METHODS FOR EXAM NI NG A BONDI NG STRUCTURE OF A SUBSTRATE AND BONDI NG
STRUCTURE | NSPECTI ON DEVI CES Techni cal Field [0001] Enbodinents relate to
nmet hods fwo 2exzm9ésng a bondi ng structure of a substrat eCarsd2oorndioay
structure inspection devices. Background [0002] Sem conductor devices, such
as integrated circuit chips, may be electronically connected to | eads on a
| ead frame by a process known as wire bonding. The wire bondi ng process

i nvol ves adopting a wire to connect. pads residing on a chip or die to a

| ead i ; ' | (e bonded,
ead in mmggﬁg gﬁ@ﬁ@hﬁ@ Aghuwmm; SHEUCTRIE: ORVESPBRTRATE bonde

the chip a urther packaged in ceramc or plastic to

forman integrat hb@ﬂ%ﬁv&@’fﬁiﬁgﬁﬁﬁ&ﬁsﬂﬁbfﬁwms an inspection of

the quality of the wr ond may be performed nanual l'y by a human operat or
using a mcroscope. However, this manual nmethod may be tinme consum ng and
costly. Having said that, it may be desired to performan automatic wre

bond i nspection. However, a nunber of challenges nay need to be addressed
4

for the automatic wire bond in r exanple, due to a relatively

hi gh specul arity of the wires on the |ead frane; illum nation mafy need to
be desi §88H so%@oﬂ@lwsnrﬁtﬂéotlﬁéth@ﬁ%é?ﬂ SFapipingn 2t ppadings percturg fsair f aces of
the wires and the lead frane to ensure a relatively accurate neasurenent.
At the sésteate ambbongingtuomteriaspestiondayidser r especti ve surfaces such as die
surface and bond surface shall also be desired so as to be able to carry
out two-di nensional (2D) neasurenents. [0004] Wiile there nmay not be any
standard illum nation systens available in the

Background

[0002] Semiconductor devices, such as integrated circuit chips, may be electronically
connected £o leads on a lead frame by a process known as wire bonding. The wire
bondiﬁg process involves adopting a wire to connect pads. residing on a chip or die to a
lead in a lead frame. Once the chip and lead fr;ame have been wire bonded, the chip and
lead frame may be further packaged in cerami;: or plastic to form an integrated circuit
device.

[0003] - In many cases, an inspection of the quality of the wire bond may be
perfo@ed manually by a human operator using a microscope. However, this manual
method may be time consuming and costly.- Having said that, it may be desired to
perfonﬁ an automatic wire bond inspection. However, a number of challenges may need
to be-addressed for the automatic wire bond inspection. For example, due to a relatively
high specularity of the wires on the lead frame; illumination may need to be designed so
as to minimize the specularity on the respective surfaces of the wires and the lead frame

to ensure a relatively accurate measurement. At the same time, good contrasts on other



mar ket for stereo vision system sone exanples of the state of the art

i1l um nat adopted may include a co-axial lig ght, a
ring Ilgh\?ar}gﬁ%%g@lgﬁatl on of the done light and the co- 2%@%2?&%%&4% ot her
conbi nati ons thereof. [0005] Having said that, there nmay be sone issues
faced when adopting the state of the art i 11 uni nation systens. These issues
may include a relatively |ow contrast between the chip and the wire bond, a
difficulty in extracting an object information for a threedinensional (3D)
cal cul atiespecvidsuafabésndutie ds distserfsict andtbond sgrfacarsheall ako e resirtl sbhae to be
illumnation systens. [0006] Therefore, there is a need for an alternative
i |1 um najblom cats benmwehdiafensioyal XD phéeuemems.ovi de a uniformillum nation for
the object surface to be inspected while at the sane tinme enhance the

cont r ast jphefweeWHiReheleemeP hbABE adP dhahdied WilkBinRAHH sy QRO Vi GRRMRNLY Used

measurenent for wire bonds often are done using 2D sensor(s). However, sone

criti cal m¥fkEEo PR Héfn ytexgs§)'ﬁ?esex§1% s eﬁth@s@dtég &hi‘&rﬁ&t%r sterng 99! NY

wire | oop cannot be neas usi ng camer as erm)re I'nspection
often is, T f her anedfor an.aut o ¢ 2D and
3D ins pecd(tap on-s ud¥ J‘E{IQ ?%78?038?0% %\igar’laoﬂrslg lﬁgtoélc rhnéaltl r%&h%“ ng
structur n deVl vi ded. -The bonding structure

i nspect icgoﬁle(r}é@’i?é% ﬁﬁﬁo'aﬁt@fﬁﬁlgag Q’ﬁ{)’g"t‘?qﬁ?aémf‘ég’&ﬁﬂfng regi onconfigured to
receive [% bstrat e, substrate including et_t@he bondi ng .structure to be
exam nedt 0‘itéist e Y)‘é‘&é cth"ilt 5 THRY BY R Hgu ?%Wé%qqoﬁﬂ?&ﬂlets@t%léfer ni ne
one or nore stereoscopic inmages including one or a plurality of predefined
regi ons B¢ ait dlwpiaation yetepsr sgyes e inyddei anglasivelydewcentrast betwesani ned,

the predefined regions of interests
the ch1p and the wire bond, a difficulty in exfracting an object information for a three-

dlmenS}onal (3D) calculation and a limited intensity @1ng range of some of the
illumination systems.

[00006] | Therefore, there is a need for an altémative illuﬁination system which may be
able to provide a uniform illumination for the object surfacé to be inspected while at the
same time enhance the contrast between the die surface and the wire bond.

[0007] ‘ Commonly used meésurement for wire bonds often are done using 2D
sensor(s). However, some critical wire bond quality issués such as die tilt, lifted wire,
sagging v{{ire loop cannot be measured usiﬁg 2D cameras. Furthermbre,. inspection often
is done manually. Therefore, there is a need for an automatic 2D and 3D inspection

system.

Summary

. [0008] In various embodiments, a bonding structure inspection device may be provided.

The bonding structure inspection device may include a substrate receiving region



corresponding to reference regions of interests in a stored predeterm ned
reference nodel of a reference bonding structure of a reference substrate;
a nmenory wonhiogeo@d to store the predeterm ned referenceCrsded1omhHooaz
reference bonding structure of a reference substrate; and a feature
determ ner configured to determ ne one or nore two-di nensional feature
paraneters and one or nore three-di nensional feature paraneters of the
bondi ng structure to be exam ned fromone or nore of a plurality of the
predefi nagnRA! @NScdie hNuBLERS, Sthe AMhuArcIRLRUMNEE KRRn0UR RS & det erm ne
as to whether the determned feature paraneters fulfi F at | east one .
predefi . i .t ef] i th. e ] [0009] In
%gﬁrggéélf% s{ne%[eso’%dgﬁc n{an%a%g él\é"fe%r?mq%&%&% ctoH% %}1 ngl (?]egérgt%eeoﬂm%or

vari ous € nme exam ni ng tructure of a
substrate may be provided. The nethod i ncl.ude:, praviding a substrate
ol ud MR BBR PR P i 85 B pa Ry plefreodiiRa BRIt ete or e
stereoscopi ¢ i pages i.ncluding one or a pluralit f .predefined regi ons of
i nt er esPYUERS b’gﬁiei opdings styyg Béﬁgﬁer@‘a‘&‘l‘edcfllﬁ %re%{?fomﬁg TERRM ﬁgd‘?telieﬁg

predefined regions of interests corresponding to reference regions of

i nt er eseyrasponging to refgrepeetegions of HEdesteRay %?F@g rrRdgiermined gefprenesapded bondi ng

structure of a reference substrate; determ ning one or nore two-dinensional
f eat ur eopareferenceronding simetues ofrp refeteheccsubdiratens msmery tenftgurad toatapet ers of

t he bonding structure to be exam ned fromone or nore of a plurality of the
pr edef i thedpredgéronisedofdferencee stoslpl afick chédremari bomling strocuncheft hereferdree

determ ned feature paraneters fulfill at |east one predefined quality
criteri eubswitt;andaspaaie deerinhieer caifipuesice derdaine oBe befobesar dipichsionadf t he
Drawi ngs [0010] hi the drawings, |ike reference characters generally refer

to the safBe PAhhstetsing @b QY imdrb eirst-AilRhSI6hal bAMS pardhetds aMMHRGonding Nnot
necessarily to scale, enphasis :

" structure to be examined from one or more-of a plurality of the predefined regions of
interests; and a determiner configured to détermine as to whether the determined feature
parameters fulfill at least one predefined quality criterion with respect to the reference
mode}.

[0009]A In various embodiments, a method for examining a bonding structure of a
substrate may be provided. The method méy include: providing a substrate including a
bonding structure to be examined; determining one or more stereoscopic images
inclu‘ding' one or a pluralify of predefined regions of intergsts of poﬁioﬂs of the bonding
structure to be examined, the predefined regions of interests corresponding to reference
regions of interests in a stored predetermined reference model of a reference bonding
strucfure of a reference substrate; determining one or more two-dimensional feature

parameters and one or more three-dimensional feature parameters of the bonding

structure to be examined from one or more of a plurality of the predefined regions of



i nstead generally being placed upon illustrating the principles of various
enbodi nents, hi the follow ng description, various enbodi nents of the

i nvent i orwarelwd®s@si bed with reference to the foll ow ngPdr&G2egpon whi ch:
FIG I A shows a front view of. a |light detection arrangenent, the |ight
detection arrangenent including a first |light source, a second |ight

source, a first beamsplitter and a second beam splitter according to an
enbodi ment; FIG |B shows a front view of a |ight detection system the
l'ight d Wolat FEH f FIG 1A
accor dlfr?\l%e? t(t)g gﬁd gngﬁrﬁ ng&%}j&geﬁ @dhﬂeﬂﬁhe&iféa g%% b %I?Iél\?v{e;fﬁgﬁ TE:%S(Pdet ection
arr angenent etect| narra i ncl udi ng a body structure
with a %Itﬁp(fﬁq 168‘?9‘? %H’%ﬂ: retsgean evD n‘%gfeﬁee?maj G 2B shows a top view
of the body structure vvlth the cutout portion of FIG 2A according to an
enbodi nent FIG 3 shows a perspective view of a prototype of the |ight
detection arrangement of FIG 2A according to an enbodinent;FIG 4A shows a
left image obtained with Bl Dosexiptionef the 1) AWINgsq ht det ect i on arrangenent
of FIG 3 according to an enbodinent; FIG 4B shows a right inmge obtained
wi t h t h90peloinchsdrewistestlike refersince elestractars eencellyanieteethe same FrB. 3 accor di-ng
to an enbodinment; FIG 5A shows a front view of a |ight detection

arr angethmughouthhae diffgient devecThodraginga agperos necessaciludisngeceniygasis spl i t t er.
arrangenent arranged on the sane side of a body structure as an object
recei vi ingteticcgdnerallgdemp piaeed tysoraitiuerdniag iegstinciples of various embodiments.

In the following description, various embodiments of the invention are described with

reference to the following drawings, in which:

FIG. 1A shows a front view of a light detection arrangement, the light
detection arrangement including a first light source, a second light source, a first beam
splitter énd a second beam splitter according to an embodintent;

_ FIG. 1B shows a front view of a light detection system, the light detection
system including the light detection at'rangement of FIG. 1A according to an
embodiment; |

FIG. 2A shows a front view of .a light detectioﬁ arréngément, the light
detection arrangement including a body structure with a cutout portion‘according to an
embodiment;

| FIG. 2B shows a top view of the body structute with the cutout portion of
FIG. 2A according to an embodiment

FIG. 3 shows a perspective view of a prototype of the light detection

arrangement of FIG. 2A according to an embodiment;



FIG 5B shows a side view of the |ight detection arrangenent of FIG 5A
according to an enbodinent; FIG 6 shows a perspective view of a prototype
of a |i ghvodetoambodoen arrangenent of FIG 5A accordi ng tecasceoihoedément ;
FIG 7A shows a left inage obtained with the prototype of the |ight
detection arrangenent of FIG 5A according to an enbodinment; FIG 7B shows
a right inmage obtained with the prototype of the |ight detection
arrangenent of FIG 5A according to an enbodinent; FIG 8A shows a front

view of a lig qug&gﬁ%j,ﬁo?lge?{m geBRRed Willemb baltbtysebeaikilipn: aseaingement

i ncl udi ng a bar “shape source according to an enbodinent; FIG 8B

shows a side vi f.the J.ight j arrangenment of FIG 8A according
to an Wf“ﬁ’é‘rﬂ%\ﬁ% taccﬁrﬁ\iné%tgv%%gﬁbﬁa%&vi ew of a light detection

arrangenment, the |light detection arr.ange t inc i ped |i ght
source accor diff§: ?%%]H?W%’r%gﬂi“ﬁﬁ*?ﬁ ‘%’t?—lf‘@gwggra%e%\?\%) B’;’gto?)gle\e}%g\?ﬁ%? &{Eﬁe arc
shape light source of FIG, 9A acc rgl.n to an enbodinent; FIG 10A shows a
front efrangenfentofFIgh? aererdieg o SMGo4HBElent, the 1ight detection
arrangenent including a blue color dichroic mrror and a re\%lc |.or dichroic
mrror accor diF§. 5 ahowersofiprtericy i @ ligopleisrsing ArapgEuehte HeofSthe | i ght
detection arrangenent of FIG 10A according to an enbodinent; FIG 11 shows
a f | owdeteatidn @fangemetttinduding adetmcplitier drfaplement asrangashen thetseme;syls
arrangenment according to an enbodi nent;

of a body structure as an object receiving region according to an embodiment;

FIG. 5B shows a side view of the light detection arrangement of FIG. SA
according to an embodiment; |
FIG. 6 shows a perspective view of a prototype of a light detection
arrangement of FIG. 5A according to an embodiment;
: FIG. 7A shows a left image obtéined with the pl"ototype of the light detection
arrangement of FIG. SA according to an embodiment;
FIG. 7B shows a right image obtained with the brototype of the light detection
arrangement of FIG. 5A according to an embodiment;
FIG. 8A shows a front view 'of a light detéction arrangement, the light
detection érrangement inciuding a bar shaped light source according fo an embodiment;
FIG. 8B shows a side view of the light detection arrangement of FIG. 8A
accordiné to an embodiment;
| FIG. 9A shows a front view 6f -a light detection arrangement, the light
detection arrangement including an arc shaped light source according to an embodiment;

FIG. 9B shows a top view of the arc shape light source of FIG. 9A according

to an embodiment;



FIG 12 shows a front view of nulti-camera wire bond inspection head in
accordance with an enbodinent; FIG 13 shows a done light for wire bond

st ereo i ngpacto/@ososn accordance with an enbodi nent; Fl GpciAs2ehoesmsz mages
wi th poor contrast between the wire end and the die in accordance with an
enbodi ment; FIG 14B shows an image with ideal illum nation for each canera
in accordance with an enbodinent; FIG 15 shows a flow diagramillustrating
a method for exam ning a bonding structure of a substrate in accordance

w th an enbodinent ., Fl 16 W P ANALINdSEdiidht dHBebA&RE Bl Bghtdevi ce in
accordance wi tfﬁaa;m‘é‘n%hgg’isnaerﬁlﬁ)gp\éﬁG °17 shows a 1bondiané struct uréehi nspection

device in accordance w th.an od il G A1REiSRERt | ve view
of a wittetogAITangeReR! ‘61Hd1§§satelgﬁ? iglr)llggcrag%lrréc:}g%(lzlg% gvl ﬁagﬁr%[aen%)og?nent 'FIG 18B
shows a front view of a wire bond inspection systemin accordance with an

enbodi paer acpprdingli a8 KBRRIIENYover al-| flow chart of a process in accordance

w th an enbodinent; FIG 20 shows a fl ogg %i agram il | ust ratfjr_lﬂ% qékai | s of
| earn product HGep8Bishows aderiaieeeoinbe Highh delseiing Frapgement o 12”1 shows a
flow diagram.dllustrating a 2D wire bond recipe creation in

according to an embodiment; ‘

FIG. 11 shows a flow-chart of a method for detecting light in a light detection
arrangement according to an embodiment;

FIG. 12 shows a front view of multi-camera wire bond inspection head in
‘Y

accordance with an embodiment;

FIG. 13 shows a dome light fof wire bond stereo inspection in accordance

with an embodiment;

FIG. 14A shows images with poor contrast between the wire end and the die

in accordance with an embodiment;

FIG. 14B shows an image with ideal illumination for each camera in

aécordanc_:e with an embodiment;
" FIG. 15 shows a flow diagram illustrating a method for examining a bonding
structure of a substrate in accordance with an embodiment;

FIG. 16 shows a bonding structure inspection device in accordance with an

embodiment;

FIG. 17 shows a bonding structure inspection device in accordance with an

embodiment;

* FIG. 18A shows a perspective: view of a wire bond inspection system in

accordance with an embodiment;



accordance wth an enbodinent; FIG 22 shows an illustration of bond

pl acenment neasurenent regions of interest (ROs) in accordance with an
enbodi menwp 26109063 shows a fl ow diagramillustrating 3PCmisGeotomoa4z eci pe
creation in accordance with an enbodinent; FIG 24 shows an illustration of
die tilt ROs in accordance with an enbodinment; FIG 25 shows a flow
diagramillustrating details of an inspect product step in accordance with
an enbodi ment; FIG 26 shows a flow diagramillustrating inspecting 2D

features in agﬁg;@%" %wvé‘at@oxﬁ@ie%&@f’é’in%%%d GloFecth s§8MSn abeorddnst rat i on of

long tail RO surenent 1 n accordance wth an enbodi ment; FIG 28

shows a_ fl ow g(%fl%ram illustrating inspecting 3D features in accordance with
an enbBHh ARAPPENBECIH9 shows an illustration of wire | oop height ROs and

measurenent in accordance with_ap enfodi nent: FIG. 30 w di agram
iIlustrating EXFi BP S0Py aEES“‘ieF?%]pg@f’in%ﬁrti ?r}eﬁcpég?ea%ﬁ%éc%w%\égr@ éﬁn‘hlgdi ment ;
and FIG 3 1 shows a flow diagramillustrating calibrating 3D inspection in
accor.demeslimenth an enbodi nent. Description [0011] The foll owi ng detail ed

description refers to the acconpanyi ng draw ngs that .
. FIG. 20 shows a flow diagram illustrating details of learn product steps in

accordance with an embodiment;

FIG. 21 shows a flow diagram illustrating a 2D wire bond recipe creation in

accordance with an embodiment;

FIG. 22 shows an illustration of bond placement measurement regions of

interest (ROISs) in accordance with an embodiment;

FIG. 23 shows a flow diagram illustrating 3D wire bond recipe creation in

accordance with an embodiment;

FIG. 24 shows an illustration of die tilt ROIs in accordance with an

embodiment;

FIG. 25 shows a flow diagram illustrating details of an inspect product step in

accordance with an embodiment;

" FIG. 26 shows a flow diagram illustrating inspecting 2D features in

accordance with an embodiment;

FIG. 27 shows an illustration of long tail ROIs and measurement in

accordance with an embodiment;

FIG. 28 shows a flow diagram illustrating inspecting 3D features in

accordance with an embodiment;



show, by way of illustration, specific details and enbodi nents in which the
i nvention may be practiced. These enbodi nents are described in sufficient
detai|l towenatmwodosose skilled in the art to practice tlpreTisceeniobem2 C her
enbodi mrents nmay be utilized and structural, |ogical, and el ectrical changes
may be made w thout departing fromthe scope of the invention. The various
enbodi nents are not necessarily nutually exclusive, as sonme enbodi nents can
be combined with one. or nore other enbodi nents to form new enbodi ments.
[0012] The worgd-" Tl | RO 288 MbafiGerentan exanpl e,

i nstance, or ?ﬂﬁd%%?gﬁkoﬁthéﬁﬁﬂéﬁggﬂﬁigﬁPl%gmﬁesign descri bed herein as
"exenpl ary" is not necessarily to be.construed as preferred or advantageous
over otf%rei%aBh Wﬁﬂggxﬁ?wﬁ%signs. [0013] An enbodi ment may provide a |ight
detection arrangenent. The |ight. detection. arran n i e a body
structure confi uggds Wsp?oti‘?‘%eél?grﬁﬂtﬁluftﬁaglngoﬁé;hbg%{rﬁgc?B?@?éﬁgﬁﬂﬁgﬁng a first
| ight-transm ssive portion and a second |ight-transm ssive portiondi sposed
at a .deeomhoes Withar eHROGIMERY aRd ght - t r ansni ssi ve portion; an obj ect “
recei ving region arranged such that |jght provided by_the body structure
may be illum ¥Gi Ad stowseastlown gegremonlugratinge ciyrame PRCEIRIHY™ Bgi on; a
first canera having a first main optical axis; a second canera having a
second af@idanopivith ah emkodimentier ei n t he body structure nmay be arranged
between the first canmera and the second canera on its one side and the

obj ect receiving region on its other side; wherein the first canmera may be
arranged such that its first main optical axis may be directed to the

obj ect receiving region via the Pegegiptibhght t ransm ssive portion; wherein

t he second canera may be arranged such that its second main optical axis

may be r[ﬁidlrlﬁ]%g %Sg&ihg €1 R CHest iR VieRTs 6 Gh® hc¥dmhpdnfhgs@aaigs that

l'i ghttransm ssi

show, by way of illustration, specific details and embodiments in which the invention
may be bracticed. These embodiments are described in sufficient detail to enable those
skilled in "'the art to practice the invention. Other embodiments may be utilized and
structural,ulogical, and electrical changes may be made without departing from the scope
of thé invention. The various embodiments are not necessarily mutually exclusive, as
some embodiments can be combined with one or more other embodiments to form new
embodiments.
[0012] The word "exemplhry" is used herein to mean "serving as an éxarhple, instance, or
illustration”. Any embodiment or desigﬁ described - herein as "exemplary" is not
necessarily to be construed as preferred or advantageous over other embodiments or
designs. |

-~ [0013] An embodiment may provide a light detection arrangement. The light detection
arrangement may include a body structure configured to provide light, the body structure

including a first light-transmissive portion and a second light-transmissive portion



portion; an arrangenent configured to provide light reflected fromthe
obj ect receiving region such that a first reflected |ight portion may be

provi ded we 201dfdones co-axi al |ight portion aligned to tpeTiSiGReto/onwisn
optical axis, and such that a second reflected |ight portion may be
provi ded as a second co-axial light portion aligned to the second nmain

optical axis. The distance between the first light-transm ssive portion and
the second light-transm ssive portion may vary according to design and user

‘ ts. [0Q014 - ) t he fi : o
port 1 o ehssants o Hi 0 e iR o e L o at
| east al light to . t h.. F first
| gt - erenestheud et P reOHRan e SRR s e SRR Ao BRER RBER 1Ty e

translucent. Alternatively, each of the first. light-transm ssive portion
and t heoien ®fdhe PRjeat TEGeRARHTEIY @ 1S (amH? hﬁ‘i)‘n%é EBWPlau?pélaataé‘Y%é‘
transparent. For exanple, the first |ight-transm ssive portion %nd t he
second sédoghtcamerarisningsd seeopd mrain 9Pt apis:; W@PWBH{E&]’ t’g'ﬁﬁléer 3¢ Speni ngs or
as a single opening.[0015] In an enbodi ment, the body structure nmay have a
done shapezed Heevednnie Sisapamerayani ied sedenchcamaami @8 isfonssidse®d BHBME140 nm to
about 45 mm for exanple. The done shape may be sized so as to acconmmpdate
the obj&etvidPrepRnanlitnged side; theretbthe Gtrstrcemeraunagbe aganerd svh thet ifSeast one

body structure illum nating |ight source. The body structure may include a
done | igghitmaih OptieX kR Bay Bhairkestytosthe wbfeor eceimingaksion iviwe thedestdight-ot her
| ight source as long as the light source may provide uniformillum nation

on the 0B 66l g&%bﬂf RertB%hO Recdnd ChRikrd Map be iiaAgEd®IRh, thithes debatil
detection arrangenent may further include a structure having the first

| i ght-transnj.ssiy L O divigh tradibRRENNS SevdhdPghid on,
wher ei ﬁnaclﬂé)%%a fxgt@&%hggeﬁgg t%%u?@ﬁ‘?qg%rltli %ne%nd the structure is

art ang@cgangnr‘hsgibfg pgrlfll%r?;ua;[n arrangement configured to provide light reflected from the object

receiving region such that a first reflected light portion may be provided as a first co-axial
light portion aligned to the first main opticél a?iis, and such that a second reflected light
portiqri rhay be provided as a second co-axial light portion aligned to the second main
optical aﬁis. The distance between the ﬁrst‘light—transmissive portion and the second
light-transmissive portion may vary according to design an(i user requirements.

[0014] In an embodiment, each of the first light—transmissive portion. and the second
light-transmissive portionlmay be conﬁgure:d to 4at least allow some light to pass through.
For example, each of the first light-transmissivé portion and the second light-transmissive
portion may be translucent. Alternatively, each of the first light-transmissive portion and
the second light-transmissive portion may be 'conﬁgured to Be transparent. For example,
the first light-transmissive portion and the second light-transmissive portion may be

. formed as two separate openings or as a single ,opening.



portion. The structure may be nmade of a material which nmay not allow the

t hrough passage of light. For exanple, the structure may include a

rect angulwo 2pioaesosr a di ffused white plastic sheet. [O0®ET|SG2awoanoo42

enbodi ment, at |least a portion of an inner surface of the body structure
facing the object receiving region may have a reflective surface. [0018] In
an enbodi nent, at least a portion of ‘an inner surface of the body structure
facing the object receiving region my be configured to generate |ight.

0 i nbodi ; ( L
body - lﬂwaéfﬂ'r Zﬂ@ﬁcépﬁégi%egigﬁf %@gﬂ' SReduR. ﬂH@i i, AbmBhigIeThs Ubhace of the

body s recelving region may include a |ight
generating coating and/ or lural ity~0f Qqr .G <l 1. gh 4 bilen i odes.
[0020]ﬁ@PeaﬁWéWﬂB%?%EﬂP§(¥ﬁ8 Nl mﬁépec ﬁ8%3§¥ggﬁggh§ﬁ?§ﬁ%§kfg??her

i nclude at | east one body structure illumnating,ligh I anged to
1] um Aeme shapelraaicke szl #50R ASFOHORHR I Qs AL be S%aéﬁ?gqgélgei"@%‘%uct ure.
The at | east one body structure illum natjng Ijggki?urce q; gositioned
Wi t hi. nrdchizitgorbgiont andcatUeast one hedy sirurigts BB ot ﬁ%“rﬁ%gw’ft Wt ure.
[0021] In an enbodiment, the at |east one body structure illum nating |ight
Sour ce sifsturc medyttdude pdamalightyfonéxanmip She podp tuctyre FRY SFEIRIPGAYY t he
plurality of lanps may include a li'ght emtting diode array. [0023J In an
enbodi BRRE lighh@uRleUsdbig s dfe lightpeuaynayrmbuide uaifeint illiaipatin en it f use

| i ght source. [0024] In an enbodi nent, the arrangenment may include a |ight
arrang%g}%@ttrece{i@ggggidrﬂ an enbodi nent, the |light arrangenent nmay include a

first l'i'ght. source and a second light source. The first |ight source may be
arr ang?&)ﬁ? II(EI lcu]i %Bodlﬁlgﬁg the hfgﬁ#'@i'ecttihﬁ arrangement may further include a structure

havin;g the first light-transmissive portion and the second light-transmissive portion,

wherein the body structure has a cutout poxﬁoﬂ and the structure is arranged in the cutout

portion. The structure may be made of a material which may nc;t allow the through

passage of light. For example, the structur‘e' may include a rectangular plate or a diffused

white plastic sheet.

[0017] :In an embodiment, at least a portion of an inner:surface of the body structure
facing the object receiving region may havé areflective su;féce.

[0018] In an embodiment, at least a portion of an inner‘s.urface of the body structure
faciné the object receiving region may be configured to generate light.

[0019] In an embodiment, the at least a portion of an inner surface of the body structure
facing the object receiving region may include a light generating coating and/or a
plurali‘q'/ éf organic light emitting diodes.

[0020] In an embodiment, the light detectidn arrangement may further include at least

one body structure illuminating light source arranged to illuminate at least a portion of an

inner surface of the body structure. The at least one body structure illuminating light
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first light-transm ssive portion to the object receiving region and/or the
second |ight source may be arranged to direct |ight through the second

| i ght -tr anerraiov@sporti on to the object receiving regi eoT/SGA@AHookn an
enbodi ment, the first light source and the second |ight source may be
arranged such that a light axis of the light emtted by the first |ight
source may be substantially parallel with the first main optical axis and
that a light axis of the light emtted by the second |ight source may be
substanti al | arall. it t i tigmad oaxide- of[ BOD6Hiy | N an
enbodiWgﬁffn%ﬁgeﬁ¥?%§£?¥%h&n§gﬁﬁﬁg§gﬁ%?%?(gﬁgﬁsecond l'i ght sour ce nay .
include a plurality of |anps. [0028] In an enbodi nent, the plurality of

| anps HEYMficl ude a light enmitting diode array. [0029] In an enbodi nent,

the first |ight source and/or the second |ight di,sperse
light 93 By amembedident. | egfﬁﬁeas%%ffﬁslfog‘gfssgﬁ“dﬁ“% %w%g%%lgilfr‘%%ts%lﬁ%@ i ght
arrangenent may include a |ight source being selected froma group of Iight
sour cemcbdagiphirpliiy oblams. ar ¢ shaped |ight source, a bar shaped |ight

source, and a diffuser. [0031] In_an enbodinent, the arrangenment nay
i ncl udgoa2pbeam smhddiment, the pla emps a3 clyde alighé ﬁ‘ﬁ&ﬂ‘i’%@g ®afHe beam
splitter arrangenent may be arranged on the sane side of the body structure
as t he[§028FIn apombaiiaad, thhehsdiynd lamsanay inplde 3diffysener 2HbHes HEHt | t he
beam splitter arrangenent may include a first beamsplitter and a second
beam sphdrtd.er-. [0034] n an enbodi nent, the arrangenent may include a |ight
arrangenent, - the light arrangenent including a first |ight source and a
second [Mﬂi“in SOUhBSEmYRehe bRatdaehd heg include a light arrangement.

[0025] Ii an embodiment, the light arrangement may include a first light source and a

second light source. The first light source may be arranged to direct light through the

first light-transmissive portion to the object receiving region and/or the second light

source may be arranged to direct light through the second light-transmissive portion to

the object receiving region.

[0026] In.an embodiment, the first light source and the second light source may be

arranged such that a light axis of the light emitted by the first light source may be

substantially parallel with the first main optical axis and that a light axis of the light

emitted by the second light source may be substantially parallel with the second main

optical axis.

[0027] In  an embodiment, the first light source and/or the second light source may

include a plurality of Jamps. |

[0028] In an embodiment, the plurality of lamps may include a light emitting diode array.

[0029] In an embodiment, the first light sour¢e and/or the second light source may be a

disperse light beam or a focused light beam. ‘
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beam splitter may be arranged relative to the first |ight source and the
first canera such that the first beamsplitter nay be configured to receive
t he |i ghtwprowiesasby the first |ight source and to re-@crscomheodsz ght to
the object receiving region via the first lighttransm ssive portion,

t hereby generating the second reflected |light portion; and wherein the
second beam'splitter may be arranged relative to the second |ight source
and the second canera such that the second beam splitter may be confi gured
to recej he 1i ght.. pr.ovi.de y 0 l 4 0 sctitét beinge- di rect
the |i Eﬂ‘%&t -??\eengaoojdg@?n?’r léh%eﬁ%lgn%ﬁe{rﬁggliglﬂ {}1‘9% i;nﬁlgaeszacg%%el ight-t rgnsm' ssive
portion, thereby generat.i the first. .ref t, |.ght: .Qn. 035] In an
enbodi Ragsted HHY %%%ﬁg@#éﬁ’? SHEY®S #e ﬁgégegk I%lﬁga%%j Sﬂéd rg‘lgrll1 g{r)r%&rﬁr%?gn%a%\her ein
the beam splitter arrangepent nmay be arranged relative to the |ight .

ar r angehap hgifﬁdo‘ﬁfé%ﬁ‘nflﬁghffﬁfsfe”st canera and the second canera such that the
beam splitter arrangenment may be configured to receive the Iipht provi ded
by t he[003ghin aremabrgenenis the AgangsmeBLIBRY BE de gbeppn §HETS AFMEBI %ct recei vi ng
region via the respective first light-transm ssive portion and the second

| i ght - [0032B I &S Embogiorent, dlre beany snlisicn puangsmest 8¥H derasrngwt A BRY porti on
and the first reflected light portion fromthe received light. [0036] In an
embodi RRIBS tHebedP emworaplab tHedirstanmangertin senenyd dsenesd-r anged on the sane side
of the body structure as the object receiving region. [0037] In an

enbodi [HE] ot HectBAmnSR iHetbesmapliten gaamseincanaynap ncholefa fgsrhedmtspliftercei ve t he

| i ght provided by the inner surface of the body structure, and to generate

the fir §6L i@t portion and the second reflected |ight portion
fromt ﬁga?.‘ég%}lved&?is'%ht. [0038] In an enbodi ment, the beam splitter

arr angﬁgﬁlicrmelaé eilnlﬂaélﬁ_fg&t,aths%i aﬁgl%%n%@%@ghgmasra e falr@hifedtbng Ubd lighat  t he

first portion y be provided.as the first

arrangement including a first light source and a second light source; wherein the first

beam.splitter may be arranged relative to the first light source and the first camera such
that the first beam splitter may be configured to receive tﬁe light provided by the first
light source and to re-direct the light to thfé .o'bject receiving region via the first light-
transmissive portion, thereby generating the second reﬂectéd light portion; and wherein
the second beam splitter may be arranged reiative to the second light source and the
secoﬁdcamera such that the second beam splitter may be ;:onﬁgured to receive the light
provided.by the second iight source and to re-direct the light to the object receiving
region via the second light-transmissive portion, thereby. generating the first reflected
light pbrtion.

[0035] In an embodiment, the arrangement may include a ﬁ ght arrangement; and wherein
the beam splitter arrangement may be arranged relative to the light arrangement and both

. the first camera and the second camera such that the beam splitter arrangement may be

configured to receive the light prox}ided by the light arrangement and to re-direct the light
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co-axial light portion aligned to the first main optical axis and such that
the second reflected light portion nay be provided as the second co-axi al

| i ght porwoamoealvogsed to the second nmain optical axis. [pe@BGRolowodn2

enbodi ment, .the first canmera and the second canera nmay be arranged along a
common caner.a plane. [0040] In an énbodi ment, the single beamsplitter may
be arranged at a substantially 45 degree angle with respect to the comon

canera plane. [0041] In an enbodi nent, the arrangenent may include a first

di chr O%Pgﬁhfﬁﬁo%? seBbiviglLESh MR €t AR NERArdRmishvbgaticiadra dbong t he

first I ca isTan second dichrorc mrror of a second wavel ength
arranged in.a light.path along t i i ich add0@42] hi an
enbodi ﬁeéﬁ?‘,p 11§1H-etra%ls1p§s v ipé’%}o&i% ‘%fc?l ?rra %ﬁ%ﬁggc e rgg%g%dgg%{tiﬁoﬁlea% rst

| i ghttransm ssive portion or. on the one side of the body structure 4

over | aﬁﬁﬁtrﬂjleﬁ‘ﬁ@hﬁ]i“rpé’fthq%?ff‘tﬂ?ea‘}'?gwegslf@g portion and wherein the second
dichroic mrror may be arranged in the second |ight-transm gl%is\é%eporti aon or
on t he [936] bi efeembodimenty dapybaapy srRltgr BTHRASCALPAR e tHE EECcSh

| i ght-transm ssive portion. [0043] In an enbodinment, the first dichroic

m rror sidayf the badptusture kothe @oreRt IGFRVIAE FIAM- and t he second dichroic mrror
may be a red color dichroic mrror; or wherein the second dichroic mrror
may be [§037] Gea embodidientrtind beami splister arrangenent maytbeggaafiedicd PirFseH® my be a
red color dichroic mrror. [0044] In an enbodiment, the |ight detection

ar r angenefght PRyvifld b eie inner sideace of ilgghbodyegancatré, napdstor gesergteethe g | i ght.

separating structure may include a opaque material for exanple a bl ack
paper $onRRkdIRMEENENInd 16 sédofl tefletiiivepoktisisfrothitightecaivesd leght.f r om
[0038] In an embodiment, the beam splitter arrangement may include a single beam
splitter configured such that the first reflected light portioﬁ may be provided as the first
co-axial light portion aligned to the first main optical axis and such that the second
reﬂec";gd light portioﬁ may be provided as the second co-a7;ial light portion aligned to the
second main optical axis.
[0039] In an embodiment, the first camera an;i the second éamera may be arranged along
a Acomm.oﬁ camera plane.
[0040] In an embodiment, the single beam splitter may be ,a"u'ranged at a substantially 45
degree aﬁgle with respect -to the common camera plane. |
[0041] In an embodiment, the arrangement Amay include a first dichroic mirror of a first
wavelength arranged in a light path along the first main optical axis and a second dichroic
mirror of é second wavelength arranged in a light path along the. second main optical
axis.

[0042] In an embodiment, the first dichroic mirror may be arranged in the first light-

transmissive portion or on the one side of the body structure overlapping the first light-
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interfering with the light fromthe second |ight source. [0045] In an
enbodi nent, the |ight separating structure nay be arranged between the
first |ighpsmumwemsand the second |ight source, or betweem/schelobedar
splitter arrangenment and the at |east one body structure illumnating |ight
source. [0046] In an enbodi nent, the |ight detection arrangenent may .
further include an object arranged in the object receiving region. [0047]
In an enbodi ment, the object may be a die or a chip. [0048] In an

nbodi t,. the d]. i . . it : i . Th
g| u? a: fr;gé’]ﬁnﬁ‘fsnﬁg}ﬁod#lﬁrb qg%’ \A'Iﬂéfélnge Qe Bhig Hllj%}f BiroP QR4 BE aBahgbalt #r @18 e

ructures may I nc e a plurality of bond pads and a

plurality of wire bonds. Each of .the r @l Yo d9fsRARRE WeliSp iRy e _
confi g&F8 [lﬁhtéf?ﬁﬁﬂ’éfwgg OBPrPﬂéhep nﬁgg iotqt[/l]leol?o oSHﬁ pads etgpthe die. [0049]
In an enbodi nent, the first canmera and the second canera may be arranged in

a nannegcosd BphtttrRasmIsH¥e PSR nmin optical axis and the second main optica
axis may be axialsymetric with respect to a sy try axis bein

per pend¥4a] &r an embodimgrie thechiish dightoic THETGHEPE aﬁ‘i"ef‘ﬁ??é“’ﬁr@bﬁ %H?or[ 0050] In
an enbodi nent, each of the first camera and the secogﬁ@ca ra may, be
ar r angaefd éfe sacomd michogicrerimoamgy be ¢ 19d gglerliphagisdpifrofPr (HiET gﬁ%"e‘?? daxis.
Further, each of the first beamsplitter and the second beamsplitter my
be arr angeslc afiré BanE: Delaecslol dichmic mivgirend the figst dickraiggaistor Y symmet ry
axis. The -difference between the beam splitter angle and the canera angle

i s aboytq &er irbieeabei ngly, the first beamsplitter and the second beam
splitter may be arranged at a conbined beamsplitter angle of 90 + 2a

[0051] [5‘6443% SHRAb BRI, hb2ichl HaRGRMEanganEigHae futhor prcdudede Tighight
reflected fromthe
separating structure. The light separating structure may include a opaque material for
example a black paper so as to prevent the light from the first light source from
interfering with the light from the second light source.
[0045] Intan embodiment, the light separating structure may be arranged between the
first light source and the second light source, or between the beam splitter arrangement
and the at least one body structure illumina‘ging light source.
[0046] In an embodiment, the light detection qrrangement may further include an object
arranged in the object receiving region.
[004'?] In an embodiment; the object may bé a die or a chip.
[0048] In an embodiment, the die may include a plurality of bonding structures. The
plurality of bonding structures may include a plurality of bond pads and a plurality of
wire bonds. Each of the plurality of bond \:Ni're fnay be coﬁﬁgured to connect each of the
plurality of bond pads to the die.

[0049] In an embodiment, the first camera and the second camera may be arranged in a

manner such that the first main optical axis and the second main optical axis may be axial
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obj ect receiving region nmay conpensate for the |ight provided by the body
structure and escaping through the first light-transm ssive portion and the
second | iwbt2etw@o@si ssi ve portion. [0052] An enbodi nent pompsGRoMbER2 a

nmet hod for detecting light in a |light detection arrangenent, the |ight
detection arrangenent may include a body structure configured to provide

| ight, the body structure including a first light-transm ssive portion and
a second light-transm ssive portion disposed at a distance fromthe first

i ght-transm ssi,ve portion,; i £6L; bYdiffad 18 3 pMhedlhaapB¢@such t hat
li ght W@lgdmf}veflﬁeé{%oadsg s% r{?g%ndfe Hrlrgg&ge 1T um nalfi ng at 1 ggst a portion
of the object receiving region; a first camera having a first nmain optical
axi s; APIEEIEHAVIBAREIY havi ng a second main optical axis; wherein the body

structure may be arranged bet n Lhe first c ra and the s canmera on
its ond0050H& aneehpdinElteglc rétceg\evﬁﬁg PRGBS £t 1S %é?rb\%her ein the
first canera may be arranged such that its first nmain tical gxis may be
di r ect edangedtahe sabf canerp cegle Py gESBREt IS PG AX S eﬁe?ﬁ‘g}%fsnay be
arranged such that its second nmain optical axis may be directed to the

obj ect thicefisst bemg sphgéromd thescormd Hsamenfitienaaydes praerdichg MGMeaMes | ect ed
fromthe object receiving region such that a first reflected |ight portion
may be spristilgld (B5 wathfrespett wohesjmmelry girts. pBire difareats betwgen ghethfd8¥ i r st mai n
optical axis, and such that a second reflected |ight portion nmay be

provi degi@s aAgReaa Mk Gareaxirle isiagbit 4501 Coorsminilipghy tedlirshizsagespdiffer mai n
optical axis. [0053] In an enbodi ment, when light fromthe first |ight

sour ce Y, e ol AR lIRE hiebd irkalzcdararbambinéd Bam dyiligt argyof#0°rie- di r ect ed
in two directions. The |ight” separating structure may serve to absorb |ight
in one direction and the light in the other direction may be reflected off

t he obj St arranged in the object receiving region. The second

[0051] In an embodiment, the arrangement configured to provide light reflected from the
object receiving region may compensate for the light provided by the body structure and
escaping through the first light-transmissive portion and the second light-transmissive
portion.
[0052] An embodiment may provide a metﬁod for detecting light in a light detection
arrangement, the light detection arrangement may include a body structure configured to
provide iight, the body structure including a ﬁrst 1ight—traﬁsmissive portion and a second
light-transmissive portion~ disposed at a distance from the first light-transmissive portion;
an object receiving region arranged such that light provided by the body structure may be
illumiﬁating at least a portion of the object ‘recgiving region; a first camera having a first
: main'ér;tical axis; a second camera having a second main c;ptical axis; wherein the body
structuré may be arranged between the first camera and the second camera on its one side
. and tﬁc object receiving region on its dther side; wherein the first camera may be

arranged such that its first main optical axis may be directed to the object receiving
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camera may be positioned to receive this reflected light. Simlarly, for
l'ight fromthe second light source, the arrangement may be such thai t he

l'i ght oriworato/mgesr om t he second |ight source may be eirthsGesmenuzal |y
absorbed by the light separating structure and/or be reflected off the

obj ect arranged in the object receiving region and thereafter being sensed
by the first canmera. [0054] FIG 1A shows a front view of a |light detection
arrangenent. 102, the light detection arrangenment 102 including a first

|l i ght source,104, .a secan J i ] i
a secomgl%g%e§81 fhe s ?fgmg%%%&&’i% %gr at%edésg@%ﬂn%g%% %e?%?daﬁ[algloogg]hdlta%; Illoghf1 nd

detection arrangement 102 may.incl ude, : - gonfibgur ed t

p (r) ;);/! délabl’ill?g r,e;%ﬁéo B%%g%lzgﬁtgaéé{vd?%refﬁogl: ?‘%@ﬁ%ﬁéﬁﬁ%ﬁg‘% b foﬁbﬁl?ﬂl%%nsm ss?ve

portion and a second |jght-transnissjv ord i 1 .- at a

?Ih st ?nd:@teﬁﬁleé rﬁ}% Eherqhyest r9ory S IEEAE ﬁi‘épsﬁi\?{ea ﬁﬁsgf?f%ﬁgglf%%pq‘ﬂjggﬁgga? g)r? ce between
e firs i ght-transm ssive portion 114 and. the second |ightst 1 SSi

por 1. 0praidsiaye i go-ueb el mcD LRGP BRTTBHRGRIF ARnCad e |1 ght

116" ar riangedoaokiofiat Ebigiotqpr 06y BoarBads Hogh Eo-aEELRE: PP Ty e

; _ ( i 19w ey HYFYE £P-GEP 1 be

i I'lum nating at |least a portion of t he obj ect receiving region 118?/ [ 0056]

The |i ghfndded €gdseoshdansiangtoatis. 102 may further include a first camera 120

having a first main optical axis 122 and a second canera 124 having a

second [oFH3] 19k iefidbdideng W6 lighh ooty fisdtrlight svugcelhay ayndidenbpr sltyed
between the first canmera 120 and the second canera 124 on its one side and.

the objEgtpdGEehHtdIIERIMEN bbLB-dMRcted Sn aboediradtidns. [MHR5TEht Beparftingst c
! 3- . ame
120 may ea-rra%ged s%ch fgﬂat its first main optical axigs 121;:5l rraygbe e

?: éﬁf f Ssgrg‘ctr:]tgnhe% @g}r 3%\1% gér taf)%gt? !I%llzlfrlg Jn8iRPrichlndvind ligheir theSdther direction
may be' réﬂected off the object arranged in the object réceiving region. The second
camera may be positioned to receive this reflected light. Similarly, for light from the
second light source, the arrangement may be such that ;che light originating from the
second light source may be either essentialiy absorbed by the light separating structure
and/or be reflected off the object arranged in the object receiving region and thereafter
béing sensed by the first camera. | |
[0054] FIG. 1A shows a front view of a light detectior; arrangement 102, the light
detecl:tion4 arrangement 102 including a first light‘ source 104, a éecond 1ight source 106, a
first beam splitter 108 and a second beam splitter 110 according to an embodiment.
[0055]. The light detection arrangement 102 may includé a body structure 112 configured
to provide light, the body structure 112 inclﬁding a first light-transmissive portion 114
and a second light-transmissive portion 116 disposed at a‘distance from the first light-

_ transmissive portion 114. The distance between the first light-transmissive portion 114

and the second light-transmissive portion 116 may vary according to design and user
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and the second canera 124 may be arranged such that its second main optical
axis 126 may be directed to the object receiving region 118 via the second
| i ght -t r awermagiov@sporti on 116. . [0058] The |ight deteetirsG2emnrangsnrent
102 may further include an arrangenment 128 configured to provide |ight
reflected fromthe object receiving region 118 such that a first reflected
| ight portion 130 nay be provided as a first .co-axial |light portion 132
aligned to the first main optical axis 122, and such that a second

:)g]; lt ?g%%‘%g%}l%}q%gﬁ@%é ?%ﬂtt ég‘téct%%ya d‘ﬁ‘,%a%% et RSy FudRe aReluedaaxdtgéct! i ght

e secon i'n optical axis 126. The arrangenent
128 may help ta ner at e od it lum I di e and
the boroMIEa BATAN PHECSESaRY P e by s e B e Skucht $EE R 08 Each of
the first light-transm ssive pgrtion 114 and the second Iight-transm ssive
por t i olumisatipgyt lsastaortioqueldhe e PG ™8P ow’some 1ight to pass through
or be translucent. Alternatively, each of .the tir§% I%%ht-tranﬁgbssive
por t i of00564 Th dighh detsetiom arnpsricnt K% maysfyden fdyds,a 118§ He “Cont i gur ed
to be transparent. For exanple, the first light-transm ssive portion 114
and t htaweg aniisi it opticahswis si92vead o pecpeh camerantdft By A igeP dsMiflo separ at e
openings or as a single opening. [0060] i FIG |A the body structure 112
may havgtcl doe26hahe bodnsneore 1§hapy besyrangrsd baiween tha dirtisaerapl?Oneen about
40 mMmto about 45 mm for exanple. The body structure 112 may include a
done | iygithe sb¥nd@%@eR 24 dnQRGh} side amhthe whidt weeivingatgidpe bkt omityesheri on of an
inner surface 138 of the body structure 112 facing the object receiving
region 118 nay have a reflective surface. At l'east a portion of an inner
surface 138 of the body structure 112 ‘facing the object receiving region

118 ey iy} 41 %t U0y bediRE Aol inhts FiRbma opiiestsixisa20andyi on of - an
be directed to the object receiving region 1.18 via the first light-transmissive portion 114
and the second camera 124 may be arranged sﬁch that its second main optical axis 126
may 'be directed to the object receiving regiqn 118 via the second light-transmissive
portion 116.

[0058] The light detection arrangement 102 may further include an arrangement 128
configured to provide light reflected from the object receiving region 118 such that a first
reflected light portion 130 may be provide(i as a first co-axial light portion 132 aligned to
the first main optical axis 122, and such that a second reﬂectedllight portion 134 may be
provided as a second co-axial light portion 1?;6 aligned to the second main optical axis
126. The arrangement 128 may help to generate a good illumination contrast between the
die and the bond wire on an image captured;by the second cémera 124.

[0059] Each of the first light-transmissive portion 1}4 and the second light-transmissive

portion 116 may be configured to at least allow some light to pass through or be

translucent. Alternatively, each of the first light-transmissive portion 114 and the second
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surface 138 of the body structure 112 facing the object receiving region
118 may include a |ight generating coating and/or a plurality of organic

| i ght enmwODi2og/@oemdes. [0062] In FIG | A the |ight detectriscnomron@agenent
102 may further include a plurality of body structure illum nating |ight
sources 140 arranged to illum nate at |east a portion of an inner surface
138 of the body structure 112. The plurality of body structure illum nating
| i ght sources 140 nmay be positioned within the body structure 112. [0063]
The plurality of. bod td BY thahHAkent OUoE @%arddle, BY i ncl ude
a pl urgg}i‘tftym SF‘é{ﬁ}S’g ﬁ%c{ﬂ%'%lel OLH%qFQ(farrps rna%/ml}nc | ude a Illﬂght emitting
di ode array in alternatlve mbadi Nent s, - L L Lyrigh 1héaRs veay include
any ot &t ]i&‘i'tf%B‘F‘égs‘lvFé’ﬂ’ftw&elr}g &?%hgsea%l}/dl lc%lg?rsaﬁéc]ﬁ{sgs g gl. organ?c | i ght

emtting diodes. The plurality of include a diffuser. [0064] hi

FI G | Agrmefl@s Bre Ry8ieapeningsonip $9£$€Rf81“§/| i ght ar rangenent 142. The |i ght
arrangenent 142 may include the first |ight so i_g and the second |ight
sour ce [A056] FhBIG. il As thelbioghi strawuredd? 10y hayg/ pamg a&’ﬁg e flgme shape piay; ght

t hrough the first lighttransm ssive portion 114 to the ob ect receiving
regi on iddilcaneddius dfhbetseeorbouti Ghmms iy pleait HG6mrayoH EXHRR Snggﬁ’ lP‘lﬁiydl rect
l'ight through the second light-transm ssive portion 116 to the object.

r ecei Vishctfn@ail 9 ad ifkcludQDdahe gte, foi exsimplé.ght source 104 and/or the second
| i ght source 106 may include co-axial |ight sources. The first |ight source

104 anqgey1] mhen S@B6&Nsehd, ghlea @poeinld¥Gn imyer ismddaedd Sapfftlochmlydtiytet beam or
a di sperse Ilght source, for exanple a plurality of |lanps. The plurality of

| anps ngy pa 'ﬁ% @eétugmwﬁglrta%lb@q1glln@geh@rerayeﬂebﬁvabarﬁﬂcaamwbaﬂraboon ment s,
t he pl urall P nps may I'nclude any other suitable |ight generating

devi ces %t'ijo%hota an Findr sﬁjfzg:gnfﬁ o @lgtboﬁmsrrhétﬂﬂ: tH20@gRMmg the object receiving
region 118 may also be configured to generate light. The at least a portion of an inner
surface 138 of the body structure 112 facing t}re object receiving regron 118 may include
a light geuerating coating and/or a plurality of organic light emitting diodes.
[0062] In FIG. 1A, the light detection arrangement 102 may further include a plurality of
body structure illuminating hght sources 140 arranged to 111um1nate at least a portion of
an inner surface 138 of the body structure 112. The plurahty of body structure
111ummat1ng light sources 140 may be positioned within the body structure 112.
[0063] The plurality of body structure 1llum1nat1ng hght sources 140 may include a
plurality of lamps. The plurality of lamps may include a hght emitting diode array; in
alternative embodiments, the plurality of lamps may 1nclude any other suitable light
generating devices such as e.g. organic light emitting diodes. The plurality of lamps may
include a diffuser. |

. [0064] In FIG. 1A, the arrangement 128 may iuclude a light arrangement 142. The light

arrangement 142 may include the first light source 104 and the second light source 106.
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[0066] In FIG 1A the arrangenent 128 may further include a beamsplitter
arrangenent 148. The beam splitter arrangenent 148 may be arranged on the
sane si dewofotdm@odeedy structure 112 as the first canerartZBcamd/obéa2 second
canera 124. The beam splitter arrangenent 148 may include the first beam
splitter 108 and the second beamsplitter 110. It is to be noted that the
arrangenent 128 nmay include any other suitable device configured to
re-direct light such that Iight may be directed to the object receiving
region.l118. or..t.g the fi r : fRMBfsA 1ibBd, as
desireaﬁeﬁaﬁﬁyggTﬁﬁu?ﬁ?éfgﬁég§?§%?%%%%?;f%%d%ggm%gﬁgﬁganged re%%tive to the
first light source 1

4 a t.he first c IdeSt beam
spl i tt SADSPESIYRRPTRRN lg'ntf)ir%%%?bé%?ttr Beret ]i%g}g) Elfl ﬁé%p(lilgﬁ?@s&%%;eggﬁ%{#{ehe first
|l ight source 104 and to_ re-direct the |iqght .1t he pect I i i ng region
118 vi 40¢ H@ther%ltanqugtﬁt‘hlieﬁal%%gg\lg}’e&’ﬁ8?‘%“8Algﬁﬁ'ﬁf?nsfrﬁ%#\gebélor{églﬁgréﬁoi ng the
second reflected |ight portion 134. The second reflected |ight portion 134
may be tleudgechraceiaingyegipn ghed with the second major optical axis 126 such
t hat the secondcanera 124 detects:-nore of the second reflected I.ight
por t i of0wE3} Thhdirst fipkt sbinrcstl0¢ and/prithe 3econg dighreuEgedQo f%ﬁ%/emglég%ﬁ‘aa’%‘am
splitter 110 .may be arranged relative to the second Iight source 106 and
t he seqipRscaaer Bhd@dt Kghthourhal 04 hel/ sebosmsonthghtsprice £ B¢ mpy inckidy e
configured to receive the light provided by the second Ii?ht source 106 and
to re-dh&Red libRebdahObit a tdaspeie 1ihj saircs, doriexdnyle raepfimityl 08 lapins. tHee second
| i ght-transm ssive portion 116, thereby generating the first reflected

i ght 913 Aps AR irdchidsta K leatitiag diddghirappint dlemati8e embydients,
substaﬁ?@%*@& ali%%e inh thégﬁinst maj or optical axis 122 such that the

the se DB S o e e e eat T o arr angemont

102 ey, LA Bk chilfihy §8ad. | T 9N
[0066] In FIG. 1A, the arrangement 128 méy further inclu&e a beam splitter arrangement
148. The beam splitter arrangement 148 may be arranged on the same side of the body
structure 112 as the first camera 120 and the second camera 124. The beam splitter
arrangement 148 may include the first beam splitter 108:‘ and the second beam splitter
110. It is to be noted that the arrangement ‘12_8 may include any other suitable device
configured to re-direct light such that light may.be directed to the object receiving region
118 or to the first camera 120 or to the second camera 124, as désired.
[0067] The first beam splitter 108 may. be arranged relative to the first light source
104 and‘the first camera 120 such that the first beam splitfer 108 may be configured to
receive ¥ine light provided by the first ligh;c ‘s'ourge 104 a1;1d to re—direct the light to the
object receiving region 118 via the ﬁrst. .lightjtransniissive portion 114, thereby

‘ generatihg the second reflected light portion 134. The second reflected light portion 134

may be substantially aligned with the second maj or optical axis 126 such that the second
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separating structure 154. The light separating structure 154 may be
arranged between the first light source 104 and the second |ight source
106. The wbDghto/®egar ati ng structure 154 may i ncl ude a opawse20mtoesoisal for
exanpl e a bl ack paper so as to prevent the light fromthe first |ight
source 104 frominterfering with the light fromthe second |ight source
106. [0069] hi FIG 1A, an object 156 may be.. arranged in the object
receiving region 118. The object 156 may be a die (e.g. a sem conduct or

die); in al tive enmbedi , ' 1k fiRREcahdtaki nd of
substr%WgﬂﬁﬁgéQ%Fﬂ@??“%9ggmg£§%®éfh?%%fEgﬁﬁgﬂéﬁg}%?g??ty of dies. The die
may include a plurality of. bondi u e i B C the first
caner al@zohh?ﬁﬁ?%%é%i‘%ﬂ@ B%Flgﬁ%ﬁjﬁpra@awt)ée grrrarr%%(gggllﬁ&r? 2 thgﬁﬁdgﬁd such t hat
the first main optical axis 122 apgd th nd main_optical .S.,126 may be
axi al Bghtericedo 'afl‘ﬁtmﬁwtcwl'%@®Mttﬁ§%g??egoﬂi)ge efpr%lgéf)éiﬁp()&elﬁﬁi cular to
a plane 158 defined by the object recéivinqhéeqion 1#2 %g@jl dEa h of the
first bacenfaulddQo asedive e light prayided by the sesandightispurgs 1UG andfotp-ded s e canera
angle (d) with respect to the symmetry axis 190. Further, each of the first
beam sfieiligheto the8bjnidretdreng exgimdl I¥cdniheperendlight-fonsrigsipePAPPEALRd at a
same beam splitter angle (b) with respect to the symetry axis 190. The

di f f er gledybehwaang teefilsesfiespd ligheporting|180akke firs reflesteddishh grEioRay be

about 45. .Correspondingly, the first beamsplitter 108 and the second beam
spl i tt @50 kG yERbaSHANY anged aith theclrgbinajed optiaainasis| 122 tseeh thagthe fost 90 + 2a.
[0072] FIG "IB shows a front view of a |ight detection system 192, the

| i ght LB eRRLRMR b 4hd Nifst WaleB@Allpat iainﬁbh 1detient thesewnd aagersent 102 of
FI G |§5§§%83§iﬁguto an enbodi ment. [0073] The light detection system 192

may ianEde‘an i nput 160, an output 162, a

[0068] In FIG. 1A, the light detection arrangement 102 may further include a light
separating structure 154. The light separati‘_n‘g structure 154 may be arranged between the
first light sc;urqe 104 and the second light Sc;urce 106. They light separating structure 154
may include a opaque material for example a black paper so as to prevent the light from
the first light source 104 from interfering with the light from the second light source 106.
[0069i In FIG. 1A, an object 156 may be.arranged in the object receiving region 118.
The object 156 may be a die (e.g. 2 semicon(iuctor die); in alternative embodiments, the
object 156 may e.g. be any kind of substrate or carrier, e.g. a wafer including a plurality
of dies. The die may include a plurality of bonding structures.

[0070] In FIG. 1A, the first camera 120 and thé second camera 124 may be arranged in a
mannel; such that the first main optical axis 122 and the second main optical axis 126 may
be axial symmetric with respect to a s@etry axig 190 being perpendicular to a plane

158 defined by the object receiving region 118.
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controlling or processing device 164 and the |ight detection arrangenent
102 of FIG IA The input 160 may include a keyboard and the output 162 nmay
i ncl ude avoispl@ysosThe control ling or processing devi ceptéscrey/s@nuye to
control the light detection arrangenent 102 and may include a processor 166
(e.g. a (e.g. programmbl e) m croprocessor or any kind of programmble or
hard-wired | ogic) and' a nenory 168. [0074] Wen in use, the user nmay
provide the input 160 to the controlling or processing device 164 so as to

oA e Sy st e o

l'i ght efnen en stored in the nenory 168. The
processor 166 may .then process, the d t.Qfethy SO0 as
Bchi ovEAmee GRS BRelp E@g‘@ﬁl‘a RS 9 E‘S Sﬁ%%f@yag‘gs %brg ' ﬁ%&gﬁ%ﬁ&{% .%[toms] FI G
2A shows a front view of a |ight det.ecti arnangenent 1 i ght

det ect beam splitign Jdfeand theseqond %ﬁ@ﬁ“ ﬁ@ilgerbkﬁgmﬁrbﬁc%fﬁpée(& itzg\%\nm%l% l%ga%ut out
portion 170according to an enbodi nent and FIG.ng(gﬁoms abtog vj,ew of the
body -ssplittst angle (B washt tgsnente toc e Syt 3%3hH 1990 BeRSA ng to an
enbodi ment [0076] In FIGs. 2A and 2B, the |light detectign arraqgenent3102
may i nekameplittee abgleyand ttheicanere andle neayrife @9‘1&35% oCprespprbnglygiie isthe hody
structure 112 including a first lighttransm ssive portion 114 and a second
| i ght - beansHlites 108 apdheisatond beard isplpits 4 40 anayebedirengeicd afqopmhineddepmy st

i ght-transm ssive portion 114. The di stance between the first

Iight-gﬁﬁm§gh§§byg0@@2&jon 114 and the second light-transm ssive porti-on
116 may vary according to design and user requirenents. [0077] The |ight

det ect i G2 AN 8 BNvs 2Qnbodews & 4 Bight detsdtivgeyaemalopptic lighc detwitivp r egi on
118 ar#anggg'suc “that 1ight provided by the body structure 112 may be
T um r%%sttérgglﬁtmklﬁaﬁl% tfe lﬁgﬁtt dePi1iBh aEﬁﬁge@Qn?Qt)Z o€ G8GY | A ct&@in@nto 1ah8.
emboéli,ment. |
[0073] The light detection system 192 may include an input 160, an output 162, a
controlling or processing device 164 and the light detection ;nangement 102 of FIG. 1A.
The inp;ltlﬂ 160 may include a keyboard and the output 162 may include a display. The
controlling or processing device 164 may seﬁe to control the light detection arrangemen;c
162 and rﬁay include a processor 166 (e.g. a (e..g. programmable) microprocessor or any
kind of programmable or hard-wired logic) and'a memory 16;8. |
[0074] When in use, the ﬁser may provide the.input 160 to Jthe controlling or processing
device 164 so as to control the light detection aﬁangemerlt 102. Data may be received
from tﬁe light detection arrangement 102 and then stored in the memory 168. The
processor. 166 may then process the data stored in the ﬁemory 168 so as achieve a
desired image data to be displayed on the output 162. |

. [0075] FIG. 2A shows a front view of a light detection arrangement 102, the light

detection arrangement 102 including a body structure 112 with a cutout portion 170
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[0078] The |ight detection arrangenent 102 may further include a first
canera 120 having a first main optical axis 122 and a second canera 124
havi ng a weeorwhosmsn optical axis 126 and the body strueturse2dibdoomay be
arranged between the first camera 120 and the second camera 124 on its one
side and the object receiving region 118 on its other side. [0079] The
first canera.120 may be arranged such that its first main optical axis 122
may be directed to the object receiving region 118 via the first

i ght-transm-ssive poytiaon & Yr8LEAD HRMrde12r r anged
such tﬂﬁ?r‘E%m§§bﬂﬂ@xh§9ﬁf@éﬁﬁ%ﬁ?géﬁpgs%gégﬁgg be dir%%f%d to the object
receiving region 118 vj cond,light-transm.ssive portion 116. [0080]
The |iyH ﬂHéWEE@P@ﬁ”%ﬂ?@ﬂéﬁﬁ%%?jfﬁﬁdﬁﬁgoP%F giﬁkﬁglude an arrangenent 128
configured to provide light reflected fromthe j ect .recei yi egion 118
Such § Hagelinr R, 3Arand it hs g defrshen BEsorehg by BT d8ed 7] PO,
co-axial light portion 132 aligned to the first in tic?l gx%§ 122, and
such .t katctae 462 onfiguedd tocprevide light thsobadyorruetye “‘BBJ%S%?/ HEYeYs a second
co-axial l'ight portion -136 aligned to the second nain gﬁ%jc | axis 126.

[ 0081] trhihriideevet p@tibh ghtt aiet ecerand hghtdragemisaive IPtien 136 GhiPosss B & 1A the
| i ght detection arrangenent 102 as shown in FIGs. 2A and 2B nmay further

i ncl udgjsnsd Kot theefirk? Agitavinmgissivé ipogion! 11ght The alistarics dietrecepdhe i 114 and a
second light-transm ssive portion 116. The body structure 112 may i ncl ude

the culomity BOkikRE pbbmrNT: ifiethsisettmiduight-iddsminsivb poriondrigeuay warvhe cut out
portion~170. As an exanple, the structure 172 having the first

aaghL;%&%Qﬁﬂ%gﬁkg%ngﬁahggqaﬁéém@mg the second |ight-transnissive portion
y 1nc e a rectangular plate or a plate with any suitable shape
mat chi T&)ﬁp%hg qfagBF dgijectu}le arrangement 102 may further include an object receiving ‘

region' 118 arranged such that light pi’OVide by the body structure 112 may be

illuminating at least a portion of the obj e‘ct receiving region 118.

[0078] The llight detection arrangement 1'02 may further include a first camera 120

having a first main optical axis 122 and a second cameréx 124 having a second main

optical axis 126 and the body structure 11é may be arranged between the first camera 120

and the sécond camera 124 on its one side aﬁd'the object receiving region 118 on its other

side.

[0079] The first camera 120 may be arranged such that its first main optical axis 122 may

be directed to the object receiving region 1;18 via the first light-transmissive portion 114

and the 'second camera 124 may be axranged such that its éecond main optical axis 126

may be directed to the object receiving region 118 via the secopd light-transmissive

portion 116.

[0086] ‘The light detection arrangement 102 may further include an arrangement 128

configured to provide light reflected from the object receiving region 118 such that a first
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cutout portion 170. Alternatively, the structure 172 may include a diffused
white plastic sheet. [0082] In addition, to elimnate nultiple reflections
bet ween twe 2biwmbsobeam splitter 108 and the second beanmpeplsiczé®roodid whi ch
may reach the first canera 120 and the second canera 124, and thereby
causi ng possible artifacts (i.e. errors in the i nage presented by the -
canmera caused by reflections, for exanple) the light detection arrangenent
102 may include a light separating structure 154. The |ight separating
structure 1 be Siti / ' > i t BeATIIABL iafi td08 or the
cecondrBEsRr SgrpraR Bahd el AP Bkl At oht

irectly between the first Iight source 104
and the second |ight so e 106., [,OP8 A : eMpadimeent
accor dihsdustgngp GPg‘iaL?mP ﬁéiear?é&&i ?l?rglﬁga g%:cg g((ri) g%hr% é‘%? éﬁg}lfl I%)rhgﬁl may rg\@/’g a nore
conpact or_ integrated design. .Such.a ign is.0 j ntage if
commer pioxideg asvaiseoeBf é‘oc%‘-lagx]i‘@t RO qgé L?ﬁgléesds ﬂoagheggéch}sng glll ﬁi\soig%aqex anple,it

may not be allowable to use two comercially avail able co-axial |ight

sour cesxis 26.he enbodi nent according to FIG 1A due to a |limted working

di stance of lens of the two co-axial |ight sources, FIurtggr tg re may not
be suf [00SipDhlispaeelipl deicitisdearingemars £¢2 a%iHPWR| GnFlGolitcde UBlve the

done light. An integrated design of the |ighti %accordi ng to FIGs. 2A and
2B may dsebied bihfeme086) aFostavanimités.e2hhend Rlegraxt StheednghdoR t he
lighting, the done |ight may be cut - a rectangul ar wi ndow whi ch may be w der

than t hguGaehiynasking & st tibhsepanadstrefportitn Heam spkidantdightg@saivecond beam
splitter 110 so that an integrated first beamsplitter 108 and second beam

splitter 410 1FBYpbBody sRERSk | DVREY tHoRide tierueit bonigndf/0ehé thdstrectifeght .
[ 0085] %%ﬂjoéceirve Bot% as a supportyto the integrated first beamsplitter 108

and t hel7§ %%C}),rb% arranged in the cutout portion 170. As an example, the structure 172 having
the first light-transmissive portion 114 and the second light-transmissive portion 116 may
include a rectangular plate or a plate with an}./ suitable shape matching the shape of the
cutout portion 170. Alternatively, the structure 172 may iriclude a diffused white plastic
sheet. |
[0082] In addition, to eliminate multiple reﬂe'ctions betwégn the first beam splitter 108
and the second beam splitter 110 which may reach the ﬁrs’ic camera 120 and the second
camera 124, and thereby causing possible ;u'tifacts (i.e. errors in the image presented by
the camera caused by reﬂections, fo;‘ example) the light dé"fection arrangement 102 may
inclucie- a light separating structure 154. The light separating structure 154 may be
positioned between the first beam splitter 108 or the second beam splitter 110, or
indire{:tljy between the first light source 104 and the second‘iight source 106.
[0083] Co'mpared with the embodiment accofding to FIG. 1A, the embodiment according

_ to FIG. 2A may have a more compact or integrated design. Such a design is of particular

advantage if commercially available co-axial light sources may be used. As an example,
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beam splitter 110 and to reduce the | oss of the done |ight due to the
cuting of the done light, the structure 172 or the rectangul ar plate may be
adopt ed whocbhiomaysosncl ude the first |ight-transm ssive porisicaoobdgbsand t he
second light-transm ssive portion 116 in the formof two circul ar openings
mat chi ng the viewi ng angle of the first canera 120 and the second canera
124. [0086] .FIG 3 shows a perspective view:of a prototype of the |ight
detection arrangenent 102 of FIG 2A according to an enbodi ment. [0087] The

i ght detection arr nt. 1o b G dVi 2Bt iHces hli@econfi gured
to pro\itefy W&ﬁtaﬁo‘?’%@gg% ?egﬁé%r%@%%&i Zmrrga;}ﬁ? E‘glgﬁlgzhéamd%grre | i ght. [0088]
The light detection, arr emen 02 | r | u ‘ re 172
havi ngemh%d}m?%accc?lﬁﬁlﬁtt9&?§ng§i@se i]t9§ 1E)r8r?d|c %ﬁ}@%ﬁll&@ﬁ%ﬁ egsngf ﬂti-lf!%g\%,&é"econd

i ght-transm ssive portion(not shown). The body structure .l has a cut out
por t i opo-25e! kghi S?WéesstE%@F%Fléer‘iWyi’?)tB? F‘éﬁ‘ﬁ?&glé‘/pr?c? Euoemgfjﬁltd%ﬁ e1t|c2)Vc())r on 170.
[0089] The light detection arrangenent 102 y. further .include.an

ar r angexighlight 2@rewraboythe dloms 1 viAd'én1eE’€fFﬁdn$eé¥gPé’é Rl g 25 TR e ot
receiving region (not shown). [0090] FIG 4A shows a |eft inmage 400

obt ai nedFidst DA hhé2Bmoityoblvpehiof the |ight detection arrangenent 102 of FIG
3 according to an enbodi nent; FIG 4B shows a right inmage 402 obtained with
the pr poosuywe aedonithedatd Gbtintdg@tedidesign af thargphtingtthd domelight @y Be 8écor ding to
an enbodi ment. [0091] In FIGs. 4A and 4B, the |eft imge 400 may be taken

by the | gfhn&AFekRAIO Whieh fidySbe oadertharl 2 amobitdiewidtigif seprage 492 maybe
taken by the right canera or the second canera 124. Fromthe respective

left | iage 4R0cands dhiechiaRaROlicct 1MBYsoahaeamitbguitinarobient 156 e.g.
r.ncludes a plurality of ‘bonding structures 174. Each of the
splitter 108 and second beam splitter 110 may be located lower than the ceiling of the
dome light.
[0085] To serve both as a support to the intégrated first beém splittef 108 and the second
beam splitter 110 and to reduce the loss of the dome 1ight‘due to the cuting of the dome
light, the structure 172 or the rectangular plate may be adopted Which. may include the
first light-transmissive portion 114 and the'second light-transmissive portion 116 in the
form of two circular openings matching the viewing angle df the first camera 120 and the
second camera 124.
[0086] FIG. 3 shows a pei‘spective view of a prototype of the light déteéfion arrangement
102 of FIG. 2A according to an embodiment. -
[0087] The light detection arrangement 102 may include a Body structure 112 configured
to provide light. The body structure 112 may include a dor;;é light.

[0088] The light detection arrangement 102 may further include a structure 172 having

the first light-transmissive portion (not shown) and the second light-transmissive portion
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plurality of bonding structures 174 may include a plurality of bond pads
176 and a plurality of wire bonds 178. Each of the plurality of bond wire
may be cowbigiwvedsoso connect each of the plurality of beod/sgads/odoe2to the
obj ect 156, e.g. the die 194. In addition, the contrast of the die 194 and
the wire bonds 178 in the left inmage 400 in FIG 4A and the right inmage 402
in FIG 4B seens conparable. [0092] FIG 5A shows a front view of a |ight
detection arrangenent 102, the |light detection arrangenent 102 including a

beam splitter arfa nme 8 &r dfish SAEnSindautima Rdy Sstructure
112 as nﬁﬁSlﬂ)oo"]“gctﬁi’eg%’g?'vs?rh%&%elgllazolﬁlﬁrlkingLq%lg?oréli ng t o Gn embodi nent; FIG 5B

shows a sidg,vi ew of the |jght detection arrangenent 102 of FIG 5A
accor diEgeee e SHSBRTEM L %0093] The Iight detection arrangenent 102 may

i nclude the body structure 112 configured. to pravide |iah ody

st ruct (1089 The light deipsiignprrapgEpent Ght MRy gﬁ%]?ﬁrslgia%e POrt| g#niéfﬁelazgd a second
| ight-transm ssive portion 116 disposed at a distance fromthe first

l'i ght - bcpnaﬁwmdstsipwifg?dr&hit eaileqted fromym %?Céé?ce’r"gtgerfe%‘?ﬂg“qlé%‘?‘gﬂ' 118 arranged
such that I'ight provided by the body structure 112 ma¥ be illum nating at

| east §0090] Fi@r oshawse lefyjimage 409cabitaingsywith ieqmoteype of thejlisht detsiona 120
.having a first main optical axis 122; a second canera 124 having a second
mai N opfrhidneaxi 6 dRBIG. vhareiding trearbedhoditentc FlE e4B showmyg right HR3&nged
between the first canera 120 and the second canera 124 on its one side ‘and
the objygstoi8s&l WithOthe ggbRRpE1& or ligls ddtéwionsircmgemirer Ei2nof B8Gf i3r st camera
120 may be arranged such that its first main optical axis 122 may be -

di rect e PO ESimERCEl Ving region 118 viia the first
Iight-?rg?#sa#ss?ve porr{li on 114; wherein the second canera 124 may be

o] et T L e b e e et SeTve porti on 116
first camera 120 and the right image 402 may be taken by the right camera or the second
camera 124. From the respective left image 400 and right image 402, it may be seem that
the object 156 e.g. the die 194 includes a plurality of bondiﬁg structures 174. Each of the
plurality. of bonding structures 174 may include a plurality of bond pads 176 and a
plurality of wire bonds 178. Each of the ,?lufality of boﬁd wire may be configured to
connect each of the plurality of bond pads 176 to the object 156, e.g. the die 194. In
addition, the contrast of the die 194 and the Wi.re bonds 178 in the left image 400 in FIG.
4A aﬁ_d the right image 402 in FIG. 4B seems comparable. | |
[0092] FIG. 5A shows a front view of a li_ght detection arrangemén’t 102, the light |
detection arrangement 102 including a beam splitter arrangement 148 arranged on the
same side of a body structure 112 as an’oﬁject receiving region 118 according to an

embodiment; FIG. 5B shows a side view of the light detection arrangement 102 of

FIG. 5A according to an embodiment.

25



an arrangenent 128 configured to provide light reflected fromthe object
receiving region 118 such that a first reflected Iight portion 130 may be
provi ded we 2a10fion@t co-axial |ight portion 132 aligned tPoTiSiceofjon@k2 nain
optical axis 122, and such that a second reflected |ight portion 134 may be
provided as ‘a second co-axial light portion 136 aligned to the second nain
optical axis 126. The di stance between the first light-transm ssive portion
114 and the .second light-transmissive portion 116 may vary according to

desi gn er,. i renen |l S i , t
;ggu;mg’gﬁ%?f% 1%%%%%5%%%%&8%%* °§P%§T%;“a@ﬁé*?&§8§§ TAGPLISF between
xa qn I : i
a dorm AT rpgg&?ﬁgag?%éﬁybgfﬁ% i ot 1§§P§1§| f‘ﬁ%?‘%ﬁ%@ﬁ%ﬁ”ﬁgg my
ural.i 0 0 tr . i i i
140 ar permged 1 604 pesaradiss rensacte Bt ¢ b ishroed At F Al Beflibe* T35 ot

the body structure 112. The plurality of body str ure illu i i
sour ceéirst 4ightgnshusspesspariiern ég“;vﬁﬂ% ﬁbﬁgtt W@elﬁ%ﬁe@ﬂ‘ ﬁgé Lﬁr’@nﬁ%zs.urgt‘ 8@%6? ° InI ont
FIGs. 5A and 5B, the arrangenent 128 nay _include the beam splitter ‘
ar r angéighingrotided bytbe bedysteysinire t1d2 ragyr b Jhmeinetinpad lgasy 2RO aﬁ d on the
same side of the body structure 112 as the object receiving region 118. The
beam s I@lc){iet:tt @teiting avgenans; 4 4ifst nayetac! Wolvimgia diisttoain eptiFal eXishE2% iaght

provi ded by the inner surface 138 of the body structure 112, and to

gener alygohfiecdndist 174ehataed deb@hlt npdn t omivall 3Risarid6s eesrohe baskyl ect ed
light portion 134 fromthe received light. This nay be to conpensate for

the |ight (WRigh RYLEREARE bitvestDthetiiier dafesd 120 @i thirsansuticasiensel 2or ti on 114
and the second i ght-transm ssive portion 116. [0097] The beam splitter
arrangement | LA8. Mavq HACIHAE réeRifiOHeBioRears &Pkt bRk sk wherein the first

camera 120 may be arranged such that its first main optical axis 122 may be directed to

the object receiving region 118 via the ﬁrét light-transmissive portibn 114; wherein the

second carﬁera 124 may be arranged such that its second main optical axis 126 may be

direcfed to the object receiving region 118 via the second fight—transmissive portion 116;

an arrangement 128 configured to provide -light reflected from the object receiving

region 118 such that a first reflected light portion 130 may be provided as a first co-axial

light porti;on 132 aligned to the first main optical axis 122, and such that a second

reflected light portion 134. may be provided aé a second co-axial light portion 136 aligned

to the sec':ond main optical axis 126. The dist.ance betweén the first light-transmissive

portion 114 and the second light-transmissive portion 116 may vary according to design

and user requirements.

[0094] In FiGs. 5A and 5B, the body structure 112 may hélVG a dome shape. The dome

. shape may include a radius of between about 40 mm to about 45 mm, for example. The

body structure 112 may include a dome light for example.
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configured such that the first reflected light portion 130 may be provi ded

as the first co axial light portion 132 aligned to the first nmain optical
axi s 122 wodosuwhsoshat the second reflected |ight porti eaTk84ommyocae
provi ded as the second co-axial light portion 136 aligned to the second

main optical axis 126. [0098] In FI-Gs. 5A and 5B, the diffused |ight
provided by the inner surface 138 of the body structure 112 may be
reflected onto the object 156 through the beam splitter arrangenment 148 so

as to ate.a co-axial |iaghti f t ) : f th
o FRST PAE Nyt Rr o arrasORRRPL KEG funla>RRAC D1 plubdicg Wh R e o A

advant age of this desi.gn may b hat - t i gr relativel

o ol ST AL Pt iR waries 40 Aape tp LR he REGATBGbR BLh VT Y oy
be arranged. al ong a commn caner | ane 196. T i nal e _beam: itt 180
may  be e aigen 15§ obibemoRy asrare a1 15 algriss Shnete et AT ot e

common canera plane 196. The sin%le bean1sp|itt?£ 180 may be positioned so
as cor ligsiponges K0 hay borositiangd grithintbe pedpareivie 31 st 1§ ght - transmi ssi ve
portion 114 and the second |ight-transm ssive portion 116. This nmay be to
conpenge9s] o FIGheSAi gid 585 ctipi argmeemenigh?® meayt inedyde) thshbeam SAEHS s si ve
portion 114 and the second |ight-transm ssive portion 116. [00100] In FIGs.
5A and ahBagehfest 148 Mhaledaacilioer armaegersss no2baayanzed ohdre sapelsiffe a | ght
separating structure 154. The light separating structure 154 may be

arr angeg hetpesntlubRrdaam spitet bigectaretcnggnegion1488.arthe heampl sphifién ty of
body structure illumnating |ight sources 140 or the body structure 112.

The |1 QitbnAGRAT Al iy 6L LA ) AcRBINIR bt dbyshibishantirfatd 138

per pendi ar to a plane 158 defined by the object receiving region 118.
[ 00101] ol R, ﬁ'x@s striefir8192581d ©hgentiafeSthe FREEIAeked lighdpdriien 38T andl teamera 124

may be

second reflected light portion 134 from the received light. This may be to compensate for
the ligl;lt which may escape through the first light—trans£nissive pbrtion 114 and the
second light-transmissive portion 116.

[0097] The beam splitter arrangement 148 ‘may include‘ a single beam splitter 180
conﬁgﬁred such that the first reflected light portion 130 ﬁay be provided as the first co-
axial light portion 132 aligned to the first main optical axis 122 and such that the second
reflected light portion 134 may be providéd as the second co-axial light portion 136
aligned t6 the second maiﬁ optical axis 126.

[0098] In FIGs. 5A and 5B, the diffused light provided b‘yh the inner surface 138 of the
body structure 112 may be reflected onto the object 156 through the beam splitter
arrangeﬁent 148 so as to generate a co-axial lighting effecft.‘ Because of fhe curvature of

the domé light, a requirement for different lighting directions may be met. An advantage

_ of this design may be that the alignment becomes relatively simple and easy.
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arranged in a manner such that the first main optical axis 122 and the
second nmain optical axis 126 may be axial symetric with respect to a
symret ry wwi2s10l@0s08ei ng per pendi cul ar to a pl ane 158 defcwsd2o/obdvaz obj ect
receiving region 118. Each of the first canmera 120 and the second canera
124 may be arranged at a sane canera angle ( ) with respect to the symetry
axis 190. [00102] FIG 6 shows a perspective wview of a prototype of a light
detection arrangenent 102 of FIG 5A according to an enbodi nent. [00103]

The i ection arr engyn i el wde Virrgdded Cloce 2112
confi gﬂﬂ}éald?%e E‘F%v‘iaﬁ}?r"} ?gﬁtémTﬁgl%g%{ﬁg%dﬁi}gt%en?{g@m? igrr?cl udegeg dome

| ight.[00104] The |jght detegtion.arrange . f i ngl ude a
first CAREPR %E’@raaﬁii‘gﬁ ]sgg(:o €t ?é’eilﬂfpgﬁg%éégﬁ.ﬂ%%\?eé{%ﬁg%ggeﬁst ruct ur

112. [00105] Unlike the Ijght detecti t 1 in FIG 3
ahcr o, EPEOSmMOER Ao S FOPSLI EHBRA PGB 735 Bag Rt

ot be shown
in FIG 6 as the arrangenent may be arranged w thin.the. body structure 112.
[ 00106 pedsh Gplitia 18Aamy be pesitionefhgeis FOUCHP it?]\glbe RASEHPY ‘Pfe&ﬁ %%PS‘E%YSe of the

| i ght detection arrangenent 102 of FIG 5A according to an _enbodi ment; FIG
7B showisst dighi-ghtsniissivgepo?ish bt andhihd sasand lighEtppsssiVRRergen dhe fknt
detection arrangenment 102 of FIG 5A according to an enbodi nent, [00107]
The respgChevie b@hpensaragier 706 light escafing ithmgeh 7be st dighiwagsmisivgs. 7A and
7B may be simlar to the respective left inage 400 and right inage 402 as

shown iyBrfhGa4 aftRRECcoMBighi-tFsatisshe polt@m 116A and 4B, the left image 700
may be taken by the left canera or the first canmera 120 and the right inmage

102 TR AT e 0 U G ez o i 1. 74
light separating structure 154. The light Séparating structure 154 may be arranged
between the beam splitter arrangement .148 and the plurality of body . structure
illuminating light sources 140 or the body strﬁcture 112. iThe light' separating structure
154 ﬁiay be arranged substantially perpendicular to a plaﬁe 158 defined by the object
receiving region 118. |
[00161] In FIGs. 5A and 5B, the first camera 120 and thé second camera 124 may be
afranged in a manner such that the first main o.p'tic’al axis 122 and the second main optical
axis ‘126 may be axial symmetric with respect to a symmetry axis 190 being
perpendi;:ular to a plane 158 defined by the Ob_]: ect receivin;g region 118. Each of the first
camera 120 and the second camera 124 may be arranged a‘é a same cgmera angle (o) with
respect to‘-the symmetry axis 190.

[00102] FIG. 6 shows a perspective view of a prdtotype pf a llight detection
arranéement 102 of FIG. 5A according to an embodiment. |

[00103]° The light detection arrangement 102 may include a body structure 112

conﬁ’gﬁred to provide light. The body structure 112 may include a dome light.
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and right image in FIGs. 7A and 7B, it may be seemthat the object 156,
e.g. the die 194 includes a plurality of bonding structures 174. Each of

t he pl ur avotgioafodesndi ng structures 174 may include a plparalG2ow/oodosbond
pads 176 and a plurality of wire bonds 178. Each of the plurality of bond
wires 178-may be configured to connect each of the plurality of bond pads
176 to the object 156, e.g. the die. 194. In:addition, the contrast of ‘the
die 194 and the wire bonds 178 in the left image 700 in FIG 7A and the
right | 702 i il r GCincBAe SHAaMWS camérhany vi ew of a
l'i ght H@?g@ti %ea&rhghgg%ﬁtﬁ%gg%nﬁﬁg@?ilg% ﬁlorlgltleecti on arrangenent 102

i ncluding a bar sha 1 ght . sour dipg toan enbodi nent; FIG 8B
shows &% ¥fgo0 %@W%???%‘i“f?%s‘é%%058?%‘#%%3&3?@%?&2@nt 102 of FIG 8A
according to an enbodinent. [00108] The .ljght detecti 8 nt 102 may
i ncl udé030plqyUndt Jg? Llj‘igngt éef%“é’&nﬂ FRE (ﬁp?soé}og‘gj 1tn| gﬁ?ag t@%ﬂhﬁgﬁy :
structure 112 including a first |ight-transm ssive, port.i 114 and a second
| i ght - exrangsmest | 2%mpip Pe iSes: hPETHng g 28may mtdeahRen b B1G: ¢ ds e o
light-transm ssive portion 114; an object receiving region 118 arranged
such t hatngdeight mpy by ankngedyithinehebedy sSetwes k% 112 may be illuninating at

| east a portion of the object receiving region 118; a first camera 120

havi ng [@0106] StFIGaITA iptviscallefaxinggel 709 ohtaitedowtth dhempraiotype oh 4k Hghta second
mai n optical axis 126; wherein the body structure 112 may be arranged

bet weeRefebigord hrirSigeMaier2 ANGArSA béverding onen eovedimenRFIGN 7Bt hopie si de and
the object receiving region 118 on its other side; wherein the first canera
120 may; ?irﬁ&%'?aﬂﬂe&otaﬁﬂ&f'wlth&he bidgothpd 6f thevlight dptetad amaigemed210%a9f be
directed to the object receiving region 118 via the first

| i ght - thANSKI S Y80 RPLL diibdikdie. Wherein the second camera 124 may be
arranggg 's%(g:‘]ﬁ% ég_nglﬂfs second main optical axis 126 may be directed to the

obj ect [Bl?fi)% vi %e%&éc%@e B i 4oL ane ehRdihdddhiont s28eMnsHl FEGHTRL i on 116;

and 7B ‘m.ay be similar to the respective left image 400 and right imége 402 as shown in
FIGs. 4A 'and 4B. Similar to FIGs. 4A and 4B, the left imége 700 may be taken by the
left caméra or the first camera 120 and the right image 792 may be taken by the right
camera or the second camera 124 in FIGs. ‘7A and 7B. Ffom the respective left imagé
and right image in FIGs. 7A and 7B, it may be seem that {lie object 156, g.g. the die 194
includes a plurality of bonding structures 174. Each of the plurality of bonding structures
174 may Ainclude a pluralify of bond pads 176 and a pluralify of ‘Wire boﬁds 178. Each of
the plurality of bond wires 178 may be configured to coﬁnect each of the plurality of
bond pads 176 to the object 156, e.g. the die 194. In addition, the contrast of the die 194
and the §vire bonds 178 in the left image 700:in FIG. 7A aﬁd the right imége 702 in FIG.
7B seems comparable.FIG. 8A shows a front view of a 1iéht detection arrangement 102,

the lighf detection arrangement 102 including a bar shapeci light source 182 according to



an arrangenent 128 configured to provide light reflected fromthe object
receiving region 118 such that a first reflected |light portion 130 may be

provi ded we 2a10fdooes co-axial |ight portion 132 aligned toTisieeoforonais2 mai n
optical axis 122, and such that a second reflected Iight portion 134 nay be
provi ded as a second co-axial light portion 136 aligned to the. second nain

optical axis 126. The distance between the first light-transm ssive portion
114 and the second light-transm ssive portion 116 nmay vary according to

desi gn_and. Us: i i I . : I ) OarBReethbif tructure
112 ?rai’zn ﬁ%\l?g&lg’{eé’%errﬁei@é ﬁgg%l%tagﬁg&g)@gté f;tgrg tli%g% dgtteaﬁ?\le to%?&Thelmggbgys e

struct 12 may ipnclud . do light for exanple. Further in FIGs. 8A and
8B, thgiﬁ'ogg%éa?qo@cﬁ?gﬁa?epﬁgﬁﬁnfggg housi ng whi ch may have a flat top for the
pur pose of ~easy pasitioning of a be litter arra e top of
the doh¥108h htf(he[ gélltléTteGFWg ‘f‘rfad’ﬁf’mﬁlgt&@firﬂw é’?c}%r?g%%ﬁi? L%Bﬁguﬁfgyﬂlfi urt her
include a plurality of body structure i}oll um'ln fi nqgl | i q@h ,fsrources 140

ar r angeonfigured foupionidedisht. thebedy srydie; Uit wrludimne ffet T FABITEE of t he
body structure 112. The plurality of body structure il]umnating |ight

sour ceportitd Ifdyende ssowid HghtdunspisyhperHen dda wisppsedct grastanes. r({“bg‘fll] In
FIGs. 8A and 8B, the . arrangenent 128 may include a |light arrangenent 142.
The | i dgindt lighe-angenissite pa@iondy4i acbbidet waeiving mpice 1d8famaseel pyghihalsour ces
posi tioned above or outside of the body structure 112. Each of the diffused
|i ght  suf gRSideabyi Melbedg strieubar2shapbd illimginatispat leest keportipn of theay i ncl ude
a length at- l.east longer than the wwdth of the first |light-transm ssive
por t i onpiléaBdidghReRRcaBd a lfirg akiet 870 Bisiing affirst ioin dptiGalsaxit h2d; & he

required directions of light for co-axial lighting effect may be net.
second camera 124 having a second main optical axis 126; wherein the body
structure 112 may be arranged between thg first camera 120 and the second camera 124
on its one side and the object receiving régiop 118 on its other side; wherein the first
camera 120 may be arranged such that its first main optical axis 122 may be directed to
the oi)jec;t receiving region 118 via the ﬁrét Iight-transmiséive portion 114; wherein the
second camera 124 may be arranged such that its second rﬁain optical axis 126 may be
directed to the object receiving region 118 via the second iight—transmissive portion 116;
an arrangement 128 configured to provic:ie light reﬂecte& from the object receiving
region 118 such that a ﬁrét reflected light pcértién 130 mayliae provided as a first co-axial
light portion 132 aligned to the first main optical axis 122, and such that a second ‘
reflected light portion 134 may be provided as a second co-’axial light portion 136 aligned
to the second main optical axis 126. The distance betwéén the first light-transmissive

portion 114 and the second light-transmissive portion 116 may vary according to design

. and user requirements.
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[00112] In FIGs. 8A and 8B, the arrangenment 128 may include a beamsplitter
arrangenent 148. The beamsplitter arrangenent 148 may be arranged n the
sane si dewofotd@odeedy structure 112 as the first canmeraprct®¢emgodde second
canmera 124. The beam splitter arrangenent 148 may include a single beam
splitter 180 configured such that the first reflected |light portion 130 may
be provided as the first co-axial |light portion 132 aligned to the first

mai n optical axis 122 and such that the second reflected |ightportion 134

may be i ded e S - ax| l4i L lWignedatt 0 t he
second[(ﬁt}iﬁ}%}| oé?i@?'%%(?%d%@%tfogiéﬁg‘?ﬁt?ﬁégﬁayg‘%&gggg?éé%ﬁvgnd t he second
canera 124 may be ranged, al on co n,ca . i ngl e beam
Pl 1Lt oPrioRgt Hijo o U GEEPTE 147 SRIRANS A C yEhaEerbbie, Fifn, D
respect to the conmmon canera plane 196. J00114]. .FI G 9A sh ront view
of a l illgﬁlGSdémfiiS&ﬂﬂ&r‘}ofi‘?f‘g]églf‘émayi'éé‘f‘gtar#&oqsin&h m&%F’é‘X?ﬁa‘éena g\‘r{@% S‘Ierrrent 102

i ncludi ng an arc shaped |ight source 184 accordi nq #o an egg&og;@rrent; FI G
9B showlss purpess ofieesy pesitiorangplca bepmp aplftfey prrangriend 188 Op'eR O9RCLOMS ding to
an enbodi nent. [00115] The |ight detection arrangenent 102 as shown in

FI Gs. Q&heand 9B may be simlar to the |light detection arrangenment 102 as
shown in FIG. 8A and 8B with a difference such that the |ight arrangenent
142 may0d110] UdEhd hghtalectitapeargegbit KEunae firtist éwmindsfa plnealibapf Bethped | i ght
source 182.- One effect of using the arc shape |ight source maybe to sinply

al i gnmegtciefe MukindEap 1parpared 140 drhaghbro dhapeselat dévst s portos afsm [ 00116J
FIG 1Q0A shows a front view of a |ight detection arrangenent 102, the |ight

det ect i;on., St GERRIFihel iRty sRiGbil NG, aHelphaby!dMMbody elnicoire iiiiminatingl 86 and a
red color dichroic mrror according to an enbodi nent; FIG 10B shows a top
view Ofligtl*xt| ?oulréeg ITEO may be positioned Wi'thin‘t,he body structure 112.

[00111] In FIGs. 8A and 8B, the arrangement 128 may include. a light

arrangement 142. The light arrangement 142 may include one or more diffused light

sources positioned above or outside of the bod:y structure 1‘12. Each of the diffused light

sources may include the bar shaped light s'ource 182 which may include a length at least

longer than the width of the first light-tra;nsm_issive porti:on 114 and the second light-

transmissive portion 116 so that the required directions of light for co-axial lighting effect

may Be met.

[00112]: In FIGs. 8A and 8B, the arrangement 128 may inclﬁde' a beam splitter

arrangement 148. The beam splitter arrangement 148 mayA be arranged on the same side

of the b.ociy structure 112 as the first camera.120 and the s'é‘cond camera 124. The beam

splitter arréngement 148 may include a singlé beam splittéf 180 copﬁgured such that the

first reflected light portion 130 may be provided as the first co-axial light portion 132

_ aligned to the first main optical axis 122 and such that the second reflected light
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detection arrangement 102 of FIG 10A according to an enbodinent. [00117]
The light detection arrangenment 102 may include a body structure 112
conflgurGMQUOummmmsqe_Ilght,_the body structure 112 i nclpadiscgommo@peni ng
198; an object receiving region 118 arranged such that |ight provided by
the body structure 112 may be illumnating at |east a portion of the object
rec§|V|ng region 118; a first canera 120 having a first main optical axis
égé, atsec?nd ciggja 12; havi ng a second main optical axis 126; wherein the
Y S bartion 134 R4 s AP AEDnRSI B8 fidte JorticH 196 ARERd130hand t he

?fgonsﬁﬂﬁﬂ%?% f?ih5gglys one S|g% éhdf%he o@?ﬁé{ receivingﬁregion 118 on

ts other side; rei he first canera 120 may be .arranged such that its
first ﬁﬁPﬁiﬁﬁpﬁE@fﬁé§ngﬁ22 maybe directed to the object receiving region

118 via the opening 198, wherein the second c [

that | {W148corheficpts daf i e ¥5andEfhe B ol b triRiRef) acyoC "
receiving region 8 via the opening 198; an arrangengnt 1 i

pr ovi.deothinghtcamstd elanedl e orhichgngls] Rt F’élétéﬁrv{%gn%é’gg%ﬁrrﬁ%dg%gfﬁl ?ngdat 0
first reflected light portion 130 may be provided as- first co-axial

| i ght pabstantallylBPdegrdegmeld with rebjeect fortse coppman sHAFIE BT, )13@' 122, and such that
a second reflected Iight portion 134 may be provided as a second co-axi al

|i ght peottspn FIG69Al shgmech frontt Hew o aolight Mefentiorp rirengicment 02 ke ligg0118] i
FIGs. 10A and 10B, the body structure 112 may have a dome shape. The body
st r uct WeRctlohZargeintl 10 iRlvdatpearl aghshapdhéighonmirtd 44 apeydipadp wde a white
LED dome light with all red (R), green (G and blue (B) spectruns. [00119]
The | i %Hﬁoo&'iﬁeﬁﬁ_tﬁl@n_gy KRAGERERD iOR dTethef it tshepe liphd swieceaopFiGaPAty of body
structure tllumnating |ight sources 140 arranged to illum nate at |east a

portion of ;a0 ce 138 of the body structure 112 -
body staF?}’é?‘ﬁgéJW ubn%%#g%lﬁhg ‘ y u . The plurality of

[00115] The light detection arrangement 102 as shown in FIGs. 9A and 9B may be

similar to the light detection arrangement 102 as sho@ in FIGs.‘ 8A and 8B with a
difference such that the light arrangement .142 may include the arc shape light source
instead of the bar shaped light source 182. One effect of using the arc shape light source
may be to simply alignment effort when compared to the bar shaped light source 182.
[00116] ~ FIG. 10A shows a front view of a light detectipn arrangement 102, the light
detection arrangement 102 including a blue color dichroiiq mirror 186 and a red color
dichroic mirror according to an embodiment; FIG. 10B shows a top view of the light
detection arrangement 102 of FIG. 10A according to an embodiment.
[00117] The light detection anangemeﬁt 102 may include a body structure 112
conﬁgﬁréd to provide light, the body structuie 112 including an opening 198; an object
receiving: region 118 arranged such that light provided by the body structure 112 may be
_ illuminating at least a portion of the object.feceiving region 118; a first camera 120

having a: first main optical axis 122; a second camera 124 having a second main optical
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| i ght sources 140 may be positioned within the body structure 112. [00120]
The arrangenent 128 nmay include a first dichroic mrror 186 of a first

wavel engtwoantoanged in a |light path along the first mai pcopGe@loo@izs 122
and a second dichroic mrror 188 of a second wavel ength arranged in a |ight
path along the second nain optical axis 126. The first wavel ength nmay be
different fromthe second wavel ength. The first wavel ength may include a
range between about 400 nmto about 500 nm and the second wavel ength may

i ncl ude ar]f'?S’P rer%ﬁé%@&yas%%%resppz 131@3/%9 aﬁgﬁ)é&i RePedithe 00 tdhbéraTing first

di chr of ¥® nay "be arranged over a portion of the opening 198 or on

the one side of .the b struct j - g I t he

openi n@n‘i@g S%\‘??Bdf’ﬂ@ergcet% 7818 %ig??:&ﬂnﬁﬁ %ﬁﬁﬂl%ga%lgg r%gg%afﬂiﬂglg{jbtﬁéﬁ t he

anot her_ portion of fhe openi 198 or on the ane sifde structure
112 ov&idpaphery theelitsh GRReRs %maéfnbeoﬁ“?rf’% ﬁ‘glﬁl%ﬁ% l%ggpsftf%%gf(%%(rag%d di chroic
mrror 186 may be arranged so as in contact wth the sec 9 dichroic mrror
188 at axind2? exsydetdirgetcd tfyibe obipRirerqyiag r?ﬁl?,‘h?‘ﬁ ‘élaﬁli‘Er‘fl’&Pl“%@@ allt®tfle second
dichroic mrror 188 may al so be arranged so as to substantially overlap the
openi nghel@8ond @mHQ}ZWMGyﬂ)BﬂQ?HSﬁW@%@tMSW@PdW REYC a’élsizgll%?é( col or
dichroic mirror and the second dichroic mrror 188 may be a red color

di chr oibe difiettedto thal db@renadckivimgyregichd 18 et apieringdio8; # prazemsd Hldy be a

bl ue color dichroic mrror and the first dichroic mrror 186 may b e a red

col or  dbgilRécCtofrovias light Qe EH fiam BleGbject Reiaing régiBn 11 heudhitheta fisichr oi ¢
mrror 186 may be a blue color dichroic mrror and the second dichroic

mrror ré@e%téaﬁ)ghbﬁoraoﬁ esh Rl B peivededaisa firkrdoaixial Tight poedorc tZoaligred tor oi ¢
mrror may reflect red light and | et other wavel engths pass and the
the first main optical axis 122, and such that a'second reflected light portion 134 may be
provided as a second co-axial light portion 136 aligne(i to the second main optical
axis 126.,
[00118] In FIGs. 10A and 10B, the body structure 112 may have a dome shape. The
body structure 112 may include a dome light. The dome liéht may include a white LED
dome light with all red (R), green (G) and blue .(B) spec;trums.
[OOIIQ] The light detection arrangement 102 may further include a plurality of body
structure illuminating light sources 140 arranged to illuminate at least a portion of an
inner ‘surf"ace 138 of the bbdy structure 112.- The plurality of bddy Sfruc;ture illuminating
light sources 140 inay be positioned within th‘e‘body structufe 112.
[00120] The arrangement 128 may include a first diéhroic mirror 186 of a first
wavelength arranged in a light path along the; first main optical axis 122 and a second
dichroic ﬁlhror 188 of a second Waveleng:th arranged in ;1 light path along the second

_ main optical axis 126. The first wavelength may be different from the second

wéveléngth. The first wavelength may include a range between about 400 nm to about
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bl ue color dichroic mrror may reflect blue Iight and | et other wavel engths
pass. The diffused red done light reflected fromthe red color dichroic
mrror ilwormmnabesst he die surface and the refl ected |i gotr/se2dloopaas

t hrough the blue color dichroic mrror before reaching the first canera
120. Likew se, the diffused blue done light reflected fromthe blue col or
dichroic mrror illumnates the die surface and the reflected light wll
pass through the red color dichroic mrror before reaching the second

caner alsﬁ(?ﬁmpélntd%é‘ cl)%ﬁﬁlﬂﬁwﬁléhgﬁpﬁﬁy lihitfe dbdo¥blitvesi Kokt BbVemandboed LEDs may
e

be bui to contro ue and red illumnation intensity separately.
[00124% %he first canera 120 and the second canera 124 nmay be arranged in a
manner g 8 that the first main optical axis 122 and the second nain

opti cal i 6 be axi al I C_W I ; y axis 190
bei ng é@ﬁééﬁd}@lﬂ &?@18&810@%«53%@33@&? ?\‘\g%‘{gg()l/ Ot% %Igggéﬁtﬁe)gto‘?rt%g%}ﬂr%g regi on
118. [00125] FIG 11 sho a flowchart 1100 of nmet hod for cting

i ght. ilA8 &* P s onsetid el B bady %Pﬁ‘&é‘ﬁéﬂtl& fU??aé’é’H’&tg? RGOS of ffigo deglﬁﬂ nt .
[00126] The light detection arrangenent 102 y L nclude a hody_.structure
112 confB god dk sesopt dighepic migen 18% Wéy'%dyragg‘?mé%l? Ny P%Plaafﬂzf a first
light-transm ssive portion 114 and a second |ight-transm ssive portion 116
di sposegenitg 2981 bsoathe@nt sidemof fe toidy strugtigghitl 2ov sanpingsthe angiBerogiPr 14, The

| i ght detection arrangenent 102 may further include an object receiving

r egi on of 1% @enmggod. SiheHirsthiathroic giitrop i 8 inde de layranged socdyn semta@tvite 112 may
be illumnating at | east a portion of the object receiving region 118. The

li ght dgd @ebhdficRiolAnERTass a2 remyctivarédper Thedirsicichaoitimisior ¢8¢randa 120
having a first main optical axis 122 and a second canera 124 having a

second tg@' QAP iERlic @tkrsr 186mal QRS2#] arrahlged body s substntially dvePlapale be
arrange etween the first canera 120 and the

opening 198.

[0012:2] The first dichroic mirror 186 may be a blue color dichroic mirror and the
second dichroic mirror 188 may be a red color dichroic mirror. Alternatively, the second
dichroic mirror 188 may be a blue color dich%oiC mirror and the first dichroic mirror 186
may be é 1:ed color dichroic mirror. |

[00123] .' In FIGs. 10A and 10B, the first dichroic mirror 186 may be a blue color
dichroic fnirror and the second dichroic mirror 188 may bé a red color dichroic mirror.
The red color dichroic mirror may reflect red light and let other Wavélengths pass and the
blue color dichroic mirror may reflect blue light and let other wayelengths pass. The |
diffused red dome light reflected from the red color dichroic mirror illuminates the die
surface'anc.l the reflected light will pass through the blue color djchroic mirror before
reaching the first camera 120. Likewise, the diffused blue dome light reflected from the
blue color dichroic mirror illuminates the die surface and- the reflected light will pass

through the red color dichroic mirror before reaching the second camera 124.
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second canera 124 on its one side and the object receiving region 118 on
its other side. [00128] The first camera 120 nmay be arranged such that its
first maiwoaptomedosaxi s 122 may be directed to the objeeCTISeeeioxbeng2r egi on
118 via the first light-transm ssive portion 114 and the second canera 124
may be arranged such that its second nmin optical axis 126 nmay be directed
to the object receiving region 118 .via the second |ight-transm ssive
portion 116. [00129] The nethod may include providing light reflected from

the obj l i BAd rdl TEDShay Bé bEkt@tordtid e portion
130 matJAEi%%nalIEl glad/ae %ggg 1??%%%%%%1% IlrghI%E porﬂjon 132 ali g;%ed Itoo t he

first i n_qpt aI h . that a second reflected |ight portion
134 nmaviys eangg dlﬁ;l a¥1on n‘gtgl?sitggggéazéig

OVI sec xi al |ight portlon 136 aligned to the

second nmi . [.p0130 [.ew of

mul ti -d%‘@ph \F/)\’;f etauﬁ'b‘f"f‘&’elr%i%c%’td't ?1561%8 dcafg%%liz%%aa cor Arce lﬁ)g a\‘;hé‘r

enbodi nent, faqor exanple of a Mﬁr ﬂ}lnsg tion %IS on hg@ %90 [00131]
FIG 13vehihasth ﬁrﬁbﬁlﬁlr\/?@sﬁa]o‘lm%l %‘ﬁg’ta@h?ﬂ?@ S 2SS vision in
accordance with an enbodi nent, for exa Ie a done | t for mnr Egond
st er eo dxisb pEBMEEe. WilOEIoRE] toF) symmery P’P&é?‘? heieg pﬁrpﬁ’é‘iig‘f' a1 to aghlang gs i si on
system 1300 whi ch, wi thout |osing generality, may include two caneras, a
first ahﬁnmbbﬂﬁ@ﬁhamdeaﬁdegGmﬁmddﬁera 1304, and a light for illumination
For exanple, a dome |light nmay be provided by light froma first |ight
sour ce [B3] anFIiGa Idedond d flgiichs Ul 6@ of 3 1Rcthodifarhdetesying lightrimadights done
1314 so that the donme 13 14 may reflect light to the sanple 1306. [00133]
I N var i RustishedicomBihts,02tabeorling 84 arcanimrdimdB02 may be directed to a

[00126] The light ,détectibn arrangement 102 may iné:lude a body structure 112
configured ;co provide light, the body structure 112 including a first light-transmissive
portion 114 and a second light-transmissive pbrtion 116 disposed at a distance from the
first light-transmissive portion 114. The light detection varrangement 102 may further
include an object receiving region 118 arranged such that light provided by the body
structure 112 may be illuminating at least ;1 portion of the object receiving region 118.
The liéh’é detection arrangement 102 may fqrther include a iﬁrst camera 120 having a first
main optical axis 122 and a second camera 1221 having a se;zond main optical axis 126.
[00127] The body structure 112 may be arr;cl.rlged between thé first cafnera 120 and the
second cémera 124 on its one side and the object receiving region 118 on its other side.
[00128] " The first camera 120 may be arr‘anged such that its first main optical axis 122
may be directed to the object receiving region 118 via the first light-transnﬁssive portion
114 and the second camera 124 may be arranged such th?it its second main optical axis
~ 126 may be directed to the object receiving region 118 via the second light-transmissive

portio'n. 116.
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sanpl e 1316 through a first imaging hole 1306. Furthernore, the second
canera 1304 may be directed to the sanple 1316 through a second i nagi ng
hol e 1308wo0[200018ddosThe two caneras nay be positioned at pamsanglomogoinr
exanpl e I ess than 15 degree) with respect to the vertical axis, and may
capture images of the same field of view, for exanple including the Sanple
1316. The height of a feature on the object may be cal culated using its
positions on the inages of the two.canmeras 1302 and 1304. Due tothe farct

that t mera tilii co=1M| t i
I L B S e S Rt f e Gt e e

syst em 1300, as shown_i.n_ Fl . . ! !
o1 A0 B3 SR 1 Rl RuSES BRLpEphynsa dndl g g e v e

[0013% FI'G - . 14A_shows a_ scenari o 1400, .0f WO i Pf St
. : A ( 0. ge 1402
ging ai : Eg@?ﬁ?&?%ﬁ?@%f:%%%%ﬁ%d’t;ané @lﬁ’fl?%{s‘%m%é?%%ﬁis f]ﬁ% él\nh{ g SS‘LF\ and the
, . > first wwre end region 1406 inp.the fir I jRag 1402

second reflectsd dight pasgero B manbe Arovied o3 19 §§eop ‘b‘éxTﬁb@? pf’ﬁlémfsli%(rsg[{aw re end the
region 1408 |n_the second inmage 1404, and the second wire end region 1412
in thet@ﬁmcﬂdmdmugeqmnﬁhmﬂFb¥-exanple, t he poor contrast inage 1400 of wire
and di e may ‘be obtai ned when using a stereo done |Iight 1300 as_shown in
FI G 13001301 FIP. FR GhovistB fonbwiswant ivitigemensgiraberd gepertipr et IO on for
each camera in accordance with an enbodinent. In i mage 1450 with a good
i 11 um natdcestdares Ukith faar edBodiment3 Bomiexamiionef ansip@(bphgripsneh@rbﬁﬁiqnast in a
first wire end region 1452 and in a'second wire end region 1454 may be
hi gh. FRREq 0Pl e, bond height nmay be measured. For illustration purposes,
some bond hei ght measurenent regions may be indicated by 1458, 1460, 1462
and 146601 F1Pr AT sBowih Ront QR b¥ed Gdthe Bt YSteR TR0 forlstefeorvidiod isstrat i on

accofdance with an embodiment, for example a dome light for wire bond stereo

inspection.

[00132] FIG. 13 illustrates a general stereo vision systen 1300 which, without losing

generality, may include two cameras, a first camera 1302 and a second camera 1304, and

a light for illumination. For examble, a dome light may be provided by light from a first

light source 1310 and a second light source 1312, which niajr illuminate a dome 1314 so

that the dome 1314 may reflect light to the sample 1306.

[00133] ' In various embodiments, the first camera 1302 may be directed to a

sample 1316 through a first imaging hole 1306. Furthermore, the second camera 1304

may be directed to the sample 1316 through a second imaging hole 1308.

[00134] The two cameras may be positioned at an angle (for example less than 15

degree) .with respect to the vertical axis, and may capture images of the same field of

view, for example including the sample 1316. The height of a feature on the object may

be calculated using its positions on the images of the two cafneras 1302 and 1304. Due to
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pur poses, sone wire | oop neasurenent regions may be indicated by 1466 and
1468. For exanple, bond width nay be neasured. For illustration purposes,
sonme bondweizdidmenmasur enent regi ons nmay be indi cated bypt4562andodd70.
[00138] Wth such a good inage 1450 captured by each canera for this

i nspection and neasurenent task, the .good contrast between the wire end and
die in the first region 1452and in the second region 1454 may be used for a
reliable edge detection and quality evaluation of the wire bonding in

accor dance L4 ' o Bt @By also t h
%%%g‘%%%t%Y%ﬁﬁeﬁﬁhﬁ%ﬁQk%b%srﬁa@Q 539br A6E cEMBE asly als t he

i mages may be caused by m ssing of the reflection of |ight

;[Ihiabm's §?1{se§1r{3§ﬁglg]ét%%%§% cﬁ@gg di&ediol € on the done light. I'n the

i men eamsplitter that is used together with a

o, AR SR U RIR D e e 1

probl e eam sp er aced i1 nside the donme

light, aligning with the line forped by the ¢ as ] for exanple an
angl e @pd 45 v @é@g\ﬂlﬁyﬁ’er@é’bé’ét‘m efﬁéalpﬁi‘_"’gﬁﬁrgmﬁ %%rele' P%A'vari ous

enbodi nments, the diffused |ight i,nq may be refl ect fromt UL‘(:) i nternal wall
of the (O] | iR 14At dopier ssnaie 1400 of o imacseaHEpiTaee 0 $dher at e t he
simlar effect of a co-axial lighting. As explained ahove, F]G_. 6 shows the
exper i meamdlimsgd U4 ithtrooe cortrasigbetgos the witsoendandrthe digntn erch9hthg i ght
according to various enbodinents, and FIG 7A and FIG 7B show the stereo

i magi ngirkiesid éndi ragia ¢ 0Gkarthe fivit imagealrdi0d.uthe evpond witseng region 14180n4y  hi
various enbodi nents, diffused co-axial light may be applied. In various
enbodi MMifags 1400, tHediit WifOendersgion|1€08 inctheisicngd amagerl64, andrthasseond or
exanple to provide a bright field ring inmage) may be applied. In various

embodi Nt snd RifohUses! il @esekbiNimape) 408 FpPhiadehle, thapb@usnendatbgent s, a

conbi nat1 on of "done |ight and diffused co
1400 of wire and die may be obtained when using a stereo dome light 1300 as shown
in FIG. 13.
[00137] FIG. 14B shows an image 1450 Wjith good illumination for each camera in
accordance with an embodiment. In image 1450 with a good illumination result for 2D
and 3D wire bond inspection, the contrast in a first wire end region 1452 and in a second
wire end region 1454 may be high. For example, bond height may be measured. For
illustration purposes, some bond height measurement regioné may be indicated by 1458,
1460, 1462 and 1464. For example, wire 1oob ﬁeight may be nﬁeasufedl For illustration
purposés, some wire ioop measurement regions may be indicated by' 1466 and 1468. For
example, bond width may be measured. For‘ illustratior‘ll{ purposes, some bond width
measmeﬁent regions may be indicated by 1456 and 1470.

[00138] With such a good image 1450 captured by each camera for this inspection and

measurement task, the good contrast between the wire end and die in the first region 1452
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axial light may be applied. [00141] hi various illum nation enbodi nents, as

expl ai ned above, a co-axial light may be integrated to a done |ight through
a beam splotvarvosodlét h a two-canmera system a rel ativel ypcasgeeomnessnf |1 ght
(for exanple, a bar light) nay be used to add the co-axial lighting effect

to the two canera through a beamsplitter placing at an angl e of forexanple
-45 degree with respect to the plane fornmed by the two canera optical axes,
as expl ained above with reference to FIG 8A and FIG 8B. [00142] In

varioug,j bl Wi RALLPE RSP PAHARAY e 1980 1602 3lidble bd@ddteoibl dae dualiggrated to
a dorreﬁ?dlilglj ;d{!i%r%%{lfgﬁe separ at ed§,beam splitters. Ea%h coaxial |ight may be

al i gned with the ca |J th 2808l ch Hi@SharibRerRERimaRs | | | umi nati on
cont raSY%ﬁnuﬁkon@ngea\?l%%&gﬁ)%% a\%ﬂ;{q rcef ér enge to FIG I A [00143] In various
enbodi ts. as explained .above wi e n bELSsed P ndlgh G 108,
two di g‘ﬁﬁé?’]: %WEC%VSEB 5t g?%i]z}dé)fqtgfg?. g&nttagi nCM/efSePgngt hsé:of light to
illum nate the 2D surface. indicated in FlGs. 1 nd , ite LED
done | itkgreflgption oflghithet gﬂyﬁscénteg{f%ﬁﬁe WReSE %F 88)%65%0&% lrll’c%?s Iﬁé%@" be used
together with a red dichroic mrror (which may refl ec.%h raﬁ I I%E'é and may
| et ot hiuminatiest embrdimensaxish a haam PG Ehatiis Hicd teesing Motk ¢ ARMEHERRS ref | ect
blue light and may | et other wavel engths pass). Diffused red donme |ight
r ef | ectesplafned mbovreandeshogtinginr HiGe 5% AR FIGra3B.i thisurfphlamemay &e HVEIC8WEs ace and
the reflected |ight may pass through the blue dichroic mrror before
r eachi nihetYeeml sefitteranmebaplatdddesits 8ie dinfd igscrlisning wighthelingHermeskect ed from
the blue dichroic mrror may illumnate the die surface and the refl ected
li ght  ARY caGEs, féiauofor eRanpledndhgleiodids deprerowithedspea to dectworgmerayht
camera. Alternatively, a done light with m xed blue and red LEDs may be
appl i e iR GOVIHRY chibSditlent, arRcliffaebd lightink Medyi i retladted Sotrythe internal

wall of the dome light onto the object through the beam splitter to generate the similar

effect of a co-axial lighting. As explained above, FIG. 6 shows the experimental setup of

stereo imaging with two cameras and a dome light according to various embodiments,

and FIG. 7A and FIG. 7B show the stereo imaging result in accordance with various

embodiments.

[00140] . In various embodiments, diffuséd co-axial light may be applied. In various

embodiments, ring light (for example including a mirror surface, for example to provide a

bright ﬁeld ring image) fnay be applied. In various embodiments, diffused dome light

may be applied. In various embodiments, a combination of dome light and diffused co- |

axial light may be applied.

[00141]. In various illumination embodiments, as explai'nyed above_, a co-axial light may

be intégrated to a dome light through a bearh splitter. With a two-camera system, a

 relatively large-area of light (for example, a bar light) may be used to add the co-axial

1ighﬁng effect to the two camera through a beam splitter placing at an angle of for
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separately. [00144] In various enbodinents, to ensure good accuracy and
repeatability of wire bond device neasurenent, done illum nation may be
used whi clwormap/desosery ef fective in illum nating specul acTslopewiosorazch as
| eadf ranme surface and wires on a substrate as the diffused |ight may be
reflected back to the canera fromall directions. Doneillum nation nmay be
optimal for visualization of both flat surface structures such as die
surface features as well as 3D wire | oops and bonds. [00145] In various
embodi g)?e}ltlﬁebdg_tﬂ% ok Qe ﬁlspéc{ {oudt Rk FHniEAYbyPeie U6 damBraCeptichlnades, a3 Wi th t he
dorme light" to increase the contrast of the 2D feature detection, or in an
al ternati,ve t ekl i warks, which may cause fal se contour
of mﬁrSmﬁgﬁg¥a%a?ﬁaggkg%%%?gggggEégmgﬁggbggxiaI lights may be aligned with
opti cal i f each canera. ln.vari odi: , 1 om | eft
coaxiaﬂmﬁggﬁtahﬁﬁpgﬁ ! O%f?l%éﬁwmniﬁﬁﬂﬁkgggﬁﬁ%gﬁHQX|ghggnﬁﬁg%left
canera, may illumnate die surface with,reflected,light, bai tured by
the r.i gtiomedight hropgh seppeied hepm %PELFFYS-C [kea&ﬁff’&’ﬂ?le‘f%hé rrrl?‘ityi %%?@%%&?‘% _
illum nation n%é be captured b% t he Ieft,canera.d%00146 h% accordance with
var i ousheeervests fanangle isech ke hishal HBmAtor SoNEEhATEBITAALREE Wlch as
integrated circuit chips, may be electrically connected to | eads on a | ead
franme hsfemnpr ©dd6s1known as wire bonding. The wire bondi ng operation may

i nvol ve bonding a wire to connect pads residing on a silicon die/silicon
chi p/ sqged@dulnt eirionh epbodimants emcexphined|abave tithreferegpe o Fie 104 #hdand | ead
frame have been w re bonded, they may be packaged in ceramc or plastic to
f or m arFIGnt eRy atEdichioic tirtrord @nvdyClee usEdaoimfpe ctitan vodfvelgngths fhightiteal i ty may
be done by a human operator using a m croscope. This nanual nethod may be
ti me- coSHF-RAnAND &emEd. Ws indicated in FIGs. 10A and 10B, a white LED dome light

with all R (red), G (green) and B (blue) spectrums may be used together with a red
dichroic mirror (which may reflect red light and may let other wavelengths pass) and a
blue dichroic mirror (which may reflect blue light and méy let other wavelengths pass).
Diffus;:d red dome light reflected from the red dichroic mirror may illuminate the die
surface“and the reflected light may pass thrdugh the blue djchroié mirror before reaching
the left ‘c4amera. Likewise, diffused blue déme light reﬂe;:ted from the blue dichroic
mirror' may illuminate the die surface and the reflected light may pass through the red
dichroic rirror before reaching right camera. ' Alternatively, é dorﬁe iight with mixed
blue ;ﬁmd‘red LEDs may be applied to contro] the blue énd red illumination intensity
separately.

[00144] In various embodiments, to ensure good accuracy and ‘repeatability of wire
bond .device measurement, dome illumination may be used which may be very effective
in i11u'mihating specular objects such as leadframe surface and wires on a substrate as the

diffused light may be reflected back to the ‘camera from all directions. Dome
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[00147] To performan automatic wire bond inspection, a nunber of issues
may be desired to be addressed. For exanple, wires on a |l eadfrane nay be

hi ghl y spwoubsvosedos! urm nati on may be desired to be desi guedG20/0002 M ze
the specularity on wire and | ead surfaces to ensure accurate 3D
measurenent. At the sane.tine, good contrasts on other surfaces such as die
and bond pads may all ow 2D neasurenents.[00148] Speci al image-processing
tools may be enpl oyed to derive features fromwire and | ead surfaces for 3D

recons Elfulﬁﬁ’lé{%% I}l%}p Qééﬁﬂlmﬁufo} Qﬁh%ﬁén gEBothQld: RErAYR! Jn@tMrfsuth bedieond

devi ceS Wi th erent wre thickness and | oop heights, an optical system
may be desired to inspe Wi ] i.ckness from18 m(mcroneter) to
500 mnsur(?%Sﬁeaﬁ‘ngg% Vé’af?sggn]? b{eﬁﬁp\f@%ﬁ%‘%}gﬁm or nore. It may be desired that
the system may be .able ta.neasure a f. icron ' : gi ng gold
i res’ WIS mipAesrR S e RD A0 Byun LHRRT s 5Es e Eh thin el 19 00
m crons. [00150] Furthernore, Hnder t he Sﬁ%;@%’él Rg (i(}i fferenc%s in
uni f or ithy thendorae dighh & dngeasg; the, capigpst oF fhg renfget98u Pt %I ack,
white or mxture of the two. wires in inmaging outputs, making it difficult
ok e

for w raernatinsi way, &0 distingivh nrebexmarks.avicy maycavse felse CoRiPYO
Furthernore, visual inperfections on the pads and |eads caused b“i‘cpr obe
mar ks avidthdorsdisplacentenon, Theegpakieb ightsliney bt eligeadewith owtigs! Bénhaf grdicement and
bond wi dth nmeasurenment. [00152] In the follow ng, nethods and apparatuses
for exapindiandn &akeidinitgdihens therléisho from kitonxiak keghitrwhick oragdaeligwd h vari ous
enbodi nents will be described. It will be understood that those nethods and
appar atyigf e H¥cdlexadet hedeft bstegendeyn illiniinattdie surface with reflected light

being captured by the right camera. Likewise, the reflected light from right coaxial

illumination may be captured by the left camera.

[00146] In accordance with various embodiments, as explained above, semiconductor

devices, such as integrated circuit chips, may be electrically connected to leads on a lead

frame By a process known as wire bonding.‘ ‘The wire bonding operation may involve

bonding a wire to connect pads residing on a silicon die/silicon chip/semiconductor chip

to a lead in a lead frame. Once the chip and lead frame have been wire bonded, they may

be packaged in ceramic or plastic to form an integrated circuit device. The inspection of

wire bond quality may be done by a human of)erator using a microscope. This manual

methéd may be time-consuming and costly.

[00147] To perform an automatic wire bond inspection, a number of issues may be

desired to be addressed. For example, wires on a leadframe may be highly specular.

Illumination may be desired to be designed.to minimize the specularity on wire and lead

_ surfaces to ensure accurate 3D measurement. At the same time, good contrasts on other

surfaces such as die and bond pads may allow 2D measurements.
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choice of a specific canera systemand thus al so i ndependent fromthe
canera systens as descri bed above in the various enbodi nents: For exanpl e,
one of theoabovmeodsscri bed canera systens may be appli e@dcTRoRo®waspte, any
ot her canera system may be applied. [00153] In accordance with various
enbodi nents, an automated 3D inspection system nmay be provided that may be
operated with.a nmanual operator's nmanual inspection.[00154] In accordances
with various enbodi ments, a new optical 3D wire bond inspection and

nmeasur S, . ' mdyORlam) CRAVE BARLesWrdh WIRS | OUS
enbodi ﬁ_@é@é] as%tr?gi\iqvil 8%?%%%%éng§§§?{em comc}?irﬁantg done illumnation for 3D

reconstruyction_.and.c ial |l inatian for 2D neasurenent nmay be provi ded.
[00156]an%fﬁ?a%‘érgarca%lﬁoégﬁ\)/(ﬁef%nsl{/rgért#%?ijs enbodi nents, an aut omat ed i nspecti on

system for single die wire bond, stack die.w ke RO .ce wre
bond, d8Hd%hi rlglrglﬁﬂﬂorﬁndu? I’i%?}éﬂygﬁeé%d’li.r‘?"ﬁ%é’ﬁn%odr?gll%gsg w&%ya\%%reg?%feded.

[ 00157] ha accordance with Val’i_OLiS enbodi rrg}r}Fta .an automa,;t ed vm'“;i&l bond

i nspectthisknesy and doqmy heighisp ap (IPHER! IS BB JIFq d9saE (P JOSREEL WSS "W e 1 oop
height, die tilt and wire bond height, as wel|l as 2D featur such as die
sur f acehiskreas Ghms]8 portigemeterons) 00 pahdod beighis roy29 Hﬂ’gtotgé’u‘aﬁ $2h3y be
provi ded. -[00158] In accordance with various enbodi nents, an automated wire
bond i nagect ltomagp bet desirethahatnthy systigmumey tbre allg clio- BgeTured L BU§P yeonet ry
in an accurate and rapid manner may be provided. [00159] hi accordance with
var i OUSnféroReicl Biginggoldwtinsailsld miinteinkmnits fonspectriaclynamistenge et nay
provi de hi gher throughput than nmanual inspection nay be provided. [00160]

hi accotgansfai hitrodl i ous enbodi nents, an automated w re .bond i nspection

[00150] " Furthermore, under the same ligh‘Fing, differences in uniformity and roughness
of wire and lead surfaces may result in black, white or mixture of the two. wires in
imaging outputs, making it difficult for wire tracing algorithm to accurately locate the
wires.

[0015ﬁ Furthermore, visual imperfections on the pads and leads caused by probe
marks and discoloration, may jeopardize thé detection of bond placement and bond width
méasurement.

'[00152] In the following, methods and a.pparatuses for ekamining a bonding structure
of a éubsfrate in accordance with various embodiments Will be described. It will be
understood that those methods and apparatuses may be élpplied independent from the
choice .of a specific camera system and thus also independent from the camera systems as
described‘above in the various embodiments: For example, one of the above described
camera systems may be applied. For examp}e, any other camera system may be applied.
[OOISSj In accordance with various embodiments, an automated 3D inspection system

may be provided that may be operated with.a manual operator’s manual inspection.
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systemthat may inprove inspection quality and consistency may be provided.
[00161] hi accordance with various enbodi nents, an automated w re bond

i nspect i onoyaN@meoshat may have inspection recipes ther ecmsgnciomway4zr eat e,
copy and edit such recipes to custom ze the systemto the user's inspection
requi rements may be provided.[00162] In accordance with various

enbodi nents, an automated wire bond inspection systemthat may use digital

i mmge analysis to performw re bond device inspection may be provided.

[00163¥0d1§4gcﬁ9%@ Endl kL VRdr RN SeRETAREEATENE SnevAlopBtdl OBBt ®ite VBdnd bond
i nspection systemthat may be trained by inspecting good wire bond devices

so that_once trained t eqt variations fromwhat it has

| ear ne™RE 083“%?8%“5%%& %g%%%ﬁpgﬁ:%?dance wi th various enbodi nents, an
automated w re bond device. . nspection,. s mth pncl " good

devi ce 00115%& n§°t@pee anth TORR | %r}]bor&é%%%% E:ar %%Wing%udsn? g%#pgsygg ect

i nspection step, a defect revi st ep nd a report .,,SSul porting

st ep mE§MBEIGE deme dipming g]r fﬁ/ rﬁﬁ@ﬁ?ﬂ%’ﬁ’@eaﬁ f’%x\lfgrllhgrbnsn aelr%%g((gfi Srrgnt s, an
automated wire bond inspection systemthat may provide N ST (National

| nst i t measwem@itarryhedsoddd- Technol ogy) traceabl e 2D and 3D cali bration
steps for all sensors to ensure high precision neasurenent may he provided.
[ 00166][00156hc dorademdacaivtith wasioioembedibeatssrusomaipd BIPEHAR SWIR LY bond
inspection may be provided with nmeasurenent results and/ or neasurenent
data. [sQRk6dE Wiredmnds darkcdie witehborely powe denive diinebans!, seld wite bonk &@d wi re bond
i nspection systemthat may provide for on-the-fly wire bond inspection
wher e apsidval@dirdbboibatalingnayeyplheideded to capture still views of the
dynami cal ly . noving wire bond device may be

[00157] - In accordance with various embodiments, an automated wire bond inspection

system for inspecting 3D wire bond features such as Wire:"loop height, die tilt and wire
bond height, as well as 2D features such as :die surface sgratches, bbnd positions, bond
widths, an;l long tails may be provided. |

[00158] In accordance with various embodiments, an automated wire bond inspection
system that may measure the ever-smaller circuit geométi'y in an accurate and fapid
ménncr may be provided.

[00159] In accordance with various embodiments, an automated wire bond inspection
system that may provide higher tin‘oughput than manual insf)'ection may be provided.
[00160] - In accordance with various embodiments, an automated wire bond inspection |
system that may imbrove inspection quality and consistency may be provided.

[00161] | In accordance with various embodiments, an aufomated Wire Bond inspection

system that may have inspection recipes therein and may create, copy and edit such

_ recipes to customize the system to the user's inspection requirements may be provided.
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provi ded. [00168] hi accordance with various enbodi nents, nethods and
apparatuses related to automated i nspection equi pnent, systens and

pr ocesseswomyldmeogsovi ded. | n vari ous enbodi nents, an artersszed/oomuhod of

i nspecting a wire bond device in any. form ncluding single die wire bond,
stack die wire-bond, power device wire bond, gold wire bond and the
advanced ri bbon bonding etc, may be provided. The nethod may i nclude (1)
calibrating the sensors used for canmera intrinsic and extrinsic paraneters,
(2) tr flols2p A MO HarRS Wit RALM BhSSdmedits ang@eated @/iledoed Hispeaiohi cal
viewi ng of multiple knowm good wire bond devices, (3) inspecting unknown
qual ity w r L LEP ik bofld dE@Espdchien ARFSUr ement
resultéxx%ﬁg¥gg¥g#ﬂgﬁh§§§§ mgﬁg&gﬁgﬂﬁgﬁgg?gg?15oo iIIust?atingﬁg met hod
for exEEiniQ% a bonding structure of a substrate in-accordance with an
enbodi MERI®VIY} 1502, a substrate including a bonding structure to be

exam ned nmay be proyided. . In 1504, . one or nore st 11G.. J S

i ncl udl¥jodhe Braceorigngp Sithy prighs pRREREHS nraeug?%%tgé gﬁ&fbﬁ?‘gﬁ%@t@%ﬂ)@f portions
of the bonding structure tqo be exam ned be determ ned, wherein the

pr edef iSYﬁé%mlt@gWﬁ@eélfalfleﬁtbé‘ﬁ’é%’ta‘émga%?ogd’flfee ViR §°etg|%tr°é’r‘f‘8ga¥n§%i Sns of
interests-in a stored predeterm ned reference: nodel qf a reference bondi ng
st r uct systerofmay detsktyasiaienssfinys what i has 164‘??16(15’@&1’38?%“65& nmor e two- di mensi onal
feature paraneters and one or nore three-di nensional feature paraneters of
t he bornje1ed] st Ihuadcurdendeowiik ‘axiani wetiodimentse agetuéqmdterb wirer BoHdbAYIST nore of
a plurality of the predefined regions of interests. In 1508, it may be

det er niiRgdctam dystenh@hiany itvhuddet tyonil nledice dataiming papasreinepestipirgdipd  at | east
one predefined quality criterion with respect to the reference nodel. In
var i oug, &EBRdkdFR Nt Sofect GAfpeionabtkp,04 deftes eevidvepeepayd berepeftessugts 00 as

i nspecting the product.

exporting step may be provided.

[00165] In accordance with various embodiments, an automated wire bond inspection
system that may provide NIST (National Institute of Standards and Technology)
traceable. 2D and 3D calibration steps Afo;r all senso;é to ensure high precision
measurement may be provided.

[00166]  In accordance with various embodiments, an automated wire bond inspection
may be érovided with measurement results and/or measurement data.

[00167] In accordance with various emb_odirhents, an automafed wire bond inspection

system that may provide for on-the-fly wire bond inspection where a strobe illumination

may be used to capture still views of the dynamically moving wire bond device may be
provided.
[00168] In accordance with various embodiments, methods and apparatuses related to

automated inspection equipment, systems and processes may be provided. In various

embodiments, an automated method of inspécting a wire bond device in any form
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[00170] In various enbodinents, in 1506, the one or nore two-di nmensional
feature paraneters and the one or nore three-di nensional feature paraneters
may be dewermiom®ososoncurrently.[00171] |In various enbodiPoesiGzolomonarrrently
determ ning the one or nore twodi nensional feature paraneters and the one
or nore three-di nensional feature paraneters may be understood in a way of
determ ning both the one or nore two-dinensional feature paranmeters and the
one or nore three-di nmensional feature paranmeters. By way of exanple, on a

comput ef 1{%2%{1)@? élperaﬁ%g t%ﬁﬁ)c{, ek Hieo\pﬁe%Qﬁﬁ }po%? dONE: Rire TBRE dotw@irgensi onal

f eat ur 8° e’one or nore three-dinensional feature paraneters
may be determned in different.thre | perform
cal cul B?Ii“bﬁ&im %‘FP&Y‘H’&? F l?onf%qnd&ga%ﬁ%?y P%\Q{ygﬁegﬁﬁhgg%ogl mahl% g‘f&h%)dr%l y one
thread may be active at the _sane tine.. [00172].1n variou ents, in
1506, {heabibrating th?ﬁ?’ésofwgg f%éﬁ%’?@ﬁg%nﬁéﬁnéreélrﬂ’ﬁFfﬁﬁ r%e?%g’a(ggpgﬂglggne or

nore three-di nensional feature paraneters nmay be determ dlf’ i mul t aneously.
[ 00173 thedel as ito perametsotiphrered vareRandayia Qpers) ‘H%W’é‘ﬁrﬂfﬁ’ﬂﬂgp ﬁaw e or nore
t wodi nensi onal feature paraneters and the one or nore three-di nensional

f eat ur gopdmanseberdsdavings,b@) imsdestingopdnpwn Auakly wire pend dRYIRFNERE tehe sane
time both the one or nore twodi nensional feature paraneters and the one or
mor e t el dhdrer) sépoiiathe freadusmeenpessaltet ers. By way of exanple, on a conputer
wi th nore than one processor, or a conputer with a processor with nore than
one coffy1eh1e WAL 18 shaBk & {190 -diligrmn sliso0 dlludtedhg mempthod et evamising & he one or

nore three-di nensional feature paraneters nay be determned in different

thr eadsobnéﬁ’ﬁ.g CHudBY: 76 saBdif ey ifRdcRfart ffigr aNdmiydoaass Of $5@)d/sobstrate
including a bonding structure to be examined may be provided. In 1504, one or more
stereoscopic images including one or a plufélity of predefined regions of interests of
portions of the bonding structure to be examined may be deterhained, wherein the
predeﬁnéd regions of interests may correspo'nd to reference regions of interests in a
stored predetermined reference model of a reference bonding structure of a reference
substrate... In 1506, one or more two-dimensional feature parameters and one or more
three—dim_ensional feature parameters of the bbnding structure to be examined may be
deterrﬁiﬁed from one or more of a plurality of the predefined regions of interests.
In 1508, it may be deterrrﬁned as to whether the determined feéture Apal;ameters fulfill at
least 6ne predefined quality criterion witﬁ respect to the reference model. In various
embodiménts, some or all of these steps may‘.be referred to as inspecting the product.
[00170] In various embodiments, in 1506, ';he one or inore two-dimensional feature

parameters and the one or more three-dimensional feature parameters may be determined

. concurrently.
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different cores; for exanple, in various enbodi nents, nore than one thread
may be active at the sanme tine.[00174] In various enbodi nents, in 1506, the
one or nowe 2wodiosensi onal feature paraneters and the @O@/SCRONDIE@42

t hree-di nensi onal feature paranmeters may be determ ned sequentially.

[00175] In various enbodi nents, sequentially determ ning the one or nore

t wodi nensi onal feature paraneters and the one or nore three-di nensional
feature paraneters nay be understood in a way of first determ ning one or

mor e e g e ORRls | SH e RBIRATy Aerilikifl hdi3ne (5 @678 R one or

nore t nensional “Teature paraneters. In various enbodi nents,

sequentfal |y deterni bing Lhe one Qr TRLE: biR: diIRas)PRakd fakHERrPar anet er s

and t h&lirggns nsional "teature paraneters may be understood

in a way of first determni one. o e three-dinmensi | re .

par anetWYSbeMeré@Pgﬂn & Hay 0833@?%% h&t%gheeo%er I foE W&i@a-%%?ﬂrgrg’r? 8 %?1&611 feature
paranmeters. [00176] . hi various enbodinents, in 1506 the one or re

t wo- di mersietmalang dhe (ine Prarere tEpsdigigsiPR %ﬁ@l%lpa%}egerq-hr%’ey@p’ n&nsi onal
feature paraneters nay be determ ned fromthe same _one or nore stereoscopic
i mages.exp@plE7 Bh Hicoxpnien weithe who AItepsHROS | Wilh O18 rCoRG r B £76i 5 BRE T¥Pngl e

i mges (for exanple non-stereoscopic inmges) may be determ ned, and one or
nor et viimehsimiabicanad pdremttarsang sreaome toe norevtyedhdimeasiendhiferdyge prgMCRe one or
more additional single inmages. [00178] It is to be noted that all nethods
descri hagl sbaxenans nelifiwensdirehds, paidanagte sehddged teparfoymfcatsiagionthoi ce of a
canmera system For exanple, each of the nethods may be performed using a

camer a S¥sheN. GBO s Al A vValbuscaiydanents toals ons tideslcnip bel actbeva thd-or
exanpl e each of the methods may be perfornmed using any ot her

same time.

[00172] In various embodiments, in 1506, the one or more two-dimensional feature
parameters and the oné or more three-dimensional feature parameters may be determined
simultaneously.
[00173] In various embodiments, simulténeously determining the one or more two-
dimensional feature parameters and the one or more three-dimensional feature parameters
1ﬁay bé understood in a way of determining at the same time both the one or more two-
dimeﬁsional feature parameters and the one or more three-dimensional feature
parameters. By way of .example, on a comi)ufer with more ;chan ‘one processor, or a
computer with a processor with more than one core, the one or more two-dimensional
featur,é parameters and the one or more three-dimensional feature parameters may be
determiﬁed in different threads, which may be performed on differ.ent processors and/or
: differeﬁt cores; for example, in various embodiments, more than one thread may be

active at the same time.
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canera system [00179] In various enbodi nents, a substrate nay be provided
sel ected froma group of substrates consisting of: a sem conductor

subst r at evoaopaloyever substrate; and an insul ati ng subst Persc2000d&d} | n
vari ous enbodi nents, the bonding structure may be a wire bond structure.
[00181] In various enbodi nents, the bonding structure nmay be or may incl ude
a wre bond structure selected froma group consisting of: a single die
wire bond; a stacked die wire bond; a power device wire bond; a gold wire

bond: _afh g 208 b LBRBL RN | RRIUR SleChOBbREAARERADAA B o

devi ce 1.8 various e ments, the one or nore stereoscopic inages
may be taken using a plurali f canmer b Qteds di@lhdineqof caneras
may tal?éra&"r?rso‘fndrfg? 8“@%8?‘%?&%?%#3?“?%@%% r arﬁ%lﬂg substrate from
respectively different perspectives. In various enbodi ments, the one or

nore stsequeBsBdpi ¢ i mages may be forned fromthe one or nore two-di nensional
images taken fromat |east two caneras of the pl urﬁll i t%/ of camer as. [ 00183]
I n var i[85k modvariens ssmhodimenie ssEueabily plebefting 4 &§F Ms™8F° Merests may
be matched to the regions of interest in the reference nodel of the

r ef er enthersinndi fegtust pararetens apd thetpme o foreihiecs-dmsational EafEe RY2RFCHnment

mar ki ngs on the substrate. [00184] The reference structure when used for
set t i NGnaiPbd hlertdodl @ne evagudeirstadeteriivéng onelongrose Fuetimaasiopalpga@arm ned may
be not at exactly the same position and orientation. Therefore, it may be
desi r ed,atndidt 6iY 408 the dle@nGindiy it @eat thice-doneisionalofeatormppmaastes.
differences in position and orientation, as wll be explained bel ow

[ 00185] 1, Mdat ieRibSdinidaRdisBRthEally Bete@MAingr theDde dbivircdé Nwosiimemiontleat ur e
par anet’ers : ,
feature parameters and the one or more three-dimensional feature parameters may be
understood in a way of first determining one or more three-dimensional feature
paranlefers and after that determining one or more two-diménsional feature parameters.
[00176]. In various embodiments, in 1506, the one or more two-dimensional feature
parameters and the one or more three-dimensional feature parameters may be determined
from the séme one or more stereoscopic images.
[00177] _ In various embodiments, one or ‘r'nobre additional single images (for example
non-stereoscopic images) may be determined, énd one or more two-dimensional feature
parameters may be detenﬁined from the one or more additional single images.
[00178] It is to be noted that all methods described above and below may be |
performed independently from a choice of a camera system. For example, each of the
méthodé may be performed using a camera system chosen from the carﬁera systems as

described'above. For example each of the methods may be performed using any other

. camera system.
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may include features selected froma group consisting of: a gl obal
reference point; a localreference point; a wire bond placenent; a bondi ng
wi dt h; a wei2biieogsh; a die | ocation; a die orientati onpca/sicand/oped2

| ocation; a wire placenment; a wire bond width; a die surface defect; a die
pl acement; and a long tail. [00186] In various enbodi nents, the one or nore
t hr ee- di nensi onal feature paraneters may include features selected froma
group consisting of: a global reference height; a |local reference height; a

def aul Le-tilt, .adietilt: awre. | ' 1 sefedRNEoM g ff or each
wire; i{mﬁgglpor{%ﬁfm%ﬁ efrﬁ?gdlﬁrhﬁ?ﬁso\%ﬁ%sﬁr%eiﬁ%i@gﬂa gérsé@e and a digg&%:pgorrponent on
t he unknown qual ity | eadfrane 00187] .1 n _variou odi : e one or
nor e i FeRFESICHEGNSISHRS Bl @ Sﬂﬁg’oﬁ@u%rsggﬁtg‘?ﬁegégo%eéé? esgg%a? %{ﬁ{%ﬂg‘sﬁ’éﬁh&% e.g.
consisting of: grey scale inmage; multi-color inmage; and tenperature profile

i mage. sp@0#®8] | n various enbodi ments, the reference nodel of the reference
bondi ng structure of the reference substrate may be determ ned, and the

r ef er erjee186bdeh vamgustzenbodimens, thebopdingsactureynal Prchvee B'é‘{ngFW?'ng t he
reference bonding structure may be referred to as |earning a product or a

t rai ni ggos1rodalvarip@OdS]diseEs, the betings starchise diapi e TRt inelade AgHECt i on
device 1600 in accordance with an enbodi ment. The bonding structure

i NSpectyopd sHRire 8eldGODfoRYa vab torsiaingwifisd siagle diewarbond;  seiked dik602
configured to receive a substrate, the substrate nmay include the bonding

struct yre, hohddg RXRNIBAE wireHoRHED $BIIPWiEe bbRd) eandetveticed nitibgn devding; 1604
configured to determ ne one or nore stereoscopic inmages including one or a
pl ural iath)ja%icﬁggg@glh&gglggg\%kg&gsg@vi&enterests of portions of the bonding
structure to be exam ned, wherein the predefined regions of interests may
corr ESD[BEIP&E ° e\];a?‘i%ﬁg] &b AHARS ¥ one or more stereoscopic images may be taken

using a plurality of cameras, wherein the plurality of camefas may take one or more two-
dimensional images from the substrate from .respectively differer:lt perspectives. In
various embodiments, the one or more stereoscepic images may be formed from the one
or more two-dimensional images taken from at least two cameras of the plurality of
cameras.
[00183] | In various embodiments, the one or more predefined regions of interests may
be matcﬁed to the regions of interest in the }eference mo&el of the reference bonding
structure of the reference éubstrate using alignrﬁent markings on the subs;trate.
[00184] The reference structure when useci for setting up the reference model and the
bonding structure to be examined may be nét at exactly the same position and orientation.
Therefor.e, it may be desired to match the regions of interest, in order to compensate
differences in position and orientation, as will be explained below.

. [00185] In various embodiments, the one or more two-dimensional feature parameters

may include features selected from a group consisting of: a global reference point; a local
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interests in a stored predeterm ned reference nodel of a reference bonding
structure of areference substrate; a nenory 1606 configured to store the
pr edet er mvoadiwv@be@sence nodel of a reference bondi ng st rutiserelomhoma:
reference substrate; a feature determ ner 1608 configured to determ ne one
or nore two-di nmensional feature paraneters and one or nore

t hree-di nensi onal feature paraneters of the bonding structure to be

exam ned fromone or nore of a plurality of the predefined regions of

| Nt er estfrenfd Poiftt; oNRE BhREPladddddt,cobbridgny wilith;an Wittlaigih;nediadodationfeet her t he
determ ned feature paraneters fulfill .at | east one predefined quality

criter '@%8%@&%}th,€§ RGhHd 85@10%&‘}‘0:15 af ke paeeriafiel wird bens whdh 2l suefaed vi ng

regi on e’ stereoscopl c i nage determning device 1604, the nenory
1606 |, e feature deterni £08 and the determ ner 1610 may be coupl ed
with ea&c?ﬁecﬁtah@?I,L’Ilacée.n%;e%’valn?agﬁ{ge ectrical connection 1612 such as e.g. a

cable or onput er. bus or vi a_.any, other suitabl legLdhi&Al fapRpection to
excha-ndg()&ﬁict CAIO8 oA Og}mfr&fllélﬂﬁ B \?ir Plé)gésj tgrrﬁ%o i nfliarll‘%ga fehe eature
determ ner 1608 may b onfigured t Adete‘rrrinetBe ope qr [ 4
o i ROSRGREIMBUREG Sied 156 HHOBABEIRSE & BRPESErRensi onal
feature paraneters concurrentl % [00191}% I n, va}r_i ous nbodeié.g_nt i’
concur rherghitya dhselerefirpncadiciah o fefdf dirils 3 disdilheneieiogr bietup &opdr amet er s
and the one or nore three-dinensional feature paraneters may be understood
in a wapights det eaali wiry abemiponhet oh che unkpeven alitl leadfsinemainds a ey e
paraneters and the one or nore three-dinensional feature paraneters. By way
of exangngponeit oa thompknben qualith lead&apeocessor with one core, the one or nore
twodi nensi onal feature paraneters and-the one.or nore three-dinensional
f eat ur e[opPgAMELEK SridBYenibR RN, Thaetk bnmbiré freagentmayhinelnds onevor chpremy be
schedul ed to performcal cul ati ons al ternately; for exanple, in various
enmbodi nRLSs QR 888 4 BFapTe BRYoMRRIAE b V@eRkcdldi@nage; multi-color image;

and temperature profile image.

[00188] In various embodiments, the reference model of the reference bonding

structure of the reference substrate may be determined, and the reference model may be

stored. In various embodiments, determining the refereripe bonding structure may be

referred to as learning a product or a training a model.

[00189] FIG. 16 shows a bonding structure inspection device 1600 in accordance with

an embodiment. The boriding structure inspection device 1600 may include a substrate

receiving region 1602 configured to receive a substrate, the substrate may include the

bonding structure to be examined; a stercoscopic image determining device 1604

configured to determine one or more stereoscopic images including one or a plurality of

predefined regions of interests of portions of the bonding structure to be examined,

wherein the predefined regions of interests may correspond to reference regions of

interests in a stored predetermined reference model of a reference bonding structure of a
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sanme time.[00192] In various enbodi nents, the feature determ ner 1608 may
be configured to determ ne the one or nore two-di nensional feature

par anet enwoant)/db@sone or nore three-di nensional featurecpacameioes?

si mul t aneously. [00193] In various enbodi nents, sinmultaneously determ ning
the one or nore twodi nensional feature paraneters and the one or nore

t hree-di nensi onal feature paraneters . -may be understood in a way of
determning at the sane tinme both the one or nore twodi nensional feature

par amet.gtsnanduthere0 RemeMoRPI 606 bsERutidTRNSiorndle freddtemenghreferetar s. By way
of exanple, on a conputer with nore-than one processor, or a conputer with

a Processar o LR Inli]ﬁé] stORGurE BF £ reférBfciBstiite; ATt Auic\WRtefiniiRN 603N al
feature paraneters ang the one or nore three-dinmensional feature paraneters

may be de’égqggﬂ;j}nog :gie%qu? L f f8T ok N a Rrenbh 4l AR PRaRGElsOmdBsheopy di f 1 erent

process8P érent cores. for exanple, in various embodi nents,

nore than agne thread be active - LE. 94, ri ous

enbodi FEME LD e?‘ﬂ’énelmé’é’f’gl‘ra%ata@tp@?zwe#er? %ﬁg%gj%ﬁg@g‘ég&%tgﬁft? g’g%"éﬂ‘l‘%‘h ?g%ﬁgr m ne the

one or nore two-di nensjongl. fea e par.anmet ers and the e or

t hr ee- FDAOH MBAHLE afpé‘éFPWé)?ﬁ]éer Bﬁ?é%r@tﬁg rg%aﬁseﬂf’iniﬁr‘?sfﬁ’ af%@f%%]‘minﬁr \li/rgfrqeous

enbodi nents, sequentially determ ning the e or nore tvu%ﬁcliliggenﬁi ogal
t2

f eat ur eopfigered te detemmige eh o whether thegFisTRied deairdRERHdP @Shar aneters
may be understood in a way of first deterinini:ng one or rrgqree
t wo- di meesproddined epmlityectpariemuidr wspast tafthe refercace Fodel nilhe YOI or nore
t hree-di mensi onal feature paraneters. |In various enbodi ments, sequentially
det er imim@iaigng regiome 602, thersteréoscopdé mpmgd detarminingt davicepHi04mthee SRRY t he one
or nore three-dinensional feature paraneters may beunderstood in a way of
first ogjosr,thé daeire deteRineDI68t Adehe detsrninbo G0 menbeceupled with each

other, e.g. via an electrical connection 1612 such as e.g. a cable or a computer bus or via

any other suitable electrical connection to exchénge electrical signals.‘

[00190] In various embodiments, the feature determiner 1608 may be configured to

determine the one or more two-dimensional feature parameters and the one or more

three-dimensional feature parameters concurrently.

[00191] In various embodiments, concurrently determining the one or more two-

dimensional feature parameters and the one or more three-dimensional feature parameters

may be understood in a way of determining both the one or more two-dimensional feature

parameters and the one or more three-dimensional feature parameters. By way of

example, on a computer with one processor' with one core, the one or more two-

dimensiénal feature parameters and the one or more three-dimensional feature parameters

may be détermined in different threads, which may be scheduled to perform calculations

alternately; for example, in various embodiments, only one thread may be active at the

same time.
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paraneters and after that determ ning one or nore two-dinensional feature
paraneters. [00196] hi various enbodi nents, the feature determ ner 1608 may
be confi guoedidvosdst er mi ne the one or nore two-di nensi oralr/sceatowoe42
paraneters and the one or nore three-dinensional feature paraneters from
the sane one or nore stereoscopic imges. [00197] In various enbodi nents,
an additional single inmage determ ner. (not shown) nmay be provided and may
be configured to determ ne one or nore additional single imges (for

exanpl e[O(ﬁ@%fStlﬁr%ﬁQEhﬁo&iﬁﬁﬂ@,Slhe BRdret MterhBadrure@8 deiyebericoeigutaD® nay be
further contigured to determ ne one or nore two-di nensional feature

par aﬂetdg{eflﬁiét%qg% ltolag AN M@%i%eﬁg&iafl e Sirf@bErsi A0S oe0R1A8e It is to

be note I nspection devices described above and bel ow may be

appl i ec{briﬁg_gﬁ%reqrslg)ﬁ&ygxm;er %%nnge;g%gﬁ%@taggogggcanera system For exanple, each

of the vic rovi "with a canera system chosen from
the canera systens, as descgri bed above. For.ex g € yhspection
devi cedIMe] b w}quégngagﬁwngsnﬁlngﬁﬁg?ouga/n%e?%l%g}%é et%éa%F%g giﬁ? h‘iv vari ous
enbodi-nents, the substrate maé be sel ect e(iiuf ram aﬂ’gr ?g Orf substrates -
. consi stimpepiose! featuseparanaard theing of Marethres-gaiepHED FPAFE""ahd an
i nsul ating substrate. [00200] In various enbodi nents, the bondi ng structure
may be mawbe endsevepdsinraweyipbdetproiging pt e someitisifsby eNtBOT{R] hondi ng
structure may include or nmay be a wire bond structure sel ect eg froma group
consi stdimgnsidnal afesfung| paranetersi prd Bbadonea o5t soke dthareadipieREonsd ntfatuse power
device wire bond; a gold wire bond; an advanced ri bbon bondi ng; and a
ni cr oel Redniarec B ivedl ofsyatmpls odew corpft@0R(R] metieGhar Png PERGSSSan A ng
structure inspection device 1700 in accordance with . :

computer with a processor with more than one core, the one or more two-dimensional

feature ﬁarameters and the one or more three-dimensional feature parameters may be

determined in different threads, which may be performed on different processors and/or

different éores; for example, in various embodiments, more than one thread may be

active at the same time.

[00194] - In various embodiments, the fe:ature determiner 1608 may be configured to

determine the one or more two-dimensional feature parameters and the one or more

three-dimensional feature parameters sequentially.

[00195] " In various erﬁbodiments, sequentially determining the one or more two-

dimensional feature parameters and the one or more three-dimensional feature parameters

may be understood in a way of first determining one or more two-dimensional feature

parameters and after that determining one or ‘more three-dimensional feature parameters.

In various embodiments, sequentially determining the one or more two-dimensional

feature parameters and the one or more three-dimensional feature parameters may be
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an enbodi ment. The bondi ng structure inspection device 1700, simlar to the
bondi ng structure inspection device 1600 of FIG 16, may include a

subst r at ewoaoemiogossg regi on 1602, a stereoscopic i mage decarsGzaiongowdevi ce
1702, as will be explained in nore detail below, a nenory 1606 , a feature
determ ner 1608 and a determ ner 1610. The bonding structure inspection
device 1700 may further include a regions of interest matcher 1710, as will
be explained in nore detail bel ow. The bonding structure inspection device

1700 nﬁXdJr%’fB%d“?ﬁ 4 NEUde B R mBBIE ok NQT mbfd Ahreaslimehsionak fearpleai ned i n

nore det al el ow. The substrate receiving region 1602, the stereoscopic

i mage determni [ . TBOR WY o-HRbhsionahRafuedbdtiBetd@t er m ner
1608, lpPirtgm(?[egSearn%g‘rqtgf%&%{%%gﬁggE)%‘S?.Qns of i nterest match%r 1710 and the
nmodel termner 1712 .be coupl i BEhav Be Jonfiufed®of i I St

el ectri @9156?0 eV@f‘Plb%ergg{%mgﬂtéhH%sfg%@g. &ege cag%?el%gr a conput eg!ru bus or via
any other suitable electrical_.connection to excha electri i gnal s.

[ 00203 determing the Q8 ORIBYL Rt ‘gfne?sﬁ%pai tf%ag‘ér(? s%a(g?ﬂl%erig Fur.%lél e!hg ete rc%l%llr?f)%g devi ce
1702 may include a plurality of canmeras (shown as block 1704 in FIG 17),
wher ei nhreerdingsngionsli feapursaranipiors Somehe snSeneH dare ST LR GHRESY nor e

t wo- di nensi onal inmages fromthe substrate fromrespectively dliff rent

per sped00198E. Inrvaviens oubodimsoi b additionah singlecimags GSETRINCHERL SBRYRY mi ni ng
device 1702 may further include a stereoscopic inage determner 1706

conf i guiigdbé erovidtedranidnmay fre wnégaed o rdetesminecensceipmers pddjeenal sB¥E he one or
nore twodi mensi onal inmages taken fromat |east two caneras of the plurality
of cangmagesif@4xathpR Mhwtatsscypiofimeguspraad thc/Rdtuandeteimeinet W08 aaydysi ¢ i nage
determ ner 1706 nmay be coupled with each other, e.g. via a second

el ect 1 i aher CORMAREL BMeferdfheins Br ABremd-dimeadbha diatare panpistess frirusheor vi a any
ot her suitable electrical connection to exchange el ectrical signals.

one or more additional single images.

[00198] It is to be noted that all inspection devices described above and below may be
applied independently from a choice of a. camera system. For example, each of the
inspecﬁon devices may be provided with a camera system chosen from the camera
systerils' as described above. For example each of the inspection devices may be applied
using any other camera system.

[00199] In various embodiments, the substrate may be selected from a group of
substrates consisting of: a semiconductor substrate; a polymer substrate; and an insulating
substrate.‘ |

[00200] In various embodiments, the boric_ling structure may be a wire bond structure.
[00201] In various embodiments, the bonding structure may include or may be a wire
bond structure selected from a group consistiné of: a single die wire bond; a stacked die
wire bond; a power device wire bond; a gold wire bond; an advanced ribbon bonding;

and a microelectromechanical systems device.
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[ 00204] In various enbodi nents, the bonding structure inspection device
1700 may further include a regions of interest matcher 1710 configured to
mat ch t hewoneicamwoswer e predefined regi ons of interests tecrise0wgoans of
interest in the reference nodel of the reference bonding structure of the
reference substrate using alignnent markings on the substrate. [00205] In
various enbodi nents, the one or nore two-di nensional feature paraneters my
i nclude features selected froma group, e:g. consisting of: a global -
refere )i Ny InGbéction \device DT0dnpkerdaneatyitha bondi n

. REE20BPT NG, 37 KRR a BEHIRLARRNIPOINGSction Wbviee pk : 9
w dt h; "a taf]q$ength; a die location; a die orientation; a bond pad
| ocati gh; | 5 &t PRE SO0RMhs sGuMileSin§RBG &L 170dknikund dcebdi@igct; a die
placengﬂfy%gng&gtlgﬁg td?lgs?%OZOG]H%n vari ous enbodi nents, the one or nore
t hr ee- dj nensi onal

.feature I i neliude, ; d f
gr ouE, SEuGUre R CaY ﬁ 1ot 1@ ‘8‘?@%‘% I%l’ eq?%'r %ﬁ@ggﬁe?“gﬁ‘?%tyg@ﬁ%g?% Flﬁr%ie(fﬁqer e:lg(ren :
eight; a default die tilt; a.die ti.lt; i L ; ¥ hei ght
For eadfion & BervercaBrBBHE 1B TRE SHER b Auart bo SPuard thmoft RRE GO S
conponent on the unknown ality |ead ) 207] | i nbodi ts,
O ey ono o o (hon o LTl PR B b oo ™0 5

consisting of: a grey scale inage canera; a multi-color inmage Hera; and a
t enper atructerepinsfectien daviagel 708 meayalurthernipolate p regionsRfdnisrRsHER ?ftlgﬁ the
bondi ng structure inspection device 1700 may further include a_nopdel
det er maserill bé k2plamad immpedietz] trowr Fhabondies stacaie isacshivadevise 110k
reference bondi ng structure of the reference substrate.[00209] In various
enbodi &} futhaninaull©aaicddl dedrhinkrdf712,rs peltbieregplainsd i wnaideizibbelowr e bond
device in any formincluding single die wire bond, stacked die wire bond,
The substrate receiving region 1602, the stereoscopic image determining device 1702, the

memory 1606 , the feature determiner 1608, the determiner 1610, the regions of interest
matcher 1;710 and the model determiner 1712 may be coupled with each other, e.g. via a
first eléctﬁcal connection 1714 such as e.g. a cable or a computer bus or via any other
suitable electrical connection to exchange elec’q‘ical signals. |

[00203] In various embodiments, the stereoscbpic image determining device 1702 may
include a plurality of cameras (shown as block 1704 in FIG 17), wherein the plurality of
cameras may be arranged to take one or more two-dimensional images from the substrate
from respectively different perspectives. In various embodiments, the stereoscopic image
deterrhining device 1702 may further include a stereoscopic image determiner 1706
configured to determine the one or more steregscopic images from the one or more two-
dimensional images taken from at least two cameras of the plurality of cameras 1704.
The blurality of cameras 1704 and the stereoscopic image determiner 1706 may be

~ coupled with each other, e.g. via a second electrical connection 1708 such as e.g. a cable
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power device wire bond, gold wire bond and the advanced ri bbon bondi ng,
MEMS devi ce and/ or ot her package configurations for defects nmay be

provi ded.wéheilom®bdved may i nclude: calibrating multiple earscGasiofioss2D and
3D canera paraneters, training a nodel as to paraneters of a good wire bond
device via optical view ng of one or nultiple known good wire bond devi ces,
wherein the training may include taking a gray scal e neasurenent of each
pixel in a grid of pixels on each of the multiple known good wi re bond

devi cesy JCnfthdttud @r bt th@akiis eheatiabsorgleahial toraxtikingseecpizant s, | ocal
reference points; wire bond placenents, bonding widths, tail |lengths, die

| ocat i Q @nd orientations, bond pad |ocations, calculating the 3D features
such as[%'laoba.l ref erence heights, |ocal reference heights, default die

tilts, 6@%4&)\?\: {/?rr?%rl?f %l lboai?nee ﬁ, %}B Miﬁstfﬂ%ﬁﬁy e RHon” & et 1570@%%; m ning an

upper or ‘each’ neasurertent and save as 2D and 3D Treci pes,
i nspectjng unknown quality wre bond i ces uskn tﬁ ere such
i ns pe-cttjl'%gelrfﬁ “&‘?196%9%“5005I1?ﬁ‘3’fe§tt ’inﬁtéﬂ?rhfgﬁéﬁ%gl & é(?r{anr? %&HQ \%Iﬁ% & pi’acenent s,
wi re bond widths, die surface tgef ects, dje Iacghrrentfs CIong d ai It 4 and 3D
measur awedefingd regienst qff ipteraiisrte the sPEIANS Yhinderost 4 FhEEgRIce eIl A wire, die
and/ or ot her conponents on the unknown quality |eadfrane %nd corrﬁ?ari ng the
2D and r8forense danding strugters iftthe yaferaneenwibgipe usiag ALBRREN THKINES PRIAT t he nodel
and CAD nodel of the device to deternmine if the neasurenent is between the
upper asubisttabever |imts and thus deenmed good or is outside of a range
between the upper and lower limts and thus deemed of at |east questionable
i nt egr i (924502 L0Yarlons embbdittenisnthe dherentwre tirediponsighal Heatwe parameyers ncl ude
i magi ng one or nultiple static inmages of a calibration target and
cal cul ahhehcludeFbdrdedlsdlararfeorg algrdipatigotoneitingef: erglobal reference point; a

local reference point; a wire bond placerhent; a bonding width; a tail length; a die

location; a die orientation; a bond pad location; a wire placement; a wire bond width; a

die surface defect; a die placement; and a long tail.

[00206] In various embodiments, the one or more three-dimensional feature

parameters may include features selected 'fr.om a group; e.g. consisting of: a global

reference height; a local reference height; a default die tilt; a die tilt; a wire loop height; a

bond ﬁeights for each wire; a component on the unknown quality leadframe; and a die

componeht on the unknown quality leadframe. '

[00207] ~ In various embodiments, the plurality of cameras 1704 may be selected from a

group of cameras, e.g. consisting of:‘ a gfey scale image camera; a multi-color image

camera; and a temperature profile image camera.

[00208] | In various embodiments, the bonding structure inspection device 1700 may

further include a model determiner 1712 configured to determine the reference model of

the reference bonding structure of the referénce substrate.
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[00211] In various enbodi nents, the 3D calibration may include inmaging one
or nultiple static inages of a calibration target or nore targets and

cal cul at iwg 2bmeabdozed canera calibration paraneters as welrlsGasioloomati zed
epi pol ar geonetries. [00212] In various enbodinents, the calibration target
may be a two level or nultiple level target where on each |level, target
points are of the sanme z-height, while on different |levels, z-heights of
the targets may be different. . [00213] hi various enbodi nents, the

trai ni ngozgafe! mSéRRuIBbbMUAERES an Atdisted hrkiodpftipegingy saatmdneasur enent
of each pixel on a 0 to 255 gray scale. [00214] In various enbodi nents, the

aut omat.ed. LOSPRCHEOH FB} RRA FBMdMY SM8E didGirddfnll] hiled dli@ wiySidda as to

i nspection paraneters. [00215] hi “various embodi ments, the autonated

'r gingtéoﬁvg{ el Wﬁr@%o%&" d% Wd‘a GodtdEnd 'ﬁ?ea'élél\rhgc&f‘nbﬁbﬁpggﬁdlﬂ’é‘ MEnvand 3D

nmay be | nspecting to performat |east one of the

fol |l ow def subst s .l r rﬁ fi&pt acl es,
defi ni n‘&g’ﬁs OF é)nl%B VY&&%F% l%ﬁa f‘g §erq{§§[ S’ g'{ne’@:egd ﬁ (?ect
i nspection, and d ,m,m% an i nspec is inported exported, if
desi r edmay B@EPB] i9rajigg; EI\;YS r?B‘SEﬁaﬁg‘?{tztsé meﬁ%ggraqeﬁg g‘aﬁmn met hod
may further incl ude creating grou%(gOI Regl on of Int e est V\:ﬁ eby a set
of wi r empetdl 8s tenardyactersiod g @ped Wire hprbdevaireig PBIGH! Vi§Wite? nFr? mglpl
i nspecti on nmet hods and paraneters. The inspection sdgést em may al | ?w users to
def i ne lowevnogoodowie doodisleRChss Whetsi Hher ipiag meay Iplydssiplong |ao%¥ayé omatic
RO's may be defined using |ocalized epipolar constraints or other
const r angsaresenh ofsachgixutiimg geid aépanelst orl easp dehgmultiplokigor good wirgar i ous
enbodi nents, the automated inspection nmethod may further include
det er m mﬂagiedices, RhRGRHEAthe D fegtuidarsach av globaleefifinse p@ytsskkcdatieraguce hr ee

points, wire bond placements, bonding widthe, tail lengths, die locations and orientations,

bond pzlidllocations, calculating the 3D features such as global reference heights, local

reference heights, default die tilts, and then from all these 2D and 3D measurement

results détermining an upper and lower limit for each measurement and save as 2D and

3D recipes, inspecting unknown quality wire bond devices using the model, where such

inspecting may involve calculating the 2D measurement of wire placements, wire bond

widths, die surface defects, die placements, long tails, and- 3D measurement of die tilt,

wire loop heights, bondAheights for each wire, die and/or other components on the

unknown quality leadframe and comparing the 2D and 3D measurement results with the

upper and lower limit from the model and CAD model of the device to determine if the

measurement is between the upper and lower limits and thus deemed good or is outside

of a range between the upper and lower limits and thus déemed of at least questionable

integrity.
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rectangul ar or other shape areas on the die surface wwth rich textures, the
centres of these three ROs nmay be found by matchi ng unknown di e agai nst a
good di e.wORhmatodos x and y directions and rotati on anglpeTrseketojov@st 0 t he
good reference die or to a global reference point may be cal cul ated from
three matched points. [00218] hi various enbodi ments, the autonated

i nspection nethod may further include-deternining bonding wi dths of |arge
Wi res using subpi xel edge detection. Edges from both sides of a wire may be

added {RgARNern! Guus enlticdiferErthé @I ilfbratiii Ginyayhile ineiigamer af er ence
| i ne. Edges al ong both sides of wre bonding area may be filtered to renove

noi sy ed@gﬁlﬁ%ﬁgc %gépggo?(ﬁn:aﬁ&gﬁon ARkt aﬁ@cﬁgg@m@ﬂwaum tindh ggashtiali st ance to

the cent consi dered as bond wi dt [00219] hi various
enbodi rrentsu[ t he automated i nspection nmethod may further include
det er MBS Bdndi ng wi dths with occlusion elinination. In various

enbodi ment s, bond wi dth | S y.be defined in i ppre views.
I n vari@%%nb%‘d?’%se,m%%‘g%e@f ie#]fé; jtll?rggﬁonna%a%bgl%%grgﬁ gl\réhglg %r all views
to bring all canmeras to_the sane g%r al l el opt ig%ﬁlﬂgi r Ctliton'locla'ﬁ v rious
enbodi rewtiple siatisvintages of 2 ralibRHoY MR8 THEP JATERT T 1P NA BRSO TR one t o
determ ne.bond width in a simlar way as described above fromthe nerged
vi ew. [@R20alibiativw piramstesntsorrlinsiealizedpipaleralet S nspect i on net hod nay
further include determ ning bonding w dths using back-projecti i),n met hod, hi
var i ousjenpii ninezsious kmbediments, Reicslibratjorblarase mapdg & rodewd ebA I Aew t o
determ ne bond pad surface by using a best-fit planar surface such that 3D
coor di ngt@sargdt Wiege boeabhrigvebdergst foiusuz of dooratheva-bsighir whikhowfiffareat t hus may
be transferred back to the first view by using projective geonetry
det er mi Reds, i MesAPSBLE Akidy My Bdififener that, bond width may

[00213] " In various embodiments, the training model step may further include taking

the gray scale measurement of each pixel on a 0 to 255 gray scale.

[0021‘4]‘ In various embodiments, the automated inspection method may further

include training a system as to inspection parameters.

[00215] | In various embodiments, the aﬁfomated inspection method may further

include creating an inspection 2D and 3D recipe that may be used during inspecting to

perform at least one of the following: deﬁﬁing how substrates are selected from storage

receptacles, defining how wire bond device on a substrate are selected for defect

inspection, and defining how an inspection map is imported‘or exported, if desired.

[00216] In various embodiments, the automated inspection method may further

include creating group ROIs (Region of Interest) whereby a set of Wire ROIs may be

categorized under one group to share the same inspection methods and parameters. The

inspection system may allow users to deﬁn'e‘one or more group ROIs. Furthermore, for
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be determned in the first view [00221] hi various enbodi nents, the
automated i nspection nethod nmay further include determning die tilt in the
3D wor | d woandimedos system using three, or four or norepPRDsE2a@fobevazl in
each view to cover four corners of_a die. In various enbodi nents, a
best-fit plane may be determ ned from hei ghts nmeasured from mat ched four
RO's. hi various enbodi nents, die.tilt angles al pha, beta and gamma in
reference to the x, y, and z axis of the world coordi nate system may be

det er mizped and,StorehiRSROiemby e @RELEEsing AUABA Edipolar tanstaianbadi ment s,
the autonated Irispection nethod may further include deternmining die tilt

usi ng &ﬁgggﬁnirs ai%isls{lclﬁagt%seu%%%g?%gfam% Shefiing surface, four more RO's on

| eadfr ace or o erence surfaces. In various enbodi nents, die
tilt far mul at ed .our. sets._of djff : i hei ght
bnd i £ 30037} e dhokethg itk Rl s gibrild RRERRERBEMERIme) ol

enbodi nents, the automated inspection:nmethod ur ther Jincl u :

det er‘nil’iiﬁl‘#&tS’xﬁ’tﬁ@“}"&gpdlﬁeﬁ@‘f?f"?ngWs%i es%ﬁg{gfﬂ%%ge ef eel?:‘{h:hgnﬁgﬁegori thmto
deternmine the transitions across a wfe acﬁur tely. In various,enbodi nents,
after destenzmlanpnethes shape pramssen theslde SR Hithw ﬁ%}ﬁ%/fe%ﬁﬁweélga%o K e

t hi ckness, wire centroid may be traced w th subpixel  accuracy in each view.
I n var ithwee RETHoy tre fiound Hynmtel@iag@ﬂkwnr@eé&]flliisélaﬁo%ﬁl%%éﬁt 1 d mat chi ng,
one or nore features (e.g. subpixel wire centroids) based stereo match may
be usedifectisreeadsbttiat avgle eclatbepiovhe igodd tferanesudia oy ¢ 8CBoH] referenes i ous
enbodi nents, the automated inspection nethod may further include using

| ocal  GRRmytRIcklotlatdd drnpiemateheal minis.| ocal epi pol ar geonetry to define
the search line in a second view or other views. In various enbodi nents,
two neapesig) Cent hAidls ERbsdlnenRPitROladfontatdle inspedtion sedmddmayefurtvery be
determned. I n-various o ‘

include determining bonding widths of large wires using subpixel edge detection. Edges

from both sides of a wire may be added together to best-fit a centre‘ line, which may be
used as refe;ence line. Edges along both sides of wire bohding area may be filtered to
remove noisy edges and from each side, and the edge point with biggest distance to the
centre liné may be considered as bond width.
[00219j ~In various embodiments, the automated inspection method may further
include’ determining bonding widths with occlusion elimination.  In various
embodiments, bond widtﬁ ROIs may be fieﬁned in a secdnd view ‘or more views. In
various embodiments, image rectification ﬁay be performed for al} views to bring all
cameras to the same parallel optical direction} In various embodiments, view fusion may
be dohe to merge multiple views into one to determine boﬁd width in a similar way as
described above from the merged view.

- [00220] In various embodiments, the aut_;)mated inspection method may further

includé determining bonding widths using back-projection method. In various
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enbodi nents, linear interpolation or other interpolation neans may be used
to get the interpolated centroid on the epipolar line. In various

enbodi menye,20tdnivssosry be t he matching point to the sel eetedgceentoomiss in the
first view In various enbodinents, after establishing stereo .
correspondence, 3D coordinate of a wre centroid point may be cal cul ated

t hrough a process called triangul ation. Least squared sol ution or other
means may be used to triangulate for 3D reconstruction. [00225] hi various

enbodi e GimdaRe 1At ABRIETIS ASPEE héfRitd TR bheshndBNew t B&iemihabbitipad
determ ning the highest or the |owest point in a wire |oop using a subpi xel

peaK OtuMald Vil PEROIRLLAR SEAENTucH RS LoUaERDeiHEmRang R ng { he

hi ghest poin and z2 are two nei ghborhood points, the

subpi x eak may be cal cul a usi e Wi ng ot her
ubpi xarrbagre T Ehpara b ohT At R Rkp B sBRsRtd ik B sl 00, 2

[ 00226] 1 n various enbodinentss, the automated i egt i an . y further
i ncl ud@SEGIrYIESIEReNnFEY fePimpedw ‘?aﬂleﬁf@&%ﬁgt Ir‘ltjsf%f ﬁgﬁ o?%‘%?@ﬁ?%tpi ng from
canera tilt angle and the wire radius a correction dz such that dz=al *r,
wher e dle deteymized in big kst XV dependi ng on the wire size, canera tilt angle
and experinental result and r may be the radius of the wire.[Q0227] In

var i oud08221ddi e rvesiqust hebedimenis: dbe jattnprased apspagiioRomethied mMmayt HETSY el ude
enpl oyi ng doubl e ‘resol ution or any kind of superresolution to increase the
r esol utihdndadermdningrdie RBin the 3Pawedd soendiyait sistens usidg dlyee QreloBr 0% i on may
use different interpolation schenes for different wire regions: slow

changi ngors Ok efificdian ewth Eewits cogerdogeomers ef a dip. &ir earican dmhpdigedtsscendi ng

edge. In various enbodi nents, the .

a best-fit plane may be determined from heights measured from matched four ROIs. In
various embodiments, die tilt angles alpha, beta and gamma in reference to the x, y, and z
axis of the world coordinate system may Be determined and stored as die tilt angles.
[00222]' In various embodiments, the automated inspéction method may further
include determining die tilt using four die tilt ROIs defmed‘inside die surface, four more
ROIs on leadframe surface or other reference surfaces. In vvarious embodiments, die tilt
may be formulated as four sets of difference betweén die ROI height and its
corresponding leadframe height nearby.

[00223] In various embodiments, th; automated inspectién method may further
include détennining wire loop heights by using subpixel edge detection algorithm to
determine the transitions across a wire aécurately. In various embodiments, after
detenﬁining wire transitions with or without knowledge of wire thipkness, wire centroid
may be traced with subpixel accuracy in éach'view. In various embodiments, instead of

using correlation based stereo matching, one or more features (e.g. subpixel wire

centroids) based stereo match may be used to reconstruct wire loop with high accuracy.
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i nterpol ati on schenes may be know edge based resulting from experinments

usi ng specified stereo |light which may conbi ne done |ight and coaxial |ight
in one. Iwovardmu@senbodi nents, |inear or cubic interpolpariscnommyodae used.
[00228] In various enbodi nents, the automated inspection nethod may further
i ncl ude deternining wire bond heights by defining a small predefined area
around w dest bonding width and feature based stereo matching, perforned to
get a sequence of bond heights at wire centroids. In various enbodi nents,
stati St[b(fiz‘h] Pr RCE5ShRYeABGHifbhs € ki Guitiiatdde ikp@dtioadmithogeiay harthend hei ght .
[ 00229] I.n various enbodi nents, the automated inspection nethod may further
| nel udq, Jelel a0l JfRrPOBtMAn Bekabeflrt bitt Rlcal¥fisiir fBARIDGo BB

| ocat i SR IH 4t 1°6Us “erbo Iments, a fixed correlation wi ndow may be

sel ected. In.various enbodi men : ani QI T i i be

sel ect éﬂ‘? S‘Taﬁ‘:}\/@?‘? Bud Seé’%‘géflle%%{ §t?1e‘§%‘?%°§'| ;ﬂtl ﬁgﬁé’&sﬁ%ﬁ %%ﬂ%gsﬁg%aﬁy each

pi xel al ong _the profil

y

lj.ne.t et the .best tc hi. vari .enppodi nent s,
3D pr of EREOEs Qithls FRR NG %‘%8%“[“%0"&8‘?&83%%& Pt or%ISP L{n%?g e
reconstructed. In varjous enbodinents, this profile be co ed (for
exanpl enhpdimenty liasaonterrolaion Qfoteerip %té’no?“e%rffl@f”ﬁ% PB% Weg‘%c%e or any
other nethod) with reference bonding E{ofile derived from nmea urﬁnent of a
good wiinterpolated; aeritesids owrtho gpiveler dineq £ Iny yrriqys famhodipeats, dhigigay PRdbGevi ce may
be rejected as bad bonding wre.[00230] In various enbodi ments, the
aut omatrestching peit imtherselebted centyoid Uy thedtrsi viewuds vadeusembadiments. sdiehg di e by
either tenplate matching or histogram analysis. In various enbodi nents, in
a tenpl atblismhe Ricn® basegomipnee)BIh codidenael of acwirsf cantrridoppintjuadyi by devi ce
may be matched against a learning die. In various enbodinents, if the
mat chi ngSEASEhkSuch Aprb&¥ss cdllkeLanFalation. Aehit gluatipsdeionfornitssinngnsli e. | n

vari ous
may be used to triangulate for 3D reconstruction.
[00225] . In various embodiments, the ‘automated inspection method may further
include determining the highest or the fowés’n 'p'oint ina vﬁre loop using a subpixel peak
or valley interpolation scheme. In various embodiments, assuming the highest point z
height is z1 and z0 and z2 are two neighborﬁood points, the subpixel peak p may be
calcufated using the formula below, or using qther subpixellpeak interpolation methods:
p=(22-20)*(22-20)/8/(z0+22-2z1)+z1 |
[00226] ~ In various embodiments, the automated insiaéctidn method may further
includé; correcting wire thickness in 3D recc;flsuuction by calculating from camera tilt
angle and the wire radius a correction dz such that
dz=al*r, |
where ‘all may be a constant depending on the wire gsize, cafnera tilt angle and

experimental result and r may be the radius of the wire.
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enbodi nents, the second nethod nmay conpare the histogranms of unknown
quality die with learning die and nmay declare die mssing if the deviation
is too biwo2pDARBhF hi vari ous enbodi ments, an aut onat edCIsGheW/006042

i nspecting a substrate such as single die wire bond, stacked die w re bond,
power device wire bond, gold wire bond and the advanced ri bbon bondi ng,
MEMS devi ce and/ or other package configurations for defects may be

provi ded. In various enbodi nents, the.nethod may include: calibrating

mul ti pligo2ATer &S vhQsus2 BnBbdim3RsC Fee Latopakameipeciont keitodngag fundled as to
paranmeters of a good substrate via optical view ng of one or nultiple known

good S%Raﬁ(ge%@ﬁleo ; g@am thS o ¢t M RBY bNSlARsIIdND Sctady tecal e

measur enent: o Ixel I1n agrid of pixels on each of the nultiple known

0000 SURRI R Ropif o U9 1h B (RGNS WiloRorbalal ] Btence

erence points, wre atements, bonding 'widths, tail

| engt hs,, die ] ocations and orie tions ond . pad | i O ul ati ng
the 3D $Heren; ’é‘ger%‘l}ﬁtf‘f’na?%ﬁ’inﬁ)gqr cﬂg‘%g?te ug llgrglfhtsgo,w I‘:%%%ngr ge}]?()eo}lgﬁ%:e(eé’ hei ght s,
default die tilts, and then fromall these 2D ﬁgd 3D ne SLérem%nt results
det er i WIrhESEA cdsharainp aeamad Virfidescrading sage- B Yaiows,@nodme® 0% as 2D
and 3D recipes, inspecting unknown quality substrates usi.ng the.nodel,
wher e sigtskpollaiiopesahiemgs nmgy ibev bhardedsy) bsedt Teplting erop FRSTEFE RIS wire
pl acements, wire bond widths, die surface defects, die placenents, |ong
tails, spadfisdstereadightwbich nufy aginbinejdome light and esgiah BRlfHa §ne-bBNRIRBE. ght s f or
each wire, die and/or otherconponents on the unknown quality substrates and
conpar i gigbddhaer?s) liavgh o3 Dubie agernpelatot mapbelises. wi t h t he upper and lower limt
fromthe nodel and CAD nodel of the substrate to determne if the

neasur eesis]i Sbakeed ddvedimey ths dukanwed |ihgpetioramebthdiusnayajuriper deemed
good or is outside of a range between the upper and lower |imts and thus
may be GeRAEdeteimifingVAASBorUREhsHIA¥ifing M @11 pr¥édefined area around widest

bonding width and feature based stereo matching, performed to get a sequence of bond

heights at wire centroids. In various embodiments, statistical processing and filtering

may bé applied to get the bond height.

[00229] -In various embodiments, the automated inspection method may further

include determining the bonding 3D profile at Widest bonding width location. In various

embodiments, a fixed correlation window inay be selectéd. In various embodiments, a

dynamic correlation window may be selected. In various embodimeﬁts, correlations may

be measured for each pixel along the profile line to ge‘é the best match. In various

embodiments, 3D profile of wire bonding at widest bonding width location may be

reconstructed. In various embodiments, this profile may be compgred (for example by

using absolute sum of difference or correlation method, or any other method) with

reference bonding profile derived from measurement of a good wire. In various

embodiments, if the difference is big, the deviqe may be rej ected as bad bonding wire.
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[00232] hi various enbodi nents, an autonated nethod of inspecting a

sem conductor wire bond device in any formincluding single die wire bond,
stacked dwe 2eiw@odeend, power device wire bond, gold w rechsedoandoduhe
advanced ri bbon bondi ng, MEMS device-and/ or other package configurations
for defects may be provided hi various enbodi ments, the nethod may incl ude:
calibrating nultiple caneras for 2D and 3D canera paraneters, training a
nodel as to.paraneters of a good wire bond device via optical view ng of

one or r‘mgz];bj Pl YORNE SR0ckiMeAS, BRNdudavidemspadtiog method 6D Hehsor s,
wherein the training may i1 nclude taking a color neasurenent of each pixel

inagrig pf %eﬁ%ré%ﬁ; grg§s%?gcﬁieq; Ctﬁﬁ‘l@r O 4P @t dHGr BigRgram alfendidevi ces,

1 ;
cal cul at§ ng ures s as global reference points, |ocal

reference points. w.re bond pl ' ' Wi Flink®Rgt hs, die

| ocat i Oft&° W%ﬁ%mtﬁtlpoan{épp@%%&%ﬁg{ %S%agg??%gghégﬁﬁﬁ%tc % %5 the 3D features
such as gl obal reference heights, |ocal. referenc el f. die
tilts, abdtyrdeicemp %Fl?at‘{iﬁgg"@alﬁﬁ aaﬁeél“‘%’ﬁ Sastr’ %ﬁ%trt;ét é“?@"tsda %rgg’ g%e%ni ni ng an
upper and lower Iimt for each nmegsurenent, and save .as(ﬁ%[j) nd 3D. recipes,

i nspectmaiehing Rersowis deruloWyy thirs Bay daglgarﬁ eléaélcﬁé)?r{als?lﬂ% dZLP YARa“col or
sensors, where such i ns(gecti ng may involve cal cul ating the 2D, maasurement

of Wi r eenglodivesmts s, seaprc misthod WA EAMPAE EheshiFPEEEIS I ERAVD GRS (A erent s,
long tails, .and 3D nmeasurenent of die tilt, wire | oop heights, bond heights
for eachitwlenmingdiie amhaspdeadarh die missippifdhe deviptionhe@fi®wn qual ity | eadfrane
and conparing the 2D and 3D neasurenent results with the upper and | ower
limit fporstyhemnradiebs amboGABpaebutahated enatlend afcnspscting @ swlishateispch he
measurenent is between the upper and lower limts and thus deened good or

i S out sjsdenddf dig WiRNEmdDehvRaTHid e BPRE podetl dbwdveewirk bohd, gokhetire bosd deemed of

. ? -

at | east questionable Iintegrity. A '
and the advanced ribbon bonding, MEMS device and/or other package configurations for

defects may be provided. In various embodiments, the method may include: calibrating
multiple cameras for 2D and 3D camera parameters, trainiﬁg a model as to parameters of
a good substrate via optical viewing of one or multiple known good substrates, wherein
the training may include taking a gray scale measmement of each pixel in a grid of pixels
on each of the multiple known good substrates, calculating the 2D features such as global
reference points, local reference points, Wil;e ‘bond placAe“ments, bonding widths, tail
lengths, die locations and orientations, bond pad locations; caiculafing the 3D features
such as global reference heights, local refe;‘ence heights, défault die tilts, and then from
all these “2D and 3D measurement results determining an upper and lower limit for each
measur&nent and save as 2D and 3D reéip'es, inspecting unknown quélity substrates
using the vmodel, where such inspecting may involve calculating the 2D measurement of
. wire plécements, wire bond widths, die surface defects, die placements, long tails, and 3D

measurement of die tilt, wire loop heights, bond heights for each wire, die and/or other
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[00233] In various enbodi nents, the automated inspection nethod may further
i nclude color stereo illumnation with done |ight using one color spectrum
and coaxiwb 20id/0endosat i ons usi ng anot her col or spectrum pL@B23dio/oo00b2

vari ous enbodi ments, the automated inspection nethod may further include
col or subpixel wire centroids determ nation and reconstruction of 3D wire

| oop hei ght based on stereo matchi ng of these subpi xel features. [00235] hi
various enbodi nents, the automated inspection nethod nmay further include

col or QBHxﬁbﬁehEse%ﬂ' el ARRReh CRLBEy SHIREHIESAIdUbPatny ithe rZEAsmdt BD
resolution around wire area to achi eve higher 3D reconstructi on accuracy.

[ 00236] %isu%ﬁ{eﬁt%&u% fmﬁld{hg%?bép anh*lsnz%{ Rttt PRAGLAS laa@ avay mgdet ber i ncl ude
e colo of

t aki ngntl I "neasur enen each pixel on a 24 bits col or space.

[ 00237],, bl ¥ar] QS eMRRdi RN S0l S OABLES, HELDAM A 1bREPEAR By Secti on

by sect suchas single die wr ond, stacked die wire
bond, power device wre. bond, ld wire.bond and t [ bpon
bondi ndhusvemebiRsmed 89adiPios oB{sﬂi%ro(}B%rfggé)g%Eegﬂ ot g{e?@ﬁ%%ggﬂgé%ect s may be
provi ded hi various enbodi ments, the nmethod may include: calibrating
mul ti pltbucmpebadeemsd oD ps laar quistienabls igt@anet ers, training a nodel as to
paraneters of a good substrate via optical view.ng of one ar | tiple known
good suB8232ht el vaniows ehodiments; a #iteraatad nethed|of dsPPEIE S RIFRIQE PR ne Nt of
each pixel in a section of a substrate on each of the nultiple known good
subst r atiee bampHeviccal eyl frinnipcludimg2ingle dicuwirs bondhstagked| i afirer kgndy ence
points, local reference points, wire bond placenments, bonding W dths, tail
| engt hspovbr @lekiee atitd Bendngbld rwisnbadd and theb edanpaldribownbpwtisg, MEMXI at i ng
the 3D features such as global reference heights, |ocal reference heights,
def aul t g - dodldr Sth@NFhckpRNedulightatibhs foRedgecRDman tbe3Monidad urlanemipus

embodiments, the method may include: calibrating mulfiple cameras for 2D and 3D

camera parameters, training a model as to parameters of a good wire bond device via

optical viewing of one or multiple known good wire bond devices using color CCD

sensors, wherein the training may include taking a color measurement of each pixel in a

grid of pixels on each of the multiple known good wire bond devices, calculating the 2D

features such as global reference points, local reference pqints, wire bond placements,

bonding widths, tail lengths, die locations and orientations, bond pad locations,

calculatiné the 3D features such as global reference heights, local reference heights,

default die tilts, and then from all these 2D and 3D measurement results determining an

upper and lower limit for each measurement and save as 2D and 3D recipes, inspecting

unknown quality wire bond devices using the model and color sensors, where such

inspeéting may involve calculating the 2D measurement of wire placements, wire bond

~ width, die surface defects, die placements, long tails, and 3D measurement of die tilt,

wire loop heights, bond heights for each wire, die and/or other components on the
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results determ ning an upper and lower limt for each neasurenent and save
as 2D and 3D recipes, inspecting unknown quality wire bond devices using
t he nodelwowhar®oesach i nspecting may invol ve cal cul ati ngctrise2&b/oomasur enent
of wire placenents, wire bond widths, die surface defects, die placenents,
long tails, and 3D neasurenent of die tilt, wire | oop heights, bond heights
for each wire, die and/or other conponents on the unknown quality substrate
section by sectiron and conparing the 2D and 3D neasurenent results with the
upper  angd, Janelahy Bhitdhomd denmmde ihamd (eABDReRLrdfent Rguliewits end 0
determine 1t the neasurenent i s between the upper and lower [imts and thus
may be ugeee man% l%grdlirgié flo %@Hﬁéé@fa&i C?Jj AREE HEhYBSACd Rd&HRREe @k | ower
Plurat us ey bé of at

limts eemne east questionable integrity. [00238]

hi [ mbodi t d, | :

At o TASEPREd SRRt BRopr e Db TR O kel Bl BELARRICT,

i nclud i Si h ith |.tiple | ' j ' I d bondi
condi ¢ BATERSHAWERR, Bp B0y sBhlowErEniy g e dodg B LR o m 2o

for both 3D triangulation and 2D wire feature neasurenent, a novable

pl at f ormeglizh as an X-Y-Z table integrated with the vision head to inspect
objects such as wire bond devices, a calibration unit and nethod for

mappi ng0@33hor Ind vedwisd embedimentss shex putomgipd depediionamethodapyy afribsge
processing unit for the neasurenent of 3D features such as wire | oop

hei ght ,inelide £dlbit stevedl ithimieatbonettile idghie, light usieg long solpDspestromy &l epgsial as di e
surface scratches, bond placenents, . bond widths, and long tails. The

appar atjilgmadomaishpdnoiyr @laspegruan.r api d i nspection of wres, bunps and
ot her 3D features on | eadframes, wafers, MEMS devices, and ot her

sem congdygiQr . fHkalinRl embodiBRAR]thd Nuwaidtal Snspetragi wReticd, nay &utherrat ed
systemfor inspecting a substrate such.

include color subpixel wire centroids determination and reconstruction of 3D wire loop

height based on stereo matching of these subpixel features.

[00235] In various embodiments, the automated inspection method may further

include color double resolution and color superresolution to increase the resolution

around wire area to achieve higher 3D reconstruction accurécy.

[0‘0236‘] ~In various embodiments, the t’raining model stei) may further include taking

the color rﬁeasurement of each pixel on a 24 bits color space.

[00237] In various erﬂbodiments, an automated method df inépecting section by

section of a substrate such as single die wire bond, stacked die wire ‘bond, power device

wire bond, gold wire bond and the advanced ribbon bonding, MEMS device and/or other

package. configurations for defects ma3; be p.;'ovided. In varioqs embodiments, the

method may include: calibrating multiple cameras for 2D and 3D camera parameters,
_ training a model as to parameters of a good substrate via optical viewing of one or

multiﬁle known good substrates, wherein the training may include taking a measurement
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as a wire bond devices in any formincluding single die wire bond, stacked
die wire bond, power device wire bond, gold wire bond and the advanced

ri bbon bowdgi2ogyo9ddekS devi ce and/ or ot her package confi gecatsicaos/obem2 def ect s
may be provided. The systemmay include: a wire bond test plate, neans for
providing a wre bond devices to the test plate; a stereo illum nation
systemwi th done and coaxial lights optinized for wire | oop 3D
reconstruction and wire and di e surface 2D measurenents; a visual

I ns pe%%%ﬁﬂh ad] f10f sdisH R ai AABHatd 69 eth 6f Mbundtipleyknolvmkgoodnuemac qual ity
W re bon evices during training and for visual inspection of other
Unknow GHRY ehibuidtih ﬂgeaggoy?et%%{ﬁé‘s%cgua{s' BBbAINRIGERdOPoind, IREPFefbRAEI™I sensor

based heat tetecti o stemto detect the lifted wire, wherein the
neat or ToIt QPR et A S BN A T RS i LB AT oot
neat s uPEEHRIoTHET R EAIEE At Buse it ragiony TseRt e erory
e e incs Sh B P T Y SRR >

plurality of known good quality wire bond devices and determning, an upper
and a |rewdts defenminifigan wppeh apblowsr ligns fos sech Bepsussmen, @) FUEASi 43 2 known
good quality wire bond devices, and the mcroprocessor further conparing
ot her BTk ripescingpectivg wiknowbomdlittevirebend deviessaing demmpodel; Whergsaeh by
determ ning a grayscale or color 2D and 3D neasurenents to accept good
qual i t Yin§fectiej 8aY ibatvecakildting dby DDasecasiRERA0DT Wire\pdacewestsewisoiPiknt s, 't he
aut omated system may further include a focusing nechanismfor focusing an
i mage of;dals, HRAskfa8e BEFetth,dle Placéhents)ilosy boldardiesh agecanementrofbdie tilte camer a.

wire loop heights, bond heights for each wire, die and/or other components on the
unknown quality substrate section by section a.nd compariné, the 2D and 3D measurement
results with the upper and lower limit from the model and CAD model of the device to
determiné if the measurement is between the upper and lower limits and thus may be
deemed éood or is outside of a range betweep the upper and lower limits and thus may be
deemed of at least questionable integrity.
[00238] In various embodiments, an apparatus and method may be provided for
automatid optical inspectibn of wire bond devices. The apparatus may.include a vision
head Qith multiple CCDs for imaging wire loops and bonding conditions from multiple |
views, an integrated stereo illumination optimized for both 3D triangulation and 2D wire
feature measurement, a movable platform’ éuch as an X-Y-Z tablg integrated with the
vision head to inspect objects such as wiré bond devices, la calibration unit and method
‘ for mépp‘ing 3D world coordinates into 2D .image coordinates, and an image processing

unit for the measurement of 3D features such as wire loop height, die tilt and wire bond
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[00241] In various enbodi nents, the visual inspection head nmay be or may

i nclude a dual canera or nultiple canmeras. [00242] In various enbodi nents,
t he vi suavoizoppeedoson head nmay be or may include nulti plreTsicatnoroesat ut i on
bl ack and white CCD caneras or color CCD caneras. [00243] In various

enbodi nents, the visual inspection head may be or may include nultiple

m croscopy |l enses. In various enbodi nents, the magnifications of the | enses
may be changed nanual ly or automatically. [00244] In various enbodi nents,

the autigmt ed S¥i5Le PDRYanlied LA ad die! sudRicd sekaiches Hoall plac3Rehtsabeide
reconstruction using subpixel wire centroid based stereo matching. [00245]

| . . ; ' i T i )
 con g SRS, TR SRS il Al s bt ppekaeon

aut of ocus such a feature may be based upon
a sharpness, cal cul at ,on,using_se I Qn StRMS LG HEs8ssi ng. I n
variou§m§ﬁbgﬁPﬂ%ﬁ?€?hf 3Eh%%%g§69£%§¥%%g§§“?ﬁ%%e o%la W re bond device rmy
be taken and_ then Ee mented into nultiple sections to cal cul ate sharpness
of eacHCRMIRLHEOSHREFSn either correl ation, FFT (fast Fourier transform,

or edge based criteria._In various enbo inentg,.thereafter a shar pness
cal cul 4093391 nalp Yasioys eprbpgmenisyan HLOTRHPY SYsiene So% jBsHESinG 2 PSERSSPt i cal
processing of all segment sharpness data.[00246] Nhtaﬁqi and par at uses
accor diasg wics bandidsvisewintyodifpanmsluding sielegip miedongd, stigked A5 e ¥8di ce 2D and
3D neasurenent and defect inspection; MEMS device or other substrates 2D
and 3D povepeletice nyir® Boad dgd® veita bensle anrk dwu pdsirpprds ribberd bendies MEMS brat i on
for precision measurenent. [00247] FIG 18A shows a perspective view of a
Wi re bodidenspee tolen paylsize oifRfGations o defdeis aeaynbe providednbblesi swstem FI G 18B
shows a front view of the wre bond

may include: a wire bond test plate, means for providing a wire bond devices to the test

plate; a stereo illumination system with dome and coaxial lights optimized for wire loop

3D reconstruction and wire and die surface 2D measurements; a visual inspection head

for Visual" inputting of a plurality of known good quality wire bond devices during

training and for visual inspection of other unknown quality wire bond devices during

inspection; a laser thermal sensor based heat detection subsystem to detect the lifted wire,

wherein .t_he methods of heating may include :placing heaters (for example a non contact

heater or-for example a contact heater) under the leadframe and heat up bonded

leadframéé to acceptable Atemperature level, or projecting a focused heat source on the

Wiresj a microprocessor having processing and memory capabilities for developing a

model of a good quality wire bond device by taking a gray scale or color measurement

for 2D and 3D features on a plurality of khown good quality wire bond devices and

detenﬁining an upper and a lower limit for each 2D, or 3D feature from the plurality of

_ known gbod quality wire bond devices, and the microproqessor further comparing other

unknown quality wire bond devices in comparison to the model by determining a gray
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i nspection 1800 systemin accordance with an enbodi nent. [00248] The
automated wire bond inspection system 1800 in accordance wth an enbodi nent
may be uswd 2m/eo@senvi ronnent to find defects on wre lpordcdenwico@sbut may
be used for this and other uses including for inspecting other devices |ike
BGA (Ball Gid Array), CSP (Chip Scal e Package), sol der paste and wafer
bunp. The system 1800 nay inspect for many types of defects including, but
not limted to, the follow ng: bond placenment, bond wi dth, die placenent,

di e scrg i¢ e Solok O ab@BD m3Ruirgentd td acdepngodicqedity andejedtriend! gafityhei ght .
[ 00249] e system 1800 may for exanple performthe process described with

referen(%e. 0 FIG 19 below. [00250] The system 1800 may i ncl ude a nmagazi ne
| oader “E8GZ whi ch may | oad a nagazine of one or nore | eadfranes with

TP g G SR LBl 0 e on e

1808 ( ow ng nmy al so to as a canera system an

optical imagin chanism inspection canera.or ¢ IS, Oor a
vi si on IH%Véﬁl}l,Sm%%rr ORI 83 &ﬁ%e?f’l &g loﬁeogél,l © ‘fvggggécgﬁ%%davs\ng? %{i %I tiple
CCD sensors and stereo light; a die.location detection sensor (not shown)
to det ehef@eeraf the die. is under i-nspection head 1808; a conputation unit
1810 (for exanple a conputer),which nmay perform| earnping for. gopd wire bond
PhEp el magind

devi ce [00241)g for edriohn gmbedimenty, the visalinsrsction Sead m 9% her
unknown quality wire bond devices-during inspection; a paraneter input
devi ce dBl&nfdroor mwltpislcemgrdseyboard ari d/ or a nouse) for inputting
paranmeters and other constraints or information such as sensitivity
par anet po42]gebimeiridue embatlingentshitlk viesa , inspieetéon| beagtinay be or may iaelade ay 1814
(for exanple a nonitor) for displaying the view being seen by the canera
pr esent }1tPle Hh AN uEsEM bEndSAMRAC R chietas ar color CCD cameras.

[00243] In various embodiments, the visual inspection head may be or may include

multiple ﬂlicroscopy lenses. In various embodiments, the magniﬁdations of the lenses

may be changed manually or automatically.

[00244] In various embodiments, the automated system may further include a device

for a 3D feature reconstruction using subpixel wire centroid based stereo matching.

[00245] In various embodiments, the automated system may further include an

autofocus feature. In various embodiments, such a feature may be based upon a

sharpness calculation uéing segmentation and statistical processing. In various

embo'diments, the unknown sharpness image of a wire bond device may be taken and

then seginented into multiple sections to calculate sharpness of each segment based on

either correlation, FFT (fast Fourier transform), or edge based criteria. In various

embodiments, thereafter, a sharpness calculation may be used to find the correct focus

point by statistical processing of all segment sharpness data.
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test plate 1806 as will be explained in nore detail below an xyz table
1810; a reject station 1816; and an out put magazi ne | oader 1818. [00251J In
vari ous ewbadionm®odos, neans for providing a | eadfrane i necudicagiomudsz pl e
wire bond devices to the test plate may be provided as a test plate 1806
and may be manual in that the user may nove the | eadfrane froma cassette
or magazine to the test plate 1806, or automatic. In the autonmatic
environnment, the wire bond | eadfrane providing neans, which may be al so

referr At AT H1PHPR alaRHEX BocolkiRA tdTRatidub Ghibe@ingentsahey be appliador a
| eadf rzénbézt“lg%dexeer 18043«{%61? may pivot froma first position where a

| eadf rane. na i tial : S3BEABLHON: MBSERHdvecd & a second
posi ti g(h' Y eeirgcélpcf%ée‘;lqee%%falr%%g%g{/%%geéﬁ%gg??ﬁg%ed oﬂr;é@tlhe wire bond test plate

1806 for, i nspectiaqn, After. i nspect el j [ t he

| eadf r SHE £ a{eﬁgﬁs%@o%]g BaST (ﬁldazllja)t?n 4 %g Stucyafsa?é)gegstug&%@é%%yﬁng C\é&t%ﬁ rd
position where_ the | eadfrane be transported to an output nagazi ne or
casset ©alibrppgpis prepigiop MGAFYEMENh o di nent s, the canera system 1808 or ot her
visual inspection device may be provided for . visual %n uttin Gg.good wre
bond dd0§24dt dEIG: AGAISBAVHA BEFSPIUAE JEaRlch YEF ORd gpes i 5%%?”{13% ot ot her
unknown quality wire bond devices during inspecting product .as will be

expl ai mechrilancrowigh deot embodiwpriw FIGhd 8Baphaves ayEemny¢808 BéreahPd ype of
camera capabl e of high resolution inspection. An exanple of one part of
such a inspeetican P8 testenmityadcocihuetevidi amerabestimanfl t i pl e CCD i nspecti on caner as
used to capture | eadframe containing wre bond device or other inmages from
one or [0pd4s] Pl The/ aatemattdr witg kel cinbpeatiad yeiten 890 ioxaneptdentsuwithoan | i ni t ed
to one of the canera systens desgcribed above. The focusing mechani sm may be
an opt i &alodifiBeing BEERaNh Dt LRGBorinkne g6 Einé diefidctshorawine yont aleliee b8L0 wi t h

mul tiple optics therein for using

may be used for this and other uses including for inspecting other devices like BGA (Ball
Grid Arrdy), CSP (Chip Scale Package), éolder paste and W;afer bumb. The system 1800
may inspect for many types of defects including, but not limited to, the following: bond
placeﬁ'lént, bond width, die placement, die scratches, long tail, 3D die tilt, bond height
and wire loop height. )

[00249] The system 1800 may for exémple perform the process described with
reference to FIG. 19 below. |

[0025.01 The system 1800 may include a magazine loa;ier '1802' wﬁich may load a
magazine. of one or more leadframes with multiple wire bond devices; a leadframe
indexer' 1804; an inspection head 1808 (which in the following may also be referred to as
a cameré'system, an optical imaging mechanism, inspection camera or cameras and
optics, or a vision head), for example a 2,D&3D vision heaa, for example with multiple

CCD sensors and stereo light; a die location detection sensor (not shown) to determine if

the die is under inspection head 1808; a computation unit 1810 (for example a computer),
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different inspection resolutions. [00253] In accordance with various
enbodi nents, the canera system 1808 may be a two (2) inspection canera
syst em wheoeotwmhsosesol uti on CCD caneras may be used t oPrPproG20®/ondgh
resol ution gray-scale imges for inspection. [00254] In accordance with
vari ous enbodi ments, conputer controlled optics may be provided that rmay
use | ong working distance m croscopi c objectives so as to provide for |ow
distortion inages that nay be desired for accurate defect detection. In

var i ous, 125hQdi BB Se 1eitdel 18} SodiBgRt bbkaldeastuiRy hiseherhedbé ased nspect i on
of di ff%veh?entg* el d ofe viﬁeglws g%d accuracies. [00255] In various enbodi nents,

conputer contr.ol | | L Nakd, W1itCwlrD Head Ab-Rcks ArRganshewdidd) & he
i nspect?roﬁls%aellﬁ%pgagorn J():ijaér;[g% as aﬁgnor%t i}t?gwlr808 to cor?pl etg tﬁ)ee \;VI real bond

i nspect or _ nd"opt i ¢s” 1805t o compl et :
b couBrBes PRY e 13, (R HEMLE TRRRRRA v rfelche ol Sy st om My

illumnation systemworks in conjungtion with,the canmera or _c as 1808.
I n var iPETRNSEHH ofdmafReS | cqnstrants; ro%)b’i“% AR Sichedt |, S %gvl II{Jarrr?rﬁa 1|{g’on may

occur sinultaneously or substantially S'i | t gﬂég usl tth th Sgrrer a
shut t erdepgetries.cHire Rickaesr Wind@ell CF-ah @%1531 pr ?‘Fé{f’t? 3 %W?Pgﬂf Peed
el ectronic shuttering mechanism In another enbodi ment, a non-strobing
envi r ontimidyingthe viewpheing steiby thecamges PIEsenHy AREG 3% PREOSSAEIMeFAtdus or as
needed. [00256] I'n various enbodinents, illumnation may be by any known
i |1 um nedtipdate 1806 ae validk explatriedinimere ristailybeloghers xy2 tabkes 810 [auisiesS cent
|l ights, arc discharge | anps, incandescent |anps, and LEDs. In various
enbodi ngfios, 181 fient ypesatpaf madweinelldader 1ML on nmay be of a done light only,
dual axial lights only, or both done Iight and dual axial lights variety. '

[00251] In various embodiments, means for providing a leadframe including multiple

wire bond devices to the test plate may be provided as a test plate 1806 and may be

manual in: that the user may move the leadframe from a cassette or magazine to the test

plate 1806, or automatic. In the automatic henvironmeﬁt, the wire bond leadframe

providing means, which may be also referred to. as leadframe indexer 1804 may include a

robotic arm or a leadframe indexer 1804 that may pivot from a first position where a

leadframe may be initially grasped from a magazine or cassette to a second position

where the leadframe may be positioned on the wire bond test plate 1806 for inspection.

After insi)ection, the robotic arm may pivot the leadframe from the second position at the

test plate 1806 to a third position where the leadframe may be transported to an output

magazine or cassette.

[00252] | In various embodiments, the c;,am'era system 1808 or o‘;her visual inspection

device may be provided for visual inputting of good wire bond devices during learning

_ product and for visual inspection of other unknown quality wire bond devices during

inspecting product as will be explained in more detail below. The camera system 1808
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[00257J I n various enbodinments, ari illum nation system may include a done

illumnation and two coaxial illum nations. [00258] hi various enbodi nents,
done il | uwonato/@ososry i nvol ve illum nating the substrat esTfGamoabaue wher e
the illum nation system may be nounted directly above the substrate This
done illum nation nmay be very effective in illum nating specul ar objects
such as | eadfranme surface and wires on a substrate as the diffused light is
reflected back to the canera fromall directions. Donme illum nation nay be

optima . b 8{thg4 bROSNhikh @sofiitiohdaspestidiC Adre&smplecdt @s di e
surfaccl'lam%ggetu egﬁéas wel | a?glgaSD Wi rlfg | oops and®bonds.' [ 00259] hi various

enbodi ment s, dual LALm! DAL PRnERY RfHME D Inpesticanshieps W th the
dore | ipﬁlftltc’%ts‘(l)&ll %g?xégxg)e%'y?thrg A&%i{}lfle@t 0of rlt he 2D1 eature %et ection, or in an
alternative way, to distingui.sh pr.obge [ MAY. & GE Jngl e contour
duri ng g Bﬁ‘geﬁ%ﬁwnﬁrCog'lga%%P%(%%eﬁ?mgg%‘g?em%ﬁggggﬁ The coaxial |ights
may be aligned with opfical axis_.of each . canera. .The |] r eft

coaxi .a|mu1ﬁ1éﬁmevwmwg {echanalysis, ﬁ%rcf’x\?&fni’% lflﬁémg)g?’iltg%?o 3@(?(}{3;'1%(})1% c? II&?}eﬂlal eft
camera, may-illumnate die surface wwth reflected |ight ﬁeiln.g%%Ftured by
the ri ghttersmrfisseribedi shajes e Thehfocpsing gpechAmsmy Ayt po ity PGHE! LIS ‘
illumnation may be captured by the left camera, [00260] I.n various

enbodi neschanisth HB0Y intéamatedwitt an 30 tablgy 1§ 1QcYifyBulinds eptics Hagksia for Ysigni nat i on
systemthat nmay be physically |ocated adjacent to the canera so as to
provi delifkreghhdpeetioh resdlutivineat i on from aboye the objects illum nated. In

anot her enbodi ment, the vision head 1808 may i nclude a dome illum nation
syst em[pome3) Me Reoldasdt with petdus katbatinenss, dunchnidre systanlfl Befhmay betehe t est
pl ate 1806. In an even further enbodinent, both dual coaxial illumnation

from ab&%QZF Hﬁp&lﬁbﬁ hmeAdydeBwhdrk Wighn@bélofion CCD cameras may be used to
provide high resolution gray-scale imageg for inépection. :
[00254] In accordance with various emb'qdiments, computer controlled optics may be
provided that may use long working distance microscopic oi)jectives so as to provide for
low distortion images ‘that may be des:ired for accurate defect detection. In various
embodiments, multiple magnifications n;ay be gélected for inspection of different field of
views and accuracies. #
[00255] - In various embodiments, compi;ter controlled illﬁmination may be integrated
into and H‘with the inspection camera or cé’mergs and opticé 18‘08 té cémplete the wire
bond device imaging process. In various eﬁlbodiments, the illumination system may be
coupled to the camera or cameras and optics 1808 as lpng as the illumination system
works in conjunction with the camera or cameras 1808. In varioqs embodiments, in a
strobiﬁé environment, the illumination may occur simultaneously or substantially

simultaneously with the camera shuttering which in accordance with an embodiment may
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fromaround the periphery of the object may be provided. As indicated
above, the illum nation as provided by the coaxial and done illum nation
systens g 208/@Eoesi ded by any known illum nation sourcecsischo@so@4snhi t e

| i ght source, LED, incandescent, fluorescent, or other simlar gas envel ope
or simlar electrical lights, or by lasers or simlar devices. [00261] hi
vari ous enbodi ments, the paraneter input device 1812 may be configured for
inputting paraneters and other constraints or information. These

par amtb%ra%g}f;gﬁéé EREtRnSe aRfkeifd Skcihisel THRMothBEmblRlimems honsttopimgar anet ers,
geonetry, wre bond device size, wire size, wire nunber, etc. Any form of

| Ut - ARV G W bl Radd G ATl hoflnkRUIRAY 86 ol of Gaitaged. | nfrared or
radi o frequency ansmttef and receiver, €tc. [00262] hi various

enbodi the display 1814 na f] i i : Vi ew

bei ng rs@@#ﬁi)y ?’h@arboé‘geef%boé%%esnésﬁt 199@}5‘3?1{‘] dé%ggﬁ)g/?%yugh%g%ﬁrg%ﬁ%ﬁ The

di splay 1814 . may be a .cola

y . r itor or_.other device for. disphlaving a color
di spl aydevise iveh gF gl piehgEy gggtﬁ’g%?lé?vygaorﬁ@cef%glgi\}t%’s f’%’na‘ﬁ‘geﬂﬁd& 1 for the
user's viewing, or alternatively view ng.an i e _saved,in.nmenory. This
Toni t orincpAespRSINEPS. 48 ARt BY VIoN FIRBARISITY BRCLSEHe ABTUREI ne
gray-scal e i nspection inagg of the vision head 1808 thﬁtlgﬁgzge used by the
syst em m&0be off halogiesighapniyg tialxjel fightsedy, qurhody dpme Jigbt shdya) a8Kow t he
i mge being viewed by the vision head 1808. hi addition, the system
par amet leghss dirispyl ay 1814 may al so he:avail able for displaying other
information as desired by the user.such as system paranmeters. [00263] hi
var i ous[oezamgdi MERfasioud Renbodinpautsrars yBiremati@l Gysemomirer insbrdsus edomhvi ng
processi ng and nmenory capabilities nmay be configured for saving the
I nput t egl,geRdoNkRERAExialBalifiong a nodel therefrom and conparing or
anal yzi ng ot her wire bond .

[00258] In various embodiments, dome illumination may involve illuminating the

substrates from above where the illuminatién system may be mounted directly above the
substfate; This dome illumination may be very effective 1n illuminating specular objects
such as leadframe surface and wires on a substrate as the diffused light is reflected back
to the éamera from all directions. Dome illumination may lA)‘C optimal for visualization of
both flat surface structures such as die surface features as well as 3D wire loops and
bonds:.

[002591 In various embodiments, dual coaxial illumination may be used in conjunction
with thé dome light to increase the contrast.of the 2D feature detection, or in an
alternativé way, to distinguish probe marks, which may cause false contour during wire
bond width or displacement determination.: The coaxial lights may be aligned with
optical axis of each camera. The light from left coaxial light, which may be aligned with

the optical axis of the left camera, may illuminate die surface with reflected light being

69



devices in conparison to the nodel based upon defect filtering and
sensitivity paraneters to determne if defects exist. The conputer system
1810 may wb2o10m@osssed to perform ot her mat hemati cal andpstraiGzetoiocels2
functions as well as other operations. In one enbodi nent, the conputer
system 1810 nmay be of a parallel processing DSP (digital signal processing)
envi ronnent. [00264] hi various enbodi nents, the system 1800 may be based
upon standard conputer technol ogy such as Pentium quad core. [00265] hi

vari ouscﬁgtg%gdi) L SriofithBaristal eMilkS&MAGe, "By adfR6tell NEgHtPEOAL @ight eoatialin
aut of ocus feature. Such a feature may be based upon a sharpness cal cul ation

usi ng sggnent.at i I, 6.1 cessing. The unknown sharpness i nage
iRt lla.ggbé&%nu%@%me 16Rbarfied

of awre Ice e taken and then segnmented into nultiple

sect ong i ooyl als SRANRNGSS fl (RRFMETIIES mARREARN, Sl Shxia

con- el ased criteria. ereaf'ter, a sharpness
cal cul ation may be used to find the.corr tﬁ%ocu i statd sfica
pr ocessiIpgineHeR SrEER tg%& maybe p yskcéld%g%“tage%[ %68 t(f)(r[:ﬁé\jg?@%(rﬂs}oe%%i ment s,
t he sequence of operation may be as follows,. and.wl.l be described in nore
det ai | mevide bﬂﬁhéf{)eéfbé}l‘&@&au%yfr‘élél Abpvgt they ghiee s’t“élml‘?%ecget St e canera
paraneters for 2D and 3D neasurenent. This may he achi eved b %ﬂ@%ing a
cal i br amtmdimentbe visiva heathd 808 ey Iigcledsl & domg il 1?‘1‘%’%?@(??@?‘6@?%? ers from
the world and i nage coordi nates of the specific target points. |In various
enbodi neatts] perdpheraily cabursh thiei lomdfiraye bethgetsstrplatet $08e et GVeReBHSE t he
system once a week. The operator may then train the systemas to what a
"good Wikdnaad, whey e toixdal itundinatyn fromsibbor the xbjepl andclogetibumingbeortl wir e
bond nodel, or choose an existing nodel. The plurality of good wire bond
devi cesgpmYarBghdvitgReiphtyt fretheld et meabs pedvidddat Ashiedicatepubere, the

illumination as provided by the coaxial and doﬁle illumination systems may be provided

by aﬁy known illumination source such as a white light source, LED, incandescent,

fluorescent, or other similar gas envelope-or similar electrical lights, or by lasers or

similar devices.

[00261] In various embodiments, the parameter input device 1812 may be configured

for inputting parameters and other constraints or information. These parameters,

constraints and information may include sensitivity parameters, geometry, wire bond

device siZé, wire size, wire number, etc. Any form of inpuf device rﬁay suffice including

a keyboard, mouse, scanner, infrared or radio frequency transmitter and receiver, etc.

[00262] In various embodiments, the diéplay 1814 may be configured for displaying

the view being seen by the camera presently or at any previous saved period. The

disple;y 1814 may be a color monitor or other device for displaying a color display format

of the image being viewed by the vision head 1808 for the user's viewing, or alternatively

viewing an image saved in memory. This monitor, or another adjacent or other monitor
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systemthen may forma "good wire bond" nodel by grouping all or sone of
the comon characteristics. In various enbodi nents, the system 1800 nmay
per f or m woeotwmdsosnspecti on by studyi ng a user provi de¢cysiG2ef/okevarn good
wi re bond devices as well as by nmeasuring features fromdigital image's
using 2D and 3D calibration results. Inspection paraneters nay al so be set
to indicate how cl ose an unknown quality wire 'bond may be desired to match
specific characteristics of the "good wire bond" nodel to be considered a

good deylGR.,sIESEew Bt drifiiiein§RREbA intAde)of s ibiBh Beal E808 thiefentbef i | ters.
[ 00267] The operator may al so create or select previously stored inspection

reci pes. JThi ' deyl BB 12 M ASbd @el Atikg [Rp&eidE t6lehdw @i may be
sel ect gaedf?%ﬁ]]eggégﬁel&%gg' gﬂrhbgt ea%storaagibregept a}é\% es},) how each wi re bond
device.on a.leadfra

may. _be. sir.ad . f e elefSpect i on,
how and™f#fePE0goVIPRED &t ?118 nvﬁ'%gairl\éc?% bs(%é?gc%?l%qg%asg gtﬁ%yﬁﬁrgﬁlt iﬁfebs '
tol erances, how defect ins tion. . files. I port ed,
et c. [ 00WwEY Hid H@;f@fﬁ@hﬁ%@%}gﬁ%ﬁﬁyf aﬁgﬁ%ﬁé 0&%581;%3 r}(rg%?%g%g%rggﬁy g%%ﬁglxm qual ity
wi re bond device. A |leadfranme containing nmultiple wire bond devices nmay be
| oaded sbeh & IyBemiNFEgHEEEF-on area 1806, for exanple the test plate 1806. The
system nmay then be ready to collect an image of the selected area (the.
first dee2esg pm‘?an‘iionmmé?dimhlés,l the gomBHE DEICAYL 19T OHFE CYTPYFT ﬁ%"éng/i si on
head 1808 by noving the |l eadfranme to-align the canera with the sel ected
area, guedessisg and membryviapsbilitesdnaels canfigursitiponyingshaigppied 2008 I j r st
i mge thereof which may be the whole | eadfranme, - a part of the |eadframe, a
Wi re bapgdddawd@ingdh oddr heefrom, vind ecdngradngeni aelyxing pten Wirewbiy and
recording that inage. Automatic defect inspection may be perforned on the
devi ce' fyfie@int AmpaRBeo thd madd ebeatupsn defeotfiltbring laad sdnsitivity puemeteay col | ect

and store detailed informati on about each defect such as defect
to determine if defects exist. The computer'system 1810 may also be used to perform
other méthematical and statistical functipns as well aé other dperations. In one
embodin;ent, the computer system 1810 may :be of a parallel processing DSP (digital
signal processing) environment.
[00264] In various embodiments, the system 1800 may be based upon standard
cdmpu"ter‘technology such as Pentium quad core. a
[0026Si In various embodiments, the system 1800 ma}; also incorporate use of an
autofocus feature. Such a feature may b.e based upon a shérpness calculation using
segmentation and statistical processing. The unknown sharpness image of a wire bond
device may be taken and then segmented into multiple sections to calculate sharpness of
each éegment based on either correlation, 'FFT, or edge based criteria. Thereafter, a

sharpness-calculation may be used to find the correct focus point by statistical processing

sharpness data of all segments.
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| ocation on the device, size, shape, etc. [00269] The | eadframe indexer
1804 may then be noved to align the canmera with another selected wire bond
devi ce arwe,2owniosdvsmay be the next adjacent area or not pcrSGredomo@n2i nage

t hereof (the second device position) on the | eadfrane adjacent to the first
i mage. In various enbodi ments, the l-eadfrane may be i ndexed under the

i nspection canmeras to the next device position. This second device position
may then be viewed and recorded. These steps may be repeated until all of

the i Nﬂﬁﬁ%6pn hherbeadhbaiBeha Ve Regitnyé evegeratich hagdetadollovsdddaneous
with these 1nmage view ng steps, TD and 3D feature neasurenents, defect

sens) tinh %g&iﬁeh'gihgag&g%{aﬁvbe&muqﬁe dpBrafitha 641itRsIc Whd bystdaeto gaod wire

n 1 - - -
bond" MO ew n etermne if initial anomalies or differences

bet he. " d w bhongd" j i i f
Chey. mgBae SRERRlP oS Pr APoay B el RO Al Bug e R Rl 3F 2 m

ered out. ct map Of the | eadfrane may

be then created. in the conputer sysienfromthe coll ' f&glt of the

) Cr . fi h ~
def ect TBpSiAE P cR{bRRN @RS “F?‘F@P%(fglltyncgl Cél%tmgft%h % %ag‘{egg‘?&er%:‘?gtegoﬂn ther eon.
[00270] In various enbodi nen{s, rather th?n g%\s/e t he .| eadf a meﬁtrs'
i ncr enevarkl anst apage eqosdingatip HresFECCBHASE ROBES| YR HEUAEY FRCOGEF TRy st robe
illum nation thereof. The sections of the wire bond device may then be
scannedainyrassatibtationimaynbe desired donbe pevfprmed fagthe ¥ 19GRF Aa¥9%6n t hat- when
the canera is properly positioned over each section of the nmoving
subst r aperatdreryshemtan ithd systemzs to whates, " 2oed Wirediond de e dbndingay i i nage
collection via the camera. [00271] At the conclusion of defect inspection
on a gifeekantidreane, goddieat bandasalel,iocahpane ameekistiog dwdek ebbe Bakitar chi ved
defect nmay be manually reviewed by the operator, where the |eadfrane
i ndexeryr1l3084 WiRYb&R dRURS nlag Yehgewpabby teNCOD daeravkuch that the computer

system then may form a "good wire bond" model by groupiﬁg all or some of the common

characteristics. In various embodiments, the system 1300 may perform wire bond

inspection by studying a user provided set of known good wire bond devices as well as

by meaéuring features from digital images using 2D and 3D calibration results.

Inspection parameters may also be set to indicate how close an unknown quality wire

bond may be desired to match specific characteristics of the "good wire bond" model to

be cohsidered a good device. These may include sensitivity parameters and defect filters.

[00267] The operator may also create or select previously stored inépection recipes.

This may include information as to how wire bond devices may be selected from

cassettés or other storage receptacles, how each wire bond device on a leadframe may be

desired -to be selected for defect inspection,” how and where to inspection 2D and 3D

defects and what may be the tolerances, how defect inspection map files may be imported

and exported, etc.
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bond device, that the particular defect nmay be positioned at so that the
operator may view and classify the defect. This may then be repeated for
al | def eawe.20l@ombassi fi ed defects may be then saved agca/schamsbdosed
defect map. [00272] That |eadfrane may then be renoved and anot her

| eadf rane may be | oaded for inspection. This renoval and | oading of a new
| eadf rame may either be manually perforned or' may be automatically
performed. [00273] In various enbodi nents, to ensure high accuracy, stereo

caner aio(ﬁ%gk gf«’g%é?éghtgﬁ@i&% iyt fed B&Eelaié; eoingRRe AuldamRjualis Wiee Bondr ot at i on

angl es, , distortions and i nmage center etc) and | ocalized

funda n;[rr]i?(lg. rg;tléaidﬁ‘aél@déogl{ailﬁff% fﬂg#l@ﬂle GERBbAY d8BYesPBap $8doadedhifstkhd N vari ous

ggF?giation mjtﬁpeCIal' esi g ) a calibration target for canera 3D
coL o B0 AP eyt A RASDE PRHASE ORI, by o
P A e e N R g A e A S
2 1 hr bcaporsat drovigiondunbatrbn vt IFRERD b SN F00o7a] | o
various enbodi nents, a double resolution nethod for wire tracin b
pr ovi dedlected@Ragduch ps wdirstovice kandalevine nesition sp gy fo 13ke AdUtiilmags PI%%%W ©
nmeasurenent method may be provided. [00280] In various enbodinents, an IR
(i nfra weeh mﬂglbemhei wholeé¢adFaneseparsefiibo leadisame, a wire bond device, or a part

of a v;/ire bond device and then viewing and recording that image. Automatic defect

inspection may be performed on the device’s‘ digital image. If a defect was found, then

the system may collect and store detailed information about each defect such as defect

locatioh on the device, size, shape, etc.

[00269] The leadframe indexer 1804 may then be moved to align the camera with

another selected wire bond device area, Which.may be the next adjacent area or not, to

take an image thereof (the second device p‘osAition) on the leadframe adjacent to the first

image. In various embodiments, the leadframe may be indexed under the inspection

cameras to the next device position. This second device poéition may then be viewed and

recorded. These steps may be repeated until all of the images on the ieadframe have been

Viewed ‘and recorded. Simultaneous with these image viewing steps, 2D and 3D feature

measurements, defect sensitivity and filtering may be used in conjunction with the "good

wire bond" model viewing to determine if initial anomalies or differences between the

"good wire bond" model and the image are actual defects or if they may be desired to be

 filtered out. A defect map of the leadframe méy be then created in the computer system
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lifted wires with active IR illumnation may be provided. [00281] hi
various embodi nents, wire bond 2D and 3D recipe creation nmethods may be
provi ded.wpQORBR@peoki vari ous enbodi nents, a rotated RO pamgGactomowiz c RO
met hod may be provided. [00283] hi various enbodinents, stereo & coaxi al

i1 lum nation, stereo triangulation, and/or 20/ 3D recipes nmay be provided.
[00284] hi various enbodi ments, apparatus and nethods for automated optical
inspection of wire bond devices may be provided. [00285] hi various .
enbodi MRAL She RUIRMARMIT SR UciRSHESL bPthesdesicesnnvhydimgpalp b itiectiefecfs00286] | n
various embodinents, optic design and software devel opment consul tancy
supporqbgaﬁhggagrOV|ded. [ 00287] I n various enbodi nents, a sem conduct or
devi ce ‘Tnspection nethod and apparatus nmay be provided. [00288] In various

enbodi : i re _.bond .and_ 3D i asur:
appar aﬁﬁ@@ﬁy evaBP%%/?"a%‘)@‘m %6’2(@3% p@gﬁvﬁ%b[?c%e ?Q%%?#&ﬁ{f?ﬁ&g&%&%ﬁgﬁbgzg

i nspectjon system nay integrate various .of e ref e

engodl rfaf dead rE"Eb?G 298] CPWIWﬁ?IXU@ @ﬁﬁ%‘g :‘i}%’ﬁ% $ %rgf Zﬁ)lg%%%%&d g%g‘gra?'bgTdh “Syst ens

and parts may be part of system 1800 and be used.to.perform.the wire

bond dekeetians ohdiserirs bendadevigie|ma e%gib FEERRRLCY W“r“rﬁ%"é“z&& %Q |°a‘B%ﬁac¥va%h [ 00291]

FIG 19 shows an overall flow chart 1900 of a process in accordance with an
a strobe illumination so that when the camera is properly positioned over each section otc

the moving substrate, the strobe illumination may occur simultaneous with the image
collection via thg camera. |
[00271] | At the conclusion of defect inspection on a given leadframe, defect
classification may be desired. Each archived defect may be manually reviewed by the
operafor, where the leadframe indexer 1804 may be movéd to the bosition on the wire
bond device, that the particular defect may be i)ositioned at so that the operator may view
and classify the defect. This may then be repeated for all defects. The classified defects
may be then saved as a classified defect map.
[00272] That leadframe may then be remox;ed and another leadframe may be loaded
for inspection. This removal and loading of a new leadframe may either be manually
performed or may be automatically perfonﬂed. .
[00273] In various embodiments, to ensure high accuracy, stereo cameras may be
calibrét,ed with localized camera parameters (e.g. rotation angles, traﬁslations, distortions
and image center etc) and localized fundamental matrix and/or epipolar geometry may be
used.

‘ [00274] In various embodiments, a special design of a calibration target for camera 3D

calibration without using a z-stage may be provided.
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enbodi ment. In 1902, the process nmay be started. The system and process may
enconpasses a nultiple step process of |learning a product in 1904, where 2D
and 3D r ewopen/@bsoshe product may be created, inspectingcprsodewioosn2 1906,
where a wire bond device may neasured using know edge obtained from
training and recipes, review ng defects in 1908, and if desired, defect
reporting in 1910. The process may end in step 1912. . [00292] Although the
flowmchart 1900 is shown to include several steps, not each of them nay be
requir @hzﬁpf B3R CemBidiREnthaubng ill@amation withodtegtatddnddf@4nd doale t han one
product may be inspected in 1906. In other words: the |learning step 1904
may be per.f.or ifnP : : Eptdigdedcti on step 1906 may be
perforc alﬁﬁ¥ﬂ§S?J§%hU|r?ﬁ%ﬂgggf?@gg%?&?gggﬁiﬁg steps 1904.[00293] In the
review defects step 1908, fect ' j IR Ng
defecti&@ﬁgg ngWﬁ Hfé%%°8ﬁ§%ﬁ%ﬁﬁ%ﬂa¥hggd%??ggggﬁggﬁgyﬂfggq%%nd devi ce. The
defect map may_incl ude iagication?of t.gddefect type, location, and

sever | CHOgRSs YehPEQecuP ph SR BLELC K8 e Sinces. The classified defect nmap as
well as alternatively or additionally the .defect %nform%iéﬁnﬁa Gy of a
nunber (82731 heln Yasionmembaginenis. aaEgrogr e P arsRe P R A srent  and
review. In 1908, a defect map nay be generate and created fromthe

i nspectmayrberpgsyitleds i n t he product inspection step 1906. To review the
defects, the first step may be selecting a defect to review (or

al t er ng00a78]y Inewriows ergbadiments, s denblofeselhtonjarthodfor wire (LB Hond
device in order). The second step may be noving the inspection head, for
exanpl eré¥iged/i si on head 1808 shown with reference to FIG 18A, to the
position of the wire bond device to be reviewed such that the particul ar

def ect [hﬁmg OPRI Ya¥ioRO&hbodaREsts UNtbar péihedie aile3Tameadurdthent wiethogdrmézelad 1808.
The third step may be a

provided.

[00280] ' In various embodiments, an IR (infra red) detection using laser sensor for
lifted wires with active IR illumination may be provided.

[00281] In various embodiments, wire bond 2D and 3D recipe creation methods may
be pro;fided.

[00282] | In various embodiments, a rotatéd ROI and automatic ROI method may be
provided. -

[06283] - In various embodiments, stereo & coaxial illunﬁnation, stereo triangulation,
and/or 2D/3D recipes may l;e provided.

[00284] In various embodiments, apparatus and methods for' automated optical
inspection of wire bond devices may be provided.

[00285] In various embodiments, a 2D/3D wirebond inspection system may be

t

provided.
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user view ng and classifying of the defect. Any nunber of classifications
may be avail able and the classifications may be user defined. The

cl assi fi cwmbizon/wb@p may be repeated. until all of the deCestGaohavesbeen
reviewed and classified. The |ast step may be saving of classified defect
map as well as alternatively or additionally saving the defect information
in any of a nunber of other formats for database or other nanagenent and
review [00294] If desired, in 1910, statistics nmay be generated, whereby
def ect [6g2k] StinCrighLaEbMihEntE &fptic tdesian andrayfrogre alstdoimed consuptendyor m
statistical or other analysis on the types of defects, frequency of

def ect 14 oo 8figegf ects, etc. This may be useful to the wire bond
nanufag?ﬂ#gﬁﬁz%o?gs %o allow themto focus on najor defects and trace the

Sour ce. O%tﬂl 911.]%’ \Szgr?f)%ﬁ d&ﬁ@odg&ﬁ&ﬁ? dy is@m?coﬂaﬁﬁaaﬁgviéé) HARECHTRY mdthof xRy ted or

printe& at amay en be anal yzed or otherw se used to perform
statistical or other apglysis on the types of defects, frequency of
def ect SPPFBUSIAI e BFOVfect s, etc. which may be useful to the wire bond

manuf acturers so as to gé¥om1then1 0 @2§Ps qﬁjdefe%t uggen ang%%.tThis_step
1910 ofl0f88Er akni Yigiout s lngwnﬁge%PB PR30 IRETOP Y TR EREM ve data
analysis as'it may report data in nultiple formats includi ng graphical,

t abul ametbetbandcapparetus megde@ravifedys. The data that may be placed in tabul ar
format may al ow nunerical values to bé readily correlated wth other

val ues [80289] asIn elriens embeliméws.ravise bapbingpesHpn svteny g1y MISHFARSERPYE i on may
qui ckly show trends that nmay otherwi se be difficult to see. [00295] The
above dfsles stbed reftreped ambodintestseps provi de a basi c expl anation of the
system and process of various enbodinents. In the follow ng, a nore

det ai | ggoPop! anptdriens ehbodumnbtsshpatios dasutibsd sitsemss, ane pertsisppbe pavdl t he st eps
these performw || be provided. .

system 1800 and may be used to perform the wire bond defect inspection as will be
explained in more detail below.
[00291] FIG. 19 shows an overall flow chart 1900 of a p;ocess in accordance with an
embodilﬁent. In 1902, the process may be started. The system and process may
encompasses a multiple step process of learning a product in 1904, where 2D and 3D
recipes of the product may be created, ins.p'eét'ing producth jin 1906, where a wire bond
device may measured using knowledge obtained from training and recipes, reviewing
defects.in‘ 1908, and if désired, defect repoftiﬁg in 1910. The procéss may end in step
1912, . | |
[00292] Although the flowchart 1900 is-shown to inclu?ie several steps, not each of
them ‘ma'y be required. For example, after having learnt a p;rbduct in 1904, more than one
- product may be inspected in 1906. In othéf worgls: theﬁlleaming step 1904 may be

performed for a produét, and then, the inspection step 1906 may be performed without

requiring additional learning steps 1904.
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[ 00296] The overall learning step 1904 will be described below in nore
detail. [00297] FIG 20 shows a flow diagram 2000 illustrating details of

t he | ear rwprothuwbeost eps i n accordance with an enbodi nentcTiSero®warpt e, the
fl ow di agram 2000 may be a nore detailed flow chart of one step in the
process as shown in FIG 19, e.g. learn a new product. For exanple, flow

di agram 2000 may illustrate details of the | earn product step 1904 shown in
FIG 19. [00298] In 2002, the learn product step 1904 may be started.

[ 00299L0059%]20% T%&%W&éféés By 158, defetRatayabeliBiialize@bpethetmydsing st or ed) ,
119

for ex in the conputer system 1810 shown in FIG 18A, for inspection

path Pugiiik B MHEERH £ A AeHiSorRiewirbbildaAch, i sgparate the

devi ce pte RIS I'on sections may be | earnt so that

i nspecti on head. .nove, t i.f.fer par. - W nobGoepregnt for 2D
and SDWé?ﬁ’r“ge ‘ﬁ‘g]ggﬁ%?@}? g?g?t&y%ea??%%ﬂgl%e%gé‘lfe?r%%fs?ef%a r a% scan path
and ot her paraneters for a substrate.containi.ng nulti. i d devi ces
may be tQepRGFEd Té‘ﬁél%SF‘gF@&FfeFto‘Pa%ﬁ%WPéls e {ew% Tpd del{r%lgdygtfé%d%gé% shown in

FIG 18A, for use during |earni ng and i nslgec i ng. Trg)i pgt hb&l(% ning, -when
per f or imfdrmatiogoinj anyceli & AumPehot piBercioggpts By Eégﬁéi f?ﬁa 96 and™'creat e 3D
reci pe step 2008 as descri bed bel ow to define 2D and 3D i naq:;acti on recipes,
may be nehsganenit hod geviche 3 1908 pelefdach mapangy, be gpnceata mpt &opie M Pct i on head
1808 shown in FIG 18A, to position itself during |eadframe scanning to a
parti clhspectiohyrepsi i the ptadugeinfpertiomstepd 806.i do2pvigndhe delsessi hed@dh i on based
on procedures defined in inspection recipes hi. various enbodinents, the
pat h plsapnhagbeByledtls 4 gefehiao zedearohadightivabsoyicatrgialhior romaeh the y
position to maintain an in-focus imging of wire |oops and ot her features.
[ 003001 Ric 2 RPGrhis” Got WAl ddvieeiesidef) ROTEY seondoserslefidynbel riornglthe or some
2D ' ‘ : aan

inspection head, for example the vision head 1808 shown with reference to FIG. 18A, to

the position of the wire bond device to be reviewed such that the particular defect is

properly positioned under the cameras of tﬁe vision head 1808. The third step may be a

user viewing and classifying of the defect. ‘Any numbér of classifications may be

available and the classifications may be user defined. The classification step may be

repeated until all of the defects have been reviewed and classified. The last step may be

saving of classified defect map as well as alternatively or additionally saving the defect

informatién in any of a number of other formats for datablase or other management and

review.

[00294]  If desired, in 1910, statistics may be generated, whereby defect statistics along

with defect maps may be outputted to perform statistical orf‘pther anglysis on the types of

defects, freciuency of defécts, location of defécts, etc. This may be useful to the wire

bond manufacturers so as to allow them to focus on major defects and trace the source.

In 1910, the data stored in a database format may be exported or printed out. T his data
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i nspections and training the systemas to what a "good wire bond" is, and
may i nclude aligning one or nmultiple wire bond device imges and formng a
nodel , f owoessnpb@swi t hi n conput er system 1810 shown i nPEIrGG2d@Apocsp defi ne
what an ideal wire bond should | ook |ike based upon the comon
characteristi.cs viewed, as will be explained in nore detail below w th
reference to FIG 21. [00301] hi 2008; region of interest (ROs) may be
define for all or some 3D inspections in nultiple views and the system nmay

be tr ahﬁg%&sbé AndiMat R StRdrwiddGussd RppéBImp AR eSS othar amapsisnanmbed r e
e de

f eat ur tection and 3D triangulation, as will be explained in nor.e
detail bel ow,w h&Zatid of BOR30 e hiwhadlfay bbusetilrai ni ng
model & SF&%%@E&%%%&E?%%%& 1etg. may be saved, f}(’)r exanple to the

co ter s em 181 hown i n, Fl ONY; I '
i agr ateo RO TP g oD St A0 abiel laden nSOWES Bteb O e i 1

R s e S A

bond reci pe creation 2006 of defining (and ingutting, for exanple into a
conput eraysyeppEndats or TawlEpls PRl @Gﬂ‘g@éega%wgéaem%fgaﬁoa%ﬁm@ ?{BﬁGG 18A)

the recipe for wire bond 2D i nspection. [00304] In 2102, the create 2D

reci pe displys.2TB6datmthabmay beplaee intowirgSormat mpy gHow dimegral yales 91 %5hal
reference point(s) may be defined. Each 2D neasurenent may be |jinked to one
of thegeadilef@mnehtal pathnothes valitrasuohhen clecisisalp fmvants. c AanE&PhEsid%ton in term
of location and orientation, global reference point(s) nay be used to

r e- al i Gpridentttibh ntahQuickfyeshewamndsaiipl maylothbivgsd eadiffionlf to $e¢. t hi s way a

conpari son may be nmade between wire bond device to be neasured and wire
bond de[\ﬂ)fyg] | el hbovkNescribed steps and substeps provide a basic explanation of the

system ‘and process of various embodiments. In the following, a more. detailed

explanation of various parts and systems, and details of the steps thése perform will be

provided.

[00296] The overall learning step 1904 will be described l;elow in more detail.

[00297] FIG. 20 shows a flow diagram 2000 illustrating details of the learn product

steps in accordance with an embodiment. For example, the; flow diagram 2000 may be a

more detailed flow chart of one step in the process as shown in FIG. 19, e.g. learn a new

product. For example, flow diagram 2006 may illustrate ‘detéils of the learn product

step 1.’9‘04' shown in FIG. 19. |

[00298] | In 2002, the learn product step 1904 may be started.

[00299] In 2004, parameters may be deﬁned and/or l'ztrained (and/or stored), for
" example iin the computer system 1810 shown.in 'FIG., 18A, for inspection path planning,
_where wire bond device size, pitch and: how to separate the device into multiple

inspection sections may be learnt so that the inspection head may move to different parts
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vari ous enbodi ments, global references nmay be used to correct the relative
position change between | eadfrane | earnt and an i ncom ng new | eadfranme. Any
wi re bondwbeatwmessdependent on the | eadfrane may be corcescediowsioag gl obal
reference points. Normally | eadfranme indexing holes or |eadfranme corners
may be sel ected as gl obal reference points. [00306] In 2106, | ocal
reference point(s) may be defined, for exanple for the correction of

of fsets for. gl obal independent features. For exanple, die position in a

| eadf r ae, ngye gﬁn@i {dngicRett f5:0IC QRN OB Nfeah@e CABROMREAINE. ANl vBdsusr ement s
relevant to a die may be desired to define |ocal reference points on the

die i ts@%b%ééé%%?%&bﬁ%@@ d%%‘?ﬁ’é‘fm | gthlr” SarRhBCRTMRI! 2 isABRRES cOmaiRRG ON Of

I nt eres Small Wwres may refer to those with wire

di aneter smal l.er. th l. OQum r i ng k4108 i pl acenent
ROl PGP ETY bR B dapy BRI b o, Bd to any
W re.bond, ori.ent § nmay be

angle to be in line w act ual at i OUP;
i nt r od¥EemwHdP éb?"v‘é g EPG'oflg\l%l}’ Ry Bfeaglél?‘%%eaﬁ&% a?r(%;lll%ggcnc &t egolﬁ%ed under
one group to share the sanme inspect i,gln met hodzg%and epsﬁ?r?a@ er a.crﬁ'%e
i nspecolaing whemperigymat i Gpriunrdiap Wil He Fieals JhECE® 8 2 680 S s.
Default small wire placenments may be | eamt and stored, for exa{%e in the
conput 8D syivestep 2908 as Hessribechbetp\s to define ZHAgnd fDHBRFEO FEPeH Us¥d by 2D
i nspection systemto determne the relative placenent offset. &00308] In
2110, |desige! toignilephanspraivn liead,for tiamplRbgiiwpeesion head 1 8% showp ipd1Gef i ned.
Large wires may refer to those with wire dianeter bigger than | OQum For
each W 18a hopsitiasistif doringadframe sqahaiog e a pafiOhlangly nositige & pEEHOG be
defined. The angle of a wire placement RO may be adjusted to be in line
Wi t h acddghic Whr sdRenD. Bispeeibh GBsed Ghdptpeedures defined in inspection recipes. In

various embodiments, the path planning may define the z scan height associated with

each x/y position to maintain an in-focus imaging of wire loops and other features.

[00300] In 2006, region of interest (ROls) may be defined for all or some 2D

inspeé_tions and training the system as to what a "good wire bond" is, and may include

aligning one or multiple wire bond device images and férming a model, for example

within computer system 1810 shown in FIG. 18A, to deﬁne what an ideal wire bond

should look like based upon the common characteristics Viéwed, as will be explained in

more detail below with reference to FIG. 21.

[00301] In 2008, region of interest (ROIs) may be define fqr all or some 3D

inspections in multiple views and the system may be trained as to how to set the subpixel

parameters for optimum wire feature detection and 3D triangulation? as will be explained

in more detail below with reference to FIG. 23.

[00302] In 2010, this training model and its features, parameters, etc. may be saved,

for example to the computer system 1810 shown in FIG. 18A.
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ROs may be introduced whereby a set of wire placenment ROs may be
categori zed under one group to share the sane inspection nethods and

par anet enwo 2Digidagosnt | nspecti on strategi es may be usedpCerscengersand snal |
wires (as will be explained with reference to a determne small wre

pl acenent step 2604 and a determine |large wire placenent step 2606 with
reference to FIG 26). Default large wire placenents may be | earnt and
stored, for- exanple in the conputer system.1810 shown in FIG 18A and if
needed ;od59%1 Periis €81 Qows 2DMbWSMEEkOD] Gy Shvetiating sl @lemitenbortdescipel at i ve

pl acenént o]ffset. [00309] FIG 22 shows an illustration 2200 of bond .

pl acement ..measur api iml  Bow idikgian Q1 0@ RGeS baiat h an
embodi TEAEOT %n&tcﬁ‘leﬁ%te?@ﬂg Igglglﬁg(%?ie%@dqﬁe%%(?ﬁr}ﬁﬂ on 220gO, a fi rs? bond

Dl acement . MEaTHl SIF Myl 02208 iPusgsond AendsahacamERIGEa0 L gMEDt RO

2204, nmen asur-enent 2206 and a fourth bond

pl acenment neasur.enment . 2 re shown. [00310] r:ni 21, in
2112 .diVErpPadarene CW%IR‘% ed%&uign(gawnﬂﬁl&nen ’ g?%le%{ ﬁrﬁra{sé ' {eon%gélﬁ%de%ﬁ or each
die. One RO may be desired to cover, efere I -S| .he die.

Ei t her sustemr f?éﬁxmlﬁﬁhecﬁona’uit%cfﬁwﬁgl8H§ISQOV¥%H1 F]gfoﬁg‘%f {l?ggg(%lé%ﬁﬁr&e&poi nt’ may

be selected as die reference point. Another two die placenent ROs nay be
desi r edbond 2Panspeétianed i nsi de die area. They may be desired to cover texture
rich areas. The bigger the distance between the two ROs, the better the
resul t [a08D43 enki210Yghy crefte @Dereoipf sisp 289@imey be stgéedkr ni nati on may be. [00311]
In 2114, die surface scratch and m ssing die inspection RO ma% be defi ned.
One RO [00305] belndefo4nede bomaragiiotdil ecfbence heint(el wey ibsriedinedurliagh lief ect s
such as scr.atches, dent, chip off and mssing die. [00312] In 2 116, bond
W dt h MBaSHcRIRNha{REE Sink& toSeTR df théseasferaye peintiedol thatdwhé@ne component

%

changes position in term of location and orientation, global reference point(s) may be
used to re-align it with the reference sample during learning. In this way a comparison
may be ‘m.ade between wire bond device to be measured and wire bond device learnt. In
various embodiments, global references méy be used to ‘correct the relative position
change bétween leadframe learnt and an incéming new‘_leadframe. Any wire bond
features dependent on the leadframe may ‘be‘ corrected 1;s'ing global reference points.
Normally leadframe indexing holes or leadframe corners may be selected as global
reference‘points.

[00306]‘ In 2106, local reference point(s) may be defined, fqr example for the
correction of offsets for global independent features. For example, die position in a
leadframe may be different from component to component. Any measurements relevant
to a die may be desired to define local reference points on thé die itself.

[00307] - The 2108, small wire placement inépection Reg|i<‘)n of Interest (ROIs) may be

defined. Small wires may refer to those with wire diameter smaller than 100um. For
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RO may be defined for each wire for wire width neasurenent. The angle of a
wre wwdth RO may be adjusted to be in line with actual wire bond

di recti orwoGoupode® s may be defined to apply the sane ipogpecbiomnomaet hods
and paraneters to all ROs in this group. If wire placenent ROs for small
wi res have been defined, this step may be omtted since both may share the
same RO's. [00313] In 2118, bond w dth neasurement RO's for |arge wires may
be defined. One RO namy be defined for each wire for wire width

Measur @RBNire HoRd gﬂﬁii@n, Qhe avild placemeit RORGhayby désiredd) betdefinddo Warei n | i ne
with actual wire bond direction. Goup ROs may be defined to apply the

same | ! Sfide tt6 1 In BE Swith) attahlsgireupond T wire
ngﬁa?%tgﬁg)g;f}xfbgdﬁe Agke@ bR Bide Ut n it a n

pl ace rge wres have been defined, this step may be omtted

i b h : A . f
|Slap Sg ﬂ%%%g%yéﬁ%&)g{e(?ﬂ?n%g%ed Lxglllgl?éw']adsjef (_)12\;@9 Pl baneht W ol hna%/D RO's for

I ned. may bé defined Tor each wire in each

dditional view. This RO _ ! ach
Caused Py eRhgd VB s T g AP i o RR PR U7 1oy

l"arge Wi r e of a wre width RO

may be adjusted to be in line with tual wire bond girecti 315] FIG
23" shoviheanspreiigndysignany 2oy a 1oL %ﬁf‘f’ 18° Wergéo?olggfsf ?celf%gt Scn[rlaggt ionin
accordance with an enbodi nent. For exanple, the flow diagram 2 may be a
mor e devisd blagern¢nssymepidret leamt apd S@F@p)%i)he’fwl?) i1 s OB %[éteghigﬁ’ in FIG
20, e.g. 3D wre-bond recipe creation 2008 of defining (and, in.various
enbodi rhows in FE@utiBAngnd meededcmep be ased by 2Rrnsieaionsaifg 1 {9 put er
system 1810-shown in FIG 18A) the recipe for wire bond 3D inspection.
[ 00316]thé relAiR0Dlactientdfseti r e bond reci pe creation step 2008 nay be started.
[00317] In 2304, one or nore global reference point(s) for nultiple views
nmay be [00308] In 2110, large wire placement inspegtion Region of Interest may be defined.

Large wires may refer to those with wire diameter bigger than 100um. For each wire

bond position, one wire placement ROI may be desired to be defined. The angle of a

wire placement ROI may be adjusted to be in line with actual wire bond direction. Group

ROIs may be introduced whereby a set of wire placement ROIs may be categorized under

one groub to share the same inspection methods and parameters. Different inspection

strategies may be used for large and small wires (as will be explained with reference to a

determine small wire placement step 2604 and a determine large wire placement

step 2606 with reference to FIG. 26). Default large wire blacements may be learnt and

stored, for example in the computer system 1810 shown in FIG. 18A, and if needed, may

be used by a 2D inspection system to determine the relative“placement offset.

[00309] FIG. 22 shows an illustration 2200 of bond plééement measurement regions

of inferest (ROIs) in accordance with an embodiment. In the wire placement ROI

definition 2200, a first bond placement measurement ROI 2202, a second bond placement
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defined. Each 3D neasurenent may be |inked to one of these reference points
so that when a conponent changes position in termof |ocation and

ori ent at iwo,20glob@k reference point(s) nmay be used to recalsicgonoiobomet h t he
reference sanple obtained learning.-In this way, a conparison may be nade
bet ween w re bond device to be neasured and wire bond device | earnt.

Usual Iy, gl obal references may be used to correct the relative position
change between | eadfranme |earnt and an inconi ng new | eadfrane. Any wire

bond T eal 4 &fer ?Xgpm .aOirll end %ﬁé‘éﬁ)@fﬁ&ﬂ%ﬁréﬁﬁnﬁ RoTeNetnds fugrtyl obal

ref erence pol nt various enbodi nent.s, |eadfrane indexing holes or

| eadf rEg}?%@g#e%rﬁm%g&n?gbﬁ;é&g@?lggh(g){,lgbal reference points.[00318] In

2306, or neasur enen erence height or a reference plane may

be defined -This may be_desired | tdcrdbEWTHROE. Al or
sone BWWQEUH%‘?W% t'gfl}:clﬂi a 1’\}&1?29% g%pﬁﬁ%ﬁbehpRgﬁgglgﬁﬂet(}el 1t may be neasured
in absolute worl d coor.di nate, syst ef i ned, h | ibrati r.relatively
to a r &Qp awyderlsfigrd f‘?freagh ﬁ’é’f eﬁ@ﬁ%@gmaﬁﬁ)@ .deﬁ%ef&:oxcé)r‘r’% gle,hach[f';lha’rrlée%fpeoﬁlgtnce pl ane
may be determ ned by defining three ROs on the |eadfr S0. t hat
subsequetsideyhelice Bitbern ¢pspeyppint ﬁ’é%/“blémeﬁpef‘?lCﬁ’c‘té?jora%tg‘frtfgﬁﬁ’ieé’togﬁ ¢ the
projection of the highest point (x,y,z) inawreto the ref%{eg%f pl ane.

I n thi dewelyctedradhdinctfmmntd pajnth etnathen teo fig mepRQlsdABhte ¢RI O t from a
typi cal neasurenent scope and an automatic wire bond inspection system may
be possichh®l inkiaedikdred. MTIRIOBay sndesirediioraovenigptubiighhtrese ghherbigger it er est
(RAO's) may be defined. For each wire, one or nore wire ROs may be def.ined

to hel Ridse bBeydeh ehanweR OBAthsrtettpotha tasuftand 3Ensitietubfdie offset@nd it RO s may
be introduced whereby a set of. wire |oop height ROs nay be categorized

under Qe GiQHPn kdydbare the sanme inspection nethods and paraneters. After

defining wre loop height ROs in one view automatic RO s may
[00311] In 2114, die surface scratch and missing die inspection ROI may be defined.
One ROI may be defined for each die for ‘the detection of surface defects such as
scratches, dent, chip off and missing die.
[00312] | In 2116, bond width measurement ROIS for small wires may be defined. One
ROI may be defined for each wire for wire width measu,rément. The angle of a wire
width ROI may be adjusted to be in line vs‘/ith actual wire bond direction. Group ROIs
may be defined to apply the same inspection méthods and ﬁarameters to all ROIs in this
group; If wire placeméﬁt ROIs for small wires have beén defined, this step may be
omitted éiﬁce both may share the same ROIs. |
[00313] In 2118, bond width measurement ROIs for larg‘e wires may be defined. One
ROI ma& ;be defined for each wire for wi‘re"width measufement. .The angle of a wire

- width ROI may be adjusted to be in line with actual wire bond direction. Group ROIs

~ may be defined to apply the same inspectidn methods and parameters to all ROIs in this
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be activated to position the corresponding wire | oop height ROs in all

ot her view based on well known epi polar constraint and other constraints

| i ke assuwDngieed@saul t | oop height. In various enbodi nmeorsG2uiorecdspop

hei ght ROs may be defined manually in all other views. [00320] In 23 10,

| arge wire | oop height Region of Interest (ROs) may be defined. For each
wre, one or nore wwire ROs may be defined to help tracing the wire feature
points for 3D calculation. Goup ROs nay be introduced whereby a set of

W re plg‘?&%mﬁ{wg‘g phaclR¥nDROIR FRdIaFde Z@iesunalRr beeneddfimedipthisostgharag ehe same
i nspect met hods and paraneters. After defining wire ROs in one view,

aut omat i G tsesle ROfR@si tion the corresponding wire | oop
hei ght Oﬁﬁtgﬂllﬁce% fy ekt MRSl

her Vview based on well known epi pol ar constraint and

other qansa f;@m'bn {0 RO Tk Syrdchy OR8] DR Ry be

define Al er views 2312, die tilt Region of

Interest (RO be def each of may be
used asbeaffegé?i&rte%lél“ﬂﬁe ’inneaglgggﬁhggl}?cé’levv\x ‘th %bsaIr{{)glE}gd §'esg' odtﬂ ﬁ%mﬁ%@ &t m)?/e
RO s may be defined to deternine, die ti wor |.d or di &lon system
Di e tilavereaying & oselugien Spyeh &y sis anlFWéTO;‘/m&?rgg gf f¥i°ng ean&r%oer of (for

exanple 4 or nore) die tilt reference RO S near thg corners of a die and
associ avirnygiddaBRI peydeadinsterR(y bevinglineavifheaciuad wirgibengd directigdy [ 00322] FIG 24
shows an illustration 2400 of die tilt ROs in accordance with an
embodi nea315] A FiG.s23 shaavsta flow Rograa300 iHusieatisg dDayvise bpnd repipp CxeaBoR 4 t hird
dietilt RO 2406, and a fourth die tilt RO 2408 are shown. [00323]
Ret ur ni iaGicé@ddncEwithdn dnibodBdeht. Banekatplaykite fiveva dingeare AT00RERE DS ®MOsPal | wires
may be defined. One RO nay be defined for each wire bonding position. The

detailed ﬂow chart of one step in the process 2000 as shown in FIG. 20, e.g. 3D wire

bond recipe creation 2008 of defining (and, in various embodiments, inputting into a

computer system, for example the computer system 1810 shown in FIG. 18A) the recipe

for wire bond 3D inspection.

[00316] In 2302, the 3D wire bond recipe creation step 2008 may be started.

[00317] In 2304, one or more global reference point(s) for multiple views may be

defined. Each 3D measurement may be linked to one of these reference points so that

when a component changes position in term of location and orientation, global reference

point(s) may be used to re-align it with the reference sample obtained learning. In this

way, a comparison may be made between wire bond device to be measured and wire

bond device learnt. 'Usually, global references may be used to correct the relative

position change between leadframe leamnt and an mcomlng new leadframe. Any wire

bond- features dependent on the leadframe may be corrected using global reference points.

In various embodiments, leadframe indexing holes or leadframe corners may be selected

as glcbal reference points.
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angle of . wire width RO may be adjusted to the actual w re bond
direction. Goup ROs may be introduced whereby a set of wre bond w dth
RO s nay Wwe 20at@gmsi zed under one group to share the samreTiSGIP@OLIAN

nmet hods and paraneters. [00324] In 2316, bonding height ROs for |arge
wires may be defined. One RO may be defined for each bonding position in
each view. The angle of a wire width RO nay be adjusted to the actual wire
bond direction. ' Group ROs may be introduced whereby a set of wire bond

wi dt h 318Yin 806, AHEE 5! Aesburbtar olNRf@éns Peight Siharcfertive phBrens
ynspection
met hodi{g nd paraneters.[00325] FIG 25 shows a flow di agram . 2500 P

' lrr‘lougt hald ﬂﬂﬁ._ddeﬁﬁé %fe (ﬁﬁrém%c(}onl? 'il?gébﬁtm@hsﬁe\h AmABES OAllaneeme3Dh an
enbodi Iren exa 25 may show a nore detailed flow chart 2500

of one ste t he proce
pr oduc@?@%%meTt 5 > ‘img an‘%’gl%q%}ﬁénlé ?%\;I)\Qlct:t rF[J c?gagatjsggeﬁ ggglilfsé%%@ﬁgﬁymbg new

started. [00327 m)re
I[ggglzl8 ]fé?rdp?ma | leﬁgefg%aﬂ%é elagﬁ@? eg%‘%ﬁl on %IR g}%fﬁll)egérﬁiét ibgns
n a efine D and 3D, re
shi f t ecPlangs &Qr SRS Seiereca Pf*’é’?é‘ﬁyc}’r‘? Hii % I {‘ntg t%g%%z% trrﬁ)altt btehe
incom ng device may be aligned with a reference deV| C | e
trai ni fgadfimwiese that pBsREtly WirEsos? hﬂgh‘ts glay b5 sal CE]Ithdé'é?]ber ‘i@ a’?ﬁff glg
i nspected, including die placenent, bond pl acenent, bond wi.dth, die
scr at chesjeativh ofothg highiebtspaint Gisnz)eachwitadp vaaitpisrencegplans- ofn thig %<t . [ 00330]

In 2510, all or sone 3D features, including reference heights, die tilts,

bond hejcgbiirBarkiaghetvozn heiaginl snedstrkinAnteagh résnl fudny @awmc@gmwu@mpht er est
may be neasured.

scope and an automatic wire bond 1nspect10n system may be poss1ble

[00319] In 2308, small wire loop height Region of Interest (ROIs) may be defined.
For each wire, one or more wire ROIs may be defined to help tracing the wire feature
points for 3D calculation. Group ROIs may be introduced whereby a set of wire loop
height ROIs may be categorized under oné group to share the same inspection methods
and parameters. After defining wire loop height ROIs in one view, automatic ROIs may
be activated to position the corresponding wirc;, loop height ROIs in all other view based
on well known epipolar constraint and other constraints like assuming a default loop
height. In various embodiments, wire loop hgight ROIs may be defined manually in all
other views.

[00320] In23 10, large wire loop height Reéibn of Interest (ROIs) ﬁaay be defined. For
each wiré, one or more wire ROIs may be defined to help t'facing the wire feature points
for 3D calculation. Group ROIs may be introduced whereby a sét of wire placement
ROIs ma}.r be categorized under one group to share the same inspection methods and

parameters. After defining wire ROIs in one view, automatic ROIs may be activated to
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[00331] FIG 26 shows a flow diagram 2600 illustrating inspecting 2D
features in accordance with an enbodi nent. For exanple, FIG 7 may provide
a nore devei2bmhoddosw chart 2600 of one step in the process/sgad@amsshown in
FIG 25, for exanple 2D wire bond inspection 2508, which may include
determnation of small and | arge wi.re placenent on the corresponding

bondi ng pad, determ natipn of die offset and rotation, inspection of die
surface scratches and long tails and nmeasurenent of bond w dths for snall
and | afge: W 8% 0ASolidihe RercdsSFRdiBRROR ifrall etidetiivt bdsed owvwell0382h | n 2602,
t he sté%sqtéeéqoél o? pgrfc}rgm' ng %@fe ond device 2D inspection nmay be started.
[00333] .1 n 2604, SRl ol kEndth BEE MR ari BBV et dRRE, WiftSdop BeigfROBI ne how
accura%’%lpgfh?%c ngtﬁagr d(%l)({j%ct ea% re onto the bond pad surface. In various

enbodi nents,. t.hree nmethod . he used: a present or not present check, a
refer e%%ﬁé?‘ﬁ@?%&gy B‘ygcq SR i

earning a good wire bond device or an absolute

measur enent et hod_b et .er.m ni b sition ty it ond pad.
(0033410 LL arinda s> b HaRGERE & HHE R B U Foealale il PR
system nay. check if a wire is available or not. e .detecti y be
appl i e@r fanrvvhishpaychenisad aP@]dEfaaHﬁJ ajue 18 geqor n8ﬁwﬁgg'ﬁggusa?§éb°d@@%c ed, awire
may be available. [00335] In various.enbodi mentg, irc'i,the re eregce based
met hod or suobpRQE meylhe defiried ig detemaing disdil Bhe MEHA SeSrIPRteL P et 8 and nay
be best-fit to formthree lines: two running in parallel with the wire and
one i n tiheapelspbadeemiined wlatizelyibyrspeci{iings ppmies of £r §EamplgHRr o be
calculated fromthese three lines. The centre of these two_corners may be
used asldEReiBleAeRERNeaThE toraers of i diding aswwiatiog pashfrgferang@ RO M8 a he | ear nt
one, bond placenent error may occur. In the absol ute nmeasurenment nethod,

the bongd RlaseARROL
[00322] ', fIG. 24 shows an illustration '2'400 of die tilt ROIs in accordance with an
embodiment. A first die tilt ROI 2402, a second die tilt ROI 2404, a third die tilt
ROI 2;106, and a fourth die tilt ROI 2408 are shown. |
[00323]1 Returning to FIG. 23, in 2314, .bond height measurement ROIs for small
wires inay be defined. One ROI may be defined for each wire bonding position. The

i

angle of a wire width ROI may be adjusted to the actual wire bond direction. Group
ROIs may be introduced whereby a set of \.Vire bond widlth ROIs may be categorized
under oné group to share the same inspection méthods and barameters. |

[00324] In 2316, bonding height ROIs for large wires méy be defined. One ROI may |
be defined for each bonding position in each vliew. The angle of a wire width ROI may
be adjuSted to the actual wire bond direction.” Group ROIs may be introduced whereby a

set of wire bond width ROIs may be categorized under one group to share the same

inspection methods and parameters.
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| ocation may be determined in a simlar way like in reference based nethod.
This position, however, may be conpared with bond pad edges to determ ne
its absolwbeolomwadoson on the pad. Tol erances may be set prw/sGe)embodshose
bond pl acements too near the bond pad edges. [00336] hi 2606, |large wre

pl acenent may be determ ned. The procedures for |arge bond pl acenent
determ nation may be the sane as in snmall wire bond pl acenentdeterm nati on,
only paraneters for subpi xel edge determ nation and best-fitting may be
changegygz95] t HaGhest shdRs aGldwodiagiam 25006 lludtraging dpRNS83T74n insp26pBdudi e

pl acenent nmay be determ ned. A good die with accurate placenent nmay be

desi regteé%ba%{;(!)rggﬂ Uwith raﬁtembBQiIH&lt.SCFortﬁaﬂ%ld,?@IG. mpy o slefit aadoten a create

2D recipe section (for exanple in step 2112 as expl ained above with
reference..tp.Fl G 0 e l.ar 8. Figne1gre g he

| eadf r ﬁté’l%\(gﬂf’gf %l}%%%:seotop%fisn ° %%Pdil{t1a}§e%lﬁ€§shg@g?ea§ssgra?g?e with rich textures.
The centres of the(?e ﬁ?@ﬁfe ROs may be stored to as the | earning positions
of a gébBedirdeWIHBIYSE ns within these ROs may be used as matching
nodel s later on to find correspondir atterns imn an inconmng wre bond
devi ce [00336] anIni%eaﬁhwsmpfea'?ctﬁwgg@ff’&a@? Séﬁe@ may be defined to allow
the die shiftnment from conponent taq corrponenﬁ. T | at.e t ching may be
per f or 18e827br Il 2508 henseorypgre glake) klereycq ot maﬁggﬁa% 1@?‘{@ %éer' els. The
three matching positions nay be determned. Offset in x and y directions
and r otleddifremeadiglaad pal @isitipes awsl aripataiedyd ref erence die may be cal cul ated
fromthree matched points. [00338] In an enbodi ment, two die corners may be
det ect qoo3zg] edue2itss atl dufipedabhandThid pgiohs jobmetersst (RHASk mand ecified s,
together with the reference point may be used . to determne die offset and
rot at i Qfdsed on offsets and rotations calculated in step 2504 so that the incoming device may be

aligned with a reference device (for example training devicé;).

[00329] In 2508, all or some 2D features may be inspected, inclﬁding die placement,
bond placément, bond width, die scratches and long tails w‘it'hin each individual region of
interest.

[00330] In 2510, all or some 3D features, including reference heights, die tilts, bond
heights, and loop heights within each indivicilial region of interest may be measured.
[00331] | FIG. 26 shows a flow diagram 2600 illustratiﬁg inspecting 2D features in
accordan;e with an embodiment. For examplé, FIG. 7 may provide é mbre detailed flow
chart 2600 of one step in the process 2500 a.s.shown in FIG 25, for example 2D wire
bond 'inépection 2508, which may includé determinatidn of small and large wire
placement on the corresponding bonding bad, detemﬁqati;)n of dig offset and rotation,
inspection of die surface scratches and 1oné te:lils and measurement of bond widths for

~ small and large wires as will be described in more detail below.
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[00339] In 2610, mssing die and die surface defects may be determ ned. For
m ssing die detection, various nethods nay be used. In a tenplate nmatching
based appwoactyovdios surface of unknown quality devi ce negThe20mtocken
against a learning die. If the matching score is too low, there may be a

hi gh chance of m ssing die. The second nethod nay conpare the histograns of
unknown quality die with learning die and may declare die mssing if the
deviation is too big.[00340] In various enbodi nents, for die surface defect
det ect '[dfaﬂsz a gpogo i ks bs effofmfiRcordateict RDninsmeytidemdeder ed to be
| ear nt Jt. For an incom ng die, -offset and rotation agai nst reference
good die may be determ ned and translation and rotation corrections nay be
applieaa?%‘bring the incomng die to the reference die position. A pixel to
pi xel rison y be.made t e ke ga i e N ie.

go%gg% bi‘“ i) 5;5’?";%1 Wire %?aﬁ\éﬁgﬁ hﬁ&vé qge??rﬂﬁrfed il deRERFHNHoW

Def ect tnose el's” w grey alue differences bigger than a
preset threshold. .In a nbodi nent.,  goad.__di rf .qre

di st ri BeRuras#y ﬁﬂ&?nggrlloé‘g? ﬁ}e wige PWgtthaol?%%rplagas ff(g)ctlé' n]§§8 Bgﬁspéeﬁrl Og}/nrqr%n on good
die which may result in no defects (or n | obs found),. The sa

bi nar i #ued wathadsmee bpased 2aseseRigH nggpfeﬁ%rg r‘fﬁ?‘f’%’ GF‘étgﬁeBC%I%aiS%eﬁleﬁolﬁfr{%P’ he surface
defects such as scratches or foreign particles. Don't care areas may be

def i nedeafrong pagopérwirg betyl dewieesorom gpsgiuge FGasiyInent qurg’[ gﬁtf’rs“}m%r scratch
detection, the defect points may be anal yzed using Hough transformation.

Li ne ségikpdissionaylabiee tetsdwndgaby peak anal ysis in Hough space. Line segnent
| onger than certain value may be from scratches. [00341] hi step 2612,

smal | yigs4pordivagond edabodimyntseindid presinh ed notprdsentielicskt the Sy¥Rsn dnayay be -
first applied to the bonding area within wire bond width ROs defined in
creat e QR 8GI WBe (§ VaiRBRNG @t .S (Flge Abikbi@s negerdpphell wi wire pidcemenice to FI G

21). Object analysis may then be applied to find a biggest white object may

be the ]E&')Irs Gnd if sufficient edges are detected, a wire may be available.
[00335] In various embodiments, in the reference based rﬁethod, sﬁbpixel edges along
wire bond location may be calculated and miay be best-fit to form three lines: two running
in parallel with the wire and one in the perpendicular diréction. Two subpixel corner
points may be calculated from these three lmes The centre of these two corners may be
used as bond placement position. If this centre is far av?%ty from the learnt one, bond
placement error may occur. In the absolute measurement' method, the bond placement
location may be determined in a similar way like in reference based method. This
position, ilowever, may be compared with bq'nd pad edées to determine its absolute
locatiéﬁ on the pad. Tolerances may be set to reject those "Bond placements too near the
bond pad edges.

[00336]  In 2606, large wire placement may be dejcenniqed. The procedures for large

bond placement determination may be the same as in small wire bond placement
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surface of a small wire. The centroid of this object may be used as
reference |ine. Edges along both sides of wire bonding area nay be detected
and fromwechimivd@®s t he edge point w th biggest distancecrsczbwoo@atre |ine
may be considered as bond width. [00342] hi 2614, bonding w dths of |arge
wires nmay be determ ned. Subpi xel edge detection may be applied to the
bonding area within wire bond ROs defined in create 2D recipe (for exanple
step 2118 as shown above with reference to Fig. 21). Edges fronboth sides
of a WigL@ - IR¥idRe oAtk GeR L subbpikeb edde- ddtdrmanagientané bestfatinginiag bemay - be
used as reference I'i'ne. Edges along both sides of wire bonding area may be
filtereg t I SY: fromeach side, the edge point with

bi ggestcg%llgg(%gﬁg% S{Iﬁe})ﬁgg%?%zg%?ﬁ%s‘ may be consi dered as bond w dth.

00343 | i 1€ | i : i i
{ " C‘k‘nlég@;h | 3008 (e pPRENUS! B9 §d gaueRhby TRYg RRCHE H8papeime on wire

ron wt espect to a particular canera view.

Cccl usi on may nean sone, edge be tnvisib f i pnts. Li
accor dAREEmGRHES, B POUES andodr s T erpriee SOMARTE: MmEIma' L i

ROs may be defined in second, view 0 Vi, eWs Wherel{he%erglgc | uded

bondi ngreatedD ﬁﬁ%ﬁp%éec\')lpgia(ﬁ?re‘?xamﬁjég’é‘ %I?c.é}lﬁpésg?’fpéﬂn%?/b%fg e SRR for al l

views to bring all caneras to the sane paralle(k optical directjon. View
f usi on terElG.b21doneleetdhues refsangyler pispe 0pF RS 5t raBJ‘“FeaS(rF Fenﬁig‘?fﬂ{ aé{&f or bond
width area.only) to determne bond width in a simlar way as descri bed
above. t0@34H4d dikisunfae witls rielntsatirese nkhs, centigseas th@?éth@RQI?Tﬁ‘?ygés“Géqdi ned in a
second view to determ ne bond pad surface by using a best- fit planar
sur f acae ad\gs Udtiniigg bosidompfadged dpoiThepatieres withinghesefROls aray bswsehdse, the 3D
coordi nates of the points may be known and thus may be transferred back to
the firgichthe\WddlsUBtRGOPEO]fRAt doresmadingt pattertat r an rewniing cdreebend
calibration. After that, bond width may be determned in the first view
device. For an incoming device, three bigger ROIs may be defined to allow the die

shiftment from component to component. Teniplate matching may be performed for all
these threAe ROIs using learning patterns as models. The three matching positions may be
determined.' Offset in x and y directions anci rotation angle relative to the good reference
die may be calculated from three matched poinfs.
[00338] In an embodiment, two die corﬁgrs may be detected by edge based approach.
The poéitions of these two comers, together with the reference point may be used to
determine die offset and rotation. ’
[00339] = In 2610, missing die and die surface defects may be determined. For missing
die detéction, various methods may be used. In a template matching Vbased approach, die
surface of unknown quality device may bev matched against a learning die. If the
. matching score is too low, there may be a high qbance 'o:f missing die. The second

method méy compare the histograms of unknown quality die with learning die and may

declare die missing if the deviation is too big.



[00345] In 2616, long tails, which only apply for large wires, may be
determ ned. A reference wire bond device with good bonding tail |engths may
be desir estot2010b@odosarnt first. Simlar |ike bond w dth eerscziomogatep
2614), the location with the biggest bond width may be determined first.
Then the wire placenent determned in step 2606 may be used to cal cul ate

t he di stance between wire placenent position to the |ine representing

bi ggest bond wi dth. The distance nmay be defined as tail length. For an

i ncom Bﬁ)SgﬂVi GE vhdids eh®baintentRYorlie: Gafaceilictt@ defettidnhe geahdiewath good i f t he
di fference between reference one and i ncom ng one is bigger than a preset

threshgl d e iR8to bBFeat@MiiSe B oa ihedgng @id, offs§t0B346] FI G
27 sho es’élﬁfta?ﬁ Tozj\éﬁ}roglﬁl%ﬁy%%%&gfml on% tail ROs énd measurenent in

accordance with an_enbodi ty. | RE detditiftel AlndORardei8n Ofnd! RRdiohal |
det ect r%ﬁfl%agaﬁtﬁ? rﬁ%felnﬁ?tgggg,dlg Iﬂ?}i St qeong ta'a%ddRO 2702 and a second | ong
tail RO 2704 are shown.,[00347]. FI G 28 sh | di 2832880
i |1 ust FRIESSHGNS AEB&ELAPR G%E? g‘é‘?ﬁ eelgc?nﬁmﬁcd(slz%?o\(lj\%ﬁ%gfew&% acflg(;eng]gdi ment . For
exanpl.e, FIG 28 may show g nore detailed flow chart 2800..0f step in
the protebty HE)GORBAERBRAY; 0F ¢S bepreengeigren byiv\?/iap 115;85‘1%{9% %1§.peD§fk§tgn 2510 of
performng Wre bond device 3D inspection, which may i ng%vipfi(gbgr m nati on
of ref enayrieethbssinjkals With areielevelf valumdBersBraitbIgesF MaRtd RSO S
measurements, die tilt measurenent 2}?1/ a best-fit die ti]Jt plane, wire |oop
hei ght aneabudierenigsod die serfadel gremievelahigyabutionazpy bsileryntsorthet bgiFedtaon et hod
and feature based stereo matching, and wire bond hei ght neasurenent for
i ft ed nidyrie porfopaed boBooddiewitith ey eospltai nedeferts oo tlebnfoundel B, [ 00348]
In 2802, the inspect 3D features step 2510 may. be started. [00349] |In 2804,
gl obal &E 8lRASRINShG Ye gratsriaed fietag intontst diy tovetredniouytheratfhceatofats .
h ;

such as scratches or foreign particles. Don’t care areas may be defined for pattern rich

areas on a die to avoid over-rejects. For scratch detection, the defect points may be

analyzed 'using Hough transformation. Line segments may be detected by peak analysis

in Hough space. Line segment longer than certain value may be from scratches.

[00341] In step 2612, small wire bonding width may be determined. A dynamic

’ threshold may be first applied to the bondirilg area within wire bond width ROIs defined

in create 2D recipe (for example step 2116 as described With reference to FIG. 21).

Object arialysis may then be applied to find a biggest white object may be the wire

surface of a small wire. The centroid of this object may be used as reference line. Edges

along ibOth sides of wire bonding area may be detected and from each side, the edge point

with biggest distance to the centre line may be considered as bond width.

[00342] In 2614, bonding widths of largé‘wires may be determined. Subpixel edge

detection may be applied to the bonding area within wire bond ROIs defined in create 2D

recipe (for example step 2118 as shown above with reference to Fig. 21). Edges from
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between first and second view or alternatively nmore views and by

triangul ating the matched views to get the reference height. As shown in
step 2306woizbfv/medosr ence to FIG 23, in create 3D reci pecTtsordespaai ng
RO's may be defined in multiple views. Stereo nmatching may be perforned to
establish match candi dates between first view and the rest views. As stereo
matching criteria, absolute sumof differences, normalized correlation.
and/ or weighted correlation my be used. In various enbodi nents, the natch

may befQHngcDeE MGEE nlayde\tdenbosblsr Wiektefital deaiie lingoiich mapbaksedBased on
calibration paraneters fromcanera 3D calibration (for exanple step 3102 as

wi |1 bg cexpl gi neds et Bioheheieas $Owkt Gondind aleg i) be filkedies ghiove
e.9. X,y,z of ttﬁe RO

i nf or &t | on, centre may be derived by a | east-squared

sol uti on. 0350}, 4 n_vagi i rent s. t tiai ity of
r ef er AT eﬁr?flhrﬁﬁo sﬁ?célnse(?\%,tﬁégg?g s%"gﬁ%h"ﬁ%&?gwﬁnﬁ’i tﬁgl{:%@lgﬁllg%ed, )l;ut aa

smal | search area be defined within each reference hei
. ght RO to allow
mat chi AGYSF Cﬁ%ﬁl‘fqrﬁ{%yh&}&ﬁ?@’and to calculate nultiple reference height

within a flat area. Statistical process may. be applied t
_ ! . . e best
re ot st riseson c%iwna e e drenp B fRR i BRC, ntned.
. g . ' s inmltiple views, a_ 3D reference plane may be

bui | t. agi Were lpedion vdth testestiioat BAUFRGT FENGR of Vet Qgelpgort may I’Peeaflesf)gjﬁce pl ane
to rrgke conpari son .bet ween manual neasurenent -and autonatic asur enent
pOSssi bledges Ty Besiaviiblerfieors etha véewmoints. elnsAgegraanse iR SHOBheBRoUBERIEt ed as
reference plane. [00352] In 2806, die tilt in the 3D world coordinate
syst emgralymb@tettetiesion,tedd widthiRilis cudyez dofined e sec@m Yigwop&0se BISWS312 Wit h
reference to FIG 23, four ROs may be defined in each view to cover four
COr Ner syhdd thedcaudidhontiihg\tiéd MU be vixdisle.nbnage, reatifidagers may be performed

for all views to bring all cameras to the same parallel optical direction. View fusion may

be done to merge multiple views into one (for example for bond width area only) to

determine bond width in a similar way as described above. |

[00344] - In various embodiments, three more ROIs may l“)‘e defined in a second view to

determine bond pad surface by using a best-fit planar surface. Assuming bonding edges

points are all on the same surface, the 3D coordinates of fhe points may be known and

thus may be transferred back to the first view by using proj ective geometry determined in

camera calibration. After that, bond width may be determined iﬁ the ﬁrst' view.

[00345] -In 2616, long tails, which only apply for large j;s;ires, may be determined. A

reference wire bond device with good bonding tail lengthsﬁ may be desired to be learnt

first. Similar like bond width detection (step 2614), the lxlé)cation with thé biggest bond

width may be determinéd first. Then the wire placement determined in step 2606 may be

~used to calculate the distance between wire placement position to the line representing

biggest b‘c'md width. The distance may be defined as tail length. For an incoming device,
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three ROs may be desired to be defined to determine die tilt and in
various enbodi nents, four or nore than four ROs may be used. In various
enbodi renwe,2oe/demsf it pl ane may be determ ned from hei ghrscreamusoazl from
mat ched four ROs. Die tilt angles al pha, beta and ganma in reference to
the x, y, and z axis of the world coordi nate system nay be determ ned and
stored as die tilt angles. Average di e height- may al so be cal cul ated by
averagi ng four RO heights and with respect to the gl obal reference

hei ght . HQQ3%3Inal Be KALAIRNE i THRQGINERAYSnd ifthedifctinonbstorcérotefereiice onel t ROl 'S
def i neél inside die surface, four ROs.on | eadfrane surface other reference

surfaces, fid hLE 00108 tRESHIGS ithee)steth MGy AFech BRIdelite as a
corres%%dnlg?%néﬂl ioggtléﬁgg%'s ag possi%l e. Di% til tgyng@e be formul ated as four
sets of di f.{erences bet ween die RO- height and its correspondi ng | eadf rane
or ot hé¥8(Bference hei ght nearby. [00354] In 2808, wire |oop heights for

I wi be_det ermi ned. As i-ndicated i LBg St ep 2308
i th r NGGnCatEo i ahovsgan ppieeion SRNCH fle ol REAENF ARGBGHER, B %0, 200
RO be defined in each view Sybpixel tection al gori b
Used | beosmlogenbiG iFBERARI Fbfhe TATBRGn &/ )LoLooh Lt uPa g R 2™ ii e

wre (shiny wire in the nulti-view inmages), a_t Bic | transition may be
f r om bHefiiti¢ adketlowniail RO 2702 ead paFsord Hyg3il Bﬁﬁ ?%‘éﬂeﬁ%@'to bl ack
(background), hi sone area, black wires may occur. In that _case wire
transi (60347hayFIGol R&whowe atftendiagiaon 250 tlbrhatineomspising SPofeBUESKMt 0 whi te.
[00355] hi various enmbodiments, after determining wire transitions with or
Wi t houtacdon@itkedgl afertiodizndnini BanessplepFi@. 28 mayshowmayonsaletailad 8gwwi t h
subpi xel accuracy in each view. Instead of using correlation based stereo
mat chi Rbart WROE BE BAE sLPliX tlﬁﬁi?robﬁsuzlst)oia showe if ZIGe 29peghed) viiret batidso may
suffer from poor accuracy, feature (e.g. subpixel wre

inspection 2510 of performing wire bond. device 3D inspection, which may involve

determination of reference height for the reference point cofrection of all 3D
measureménts, die tilt measurement by a best-fit die tilt plane, wire loop height
measurements for small and large wires using both correc‘;ibn method and feature based
stereo atching, and wire bond height measurement for liftéd wire inspection, as will be
explained in more detail below.
[00348] In 2802, the inspect 3D features step 2510 may be started.
[00349] | In 2804, globai reference height may be deternﬁned Aby matching small areas
between first and second view or alternatively more vié\;vs and by triangulating the
matcﬁed views. to get the reference height. As shown in step 2306 with reference to FIG.
23, in create 3D recipe, corresponding ROIs'n_fay be defined in multiple views. Stereo
" matching may be performed to establish match candidates between first view and the rest
_views. As stereo matching criteria, absolute sum of differences, normalized correlation

and/or weighted correlation may be used. In various embodiments, the match may be
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centroids) based stereo match may be used to reconstruct wire loop with
hi gh accuracy. [00356] hi various enbodi nents, the procedure of feature
based st eweaormadtsng nay be as follows: after detecti ngcsisiopovombooss r e
centroid points in all views, the centroids nmay be ordered for each wire in
a top-down or left-right manner." For each centroid in the first view

(i mage), global or |ocal epipolar geonetry may be applied to the second
view (image) to define the search Iine (for epipolar constraint, see the

gl obal ¢ f UNdANBNL Pt (¥En GRHBRLGH rbiches aapakl aBasd st epliBbiin and t he

| ocal ]?Oundarrent al matrix for |ocal epipolar line calculating step 3114 in a
3D cal i bration. sessi | ' 8lepRE62 howhtl Ko explaifial with .  Two

near es?ar%?{fﬁsgfo(?gé?ﬂ&g@ﬁggéag%%ﬁﬁéyF?anrgﬁ?n ?he second vi)g)\:/lva may be

determ ned. The_in ecti.on, poin yeep t ' Lidematdet he |ine
det er nfegféﬁncﬁﬁo ?h%‘séﬂ’%t?wé’ tﬁ? Pglgfats}ﬁ%a%g e’g' hrsk?yd%?%ﬂggl}a{?ltchg@natghi ng poi nt
to the selected centroid jn the first view I|f there are nultiple views,

t he feé‘!ﬂ)’@é%&é@(ﬂ"'wmsﬁbmﬁﬁy be performed accordingly. After establishing
stereo correspondence, 3D coordinate of  a vvierégbglentroi dtfgoi Aty A be

cal cul #0380t hinygHous prbedingnisaia ethapes By JEP Y of Sl orels

quar sol ution
or other neans may be used to triangulate for 3D r?constructi on, [00357] In
vari ousicesibonkntenits sglsr koghtanenh ba galgalptedebiist sppll SHEGD 23 BEY 8%s: at

first subpixel wire centroids in the first viéw may be cal cul ated. For each
val i d \éfiredoeitiin @ach refetehee heiglstRQT twallqy awsdghing of sliplepeips 28 Yeonet ry
may be applied to the second view (inmage) to define the search |ine.

Tr ansi thiealsteah@ngletrbereapé hoighr withine fimprdse Statiitiea proasesdmey be ppdiedhe
centroid, which may be the matching point of the centroid in the first

Vi ew. R@?&%@be%élﬁ“i ty constraint may be applied to the reconstructed 3D

wire centroids-to _

[00351] ~ In 2804, also a global reference plane may be determined. By matching three
small ROIs in multiple views, a 3D refefen;:e plane may be built. Other features
calculated may be projected to this reference plane to make comparison between manual
measurement and automatic measurement possible. The leadframe surface or die surface
may o:ﬂén be selected as reference plane.
[00352] In 2806, die tilt in the 3D world coordinate syétgm may be determined. As
indicated in create 3D recipe step 2312 With reference to FIG. 23, four ROIs may be
defined in each view to cover four corners within a die. In various erhbodiments, at least
three AROIs may be desired to be defined to determine die tilt and in various
embodiments, four or more than four ROIs may be used. In various embodiments, a best-
fit plané may be determined from heights measured from matched four ROIs. Die tilt

- angles alpha, beta and gamma in reference to ‘th-e X, ¥, and z axis of the world coordinate

systeni may be determined and stored as die tilt angles. Average die height may also be

calculatéd by averaging four ROI heights and with respect to the global reference height.
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filter out abnormal points. [00359] In various embodinents, it may be
desired to determ ne the highest or the lowest point in a wre |oop. A
subpi xel weakiomosoal | ey interpol ation scheme nay be adoptegc4®sueing the
hi ghest point. z height is z | and zq and z2 are two nei ghborhood points,

t he subpi xel peak p may be cal cul ated as p=(z2-z0O *(z2-zO)/8/(z0+z2-2zl)+z
.[00360] In one enbodiment, a correction may be made on the reconstructed
3D wire |l oop. Mathematically, matching first view and second view or nore

Vi ews 388t trhivanew @hbstimak R Alditinheifgit disai ROIcdéfated indide diere centre
hei ght, not  the true wire top height. A correction may be cal cul ated from

canmera Ll & ﬁ)ﬁgkﬁlégﬁl léﬁhﬁamersﬁrﬂ'a&d&ﬂdé- refAsd 8 siaded eafyadi desined waichi re is r
and the canera tilt angle 1s alpha |, - the correction dz nmay be expressed as

20011 SO 0D i s YO e SR G0 2LA RoLs ORGAL DoveI@lay e real Ly,

Srsetgsil oect |Fn and d hation, there may be a fixed offset in
roid calculatio vari ous e di t r

f or mul dpeRized & 5t s, o5 ARCRER Hefuny Bnf A EffecflBARE |

size, cangera tilt angle and, experinental result and r nay be the radius of
t he mnﬂ@ﬁﬁP@GBBQPm?G%¥ e %Tﬁ?W@hSe_the accuracy of small wire detection

in various enbodi nents of the nmethod, a schene call i
any kirdf0%#] In 2808, wire loop heights for small wires may be e:terrn?r(ljed(.:I %t}h&cartgé Pnl ution or

create 3D recipe step 2308 with reference to FIG. 23, for each small wire, one (or more)
line shapéROI may be defined in each view. Subpixel edgé detection algorithm may be
used t§ determine the transitions across wire area accurately. For a white wire (shiny
wire in‘;the multi-view images), a typical transition may be‘ from black (background) to
white (wire body) and then back to black (background). In some aréa, black wires may
occur. | In that case wire transition may foliow the transition pattern from white to black
to white. -
[00355] = In various embodiments, after determining wire transitions with or without
knbwledge of wire thickness, wire centroid may be traced v!zith subpixel accuracy in each
view. Instead of using correlation based stere(:) matching, which not only may result in
some false matches, but aiso may suffer from poor accuracy, fef;,lture ‘(e. g. subpixel wire
centroids) based stereo match may be used to reconstruct WiI:e loop with high accuracy.
[00356i .In various embodiments, the procedure of featurp based stereo matching may
be as follpvézs: after detecting subpixel wire centroid points in all Views, the centroids may
" be ordered for each wire in a top-down or left-right manner.’ For each centroid in the first
view (iinage), global or local epipolar geometry may be; applied to the second view

(image) to define the search line (for epipolar constraint, see the global fundamental
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superresol ution may be applied to increase the resolution around wire RO .

I n various enbodi nents, double resolution may use different interpolation
schenes fwo 2dididoesoent wire regi ons: slow changi ng snoot Ircarseagiowbeoa2ri si ng
edge, wire top area and wire descending edge. The interpolation schemes may
be know edge .based operation resulting from experinments using specified
stereo |ight which may conbine dome 1ight and coaxial light in one.

Al ternatively, linear or cubic interpolation may be used, thoughthe result

may bepl.63Sfd %gig@fa@ﬁh@ cAbElatiRS§eR 8 L1 @ddetht Mwval fundarkeroall matge foalsead doubl e
resol ution; Doubl e resol ution or superresolution may be used for

smal | ib&r ﬁﬁéq@a?cuwﬁg sféi) 1178 9250 dﬁﬁlﬁﬁﬁoﬁr@éémbﬁl\d&cﬂbmﬁﬁ rfer@bcestorl | as
18um Pend m croscope | ens used, in sonme cases the wire

t hi Ckngf@ n’gg bﬁ,@ﬁv‘gmalgve ) S EM e TRYADE thi gllpgxlaz Rh& 8] the AetRU )&y BRFDeUt i ON tO

3. 4pi x he Su sequen subpi xel'i ng e ge detection nuch eaS|er and

reliable. [0036 n op..hei
det er- r’rfiﬁtéﬂnmié "Alllll]ﬁ?ﬂ“f:eé?e@ R HOI(?F E%twge Be 683’0%‘2 11§1 ep gr%qgl \(ljaescr |I{§B§) above with
reference to FIG 23, for eac ._one be
def i nedhese thep entipids,ay h%g?l}? ea?da %&F 6‘%?%‘51‘%% %Oén% ges Seﬁg&gd m{“rﬁ%‘t there
may be an inconstancy in I W re surfac condltlons and reflectivities.
Sonret i hesfirst Yiewe Ifrdprepse gud %e'f"‘isc@P fegtyrs fgsed rpatohin, Mgy | Srpﬁlgo e surface,
whi ch may make céntroid detection possible. On other occasions, the surface
r oughnessrdiaglyr esitr testaplishing tgree cpirespRndesnte Pscamrdippip ©& aé’?‘ffen‘%F?ﬁ%@r face,
whi ch may nmake centroid detection inpossible. In this case, true wre edges
may be paichagberalcahicdghegh apemesd qallvdiriangsationh daiapearared SOERT @it i on for
the triangul ati on value may be desired and nay be fornul ated as

other means may be used to triangulate for 3D reconstruction.

[00357] In various embodiments, stereo métching may be established as follows: at
first subpixel wire centroids in the first view may be calculated. For each valid wire
centroid iﬂ the first view, global or local epipolar geometry may be applied to the second
view (image) to define the search line. Transitions g}bng the epipolar line may be
determined to find the centroid, which may be the matc}lliﬁg point of the centroid in the
first view. . ‘i;
[00358] Continuity constraint may be applied to the reconstructed 3D wire centroids to
filter out ébnormal points. 4 A | |

[00359] “ In various embodiments, it may be desired to determine the highest or the
lowest point in a wire loop. A subpixel peak or valley interpolation scheme may be
adopted. | Assuming the highest point z height is z1 and z0 and z2 are two neighborhood

" points, the subpixel peak p may be calculated as

‘ p=(22-20)*(22-20)/8/(z0+22-2z1)+z1.
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dz=a2*r where a2 may be a constant depending on the wire size, canera tilt
angl e and experinental result and r may be the radius of the wire. [00365]
FIG 29 sWwowsioanodéos! ustration - 2900 of wire | oop hei ghtcRSG0@md0042
measurenent in accordance with an enbodi nent. For exanple, a first |oop
hei ght RO 2902, a second | oop height RO 2904, a third | oop height RO
2906, and .a fourth | oop height RO 2908 are shown. [00366] Returning to
FIG 28, in 2812, wire bond heights foor small wires may be deternmined to
check RpBgNg 16 REickibalischh apndtiensipbaiade oAshé rdboateddidD vieat e 3D
recipe step 2314 with reference to FIG 23, for each small wire, one or
more |{Jig s e el T atPEin S &k oRw Bn®a6ddnd i ¥y N merdefesh@i gt .
measur enent may serve two purposes:. one may be to deternmine if there is any
lifted wir nd_t.he pt D08 t Rt tHeatdetwir ed on 3D
profil B“agﬁ‘éellaégrf yalyy Of g&%@g X%ﬁmﬁ gg%tfﬁgbég%gg?%t\%gdt his the biggest.
[ 00367] |n-accordance with vari odi ], ), !
bondin E.’lﬁgti' ght Fo’ﬁecé’ﬁ’éll}’aypp‘%&g#:}lﬁgea %Jr;%a&g{rggﬁtﬁ% %ltgg“egrt?& g{gn ﬁg&@mﬁ%t h may be
sel ected and feature based ster mat chi r. .b er,fQr t a
sequendssuring dharag s g £ SViER 15 fjapg t e“r‘?f“}e{)?gg.ag%%éﬁgg +da eg?%%%%?%%g and
filtering may be applied to get the bond height. [00368] In various
enbodi mmbg,exr)msvétaér m ne the bonding 3D profile at w dest bonding w dth
| ocation, a fixed (alternatively a dynam c) correlation w ndow may be
sel ect edcorotioetatt dns may be neasured for each pixel along the profile
line to get the best match. In this way, 3D profile of wre bonding at
wi dest waerdi ng width | ocation may be reconstructed. This profile may be
conpared (for exanple using absol ute sum of

dz=r*cos(alpha_1).

[00361] However, in reality, due to view occlusion and ’dome illumination, there may
be a fixed offset in wire centroid calculation. In various efnbodiments, a correct may be
formulated as

dz=al*r

where al may be a constant depending on the wire size, camera tilt angle and
eﬁpeﬁmeﬁtal result and r may be the radius of the wire.

[00362']‘ To further increase the accuracy of small ‘(wire detection, in various
embodiments of the méthod, a scheme ce}lled double resolutioﬁ 6r any kind of
superresolution may be applied to increase the resolution afound wire ROL In various
embodiments, double resolution may use différent interpélation schemesy for different
wire regioﬁs: slow changing smooth areai, wire rising edge, wire top area and wire
descending edge. The interpolation schemes may be knowledge based operation

, resulting from experiments using specified stereo light which may combine dome light

and coaxial light in one. Alternatively, linear or cubic interpolation may be used, though
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difference or correlation nethod, or other nethod) with reference bondi ng
profile derived from neasurenent of a good wire. If the difference is big,
t he devi owormay/desosej ect ed as bad bondi ng wire. [00369] pCm/scasiomus42

enbodi nents, a correction nmay be calculated fromcanera tilt angle and the
wire radius to adjust the triangulation result and may be fornul at ed
asdz=bl *r. where b | may be a constant depends on the wire size, canera
tilt angle and experinental result and r nay be the radius of the wire.
[0037. QL L&12Bhd beickerdpestsblbahahéss decurateathge thd kesvindpe brsedidoeblai ned.  As
indicated 1n create 3D recipe step 23 16 wth reference to FIG 23, for
each I%rs(%giém;re, one or nore |line shape RO s may be defined in each view.
Simlar Tike in a small wire's case, to determ ne the bonding height, a
smal | fined, ar QU ] i | ' sHRY Wafessalcecb@d and

f eat ur Bfogg:gedqf;(}ugfee%&r@?%h%& %%3%8%2%3{1?0&%%26;3&& ereo match, may be
perfor to, get a sequence of bond [We! a -\ L fhs .

St at i.sP} 41200 BEES B1X g a%h a2 e{efse?s’l Sr%ﬁen%sy ?’a%%ggl\gf%ﬁgg?ﬁ %I%géd%gnd hei ght .
[00371] As an alternative enbodinment. -‘to.the abovwe de ' i_nspgection

st eps, L‘és gpds H) pIpe G3S89 Hie WY, %ﬁ%ﬁsr"éiaﬂtlmﬁ%?glbee&l)i ALY g%{jdéggﬁ?fg&f rr%r ove
stereo matching accuracy and to mnim ze occl usi (f.n ef.f ect ft.or a Large W re.
The vi dowhilé rasglutionsq 3 4pirel may maks hesubssqrens SLhnpsing Age SHerORE ¥ and

di sparity in the other are consistent. The visibility constraint may be
enbeddesabiatianthreliable. ener gy mini m zation framework, resulting in a symetric
stereo nodel that may treat left and right images equally. An iterative
opt i ni 760369N ah@s10,twhine Ivey hbightsfedatge verss menyi heeteterminsd nidgiindisatest ing he
energy. [00372] To determ ne the bonding 3D profile at w dest bonding w dth
| ocat i Qpeate31h ir¥@ple step 2310 described above with reference to FIG. 23, for each large

wire, one line shape ROI may be defined in each view. Imaging of various large wires
may show that there may be an inconstam;y in large 'wire surface conditions and
reﬂectivitiés. Sometimes, there may be a .symmetrical shinny strip on a large wire
surface, which may make centroid detectic;n possible. On other occasions, the surface
roughness may result in multiple black islands 6n white shinny surface, which may make
centroid detection impossible. In this case, true wire edges may be used as matching
features. In various embodiments, a correction for the triangulation value may be desired
and ﬁay be formulated as

dz=a2*r

where a2 may be a constant depending | on the wire size, camera tilt angle and
experiﬁlental result and r may be the radius .offt}ie wire.

[00365] . FIG. 29 shows an illustration - 2900. of wire loop height ROIs and

measurement in accordance with an embodiment. For exzimple? a first loop height ROI
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(alternatively a dynamc) correlation w ndow may be sel ected. Correl ations
may be neasured for each pixel along the profile line to get the best

mat ch. | nrwbhosyosegos 3D profile of wire bonding at w destcirscdingosiszit h

| ocation may be reconstructed. This profile nay be conpared (for exanple
usi ng absolute sum of difference or correlationnethod, or other nethods)
with the ref.erence bonding profile derived from neasurenent of a good wre.
If the difference is big, the device nay be rejected as bad bonding wire.

[00373%9d2na\§@50in qé%ﬁﬂggﬁi 1@@{\2%4,\éitﬁjr@ilcldpthe_i%mmnm()ﬁt sndmyouréh loppsent and a
correcfioh may be calculated fromcanera tilt angle and the wire radius to

adj USthtiQﬁgpdeli%'ag%e%%-resmt of 3D profile: dz=b2*r where b2 may be a

consta nds on e wWwre size, canmera tilt angle and experinmental-
resul t and.r 5e P A 0blSn Ofs15 Girliofd rERARTAL shill WaikdsOmsy @gbodi rent s,
a Iaseyﬁ?%arn§%¥§@H§3?%g§§e ’Hgaglgb €ction s%%Systen1nay be ﬁéed to detect
the lifted wire. The nefhods of heati may i.nel GG eadgrs (in
var i oudetemipe ‘iﬁ’e“ﬁ?g( P@?&I%&ﬁmtéonﬁgfﬁe%gﬁ?egé%?alﬂg %/{gr%}(ﬂééﬁge elnbtl)%?eanent s for
exanpl e contact) under the | eadfrane_ and heq%lug bond%d(he%gggﬁi s to .
accept adslpe steprade f aith eeferanesito FIF- gp ofog cpshgmall VBeuTe P ALY "Soirée on the
wires. i {00375] Wien applying heat source under |eadfraneg, th%Wheat may be
t r ansf &0le dyr mrdefired) waeich et oVirRdoafl dickihy FRUPREPPAE YV i wire is
bonded wel | . Hence the tenperature may be.huﬁher froma good hond than a
i ft ed porpogsr bheatray Hei thtdetermineeif tvwreds applifiehyinead Be GHEE™Y 3% Ybove, heat
may be dissipated fromthe heated spot of wire through the wire to die pads
and | e@gkfERE bortiefualitg based di BDgofilk analysinat the lasatignbere the bonding

width is the biggest.

[00367] In accordance with various embodiments, to detérmine the bonding height, a

small predefined area around widest bonding width may be selected and feature based

stereo matching may be performed to get a sequence of bond heights at wire centroids.

Statistical processing and filtering may be applied to get the bond height.

[00368] ' In various embodiments, to determine the bonding 3D profile at widest

bonding width location, a fixed (alternatively a dynamic) correlation window may be

selected. | Correlations may be measured for each pixel along the profile line to get the

best match. In this Way,.3D profile of wire bonding at widest bonding width location

may be reconstructed. This profile may be compared (for éxample using absolute sum of |

difference or correlation method, or other method) with reference bonding profile derived

from measurement of a good wire. If the difference is big, the device may be rejected as

" bad bonding wire.

[00369] In various embodiments, a correction may be calculated from camera tilt angle

and the wire radius to adjust the triangulation result and may be formulated as
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well,. Thus the tenperature nmay be | ower for a good bond as conpared to the
lifted or partially lifted wire. [00376] In various enbodi nents, by using

| aser senwonsi@osst ect the heat on a spot on top of thechseded/ vasez,
lifted and well bonded wi res may be distingui shed.[00377] In the foll ow ng,
processes of canmera 2D and 3D calibration in accordance with various

enbodi nents will be described with reference to FIG 30 and FIG 31.

[00378] A wire bond 3D reconstruction canera system may include two or nore
si ngl egiypge caneras, each of which may include a CCD sensor and a fixed
focal length I ens systemor, alternatively, a CMOS i mage sensor and such a

lens s VbR 111%1 Nfge E(%Jrr%gm? %ﬁh%%ll%"wi{*éﬁ'ﬁzé chgéetiltmgR adrepaindml

si mul t aneously ta e each. These imges may be referred to as an

image pair. Wth the ai l.mages taken, a direct distance nmeasurenent
of obj g‘iﬂ"ga{}ﬁfnﬁ?'éeﬁlﬁ%%‘%flﬁgflﬁggvé}g may be made. [00379] For deternining the

cuch adoahe: 5 aV% ViR ey Fhahl SRR e, B R, G e O

‘ ion,° canera-l ocation and orientation,
i mge centre, y/x ratig_e

c.. These canera jparaneter ryed froma
pr oces $n gFate FReEEPe P 8?’5‘% Wik re @Gﬁ%mrﬁér é@,%egﬁgl\%ﬁgegﬁ ¥ﬁ’ ggve |1{alglxréam 3000
illustrating calibrating 2D i nspection i nmgccordance ith an enbtodi ment .
[ 00381 ]ling shaBOROIscmpy be slefinef & eashefial+ FMPE W03 ANV el “BE St art ed.
[ 00382] In 3004, one or nore snap(s) of a static calibration farget may be
per f or rettrmint teobandingdpightsa stal preflefineday Q@rﬁf‘?‘a}dg‘@flesérbén‘g‘@g %‘?th'é‘b"g' an
averagi ng process may be used to cal cul ate average image for |ater use.
[ 00383]belsBleA0d bud Rutmps Wesed Saraenatcleng raicdrrdetien basad siene M dPenay be

el eieﬁfirtﬂed to get a sequence of _bond heights around wire centroids. Statistical processing
and ﬁlteriﬁg may be applied to get the bond héight.
[00371] As an alternative embodiment to the above described iﬂspection steps, a so
called visibility constraint may be introduced to improve stereo matching accuracy and to
minimize occlusion effect for a large wire. The visibilify constraint may desire that
occlusion in one image and disparity in the other are consistent. The visibility constraint
may be embedded within an energy minimization framework, resulting in a symmetric
stereo model that may treat left and right images equallg}. An iterative optimization
algorithm may be used to épproximate the miqimum of the energy.
[00372] To determine the bonding 3D profile at widest bc;nding Width location, a fixed
(alternatively a dynamic) correlation window may be selected. Correlations may be
measured for each pixel along the profile line to get the ’b'est matph. Iﬁ this way, 3D

profile of wire bonding at widest bonding width location may be reconstructed. This

profile may be compared (for example using absolute sum of difference or correlation
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calculate all target centroids. In various enbodi nents, centroids may be
cal cul ated by using zero-crossing, nulti-cut threshold nmethods. After
target fewpuom/@edoscti on, world coordi nates which may cecrsspongdoda2t he

i mge coordinates of the target features nmay be cal cul ated. 10J 00384] In
3008, gl obal - canera paraneters may be cal cul ated from derived target points
with known world and i mage coordi nates. Various canera nodels such as
direct lineai- transformation for 2D (DLT 2D), affine, or Tsai 2D may be
used. FQfo@Noafthdrietioudplvith fies refersic@rtoading pesfite derived fame ersireragnt be

cal cul at eg fromcalibration targets. [00385] In 3010, |ocal camera

par amef eI 5, [y D e G cﬁffélfélla,@eqs bl MedRKicY %chgtb@rrge&tecpad Brdboniing wireown wor | d

and i nage“coordinates. Unlike global calibration, which nay cal cul ate one

e o l&gmgﬂﬁgféﬁﬁgﬁtegr{h dfoPhntd Vlmﬁiiﬁ' JoRBERIn3Y Bt rs¥ittahd a26BEAIon! ens and

gr abbe ratton nmay calculate different canera paraneters at
different image |locations. In variqu g S adhRf nRasiinddioan, 3x3 or
5x5 camaBrb&t‘ia?fHIaltefrG‘@Pscaﬁ’cg%?rt@%fm%lg k %éﬁeggﬁ |rrzgezﬁl%lt Xe ) may be u%%g to
determ ne the |ocalized calibration parameters. Again, various canera
nodel sresukief 3B pewfytel direct linear transfornm) 2D, affine, or Tsai 2D may be
used. . For an affine nodel, for instance, 9 localized canmera paraneters
may bedeahXul ated fromcalibration targets. [00386] In 3012, equations nay
be determ ned based on canera nodel used for i rraqe to world coordinate
t r ansf ovherd bomaphd aepssany deprads poossTFe sise. semara {hAeleAd=RETBI Pesul t may
be stored. [00388] FIG 31 shows a flow diagram 3100 illustrating
cal i br a¢duR@ndPriagbpeeiradins bfithasdor dance with an embodi nent.

[00374] In various embodiments, a laser thermal sensor based heat detection

subsystem may be used to detect the lifted wire. The methods of heating may include

placing heaters (in various embodiments for example non contact; in various

embodifnents for example contact) under the leadframe and heat up bonded leadframes to

acceptable temperature level, or projecting a focused heat source on the wires.

. ‘ i

[00375] When applying heat source under leadframe, thq heat may be transferred from

the leadframe to the die and bonding placés, if a wire is bonded well. Hence the

température may be higher from a good boﬂd than a lifted or partially lifted wire. When

applying heat source frorﬁ above, heat may be dissipated from the heated spot of wire

through the wire to die pads and leadframe, under the condition that a wire is bonded

well,. .Thﬁs the temperature may be lower for-a good bond as compared to the lifted or

partially lifted wire.

[00376] - In various embodiments, by using laser sensors to detect the heat on a spot on

_ top of the bonded area, lifted and well bonded wires may be distinguished.
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[00389] In 3102, calibrating all or sonme canmeras for 3D neasurenent nmay be
started. [00390] In 3104, one or nore snap(s) of a static calibration

t arget i rweachy/osoe@w nmay be performed. |f nore snaps of tPoe/scabionait on
target are perforned, an averaging process nay be used to cal cul ate average
imge for later use.[00391] In various enbodi nents, a calibration target
may be desired to be noved to a different height to image target features
at a different height to nake 3D calibration accurate. In various

embodi [6‘6@‘?"51 3 WY BRloHidE pedcesab of ahmbiaall) and 88 gibratiot hin stairdaese desi gn
may be used. In this case the calibration target may have two (or nore)

| evel s flubib QARG Rhdaiteh vitiTekiiay & EIiclohid Gl ae. 2| and al |

1
feature pornts on lev may have z hei ght value z2. By snapping one image

of suc alibration g cal | [ endiedd ared nbrehout
novi ngﬂ)é)gy bré{)i"gﬁe B%I}&ggp %{%Mgﬁﬁﬁomg%}ﬁ%oﬁggf]ﬁa%ﬁpSriOG, subpi xel target

troid det i nati f t,i. to. ; ¢ Ul
ngvé'ogiﬁgleggqgégﬁz{}?glas?%e&gﬁ({r}f I1§£mﬁg >1/ Cglhe&gelaﬁzg%l %%Aoata%g/ Q¢ked BIXLT Ehgiﬁ In a

e usi ng zerocCrossi ng,

mul ti-cut threshold nethods, er target featuyre [ O d :
coor di Has éEStQmiOéahaIWHS?UE‘EW’r%QB@&l% IPHES $7E59T R gucého }%?trslgst%ed% ?)I? V)fﬁﬁ%dst ar get
features may ‘be cal cul ated. [00393] Lj 3108, g’:{%bal canera ﬁar[%geséters may

be cal embediswnfsy Gmsihglerimage e3pefas MY S ELBRPUS WP d T RRge

coordi nates. Various camera nodels such as DLT (direct |inear . )
t r ansf dmagdsinoay) be eefidriadap asrntmage papl Afidy thepichpof theAmagss| @ty @ dEClot her
nmodel s may be used. For DLT nodel, for instance, 11 canera paraneters may
be cal guaikehchs@emeanbof bjadts visiblaingetlsimfgeomaybe mad®110, | ocal canera
paraneters may be calculated fromderived target points wi th known world
and i mMgE379POr Firnadtesninihg tHardiaaes it)odiy ntentissirefl oo pracibely dgiosh eacdx3 or 5x5
calibration targets nearest to the centre pixel may be used to determne
the camera’s parameters, such as camera (and lens) distortion, camera location and

orientation, image centre, y/x ratio etc. These camera parameters may be derived from a

process of camera calibration.

[00380] FIG. 30 shows a flow diagram 3000 illustrating calibrating 2D inspection in

accordance with an embodiment.

[00381] In 3002, calibrating a camera for 2D measurement may be started.

[00382] In 3004, one or more snap(s) of a static calibration target may be performed.

If more snaps of the calibration target are performed, an averaging process may be used

to calculate average image for later use.

[00383] In 3006, subpixel target centroid determination function may be applied to

calculafé all target centroids. In various embodiments, centroids may be calculated by

. using zero-crossing, multi-cut threshold methods. After target feature detection, world

coordinates which may correspond to the image coordinates of the target features may be

calculated.
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| ocal i zed calibration paranmeters. [00395] In 3112, gl obal stereo vision
fundamental matrixes and epipol ar equations may be determned. In 3114

| ocal steweaowi/®bes fundamental matrixes and epi pol ar eqeatriseneéiovey4be
determ ned. These matri xes and equations may be used for stereo matching
and 3D reconstruction. [00396] In 3116, equations may be determ ned based
on canera nodel used for inmage to world coordinate transformation and vi se
verse. [00397] In 3118, a 3D calibration result may be stored. [00398]

Whi | e {lg§sd|NV ENB0OES) f8Balkeeftrdphkinetskanay tehcalmland foes deiitsddtavget h
reference to specific enbodinents, it should be understood by those skilled

int he?o%gtrs WillBknobRH HOUE aﬁci]ﬁﬁ&@g%%obfaiﬁa@ésmmmudemah nil¢lsackmaddirddier ei n
wi t hou eparting fromthe spirit and scope of the invention as defined by

cppendt- g i ) “RRERICEATER: Lot Rt e mani ng-and range.of
oS R S SRR
S G 5o T L B Shafic BN ) S ASE RSB aA 2

por 1 ongthoknarre Buiang veLeREAS: bOBEEAARR. HRERodBR BT ogi ons of
interests corresponding to reference regions of interests in a stored

pr edet eslnlaecne eéter emmerapotiaietess fox arvgiols BRENGLYNEMHIE F3RELEUFE B a
reference substrate;

grabber, local calibration may calculate different camera parameters at different image

locatibns. In various embodiments,t for each region, 3x3 or 5x5 calibration targets nearest

to the centre pixel may be used to determine the localized calibration parameters. Again,

various camera models such as DLT (direct linear transform) 2D, afﬁne, or Tsai 2D may

be used.. For an affine model, for instance, 9 localized camera parameters may be

calculated from calibration targets.

[00386] 1In 3012, equations may be determined based on camera model used for image

to world coordinate transformation and vise verse.

[00387] ' In 3014, the calibration result may be stored.

[00388] FIG. 31 showé a flow diagram ‘3100 illustrating calibratiﬁg 3D inspection in

accordance with an embodiment. |

[003SQj In 3102, calibrating all or some cameras for 3D measurement may be started.

[00390] In 3104, one or more snap(s) of a'static calibratidn target'in gach view may be
- performed. If more snaps of the calibratiop térget are performed, an averaging process

may be used to calculate average image for later use.
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determ ning one or nore two-di nensional feature parane

t hree-di nensi onal feature paraneters of the bond!ong stﬁﬁtr:tsuﬁgdtgngeor ore
exani ned woamoanesesr nore of a plurality of the predefi red/scegiomne4pf
interests; and deternmining as to whether the deternined feature paraneters
fulfill at |east one predefined quality criterion with respect to the
reference nodel. 2. The nethod of claim1, wherein a substrate is provided
selected froma group of substrates consisting of: a sem conductor

subst r Rbs911 2 BOyHYRE e8b&idcatsea caNFatin thipstingy bodested 3¢ bamwyed
: € ! vedto &he net hod
of any one of g+a| ms 1 or 2, wherein the bonding structure is a wire bond

struct lf%ﬁtpée'{gse@ﬁ%g t?{ge? ki3 at WIBHEER Ldighthondileg3Btdalibiatioe is a wire

bond s ure=: om a group consisting of: a si i i .
e
The met hod of any aone of . Cl ai 1.1t0.4 ' al systerms device. s.
S]E er eodwiy BaY hajes aﬁnetﬁ’{sa‘k?‘éﬁ H%s?a}}érago%ﬁ%?eg{lﬁ}ch%?etgg Srr g{g,réj?ﬁgelsbl urality
O semaens o el by Ja o B REs A i RG-S SR bRGevakbst rate

may have z he;ight value z2. By snapping one image of such a calibration target, 3D

calibrétion may be performed without moving calibration target up and down.

[00392] In 3106, subpixel target centroid determination function to calculate all target

centroids in all views may be api)lied. Centroids may be calculated by using zero-

crossipg, multi-cut threshold methods. After target feature detection, world coordinates

which may correspond to the image coordinates of the target features inay be calculated.

[00393] In 3108, global camera parameters may be calculated from derived target

points with known world and image coord‘inate‘s. Various camera models such as DLT

(direct linear transformation), affine, or Tsai coplanar, Tsai non-coplanar, or other models

may b.‘e' used. For DLT model, for instance, 11 camera parameters may be calculated

from calibration targets.

[00394] 1In 3110, local camera parameters rﬁay be calculatgd from derived target points

with kn(;\x;n world and image coordinates. In various embodiments, for éach region, 3x3

or 5x5 calibration targets nearest to the céntfe pixel may be used to determine the

localize(i éalibration parameters.

[00395] In 3112, global stereo vision fundamental matrixes and epipolar equations

may be determined. In 3114, local stereo vision fundamental matrixes and epipolar
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wherein the one or nore stereoscopic inmges are formed fromthe one or nore
t wo- di nensi onal inages taken fromat |east two caneras of the plurality of
cameras. Wo 20twoo@shod of any one of clains 1 to 5, whereirrscziue/omazor nore
predefined regions of interests is matched to the regions of interest in
the reference nodel of the reference bonding structure of the reference
substrate using alignment markings.on the substrate.. The nmethod of any one
of claine 1 to 6, . wherein the one or nore two-di nensional feature

par aneLar.50G00Ry ik edd@aindes TRk aakEdes iintquagomumay besissd ifagstafeo a gl obal
reference point; a local reference point; a wire bond placenent; a bonding

L et e oo 8 8 iAo s b
; ; width; a die surface defect; a die
pl acemf(ﬂ)tiibﬂanqn %11 \ neauz;[t%inls may be determined based on camera model used for image ,
_ to worlld.coordinate transformation and vi'se‘ Verse.

[00397] ‘In31 18, a 3D calibration result may be stored.

[00398] "While the invention has been particularly shown and described with reference

to specific embodiments, it should be understood by those skilled in the art that various

changes in form and detail may be made therein without departing from ‘the spirit and

scope of the invention as defined By the appended claims. The scope of the invention is

thus indicated by the appended claims and all changes which come within the meaning

and range of equivalency of the claims are therefore intended to be embraced.
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8. The nmethod of any one of clains 1 to 7, wherein the one or nore

t hree-di nensional feature paraneters conprise features selected froma
group comnspDiyo@s: a gl obal reference height; a | ocal pceiSecenmecdazi ght ;. a
default die tilt; a die tilt; a wire loop height; . a bond heights for each
Wi re; a conmponent on the unknown quality |eadfrane; and a die conponent on
the unknown quality |eadframe. 9. The method of any one of claims 1 to 8,
wherein the one or nore inmages conprise one or nore images selected froma
group consisting of: grey scale irn®gias multi-color image; and tenperature
profile image. 10. . The nethod of any one of clains 1 to 9, determning
the reference model of the reference bonding structure of the reference
substré&b@ﬂaﬁém§ﬁ6$ing the reference nodel. 11. A bonding structure

i nspection device, conprising: a substrate receiving region configured to
receive a substrate, the substrate conprising the bonding structure to be

exanm ned; a stereoscopic i mge determ ning device configured t i r
one or lpore A method foP exarmnigg a bonding strl%ture ofC a su stratg, the mchhc()ch term ne

comprising:

providing a substrate comprising a bonding structure to be examined;

déternﬁning one or more stereoscobic images comprising one or a plurality of

predefined regions of interests of portions of the bonding structure to be

examined, the predefined regions of interests corresponding to reference regions

of interests in a stored predetermined reference model of a reference bonding

structure of a reference substrate; | |

determining one or more two-dimensional feature parameters and one or more

three-dimensional feature parameters (.)f the bonding structure to be examined
:. from one or more of a plurality of the predefined regions of interests; and

detérmining as to whether the determiped feature parameters fulfill at least one

predefined quality criterion with respect to the reference model.
2. - The method of claim 1,
wherein a substrate is provided selected from a group of substrates consisting of:

a semiconductor substrate; a polymer substrate; and an insulating substrate.

3. The method of any one of claims 1 or 2,

wherein the bonding structure is a wire bond structure.
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stereoscopi ¢ i mages conprising one or a plurality of predefined regions of
interests of portions of the bonding structure to be exam ned, the

pr edef i newioegionseosf i nterests correspondi ng to referen®PeTIS630100800a2
interests in a stored predeterm ned reference nodel of a reference bonding
structure of a reference substrate; a nmenory configured to store the
predeterm ned reference nodel of a reference bonding structure of a
reference substrate; a feature determ ner configured to determ ne one or
nore two-di nensional feature paraneters and one or nore three-di nensional
feature paranmeters of the bonding structure to be exam ned fromone or nore
of a plgral ity dmdder digdef i ned regions of interests; and a determ ner
configured to determ ne as to whether the determ ned feature paraneters
fulfill at \aasl Qe vBAEAEIatotal Wik B! Shdofe Wiblied BHRALG b t NE

ref erence nodel . 12. e bonding structure inspection device é% claim 11,
wherein the substrate is selected froma group of substrates consisting of:
a seniconduéPB?mgﬁﬁ)trate; a polynmer substrate; and an insul ating
substrate. .13,. The honding structure inspection device of any one of
claims 11 ordsizele éwgﬁ%mahe bonding structure is a wire bond structure.

14. The bondi ng structure inspection device of claim13, . wherein the
bondi ng st r gottapked fig wirehond; pond structure sel ected from a group consi sting

of:a single die wire bond, a stacked die wre bond;
a power device wire bond;

a gold wire bond;
.an advanced ribbon bonding; and

" a microelectromechanical systems device.

5. . The method of any one of claims 1 to 4,
wherein the one or more stereoscopic images are taken using a plurality of
cameras, the plurality of cameras taking one or more two-dimensional images
frf?m the substrate from respectively different perspectives;
wherein the one or more stereoscopic images are formed from the one or more
two-dimensional images taken from at least two cameras of the plurality of

cameras.

6. The method of ahy one of claims 1 to 3,
wherein the one or more predefined regions of interests is matched to the regions
of interest in the reference model of the reference bonding structure of the

reference substrate using alignment markings on the substrate.
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a power device wire bond; . a gold wre bond; an advanced ri bbon bondi ng;
and a m croel ectronechani cal systens device. 15. The bondi ng structure

i nspect i omoadewiwesoef any one of clains 11 to 14, wherei pcirise26to@oeascopi c

i mge determ ning device conprises: a plurality of caneras, wherein the
plurality of cameras are arranged to take one or nore two-di nensional
images fromthe substrate fromrespectively different perspectives; and a
st ereoscopi c i nage determ ner configured to deternm ne the one or nore
stereoscopi c i mages fromthe one or nore two-di nensional inages taken from
at |east two caneras of the plurality of caneras. 16. The bonding structure

i nspection Vi V. &cRimcl Rig® 11 to 15, further conprising: a
regioﬁz ofrﬁ%?%%ggfgggggﬁgg 8oﬁ?igured to match the one or nore predefined

regions of interests toq the regi fral FbREEPhrainBickConRiserfen@es model  of
the referen¥ erB‘BntgFr?Q‘esotrr%og tﬁ‘r%gdgﬁaltsﬁ?ear ef er egcrél sgbstra@e usi ng al i gnment
mar ki ngs on%éhe substrate. 17.. Thefbonding structure inspection device of
any ane of. ¥lesfsddron agPWPEOrHHEES ™ the one or nore two-di nensional feature

paraneterS-conBrise features selected froma group consisting of: , a
gl obal ref et 8lebel rplsrerce Pekocal ref erence point; ‘

a local reference point;
a wire Bond placement;
a bonding width;

Aa tail length;

'a die. location;

a die orientation;

a bond pad location;

a wire placement;

‘a wire bond width;
aA.die surface defect;

a die placement; and

along tail.

8. The method of any one of claims 1 tol‘7,"
wherein the one or more three-dimensional feature parameters comprise features
selected from a group consisting of:

:. a global reference height;

a local reference height;
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a wire bond placement; a bonding width; a tail length; [ I on;

die orientation; a bond pad [ocation; a wire pIacegeni;aadkfrgogg;hoajd?h'
a di e surweceeinmbest; a die placement; and a long tail. pt8/isGiebendi ng ’
structure inspection device of any one of clains 11 to 17, wherein the one
or nore three-dinensional feature paraneters conprise features selected
froma group consisting of: a global reference height; a |ocal reference
hei ght; a default d|e tilt; HGa die tilt; .a wire |loop height; a bond

hei ghts for d%?aculi't a conmponent on the unkn
& - own quality |eadfr
a die conponent on the unknown quality | eadfrane. | Y ame; and
a die tilt;
a wire loop height;

. a bond heights for each wire;
a component on the unknown quality leadframe; and

a die component on the unknown qﬁality leadframe.

0. The method of any one of claims 1 to 8,.
. wherein the one or more images comprise one or more images selected from a
group consisting of: grey scale image; multi-color image; and temperature profile

image.

10.  The method of any one of claims 1 to 9,
determining the reference model of the reference bonding structure of the
reference substrate; and

storing the reference model.

11. A bonding structure inspection device, comprising:
- a. substrate receiving region conﬁgqred to receive a substrate, the substrate
: quprising the bonding structure to be examined;
a stereoscopic image determining dévice configured to determine one or more
. stereoscopic images comprising oné or a plurality of predefined regions of

interests of portions of the bonding structure to be examined, the predefined
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&ﬁ. The bﬁndl ng structure inspection device of any one of claims 15 to 18,
coﬁ;;ﬂs?' t he EI urality of caneras are selected froma group of caneras
t i ngoahlo/mo@sey scal e image canera; a nulti-col or crageowanema; and a
enperature profile imge canera. 20. The bonding structure inspection
gew ce of any one of claims 11 to 19, further conprising: a nodel
bet gr m ner configured to determ ne the reference nodel of the reference
ondi ng structure of the reference substrate. I1| '
regions of interests corresponding to reference regions of interests in a stored
predetermined reference model of a reference bonding structure of a reference
substrate;
_.a memory configured to store the predetermined reference model of a reference
" bonding structure of a reference substrate;
a feature determiner configured to determine one or more two-dimensional feature
.parameters and one or more three-dimensional feature parameters of the bonding
stracture to be examined from one or more of a plurality of the predefined regions
of interests; and
a'determiner configured to determine as to whether the determined feature

parameters fulfill at least one predefined quality criterion with respect to the

_ reference model.

12.  The bonding structure inspection device of claim 11, '
wherein the substrate is selected from a group of substrates consisting of: a

semiconductor substrate; a polymer substrate; and an insulating substrate.

13.  The bonding structure inspection device of any one of claims 11 or 12,

wherein the bonding structure is a wire bond structure.
14.  The bonding structure inspection device of claim 13,

_ wherein the bonding structure is a wire bond structure selected from a group

consisting of:
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15.

16.

WO 2010/090605 PCT/SG2010/000042

a.single die wire bond;
a stacked die wire bond;
a power device wire bond;
. a gold wire bond,;
‘an advanced ribbon bonding; and

a microelectromechanical systems device.

The bonding structure inspection device of any one of claims 11 to 14,

‘wherein the stereoscopic image determining device comprises:
a plurality of cameras, Whefein the plurality of cameras are arranged to
take one or more two-dimensional images from fhe substrate from
respectively different perspectives; and
a stereoscopic image determiner éonﬁgured to determine the one or more
stereoscopic images from the..on"e or more two-dimensional images taken

from at least two cameras of the plurality of cameras.

" The bonding structure inspection device of any one of >clain‘1s il to 15, further
comprising:
a regions of interest matcher configured to match the one or more predefined
régibns of interests to the regions of interest in the reference model of the
' reference bonding étructure of the refe}rence substrate using alignment markings

on the substrate.
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17. .

18.

WO 2010/090605 PCT/SG2010/000042

The bonding structure inspection device-of any one of claims 11 to 16,
‘Wherein the one or more two—dimeﬁsional feature parameters comprise features
selected from a group consisting of:
: a global reference point;
a local refgrence point;
' a wire bpnd placement;
a bonding width;
_atail length;
a die location;
a die orientation;
a bond pad location;
a wire placement;
a wire bond width;
a die surface defect;
. a die placemént; and

a long tail.

The bonding structure inspection device .of any one of claims 11 to 17,

wherein the one or more three-dimensional feature parameters comprise features
~.selected from a group consisting of:

a global reference height;

a local reference height;

a default die tilt;
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19.

20.

WO 2010/090605 PCT/SG2010/000042

;1 die tilt;
.a wire loop height;
a bond heights for each wire;
.a c;)mponent on the unknown quality leadframe; and

a die component on the unknown quality leadframe.

~ The bonding structure inspection device of any one of claims 15 to 18,
wherein the plurality of cameras are selected from a group of cameras consisting
of: a grey scale image camera; a multi-color image camera; and a temperature

profile image camera.

The bonding structure inspection device of any one of claims 11 to 19, further
comprising:
a model determiner configured to determine the reference model of the reference

bonding structure of the reference substrate.
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