807/000136
processi ng and anal ysis. However, this enbodi nent

allows a larger total inspection area to be covered by

the canera, with nultispectral light formng a top
view i nage 62, and red, blue and green |ight form ng
respective oblique side view inages 62, 64, 68 of the
plurality of bunps on each side of the top view inmage.

15 Fig. 9 shows a nethod 100 of dynam c inspection of

WHIEPeidSHab BedrtRs@BORH M Ior awés@.@ﬂoﬁ 8 p.felfb%ed 8RAbbdiREnt of the

qr?%ﬂwpygnil?q,lg w{ll}r:g ungﬁtg?rﬂpg} glﬁgfild%&l gecﬁwiqq;{ concernedfthat many

vaisttons perobdifiwktidns gtletdils ofdesige of dogéttuctnumayee hideavittiout departing
104c of receiving light of
@kfﬁﬁ é%?qag%@%gngths at the CCD canmera 20, wherein
l'ight of a particular wavel ength has been 20 reflected
off the plurality of bunps 16 at a particul ar angle
and vi ewpoi nt. Top view and oblique side view inmages
of at least a portion of the plurality of bunps 16 can
thus be captured by the -camera 20. Preferably, the
i mges are captured sinultaneously. The captured
i mages are then processed in another step 106 to
det erm ne bunp hei ght and coplanarity. Although it is
preferable to capture nmultiple oblique side view
i mges of nore. than one col our, the invention may
i nclude 25 capturing oblique side view inmages of only
one col our. The descri bed enbodi nents of the invention
al  ow dynam c i magi ng of the bunps using only one
canera, wherein the conponent 14 does not have to be
st opped nonentarily for nmultiple inages to be
captured. The nultiple i mages can be captured
simultaneously in a single exposure while 30 the _
conponent .is on the nove. This can greatly cut down
i nspection time, and allow inspection of every
conmponent that is produced w thout adding to
production tinme and costs. The invention also allows
i maging of a larger side view inspection area w thout
suffering fromout of focus problenms due to tilted
viewi ng angl es. Side view focal range can be enl arged
over current methods by providing nmultiple dichroic
mrrors selective for light of different wavel engths
in order 35 to increase depth of view By having a
sufficient nunber of dichroic mrrors to cover all the
bunps on a conponent, the whol e conponent can be
i nspected In a single exposure, reducing  inspection
ti me when conpared to the nultiple exposures needed
using current nethods. 7 WO 2007/ 136347 .
-PCT/ S&007/ 000136 Wil st there has been described in
the foregoing description a preferred enbodi nent of

- the present invention, it will ‘be understood by those

skilled in the technology concerned that many



variations or nodifications in details of design or
construction nmay be made w thout departing 5 fromthe
present invention. 8 9 The invention clained is: 1. A

nmet hod of dynam cally imging, calibrating and

measuri ng bunp height and coplanarity of a plurality

of bunps on a surface, the t hod conprising: a)
illumnating the plurality of bunps with multispectra

The gvention@fairaed iseast one | i ght source such that |ight

of a first wavelength of the nultispectral light is
reflected off the plurality of bunps at a first angle

1f Aometiod efudyrameicaliydimagitet cafibratinge et dnersushe igntp beight and
cemenarityifei piyraldy phbburpsgiit a yfacef the stetibdofomprigiag:

lurality of bunps at a second angle fromthe
g Wm@@@g thg p Cﬁ"Bﬁ of pupps atb nadtisppeffal light floppatfleass pne light source
Sl\mﬁa@té'ﬁ@ftcrﬂ atfsstayrvelength e theavilispecis| lightiis (aflepigd gfftplurality of
b"J)T‘%‘%NaF r‘r’ag'@t §naig; frpa e sirigee tqnénhgé"* of e sprafidamvayslength of the
Fr'E%CtW gttt selleciadopth e elraliy asPwart RE ar #tocad @agle from the

4Gkt of the first wavel ength received by the inmaging

d fl d ht. of th d
GRSt P g it e aicsRone
t. one, obl | ue Sld .
o) R IR iob e JFadeof o <aR & B E%fﬁ%pg Ry with the
"gag{ﬂg e"l‘f&.‘ﬁiﬁ‘g(%ﬂ% q?gffs %Btd‘)f tf‘% [T 3pVeIRR9tE Leos) V&%%B”ﬁ © Imaging
mavelength recei ved by the inmagi ng device; and f)

i u?a‘?r%ﬁ%hgﬁi?& gq%t SARL UE&Hd! w%%%ggﬁn%ﬂn%tﬁ%ﬁ"ng% ghsol ute

d coplanari Claim1,

fuf Stsén%ptﬁ?;E*dE% ER %ﬂé %{h% lurality of
%%baﬂ taf b Ctgﬁfgf o Eg o i
ree % f? &l‘?dh' ﬁ;es to dt?termlne
aaguuté F.éu g% smge fected o ura

ang

bunps at a romthe surface the nethod
further conpr|5|ng, guiding reflected Iight of the

2. ik s tNERV & B YD whrei¥Bie ISP Rrt e dofris@fluh RBENY thB Blurality
ofaburhRASkthORE Ak SRS st McRWhaITRgR OF adihir S@Sfeldhgth of the
mABSgecPA light it Rerebled o the Yudlity SFUHTRT st fahmwgngnérﬁemge surface,

thé e futardompasingf | ected I'ight of the third
wavel ength received by the imaging device, before the

guidiPrefiédte @kighp bOHE HHidGavieRe geap th iRthgingRIGeBe: ahd The

nmet hod of claim1, wherein the steps (b) and (d) of
ca@turidly RY [dabtohd ghiiquiensideldie® imagé loeat tgagt bipghtionodffthe plurality of
buwvpeetditirtgé maghedéviatcudihg the oeflachadrlight of the third wavelength received
by the imaging device, before the step (f) of processing the captured images.

3. The method of claim 1, wherein the steps (b) and (d} of guiding the Iight includes
. reflecting light off a wavelength-selective dichroic mirror.

4. The method of claim 1, wherein the steps (b) and (d) of guiding light includes filtering
light through a wavelength-selective filter.

5. The method of claim 1, wherein the step (b) and (d) of guiding light inci.udes_ using
mirrors.



4. The method of claim1l, wherein the steps (b) and
(d) of guiding light includes filtering |Iight through
a wavel ength-selective filter. 5. The nethod of claim
1, wherein the step (b) and (d) of guiding |light
includes using mrrors. 10 6. The nethod of claim1,
wherein the top view and oblique side view inages are
recei ved by the imaging deV|é§ and captured in a
6siThglreetbogh ©f whagm 17.whEnen rte¢ had vielv ehdiiohlidle sibe veavwnintdyes are
recejyed ibg theaingginbldegive asd daptwied i & siagle exposire.r ecei ved by
the i magi ng device and captured while the surface is
noving. 8. The nethod of claim1, wherein the first
7anbe enstbodOf glain ele yvifereimthe dors viefagnsl obljueTside rviswhisages are
reseived apn the \iwagieg ndeviee sanslorrdpturesl ewhiled thresurficedis moving.
angle are the sane. 10. The nethod of claim 2,

rein the second angle and the third angle are
b'ert'%@?thodt@f &im2E whebpintthe fissirangdeis 94 degrresnisern diie surface.
claim1, wherein the imagi ng device includes a
telecentric |ens for . reducing rspective. dlstortlon
9.1 5e RIRORY g &1 WBPTEITRe SSrRTB! UIde BHL Herhisd AGSIEtA e same.

i's selected fromthe group conS|st|ng of : a colour

géﬁg g'g'w? 2 whEInan s Aol 2o G Fgnrs between

Pg' % Wf4%ne 1ight selected fromthe group
conS|st|ng of : a halogen light and an LED |ights. 14.

hﬁtent%tﬂgg o?f gr[u {aie:ry\,ﬁt " agmgfaeetvr]:e 12%%%%&1 ge‘?ecen%c lens for

mﬁQ@ﬂ?E&QF(RnS e obllque side view i mage capture

frontthe light of the third wavelength are of a

POFd I'Q)fd 5fh8 i lt'r%élte o hice EN& it m e grou
gcﬁtlséi Fé@li é:lg M@% ; (-Eg ; Iﬁ%ﬁ e h oo
are ferent

cla n1 mhereln the
obllque si de V|em1|nage captured frontthe l'ight of

13. N9 SREMBE oraMh an %Ereﬂ&”ﬂmehh@lt.@&éctrgr URyhe k8 tleg%Y‘élHté@Q&e light

sefetddUrdte tHd G Ek?nsis't@@&f thaFo Bén hd 'aFn anaeplighgt h are
of a dlfferent portion of the plurality of bunps. 17.

An apparatus for dynamically inaging, calibrating and
14TIAS Whdtel SrOImNE ivlateiRé obhigiR SiBaNidwinfilye @aplukEddrk Yhe light

of@fe B4HTRAS vRReRNGHIENAGRs oblltie RRAIGW Ha urg Ifidgh the light of the
third Wivel&vath 8 JTRGRBIchQT thd gluraiitpat buigps.he plurality o

bunps with a nmultispectral |ight such that a first

wavel ength of the nultispectral light is reflected off

15 Mhae plethoal of thaind £, bherpis tikd secondl angle ad Plecthfrd anglé B different.
surface and a second wavel ength of the nultispectra
light is
16. The method of claim 2, wherein the oblique 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 different portion of the plurality of bumps.

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

illumination means for illuminating the plurality of bumps with a multispectral light such
that a first wavelength of the multispectral light is reflected off the plurality of bumps at a
first angle from the surface and a second wavelength of the multispectral light is
reflected off the plurality of bumps at a second angle from the surface; .



reflected off the plurality of bunps at a second angl e
fromthe surface; 11 first wavel ength-sel ective guide
means for guiding reflected Iight of the first
wavel engt h; second wavel engt h-sel ecti ve gui de neans
for guiding reflected Iight of the second wavelength;
and i mage capturing neans for _capturing a top view
i mage of at |east a portion of the plurality of bunps
fifst oaveleidtiectlediveioghie nofant e guidirgt refiected lighgdithe cewsredength;
by the image capturing neans fromthe first
serond| wagtidnotesaediive guuifel deanedors guiding rebected fighir ohtheasecond
wagelsngtisremdobl | que side view i mage of at least a
portion of the plurality of bunps from reflected
irageh caripringheleges foTdcaRtwiad en éar viewcieiagedotst least @ wagien of the
pEghitupt hgmpednD faflepted tight efelbsrfitsivagalensii Feosived dwi the image
cgpiving meamrsromghe firse wapglandip-gsleglivecuideningans, wnd e gapturing at
loppleons PhiiguR fideoYiewdaage peat lspsisa PRGN @f theeplurglityneft buspps from
refiected lightioh He %@gﬁ@%\@a\fﬂ'%\gm epgivest %tbﬁrﬁgawﬂtrwatm%ans from the
SeqoNH yayglgRIBrRgleRtivegudermeSed of f  the plurality of
burrps at athird angl e fromthe surface; wherein the
aratusfurth rlses velen hs Iective
ﬂ@sfcgrcal relgft Féd‘[“é'ﬁ I P?i urther
Y)é'\ (% nat Hr@pe B i Welﬁg%m Is reflected off
thﬁé) Y3l aft%é?%’?? 8‘3’pt uring at | east

fg\% g f*ér%rd Iléﬁus?zgﬁﬁew I Eﬁ%ﬁl $gFI%%VF {hﬁeéq??? ‘5‘;0198 means for

ngct recel ?/\eederl%/ht € i mage capturing means

rgm %Qtha C 1%5 g urfhg” at leas
ol %@%@ ﬁ%t%gtéf% t"% oﬁﬁgttot%easms
Ildh't‘ -%IQ he Pnagé it ug o% fSthe third

éttv@ ‘ﬁ%laﬂ

wher el n t e second angl e and the th| rd angle are
dlfferent 21. The apparatus of claim 17, wherein the

19 TBBLapp S f Ichird 15T Weiehahd EE@tuEHhﬁclha&fEn R&8! L%f‘d ﬁ‘gﬂﬂ having

vérlégl@ﬂri@ﬁtn%@éﬂhtr@%ﬁéaﬁh'cﬁ%up al ogen |ight and
LED |ight. 22. The apparatus of claim 18, wherein the

obl i que side view imge captured fromthe |ight of
24, hehes BeratuYaf A0 N Wierth PetidcbRd eMblePa%d RNt Adife are
difdrostal 1ty of bunps fromthe oblique side view inmge
captured fromthe light of the third wavel ength. 23.
The apparatus of claim 17, wherein the
2ahel sprgidtos of elilnh Vg, ehersnte Ryt sdalkcecit edtrighé@blet §tevbe light
sefpctadira thel gbupcprefstinglofta bhlbgéclight andan &BD lightf | | t er .

22. The apparatus of claim 18, 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
obligue side view image captured from the light of the third wavelength.

23. The apparatus of claim 17, wherein the wavelength-selective elements are selected
from the group consisting of: a dichroic mirror and a filter.

24. The apparatus of claim 17, wherein the top view and oblique side view images can
be captured in a single exposure.



24. The apparatus of claim17, wherein the top view

and oblique side view imges can be captured in a

singl e exposure. 12 25. The apparatus of claim 17,
wherein the top view and oblique side view inmges can

be captured while the surface is noving. 26. The

apparatus of claim 17, whereipn the first angle is 90
degrees fromthe surface. 27% The apparatus of claim
23 8Thevmpaeatus dfhadaiseth mdhesiythe tap dietvhand dbitinde aidg lvievaingages can
b¢ haptursdmile #®. suftbee mppavira us of cl ai m 18, wherein the
second angle and the third angle are between 10 and

25 fromthe surface. 29. The apparatus of claim 17,
2ehecpiraratus df glaigi g whevein éhd firet angleds 80 dedreesfiomithe swiese.
for reducing perspective distortion. 30. The

apparatus of claim 17, wherein the inmaging device is
2L elhecarparatyn af el dB.ouberebdhs isseendgansie and éhwl third angio are the
S@¥@Prera and a bl ack and white CCD canera. 31. The
apparatus of claim21, wherein the LED |ight includes

RGB LED |i ght haV| n vari abl e bright ness control
an 0 ggﬂp@retbl Qca claim, 18 Eergwpg&eaqugngfanaeawﬁ 1hp third angle are
bgtypeh 'Qmﬁ e € for processing the captured

|nages to detern1ne absol ute bunp hei ght and

anar arat.us of
éijﬁ e ’a 10 SuPRRIR fhagBy B Reldee 2155 Gcdigtens for
R, 0] Burality of balls as viewed from
dlfferent angles can be captured. 34. The apparatus

fTh‘éI a]l]s’ %@hf{g %ahw% Itt‘lsel T &%elilnrcgllé tsgleéz)tfed '?JOH R\resgroup
era

3
conSisti 6 59&0 camera.

31. The apparatus of claim 21, wherein the LED light includes an RGB LED light having
variable brighiness control for each colour.

32. The apparatus of claim 17, further comprising means for processing the captured
images to determine absolute bump height and coplanarity.

33. The apparatus of claim 17, wherein multiple oblique side view images of a same at
least a portion of the plurality of balls as viewed from different angles can be captured.

34. The apparatus of claim 17, further comprising a plurality of mirrors for guiding light to
the imaging device. '



