METHODS FOR EXAM NI NG A BONDI NG STRUCTURE OF A SUBSTRATE AND BONDI NG
STRUCTURE | NSPECTI ON DEVI CES Techni cal Field [0001] Enbodi nents rel ate
t 0 net hodsWPaPL0@RAT ni ng a bondi ng structure of a substRCAISE26OH00042
bondi ng structure inspection devices. Background [ 0002] Sem conduct or
devi ces, such as integrated circuit chips, may be electronically
connected to leads on a lead frane by a process known as wre

bondi ng. The wire bondi ng process involves adopting a wre to connect
pads r esiMETHQDS FORMEFAMINING A BONDEG STRUCTIERE OF ASEBSDRAETE he
chip and I ead frane have been wire bonded, the chip and | ead frane
may be further paANDZEONDINGSTRUCTOGREINSFECTION DEVICES i nt egr at ed
circuit device. [00031 In nmany cases, an inspection of the quality
of the wire bond may be perforned nanually by a human operator using
a mcroscope. However, this manual nmethod may be tinme consum ng and
costly. - Having said that, it yeshnhalBekired to performan automatic
wi re bond inspection. However, a nunber of challenges nay need to be
addr essepodr]r t BRbediinem irklteWor Melod feetdntiing ROboRk@ M Rmre W 40 a
relatively high specularity of the wires on the |ead frane;

L1 um nagdb@ifarénd HeRaits betichiee Mafb@sitdtvigs.as to mnim ze the

specul arity on the respective surfaces of the wires and the | ead
frame to ensure a relatively accurate neasurenent. At the sane tine,
good contrasts on other respective surfaces such as, die surface and
"bond surface shall also be desigggesés t0 be able to carry out

t wo- di nensi onal (2D) neasurenents. -

[0002] Semiconductor devices, such as integrated circuit chips, may be electronically
connected t.o leads on a lead frame by a proc;ess known as wire bonding. The wire
bondin.g 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;une have b_'een wire bonded, the chip and
lead frame may be further packaged in ceramiL: or plastic to form an integrated circuit
device.

[0003] - In many cases, an inspection of the quality of the wire bond may be
perfo;'méd manually by a human operator using a micros.cope. However, this mamal
method may be time coﬁsu.ming and costly.- Having said that, it may be desired to
perfm_‘rﬁ an automatic wire bond inspection. However, a number of challenges may need
to be-addressed for the automatic wire bond jnspection. For example, due to a relatively
high specularity of the wires on tﬁe lead frame; illumination may need to be designed so
as to n_ﬁnimize the specularity on the respecﬁve surfaces of the wires and the lead frame

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



[ 0004] Whi |l e there may not be any standard illum nation systens
avai | abl e wi 20fvmotees ket for stereo vision system sone w@mhRmRh:

the state of the art illum nation systens adopted nmay include a
co-axial light, a dome light, a ring light, a conbination of the done
i ght and the co-axial |ight or other conbinations thereof.

[ 0005] Havi ng said ‘that, there may be sonme issues faced when adopting
the state_of the t illum pation systens. ,These issues may include a .
rel ativel Vsﬁ%éyﬁc%%%?eéﬂwho@t‘i?\%ﬁ’ﬁpa’?%@%@‘?f‘g‘g‘g#&e Fﬁf’él 379 B¢ d58ird sogs to be
difficulty.in extractin an,ogtit?ﬁt information for a
t hr ee- di %ﬁoc?ﬁﬁ?’o%)" Frsipmal (Y Bhmeaeremett-ni t ed i ntensity' tuning
range of foii&tﬁ of eéi'PI | um nation systens. [0006] Therefore, there is
a need fo al P‘@lrt‘lﬁ §1% &aY| 1o BF RaY Stendasd dhirinationcsystenmy awlabls i the
provide a uniformillum nation for the object surface to be inspected
whi | e at PRAKCISRALreq Hsiop AYFiRTL EoRheamples phise stBisofthenrtibrmigationsystérac e
and the wire gond._ [ 0007] Conmonl y used neasurenent for wire bonds
of ten ar e349Bi5E BAY; Befudpa carnsigl fight, a deme Jight, agingelight,i a cerabination of e d
qual ity issues such as die tilt, lifted wi.re, s:fggi ng wire | oop
cannot  bedomedight end the sqrarisitigkoneothes conthipatines theneef. | nspection often is
done manual ly. "Therefore, there is a need for an automatic 2D and 3D
i nspect i owo‘gst efevisy, prigrthay; thappwiay be pomistuss Sacedinden adopting the skatmali ng
structure inspection !device may be provided. The bonding structure
i nspect i offic g iusaingtiep syvieny dehese istibs meninslude o etlutively lowgiootmast between
the chip and the wire bond, a difficulty in exfracting an object information for a three-
dimex,ls‘ional (3D) calculation and a limited intensity tuning range of some of the
illumination systems, | '
[0006]  Therefore, there is a need for an z_aItémative illumination systein which may be
able to provide a uniform illumination for thé object surface to be inspected while at the
same time enhance the contrast between the die surface and the wire bond.
(0007} l Commonly used mea;surement for wire bonds often are done using 2D
sensor(s). However, some critical wire bond quality issuég such as die tilt, lifted wire,
sagging v;'.fire loop cannot be measured usiﬁg 2D cameras. Furtherm;)re,. 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 inspedtion device may be provided.

The bonding structure inspection device may include a substrate receiving region



configured to receive a substrate, the substrate including the

bondi ng structure to be exam ned; a stereoscopic inmage determ ning
devi ce conVPglP4800% det er mi ne one or nore stereoscopi @GTHE3RE/000042
including one or a plurality of predefined regions of interests of
portions of the bonding structure to be exam ned, the predefined
regions of interests corresponding to . reference regions of interests
in a stored predeterm ned reference-nodel of a reference bondin

st r uct ur eonigurgd e freqeiscie suhsbaie.r the subsiraigeinelnding dlef bepdinedstrugtuss &y gﬂt he
predeterm ned reference nodel of a reference bonding structure of a -
r ef er encexaitsslt # stexoscapid imageatetanmipingedesicacondiguredrié defermne ¢ns adetozs ni ne
one or nore two-di mensional feature Paranmeters and one or nore

t hr ee- di stemsicopialimpgeativeledipgensret e murality tdferédefidédpeiomns 0 timterests of be
exam ned fromone or nore of a plurality of the predefined regions of-
i nt er est portiamsdofathel dbrding newctarertb ibglaxenlined, tetpeedefingl mgiono ofitratrass t he
determ ned feature paranmeters fulfill at |east one predefined quality .
crit er i ovorwisgdnding seeedirerice régiens o€ imeresncie arspdel predddtided refereade made]
enbodi nents, a nethod for exam ning-a bonding structure of a

subst r at ef seferree hondihgl etthcnfb of avsfrencenmystian lutkemorp rcomigiiadgo atore
substrate including a bonding structure to be exam ned; determ ning
one or mnreprsdettimined apfetenGagesglel b al tethrdige doadiag saruptuter of btrgfeednce
predefined regions of interests of portions of the bonding structure
to be exsaubstied and hé&apte daérnditd codiputsdo éterntiiesRSdr sSntOtwRdGipRAtdAD t 0
reference regions of interests in a stored predeterm ned reference
nmodel of fratrefitias abbadi i gnst tieddinensidnabfebmbcpRfitaes btk bahdag
determ ning one-or nore two-di nensional feature paranmeters and one
or nore Liciee b Feeaciinrdl fide abel be mdad &M pREAiPbf tHeerbRfidiGgivhs UEt Ur €
to be exam ned fromone or nore of .a plurality of the predefined

regi ons ﬁlfterests;'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
mode'l.
[0009].111 various embodiments, a method for examining a bonding structure of a
substrc_lte may be provided. The method m:ay include: providing a substrate including a
bonding structure to be examined; determining one or more stereoscopic images
: inclu'ding' one or a plurali'ty of predefined regions of interests ofpo&ioﬂs 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
strucﬁ:ré 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



interests; and determning as to whether the determ ned feature
paranmeters fulfill at |east one predefined quality criterion with
respect toVPHRI08%6%F ence nodel . Brief Description of tHRETISCFOHW2
[0010] In the drawings, |ike reference characters generally refer to
the sane parts throughout the different views. The draw ngs are not,
necessarily to scale, enphasis instead generally being placed upon
illustrating the principles of various enbodinments. In the follow ng
descr i pt intavestsy ard dafesminvmas travhethepthe dpteriingdefeaturerpaganestere Sudfill bdddashi t h
reference to the follow ng drawi ngs, in which: FIG | A shows
a front unegwedsfinedaquialityletitedion adthirespecite thageferemte madee | i ght det ecti on
arrangenent including a first light source, a second |ight source, a
first beamsplitter and a second beam splitter according to an

enbodi nent ; FIG 1B shows a front view of a |light detection
system the |ight detectiBriekDsteiptiomad theDeawinge | | ght detection
artangenment of FIG | A according to an enbodi ment; FIG 2A

shows a [0008it Invheaitavaihgsn like glidrertte tharhdtan gakerallyn gfemo the shine phisght
detection arrangenent including a body structure with a cutout
porti on teanhelitrig differamt viewso Thednivings are not neckdskrily 2Bscalepsfiplasit Op Vi ew
of the body structure with the cutout portion of FIG 2A according to
an enboding®esd generally beindplézed IpShidiystrating CHeDRiACIblcY 6f Wrious ehbodinidn@, Ot ype
of the Iight detection arrangenment of FIG 2A according to an

enmbodi men the fo\Gwig HAOPAEH) S REols SaBodifkmd 0Phe ilveitionhfs S8 HRed &ithef t
i mage obtained with the prototype of the light detection

reference to the following drawings, in which:

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

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

FIG. 2A shows a front view of -a light detectioﬁ arrc;mg'ement, the light
detecfion arrangement including a body structure with a cutout portion according to an
embodiment;

| -FIG. 2B shows a top view of the body siructure with the cutout portion of
FIG. ZA according to an embodiment -

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

arraﬁgement of FIG. 2A according to an embodiment;



arrangenent of FIG 3 according to an embodinent; FIG 4B shows a
right image obtained with the prototype of the |light detection
ar r angenmenWOgpP10pP@IS 3 according to an enbodi ment; PCT/SGR2@0/08)842
shows a front view of a light detectjon arrangenent, the |ight
detection arrangement including a beamsplitter.arrangenent arranged
on the same side of a body structure as an obj ect receiving region
according to an enbodi ment; FIG 5B shows a side view of the |ight
det ection arr amgeenshosks aRtfBim4pa catasd diithghe prototynereis Siti liskhdsteqtp T, 6
shows a perspective view of a prototype of a light detection
ar r ange geagebntiof §IG.3Aceq ding ¢i agentwdamengnbodi ment; FI G 7A shows a
left inmage obtained with the prototype of the |ight detection
arrangenent of it @B Sbwae eightinage dinainel wilbthe ipreotype HIUE lighBdetbating a
right inmage obtained with the prototype of the |light detection
arrangement of FIG. 3 according to an embodiment;
FIG. 5A shows a front view of a light detection arrangement, the light
detecﬁon arrangement including a beam splitter arrangement arranged on the same side
of a body structure as an object réceiving regic;n according to an embodiment;
FIG. 5B shows a side view of the light detection arrangement of FIG. 5A
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 obt:ainec_l with the prototype of the light detection
arrangément of FIG. 5A according to an embodiment;
FIG. 7B shows a right image obtained with the prototype of the light detection
afrang_emeut of FIG. 5A according to an embodiment;
FIG. 8A shows a front view of a light detection arrangement, the light
dctection-anangement including a bar shaped light source according to an embodiment;
FIG. 8B shows a side view of the light detection arrangement of FIG. 8A
according to an embodiment;
FIG. 9A shows a front view of -a light detection aljrangement, 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;



arrangenent of FIG 5A according to an enbodi ment; FI G 8A shows
a front view' of a light detection arrangenent, the |ight detection
ar r angenmenwoizogfoaeiong a bar shaped |ight source accor direg/sGa0iano0o42
enbodi nent; FIG 8B shows a side view of the |ight detection
arrangenent of FIG BA according toan enbodiment; FIG 9A shows a
front view of .a light detection arrangenent, the |ight detection
arrangenent including an arc shaped |ight source according to an
ermbodi nent ;- Fl G[cO9RARayEs a f&dp vdveof af lighaletetiors haggeeghtheshghtce of
FIG 9A according to an embodi ment;- WO 2010/ 090605PCT/ SG2010/ 000042
FIG  104cshpSarAnkdt intl@mgof biae lcblohididiatie atiiramnamir # sedgmientichroine

| i ght detecti.on arrangenent including a blue color dichroic mrror

and a r g 60lcerdk $4Pdkbondnt;, according to an enbodi ment; FIG 10B
shows a top view of the |light detection arrangenent of FIG 10A

. " " FIG. 10B shows a top view of the light detection arrangement of FIG. 10A

accor&ing-to an embodiment;
o FIG. 11 shows a flow-chart of a method for dete;:ting light in a light detection
arrangement according to an embodiment;
FIG. 12 shows a front view of multi-camera wire bond inspection head in
accord-ance with an embodiment; a
FIG. 13 shows a dome light fo1.' wire bond stereo inspection in accordance
with an emb'odiment;
FIG. 14A shows images with poor contrast between the wire end and the die
in acco'_rdance with an embodiment; |
FIG. 14B shows an image with ideal illumination for each camera in
a(;cordzmqe with an embodiment;
" FIG, 15 shows a flow diagram illustrating a method for examining a bonding
structure of a substrate‘ in accordance with an embodhnent; |
" FIG. 16 shows a bonding structure inspection device in accordance with an
embodiﬁent; -
' FIG. 17 shows a bonding structure inspection device in acco‘rdance with an
emb.odinient;
* FIG. 18A shows a perspective: vie\-zv of a wire bond inspection system in

accordance with an embodiment;



?cco(rjdit ngt_to aln_ eLrbodi ment; FIG 11 shows a flowchart of a nethod

or detecting light in a |ight detection arrangement accordin

enbodi mentWORPGP¥IS shows a front view of mul tig- caneramffsé;zbgﬁtﬁlﬂ%ﬁn
i nspection head in accordance with an enbodinent; FIG 13 shows a
dorme light for wire bond stereo inspection in accordance with an
enbodi ment; FI G 14A shows images with poor contrast between the wire
end and the die in accordance with an enbodi ment; FIG 14B shows an

i mage with i deBlG.i1IBBubwab font vhcw oéawhebamamapqchom%@ﬁw&ﬁé@r@ﬂﬂ% an

enbodi nent ;
with an embodiment;
FIG. 19 shows an overaill flow chcrt of a process in accordance with an
. embodiment;
- FIG. 20 shows a flow diagram ilhistraﬁng details of learn product steps in
accordance w1th an embodiment;
FIG. 21 shows a flow diagram 111ustratmg a 2D wire bond recipe creation in
accordaﬁcc with an embodiment;
_ FIG. 22 shows an iltustration of bond placerccnt measurement regions of
interest (ROIs) in accordance with an emboﬂimtant;
FIG. 23 shows a flow diagram illustrating 3D wire bonﬂ recipe creation in
accordz_mcc with an embocliment;
FIG. 24 shows an illustration of die tilt ROIs in accordance with an
embodiment;
B _ FIG. 25 shows a flow diagram ﬂlus.trating detailc of an inspect product step in
accordance with an embodiment;
FIG. 26 shows a flow dlagram lllustratmg mspectmg 2D features in
accordancc with an embodiment;
FIG. 27 shows an illustration of long fail 'ROIs and measurement in
accordance with an embodiment; |

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

accordance with an embodiment;



FIG 15 shows a flow diagramillustrating a nethod for exam ning a
bonding structure of a substrate in accordance with an enbodi nent;
FIG 16 sh¥@s0@/0BBAi ng structure inspection device inPEIGGRUA000942
with an enbodi ment; FIG 17 shows a bonding structure inspection
device in accordance with an enbodi ment; FIG 18A shows a perspective
view of a wre bond i nspection systemin accordance with an .
epbodl nment ;| WO 2010/ 090605PCT/ SG2010/ 000042 FIG 18B shows a front
vi ew of a wireFlmmy showpes illenatipstfevrd lnombeghtd@beand measurement in
accordance with an embodiment;
FIG. 30 shows a flow diagram. illustrating calibrating 2D mspection in
_ accordance with an embodiment; and

- FIG. 31 shows a flow diagraﬁl illustrating calibrating 3D inspection in

accordance with an embodiment.

Descript;lon
[Oﬂllj.The following detailed description refers to the accompanying drawings that
show, by way of illustration, specific detailg and embodiments in which the invention
may be practiced. 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,‘logical, and electrical changes may be made without departing from thé scope
of the invention. The various embodiments aie not necessarily mutually exclusive, as
some embodiments can be combined with one_ or more other embodiments to form new
embodiments. |
[0012] The word "exempléry" is used herein to mean "serving as; an éxaﬁlple, instance, or
illustration”. Any embodiment or desigl.1 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 1igi1t 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



with an enbodi ment, FIG 19 shows an overall flow chart of a process
in accordance with an embodinment; FIG 20 shows a flow di agram
i |1 ustratiW§200089603 of | earn product steps in accor daP€d/S&2039/090442

enbodi nent ;

FIFrG 21 shows a flow diagramillustrating a 2D wire bond

recipe cr_eation in accordance with an enbodi nent; FIG 22 shows an

il lustration of bond placenent neasurenent regions of interest (RO Ss)
in accordance with an enbodiment; FIG 23 shows a flow di agram

I 11 ustr aishérgd 8l distiee tﬁmnﬂtheﬁmtpghtetraaamss;w pmtqn@mpbnamecwmwealﬁn

enbodi nent ;

arranged such that light provided by the body_r structure may be illuminating at least a
portion of the object receiving region; a first camera having a first main optical axis; a
secon‘ci camera having a second main optical axis; wherein the body structure may be
arra.qged. Between the first camera and the second camera on its one side and the object
receiving region on its other side; wherein the first camera may be arranged such that its
first main optical axis may be directed to the object receiving region via the first light-
transmi_ssivc porﬁon; wherein the second camera may be arranged such that its second
main optical axis may be directed to the object receiviné region via the second light-
transmissive portion; an arrangement configured to provide. light reflected from the object
receiving region such that a first reflected light portion may be provicied as a first co-axial
light portion aligned to the first main 0pticél axis, and such that a second reflected light
pomon may be provided as a second co-axial light port.lon aligned to the second main
opt1ca1 axis. The distance between the first hght—transmlsswe portion and the second
]jght—transmisswe portion may vary accordmg to design and user requirements.

[6014] In an embodm:lent each of the first hght-tra.nsmlsswe poruon and the second
light-transmissive portion may be conﬁgured to at least allow some light to pass through.
For example, each of the first hght—transrmsswe portion and the second light-transmissive
portion may be translucent. Alternatively, each of the firstlight-transmissive portion and
the second light-transmissive portion may be 'conﬁgu.red to l.)e transparent, For example,
the ﬁ:rs't'light-transmissive portion and the second light—ﬁaﬂsuﬁssive portion may be

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



FIG 24 shows an illustration of die tilt ROs in accordance with an
enbodi ment; FIG 25 shows a flow diagramillustrating details of an
i nspect pry@et0/08e8p in accordance with an enbodi nent; HITEG2EH/08MWIS
a flow diagramillustrating inspecting 2D features in accordance with
an enbodi ment; FIG 27 shows an illustration of long tail ROs and

(rjreasur errelnlt i.n accordance with an embodi nent; FIG 28 shows a flow

elrrgg{:l??ﬁ}mﬂu S't I’Ir?tulr ZgbL;;E;C :hlenb%dg [:W]:lc?uzxir[eunz:yshe:vz aago(;fer Sh%gg © T\1I1Me tdgnzxean
shape may include a radius of between about.40 mm to about 45 mm, for example. The
dome shape may be sized so as to accommodate the object to be arranged in the object
receiving region and-at least one body structure lluminating light source. The body
structure may include a dome light, for exarnple. Thr: body structure may also include any
other light source as long as the light source may provide uniform illumination on the
object receiving region.
[0016] In an embodiment, the light detection arrangemerlt 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 port_iorl and the sfrlrcture is arranged in the cutout
portion. The structure may be made of a material which may ntrt allow the through
passage of light. For example, the structure may include a rectangular plate or a diffused
white plrxstic sheet.

[0017]:111' an embodiment, at least a portion of an :inner:surface of the body structure
fécing the object receiving region may havé areflective surf;ice.

[0018] In an embodiment, at least a portion of an inner surface of the body structure
facmg the object rece1vmg region may be configured to generate lrght

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

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

. one body structure illuminating light source arranged to 111um1nate at least a portion of an

inner surface of the body shucture. The at least one body structure illuminating light

10



WO 2010/ 090605PCT/ SG2010/ 000042 FIG 29 shows an illustration of wire
| oop height RO s and neasurenent in accordance with an enbodi nent;
FIG 30 sh¥QS0d/0Pt6dy di agram il lustrating calibrating POTISGZPEH0G0dN

i n accordance with an enbodi nent; and FIG 31 shows a flow di agram .
illustrating calibrating 3D inspection in accordance with an

enbodi ment. Description [0011] The follow ng detailed descri ption
refers to the acconpanyi ng drawi ngs that show, by way

i |1 ust r gfukd@Nmays pe gbdiiicned etithid the dody @erwghpwdvmfw efrige bpdent i on
may be practiced. These embodi ments are described in sufficient
detail twucem@bl e those skilled in the art to practice the invention.
O her enbodi nents may be utilized and.structural, |ogical, and

el ectri gmm]cma,ﬁg@sooa&yenbehdmd&smﬁdhndy s&eﬂmtxllmglrmmngrhgﬂheowmey of
the invention. The various enbodi nents ate not necessarily nutually

excl usi }ﬂgludgﬁpmmgd ments can be- conbined with one, or nore
ot her 'enbodi ments to form new enbodi nents. [0012] The word

" exenpl fjog3) h%n%ﬁ;@dzhﬁhﬁﬂﬁ gl@alﬂ?@ﬂamﬁﬁh‘_dy fwgluds a tiphtexdttipg dipdé arstyance, .
or illust rat ion". Any enbodi ment or design described herein as
"exenpl §5og3) Insanrlé?ﬁbodlment, the plurality of lamps may include a diffuser or a diffuse light
source.
[0024] In an embodiment, the arrangement 11:1ay include a liér,ht arrangement.
[0025] Iri an embodiment, the light arrangement may include a first light source and a
second ligh;r 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
sourc.e. mﬁy be arranged to direct light through the secont?i light-transmissive portion to
the objec;t receiving region.
[0026] In.an embodiment, the first light source and the second light source may be
aﬁ-angeci such that a light axis of the light emitted by the first light source may be
substar;ﬁélly parallel with the first main optical axis and’that a light axis of the light
emitted by the second light source may be- subStanﬁally 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 lamps. .
[[}028] In an embodnnent the plurality of lamps may mclude a hght emitting diode array.

[0029] In an embodiment, the first light sourée. and/cn the second light source may be a

disperse light beam or a focused light beam. N
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necessarily to be construed as preferred or advantageous over other
enbodi nents or designs. [0013] An enbodi nent may provide a |ight

det ecti on WP28WHPMBNt . The |ight detection arrangenent REEGERHNGI00ME a
body structure configured to provide light, the body structure
including a first light-transm ssive portion and a second

i ght-transm ssive portion W0 2010/ 090605PCT/ SG010/ 000042 di sposed
at a distance from the first light-transm ssive portion; an object
recei Vi @30egi N eabbdinghyl il diphtt Matngbmetit mpy ondhatisda Bight henrgsobging
structure may be illum nating at | east a portion of the object

recei Vi gledidd0ire;a grohp bs ligitasstices buawisting of fn et shapedrlighp sowed, acbars; a
second canera having a second main -optical axis; wherein the body
structug@mgpug@gmﬁwiamg@@ﬂhﬁimeen the first canera and the second
canera on its one side and the object receiving region on its other
si de; .V\Afarsq T doRenbbiinsht, GRMERAARY hgy Btludngeensytitertamabgeirtest. f i r st
mai n optical axis nay be directed to the object receiving region via
the fi riﬁosh]' B RIS AR SthY 820 bjliteR arrmlgemeitimiyhee apmgetior tweame may -
be arranged such that its second nmain'optical axis nay be directed to-

t he obj ggt of RE SN RYcfufHs UL HkiafnB@ 286 6RBEcInd @ltherbr ansm ssi ve
portion; an arrargenent configured to provide light reflected from

the obj 35633[ g&g& hiHAGin 8 iR beaMGlitid Btrarkefbhitshay igflhéod Rdt Beamhipligxor t i on
rov e

may be as a first co-axial light portion aligned to the
first ”%L@agﬁbﬁ&%ﬂa lifer. and such that a second reflected |ight
portion may be provided as a second co-axial light portion aligned to

the Sec%ﬁﬂﬁl’sﬁh ORbbERkntA e SarralBnet $a@NEQuRES WER arfaigeridnt, The light

l'i ght-trans sive portion and the second fight-transm ssive portion

may vary accordi ﬁg%l?ﬁgﬂa:ﬁ#gggtﬁ%ﬁuﬂdé @hid b edsnd RN kurce, Mhddin e fast

'enbomlﬁﬁﬁgéeac I ght-transm ssive portion and the

second |, h{sgltir%e%?a@ﬁh%%\éﬁg%eﬁqgﬁﬁmo T FilRE1i SR B kr8e RA0hE Erstbarh@@sichal | ow

sone |i ass rou or exanple, each. of the first .

some i git"¢B _ _ ch of the Tirs! _
oy be. (PANG Bob ATt AaE oaf B sy B IE et e 1hARBMIAELY MR |

p;): f i olnq]’é& Sé’gcgg%“]ﬁ?ﬁ%gﬁ’r%g%q{%é E@’@?g‘%gﬁﬁﬁf&ﬂﬁé fegf)i(ﬁg rr‘;l)zf gi,a_sf%ﬂrﬁl \inG_st
b " ERSTET NGO DAl AAHAPHESEANA A HREORRHLS Shy GhBRL | OA

enings or as a single. opening. WO
20101090 9 %e%glré Boml jépi eg%a%(zbe arranged relative to the second light source and thé

secoﬁd'damera such that the second beam splitter may be ‘clonﬁ_gured to receive the light
provided.by the second iight source and to lre;direct the light to the object receiving
1'egi0ﬁ via the second light-transmissive portion, thereby‘ generating the first reflected
light portion. |

[0035] In an embodiment, the arrangement m'a.y' include a l'ight 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 prow;ided by the light arrangement and to re-direct the light
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100151 1In an enbodi nent, the body structure nmay have a done shape.
The done shape may include a radius of between about.40 mmto about
45 mm f orWexRAWEPES The done shape may be sized so as tRETASEoHHOMWR e
the object to be arranged in the object receiving region and at | east
one body structure illumnating |ight source. The body structure may
include a donme light, for exanple. The body structure may al so
include any other |ight source as l.ong as the |ight source nmay

provi de tdithi fobjetn debdiving negiorovia die tebpecititsj Gt lighttrabsmipgve Rglighand]he 16)
In an enbodi nent, the |ight detection arrangenent may further include
a Struckastbmd Hghtitagsrhibeved portion td gimerater thn seroed iraflscied dightopprierdand ke :
second light-transm ssive portion, wherein the body structure has a
cut out pmed tdfleftedlight pbeios fiotictheireecivel lipht.anged in the cutout portion. -
The structure may be nmade of a Material which may not allow the

t hr ough [g13sFROM &hbddiridiit, thébEane xplitiet erarpheen tmaycheuareanged/ o Helsade a
rectangul ar plate or a diffused white plastic sheet. [00171. 1n an

enbodi NRRL of Ak bbBAHuctareRRtid dhfecbfecdving tgim. sur f ace of the body
structure facing the object receiving region may have a reflective

surface -[oobefﬂn% LAt ePee ibeRAsplited alr@gshent |oy bé oomighredrio reveae
surface of the body structure facing the object receiving regi on may
be conf it&uﬁ?ﬂ phAiANST b Gudek Shiface of AR1Sdy! struetirepaixbeti penatate thbdirat .
| east a portion of an inner surface of the body structure facing the
obj ect I efei-ige foRBnQARd IRYeddna rfieediklt @bitiof &oer the reveiveblight.ng and/ or
a plurality of "organic light emtting diodes. [0020] In an

enbodi ”E[gﬁnaes] Elﬂogr;/ lehBbAimERE &5 b&in FlRN gLIRRincNeMaY Widhitera kingle Udemat

| east , sh-ucture illumnating l'ight, source arranged to
11 um naséﬁtt o sciPat theHirQ reffdteld MR portisd RAGE b brdvitied hody first
structure. The at |east -one body structure illumnating Iight WO

2010/ Og%ggﬁgﬂlgﬁ% QIQM%O the first main optical axis and such that the second
reﬂec'I.:e_d light portioﬁ may be provided as the second co—a:%ial light portion aligoed to the
second main optical axis.

[0039] In an embodiment, the first camera an;l the second c;amera may be arranged along
a .comm.o;;_ camera plane,
[0040] In an embodiment, the single beam splitter may be .a:m'anged at a substantially 45
degree aﬂgle with respect .to the common camera plane. o
[0041] In an embodiment, the arrangement .may include a'.ﬁrst dichroic mirror of a first
wavelength arranged in a light path along the first main optféal axis and a second dichroic
mirror 01f ;; 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-

ﬁanémiésive portion or on the one side of the body structure overlapping the first light-
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source may be positioned within the body structure or positioned
outside of the body structure. [0021]. In an enbodi nent, the at | east
one body §FPGEF@P@%$IIuninating | i ght source may i ncl udE€THGII1908004#3 vy
of lanps. [0022] In an enbodinent, the plurality of lanps may include
a light emtting diode array. [0023] In an enbodinent, the plurality
of lanips may include a diffuser or a diffuse |ight source. [0024] In
an enbodi nent, the arrangenent may include a |ight arrangenment. |,
[0025] linsatissbreimadionentd, wherein| thejlsecond dighemeranironagy jbf cArFgesdains e st

| i ght source and a second light source. The first light source may be
ar r angegedofid Hitraahsnhissifetpottimaugh thehmmefide of theibgt struchiFRNeslapniRe 98rt i on -
to the object- receiving region and/or the second |ight source may be
ar r angegedofd Hiltt@@bsrhissgfetpottinough t he second I'i ght -transm ssive
portion to the object receiving region. [0026] In. an enbodinent, the-
first | igla) s @sbodiflnt,the Sese diviiroid mirtor soayriwea biuy chler dichwirgairosuch
that a light axis of the light emtted by the first |light source may
be substafthicabdoyd Prhdld Mirroviriak bt Beed dotartdiohedio mpdr eravheasin tespednthat a
light axis of the light emtted by the second |light source may be
subst antgickdiymBraady®k abldeloldh dicireomtirorandithe fitst dizhrogoangyor RPBFR | n

an enbodi nent, the first |ight source and/or the second |ight source
may red color dichroic mirror. '
[0044] ]Ln an embodiment, the light detection arrangement may further include a light
separating structure. The light separating structure may i.ﬁclude a opaque material for
example a black paper so as to prevent the light fron:i the first light source from
interfering with the light from the second light source. |
[0045] Inan cmbodiment, 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 illuminating light source:
[0046] In an embodiment, the light detection arrangement may further include an object
anangéd in the object receiving region. .
[0047;] Iu an embodiment; the object may bé a die or a chip.
[0048] In an embodiment, the die may include a plurality of bonc_ling'structures. The
plurality of bonding structures may include. 2 plurality of bond pads and a plurality of
wire bo;1ds. Each of the plurality of bond \}vi're ﬁay be coxliﬁgured 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 inain optical axis and the second main optical axis may be axial
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include a plurality of lanps. [0028] In an enbodinent, the plurality
of lanps may include a light emtting diode array. [0029] In an
enbodi ment WOtZBH/099608t | i ght souree. and/or the' second ROTHG20H00¢042
may be a disperse |ight beamor a focused |ight beam WO

2010/ 090605PCT/ SG2010/ 000042 10030] In ..an enbodi nent, the |ight
arrangenment may include a |light source being selected froma group of
l'i ght sources consisting of an arc shaped light source, a bar shaped -
i ght senetricanith spditté bisgemetry X9 Bdihg perpenicaiab txid plang defmpd by the
arrangenment may include a beam spli-tter arrangenent. [0032]- In an :
enbodi MpBect ebteviReRBIoaP! i tter arrangenent nmay be arranged on the sane
side of the body structure as the first canmera and the second canera.
[ 0033] Iiposa) £ &k QsHibaBintent, tdach beara Spktichinera arelr tharsgems ntamwesy mapdieude a
first beam.splitter and a seCond beamsplitter. 100341 In an

embodi. MyRbngdihea sihefaRIEHigle Ry with chspete tatheisghimery meingButnt, ca¢thaf
| i ght arrangenent including a first light source and a second |ight

sour ce; MhEfRibBark Rlirfck 1284 tReaBdmPbdatd §ilittRyhap de aimaaegded ar @bt beam t 0
the first light source and the fast canera such that the first beam

spli tterg pRY Rele GBIt Wips: tPtheRGRIMEy AR, | THg Hifffemy ibdrrkeb yhet beant i r st
l'i ght soarce and to re-direct the light to the object receiving

region -y gnérfag it iah S the chi@bth 2hg18 BSABbES4SY € CRAEIpoRdIngly, B¢ Sy bgensilisted ng
t he seco re Fected l'i ght portion;. and wherein the second beam

splitter, Ay, REAHean Qﬁﬂtef' Rhafbl ¥ d E\hdi‘co'ilﬂﬁl_iﬁﬂd)ebm ghlittes angle of S0%c- t he
secori d.canera such that the second beamsplitter nmay be configured

to receu¥§ the Iight provided by the second |light source and to
re-direct the light to the object receiving region via the second

light-t g@p@gﬁ& %iig@g@?mt% 2 DBESRY BRAGKEE fopBovidigicht feSiboté@frbaaied

light P an enbodi nent, the arrangenent May include a

light arpg %@?O&gtrgg‘éﬁ]éﬁﬁf&ﬁﬁknsﬂ‘ﬁn%%Eh?ﬁﬂobfd%@f)y fleABE SfRAlre BRY be

arranged’ atrve arrangenment and both , the firt canera

and the secor ?JF]&? ﬂﬁﬂ%sﬁﬂﬁvp Btfon SR 1thd ﬁcoﬁ& figaRARRksivRy be

conflgureﬁi1 provi ed by the |ight arrangenent and
to re- dlregt the Ilght
portion.

[0052] An embodiment may provide a metiled for detecting light in a light detection

arrangement the light detection arrangement may include a body structure configured to

provide light, the body structure including a first llght-transrmsswe pomon and a second

11ght-transm1331ve port1on disposed at a distance from the fixst 11ght-t;:ansm1531ve portion;
an object receiving region arranged such that light provideﬂ by the body structure may be .

1llu1mnatmg at least a portion of the object’ recewmg reglon, a first camera having a first

© main optlcal axis; a second camera having a second main Optlcal axis; wherein the body

strueture may be arranged between the first camera and the second camera on its one side

. and tﬁe ‘ object receiving region on its ether 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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WD 2010/ 090605PCT/ SG2010/ 000042 to the object receiving region via
the respective first light-transm ssive portion and the second

| i ght -t r an¥Ri28¥709€60porti on to generate the second ref| RETEG20104pE042
portion and the first reflected light portion fromthe .received
l'ight. [0036] In an enbodi ment, the beamsplitter arrangenment nmay be
arranged on the sane side of the body structure as the object
receiving region. [0037] In an enbodi nent, the beamsplitter _

ar r ange paitn; Whyrelhethe @sabndpamerh thay eacreiged sudhahitiitglsecopd owindwicglyixishe
inner surface of the body sttucture, and to generate the fi.rst

ref | ect gghylveGiecte@td inebBOretdeing axpimd theahdthat wdy Lichide ppordiaglightr om
the received light. [00381. k an enbodi nent, the beamsplitter

ar r angepEnbted®on 1he loHRe: Beiifiegiohearh thatl d firsereflexed light pedios valy behat
the first reflected light portion may be provided as the first

CO- axi alyrdyi@atas ROk @Paxddl ligResbriic ligted forthé firmmmiopgticalbdxinendswhd
such that the second reflected |ight portion may be provided as the

second G %&E%ndlrwé&tedn%h{ o BE grovidletl e a Se@at dormiahligiptportah :
axis. [00391 In an enbodinent, the first canmera and the second canera

may be qfranqetheabQRd nit@ERRxgaMer a’ pl ane.  [0040] In an
enbodin%%%%ﬁtheesingle beam sPlitter may be arranged at a

subst antrh @l Yo 40 SRt 2Rl ght EBmItBS BRE lightGolRe nbgetikideanel te
pl ane. Hg%%!?llnean énbodinen%g&the arrangenment may include a first

di chroi G i § 0 %é?ftteﬁ 1{@},{ SlayRVRLEREEA iR fwa EREkdnS, aTHd BElt spdritingl ong

the first main optical” axis and a second dichroic mnor of a second

vavel engghafrAN06Hd B abBorh 1GHH inRAL iSRRG iR 586G thedthet dapétozal

may be. r:eﬂected off the object aranged in the object receiving region. The second
camera m‘ay be positioned to receive this reflected light. _Similarlig for light from the
second hght source, the arrangement may be such that 1.t]:Le light originating from the
second light source may be either essentiaﬂy absorbed by,'the light separating structure
and/or be reflected off the object arranged in'thé 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
deteétion."arrangement 1d2 including a first light' source 10££, a éeconﬁ lilght source 106, a
first beam splitter 108 and a second beam splitter 110 accorc-ling to an embodiment.
[0055]. The light detection arrangement 102 may inclucha a body structure 112 configured
to provi.d'e light, the body structure 112 inclﬁding a first light-tragsmissive portion 114
and a- second light-trgllsn-nissive portion 116 disposed at E.J.“distance from the first light-
_ transmissive portion 114. The distance between the first ﬁght—transmissive portion 114

and the second light-transmissive portion 116 may vary according to design and user
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axis. [0042] In an enbodinent, the first dichroic mrror may be

arranged in the first light- transm ssive portion or on the one side

of the bodyOS010PeRMT e overl apping the first |ight- WOPCT/SG2010/000042

2010/ 090605PCT/ SG20101000042 transm ssive portion and wherein the

second dichroic mrror nay be arranged in the second

~light-transm ssive portion or on the one side of the body structure
overl appi ng the 'second light-transm ssive portion. [0043] In an
enbodi Mpdarirerbdifs. f iTHe lighit cdeteoiion amrangemental0Zhenay Birther wolude api AHhi c
mrror and.the second dichroic mrror may be a red color dichroic

M nor;  Qicei@redish 1 Iarfmganhclditatlight provided by thraliodb etrectise 12 ToY be
dichroic mrror and the first dichroic mrror may be a red col or

di chr oi QriAdtRE at R4 Hbrtibh obthe OfEud cicaivin, regibe118.ght  det ect i on
arrangenment may further include a |ight separating structure. The
light seRBkRThd Gemt ddi6kioh QuitBgenietC 102 tag foptheruinclva¢ erfiml cdnmra d8npl e
a bl ack paper 'so as to prevent the light fromthe first |ight source

fromi “?;E‘Fi%ﬁ‘ 6 WhihMophibd dxisgh®2 ddamdchel sanand 24 ihghing scwcand. m§if045] .
I n an enbodi nent, the |ight separating structure may be arranged

bet ween O@Jﬁ&l Lii $56.! TR KodsQuhGHEre At mali ®e Sraied beivghi tiedirstoenenr] 20

bet ween e beam.splitter arrangenent and the at |east one body '

st ruct ur.eq el kb8 aihad 124 Sibs 61096 8nd thE BBé&]redeivimiregioh 018 oreitt gthdrhe

| i ght detection arrangenent may further include an object arranged in

the obj egf receiving region. 100471 In an enbodi ment, the object may
be a die or a chip.. .

[0057] 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 first light-transmissive portion 114
and the second camera 124 may be arranged s;uch that its second main optical axis 126
may ‘be directed to the object receiving ‘regiqn 118 via the second light-transmissive
portion 116.

[0058] 'i‘he light detection arrangement 102 may further include an arrangement 128
conﬁgur;;d 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 tha‘t_ a second reﬂected-light-portion 134 may be
provided as a second co-axial light portion 1?;6 aligned to 'Ithe second main optical axis
126. ';_[‘he arrangement 128 may help to generate a good illumination contrast between the
die and ﬁle bond wire on an image captured by the second c'z%mera 124.

[0059] Each of the first light-transfnissive portion 1}4 and the second light-transmissive
portioh 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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[0048] In an enbodinent, the die may include a plurality of bonding
structures. The plurality of bonding structures may include, a
pIuraI!ty’WPZE@N&M&ads and a plurality of wire bonds. EP&AIEG3010{0p(942
plurality of ‘bond wire may be configured to connect each of the
plurality of -bond pads to the die. [0049] In an enbodinent, the
first canera and the second canmera may be arranged in a manner such
that the first main optical axis and the second main optical axis may
be axi alight\WEnARitAIOIPREED POT hEEIBLOAOGOSURD sy ransparewl- vRarIexpERlpe®e t O a
symetry axis being perpendicular to a plane defined by the object
recei Vi figst ligktitRAsmikBO5Nrtid 1 Binand nikotondritght-eacmissive PRBIof 118 mag dfer a
and the second camera nmay be arranged at a sane canera angle (a) with

respect girthel BErwR)sBpHRALE YpadidgS or &S sifdd opesiagh of the first beam
splitter and the second beam splitter nay be arranged at a sanme beam

spl i t t.efogipir1G8) AV Bodyashetde 119 rah Bawynduete sha@xi e doine sithipk inay ence
bet ween the beam splitter angle and the canmera angle is about 45.

Cor r espenglided Yadiuk @ teiveeh aBe@mMoshkd tot sounasl nihefos examplebetm dyi t t er

may be arranged at a conbi ned beamsplitter angle of 90 + 2a.
structure 112 may include a dome light, for example,
[0061] In an embodiment, at least a portion of an inner surface 138 of the body structure
112 facing the object receiving region 118 .I;ua)'r have a reflective surface.- At least a
portion of an inner surface 138 of the bod}‘f" structure 11£ facing the object receiving
region 118 may also b;: configured to generate light. The at least a portion of an inner
surface 138 of the body structure 112 facing ﬂ:Le object recéiving reg'ion 118 may include
a ﬁgﬁt éeﬁerating coating and/or a plurality of organic light emitting diodes.
[0062] In FIG. 1A, the light detection @gement 102 may further include a plurality of
body giructure illuminating light sources 140 a.rranged to iliuminate at least a portion of
an ﬁér surface 138 of thel body structtﬁ‘e 112. The | plurality of body structure
illuminating light sources 140 may be positioned within the body structure 112.
[0063]' '_-:['1.1.6 plurality of ‘t.)ody structure iliuininating light,. sources ‘14(-) may include a
plurality of lamps. The plurality of lamps I-nay include a light emitting diode array; in
alternatiye embodiments, the plurality of la;mps may int;lude any other suitable light
generating devices such as e.g. organic ligh't. ém.itting diodes. The plurality of lamps may
incluae a diffuser. i |

. [0064] In FIG. 1A, the arrangement 128 may include 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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[ 0051] In an enbodi ment, the arrangenent configured to provide |ight
reflected fromthe object receiving region may conpensate for the

| i ght provWeedlggohe body structure and escapi ng thr olR§I1/5G3610{0pG0d2

| i ght-transm ssive portion and the second |ight-transm ssive portion.
[ 0052] An enbodi nent may provide a nethod for detecting light in a
| i ght detection arrangenent, the li'ght detection arrangenent may
include a body structure configured to provide |ight, the body

struct urmaeifsd lightn@umef iodstay ibghtrrangeth soridirsitviight ghtongh thendrsh lightond

| i ght-transm ssive portion disposed at a distance fromthe first

| i ght - t haRsbSw poeidpdE itothe objectabjeddg regionil V8 agl/ordly sromlighhepatbesuch
that |ight provided by the body structure may be illum nating at

| east a 106 miay®R afthndel o QD¢ Ehtrihoaih thagedoad light:transthissive partioet 6 thavi ng
a first main optical axis; a second canera having |Isecond nmain
optical Rxduject Wh&YIAE Regidiel 1BOdy structure may be arranged between the
first canera and the second canera on its one side and the object
recei vi Qsodsfqﬁeﬁrseﬁgﬂtfs&xea [0aran8lofithie s¥doad HEIR sbiee 106 mby atwde co-meigl be - -
arranged such that 1ts first main optical axis nay be directed to the
obj ect ngseiokicad THAGrEGLA! RARE QDL @O HNNDBADburedi06 Mayidvdrdeian t he
second canera may be arranged such that its second nmain optical axis
may be dprped fehtliRah R ao@sls;f?&ge 2 8bakbd) Jor €GIRIE a phealhpoh ddngsayThe

i nclude providing light reflected.fromthe object receiving region
such th b 8 g len?@ht dRAe BRYy; B alterpdtiod iethbddiagnts,
first cg}}]g)%lll Iolrﬁnd:ﬁ?ﬁéggﬁlﬁ%nég i gned %o t he ?Sj(rst mai n optical axis,
and suc iR FEGR g QlitabRNighOsenBRNnddsvieoMicH @gle. s a
second r(}](%ég%a}alﬁ(ff?g }qlﬁ%ﬁ%;lg%%?ioguﬁgd to tiﬁgp%econdégﬁai n opti caf§~

axi s.

organic light emitting diodes.
[0066] In FIG. 1A, the arrangement 128 ma.y further inclut'ie a beam splitter arrangement
148. The l?eam splitter arrangernent 148 may be arrangeti on the same side of the body
structure 112 as the first camera 120 and the second cainera 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, .‘E;,S désirecf.
[0067]  The first beam splitter 108 may. be arranged relative to fthe first light source
104 and the first camera 120 such that the first beam spli&er 108 may be configured to
receive -tiw light provided by the first ligh;£ source 104 a1:1d to re-direct the light to the
object receiving region 118 via the ﬁrst' . light—.transn;issive portion 114, thereby
_ generatiﬁg the second reflected light portion-134. The second reflected light portion 134

may be substantially aligned with the secoﬁd major optical axis 126 such that the second
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[005g] In an enbodi ment, when light from the first |ight source may
be incident on the first beamsplitter, light may be re-directed in
two directWorzd10/09%85 | | ght separating structure nmay ser \RETISG2019500042
light in one direction and the light. in the other direction my be
reflected off the object arranged in the object receiving region. The
second canmera may be positioned to receive this reflected |ight.
Simlarly, for Iight fromthe second |ight source, the arrangenent
my be sdieda I PAGetbdembiegiTithosdooiduaticatel figlopottive 184 dlomdhd figphtansaar ce -
may be either essentially absorbed by the |ight separating structure
and/ or Ipgy.r &f hdetdad thefsbednl @ el jsplitter 4110 amge drrngddrelatig wcthe seweivi ng
region and thereafter being sensed by.the first camera. 100541 FI G .

| A showsgi sbhRBt0¢/ ktt¥hotecond bdithtica UBE ek itiow ther second dean split@®? 118 eyl i ght
detection arrangenent 102 including a-first |ight source 104, a

second b ghifSRH4E RedidSthe Bghtipridcd @gmebord lipht Sfted06 ard weediretbeam '
splitter 110 "according to an.enbodi.nent. [00551 The |ight detection

ar r angegeninl Rns B edt Ak OO ik EHeGketnd liphRraontssigepadot 016,
provideqﬁiﬁﬁt, tﬂgmgody @??J%?ure 112 including a first

i ght - t yan ' E 5 QReflobhd At forfi6s 86! THedibt deflevnaligs ipurion
portionh%%% J%§%§§§@9at a distan%g romthe ffrst light-

transm gg) by IshbsRtidibAalighwih HcAGOmbyBE YWRRA! 4xe172i subl that the first

i ght-transnissive portion 114 and the second |ight-transm ssive
portion CC OF L ekt bR FRForH BT thad e second camera
2010/ ogﬁé‘égrﬁg??‘g\égﬁgﬁ’oooom requicr.eme%Pts. The |ight detection

an- ange t 102 may further include an object receiving region 118
arranged~such that |ight provided by the body structure 112 nmay be

11 um napd eggt LROcA! artdiCeBbii e HAF Ainted Sholei Hight18.

[ 0056] iﬂgﬁ?ﬁgﬁ?ﬁdg$bg%”§%fgb@ﬁﬁbenen?eloz may ?ﬁrther i nclude a
first camera, 12 i hi il QRhuEA] 543%dybeltdngadefvesp@RNd
caner a f?%m%5$fﬁﬁg§¥§§gdﬁgl#%?%w%%?ﬁ%ﬁﬁlaxis 12@§wThe g’hg'ody structure

112 may fg;f h{a%h an %Cl09%&"%@@%&)@@1@&@5&09Wr?ﬂejigggt apskafidlestSRGANS4

caner a I'ts one side and. e object recelving region 118 on

it th g Q057 fd i t hat
S P Mmoo Sk e L STy Ao pk AP GR, (D
recel vi nge heg 0 5ot 16l Froht Breltblidd it B3 roh (AR (He 38K @11PRburS01 614 and

the sec y be arfahged su its second main

CPLYE3L Al e R ST S R A, 11

e D ORI of A TEkd FRIB P o e

conf i gur Bt 9bdech Fom ect “recei vi Ag

Iroregg)'vfgeté? 8%6?.35’4" g igg@% sy 4$E%S§‘%%3°§t°%%p’tf§g§ﬁcgﬁ‘té%§ﬂ?“ﬁ ﬁ?ﬁ?ﬂ .
134"y feesy G0 dedain e st ST horRin PG por £ on 136 al i gned ©o
gener at TGSt 1Ak S srreBop AR e Bt R eRe AL e T ERe g
wire on an | MRge Capt U o e opting a2 432 ond AU % LBnd Zdin optical axis 126 may

be axial symmetric with respect to a S}’Inn.leh'y axis 190 being perpendicular to a plane

158 deﬁned by the object receiving region 118.
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[ 0059] Each of the first light-transm ssive portion 114 and the
second light-transm ssive portion 116 nmay be configured to at | east
al | ow soneWPDi2g1099605 pass t hrough or be transl ucent. Al tRETVEG2010D8042
each of the first light-transm ssive portion-114 and the second WO
2010/ 090605PCT/ SG2010/ 000042 |ight-transm ssi've portion 116 nay be
configured to be transparent. For exanple, the first

| i ght-transm ssive portion 114 and the second |ight-transm ssive
porti ongh¥$] PRY: dfahé GisiRenas 120and epaveaind @peri ifsmay basrangsd nyhe
opening. [0060]. In FIG 1A, the body structure 112 may have a done
shape. Thee M. SAPE) REt redpedtud theasymatiry axiaf19be Furtien, @boof thd@irstm t o
about 45 mm for exanple. The body structure 112 may include a done
light, f,04m e)arP188 2h@@1echid RAmEIPAE MiBNinay & atraget aaapemeibeamof an
i nner surface 138 of the body structure 112 facing the object

recei vi RGid.£ahA0 (Bt Rpdct QYR Fmintdilyedxid VI, SThE didferencebetiveasthea
portion * an i nner surface 138 of the body structure 112 facing the

Obj €0t FEeiNicAf af R0 hAN L LimBRYndl Sy #00f 4TI Ciikclongiags; db il ght o
The at least” a portion of an inner surface 138 of the body structure

L12 facig, (P Rieald e 6ebid Mim'spken 10 iy BoYmijel dtteccutiiegiticam

generating coating and/or a plurality of organic light emtting

di odes. - Hdor A the light detection arrangenment 102 may
further S{ﬂ%ge?énoééé]% plurality of body structure illumnating |ight

sources ~ ; 3 gkt dé n 320 BheOliigh® detedtidar
u [ﬁ@g] g#étaihq%ggog}épa EbAtWavnaf £ 1igke d _%%ﬁ& gysRe 19 the

surface y structure 112. e plurality of body

structure  il-l.um. i. i Pesiiial aoedins thhinn t he
body st rsﬁsé?rﬁrlg?@ d’{%&%é%ﬂ #ﬁ%@&%ﬁ%ﬁ%& eg?y%zgﬁfy structur e]ﬂgi

i1l um nat ibn‘ -Ieinpht sources 140 may include a plurality of |anmps. The
pl uraliteip(g “Tanps may include a light emtting diode array; in

al ternat b 3] THE qld {T%&%&lont eﬁl i’dz%h& Yndfdd Qﬂlﬁ)u{fﬁm,! z&CbMQﬁ £43y a0t _her
sui tabl & % éﬁgbg erating devices sucth as e.g., organic light emtting
di odes. c-ggt?d ullgu(graplri)ct:e\ésh?gf dév%gﬁg4 Wtht: ﬂgﬁt%ﬁc@ondziéaﬁlﬁ%nt 102 of FIG. 1A.

The inp-uti 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.t

162 and ;nay include a processor 166 (e.g. a (e-.g. programmable) MiCroprocessor or any

kind of programmable or hard-wired logic) and'a memory 1%8.

[0074]. When in use, the \'J,SCI’ may provide the'input 160 to ’the controlling or processing

device 164 so as to control the light detection eil.rangemerlllt 102. Data may be received

from iﬁe light detection arrangement 102 and then store'd in the memory 168. The

.processor-166 may then process the data stored in the ;nemory 168 so as achieve a

desired {mage data to be displayed on the output 162. |

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

detection -arrangement 102 including a body structure 112 with a cutout portion 170
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[0064] In FIG 1A, the arrangenment 128 may include a |ight
arrangenment 142. The |ight arrangenent 142 may include the first

i ght sour¥e20049&A% t he second |ight source 106. WD PCT/5G2010/000042
2010/ 090605PCT/ SG2010/.000042 The first light source 104 nmay be
arranged to direct light through the first. |ighttransinissive portion
114 to the object receiving region 118 and/or the second |ight source-
106 may be arranged to direct |ight through the second

| i ght - t L RRAMSS M @nivoRinean addLBIG. aBt shews bjtes tvieweckethe ibndy stawgiuon 11218,

[ 0065] The first light source 104 and/or the second |ight source 106
may i Nclifl@heGomadddiod 170N FRO.WACRSordihp o 4r érsliodithgitt source 104 and/ or
the second |ight 'source 106 may i nclude a focused |ight beamor a

di sper ?fﬁobﬁlg[ﬁtFléﬁbﬂ'ﬁ Gnd DB the NighiiefchorDhvingbintnt 108 thaynipaludeTihe body
plurality of lanmps may include a light emtting diode array; in

al ter n.aEd'LTéﬁ]I RO FBed to bRRidRIigh@ tietbodp strhaiesl 10Bychidied aiflst Hghyt- ot her .
suitabl e T1.ght generating devices such as e.g. organic light emtting

di odes. [ Q066! FortidnG114 nd tah@c@ddr ﬂ%ﬂ-@'ﬁﬁs’ﬁisslx?@ poRtiyn f1U6t digosddnatl aide a-

beam spFlt_ter_ arrangenent 148. The beam splitter arrangenment 148 may

be arra?%‘%ﬂceo- othfle FATichi- AsRlssil D SolBAY 191 P! @iktenck Ibbtvieen thee fifst r St
canera and the second canera 124. The beam splitter arrangenent
148 may pinC NEpdikib3 t 19 R REddnll §phd OfhsARdive HRrtRRCAB dndyeaity
spli tte%lk@%ggﬁﬁl@p%ﬂg%e not ed that tﬁe ar rsangerrervr?t 128 may i ncl ude
any ot her Sd.lujl

t i af.igqeed to re-direct |ight such that
| i ght rrﬁ‘f}ct‘))fa- cﬁtsgéﬁgg&i\ﬁo&fgrhrg o?}nect receiving region 118 or to the

Firet oUTPLTY Rell oA SraReant ARTRES ithr AAuCR olfer (20T ohe
108, rmy TR 30R ity Pl BHERG ARSI byl B nICadhss el
roghon TG aEehisa b pbftion SEREORE kbl bgon LB 10 OIS LS oty
et oot el B TERT B eroBh AEREhL 0L pRRLAER s RORSERRTE 120,

;8(1:8?8 9%. 'Oé) ﬁ%ﬁ%@%@&%ﬁs@u% é Q&Bﬂ& Qﬁn&gcﬁﬂ %avMQ a second main

optical axis 126 and the body structure 112 may be arranged between the first camera 120

and the s;acond camera 124 on its one side a;ld;the object rec:eiving region 118 on its other
side. ' |
[0079] Tﬁe first camera 1.20 may be arranged such that its first ﬁlain ;tpti-cal axis 122 may
be djrect.ed to the object receiving region 1_:18 via the first light-h'ansmis'sive portion 114
and the ‘second camera 124 may be arrange_d such that its 'second main optical axis 126
may be directed to the object receiving region 118 via the seco.nd 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

22



canmera 124 detects nore of the second reflected |ight portion 134
than the fast canmera 120. In addition, the second beamsplitter 110
may be ar r¥@ged/opE@PAti ve to the second |ight source 10@CArse2010000042
second canera, 124 such that the second beamsplitter 110 may be
configured to receive the light provided by the second |ight source
106 and to re-direct the light to the object teceiving region 118 via
the second light-transm ssive portion 116, thereby generating the
first raflkasdBeht bogibh 1pOmby beprb8ided Fnefifst cosxial dightenorteo 132 gligneddr t i on
130 may be:substantially aligned with the first major optical axis -
122 suchyetfigtindid@ptichl &is RaNRidasudl thatesceatdreftestel light portiofi il 4 may be
reflected. light portion 130 than the second camera 124. [0068] it
FI G 1Andiiied lak Ghteciet ebkionlighitr @ogeiredd alifhdd maythé wecohémaimopticik a

|'i ght separating structure 154. The |ight separating structure 154
my be ggikasged between the first light source 104 and the second
light source 106. The light separating structure 154 may include a
opaque sy Dlikel @6 1E6AMRIcBtGh RhrBEKmBRPER 50 slasvd in PGV AL tHehBghti ght -
fromthe first |ight source 104 frominterfering with the light froth
the Secg&gctlohgﬂhng&h'én@eloa!ogs sSIRRPH FIGs. 2L andA2B afiayo et iddédemay be.
arranged i n the object receiving region 118. The object 156 may be a
die (e. Yyt £ CRRGUCH RN i -8 drsrdiddive pbRioRal 4 el Asebedi Iigbbtransmissive

obj ect may e.g. be any kind of substrate or carrier, e.g. a wafer

i ncl udi ng.a . ph Hrald doy Aucii-e$12 fBFindiuge RYulbohCionis FophdBRIstrhguef
bondinqu?rﬂctdies}k%607§] In FI miA,etheuf?ﬁit cane?g 128 éﬁg t he

second G35RLG bl afalfBY e BibAAREL 1103 ATRARRm A He thturd T2 Habing!

mai n optical™~axi s and the 'second main optical axis 126 may be

axial SHTELl B&gﬁsp 2 B6iikp 124 A PROURAY i ghninsk@QiV24ioRGn 116 may

per pendi a ane 8 defined by t bj ect receiving region

118. YOy 33 ﬁ?ﬂ%’%@i@%ﬁ%&qﬁ@ﬁ% duOHid bnpe lhthing! e skabk S dHearer a

120 and ¥ secon e ‘arranged, at a sane canera angle

(2) wi't R f SPRGRkn 1, ArUITG! &Y siithite $9maf tHehER aiAch vafe piagicl I 7 st

sheet.
t

[0082] In addition, to eliminate multiple reﬂe-ctions between the first beam splitter 108
and the sé.acond beam splitter 110 which may reach the ﬁrs;: camera 120 and the second
camera 1é4, and thereby causing possible .a.rtifacts (i.. errors in the image presented by
the ca_r;nera caused by 1‘eﬂections, foi' example) the light défection aﬁaﬁgement 102 may
inclu&e.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
indireéﬂ_y between the first light source 104 aﬁd the second’iight source 106.
[0083] Compared with the embodiment accofdjng to FIG. 1A, the embodiment according
. to FIG. 2A may have a more compact or inteérated 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 108 and the second beamsplitter 110 nay be arranged at
a sanme beam splitter angle (/3) with respect to the symmetry axis
190. The dWP28H&AWES bet ween t he beam splitter angl e an®PQIfs&261A18800a2
angl e may be about 450. Correspondingly, the first beamsplitter 108
and the second beamsplitter 110 nmay be arranged at a conbi ned beam
splitter. angle of 90 + 2a. [0072] FIG 1B .S8hows a front view of a
i ght detection system 192, the |ight detection system 192 including
the | i ghtmAeioe ok aDewald Bnge teatorBRroily FavlableAcamxtd lightregutees anthe
enbodi ment. [0073] The |ight detection system 192 may incl ude an

i nput  16@podMe4kbfiidind G2FIGY 180Miertold limigedoworking détmica gf ey pEthe 164 and,
the light detection arrangenent 102 of FIG 1A. The input 160 may

i ncl ude @ keyiasshratd Fhiiter, Otérp uiay ko berayfficiag spabe ta inthsip|tsytwoTdve
controlling or processing device 164 rmay serve to control the |ight

det ect i gpi,PEhRREARER AbovkARe ddisk BEt. iARGhigated dpdigreithe ightfify acerding a
(e.g. programuabl e) m croprocessor or any kind of programrable or

hard- wi g dspﬂigﬁdﬁﬂgaﬁsmsy 168. [0074] When in use, the user may.
provi de the .input 160 to the controlling or processing device 164 so

as to ¢ W&P*ro LS ot ddehREttdaneRER 106 TRRing] §:3.dobalighrayy becut

receive romthe Iight detection arrangenent 102 and then stored in

the mempry 1681, WgioW QERASRLy 8O % idR ) hin @B BibRes width&fdapaats ested i n
the menory 168 so as achieve "a desired i mage data to be displayed on

Lne ot Bk Mifer 1HOOELELG RS BaNEr 10" @Nlsab aiselal G beam

detection arrangenent 102, the |ight detection arrangenent 102

i ncl udi ng,. ' B 1Al 11D Aaf BE Wthted Wvbdr QunlhO ceillkd of the
2010/095%5%5?@?%%%% (%Ogﬁié%accordiﬁg to an enbodi nrent and FIG 2B
shows a togﬁéﬁsm10f the body structure 112 wi'th the cutout portion
170 of I‘—jP]a “according to an enbodi ment '

[0085] To serve both as a support to the integrated first beam splitter 108 and the second

beam, spﬁﬁer 110 and to reduce the loss of the dome Iight.aue 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 \;iewing angle c;f the first camera 120 and the
second camera 124.

[0086].FIG. 3 shows a pei‘spective view of a prototype of ﬂle light de-:tec:[ion arrangeroent
102 of FIG. 2A according to an embodiment. . .

[0087] The light detection arrangement 102 may include a ;t;lody structure 112 configured
to provi&é iight. 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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[0076] In FIGs. 2A and 2B, the light detection arrangenent 102 may

i nclude the body , structure 112 configured to provide light, the
body st ruc¥Q2810029605 ncl udi ng a first |ight-transm ssi v@gIaGeegitooman
and a second light-transm ssive portion 116 di sposed at a di stance
fromthe first light-transm ssive portion 114. The di stance between-
the first light-transm ssive portion 114 and the second

l'i ght - transm ssive portion 116 may vary according to design and user
requi r e@0ssowd) 0 Ahé lbodetrichgh 1 1 Lbasectuton rartioarkj o thelgmetieg L 72Uf t her
i ncl ude an object receiving region 118 arranged such that light

provi degrritiged hehbodyutgbnisatito.e 112 may be illunminating at |east a
portion of the object receiving region 118. [0078] The |ight

det ect i ungay TR Ggkredikechor) draayméntr IRemay fhather éncéudeiansirrapgenena 1280
having a first main optical axis 122 and a second canera 124 having a

second QRiAuRAld pRNIdSKEE rdffkted Tdnt acobedicceiving edgitnendtsBowmly be
arranged between the first canera 120 and the second canera 124 on .

its one @ugdfm At PNEwO BIcBCinaE € 4® obtigedrig BB plotdtyrofitheslight etection de.
[0079] irst canera 120 nay be arranged such that its first main

optical axissmbf1 07t ME. diatRedifgtd & ErisoddbiRCFIG. @Beshuivng rightintipe 118
via the first light-transm seive portion 114 .and the .second canera

124 may 3@@ Pl HA0R L SHE Brokdiile, bt SheSBEANGLFROD anRidenaht 200 sf FIB. fmy be
directed to the object receliving region 118 via the second .

light-tr, ﬂ%%ﬁ;ﬁﬁmﬂ?&hhﬁg 116. , [0080] The light detection
arrangenent 2 may further include an arrangement 128 configured to

o A SRR L SRl ey neummis e,
130 may e DreMI 196 dn@ e Right ke S0 %8¢ takérOBY tho Giphti ek3? tad dogstdd t O
camera 124 From the respective left image 400 and right i n'nage 402, it may be seem that
the ob_]ect 156 e.g. the die 194 includes a plurality of bondmg 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‘,I.J'lui'"ality of bo;ld 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 17? in the left image 400 in FIG.
4A. and the right image 462 in FIG. 4B seems comparable. o
[0092] FIG. 5A shows a front view of a-light detectioﬁ arrange;néxit 102, the light '
detecﬁon arrangement 102 including a beam splitter arrangement 148 arranged on the
same side of a body structure 112 as an'ol;ject 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.
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the first Main optical axis 122, and such that a second refl ected

|l ight portion 134 may be provided as a second co-axial |ight portion
. 136 al i gnwo 20m/004%@5 second mai n optical axis 126. [ 008¥FcTigw20i0@0dohe
| i ght detection arrangenent 102 as shown in FIG 1A, the |ight
detection arrangenment 102 as shown in FIGs. 2A and 2B may further
include a structure 172 having a first light-transm ssive portion 114
and a second ‘i ght-transmi ssive portion 116. The body structure 112
may i nchgydsy e gk QutectRAr hir@@erkddd $02d ntalyeinghide Chelrtdd 7runtaye @2
arranged 1n the cutout portion 170.- As an exanple, the structure 172
havi ng thg5eliiiSh prbAld HiHAME Hod stvRnRON2 eichidldy & ikt tlipht-Sanmisive

| i ght-transm ssive portion 116 may include a rectangular plate or a

plate w %58&“11/4 $h § ahbRd BRARGNMRLER pietidd el 65d1g0edodt at didaie Frot the

portion Alternatively, the structure 172 may include a diffused

white plaast -é&@ﬁissilim@g&%ﬁ%n'1r1‘4;aﬂ€iiotajieétlrkccéiﬁngli%gmmatsearfmgéd @IcB that

refl ections“between th Irst beam'splitter 8 and the second beam

splitt e%@%@é{% Wdeg%ﬁDct&femﬁilﬁa%l bCANBAGAZQt RAY af RRHSEEOMd

camera reby Causing possible artifacts (i.e. errors in

the | maag By €30S fhalth 113C 1GRNRRBLGAIRAMVEY d Al Bt el A 12XaIP! €)

the ligh etec n-ar r angenment 82' may i nclude a |ight separating

structure 154, - [:ge 1bh9ﬁ'atvh1%e9a£e%ljlcqg%a§ﬁ FGEMT Exid ST6TBYhREn QS| Bdagned

bet ween S‘fcﬁ'e_fl rst beamsplftter or 'the second beam splitter 110,

or indir %@.}r&% 68@%{3’?%@ oblfech ibord {10 et SRHEGCL DO BULel i cameaNGal T gL .

source T npar W e enbodi nent according to, FIG 1A,

the embodi -{},‘éog;tseisg ﬁca%rg&énglab%}égﬁe?ﬁn% rseéi(?{l 9% dﬁaiYsé?tﬂerrg?({ 2 WHRRAGE Rkt

i nt egr at®®d j _ _ particul ar advantage if

Commer Sk i AR AR T ey,

use two tlgl:eoo Jecrt_(r:ei:ce{vli:}{g 1%%1’%%1'1?? lw%. O HK ili@kt—ttein%si§9 Hérﬁgﬁ Iiaﬂ Wilifein the
second _carﬁera 124 may be arranged such that its second main optical axis 126 may be
direct;d to the object receiving region 118 via the second ﬁght-tansmissive portion 116;
an arraﬁgement 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 po‘rti:_on 132 aligned to the first main. optical axis 122, and such that a second
reflected iight portion 134- may be provided aé a second co-zéudal light portion 136 aligned
to the sec;ond main optical axis 126. The’ diséance betweé;n the first light-transmissive
portidn 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 h;ve a dome shape. The dome

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

body struc;ture 112 may include a dome light for example.

26.



enbodi nent according to FIG | A due to a |imted working distance of
|l ens of the two co-axial light sources. Further, there may not be
suf fici entwepam®osos i ncl ude the two co- , axial |ight saurscesoabnye
the donme light. An integrated-design of the lighting according to .
FI Gs. 2A and 2B may solve this. [0084] To accomnmopdate .t he integrated
design of the lighting, the done |light may be cut a rectangul ar

wi ndow whi ch may be wi der than the conbined width of separate first

beam sp d@&ﬁhéﬁ%tfﬁe%cﬁ&?%ééﬁﬁm 5 inhy Girtted Gncladd Baplurdlity iofitbedy at ed
first beamsplitier 108 and second beam splitter 110 May be | ocated

| ower t ShAnB i At sbiRbesd@iBnbhgatte ill@RRBE af deastes yeortibotoh ags a
support Q@%u%rggﬂl nt ggrga%%dsfi rsst beam%gl i tlt er 108 and the second

beam splif é\:?fa%t%iéﬁ% dd(’:)}.lrr'lge ?&iyr RHUER 11DeThOsIS By diRdd et nirt ghinithtiag t 0

the cuting o Ight, the structure 172 or the rectangul ar

pl ate g%ﬁ%g%%%qgﬁggg\ygﬁgh% wilh§d HEGodyREuddhesti2] | ght -t ransmi ssi ve

portio ht-transm ssive portion 116 i.n the form

e SO DA LB B 0, Mo

camera € secon [00861." FIG 3 shows a

erspective vi f ] Je nt
o o ek, The B SR afinglrith 11O ltay B O e et on

0 i d 1G - i

or ovt de oh1 B eosE ey |4 Fu P TR W U £ g e
0088] The light, detecti : o,

st ruct urb s 5 o e AP e iR ARty il 1080

h th d ]ight: ] S§l 18N ; and the

2010/ 0o gRosPePy SEgND) Hgoge e FOPRen b i A0 B 20 2485 1

a_cutout poktI0ed fight BBfich 154 BLHAS Mbdtvehfnt, STl 87GE dbfipblifie Gt OU

portion$

the light which may escape through the first light-transmissive ﬁortion 114 and the
second ligi:t—transmissive portion 116.

[0097] The beam splitter arrangement 148 ‘may include‘ a single beam splitter 180
conﬁgtllred such that the first reflected light portion 130 mlay be provided as the first co-
axial light portion 132 aligned to the first main optical a}us ‘122 and such that the second
reflected light portion 134 may be provid.ed as the second co-axial light portion 136
alignqd t;a ;;he second maiﬁ optical axis 126. o |

[0098] In FIGs. 5A and 5B, the diffused light provided by the inmer surface 138 of the
body structure 112 may be reflected onto file object 156 through the beam splitter
arrangeg;ﬁeﬁt 148 so as to generate a co-axial lighting effecit.‘ Because of ﬁle 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.

27



[ 0089] The |ight detection arrangenent 102 may further include an
arrangenment 128 , configured to provide light reflected from an

obj ect rec¥PHEIMNEYHi on (not shown). [0090] FI G 4A shdRd/S&2018000042

i mge 400 obtained with the prototype of the |ight detection :
arrangenment .102 of FIG 3 according to an enbodinment; FIG 4B shows a
ri ght imge 402 obtained with the prototype 6f the |ight detection
arrangenment 102 of FIG 3 according to an enbodi nent. [0091] In FIGs.
4A and 4M99f Tie: Fist tcamengi20400 theyschend: edoema 394 tthay befarangsderlongo? t he
first canera 120 and the right inage 402 nmaybe taken by the right
camer a @sminbe came@nglamea h®f. a Thadsingte bearh heplitters i miay ebel atangedratan 400
and right inmage 402, it may be seemthat the object 156 e.g. the die-
194 i nclapysiesimateBl 45TdRbet singhé whib Retpergtosthe enmmoreskraplaiald. Ghe sihgle
plurality, of bonding structures 174 may include a plurality of bond
pads 17@eaRdpiateP 180 Ahi by pofitiviedesowndseshddi tobhe lposifiont hithplrespedtivey of
bond wire nmay be configured to connect each of the plurality of bond
pads 17Girt GichieanSaisG0s pdribn 104 gud thoeeddné ligRranbmissidel perition 1 16. hhis
contrast of the die 194 and the wire bonds 178 in the left inmage 400
in FIG 804, tdaghpEhsgiet fdrnBgeligh Zestdpirpl GrovbR geefisst dighpaushisive

[ 0092] FI 5A shows a front view of a light detection arrangenexit

102, th?g}doghu&mttﬁ&seic&mwght-&m%pa%nilml uding a beamsplitter
arrangenent 148 arranged on the sane side of :a body structure 112 as

an obj equIQﬁPE!Iﬂbm. 5 R3hO5B L S1ige aeeelion Grrizeaiont WG foRinir inckidGa 5B
shows a 'side viewof the |ight. detection arrangenent 102 of FIG 5A

e e L e e e

112 between .the beam splitter arrangement’ 148 and the plurality of body . structure
illuminating light sources 140 or the body strﬁcture 112, :The light- separating structure
154 1:1?ay be arranged substantially perpendicular to a plﬁﬁe 158 defined by the object
receiviﬁg region 118. ‘
[00161] In FIGs. SA and 5B, the first camera 120 and thfe second camera 124 may be
afranged in a manner such that the first main oijtic'al axis 122 and the second main optical
axis -126 may be axial symmetric with respect to a symmetry axis 190 being
pexpendi;ular to a plane 158 defined by the 0b_‘|: ect receiviné region 118. Each of the first
camera l.;ZO and the second camera 124 may be arranged a‘é a same camera angle () with
respect to--the symmetry axis 190.
[00103_2-]'. FIG. 6 shows a perspective 'vie\.v of a pro:totype f)f a 'light detection
arranéeﬁxent 102 of FIG. 5A according to an embodiment. .‘

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

confl'glured to provide light. The body structure 112 may include a dome light.

28 -



configured to provide light, the body structure 112 including a first
i ght-transm ssive portion 114 and a second |ight-transm ssive
portion 1180@P¥H8®es at a di stance fromthe . first PCT/SG2010/000042

| ight-transm ssive portion 114; the object receiving region 118
arranged such that |ight provided by the body structure 112 may be
illumnating at |least a portion of the object receiving region 118; a
first camera 120 .having a first main optical axis 122; a second
canera [gd4odjaviTheg lightsdeteatich aredngerngitilO2lmayxfugthérd6cludehe fiett nanére 186dy
structure 112 may be arranged between the first canera 120 and the
second e BfedonPAner 124 Sispored abale tiertbdy lseuctdof 822, recei ving regi on 118
on its other side; wherein the first canmera 120 may be arranged such
that it goohb&st URRKS tRPE#HE dbtedtiinSarfahgernay 102 adlishewi e FIG. 3 hehesbfhect
receiving region 118 via the first {ight-transm ssive portion 114;
wher ei N6 8efO0Nd sBerl 2k 4FRMe@BeiR PR BES osbeshotwndh FIGS6 sethend
mai n optical axis 126 nay be directed to the object receiving region

118 vi a,the RREARE) Uol o gel haMEhHS Bbdyasupemtd 1ap. 116; an arrangenent 128
configured to provide light reflected fromthe object receiving

region 08 EIENAA ot LSIbf Mifihbe F0® Sbiaingl twifdOthe | R6toBO offabe hight

provided as ‘a-first co-axial - light portion 132 aligned to the fiysf
mal n Opﬁhﬁ@tkonaﬁﬂaﬁge}ge%t 160 6f BME A BbrdtsSRCANEhERihegt BId:. 7Bghbwpar t i on
134 may be provided as a second co-axial light portion 136 aligned to

the secons. Fhigd 79 baitkd Hihsind BRotorfiieocihs IAC e chbiRRm g Aon 10253t

light-transm ssive portion 114 and the second |ight-transm ssive

portion 6 i: to design and user requirenents.
£ TRl SR

[0094] TI'n the body structure 112 may have a dome
h . .1 L i 'r b
shape.  T0609prys SH8AR.TRY shilfd #iPa hgdlilBeOtobel weRM AbDIds. 98 T

to abou or “exanpl e. body structure 112 may inCl ude a

dore 11 94hh 7hey AL o 020406 A0HARRGT0 SRAURLARAAS o 0RRRI mThe

l'i ght de i"an arrangenent ther include a plurality of

D0dY ST UL pld Ji iR ROPIGh U oPUHE S 10 70 AR bb Bikeh byinalt &
left ce;méra 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. From the respective left imagé
and right image in FIGs. 7A and 7B, it may be seem that the object 156, e.g. the die 194
includes a plurality of bonding structures 174. Each of the plurality of bonding structures
174 may ‘include a plurali.ty of bond pads 176 and a plura]ify Of-WiI‘e'bOI-ldS 178. Eachof
the plurality of bond wires 178 may be c'ox.lﬁgur@d to con‘nect eaqh 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 ;ﬂire bonds 178 in the left image 700:in FIG. 7A aI;d the right imége 702 in FIG.

78 seems comparable.FIG. 8A shows a front view of a 1ig}"1t detection arrangement 102,

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



inner stirface 138 of the body structure 112. The plurality of body
structure illumnating . light sources 140 may be positioned wthin

t he body sWPFeIMW0312. [0096] ni FIGs. 5A and 5B, t he PATISS36O0810¢2
128 may include the beamsplitter arrangenment 148. The beam splitter
arrangenment 148 may be arranged on the sane side of the body
structure 112 as the object receiving region 118. The beam splitter
arrangenent ‘148 may be configured to receive the |ight provided by

t he i nnensmbbdivent] FEG 0SB shvsosife yievuedt the dightiJetection aranzgwar KR oft he
first reflected light portion 130 and the second reflected |ight

porti onFIGAA swoditpdo meembadimerti ght . -This may be to conpensate for
the light which may escape through the first light-transm ssive

port i on [dol48ian i higghs edstentor Rgimgeesntld owiyvimclude ta bedyl suctur9g0d21 The
beam splitter. arrangenment 148 may include, a single beamsplitter 180
conf i guredfigutihtot gratidé hightf thestody efrhaat eld 2| ingbding e rfirstoight-B@nsmassivige
provided as the first coaxial light portion 132 aligned to the first
Mai N opipbfiidh 1a%iasd 2 3&ond dightteishivsive pdrdors ébbdispased htexdigandeifpm the
portion 134 may be provided as the second co-axial |ight portion 136
al i gned @ 1A rEREARIeMRItbnONY] amlobjaxt scedlPif r¢gdB08]8 imangtdssuchThatand

5, the diffused I'ight provided by the inner surface 138 of the body
st r uct unghil 3rdvidsy b ehd Bidyatitreorn2anishie dhinéndting 36 ldakiropgtion heteeam
splitter arrangenent 148 so as to generate a co-axial |ighting

ef fect. JBRepsavial rédien C18; \wafirst @ntefa 140chlfiyea fifsglfain apticelgaxiy &2tpnt f or
different" lighting directions may be net. An advantage of this design
may be thandt Bfnddd | RAMRALnD QC eEBEd MRdiat bptibly agisMpie whdeirathy. bodpD
2010/ 090605PCT/-SG2010/ 000042 100991 The first canmera 120 and the

second Ga{BLR 1312%mayat Hengd RGeS il fBfdatefOIDIMd R R SnddatRe 96,
The single beamsplitter 180 nay be arranged at an approximately 45 -

degree gRGlEold dide 4RSI Ghjebtdreddiing RIFTHRN IBadE Aot Bage; Mifereinl e fistngl e
beam splitter 180 may be positioned so as correspond to the positi.on

of the rgspECHgMRay e stankddHibi HhARSHsESaMEPHOA akian 21 hyde ditiied second
light-transm ssive portion 116. This may be to conpensate for the

light e bi - i i@ o hil tr AHRSIELIS S p¥i@ioR QN 4] wWiierdid 4heand
t he sec?ﬁ%%?‘%ﬁ%ﬁ%ﬁgf'ﬁhg?\ﬁsﬂﬁgrti Hand €8 L601601 Tn Fi Ge - 5A and
5B, the J.ightc.fel.e0li B 4ARGRNREH thhO s BRYnd WainhGftichlN&isUe rayl Beght

separating structure 154. The light .seParating structure 154 may be

ar t angedy REENFEM. biReREAAPlobioh s HaltRORRBRI Rl ridRiaARG poiten 116

plurality y. structure rllumnating |ight sources 140 or the

body st . 12BN Eonlk i i reseivin
ody St IHCkBohdd 12K Gonlill 5 GRAR iBe RUEHES o HedolfRY rhiving

arranged s “anti y pe ndi cular to a plane 158 .defined by t

obj ect recg] Vi ' 9 rloll 15b Gy bePrc¥itid 3Ba fidi Golakiabt
canera 1 %ggxygﬁé%g% }%lae?r%rgé*%% rcr)gy be ghr?ﬁged inaa rra?lraller such
that the,first. nmaj ' i esona ORLNLAR k&ahd axi s
. 126 maih%% PRLion, %y%%%c??dcﬂ%xft. tgné%p%;c}%a{ %gsé'ﬁsy’mretry axi s 190 being

DT, Eacipre bl PPl P maPh AR % kR ATRE L EROLN T UBBLE ]

da a, | it ‘ .
100, T 00EgBT PR T RRAL H G plhe iands R O ol gRRRRt e ©
lelmg)géi ﬂgﬁg&gﬂ ?{14 a?nrdrtﬁen ge%gl?dﬂ' ]Egh%—%%ns%ssﬁe%ort?q% ﬁ%cn%)gﬁ'fapygaécgrdﬂ{ﬁ to design

. and user requirements.
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1001031 The light detection arrangenent 102 nmay include a body
structure 112 configured to provide light. The body structure 112 may
i ncl ude a worrelolpehs. WO 2010/ 090605PCT/ 82010/ 000042 HCOBGGAd)/odtoe

|'i ght detecti.on arrangenment 102 may further include a first canera -
120 and a second canera 124 di sposed above the body structure 112. °

[ 00105] Unlike the light detection -arrangenent 102 as shown in FIG 3
where the arrangenent 128 nay be seen, the arrangenent 128 nmay not be
shown i nodio6 6o BEGS, BR 84 RBBEFERR stridyre 1 €2 Ay angedionietshipe withe: fiwdy
structure 112. [00106] FIG 7A shows a left inmge 100 obtained with
the protghiRat B Wphehé batfitsudatRal? eny iR gaivartlighOfdr etantpldFufiter
according to an enbodinent; FIG 713 shows a right inmage 702 obtai ned

wi th t he, pft 9A ¥Re s8] the Bemé ﬁ?h&nag%&ﬁfeiaq{buﬁﬁg hghERthatO2 fleftof fds.  BA.
according to -an enbodi nent. [00107] The respective left imge 700

Sand 1 gfy ?dl@&g ®f 68 Iﬁs'éitiéﬁiﬁ%'gf b Bednh Gilitte? ArEméR 18)onlkagp §f theldamet O
| ve

the respec | eft "i'mage 4 and right imge 402 as shown in FlGs.
4A and 4%§' Simlar to FIGs. 4A and 4B, the left inmage 700 may be
taken by“the left canmera or the first' canera 120 and the right inmage

702 may Aﬁ@ggﬁkghg#h{ H&%Jﬁbﬂ RbrarRAE A 09 Tmdy @B SCIAREd £ R PR adityl 8P d dp

FIGs. 7 7 omthe respective left imge and right inmage in

FIGs. 7 73 it t inSfate patio '
194 ncéﬁ%@e.lg&ﬁnﬁnﬂ%}gg@&em' £hedd'® BBinShte 496ast & portichT di €

bondi ng Structures 174. Each of the

luralit, i [paky liflniRftidgond
Pl 1y cing? urB RO 0 b UGS dEbiire'yE. TRY pliftef FpGAyRIrid M dniBdingONC

bond w res 178 fd ot gggﬂgﬁﬂ] nof the plurality of
bond padgﬁT?%WgngMPﬂéﬂ%ﬁ?g%gg%ggﬁ&QQQ. t"he 8?%?_194- In addition, the

he_dig.19 AR 785 idoffak |
Con. bl g oA pn ol 98, Sppeda ok ok el L

Comme <ok 4 TR T M5Bl B B Sl et g
0S8, o B A I o . P st
ol 55 5 DORETEEL 95, RO  H
body st rlgﬁéelflrﬂlean]tﬁg width of the first light-transmissive portibn 114 and the second light-

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

may I;i: aet. | |

[00112]. In FIGs. S8A and 8B, the arangement 128 may include 2 beam splitter

arrangement 148. The beam splitter arrangement 148 may‘ be a:ranged on the same side

of the bo(iy structure 112 as the first camera.120 and the éépond camera 124, The beam

splitter ellrréngement 148 may include a sing1:e beam splitte}' 180 co:;ﬁgured 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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configured to provide light, the body structure 112 including a
first light-transm ssive portion 114 and a second |ight-transm ssive
portion 11OdPWHomesl at a di stance fromthe first |i ghtrarrSangiiosmuz e
portion 114; -an obj ect receiving regi-on 118 arranged such that |ight
provi ded by the body structure 112 may be illum nating at |east a
portion of the object receiving region 118; a first canmera 120 havi ng
a first main optical axis 122; a second canera 124 having a second
MBI N OPhéGiah 13Ky b3GiroWilher & thetsaeond ambyaxddl rlight portion 126 mtignedetozthe anged
between the first camera 120 and the second canera 124 on its one

si de angechhemMRiophdal £ES€26(i N region 118 on its other side; wherein
the first canmera 120 may be arranged such that its first main optical

axi s 122079 bendickechactati20the bie6id tanseh 1M gnaydyi arngstiSalongaat he
first light-transm ssive portion 114; wherein the second canera 124

may be g&mw%&ucmﬁmw t’ﬁhesﬁiﬁglecbeﬁﬁl splivet i18al max be ahafigadnyt be
directed to the object receiving region 118 via the second

l'i ght-t g@;&g{tla‘igyuﬁegfaé tﬁgffmvﬁ%s pehtodhd GRERsEAmedAaea9bi gured to

provide | eCt ed omt he object receiving region 118 such
that a 6q’1§%1hr“ ¢{.684 Shbild anﬂoﬁe&'o% 133 dBBMtioR Qurfaf getiesle doB shealidhit 1 St

co- axi al portion 132 aligned to the rust main optical axis 122,

and SUC@ aﬁgﬁéﬁgmﬂﬁ&ﬁﬁfgﬂaﬂ b ENhapar 1ipiANod3é 188)chRdipE W iafed as
CO- aXI a

a secon t portion 136 aligned to the second main

opti cal h&lm 6. F éh%%ﬁgm% bRLWeZLE i Bldpstight ebiircd bAPERI 851 Ve

portion e secon Ilg t-transm ssive. porticm 116 may vary
accordin user requirenents. WO
20101096%%%&%@%@%‘?8?@%@‘042 [00109] In FIGs.. 8A and 8B, the body

structur Mot A0 t1ae peop.
The bod)}ﬁolgl%ﬁct@ﬂg%lgﬂ&ugg% lee a go%es‘?l?%ﬁ% FF?))S; tg?xghr%a)?% gurtﬁer

in FIGs. ar%gqhegﬁghtt%@ecg ot R ds"hbil G FIBOURA R 9B i Ry

have a 5 ur os % easy positioning of a beam

spli tte r r an%}jﬁﬁﬁ@ttgﬂ%g%ﬁpaﬁﬁ% %%ellrg’%% 'ulifgIEHe ark g%gq,]ghtTgbgrdel ght

detectl a pluralrty of body
truct || at i cat
Least a B Iﬁﬁiinfr ed gilhonthte %E?ﬂ%@fe&eﬁﬂﬂf@hﬁtﬁuc DRl
Th I I Str 0 b
posi 1 EIé‘#wayt? A Bty et fheb HEI%%%‘D i %t%P&I S B and 5B
IR s %@tﬁdﬁw Bk l%ﬁ’-‘dde?%ct%g ke, Bhtah ot
t d ab t t he, bod
G T used e eeOmt “SBaruet Mg ti’ci%aiﬂte" o3l dho I‘ étt@%ﬁtﬂﬁé’%i

whi ch l-ud I th t h h
A1 S g A0S BB B 8bhrh R B Wl e

transm ssive portion 1 the re U|red dj tlons of light for
co- axi al ¢ qtchmtrff@gwrﬂéi? ?Fgﬁ}&b i v] dIm%IﬁGs 8A and 8B, the’

arrangenent 128 nma | ude a beants ter arrange The, beam
splitterl0 Qﬂﬁng@%ﬁgml&%@cﬁﬁ? %@n%qqeétﬁ&g BH t“l‘tci ‘fé ?rerE%QY ?mg?l é body
structure 112-as the first c lge second o %Zt he
beam spl ¢onfigired fo BrABEFERR ﬂ‘&g’nﬁrﬁﬁwcﬁﬁ ﬂnggm& I‘ﬁgﬂneoljﬁ’élﬁﬁt Iaintot B 180
confi gured such that the first reflecte ﬁg&b gﬁ aJe. rtion 1%% n%ybbe

pr ovi dedreseivihe regionskl 3 cganged sich th@tﬂtghb?}PY 3? body structure T12 maY be

_ illuminating at least a portion of the object recewmg 1eg10n 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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aligned to the first main optical axis 122 and such that the second
reflected light WD 2010/ 090605PCT/ SG2010/ 000042 portion 134 may be
provi ded a¥O0upw/08¥@dnd co-axial |ight portion 136 ali grred/G20x0l060042
second main optical axis 126. [0011] The first camera 120 and the
second camera f24 may be arranged along a . common canera pl ane 196.
The single beamsplitter .180 may be arranged at a substantially 45
degree angle Wwith respect to the common canera plane 196. [001141

FI G 9AagiRQDs; whefdinttic boitgwriura 112 giay bdetraged betwaen tindusteamerad20 t he

| i ght detection arrangenent 102 including an -arc shaped |ight source
184 accghdlinBgedofd eainegarizadiniisent sidEhfd the Bbisttousivingtregion il Bwmits-othdne ar ¢
shape |ight .source of FIG 9A according to an enbodi nent. [00115] The
li ght deidecivwheinaihe FRgeriRRta 100 nay hawvnged sidhGhat 84 fastom&iB apeival be
simlar, to the light detection arrandgenent 102 as shown in FlIGs. 8A
and 8B Wiihafnd) bé ereR@to Hechjdchiteiving rdgic@t1 8 aid the gpming 1 9842hereiy

i nclude the arc shape |ight source Stead of the bar shaped |ight

sour ce }2cccliaCaflkicol mfy BeSirRggdd R it BNaRend ngintopticdlagia 1a8yhabe t 0
simply alignnent effort when conpared to the bar shaped |ight source.
182. [0QL1HLokd 6 thd Ojest PO/t febRAL118 vRWhO bpéhild (¥ aflairRiceim 128
arrangenment 102, the’light detection arrangenent 102 including a blue

col or digGhe Qirgy 1Bk 11k86re ARG IHdR the@D) el retiiihE Rignril 8 kedh ARG ng
to an eﬁgo£'nen?? FI&. 105 shows a tOijiEMlOf the light detection

arr angeq@ﬁgcteﬁ%%m;ﬁonﬁnciso %%?b%gf@ﬁ&idugatﬁ@st A agahiet pabn 1300 R0 The

| i ght detectio rrangene 2 may include a, body structure 112

configu rt@.g%{sprgﬁﬁg%{i&? ?:l:i;l: Y and RRLIQAY sSdonl Fieb@Rd Lk doRTdnltiyRghyarR

openi ng | ec .
provided as a second co-axial light portion 136 aligned to the second main optical

axis 126.,

[00118] .In FIGs. 10A and 10B, the bodj.{ structure 112 may have a dome shape. The

body stl;uctln'e 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;trun:m.

[dOlf_9] The light detection arrangemen’é 102 may furthé,r include a plurality of body

structure illuminating light sources 140 an‘anged to illumipate at least a portion of an

inner ISurf"ace 138 of the b'ody structure 112.- The plurality “c‘)f b(;dy sﬁuc.mre illuminating

light sources 140 ﬁay be positioned within tht.?,.body structufe 112. |

[00120] The arrangement 128 may include a first dichroic mirror 186 of a first

wavelen.gt]:-t arranged in a light path along thc; first main optical m'(is 122 and a second

dichroic ﬁirror 188 of a second waveleng;th arranged in a light path along the second
~ main optical axis 126. The first wavelength may b; different from the second

wavelength. The first wavelength may include a range between about 400 nm to about
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receiving region 118 arranged such that |ight provided by the body
structure 112 may be , illumnating at |east a portion of the object
recei vi ng weghionomed; a first canmera 120 havi ng a fi r strOTesGa010f00d0eal
axi s 122; a second canera 124 having-a second main optical WO
2010/ 090605PCT/ SG2010/ 000042 axi s 126; wherein the body structure 112
may be arranged between the first canmera 120 and the second canera
124 on its one side and the object receiving region 118 on its other
si de; w356l emrant hie: fecomlt wavalergtih e Onoledg amenger rebwrro dbei A0 phige apews
first main optical axis 122 nmay be directed to the object receiving
regi on k38umi a t he openi ng 198; wherein the second canera 124 may be
arranged such .that its second main optical axis 126 may be directed
to the qimiety rRedintiddrdiegins BESnay e irrmgabever agoft®;ofale opening
arrangenent 128 configured to provide light reflected fromthe object
recei Vi Ngs 6Lk @2 cht 8ideWE hettody stuchire 412 vedrlapping the' dortipntofplor dpieoing 130
may be provided as. a first co-axiat light portion 132 aligned to the
first mabg aAPkHeCborddichrdid ZniranBESHEN be Atngrd is emomdiheeprdat efittei ght -
portion 134 may be- provided as'.a second co-axial light portion 136

al i gned o d@@g@&c‘dﬁnﬂe B Qi tHletakly Sonicsurd 262 ofMIaApiAY th Andth@portib@A and
10B, the body stiucture 112 may have a done shape. The body structure

112 may Jrifel dpd %u§19|9mrhé @ Wichrdid nitoNERd hagiibe SBingbd &l dsde contadiwit LED
done light wth all d (R, green (G and blue (B) spectruns.

[00119] tf{é@céddgdi&hr&%ﬁﬁ&ﬂ 138 2Bl RPEIHRD kdded 2 THRArst Hidhrbicaniron cddidd a
plurality of- body structure illumnating |ight sources 140 arranged

toill U%J‘?etcgnc?‘ﬁ chi®RShirfr RS Bia? R1s8fheddirah fHAedo HUb fsasbmiidly @ferlbénebody |
structure 11 he plurality of body structure illumnating |ight
sources(%égn g be positioned within the body-structure 112. [00120]
The arrangenent 128 may include a first dichroic mnor 186 of a first

wavel engj, ﬁloﬁgﬂﬁﬂr ‘ BicBrolc! fitor A8 hud B9 tibecdidr’ &ithrBi Mir@Pahd #e axi s

122 and a se unic mrror 188 of a second wavel ength arranged

inali g{éé}onﬂ%ﬁéﬂlﬁcﬁégﬁ}% 1188 3§ 08 ded RIS cﬁ’d?ﬁél@ﬁhn@i’x'ﬁﬁteilnaﬁvel hig debdut

wavel en erent "fromthe second wavel ength. The first

wavel eng&&%@#ﬁﬂ%émwﬂ&tm& %Qﬁbitan‘ﬂ% 23 di6hr80 Mkror 19@

2010/ 09 00042

may be a, red color dichroic mirror. .
[00123] ~In FIGs. 10A and 10B, the first' dichroic mirror 186 may be a blue color
dichroic ﬁﬁnor and the second dichroic mirror 188 may b'gl'a a red color dichroic mirror.
The red color dichroic ;m'fror may reflect re& light and let other l\.vave'len;a,ths pass and the
blue color dichroic mirror may reflect blue light and let other waxrelengths pass. The |
diffused red dome light reflected from the red color dichroic mirror illuminates the die
surface-an(i the reflected light will pass thro-ugh the blue color dj1chroic mirror before
reaching the first camera 120. Likewise, the. diffused blue dome light reflected from the

‘ blue éolbr 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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500 nm and the second wavel ength may i nclude a range between about
500 iun to about 650 mm. [00121] The first dichroic mnor 186 may be
arranged Oy¥er20w/0pefi on of the opening 198 or on the orrETEGIe100b008he
body structure i 12 overl apping the portion of the opening 198 and
the second dichroic mrror 188 may be arranged in the another portion
of the opening 198 or on the one si-de of the body structure 112
over | appi ng the another portion of the opening 198. The first

di chr oi cAlféiatiosly, EeBnredighbEl 2avittemized bl aagred A.EQs mayde builtth cettesl hecond
dichroic mrror 188 at the respective edges. The first dichroic
mrror 136 aadtedillenbatandtediicemiratelyd rror 188 nmay al so be arranged so
as to substantially overlap the opening 198. [00122] The first

di chroi gﬂmlizlﬂr OrThkGfastitayietad 20 atd the sewohdeantkra I24ohay b arraogeddnd ntanger
second dichroic mnor 188 may be a red color dichroic mrror.

Al t er natgumeihvs the TRstsREaRetEI akis Q2T and Hreoxcdhl8nain pphial axib|126 ey ter
diclunic mrror and the first diclaroic mrror 186 may be a red col or
di chr oi Gyl kyrithetrit Hh33pedtio EkametkP &xia 09D B pirpeadicilasto. a plawhssi ¢ .
mrror 186 nay be a blue color dichroic mrror and the second

dicluti cdemﬁ]grth;&gem%egﬁlgaegmgu(ggl or dichroic mnor. The red col or
dichroic mnor may reflect red |ight and | et other wavel engths pass

and the (48] colrer 19is66WOk ToWidhar 1M0Y of efthelidd fok detedting tightifidla light
ot her wavel engths pass. The diffiised red dome |ight reflected from

the red %‘f@cﬁ&nﬁ%aﬁ@érﬁ’én@ldﬁic&&ﬂinﬁ'té Mérddesedihe die surface and the
reflected 1 ght wll pass through t-he blue col:or dichroic mrror

bef ore r[ﬁ?ﬁ&%??’[e]%e{" g%ﬁti AédctibR MBaRekrlt 102 kB $RIudehe bdilf fstisaake bl 126

donme lig fromthe blue color dichroic mrror illumnates .

the die &Hﬁ%ﬂ&f" toft vfd@%gﬁ@fﬂge‘aﬁ&fydsulubﬂm 11 inl:lu@ﬁg% filsi e rah HiEsdiRd
rorc mtrr WO

color dic or before reaching the second. canera 124.

2010/ 090605 ] bXBhY 16 @is af b &R0l

2o o BRR TR A ARIAAR A SRRl 116 AR of  Bbenc Ao

11 um bt BN ]?TOEH&L?I@' ¥he HQ01 Mt SrridgeSbntCRNBRA, Agfleand
ond. 4 y

the sec aner a e arranged 1 n a nmanner such that the

first Mo, 0PLL Gl thib s {6RraAEEO AL Bk ighP i Rbd BYiho D2y MR
be axial "synmetric w respect to a Symmetry axi s” 190 being

di cul . e . e .
e T ooiefire] & Bef bEednitof i IeaFs Aol MOpREK TRy fgbariqe! O

det ecti ng.J  QherbdhioR alrhifithne 9108 Slaly kiRt LBRATHRY A 366 BAMNORLL AN

enbodi ne

main optical axis 122 and a second camera 124 having a se;:ond main optical axis 126.
[00127]. The body structure 112 may be arr.a‘nged between the; fusf caﬁlexa 120 and the
second ciamera 124 on its one side and the obj.ect receiving fegion 1 ls on its other side.
[00118] " The first camera 120 may be arl;angecl such that its first main optical axis 122
may be &ﬁécted to the object receiving region ilS via the first 1ig]11f—transmissive portion
114 and the second camera 124 may be arranged such thz;t its second main. optical axis
126 may be directed to the object receiving region 118 via the second light-transmissive

portioh. 116.
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[ 00126] The light detection arrangenent 102 nmay include a body
structure 112 configured to provide light, the body structure 112

i ncl udi ng WOR0T0E0ds ght -t r ansm ssive portion 114 and a PEES®I010/000042
light-transm ssive portion 116 disposed at a distance fromthe first
i ght-transm ssive portion 114. The |ight detection arrangenment 102
may further include an object receiving region 118 arranged such that
| i ght provided by the body structure 112 may be illuminating at |east
a porti qgied] t Tae ehiledtmaemelude ppvidiny lhght idfRcted font thyhribjatbreeeivingn
arrangenment 102 may further include a first canmera 120 having a first
mai N optrbkiat 1 1@shch thaa ARfrefeaariihdpaton 3 haybdprovided 3 shsorwdaxipdi n
optical axi-s 126. [00127] The body structure 112 nmay be arranged

bet ween 1ohepdriios 3% aiEled 1h28e anst mile opecodnsliscrRPprad kideh tnt htsscande
side and the object receiving region 118 on its other side. [00128]
The fir stndcrRIBER ﬁ;ﬂmrléynﬁ@b@ﬁf@f@&déﬁm&dd&dﬂﬂﬂi&hﬁﬁm I3aiatigrept i cal .

axis 122 may be directed to the object receiving region 118 via the

first |'i9hlsldofdSiinSptiva aRgnté.on 114 and the second canmera 124 may
be arranged such that its second main optical axis 126 may be

di r ect eqogi@of NGELI Latows ACBnY WG $aBiGRarthdS witePbdnienspeniontead 1200
| i ght-transm ssive portioh 116. W0 2010/ 090605PCT/ SG2010/ 000042

[00129] ;The. @b diffBn icRbbHRnD BY finide lof ghivikeebdraoinggstofisromisione
obj ect recelving region 118 such that a first reflected |ight portion
130 naylggiﬂﬁ@yided as a first co-axial light portion 132 aligned to

the first main optical axis 122, and such that a second reflec.ted

light paps i e B 1§ 9360¢HoR stetdoGiiorbiar t i on
136 a|i3ﬁ6e139-fo]‘f‘ﬁé@§‘c°§ﬁdﬁoﬁﬁ?‘ n”"'%g?f?%‘é‘i”@%x?ﬁg?% $00130] - FIG 12 .

shows a Jcéo‘%&'iﬂc%im 9h é)%iohjﬁéaﬂnﬁ,&aeanﬂ% bongei pgRefk ik bead s&280 i n
accordance w an enbodi nment, for .exanple of a Wre bond inspection
Vi si on heag £300. [00131] FIG 13 shows a front view of a done |ight
systen1f§? Of stereo vision in accordance with an enbodi nent, for

exanpl e gy hicohs .k § GehARdeRh iR 4asAE0D ko] AlGRIEGC 13

illustra genéral-stereo”vi sion.system 1300 whi ch, w thout | osing

general i %?@%%ggﬁkggﬁﬁ%ﬁgﬁ A%t cafheld 1395 ab@TEL@nd 3erR Mh42arecond

camera T um nati1on. For exanple, a done |ight

may be provided,, by. Liagh i I L : ond
gt scupes g ot Ror EYRBR, | MO e B R e A e
S mon A KT BhLe S0 Ra IR 2 Pck Y ool BB 08 o
t hr ough fjrst i in | e. I rkhore, the second canera -
1304 gayﬁﬁted]ﬁﬂ%ecﬁggn}agr? eé;ﬁéé‘ﬁgqq}ée %%Jf% r?g'ugh a second i nagi ng hol e
1308.

C

[00133] ‘' In various embodiments, the fﬁgt camera 1302 may be directed to a
samplc- 1316 through a first imaging hole 1306. Furthermiore, the second camera 1304
may be‘ﬁirected to the sample 1316 through a second imaging hole 12;;08.

[00134]:' The two cameras may be posiﬁoﬁed at an anglle (for exarople less than 15
degree;).with respect to the vertical axis, e;ﬁd may 9apturé 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 cameras 1302 and 1304. Due to
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[00134] The two caneras nay be positioned at an angle (for exanple

| ess than 15 degree) with respect to the vertical axis, and may
capt ur e i NNGa810PPOMRHe sane field of view, for exanpl e iPEIISGAIINGOMINE
sanpl e 1316: The height of a feature on the object may be cal cul at ed
using its positions on the inmages of -the two catheras 1302 and 1304.
Due to WD 2010/ 090605PCT/ SG2010/ 000042 the fact that the canera
tilting angle may be small, one or two or nore caneras may al so be
used t o tizakeauhatie dnth Hiheand 3y besmatlesne dr(Fa SEMOIGIRMCES MagyisP ng
system 1300 as shown in FIG 13, the contrast between the die and the
W re bomediusg toeglcibeae pab 2D aad 3Mifedtube expl ai ned with reference to FIG
14A. [00136] FI G 14A shows a scenario 1400 of two images, a first

i mge 140@3sNnd Witls elightag isysige 130M0:4 shown im §IGo13, ¢herontiast biweandbandiehe
wire end and the die, in each of the first wire end region 1406 in
the firshdt¥agr bbiding maibe peszpasdvillibe expéaiokdeith eferdud ® FIG. {4 first

i mge 1402, .the first wire end region 1408 in the second i nage 1404,
and t he [peeend RIGI @44 REowegiseiadd 1200 of tvineinsapes rdfiistrimpge 11402 and-@r

exai npl e, the poor contrast inmge 1400 of wire and die may be

obt ai nedMA8 Mmbis 1404 3vit Sic2 QosteREbde! thd 306 end andsthe\di, imedeh Gf k3.
[00137] FIG -148 shows an inage 1450 with good illum nation for each
caner a iffsaEednd 2666 1406 o M6 fiestdasticman?, thd ecoringies crdFgiv 1410an geod
illumnation result for 2D and 3D Wre bond inspection, the contrast
in a firgh hie4000ns & Ahc dADReidA 1469inahsreaiddmage B08whdmiegiecind1454 -
may be high. For exanple, bond height nmay be nmeasured. For

illustr %ﬁ-@éhd%%i@&im inSREBecBRNENA3E I190M. BHRAKHRFREME poegiontisst laygebe

i ndi cated by 1458, 1460, 1462 and 1464. For exanple, wire | oop height
may' ke paIEheE anfAe ﬂnh%H§bBﬁ£1'e@ﬂvhBﬁlh§lﬁ§ @Steré0@@nonigle 1B0®ps shown
measur enment regions nmay be indicated by 1466 and 1468. For exanpl e,
bond wi d hyéeys be nmeasured. For illustration purposes, sone bond

wi dt h neasurenent regions nay be indicated by 1456 and 1470. [00138]
Wth Su?['ﬂﬁf’&'?gooﬁd. B &hdiofh Eﬁ&teulqgﬁi with £R8NIIeARBGE fobleadhNéasnera in

i nspection anhd neasurenent task, the good contrast between the wre

end and db&aldle Wi &l ibloatn2all 4B ihd21 90 AALOLARANEORREIIBALRE 000042

and in the seco region 1454 may be used for a reliable edge

det ect %d%%@%@ééidfﬁ{s 4B URE a8 in b PRst WhifeCenl Q6 O45h An@ G SAaRC ©

W th various e OII'TETE'[S.
wire end region 1454 may be high. For example, bond height may be measured. For
illustration purposes, some bond height measurement regions may be indicated by 1458,
1460, 1462 and 1464. For example, wire loop height may be measured. For illustration
purposés, some wire loop measurement regions may be indicated by 1466 and 1468. For
example, bond width may be measured. For illustratioxi,__purposes, some bond width
measurement 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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[ 00139] The poor contrast in the images 1400 of FIG 14 may be caused
by m ssing of the reflection of |ight that should conme fromthe
opposi te NPaIWPME done light. In the illum nation efgI¢GIEN00MEE h
a beamsplitter that is used together with a done |ight as expl ai ned
above and shown in FIG 5A and FIG 5B, this problemnay be overcone. -
The beam splitter may be placed inside the done light, aligning with
the line fornmed by the caneras, formng for exanple an angle. of 45
degr ees and firh theespexlt region {1464 may-ealsed 4oma stisble |edew detresion aagtmalityent s,
the diffused-lighting may be reflected fromthe internal wall O the
dome | i ghilustiohof theaviriboaditg tnracoarddnce hithlyeronsspibpdimentst o generate t he
simlar effect. of a co-axial lighting. As expl ained above, FIG 6
shows t hen1saperiheposedonsat inthefmageet 400 oRIFHG IHgnayi terransed by awiesingsofand a
donme |ight according to various enbodinents, and FIG 7A and FIG 7B
show t hehesfefls@idn o Bight Night Slesmild ¢onenfrer digr gipnsite holet dn thadéroebight. In the
enbodi nents. [00140] In various enbodi nents, diffused co-axial |ight
may be apihingsbn duibodirienOtith @rbeaispiitntr shat i wsed kiggther ¢itlon demaighteas
including a mrror surface, for exanple to provide a bright field
ring i MmgghinB®ybdve ABRhéwin FIG.\SN heliBIGR i) diisprobiem thaf oo seercdmere
l'ight may be applied. In various enmbodinents, a conbination of done

light angetdedhy n%ﬁﬂ:r aRbE plackd BhHe BRyddaE 1RAD Iahgdmg A0 ik 1line fommedaryi ous

illum nation enbodi nents, as expl ained above, a co-axial |ight may be

i nt egr at@dednQra, PR |fblgemam}31&raﬁléﬂﬁle®f e ABareds Iviith espectvib tiie twotoamemaner a’
system a , rel atl\/elgy | arge-area of light (for exanple, a bar |ight)

may be ysed fOvades EdifodsRensl e dltﬂ@htugnenffnaeee rémcﬁememw\me Gammsla
t hrough "a beam splitter placing at an angle of for

2010/ 0908QB5HhE §&i%9 g&%@&%@ oejeamk&gﬂ&@lwﬁ@hmﬂtb gre@eiﬂe@ne §igilathe

pl ane fornmed by t wo canera optical axes, as expl ained above with

ref er enceel,h c@axﬁﬂlg?}m FhGexfined aHoPQ FIG] 6 di0w &l @pivhdnkal Bicmasd on

enbodi nment s, tvvo Co- axi aF l'ights may ‘e integrated to a done |ight

t hr ough s%e?@oamagig itk PRATS Blobdrh. BAROLERA M 9 birioue ¥rbediglehgned
e caner tl

with th t angle to get theé best 2D:illum nation contrast,
as_expl abave (WD 7RehEHS8E Steled ]Eala Tount[iQ Adb3dank e wiidr Japibss
enbod ngdntﬁgquag expl ai ned above Wlet ?Inrgence to FIG 10A and FIG
108, u?dﬁﬂﬂ[“%ltc mrrors may be used to reflect certain wavel engt hs
of | |ght um nate the 2D surface.” As indicated in FIGs. 10A and

10B, a ‘é@hiﬁ)]LEB 9,91 L;ﬁlwaa Wied Vh\}:ﬁl#ed Ro k0 light GadyIb £ 8 Pic@NE Ririoh ue)

spectru use toget er a red dichroi'c mrror (which may

reflect red light ﬁﬁﬁﬁféyé Enipfélﬁaﬁ Mﬁllﬁ&%m&epﬁy%é)m@@toqarwl&hea

di chf oi ¢ rror e 1 ght .and may I'et Ot her

vavel englhg, %aﬁs%gﬁg} USRI b S0, VB AL REHE dfrb M bR 1k

di chroi um-nat e e surface .and the refl ected

i ght h th s th
oft canbPhoe sl Sevirgfo bl ied &' Qbinklich hachEIRAEAERRAR 00

bl ue di chr. nm n-.or illuminate the die surface and the reflected
li ght rra‘i?‘“ﬁé‘@gtrf'ﬂ’rboe&ﬁﬁfa%dhe red dichroic Mrror before reaching right

caner a. nati vel a _do light with m | cihiQdngls may
be appl i @hif ‘faFB%/dlp 1 em%gu?\g&s 7 %@%&? !j%%;i ?Ecgg}%sli f% 4

separat ellaey mteg1ated to a dome light through a beam 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

ﬁghﬁng effect to the two camera through a beam splitter placing at an angle of for
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[ 00144] In various enbodinments, to ensure. good accuracy and
repeatability of wire bond device neasurenent, done illum nation may
be used WhWORIWEN0BE very effective in illdm nating sp@EIIS&G20i00)®HEx S
such as | eadfrane surface and wires on a substrate as the diffused
light may be reflected back to the canera fromall directions. Done
WD 2010/ 090605PCT/ SG2010/ 000042 i |l umi nation may be optimal for
visual i zation of both flat surface structures such as die surface

f eat ur esxasplewd§ ldegree Fidhwispect tothe plaan dornsd dy. the b era pRficghdies 78
enbodi ments, dual coaxial illumnation may be. used in conjunction

Wi t h t hexpsleined dtioghtvith ceferaxed@Bls. 8Acnd §HEr&Bst of the 2D feature
detection, or in an alternative way, to distinguish probe marks,

whi ch nmago1d2)us dn adss ilbamitaion esbodimerts,bonowkidt hehss mey bpintegeatadio. The
coaxial lights may be aligned with optical axis of each canera. In
var i ous aaisardighe dirsyght separdtedybéant sphitters.e fRacle ozaxiah lighti rgést be slkgnedwithy be
aligned with the optical axis of the left canera, may illumnate die
surf ace tmd ¢dmerfilt eagledo lgbiotht bee i2Dgillomptation dorssast; he explghed abamemith
Li kew se, the reflected light fromright coaxial illum nation may be
capt ur eqef)nédte Fi®@fta.canera. [00146] In accordance with various
enbodi nents, as expl ai ned above, sem conduct or ‘devi ce, such as

i nt egr atiggh4g] r aHivhri6hi odimRitshe @bhiied abalel witcminect edFith 10dand on a
| ead frame by a process known as wire bonding. The wire bonding

oper at i IGTRYB, | t6iMBoib PRitbRONEY W figed tte reflanedtairp@aseldanethis @if tightote a
silicon die/silicon chip/sem conductor chip to alead in a | ead
frane. QpGSinhBeheND Rurkied. A eadichte@IEFIGRYE0A &1 0B, ewHirridil domé éightmay
be packaged in ceramic or plastic to forman integrated circuit

devi ce. oFeai RSRED! P(brth) Whd B (BRRY ssiuthng Ynaye Wed dpthebyvith tsdan
operator using a mcroscope. This manual nethdd may be tinme-consum ng

and costdidroie nliROl@HichRaPRNEAHd Biht Ak eitlétCothédr revBlefighd spemtiaon, a-
nunber oﬁ I ssues nay be

blue dichroic mirror (which may reflect blue light and ma{y let other wavelengths pass).
Diffused red dome light reflected from the red dichroic mirror may illuminate the di§
surface'.and the reflected light may pass thro'ugh the blue d:ichroib mirror before reaching
the left 'c‘amcra. Likewise, diffused blue dome light reflected from the blue dichroic
mirrorl may illuminate the die surface and tl}e reflected light may pass through the red
dichroic mirror before reaching right cameré. . Alternatively, ;. dome iight with mixed
blue ;nd.red LEDs may be applied to cdntro_l the blue .'%md red illumination intensity
separately.
[00144] In various embodiments, to ensure good accuracy and -repeatability of wire
bond .cievice measurement, dome illumination may be used'_which may be very effective
in ilhimjﬁating 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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desired to be addressed. For exanple, wires on a | eadfrane may be

hi ghly specular. Illum nation may be desired to be designed. to
mnimze tWO28P&8M0Arity on wire and |l ead , surfaces t@®CIEGINIO/000042
accurate 3D neasurenent At the same tine, good contrasts on other
surfaces such as die and bond pads may all ow 2D neasurenents. WO
20101090605PCT/ SG2010/ 000042 [00148] Speci al inmage. processing tools
may be enployed to derive features fromw re and | ead surfaces for 3D
r econst rillighihgtion th)OHsAStitkal farhésunliration diikoth dlat hriafage stiustugesgicinpy diebond
devices with.different wire thickness and | oop heights, an .optical
syst em Rffach€eatirad dsagklltas 3DneipEodps\and Beudei t h t hi ckness from 18 pm
(mcrometer) to 500 pm | oop heights from20 pmto 3000 pm or nore.

It may heoidepi e darididtemb bdimsits tdash comyial lidurainhibort raynheased i@ canjfiestion

m crons (mcronmeters) sagging gold wires while maintaining its focus
over a. dyhafeCddn@NUghiofo Mcledldy thbQustERfl ofithe QIS feafudd HBBEtioRL ot lieranor e,
under the sanme lighting, differences in uniformty and roughness of
Wi re anddaatbeSityl RCASmFENL pobetnhrks,wiitagky ciki faseaonttxdfwiee fndt he " -
two, wires-in'inmaging outputs, nmaking it difficult for wire tracing
al gor i t Rifu OoraGiegiicRtnShty TRE 8daRial NENtWnagShe alidded SWith fptictihaxisTof each

vi sual inperfections on the pade and | eads caused by probe marks and

di scol orakb@n m Viouk SRBAdiRAS, th18:nd 8bRAkT 0baxefl Hab thizh akg e aligrdd
bond wi dth neasurenent. [00152] 1n the follow ng, nethods and

appar at Usgsif %Etié%mﬁﬂ's e Rig 1R RAAEH Nl tifikGhalE @ieQfurfaceSHilts tofivéted light
accordance wth various enbel dhnents will be described. It will be

under st gag,ot nd; ahéI $&ReciEBighE fraRPHEHE Goaxial
gngﬁxg {é?%nrﬁdmﬁwnﬁéﬂ?(%%eﬁ dLiRRREE, cf¥aMigh &1 Goaxia

i ndepen choice of .a specific canera system and thus

al so inqﬁﬁﬁg [ od R Babafed b3 TR 18 SMsdr£ ™8 as described above in the

various e I ment’'& For exanple, one.of the above described canera

systens [H?i%;giig g?%?écjr@&ce ﬁgﬁ VAT RIB odifiRYis OCds b 1aGRABh e SMEH R SGE De

appl i ed. n accordance with various enbodi nents, an autonated

oD AP0 P4 S B oty G e
frame By a process known as wire bonding.- 'The wire bonding operation may involve
bonding a. wire to connect pads residing on a siiicon die/silicon chip/semiconductor chip
to a lead in a lead frame. Once the chip and lea& frame have been wire bonded, they may
be packaged in ceramic or plastic to form an .integrated circﬁit device. The inspection of
wire bond quality may bé done by a human ofél'ator usiﬂg a microscope. This manual
methc;d may be time-consuming and costly. y )

[00147] ‘ To perform an automatic wire bon-dl inspection, a number of issues may be
desiref:l to be addressed. For example, wires on a leadﬁlame may be highly specular.
Illumjnaf_ion 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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WO 2010/ 090605PCT/ SG2010/ 000042 [ 00154] I n accordance with various
enbodi nents, a new optical 3D wire bond inspection and nmeasur enent
syst em maywpeaeoprigamsied. [ 00155] In accordance w th var iF@IgG2010/000042
enbodi ments; a new illum nation system conbining donme illum nation
for 3D reconstruction and coaxial illumnation for 2D neasurenent may
be provided. [00156] In accordance with various enbodi nents, an

aut omat ed i nspection systemfor single die wire bond, stack die wire
bond, pquErspe\Spedal\inage frotdsing elots mdyrte dogphayed iderive feativenend witebbon
bondi ng may be provided. [00157] |[In accordance with various

enbodi NBRY fead ARF204H N estoMdétfetidbond i nspecti on system for inspecting
3D wire bond features such as wire loop height, die tilt and wre

bond heighiao] aFupBiinods @O theahé weedy Sfotirasomd Sevices feide diferent clies,
bond positions, bond widths, and long tails nmay be provided. [00158]

I n accorganess Wd oy adidius QnkRdilniysBiSma@be alibiced foainssbcivinires indthd
i nspection ... systemthat may neasure the ever-smaller circuit

geoNnet I Yinikhead @A A8k EmRRfndtePiot00R) @sop RRyghiefidin QUi det. 3000Qib&] |1 n -

accordance, wth various enbodi nents; an automated w re bond

i nspect i NfeSYRLRIY bbdesifAY Bl ¢l H6telhi HIBE et 410 4o hiddburt hiafewaiteds
i nsf)ection may be provided. [00160] -.In accordance with various

enbodi Meg; 1 WrdsSwiRR Mk RSING Glsi odhs DY &t LBnad ratigeyof a
i nprove n%%%g?ﬁsg%&gﬁg}gﬁty ar?d consi stgir?gy may be provided. [00161]

I n accorgangce wWith.yaLi ous enbodi ments,- an automated wire bond
i nspection systemthat may have inspection recipes therein and may

ﬁ ;g?t :\’ i lﬁgﬁééa%ﬁ%ﬁoré%ﬁer’mé s%ﬁ:ie@i%&' g?dl‘fféﬁﬁl@éi‘lﬂ EnitdiBits ¥sd Rupiimsst he
pection requirenments may be :provided.

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 ﬁccmately locate the
wires.
[0015-1i B Furthermore, visual imperfections on the pads and leads caused by probe
marks and discoloration, may jeopardize thé detection of bond placement and bonii width
Iﬂeasurement.
'[00152] In the following, methods and a.pparatuses for examining a bonding structure
of a'éubétratc 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
describcd.aibove i the various embodiments: -f‘or examplé, one of the ai)ove described
camera systems may be applied. For examp!e, any other camera system may be applied.

[00153] . 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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WO 2010/ 090605PCT/ SG2010/ 000042 [ 00162] I n accordancew th vari ous
enbodi ments, an automated wire bond inspection systemthat may use
digital i rmgeommawym s to performw re bond device i nsrmu‘tsmnnommmme
provi ded. 1001631 In accordance with various enbQdi nents, an

aut omated wi re bond inspection systemthat may be tralned by

I nspecting good wi re bond devices so that once trained the system may
detect variations fromwhat it has |l earned nay be provided. [00164]

| n acconeasse \ztﬁtahcot&arnbe)uﬁtlfmmﬁsnmﬂtccdimmm,aamgwatb;eistalvvﬁpewtmrh!mdevi ce
i nspection systemthat may include a "good device "training step, an

| nspect iixPedtief wikEmeds@@inettisysée mayde gefviriet. | nspection step, a defect
review step, and a report issuing or exportihg step may be provided.

[ 00165] 1401581 C % OaR6antiet Witk avirivus enipdihemyt s, newn iluhoEede dysim e
bond i nspection systemthat may provide NI ST (National Institute of

St andar ¢gmpmthe [&e Dhegstion teasbalkt @skition nd Roaxibli Hiuadnation StrepBd f or
all sensors. to ensure high precision measurenent may be provided.

[00166] p\ddsp&h&k dRa)P6epMivided.vari ous enbodi ments, an automated wire
bond i nspecti on may be provi ded with neasurenent results and/or
measur efgiyiseatA accordance with various embodiments, an automated inspection system for
single d_ie.wire bond, stack die wire bond, 'power device wire bond, gold wire bond and
the advanced ribbon bonding may be provided.
[00157i . In accordance with various embodiments, an automated wire bond inspection
system for inspecting 3D wire bond features such as wireijooP height, die tilt-and wire
bond hetght, as well as 2D features such as :die surface sel‘atches, b'ond positions, bond
widths, ant:l long tails may be provided. j
[00158] In accordance with various embodiments, an automated wire bond inspection
system that may measure the ever-smaller circuit geomét’ry in an accurate and t'apict
manner may be provided.
[00159] In accordance with various embodiments, an automated wire bond inspection
system that may provide lngher throughput than manual mspect1on may be provided.
[00160] - In accordance with various embodiments, an automated wire bond inspection '
system that may improve inspection quahty and cons1stency may be provided.
[00161] In accordance with various embodiments, an automated 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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[00167] I n accordance with various enbodi ments, an automated wire
bond i nspection systemthat may provide for on-the-fly wire bond

i nspect i orwder@o&ist robe il |l um nation may be used to camtSozecsvtoll
views of the dynamically noving wire bond device may be provi ded.

[ 00168] I n.accordance with various, enbodi ment's, nethods and
apparatuses related to autonmated inspection equi pnent, systems and
processes may be provided. |In various enbodi nents, an autonmated

met hod @#0162]s p &t hécoglancanwitievirionslerdeadiments, wnansﬂmfatﬁﬂn’flre\/@nd inspection
2010/ 090605PCT/ SG2010/ 000042 i ncluding single die wire bond, stack

t he Wi r eyseanthat paywase digivdl dmagei analykie el pexfpoindving bandisishige snspectibe may
advanced ribbon bonding etc, nmay be provided. The nmet hod may include
(1) cal bbpatvided. t he sensors used for canera intrinsic and extrinsic
paraneters, (2) training a nodel as to paranmeters of a good wire bond
vi a opt i[@mls3)i Giatt@rdahice it varloas knbodimemngchnwtomalrdrirelend depectios)

i nspecting unknown quality wire bond devices using the nodel,. and
(4) rep@ydterh iRt FBABHEARIHY hgRttidgszoofl GAkGBhd Fbvies i5thehows trainkd G
dlagran11500 illustrating a nethod for exam ning a bonding structure

of a sSURGEALAYIIReRGARLTIANESm WHatT Bak ledthalth Mt protided1 502, a substrate
i ncludi ng a bonding structure to be exam ned may be provided. In

1504, OnGoI@4] MOk CrcSdr84BO SEMPY FiohiRBBEdineak UsH Bgonaed arirabaidudevidet y of:
predefined regions of interests of :portions of the bonding structure

to be plaRLAR sHHYm et dalerdridedlgcsh dedta " aRiny e bt fiepectiegia@iye of
interests my correspond to reference regl ons. of interests in a

stored predst efp) E'%@feﬁteiu%e%ﬂ&?s 08ldefRbt Avieef BERNGE Despdit rigsuttisr siCt Ur e

of a reference substrate tn 1 6 one or nore two-di nensional
feature eg gtg;;&a)a rgﬂgecpr nore three-dinedsional feature
paraneter the bondi ng structure to be exam ned may be det er mi ned
from on r dpection

650" 8 a0¢ r&’em@é H[t@lvhﬁ&bs QEnbbdigeRis e iRl d WHéE BiE Bipec
|nterest?ts&l'r ED155 ° it be determ ned as to whether the determ ned
feature ”EEFE% Fﬂu@idb'Nﬁr '(ﬁé%ﬁ,halo nRtiRAE S8 StaeerddUald TycHablok®r i on
with res to t g f erence nodel I n various enbodi nents, sone or
all of t SE&T WRes {8 a1 SBRBRCH REsk&iE Pion
[00170]tp§§$%$?%ﬁ§ng§%%3%&enfs SF%515T 6, fhe one or |nor%{

two-di nepsional feature paganeters and the one or nore
t hr ee-di nensi.onal toature paraneters nmay be determ ned concurrently.

WO 2010/ [98%?5%9;(0&)%%9 (VRQQ:%&S embodiments, an aufomated wire bond inspection

may be provided with measurement results and/or measurement data.
[00167] " In accordance with various embotiixﬁents, an automated wire bond inspection
systern that may provide for on-the-fly wire bond inspection where a strobe illumination

may be used to capture still views of the dytlamically moving wire bond device may be

provid_ed.
[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 i‘nsinécting a wire bond device in any form
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[00171] In various enbodi ments, concurrently deten-nining the one or
nore two-di nensional feature paraneters and the one or nore

t hr ee- di newmeizanabocbeat ure paraneters may be under st ood POT/S&200@P0@A2

determ ni ng. both the one or nore two-di nensional feature paraneters
and the one or nore three-di mensional feature paraneters. By way of

exanple, on a conputer with one processor with one core, the one or

nore two-di nensional feature paraneters and the one or nore

three- di ﬁig%@le e 3t BonR R TR W e bond, pewetadesicaiwiechond, ghid fvizeent

t hreads, which may be schedul ed to perform cal cul ati ons al ternately;

for exappl@and e Wahééd%b%ﬂﬂ?%ﬂdi@nété, ma3Nbeyproviged. MTigadethay mby imbideve at
the same tine. [00172] In various enbodinents, in 1506, the one or

fiore 1 c@afﬁﬁ'ﬁdgﬁﬂ@ken@&é‘ﬁ%%ﬂﬁ&ﬁfﬁ%&fﬂ&c&ﬁdj eiﬁﬁl@ﬁ@aﬂéterﬂqa}étrammg
t hree-dirnensi-onal feature baroneters nay be determ ned

St mul £ anGauRl X i Mdcths oR oVl HFe BIHROME GBI viehiP bl aMERN Hnpwn

det erm ni ng t e or nore vvo di mensi onal feature paranmeters and

t he one Ig%ggoo;lgl I’dgﬁ]ggl @qﬁgpg%lg Jadw QuilAy R K deB¥edBsing the

understgad way déterm ning at the sanme tine both the one or .

nore two- dimens él 13 ddf&?lmih%%éd&ﬂerﬂ@ﬁm%ers and the one or nore

t hr ee- di'fen eature paraneters. By way of exanple, on a

conput e [[%di*p%f; TR6E15 Qm&p@e&fﬂ%éﬁ%oo OfiusBabYTP Hefod bt Skathilh©@essor

with no n one core or nore two-di nensional feature

par anet OPaesugng%%cE §&Re %ﬂ%ﬁ%@ﬂ@heﬁﬁ% Y562, RALEERET S

may be TR @itterent threads nay be perforned on
di fferent oce 0] | {181 exX 40l Bne bim¥ARS | OUS
enbodi rrélf'ﬁhg e Jrl%gf anr{)tr?e%%xf eagH @pge act ?ve at” the same tine.

WO 2010/ 090605PCI/ SGZOl 00004 0 OSH Rl n
15086, tt‘?&:r"t?ﬁ‘é"?bcr%?%ufc |°r1r1§ﬁ°sr|[ oﬁﬂl{ﬂ% %régéﬁp#glrf;t %r? and t&hc()afi one

or more three- n ature, p e flakeHRsH i
sequent PEF1P O?O'SE%’]]‘%P S%cr%i“g&s ben%{%gﬁ %ﬁy sequentl aII ¢

det t di d-
e one TorERher et 36 R S AP ORREh 1D duiskhal etk %Eam g

der st ood f L e { .
Foat ur o FLAEIEFERe '%r%?rre Foh 8 rEble Rl MR o5 deas ona

t hr ee- di nensi Onﬁeﬁ‘?%at ur e rrgtdgqr;es%}_% %éamred?%angggg% 8r more

sequent i HP§Eptede nPMg™" nNensi onal feature

par anet er.s and the .one or m)re t hree nS|o r%‘,q;ers
may be URG §1d§11‘6’c§’(9n?1n{] CauTFRAAGHCIS ngl gb ge ngreotﬁe or ﬁm%a‘

t hr ee- di mensi onal feature par an fter det er f one
or nor e GefEoied e I°rf1€§‘ﬁf?fne [?EH‘;[HE %ﬁ"?% reglon n°@1v'§ere{bgtlﬁs

enbodi nents, i'n 1506, the one or Fe t d| e |onaI
par anet eind SAkdt MA% be Aeteringdsdo Wn@g @F\#ﬁ)ﬁ’? ?#;ﬁs AR %ergﬁfu g%%ta brs

may be determned fromthe sane ong or npre _ste eoscooldcl
& nféae i mages

[00177] lerst vne pedsfinedualitresiitesion gxith Hpeeh i thg 5 TP6h

(for exanpl e non-stereoscaopi c i nages be determ.ne d .one or
mor e t woernladizmenits ke §redhiol Fesq AP MY % t8@s HapesH %EHNEF%mtha

one or "nore additional single imges. . )
[00170] In various embodiments, in 1306, thc one or more two-dimensional feature

parameters and the one or more three- 1meq51ona1 feature parameters may be determined

. concurrently.
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[00178] It is to be noted that all nethods described above and bel ow
may be perforned i ndependently froma choice of a canmera system For
exanpl e, eWORIW0YHNE net hods may be perforned using a FEHEGR1BPEA0EM
chosen fromthhe canmera systens as descri bed above. For exanple each
of the methods may be perfornmed using any other , canera system WO
2010/ 090605PCT1SG20101000042 [00179] In various enbodi nents, a
substrate may ‘be proVi ded selected froma group of substrates

consi st iagL7ef : Ia wenic emblodiments,seopeurently ; defenpiiingrthe engher paree™xnd an
i nsul ati ng substrate. [00180] In various enbodi nents, the bonding

st r uct ur@memionhlefeatunaipammetenchnd the it or mord th@e-girhensiongl fpateyg garameters ,
enbodi nents, the bonding structure may be or nay include a wire bond
st r uct urgayERlwasedod inonvay rdetepmining bothithegpeck mose wiordjmensifivel faptne
bond; a stacked die wire bond; a power. device wire bond; a gold wire
bond; anpasherne atd rhd oo obamdé niype-dinttnsiomdl deaeleepramstgshaby cal of
systens device. [00182] In various enbodi nents, the one or nore

st er eoscQRnfle] BRGE Sorfiputerd@ith alne rprotebsog vathp b abief yheobdnec ameioss fwo-
wherein the plurality of cameras nmay take one or nore two-dinensional
i mges f{igmsidiel Babstganintds aatiespes mowathieediihémional fearere pprenticises .

In various enbodi nents, the one or nore stereoscopic images may be
formed framdfeRfRde diRi@! hvadyiwihshartsl scheduipdso pedtem dalcolutiats

| east two canmeras of the plurality of caneras. [00183] In various
enbodi Mejiesrately SordX@m@le, BDVARIORY fRidinas, balyi arshehd may e astie arthe be
mat ched to the regions of interest in the reference nodel of the
referencgagndi ng structure of the reference substrate using

al i gnment marki ngs on the substrate. [00184] The reference structure

when use@oi—,@q Skt $aridls BRbddiBert€fiR 1606 ahdBEiebr ABE fwdedibemitinalgfeature
"structure to be exam ned may be not at exactly the.sanme position and

ori ent at Lo, er i L bfe of hof@RedBinReSbia® thatule pRifikters by be detomsnaf
interest,; 1n erder to conpensate differences I n position and

orientatiam. as !l be explained bel ow. [001851 In various
enbodine%?%,m%ﬁg“%ne or nore two-di nensional feature paraneters

[00173] In various embodiments, simulténeously determining the one or more two-
dimensional feature parameters and the one or more three-ciinlensional feature parameteré
ﬁay be understood in a way of determining at the same time both the one or more two-
dimen.sional feature parameters and the ome or more three-dimensional feature
parameters. By way of .example, on a co_miju'ter with more ﬂan -one processor, or a
computer with a processor with more than one core, the -one or more two-dimensioﬁal
featur_; parameters and the one or more tl;ree-dimensional feature parameters may be
deteﬂed in different threads, which may be performed on differ.ent processors and/or
. differel;t ‘cores; for example, i various embodiments, miore than one thread may be

active at the same time,
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may include features selected froma group consisting of: a gl obal
reference point; a local WO 2010/ 090605PCT/ SG2010/ 000042 reference
poi nt; a viwpeohaseopl acenent; a bonding width; 'a tail Hoarsgzbwo/oenced e
| ocation; a die orientation; a bond.pad |location; a wire placenent; a
wire bond width; a die surface defect; a die placement; and a | ong
tail. . [00186] In various enbodinents, the tine or nore

t hree-di nensi onal feature paraneters may include features sel ected
frdma goaym ConshdddsihtRftimeatsg kO D56, el @i el arorb ewgldimensiohd dedture
reference height; a default die tilt; a die tilt; a wire |loop height;
a bond t};@lﬁ{é&% £1Q B br WickEihr- GRASRRAE featOie paldtrettikinombe dptnidey
| eadf rane; and a di e conponent on the unknown quality | eadfrane.
[00187] La..¥@dii,0us enbodi ments, the one or nore images may include
one or nofe I nmages. selected froma group, e.g. consisting of: grey
scal e i I UaribN QhpbdRER:s, aRferisNP AWREHERPHET drkCor AFBELtwo-

[ 00188] *I'n egpﬁgdéngnbo inents% ?ﬁe‘rgggrence ngdel of the reference
bondi ng structyr L6 cLoff S0 ARG R SHRBL 1Ble8 difRohsidRal deiaE PhraRskersand
t he reféﬁ%ﬁ%g&%ggé@£ﬁay e{eta'ﬁ;'stored.qln vari ous enbodi nents,

det ermi ni ng t he refer ANl bt b Lor TR ReoldbhiSsloRsl fefuRs
IearnindIla ﬁ?%188ﬁ°§P§§Q§Pglnlﬁgﬂﬁ nodel . f%01§2) FI G f6 shows a
bondi ng structure | I OR: A8V 0 tirbk-BEENSRN SRV fdaridiers.
enbodi neff?™ %mggﬁgfﬁggé#ruc?ﬁggﬁﬁﬁé%%ction devi ce 1600 %ay i ncl ude
a substrate receivi eg] : LLANTERE ohO of GGk URoimsRhkat e, .
the sub r‘ﬁiflgushﬁ?g?@%]?ﬁts éeﬁﬁeé&l%%g%gg stg FI (e oh vam

ar'e’ ude Tl I ucture to be exam ned; a
SEEE eoscf%?t:u% ﬂarnaan%?erg gltl(F Y SHe"S ﬁ:lgr\éltﬁlgﬁqiﬁlg)é]sional feature parameters may be

understood in a way of first determining one or more three-dimensional feature

paran;,e_t'ers and after that determining one or more two-dim;ansional 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 s._ame one or more stereoscopic hnages.

[00177] _ In various embodiments, one or 'r'no‘re additional single images (for example
non-stereoscopic images) may be determined, ;md one or more two-dimensional feature
parameters may be dete_m:‘lincd from the one or more additional s&ngleI images.

[00178] 1t is to be noted that all methoﬂs described above gnd below may be -
performed independently from a choice of a camera system. For example, each of the
mf;tho'ﬂ; may be performed using a camera system chosen from tl}e caﬁera systems as
described'above. For example each of the methods may be performed using any other

, camera system.
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configured to determ ne one or nore stereoscopic images including one
or a plurality of predefined regions of interests of portions of the
bondi ng stwocoureosdd be exam ned, , wherein the predef irtaG2eioons: of
interests may correspond to reference regions-of interests in a
stored predeterm ned reference nodel ~of a reference bonding structure
of a WD 2010/ 090605PCT/ SG2010/ 000042 reference substrate; a menory
16?6 conflgurgq to store the predeterm ned reference nodel of a

r ef er enggy 199N gl HGbdHiRem, a3ubthRre)aR peovlidddrsaleaed fomhedirstipeof
?eternlﬁer %6Q?900nfigured to determ ne one or nore tmo-d?ﬁing?znal
eat ur e par ARl OLiss ANG: PRGHQndRRbCubiHaRSa HHITRBSBAALe; bedirliheulatin
paranetgrs %g?fhéag%ﬁglng structurg to begeggnined from one J?rgnnre
of a p!%&%h%%y of the predefined regions of interests; and a
?etfrnlner 10 configured to determ ne as to whether the determ ned
eature b8l S bldim@is, | RASInd AR St RmEE flal, B8 § WitdBohd Mretukd. €T 1 ON
?%52 reé@@%ﬁpfggyﬁghgéﬁergﬁcé&nndenlB%th@Ebsfyate recei vi ng r%gion

t reoscopi c_i ] {2 j
, sy 1606

ine fZ%zlﬁiE R D B bl o
Wi ea t he e Vi a ectrical «con i b SHcdkedqice. 0.
a cabl ?$8P8?W@%E§%Fed&oﬁl %%m\?# 5:6%{11%}& toﬁe%r lsgﬁﬁhgm el g’c%ri cal e 9
connecti an to.exchan el ectri ' 0 ' -
cmbod: msbER PPRd e SEth i s P RT ol Hieny R Mk Wehing

determ ne.the one or re two-di nensional feature paraneters and the
one or rof & iEPeEct F‘r‘?ﬁﬁ%ﬁ%’?te’%g?vﬁreé paramet ers concurrently. :

(00191] | ri _enmbodi nent s, i 0

tor e t wdOBHSHE o SR BRI b e ToA ereREb B Sl e R ©F

three- di mensi onal, feature paraelens. MRyl UNders1.800n B Aol Of
e -

det er mi iSHE APOEHY RECFHESD mensi onal 1eature paraneters.

and the ogne or npre three-di nensional- feature. ot f
exanpl e,d"g}ﬁnsé?n@o%?%g°ﬂ e gﬁ’étrﬂ? Q%J&sr%sp e?/vivelﬁp(gﬁgljg%oﬁ éer?p he S%ﬁ% gr
nore two-di nensi Qqnal feature paraneters.and the ope.o

t hr ee- di YABA%S ‘i?ﬂ’&ﬁ“‘?eé‘?a?t E'F(QHE)BF BHEOSHR)C BrsheT'aY Er:‘? F?élra‘ e%l %g%ﬁ@r erent

t hr eads, which nay be schedul ed,to .perform calcul ati o §hal ly:
i i 0 e ILEEJ 8te Yy
ri% ?ray Berdet

for exangslmore owapensicaaloimagey kAt Somo jash A% CAPEAY © fve at’
t he soneti ne. )
cameras.

[00183;] | In various embodiments, the one or more predefmed regions of interests may
be matched to the regions of interest in the :reference mo.del of the reference bonding
structure 6f the reference éubstrate using aligm.r.le-nt markings on'the s;lbs.trate.
[00184] The reference structure when use(i fqr setting up the reference model and the
bonding structure to be examined may be n(')t at exactly the same position and orientation.
Therefore, 'it may be desired to match the.feéions 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 selecied from a group consisting of: a global reference point; a local
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WO 2010/ 090605PCT/ SG20101000042 [ 00192] In various enbodi nents, the
feature determ ne? 1608 may be configured to determ ne the one or
nor e two- dvoensnemwas feature paraneters and the one or POIYS&2010/000042
t hr ee- di nensi onal feature paranmeters sinultaneously. , [0019,3] In
vari ous enbodi ments, sinultaneously determining the one or nore

t wo- di mensi onal feature paranmeters and the one or nore

t hree-di nensi onal feature paraneters may be understood in a way of
det er ni miferpned pditng a sdaresbonil plackoert; 2 handingevidth; adaikblengib; o lisd ocation 4
feature paraneters and the one or nore three-di mensional feature

par anet efis ori@iyationya béndeped ippaton; @arwise placament i wire bpodoyidthi hdie swrface
processor, or a conputer with a processor with nore than one core,

t he one defectimarde: plivem@ntenis longatailf eat ure paraneters and the one or
nore three-di nensional feature paraneters nay be determned in

di f f er enoo19s} e aES vaidlisC bmbbdimbts,pelid ameedr anowi fires-dintengoot efsswres
and/or different cores; for exanple, in various 6nbodi nents, nore

t han onepatdwicas magindifle Fednireesebdctddeons ageovipi comsisting GF1Ddlobal réferenar i ous
enbodi ments, the feature determ ner 1608 may be configured to

det er m nRidtite, ROA 19ferei®Y BeifiOa difamngieangla dieala evipdnanidightsa aod t he
one or nore three-dinensional feature paraneters sequentially.

[ 00195] HefbhykdrOskoh SRRQM BEMbchents 66 Wl uilaloly gedier taddage;tdnd orée or
nore two- di nensional feature paraneters and the one or nore

t hr ee- di ZRR3hQNR8h tHeRakibvm QA IBIdEaaSeTY be understood in .a way of
first determ ning one or nore two-di nensional, K feature paraneters and
after thgh1dgt eLWioRdeRBEiREnts AhE ohd R0 itRpE AR Inchdalodé @r more
paranmeters. “In-various enbodi nents, sequentially defermning the one

or nore ez diARRai MRk FAR! Uigt cRRISAHELE ofeyadtdle iRy BRlGcoldP ifiage;
t hree-di nensi onal feature paraneters nmay be .
and temperature profile image. =
[00188] In various embodiments, the reference modél of the reference bonding
structure of the reference substrate may be défemined, and the reference model may be
stored. In vérious embodiments, determining the refereﬁ_c.e bonding structure may be
referred to as leamning a product or a training a model.
[00189] . FIG. 16 shows a bonding structure inspection device 1600 in accordance with
an emboci-iment. The boﬁding structure inspection device iGOG maj-f include a substrate
receiv_i'ng_ region 1602 configured to receive a substrate, :tl._w substrate may include the
bondiné structure to be examined; a stereoscopic imaée determining device 1604
conﬁg"i.lr'e.d to determine one or more steret?‘séOPic images ihcluding one or a plurality of
predef;ineq regions of interests of portion.s of the _bondip;g structure 1o be examined,

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

interésts in a stored predetermined reference model of a reference bonding structure of a
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WO 2010/ 090605PCT/ SG2010/ 000042 understood in a way of first

determ ning one or nore three-dinensional feature paraneters and

af ter thatwoebmwrmdsns ng one or nore two-di nensi onal featPrTESG2010/000042
paraneters. [00196] In various enbodi nents, the feature determ ner
1608 may be configured to determ ne the one ar nore two-di nmensional
feature paraneters and the one or nore threeklinmensional feature
paranmeters fromthe same one or nore stereoscopic inmages. [00197] In
var i ous refeteoct sabstrate; ameatbdy tl6¢M apnfigireg| © $t¢mg§e ceadeterprined rqference
shown) may be provided and may be configured to determ ne one or nore
addi t i onaddebéfagkrinnabeslingfsonches afip rderpme-ssbstrisos opradetammiies 1608and
the feature determ ner 1608 may be further configured to determ ne
one or reAkgursbtodisransioor of mateuve-Prmeanwtt fetfe paamkiersosnd ene ofor e
additional single imges. [00198] It is to be noted that al

i nspect ifdte tevd-gigfnsamt fdahedhaimates afte behding staytipetodspixareided from

i ndependently froma choice of a canera system For exanple, each of
t he i nspRetraréela prealispyf the priefited eekivist df iatersiemd asiesrminer hdlden
fromthe camera systens as described above. For exanple each of the
i nspect i QALY BefetéiinchR 18 pdbihedthy sktemiasy fatuhe paraacters fulfill it dewst
[00199] In various enbodi nents, the substrate nmay be selected froma
group ofgng Uhaderiabd qualRy Shifelibm Gvif fespoct e dhieC et ahodsll b Sthe atibstrate

pol ymer substrate; and an insul ating-substrate. [00200] In various
enmbodi MeRYeSving RGO NEH2N SheSitérbsibopie ilimpe Bertnitihg dedien d6GY thecamery
[00201] In various enbodi nents, the bonding structure may include or
may be a60k!, ghdRAGreSdtdHmlinef B6030AnAGhE Hetririivra 670 @iy beapapied with cadh  a
single die wire.bond; a stacked die wire bond; a power device wire
bond; a &Qérge.g\ﬁwﬂgaxpawﬁcaﬁébrﬁ%{ﬁﬂqgﬂz §ich 9B gbOEbieE;a cdfiutdr bus or via

m cr oel ect ronechani cal systens device. WO

2010/ 090505RCT 4 3BRBY.LRAS A AR LhcHih cldticehaumis bondi ng

structure”inspection device 1700 in accordance wth an embodi nment.
The bondiyfmogt I HiClatiofs LRBRERLID IhdIRuhRe add3inerSl608 by beCobfigurbbadli ng

structure 1 nspection device 1600 of FIG 16, may include a substrate

[ €CeI Vi NflydrifllcOf 0% mte HEHBATEOR FehTRIGuARIGS ThdI R ofleY G0rcl 702,
as will be explained 1n nore detail below, a nenory 1606 , a feature

determ LA 'he bonding structure
%e&ﬁg&s%%%ﬁﬁ%%ﬁ% coﬁtﬁﬂﬂnﬂﬂ-

i nspection Vi ce rther i-ncl'ude a regions of interest

mat cher b0y 2f %Aduageg?b%éﬂeﬁfén@&ch&?w eeta@&iah}? thebAWor Tﬁtlﬂe hapdi ng

structur |n4pe ion ce 1700 may further ‘i ncTude a node

det erm NS hehddra fe%&:é’\@rimé?&i%@h@{n%e& mhdde MRELIRERBdal footh R Barahltfers

substraté recel vi ng gl on e stereoscopi c i mage determ ni ng

devi 1702, th P& in

dot ex m e B Xyt BPoetsphlaeg o0k e Snl ALYk A Bust BBl
det i 1712 I )Y t - ] fy

el eot 1| CHRHTACHE) R by 13 miie, sk i BSlbndt R Balimgts? By VERST o
[ th sui t abl | ' [ j t tyiocal

via any gLl Sl LabheuRl SHh MAoLoSR00CRH Aol BEXE0 IS ! oo

si gnal s. “j%5% odi he st ereoscopi c | nage

determ ning device 1702 include a pluralj t: : as
bl ook 17BEeRFOR! gﬁa“’i“??%mafﬁé‘? i g i %‘F‘E?’%F’F%‘%;&%’FS%%%%@%%%&@
arranged to_ tgke aone or, nore two-dinensional i fr :

b Pt waf b A e RO dirr ey W ep DR st HehBH bilfuations
enbodi nents, the_ stereoscopic inmage.detenifining device 17

Furher Pérapas r STEGR S FRRSUmGREooTl i s e 1eite Mo
determ ne thé one or nore stereoscopic inmges fromthe one or nore

t wo- di neAEROHBS: | nages taken from at. | east two:caneras of the

plurality of canmeras 1704. The plurality of caneras 1704 and the
stereoscopic i mage determ ner 1706 may be coupled with each other,
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WO 2010/ 090605PCT/ 8G2010/ 000042 or a conputer bus or via any ot her

suitable el ectrical connection to exchange el ectrical signals.

[ 00204] | n¥Q2P1088%0%8nbodi ments, the bo,' nding struct urfETSEHEEO06H
device 1700 may further include a regions of interest matCher 1710

configured to match the one or nore predefined regions of interests
to the regions of interest in the reference nodel of the reference

bondi ng structure qof the reference substrate usi al i gnment ki ngs
on the J0HER} atle vapiepsopshodiments, fhe fepfje meﬁiﬂ@%?ﬂﬁ? ¢ #]é@ﬁe;aa re

t wo- di mensi onal feature paranelersBQEy i ncl ude fea%ﬁ{qf selected from
a group,detsrgine dhth 8ne OF MPre FYO-dimspyeng TratiTe PAFTEIEH AN M0 eodafnore
reference point; a wire bond placenent; a bonding width; a tai

| engt h; tbreerdimengienal feptre pargmeters SiTaieRgoPdH: a bond pad | ocation: a
wire placenent; a wire bond width, a die surface defect; a die

pl acenerif§193hd Ia vagees embadimentsGyBtangoysly feferaidinghe HOFOR I Y one
or nore three-di nensional feature paraneters may |nclude features .
sel ect edlifiersinnal fgatongparametprs andrikg epeion growt threg-dinénsional faytwre @AREERE ght ;-
a local reference height; a. default die tilt; 'a die tilt; a wire -

| oop heimiyt he wndbwstedd fire b gtay of defermaniog atyhe same timg M 1BH PO BHHE THPrk nown
quality | eadfrane; and a die conponent on the unknown qualit '
| eadf r andimefsDR2D Apatine yaminotgrss endolié nenst or mpes phres-gimensions %&W as'
1704 may be selected froma group of -caneras, e.g. consisting of: a
grey scahaeaniataige Byawey af evanmid, tan- & ofraputérieiie mosereiea ; ong mgocgssor,; or a :
tenperature profile image canera. [00208] In various enbodi nents, the
bondi ng @ktputst with 4 propesdri wifh thexs then dROGrerthe pug otheere iwotdvaensiprgpdel
determ ner 1712 configured to determ ne the reference nodel of the

r ef er encfeathenghrangetas rand tther encobr nhe thebdimemspnalufsstureapasametggp) may be
2010/ 090605PCT/ SG2010/ 000042 [ 00209} In various enbodi nents, an

aut onat edbtdrRineadn Aiffeians feeids, vehich seybe perftermed po wiffezer pragesgery jasdot n
any formincluding single die wire bond, stacked die wire bond, power
devi ce Wifferelosddes; god exaniple it omtownantiodanentty amoe dhani digotfirdad maiyneg,
MEMS devi ce and/ or ot her package configurations for defects nay be
provi dedactivéig thedahiedinisny i ncl ude: calibrating multiple cameras for 2D
and 31EY canera paraneters, training a nodel as to paraneters of a
good Wi r pobend Bevirieas ¢inBodipkitsahe Waginé deferafinanis0® mayitiet ¢opfigurkd twn
good wire bond devices, wherein the training may include taking a
gray scajdermmaSihBemer Bbre aashiiptnsidhali feataregpdrainettrs pind e¢hs oo oeawie of
the nultiple known good wire bond devices, calculating the 2D

f eat ur esygecdimamidahioBalreafaceicRqpaiidllys, | ocal reference points,
w re bond placenents, bonding widths, ‘tail lengths, .die |ocations and

ori ent at jpppes] bBNGaRAd RGNS scqrhtdllyaddtatpitihg tBDoheat un@s tswech as
gl obal referénce heights, local reference heights, default die tilts,

and t henginfeh QMR kdatk S8 anetes i3 bhemasdts afeAdimeasetal feaied @Eamdirng an
upper and lower limt far each neasurement and save-as 2D-and 3D

reci pes, ;,D9LRGHArAGod KO ofl iddt Idbthiiihing 0Be Rl niley twe8ineasiog] fdaere
nodel , ere such inspecting may involve cal culating the 2D

reasur e nfj‘%ﬁm&g Whi gt (RS ARAESing Wt 8F ReRdhik dihisnsiodhlFetie fheters.
defects, "die pﬁsacements, long tails, and 3D neasurenent of die tilt,

i | ob i ght i -y ' nedi -
wire | obg, DEEEY e%lboh{zﬁr%\s\an%kcg%glﬁﬂ?q{ { @RI MHeConedbie AR tg-diieRbnal

conmponen on the un y leadfranme and conparing the 2D and
3D neasur ar%ﬁ U sghd' frec2fitheh@WRI okt hadaiei®lst Gy BB del
and CAD rfr%glg‘?ho '?%Jés %g‘\’/‘ﬂlhégn%%? eté;rﬁ{rﬁ'ne _ief the r?eas?jrement igy

bet ween the upper and lower limts and thus deened good or is outside
of a range between the upper and lower limts and thus deened of at

| east questionable integrity.
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WD 2010/ 090605PCT/ S&20101000042 [00210] In various enbodi ments, the
2D cal i bration may include imaging one or nultiple static i mages of a
cal i br at i owotzarogessomand cal cul ati ng | ocal i zed canera calrdyrsaRi10000042
paranmeters. [00211] In various enbodinents, the 3D calibration may

i nclude inmaging one or nultiple static inages of a calibration target
or nore targets and calculating |localized canera calibration
paraneters as well as |ocalized epipolar geonetries. [00212] In

vari ous neadasbdrantas way hef €adti deteainindny Hac get mowy thyee-dimengiorab fedturer

mul tiple level target where on each level, target points are of the
sane z- heiaghiers A bfi€ thid deliefriiifingdhe brawat swo-dinkkabighdl Seatfre piremttasget s
may be different.. [00213] In various enbodi nents, the training nodel
step maypfobf han virisisustbol MenBy thehfeat@k algtesake 1 6iSasay baeodfignfedetach

pi xel on a O0-to 255 gray scale. [002141 In various enbodi nents, the

aut onat eeiehRiSP e b oM BloRO flvdTBiyhehdisriah Banird phtadRters aiditegor® arymbrem as
to inspection paraMeters. [00215] In various enbodi nents, the

aut onat gflel BHRAGHHD FeafiBd SR &EY fokrthd\@mel on6 bifiereat@edstdpi: iamges.
i nspection 2D and 3D recipe that nmay be used during inspecting to

perform O[l??igbﬁa% VRiGus UmbobBadn® hOWAdiehnal §hE181iMegdh @atersiits (d sBewdr e

sel ecte rom Storage receptacles, defining how wire bond device on a

subst rat,g, A &,861468 Led n-9" b HedBiGtrell A6 RBEEHIRS ond o miteE iabdifgnab Gitiglan
i nspecti o HBB'IS inmportéd or exported, if desired. [00216] In

vari ous i&ggég%oggggﬁple ggygstggéggggig el ade S BRF thie Foativ8 tdBREMABY1 0B midy e

i ncl ude ‘creating group ROs ( ion of Interest) whereby a sef of

wire RO@S qmy :ﬁ%ﬁ%ﬁ%@%@é&:ﬁ%ﬂé‘r&g%r&@%‘-c&h&ﬁ&nﬁﬁeﬁh&rﬁrﬂﬁrﬁﬁdﬁ the

i nspection nmeth and paraneters. The inspection system may all ow
e oS AR R % L Furthermore, Tor WO
Gef S AP, | P53 b e BP A Ayt M 1 e
applied independently from a choice of a camera system. For example, each of the
inspecﬁon devices ma-y be provided with a camera system chosen from the camera
systen.15. as described above. For example each of the inspection devices may be applied
using an-y other camera system.
[00199] In various embodiments, the substrate may be selected from a group of
substrates consisting 6f: a semiconductor subétrat'e; a polymer substrate; and an insulating
substrate. - .
[00200] In various embodiments, the boﬁc_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 groﬂp consistiné of: a singlé 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.

51



[00217] . In various enbodinments, the 'automated inspection nethod
may further include determ ning die placenment using three or nore

RO s. By sw&beg1oroagos hr ee rectangul ar or ot her shape ar ega/sonoiloesod e
surface with rich textures, the centres of these three ROs nay be
found by mat.chi ng unknown di e against a good die. Ofset in x and y
directions and rotation angle relative to the good reference die or
to a gl obal -reference point may be cal cul ated fromthree matched

poi nt s. [§0202]8 FIGn] Ashowe abomhigDstinetu wspectien davicot@0®m dcprpgunce iwdth

met hod may further include determ ning bonding widths of |arge wires
usi ng s ubpmbelinedy eTkcbmdingshuctidgespeétionndeyist H 760, dénilagfto shapandingay be
added together to best-fit a centre line, which may be used as

r ef er enggudtirdanspecipasdeaicongohof FlGi e snagfindlirdeea sdrstiata gecziving regipnbe
filtered to renmove noi sy edges and from each side, and the edge point
Wi th bi 0gesta skirsdsaspicintage Hétemaging devitd 192 mywitiébecaplgingé renomsletadnd
width., ' [002191 In various enbodi nent.s, the automated inspection

met hod MW, Uikda@ky 1606, udeatste tdeferthintmig0B andl b detetnhitértis 10y The bundingsi on .
elimnation. I'n various enbodi nents, bond width ROs may be defined

i n a segaRgtuMiisiedton WeVice VI0OWRay fufthidndladesa fgloasbiateet matthere 710,
rectification may- be perfornmed for all views to bring all caneras to
the samggpan 8k billaifditih Gitke Qit4iEEd6wWNThd Pondgl studuerthpettvardesice V108w
fusion may be done to nmerge nultiple views into one to-determ ne bond
wi dt h i 2 Sl idludeaméd] deaelindad1Rhoval bé eplditd ineiogedetal below.

[ 002201 I'n various enbodi nents, the automated inspection nethod may

further GG IedeRidE 10409 1 612N e RRrddbddbRSmEd digerbatie duviveatd, G
net hod. I n vari gus % 2%10/ 090605PCT/ SG20107 000042 enbodi nment s,

three g[l‘Bgm 11304 e PEAE HitB8HndrN 668, SRC QMG L W6 10D et £bAY dTantaRd pad

surfac y using a best-fit planar surface' such that 3D coordi nates

of the t}ﬂﬁg&egg'f 985hd 50881 deDRAGNT 1Y hRW B cSugCHOWM 42H ofiftS. g4 e
transferre ack to the first view by using prQ ective geonetry

Lransts bac ! _ Y en P s .
eterm Qg,gt HEGATE Ie&i%hn?wsﬁc% .taec{ bl Rt coRadr bhsléhviaayy be

Mg ¢
determ rst view. [002Z1] In variouS enbodi nents, the

aut ot el PGS BorliBL A maar%eretebﬁeaﬂs%mde determining die tilt

in the oordinate systemusing three, or four or nore ROs

def i ned 'op%@?;hglgéﬁggsﬁe%bg hits] L icfeBIBEE SmBle Rrcufhiingldbviea 17Uy

enbodi me‘n it plane may be rmned fromhei ghts neasured

[y om e p8e | Bt Sambils KAOLRUSLIBPPRATR RIC, 175 whelcid fno BRBIRP of

L+
an In reference to the x, y, and z axi s of the

wor |l d coor di n%a%lb%)gﬁgg%h%‘? Oegﬁt[&f:m nRoid ﬂﬁfgqs ﬁ'ﬁm%@sub:bﬂ-atte

angl es. T n vartious e I ment.s, the autonmated inspection

met hod nﬁﬁgggs%%cgﬁr%lgldl Ieléelillgﬁer&eegt%em ﬂ{ﬁgioﬁlé i . I'Elenltks, angte;&g&#&%ﬂéé 1

RO s def rrace, four nore s on leadfrane surface
For mul at SHFHEHRE GF o Lo Pt atBtts s SIRARLERT bigee Y Eerbier M0p 7
cmbod; meriEken & S RRAPeR frapeee P Aty BeoRL: moreeus

al gor | WG SPReR ke 2opt sites Pef BespoRt By ol AELBB e | |
At AR A Fhe A R

.. coupled with each other, e.g. via a second clectrical connection 1708 such as e.g. a cable
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may be traced with subpi xel accuracy in each view . In various

enbodi nents, instead of using correlation based stereo matching, one
or nore fexpurwafees g. subpi xel wire centroids) based sarsERonRbmn
may be used to reconstruct yvire |loop with high accuracy. WO

2010/ 090605PCT/ SG2010/ 000042 [00221 In various enbodi nents, the

aut omat ed i nspection nethod may furt-her include using |ocal canera
cali bration paraneters and | ocal epipolar geonetry to defne the

sear ch |drieconputer dac onda uhgwher suittble electricevwmrndction & exshange rekestticalent s,
two nearest centroids to this epipolar. line in the second. view may
be det ersignard. | n various enbodi nents, |inear 'interpolation or .other
i nterpol ati on means may be used to get the interpolated centroid on
the epi godx4] | i Mevaribis Mabddatiehts Ripobondirgt smcitd Bispeatiorb devideel 10Atradyi ng
point to the selected centroid jn the first view In various

enbodi memitRer iAdlEdRS a Rloadbi BRirdgnaickerely10 eonfimpsaind emaeh, thdBne oondienat e
of a -wire centroid point may be cal culated through a process called

tri angul pbicBined k@amt of aacRdioShkytdion & inRidien Meaesrentymbésl wseitt t 0
trlangulate for 3D reconstruction. [002251 . In various enbodi ments,

the ' autgpBied phisRealicAfe Mohb odferdide fubstdiensindsllgaRnicialdkings ohnig: t he
hi ghest or the lowes.t Point in a wire loop using a subpixel peak or
val | ey iqpgrol ation schenme. In various enbodi ments, assuming the

hi ghest point z height is z 1 and zO and z2 are two nei ghbor hood

poi nt's, fohgostUbRI vaEbudiG6dRndXBY e @né 8) Kilea v Mitsisitpalt Bful Paritleters
bel ow, or using other subpi xel peak interpol ation nethods:

p=(2z2-2z0Qg3{ &&%Qk&&é&%@@&@d fék ahdup, .ol QRS of! zﬂgl‘é@eﬂ iréfftk@nce point; a

enbodi nment’s e au omat ed i nspection Method may further include

correct 'fapal% ﬁm] ﬁpeasmrbo%@ FIRSALRE USInaRe Wit al Gl ﬁﬁgﬂgafdwm
ng

canera ti e and the wire radius a correction dz such that

dz=al *r, .. 40ek ﬁl eniith: R90Rd GRNRER:; Q%%ryiaceﬂeﬁna Wi bahd idiBi Z€,
camer a t|Ft ahgle an experinental result and r may be the radi us of

e w1 e g E9&9&0@&9pﬁequnﬁ%);%gquﬂ [00227] I vari ous

enbodi nent s e autonmated 1 nspection nethod may further include.

errpl oyi nfb % bl Bl QﬁsUtehl%B gn@nﬁhé(% Qf ﬁlUféertﬁl%§Qin't&blgﬁhlt Qature

i ncrease't resol I on ‘aroun I n various enbodi nents,

doubl & 1 SSOLULL U IS Frflick] SHENd EBRCH RALA! Q) GBEARHE ! Bglobal

di fferenf™ W Te anglng sno areéa, wre rising edge,

W re t oD, Bl&d. Addt io%aﬂ fzgeﬁafﬁerf%t S8l MR B SRR Blighs 4 e

i nter polation sc enes nay result’ing from

exper | ma{:;'oﬂ% %1h§gf0r Eac% 1'1'36% OB ?é%t oﬁgﬁgr%ﬁ% ﬁtﬁa ?ﬁﬂﬁhﬂ@ ag@%lél ght

and coax one. ’'In'v I near cubi ¢
I nterpol atﬂlp%rxllexga 0¥1 the unﬂ:nown quality leadframe.

[00207] ° In various embodiments, the plurality of camera'g 1704 may be selected from a

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

camera; and a temperature profile image camera. .

[0020:8]' ' In various embodiments, the bonding stgucture: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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[00228] In various enbodi nents, the automated inspection nethod may
further include determning wire bond heights by defining a snal

pr edef i nedwenem/oarsoiind Wi dest bondi ng wi dth and f eat ur ecrasediosbt@iro
mat chi ng, perfornmed to get a sequence of bond heights at wire
centroids. 1n various enbodi nents, statistical processing and
filtering may be applied to get the bond height. [00229] |In various
enbodi nents, the automated inspecti-on nmethod may further include

det er ni nj06ap9t helnbaridisemt@Dingntsf ar aitemated wethod bbHindpeatnav santicdnducter on.
In various enbodi nents, a fixed correlation wi ndow may be sel ect ed.

| n var i owise boduodEvireninsyny douty inghiding ciglee Higt wion bondy dtavkededie dredwindct ed.
I n various enbodi nents, correlations fray be neasured for each pixel
al ong t hewet devibe witengondp geldtwitdbordestd that alvanded ribhon dusding, MEMS
enbodi nients, 3D profile of wire bonding at w dest bonding w dth

| ocat i ondevRy dbéor 6heNpickaiet @figdratiovs forodefectsminayl beprivided: Hits metiodd | e
may be conpared (for exanple by using absolute sum of difference or
cor r el at wgningRE&QElbafingmyltiplhainerae fdral) awl 31 camére penaetebs) rdining a
profile derived from neasurenent of a good wire. In various

embodi Megbgel ad tb paPinetird H2Y ©BE itk Holli dpvideRea elfichloteviiny ofmeloejmitiphd as
bad bonding wire.. WO 2010/ 090605PCT/ S&2010/ 000042 [ 00230] In various
embodi Megiosn 438 wikd PSR @Rickd) SRRRIN 0R trEiihgE ehaFtiictidy fakiag al ooy uchic
determ ning mssing die by either tenplate matching or histogram
anal ysi SmedsfireM@hitl GFSch FIFBIOH iaMgHAtS pixeld o daCHB fhie EndIByile Rhdveh BrvEarire
approach, die surface of unknown quality device may be matched

agai NSt Gyrldere)iBish6al Sl fing e MRFdQHS sEIDAMI ST beFeredck pbfas, RkIGHleRges COT €
is too low, there may be a high chance of m ssing die. ha various

enbodi Meftis, Wikeron@ GREmERS, BoinEEY:d &S Rl [ gthB &iidlo84tiRes a¥ForRhtatisisNOWN

quality die wmth learning die and nay declare die mssing if the

devi at i Ofébrjdﬁpzihtwcaﬁi)&, cHOAZRE thd ADVREINRY SudMROF bR RéfErend heidht) NdthE d
met hod of 1 nspecting a substrate such as single die wire bond,

st acked g&‘e@%{%’g gﬁﬁﬂ&” Aef2RP WRY IS Yhe Ere fiin RANHese OB GniM3De me@RetniRRAE t he

e
advanced ri ondi ng, MEMS devi ce and/ or ot her package

confi gur athang e}ﬁ@%ﬁ%ﬁﬁ%gﬁ IRoP& 1REiP¥r $8&h mbAuMAlchOMY QADANTIRM S

t he net ho mayt ibrating nmultiple caneras for 2D and 3D

cubst rat B2 v g ek el TR Bl CUPRTITEAF IS riicel s ot tuct
reacur o BHE B Aol ploe il e PR RS SO ABRR pE R 1
Cof or encaley RSt B ety 1 il BRI R SR Ar aLUiE TR
pad | ocaltbrbor phifhty WRChd, SR SRk, AP oB0f abAThkpan pn EC
a1 °t nosuei hEBIGHE B dolal P hedm Al el g5 G0

asur emnen - ermning.an u
I limt f -\ t . LR eS,
| mepect | TP ATHSAT i T e P A A0 ARAE o (e ARAGNS SphBELAED
[ ti [ I | cul ati t he. 2 s f: W. .
ol acemenbassiginea! B e P e IO D Hara o) gitg 4k fuside

| ong t al Lfé ra%rglgbgteeen the upper and lower limits and 1_‘.hus déemed of at least questionable

integrity.
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measurenent of die tilt, Wre | oop heights, bond heights for each
wire, die and/or other WD 2010/ 090605PCT/ S&G2010/ 000042 conponents on
t he unknowWXOGHHIOPE6)S subst rat es and conparing the 2D andC35G2010/000042
measurenent results with the upper and lower limt fromthe nodel and
CAD nodel of the substrate to determine if the neasurenment'is between
the upper and lower limts and thus may be deened good or is outside
of a range between the ugper and_lower |imts and thus, ma'é%l be deened
of at | dB8210hudstvagauhFmbedimerjs, thy 2} gglibsgtion mpy, l%ﬂil’rqﬂola? F8i Ment s,
an autonmat ed nmet hod of inspecting a sem conductor wi re bond_deyice in
any f or multiple swlinimagenef acalibemtion faezeh arficaladating desalired comera calgiy oy oner
device wire bond, gold wire bond and the advanced ri bbon bondi ng,
MEMS dewacameteaad/ or ot her package configurations for defects may be
provi ded. In various enbodiinents, the nmethod may include;

cal i br at j06211jul Ini pirieuc ambodimertar the [3h selitg@icnamay dnqhdeatsgingsone or
training a nodel as t6 paraneters of a good wire bond device via
optical mbldplngtiofineges ofra calibtatiph Eargeh onmaye tazats ped pdedatiagJpelizedysi ng
col or CCD sensors, -wherein the training may include taking a col or
measur eng@fieraghliraiin priraoedters as welbgsilobabzedepipolas gemmetdgsh of the nultiple
known good wire bond devices, calculating the 2D features such as

gl obal rpbzEREncie vadowt Syhodinens| the eflingivndaiget mayshe aviwodesh primultiple

pl acenents, bonding widths, tail lengths, dielocations and

or i ent at i@ fargdd ovherepackatioleadlj tarpst poirad ouloéthengme hrbeigD, Whie on éiffersaich as
gl obal reference heights, |local reference heights, default die tilts,
and t henjefdlgmhaightstoh meagéd magbSBfferrasur enent result a determnining an
upper and lower Iimt for each neasurenent and save as 2D and 3D ‘
reci pes, {002 eCli Aotk kibotiments | the iaiing endalehstersl enay dertheu sichyle tidkengodel .
and col or sensors, where such inspecting may.involve calculating the
2D meas Uihe gl scald mdstRmiehsfeashititel ok Deo Difghayéodieh, di e’ surface
defects, die placenents, long tails, and 3D neasurenent of die tilt,
wi re | oomofes] 9htsS varli derigd dghiénss, fthe bodintel ipedios m@ebléd mayt Fether
conponents on.the 61 WD 2010/ 090605PCT/ SG2010/ 000042 unknown

qual ity |eRdf HamRe a8kt BPRhpectioh ardieertd 3D neasurement results
with the upper and lower limt fromthe nodel and CAD nodel of the

devi ce t poggfer i Rerdds bhBodiRand " e BtonMed @ispeaion t ethoppety anthet ower
limts and thus deened good or is outside of a range between the

upper  angi-h@¥efeatidsin SsiR6od 11V Snd 8P Fedp®ihafina) B sbeddineing impeding to
integrity. [00233] In various enbodi ments, the automated inspection

met hod Wga{erMraft NGt JnB O eerofokiak: EHRme Qo Subst=ia tardstldted Hrotsteralzé ght

using one color spectrum and coaxial.illum nations using another

col or Sp?e%ﬂt%'i@s, defining how wire bond device on a substrate are selected for defect
inspection, and defining how an inspection map is irnponedlor exported, if desired.
[00216] In various embodiments, the automated inspection method may further
include ;;feating group ROIs (Region of Interest) whereby a set of wjre ROIs may be

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

inspection system may allow users to deﬁné.one or more group ROJs. Furthermore, for
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[00234] In various enbodinents, the + automated inspection nethod nmay
further include col or subpixel wre centroids determ nation and
reconst r ucepPamompos8D wi re | oop hei ght based on stereo malTSG2m/006042

t hese subpi xel, features. [00235] In various enbodi ments, the

aut omat ed i'nspection nethod may further include color double

resol ution and col or superresoluti-on-to increase the resol ution
around wire area to achi eve higher 3D reconstruction accuracy.
1002361 3Dninegeciien,) suwmatc ROdnhey Hehiefifiedising peatindé lepipplap consfrainigrarher

i ncl ude taking the col or neasurenent of each pixel on a 24 bits color
space. [¢RRkkirdifts visthias dSuditpadiefmhtionp rightiut omat ed et hod of

I nspecting section by section. of a substrate such as single die wre
bond, stjgglep. dhevadbne chbadimepr)eiie denared inspection detipd! thawi fughdrond
and the advanced ribbon bondi ng, MEMS device and/or other package
conf i guradlidenSetérfinifie fdas hRcemBent hRingr tiviedardmoten ROAS.i OB selettingli thexet s,
the nmethod may include: calibrating nultiple caneras for 2D and 3D

caner a RadapRleLbSothet shipRiakiafon themel@kfaeswitoriflateRBiscths caftrenofthed
*substrate.via optical viewing of one.or nultirile known good

subst r atipse RUAEHSY Be 1oiRd by AkRhing uiR6WNNES sdist fkdddglia OfBasixemeyt WO
2010/ 090605PCT/ SG2010/ 000042 of each pixel in.a section of a .

subst r at g.0fbn8 a6 rftioh NAgRULRIR B thOQusl ReRchcs dlksdr tatacglsmilpdierence

calculating the.2D features such as global reference points, |oca

refer €NGoint may be calculated from three matched points.
[0021.8] In various embodil_nen.ts, the lautomated inspl‘tliction method may further
include determining b'onding widths of large \'a}ires using sﬁbpixel 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.rence line. Edges along both sides of wire bc;nding area may be filtered to
remové noisy edges and from each side, and the edge point_ with biggest distance to the
centre linf-: may be considered as bond width,
[0'021_9-] ~In various embodiments, the automated inspection method may further
include determining bonding widths with occlusion elimination. In various
embodiménts, bond widtﬁ ROIs may be _defined ina secdﬁd ;riew ‘or more views. In
varioﬁg embodiments, image rectification ;11ay be perform'ed for al} views to bring all
cameras to the same parallel optical direction'.l In various embodiments, view fusion may
be do.ne‘t,o.merge multiple views into one to' determine b01;1d width in a similar way as
described above from the merged view.

_ [00220] In various embodiments, the automated inspection method may further

includé determining bording widths using back-projection method. In various

56



points, wire bond placenents, bonding wdths, tail lengths, die

| ocations and orientations, , bond pad |ocations, calculating the 3D
f eat ures swonomgghbdbal reference heights, |ocal referaursceioghos:
default die tilts, and then fromall these 2D and 3D neasur enent
results deternlnlng an upper and lower [imt for, each measurenent
and save as 2D and 3D reci pes, inspecting unkhown quality w re bond
devi ces using the nodel, where such inspecting may involve

cal cul at&ﬂb@dﬁrhﬁtszmmaﬁme B0Enmapbe defired i asewsh vy toidetermios owd pidhs,
die surface defects, die placenents, l'ong tails, and 3D neasurenent
of di e tsutfhice by usihgl a0mept-fitep] glat surfaoe mebhitkat G evofdimatesad ihebangingdidges
and/ or ot her conponents on the unknown quality substrate section by
sect i on fegiel aGecRaisvg afcligoR R aad dnBOmap bs umesfared taelks td the fivstt tiew gy
upper and lower limt front the mydel and CAD nodel of the device to
det er m ARingfprdjbtivepemherRRimingd bedawencalibrtion pafreraka, bonderidthinmyt s
and thus may be deened good or is outside of a range between the
upper angt deRWefed in'thd Brsfiéwt hus may: be deened of at | east )
questionabl e integrity. [00238] In various enbodi nents, an apparat us
and net heehaiRY RevARIoAY | Stddithtsa Yhe HRfoifatedPlnssdtion Hsdlieedt hap Hithwi r e
bond devi ces. The. apparatus may include a vision head Wth nultiple

CCDs f orjnd|fROSAGmMiA dﬁdﬂe(}ﬂp& BBATOaBA B8oreadishiterh Sising AhesLrt fo 6
views, an intedgrated stereo illumnation optimzed for both 3D

triangul ﬁ&&%x@ﬂ%%@maeﬁ vieGAb UbFer TRATHIERRAh die? Y MiEdYs @nibbdififets,M
siloh as an X-Y-Z table integrated wwth the vision head to inspect

obj ects asb%hﬁ%ﬁaﬂ! If;@ DOAGer A8 GRstn hé i@ hiehuddd i Witdhed ifir RSN 0L -
3D wor

for mappl ng coordinates into 2D i mage coordi nates, and an

i mage pr t baNBRY pimadia é@@hw@%esy Dardsy Wi T e
| oop hel&&%ﬁ%@%aﬂﬁun&s alﬁgﬂtv?ng B D B e BT S 610] 000042

hei ONt, 8% Rld itk RREH HHER 3HUR Binfinéd SAGFasHI @ Glhes, bond

placenents . widths, and | ong

tails. Tﬂaﬁzﬁ?paﬁ.abaéoué%ﬂmwg "By aB{o‘Bié'téEienépécﬁI?ﬁ dndiRseP syl RSN
include determining die tilt using four die tilt ROIs defined inside die surface, four more
ROIs on leadframe surface or other reference surfaces. In ;rarious embodiments, die tilt
may be formulated as four sets of difference betweéﬁ die ROI height and its
conesponamg leadframe height nearby.
[00225] " In various embodiments, th; automated in,Splecti(-m n:iéthod may further
include détermining wire loop heights by using subpixel‘edge detection algorithm to
determine the transitions. across a wire aécﬁrately. In .various embodiments, after
deterrh.ining wire transitions with or without knowledge of wire thicicness, wire centroid
may be traced with subpixel accuracy in éach.view. In varilous 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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wi res, bunps and other 3D features on | eadframes, wafers, MEMS

devi ces, and ot her sem conductor substrates. [00239] In various
enbodi nentwo 2exv/00e60Hmat ed system for inspecting a substpcatse2swoooas a
wi re bond devices in any formincluding. single die wire bond, '
stacked die.-wre bond, power device wire bond, gold wire bond and the
advanced ri bbon bondi ng, MEMS devi ce and/ or ot her package
configuration's for defects nay be provi ded. The system may i ncl ude:
a wre ljomddf edh pdrdue,embedingntspthep roteindted ginspesfiore nietwd deyi Tuthert o
the test plate, a stereo illunination systemw th dome and coaxi al

| i ghts qpdlide weg 1bedl civhére chliboqion [Paraeetms trrdulotal @pipalarigesinretry do defiiice
surface 2D neasurenents; a visual inspection head for visual

i nput ti RPe Sdarch lRlelih @l debohdGiievk B viheytiods.qld viriops winbedithond, hewicarest
during training and for visual inspection of other unknown quality

Wi re bondnelfd € thidl pipblr iAs PE Ghé Getond Views aliayt be demimisen s df vasewd

heat detection subsystemto detect the |ifted wire, wherein the

met hods Bifpob@his GndiR Yotk BElhtitdCor2d A IRGriveAbe fcatd by X aIsg © got g
contact heater or for exanple a contact heater) under the |eadfrane

and heat;;dpohsadedabag 1anpidotr amee Plnakiidud eMPetiRkME, ahise®) be [ic
projecting a focused heat source on the wires; a m croprocessor

havi ng BLAGRSS héta: RNHe SHRIREepARAR thetfir@S/idr Idayielofhh@inenidatr of a
good quality Wre bond device by taking a gray scale or col or

measur engny; g 4R8N 3Poh&ALLI AP cORkdhaRl B Blvitey/ cafirokd Gyt @09Tbe
quality wre bond devices and determ ning an upper and a lower |imt

f i aHod ist 3u T ]
or eacgcé@ategrmﬁpgﬁ ﬁg'}o![df]sg IR Ribdda1aRbA Bbdst 3uRbd boRNWh GQUhr eibahd t Y

wire bo evi ces, a e m croprocessor further conparing other

unl mown GUald fdd ¥ i RRRCLAAY ke RulBidonpari son to the nmodel by
determ nirig a gray 2010/ 090605PCT/ SG2010/ 000042 scal e or color 2D
Govi cos. DEAhoTEY Vi BHKEMerlE A Rl pbecibl Mo g Bet

| ast o BEEAY e iaiRElR ACTRE AL RE Rt LREUTL Wl Alink TR roik

oy i 3008 W RCELERY oy (Bl R R DS

canera or nu e caner as. ['h various

ul i pt e PE& 20 e A RREGH A0V i XL AL ¥y b,

. 50 . [ i i ' j .head
CoreL 2, ch By L R g el

may be o 1 € m Ccroscopy vari ous :

o aut onBr AN FORRAE I Tous: embod: ment s, the automated

it ng subbratl I et R PPl B BBy A BERY fatet o

Bl of ocuGePUE AT AT aPERS BhandrEr SO fe s e s D R

baed Po A BLRP RS St o\ SeoTentati on (hia
dz=a;*r;

!

 where 'al may be a constant depending on the wire :size, camera tilt angle and

experimental result and r may be the radius of the wire.
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enbodi ments, the unknown sharpness inage of a wire bond device may be
t aken and then segnmented into nmultiple sections to calcul ate

shar pness wb 2emobossRgnent based on either. Correl ati on, HEFRGRI@SL0042
Fourier transform, or edge based criteria. In various ' enbodi nents, .
thereafter, a sharpness cal cul ati on 'may ‘be used to find the correct
focus , point by statistical processing of all’ segnent sharpness
data. WD 2010/ 090605PCT/ SG2010/ 000042 [ 00246] ; Met hods and

appar at yee227pc dor dirivys t enbedinientss thnhodimatedt nsprtiobenaimg mag fugthenwi r e
bond devi ce- 2D and 3D neasurenent and defect inspection; MEMS device.
or ot heringtides tiplogiag 20dualedresihtionsgreatyi bind df2Dpemaoldidors b fimeese the
nmeasurenents; and canera calibration for precision neasurenent. -

[ 00247) EdolatiohBdostiowsreaRPE! Slneedrioue embedinehtsa duatie répolution negyeute on
system 1800 in accordance with an enbodi ment. FIG 18B shows a front
vi ew of difFeren ihRrfo0Ridn i sOISRRS fbodiffdBN0wEY séptunsi slorcbaighanasooth tikaan
enbodi ment. [00248] The autonmated wi re bond igspection system . 1800

i N accorgahgfniedds, dircabp adh AR ird @yschalins adtel I RfiGueenbidimesy) thet o
find defects on wre bond device but may be used for this and ot her
uses i NChideiotioh OdchésP il Bt kadvledged Bask€ aesillinge BRA exBaikdentsr tisthg
Array), CSP (Chip.Scal e Package), solder paste and wafer bunp. The

syst em 130Qf5M¢erbd ﬁgﬁco&hiélﬂﬁafmﬂemeﬁ light Aafcestia lightiwde.nDh, vakibils not
limted to, the follow ng: bond placei nent, bond width, die

pl acement,nodinfents lifdat BESbid ifRolaBdd mayphe whe€ tilt, bond height and
wire | oop height. [00249] The system 1800 nmay for exanple perform

the procggmsfest bhgsthsWedibbdibdRl 6hE SnlothalddGinsp&@tibe! Mdthod Q95 EktherT he

system 1800 ray.iI nclude a nagazi ne | oader 1802 which may | oad a

TRGAZi NenoQh MRS Blin RN bhEA ARt b o bl pRE M eabaiield 4RI €S

a | eadf rane -1 ndexer ; an inspection head 1808 (which in the

fol I owi ng, AR RS0l Fedib Phlcadic MAficling PEREAnANS 81 s@eRBlof 68hd

i magi ng nmechani sm 1 nspection canera or caneras and optics.; of a

vision hg afl lre %é&fH?cg? R AP b ki Rdhtd) %@a@iéticfap{vxo@é‘séiﬂElaﬁd \Hltbing

mul tiple ) sensors and stereo light; a di e Tocation détection
sensor ( t i if the die is.under inspection head
1808; a @%&%ﬁ&%p?%tg %tn?'t%%dlﬂoe;%%r exanpl e a conputer), WO
20101090&95‘?9?1- 1&%91}%09199%611&, the automated insgéction method may further

include determining the bonding 3D profile at vyidest bondihg width location. In various
embodiments, a fixed correlation window h;ay be selecte':d.. In various embodiments, a
dynamic correlation window may be selected. Iu various exﬁbociimeﬂts, .correlations may
be measured for eac;h pixel along the profile line to get‘.the best-match. In various
embodiments, 3D profile of wire bonding: at widest bonding width location may be
recons&ﬁcted. In various embodiments, this'profile may be compgred (for example by
* using absolute sum of difference or correla;tion method, .c;r any other method) with
 reference bonding profile derived from fneas;urement of a good wire. In various

embod{ments, if the difference is big, the deﬁqe may be rej ected as bad bonding wire.
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whi ch may performlearning for good wire bond device during training
and may be used for visual inspection of other unknown quality wire
bond ' devi WOSOWPINY i nspection; a paraneter input deviRE¢A/SGRAIR/00G06}
exanpl e’ a keyboard arid/or a nouse)-for inputting paranieters and
other constraints or information such as sensitivity paraneters,
geonetries, wre thickness, wire length, etc.; a display 1814 (for
exanpl e a nonitor) for displaying the view being seen by the, canera
pr esent |[§0230] atlnaveyiops cmbodimestsy dep gutemaled Hspesdqn ﬂegl}f’é‘ PEY GuERery | |
be explained in nore detail below, an xyz table 1810; a reject

stati on inguds; detamnlining wissipadiovkyeifhen Emplieimatchipg o hisfepeeys snalysgs. By i ous
enbodi ments, neans for providing a |leadframe including nultiple wre
bond dewadess ¢nbodimentse éit a séraplete meajching Yasesl arpeichsdia S‘tu%aﬁ op HBIOWIZ 06
and may be manual inthat the user may nove the |eadframe froma
casett e qulityalgsizé neytte whiehddeagaingt ateernig0die. by vasigns smbediments, if e
automatic environnent, the wire bond |eadframe providing neans, which
may be ahschingebe@ire édtdoolowashdre agiyrtwne highdeease qigmsswaydli:-ndn (HEEOYS
robotic armor a |eadfranme indexer 1804 that may pivot froma first
posi t i orenvidodingns, theadéand meethalymbe commard thie| hjstogramp etjunkpown guatity digi ne
or cassette to a second position where the |eadfrane may be

posi t i oneith eAming diarnd endyaieclatealid missing & tk8B6iafion isitesiect i on. After

i nspection, the robotic armmay pivQ the |eadfranme fromthe second
posi t i onjoaz31] hetvagbuspdnttiodirl05 at antemathd method F inspecting e webstrite such

| eadf rane may be transported to an out put nagazi ne or cassette.
[00252] 4sningdy die wére dohd) diaokst dic withdonhpewer dyt evitell808 aoid wirhibend

vi sual inspection device may be provided for visual inputting of good:
Wi re bonghddeyideasced Hbbdithdndimp  MBY Sdeoits ahd/ansth érpackags cafigims@adon on .
of ot her unknown quality wire bond devices during inspecting product
as Wl [pgecexmbpbdgdvided. i erides antodbrdneyvthe thehabmey chdsteelivd@G8 WO
2010/ 090605PCT/ SG2010/ 000042 nay be any type of canera capabl e of

hi gh resghibleQ@BmEMS RL QD . 3D thnR¥Aipintetas, tahfngambdefas sugkeansetaactr a
system may i nclude of one or nultiple CCD inspection caneras used -to
capt ure } eaff auBdiRiCANbAHGML PEwWHg of 0B BEmURWICimodm bl eubsiramy ethefetrom
one or multiple views during defect analysis, for exanple but not
limted e @RtethayliRQuAHBRE a SHS sISmERER DB eadiopige] iTherid ofpisdlng
mechani sm may ‘be an optical imagi ng nechani sm 1808 integrated with an
xyz tabl g, L84 0f ik 1Pl kic¥rEz0RR bitiGattd) e41@il finkake 213 fdagedi shilpaseidbal

i nspection resolutions. [00253] In accordance with various

enbodi MepiSench r}%uﬁ@,q@&@ rSsdn€NpdBES wiRYbdad Pladeents 2 bohdivs @Adths) Nail
canera system whereé high iesolution CCD caneras may be used to

provi de Qi gl resQlhidn® And oAkSERAL LohABEE SochQns] mmﬁ%q& 3pQeRH4] | n
accordance wth various enbodi nents, ‘Conputer controlled optics may

be provi ded .t Eg}oal%fér SEnbgNE 1YQI Kdrthcd 1SicBRC G fMilCAO RO RING tIRkifRe | Ves
so as to provide for [ow distortion:-images t hat may ‘be desired for
accur at e glef ecin ded 86 LrhdRurerh Bnt YMultOFeriining an upper and lower limit for each
measurement and save as 2D and 3D reéiijes, inspecting unknown quality substrates
" using the model, where such inspecting may involve calculating the 2D measurement of

. wire pl-accments, 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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enbodi ments, nultiple magnifications may be selected for inspection
of different field of views and accuracies. [00255] In various
enbodi mnentwo 2emropecasr controlled illum nati on may be i micagcai®@odoqi O
and with the inspecti-on camera or caneras and optics 1808 to conpl ete
the wire bond device inmaging process. In various enbodi ments, the
iI'lum nation system may be coupled to the camera or caneras and

optics '1808 as long as the illum nation systemworks in conjunction’ ‘
Wi th theompoing on thamakaswi 8@Ality mubsanicound ecdygaiiingrths , 21D naral 3D
strobing environnment, the illum nation may occur simultaneously or

subst antm@lsd:ymait FesuiceAan sl ybpei drd lotver liraindiom thiutoklelr dnd gCAWD ingded of
accordance with an enbodi nent may WO 2010/ 090605PCT/ SG2010/ 000042 be

a hi gh Ipeamseltest detinfmeShiik habRgnerE ¢ teti mthd wpanaidieweelihirdimdent
a non-strobing ' environhientmay be provided, and the illum nation

may be GRihAMRUR:AE] Sode adsrtbidd FA2afE bbiwetatht apiser anblbientnitsand
i |1 umination may be by any known illum nation .. device such as high

i nt ensi ttl{uéﬂmgme%eeﬁl@@&fas1ea§thu9§he§45qaermtegm@hts arc discharge | anps,
i ncandescent "l anps,; and LEDs. In various enbodi ments, the types of

the illyghswajtog v@ﬁé(us%b@ﬁmfbnﬁoﬂﬁadtérﬂﬁéd QBhYd ofiajecid @bentib@t@oon! v,

or both donme’|light and dual axial lights Variety.
wire bond device in any form including single die wire bond, stacked _die wire bond,
power device wire bond, gold wire bond md the adval:;ced ribbon bonding, MEMS
device -and/or other package configurations for defects n:;ay be provided. In various
embo:di_hmnts, the method may include: calibrating multiple cameras for 2D and 3D
camera parameters, training a model as to parameters of a good w‘ire bond device via
optical viewing of one or multiple known good wire boﬁd devices using color CCD
sensor-s, wherein the training may include t'aldﬁg 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 s_pch as global reference points, local reference pc}ints, wire bond placements,
bondiné jwidths, tail lengths, die locations and orientéitions, bond pad locations,
calcﬂaﬁné the 3D features such as global reference heights,. locai réference heights,
default_ c}ie tilts, and then from all these 2D and 3D measux'ément results' determining an
upper aﬁd lower limit for each measuremeﬁt and save as 2:D and 3D recipes, inspecting
unhox_ﬁm't quality wire bond devices usi;:x_g ’;he model and color sensors, where such
inspe;:ting. 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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,-. [00257] In various enbodinments, an illum nation system nmay
include a done illumnation and two coaxial illumnations. [00258] In
vari ous emvodbrowmtce; done il lumi nation may involve il | womsazongodoe
substrates from above where the illum nation system nay be nounted
directly above the substrate, This done illunination may be very
effective in illumnating specul ar objects such as | eadframe surface
and wires on a substrate as the diffused light is reflected back to

t he canemkRndwioqnatty leglififame tahd bemptingehd 21D and 3R meaasremsnt besulbpwithtte f or
vi sual i zati on- of both flat surface structures such as die surface

f eat ur esipp§ andlldwadindDirovh Itiee hoded and CATOROMS (of [HRQRORE td detarmtinedifi he
enbodi nents, -dual coaxial illumnation may be used in conjunction

Wi t h t henddgurembrit Ghbetiveeni thE s end 1oevet Uitk asd thutednivd g2dd of Batutside
detection, or in an altemati Ve way, - to distingui sh probe marks, which

MBY CaUSE af ahstehefifdeh AW upder Anddowr Bmizoard tiglddemed of bSpisaqedtiniable

determination.: The coaxial lights may be aligned with optical axis
of eachiﬁﬁgﬁ&a. The light fromleft-coaxial |ight, which nay be .
aligned with"the optical axis of the left canmera, may illuininate die

surface Ombﬁ@;!r et eioRd dnitdBimeRRl M8 AMPNARA0HIRREAD RieTiaGaRF 04086042
captured by-the right camera. leemqse, the reflected [ight from
right coghdl cdidr! sid RiluinRR 6o Witk AofRRigHt 8Sd¥nd onrlsgé&mﬁmr@axial
[ 00260] I'n various enbodi nents, the vision head 1808 may include a

dual CO%ﬁLxﬂJﬁaﬁMs%ﬂl IR cSYSpeihihat may be physical l'y | ocated

adj acent to the canera so as to provide brightfield illumnation from

aboVe t hects. i ] I e k h i g head
Qﬁy% ooty gédggﬁ?nﬁ% ettt hNRfoltated i}iéﬂééih&? Nhethdd Gnayi Rir

1808 ma nation.systemthat may be | ocated

periphergll y. 9&1&%%1%9%&66&9 5idE Betbthihdton LES recBhduBidBH SR D Wiredbbpeven
enbodi-nent,” bot N

further dual coaxi a um nati on from above the

obj ect an i 'ggg' peri phery of the object
may be gF%%EQ%%QBéégg% .c%§38¥g%%¥§9&¥ﬂg%. ﬁ%nination_as provi ded by
the coaxjohlssinOu QR | doiafihs0 g %aoR{iea EpEoR AUAGL o} e

um as a white Ilg% LE

known i | ation source suc t source,

|
i descent ., fi : .Sd ] ' o e |
ey LT bt 4l L G, it |

>5H
'Zl

el ectricar 1ights, or S evi ces.

various enb d”ﬁﬁﬁ%ﬁPﬁaﬁgmgéggﬂg%gkohﬁﬁg&gﬁﬁé%g 1812 may be

confi gur&d"* r'ng ers an onstraints or
ot ude. 0BRGP RGPS SBLBMERE phout e Ak SedRY ihlene
hol ud e soREpetEres e aeh R B Kat (RIS o Tadi o frequency
i op ay WERY iy BETesS ritpibaet R ol FRpEh SRBRbERRAR B,
1814° mayseBR oot o St B b SESE B p ol R BB,
6P 20 (51, 1 e LInge,bo S, LSS, B e o 0 e 08,
remory:. Jaréicggeﬁgo%tégr;ﬁon%rfo?nd% egt%rmz%? ) g‘cpéi"g\tridgd’. ?IE qr%xr'iour‘rsogliﬂgo%ments, 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

multiiﬂe known good substrates, wherein the training may include taking a measurement
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WO 2010/ 090605PCT/ SG2010/ 000042 may be used to view the gray-scale
i nspection image of the Vision head 1808 that may be used by the
system 18080 2Thi@o@bspl ay 1814 may be used duri ng i nspe@rirse2i10/o06domv
the image . being viewed by the vision head 1808. In addition, the
system paraneters di splay 1814 may al so be avail able for displaying
other information as desired by the user such as system paraneters.
[ 00263] I n various enbodi nents, the conputer system 1810 or other
conput eroflesali pigelpin acestiinngf asutistranon yachagfahe huttipisknomp goed sulrstiatyur ed
for saving the inputted good wi re bond; devel oping a nodel therefrom
and conpamnpleg calculaitgl ey fakher suchi aseglboal dreftesnie @sinisn laahpderesen to
t he nodel based upon defect filtering and sensitivity paranmeters to
det er m AR, Wik HRad platomhests, bohting &ad) tal lengls dizfoch8a and priedtamnbe
used to performother mathematical and statistical functions as well

as ot heryoaP phdlidcafisns, ¢dlculititg ETliffaies suches pidhalitefrey Sieizbs 1 BEAl nay
be of a parallel processing DSP (digital .signal processing) .

envi r ongftencd A8264] ddranly @ik ity Sarfimibed ifftan bl , thdsb @5 yisd 8D rh@Sfiemmyt be -
based upon.standard conputer technol-ogy such as Pentium quad core.

[ 00265] Ly akieRsing rahqgj;mﬂa Sowek nitSHE bAM A&QemBt 2ol SSveiad QDY p@r at e

use of an autofocus feature. Such a feature may be baSed upon a

shar pnesfp fRipedllifdpbAi g WolatnSRERE it bl RedeSistlg e boadl, Whae esdi ng.

The unknown sharpness image of a wire bond device may be taken and

then SetQH%@& hiY Rvole tchl@dlﬁ:]l;n?%é b0 HSealierp@ht O htetplaRme s ofEe Béndeach -
n

segt hen ased on either co ation, FFT, or edge based criteria.

Ther eaf t.6 84S RATRBSE focR ke Plalhafs, g 88s, U8 dD! BedshRgotiniE GORRECT
focus point by statistical processing sharpness data of all segnents:
WO 2010/ 090¢ éh%@m, / 2 bR MVdr Wier SERPEANRNES thd he
sequence9%$@%§§% 1 én rrgyhg%ggg%r%g% g\% and wi || t];e described in
mor e det g Digh ity HBGAPRE Ry sBEHn G LAk Ak fg RO MR BuBlon:
accurate canera pdraneters for as

_ ( ! _ 2D and.3D urement. This may be
achi eved Qo ’vﬁﬁnﬁglu Ané PP [iﬂt'tﬂ:?ﬁ {l:@rxﬂﬁ:‘el ANFCAWOREHH BP hk Mevice to
ca t he

cal cul ati'ng the a parameters from wor ['cf and i mage

coor di na&ﬁ?esrgme & }ﬂ?e &Qﬁﬁ%}de £ 38Rtn RR HpSr and10%RE Lifits aﬁmg'rﬁ%nﬁesi
camera calibration may be desired to be performed for the system once
a weex. e 808K AL olBie S5 Bilcd B wBYS R Aver lifhithARH thils maipR0C
wire bond devFEe" s an may 1 hus For;e nple create a good wre
bond nodel r gose LSt nmodel . The plurality of good wire
bond dev egggg%éq%agts%e%&e@%@ﬁgﬁg'cw canera such that the conputer
system t y.forma "qoad wire hond" I, - i sone
of the c@ﬁﬁ%ﬁacﬁla?%% uér?ngiolglglse.n % %ﬂvaﬁP?r%tﬂg%gﬁb%%yoﬁg%%g?&?ﬁrgqgﬁﬁé% )
1800 may. perform.w.r.e baond i.nspectiqn.b i I set
of known? %ﬁlcvaptngal%ﬁga&c% of Wél%%onél \%ee‘il?e% Slthgsdig z{}&u@mgig{c%ugg Quiid&e .

' VI Ces as as asuril eatures from
digital ] es usi.n apd.3D.calibration, yresults, .| [(Wel7P :
par armet e @t SRR RERT ieRice b Sy biBthg TnolBREGh e |
wi re bond maybe desired to.match spécifi haracterisiics of,

Mgood wi PEvbamanate ries e hnzse for RS bhhedhidiat 20 b
include sensitivity paraneters .and defect fi s.,.100267], Tk

oper at or fFRYe gqeg%rngsghtaemgya%&eml sf’lébia&i’é‘l%&ggg?bé% uﬁ?%%é% irl]tgnthe

reci pes. This may include informatjon as.to how wre bond devices may
be sel éct”é@nfhﬁ%%c‘a%@tt-‘tbé%“soﬁu%%we E?*Bf %ﬁéceﬁ’eac“eﬂ%&@?‘ég?ﬁj%ﬁ%@%%
wire bond device on a_ | eadfranme may be desired to he sel ected f.or

def ect | frspeapping?D werld seradinies lato 2D mags<epidgiftes5ngd g BARHRIPEETRE and

what may be-the tol erances, how defect inspectjan r’rg.p ,{i Igs.r’n%y l?e'
i mpor t edueihépréhgrmeasagment of 3D features such as wire loop height, die tilt and wire bon
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WD 2010/ 090605PCT/ S&2010/ 000042 [00268]. The system 1800 may then be
ready to inspect an unknown quality wire bond device. A |eadfrane
cont ai ni ngwoubtoropéces Wi r e bond devi ces may be | oaded ontp@TiS®2010/000042

i nspection area 1806, for exanple the test plate 1806. The system nmay
then be ready to , collect an image of the selected area (the first
device position) of the |leadframe using the caneras of the vision
head 1808 by noving the | eadframe to align the canmera with the

sel ect echeiphas wdlchs AP featuies stichway diebmnfdeed soratclees plowidt plasemesis, bandt o
take a first image thereof which may be the whole |eadframe, a part
of the |giadtadeong tallsy eTHecapgardtay iand metrodampaptovidt aarapidr isspsctivh efevi ce
and then view ng and recording that inage. Automatic defect

i nspect iifes/MBymircandesthar IT® deahitest dicleaifitinee, wafdisy MEMS idawiges, add other
defect was found, then the systemmay collect and store detailed

i nf or mat de@RoadiRttr seRehkeslef ect such as defect |ocation on the device,
size, shape, etc. [00269] The |eadfrane indexer 1804 may then be
moved t Ooed3opn hkaricareiRdithdnty, ANQNEIted SlsRt Rl indbsctingd @ Bebstare isash
area, which nmay be the next adj acent area or not, to take an inmage

thereof [bRArcIRGQA6IER &6 BB lcivaim) siilcl i wire B6Kd; sgkeadjcaniartiont,0 t he
first image: I n various enbodi nents, the | eadfranme may be i ndexed

under t h@JoPILRES WA %Emgaa Wige b REXheORNEEed RBbA beRding MEMSecond
device podition nmay then be viewed and recorded. These steps may be

repeat edy it iahd/Bt binf pddiged aﬁﬂﬁﬁa@ﬂs trheddfediiagne fiendderie yisened
and recorded. sinultaneous with these imge view ng steps, 2D and 3D

feature pRASUL ﬂ%%?e b&ﬂftgﬁtpla‘i?@ Bfebﬂs' i) fsﬂbvﬁﬁ% d wlrb 8bAdEbvIEBY toXBe tised 1N

conjunction with the "good wré bond" nodel viewing to deternmine if

it al - Anenpl s iRknifloh SUABE G RBLVARD S LiBOQHk TR AR ogpp el

and t mage are actual defects or hey may be desired to be

fil tered 4 Qﬁthé‘ellﬁr IRt D& vihe BnspbRidh Blad N
t he corrput &F m%@é‘?@r‘ﬁ&{%o 203%%%%%65 B R e s boridn B

col | ect | i b a;fnh t‘a%g °E rg%ﬁa%‘ oPlndihl 508d bR MChihdl dblcudihgn! |

of the de ects _
training and for visual inspection of other unknown quality wire bond devices during

inspecﬁqn; a laser thermal sensor based hcat- detection subsy.stem to detect the lifted wire,
wherein lt]'lﬁ methods of heating may include :placing heaters (for example a non contact
heater or.for example a contact heater) under the leac:lframe and heat up bonded
leadframéé to acceptable .temperature level, .,or‘projecting a focuse:i heat source on the
wires'; a microprocessor having processing and memory capabilitips for developing a |
model of a good quality wire bond deviceiby taking a graj;' scale or color measurement
for 2D and 3D features on a plurality of khown good quality wire boﬁd devices and
deterﬁ:ﬁning an upper and a lower limit for each 2D, or 3D feature from the plurality of

. known g-dod quality wire bond devices, and the microprocléssor further comparing other

unknown guality wire bond devices in comparison to the model by determining a gray
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[00270] In various enbodi nents, rather than nove the |eadfrane in
increnental steps, the | eadframe may continuously be noved. during
strobe il I woiznmtob@ns t her eof . The sections of the wre bangcdemiocmsiray
t hen be scanned by synchroni zing the canera with a strobe
illumnation so that when the canera i.s properly positioned over each
section of the noving substrate, the strobe iTlum nation may occur
simul taneous wth the inmage collection via the canera. [00271] At the
concl usigale @F colef @Dt andn3p measirementoo accgptvemnd | qualdty reamejectoledepiality
classification may be desired. Each archived defect may be manual |y
revi ewejelped he operator, where the l-eadfrane i ndexer 1804 may be
noved to the position on the wire bond device, that the particul ar
def ect npp24d¢ PRSHidBRAGodImESS, thbaltorhited gprimhay funthyr iuttedy afoclising
classify the -defect. This may then be repeated for all defects. The

cl assi fi gebndhats sdrFodiBing AL ih AR b aE¥&H a portion 6f e Svifel todd defiects semphy
[ 00272] That |eadfranme may then be.renoved and anot her |eadfranme may

be | oadegle Efferdi. NSpection. This remVal and | oading of a new | eadfrane
may either be .manually perforned or may be autoMatically perforned.

[00273) . 1phsut Ear Tn QS @B IR SS thetv@suﬁlr!ﬁ%fe@udi‘li 138d a9 bk ag Ynay Stdidza
caner as nay e calibrated with | ocaliized canera paraneters (e.qg.

rotatlondﬁygEﬁéanﬁ Rt k@S, distortions and image center etc) and
| ocal i ze undanent al” matri x and/ or epi polar geonetry may be used.

% [ 002348 N HAFBHS APROHLIE theSvishl $RB6di3h 1ARPIEP bafor ndyahilteat i on
target f mera 3D calibration without using a z-stage may be

provi ded,, n}é\@ HABEAR00 BRBCHSERAIEH 0AR41s &:Q8R7 BLD dhniéaisi OUS

enbodlnen stereo um nation with integrated done and dual
[00243] In various embodiments, the visual inspection head may be or may include

multiple rhicroscopy lenses. In various embodiments, the maguiﬁcétions of the lenses
may be c;h;mged 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';:liments, the unknown sharpness image of a wire b(')lrlld devicg may be taken and
then segﬁented into multiple sections to calculate sharpness of each segment based on
either c'c_»n-elation, FFT (fast Fourier. transform), or edge based .criteri-a. In various
embo;iiments, thereafter, a sharpness calculation may be uséd to find the correct focus

point by statistical processing of all segment sharpress data.
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coaxial lights for optinmum 2D and 3D illum nation may be provi ded.

[00276] In various enbodi nents, nethods for wire w dth neasurenen

t

fromtwo cwoepmmwios h projection and fusion may be prowicdesgz0{0@06047 ]

I n various enbodi nents, a three-point die placenment neasurenent
met hod may be provided. [00278] In various enbodi nents, a double
resol ution nethod for wire tracing nay be provided. [00279]. In
various enbodi nents, a four point die tilt 3D neasurenent nethod
be provijoeas] [ QAXEALs ahd apjeritoues aamvbding -teviriops embddinéitn fay be epplied
detection using laser sensor for lifted wires with active IR
i1 um nag.l wine Bod Qe@icpROVAMdeID measurement and defect inspection; MEMS device or
other substrates 2D and 3D inspection; 2D and 3D surface measurements; and camera
. calibration for precision measurement. |
[0024'7;] : FIG. 18A shows a perspective .vi_ew of a wire bond inspection system 1800 in
acco'rdance with an embodiment. FIG. 18]?; shows a front view of the wire bond
inspection 1800 system in accordance with an .e;mbodiment.
[00248]  The automated wire bond ir_,l'zspec.:tic_m system 1800 in accordance with an
embodiment may be used in one env';ro.:injlc?r;t‘ to find defgcts on wire bond device but
may be used for this and other uses including for inspecting other devices like BGA (Ball
Grid Arraf,r), CSP (Chip Scale Package), éoldex: paste and w;lfer bumi). The system 1800
may i'n'speét for many types of defects including, but not liﬁaited to, the following: bond
placeﬁént, bond width, die placement, die scratches, long tail, 3D die tilt, bond height
and wire loop height. -
[00249] The system 1800 may for exaﬁple perform: the process described with
refererice to FIG. 19 below. | -
[0025.0] . The system 1800 may includ.e a inégazine 1o§.der 1802 which may load a
magazine.of one or more leadframes with multiple wire bond devices; a leadframe
mdexe1: 1804; an inspection head 1808 (which in the following may also be referred to as
a camera.system an optical imaging mechamsm mspectlon camera or cameras and
0pt1cs; or a vision head), for example a ZD&BD vision bead, for example with multiple

~ CCD sensors and sterco light; a die location detectlon sensor (not shown) to determine if

the d1e is under inspection head 1808; a computatlon unit 1810 (for example a computer),
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[00281] In various enbodinments, wire bond 2D and 3D reci pe creation
nmet hods may be provided. [00282] In various enbodinents, a rotated
RO and auworaroogos® net hod may be provided. - [00283]pdIvsGzentioonss:
enbodi ments,- stereo & coaxial illum nation, stereo triangul ation,
and/ or 2D/ 3D reci pes may be provided. | 00284] I n vari ous enbodi nents,
apparatus and nethods for autonated optical inspection of wire bond
devices may be provided. [002851 |[In various enbodinments, a 20/ 3D
Wi r ebondtiictspeg pérfimmdystiegtoragodwirpbond devibe during training and may be used

for visual inspection of other unknown quality wire bond 'devices during inspéction; a

paraméter input device 1812 (for example a keyboard arid/or a mouse) for inpufting

. parameters and other constraints or information such as sensitivity parameters,

geométries, wire thickness, wire length, éto.; a display 1814 (for example a monitor) for

displayﬁng the view being seen by the camera presently or at any previous saved period; a

test plate 1806 as will be explained in more detail belowf an xyz table 1810; a reject

station 1816; and an output magazine load-er- 1818.

[00251] ~ In various embodiments, means for providing a leadframe including multiple

wire bond devices to the test plate may be i)rovided 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 _environmeﬁf, the wire bond leadframe

providhlg 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

leédﬁ'ame may be initially grasped ﬁom a magazine or cassette to a second position

where the leadframe may be positioned on the wire bond test plate 1806 for inspection.

After mspectlon, the rob0t1c arm may pivot the leadframe from the second position at the

test plate 1806 to a third position where the leadframe may be u-amported to an output

magazine or cassetie. .

[00252] In various embodiments, the caméra system 1808 or other visual inspection

device may be provided for visual inputting of good wire bond devices during leaming

_ 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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WO 2010/ 090605PCT/ SG2010/ 000042 [ 00286] In various enbodi nents, optic
desi gn and software devel opnent consultancy support may be provided.
[ 00287] | 'woanivmassoenbodi ments, a sem conduct or devi ce BOTHB2610/000042
met hod and apparatus may be provided. [00288]-1n various enbodi nents,
wi re bond 2D and 3D inspection and neasurenment method and appar at us
may be provided. [00289] In various enbodi nents, a wire bond

I nspection systemnay integrate various of the above referenced
enbodi MpidySe {n§ QAR damevatapahls of highdesobitips insphaioab dveexdayler ifivad
systens and parts may be part of system 1800 and may be used to

per f or Mpbhiefwhdben banda dater inal isheietof one as muitiple B€Dexpicationcwmierasmor e
detail below. [00291] FIG 19 shows an overall flow chart 1900 of a

Process ysdli ACephEanuafiihé Roaminbgbeic barlt device dO@iBer inhgespframess aray be
started. The system and process may enconpasses a nultiple step

process ffitif1e s Mdridg REPE UaAlydd) 1398 4mplettar aotlBnissicio DRk bethe pemeral t he
product rmay be created, inspecting product in 1906, where a wire bond

devi ce By HEaRIBE USHNY kNRWEREERs idcimian haprBet kdiopticy ianding -
reci pes, review ng- defects in 1908, and if desired, defect reporting

in 1910.,T06: 05 PERSStepRYedSAth dnfkys R 18302ith mbIBPRBlicsAhdrbindgusinge
flowchart 1900 is. shown to include several steps, not each of them

may be regulliedJidh r@SREDS after having learnt a product in 1904,
nmore than one

[00253] In accordance with various embodiments, the caméra system 1808 may be a
two (2) iﬁspection camera system where high resolution CCD cameras may be used to
provide high resolution gray-scale imagesi for inépection.

[00254] In accordance with various e;_nb'qdiments, computer controlled optics may be
provided that may use long working distance niicroscopic oi)j ectives 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 iﬁspection of different field of
views and accuracies. %

[00255] - In various embodiments, comi:i{ter controlled illumination may be integrated
into and"with the inspecﬁon camera or céi‘mer_aé and optic; 18-08 tc': cc;mplete the wire
bond device imaging process. In various elrhbodiments, the illumination system may be
coupled to the camera or cameras and optics 1808 as lor:lg as the illumination system
works in conjunction with the camera or cameras 1808, =In varim.}s emBodiments, ina

strobiﬁg environment, the illumination may occur simultaneously or substantially

simultaneously with the camera shuttering which in accordance with an embodiment may
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product may be inspected in 1906. In other words: the |learning step
1904 may be perforned for a product, and then, the inspection step
1906 may bwoperofoess®ed Wi t hout requiring additional | earpUrsg260R0@42
1904. WO 2010/ 090605PCT/ SG2010/ 000042 [00293] In the review defects
step 1908,, defects may be visualized by superinposing defects onto a
graphi cal display of the corresponding wire bond device. The defect
map may include indication of the-defect type, |ocation, and severity
of def eces lgndpasd cl@utesietshitekieg ancesismT e andths Sifbpditheute s sort-strrbjngas
wel | is alternatively or additionallTy.the defect information in any
of a nurdpekordiendinbebe provided, andriy ilienisaioe dndyde cortirabesse apneededier
managenent and review. In 1908, a defect map may be generate and
created o)t i Janspeebsdimes,Uillumiration herypscotiyiahy iknewe diiminztist ep
1906. To review the defects, the first  step nay be selecting a defect

t o revi epylcersucitht eighaintemsity 1ight) Rwérsgfiwdréscatt ghne aef disblergtefagps,s for
this wire bond device in order). The second step nmay be noving the

i nspect i genhgacht 14s, BXRDBDS T @aritus eMBodigBts, 180 Bypeh ofthe il liihination
reference to FIG 18A, to the position of the wire bond device to be
revi ewedy,spgdiof Nabmé mgh@@{]%i(ﬁhlﬂ #ial ARHE Ghnly, Sr BotARPIeigho sid dwahagtialunder
t he camerds of the vision head 1808: The third step nay be a user
Vi ewi ng ﬁﬁg‘gha§§ifying of the defect. Any nunber of classifications
may be avallablé and the classifications may be user defined. The

classifi fﬁ@iﬁg‘?n il @Qidﬁ@%xﬁl?od‘itﬁex@&jagxé@m%atﬁ}n' sytent NBayd @ldddeS a hdvhe: been

reviewed and classified. The last step nay be.saving of classified

def ect ”ﬁﬂm&%ﬁml{dtﬁcaﬁmmﬁhy'br addi tional Iy saving the defect
information in any of a nunber of other formats for database or other
mnagem@bzﬂd fuﬁVArng ellﬁg&g:%ts,l florHe $idr@datidnNmaP Hvolat Alubnddatis Ry be
gener at ed, er eby e?ect statistics ‘along w th defect maps nay be

out putt e&#&@ate%%ofn%ﬁﬁ'vé %%}estﬁé fifnittion Ssha] mapsl Mx%hﬁte'&@iréch$ aboiRege of ' -

defects, Trequency of detects, location of defects, etc. This may be

ful t Lo & : i i1 Rl j '
useful { gyl ge,%gg&q&mm ‘ﬁf)ﬂ‘ﬁ{ay'%@%?rr}]'%?fsgtvﬁeﬁﬁlﬁﬁhﬁ%ﬂné B35 aPolj@FdIS ON

maj or race e source. the data stored in* a

dat abas echR %mﬁdi%% J&?fagg(ﬂﬁr»{rﬁé&l o'a sgﬁgtﬁ{eeﬂ tﬂé"aiffu;rel?li lfghgﬁtr@ﬂected back

to the c;arqera from all directions. Dome illumination may be optimal for visualization of
both flat surface structures such as die surfacé features as well as 3D wire loops and
bonds. |
[00259j Tn various embodiments, dual coaxial illuminatic;n méy be used in conjunction
with thé dome light to increase the con_tra:st. of the 2D feature detection, or in an
alternative way, to distinguish probe marks, which may cause false contour during wire
bond width or displacement determination. : The coaxjaljlights may bé aligned with
: opticél axis of each camera. The light ﬁom_ left coaxial light, which may be aligned with

the optical axis of the left camera, may illuminate die surface with reflected light being
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WO 2010/ 090605PCT/ S62010/ 000042 nmay t hen be anal yzed or ot herw se
used to perfonn statistical or other analysis on the types of

defects, fwOqOWMes6odf defects, |ocation of defects, et @®@CIVda2ct/opey2 be
useful to the wire bond manufacturers so as to allow themto focus on
defect |aden areas. This step 1910 of "generating statistics may

provi de for conplete and effective data analysis as it may report
data in nultiple formats including graphical, tabular, and actual

i mage dicaptheedsby Tthe rifght acamieest  nlaijcewiae, pthaceedledted tlight|feam frighfreqoarialy

al l ow nunerical values to be readily correlated with other val ues
such as,illehivetion mayj befcapeeddy ththlefigamgrhi cal data representati on may
qui ckly show trends that may otherw se be difficult to see. [00295] .
The abovieozkes crinbedost epbodiments ubs visps iped Bk may Hadide @xpilaeatialon of
the system and process of various enbodinents. In the follow ng, a
nor e detj@ihRati@X pysea thiao mayf bey physivally pevates ajrdergytot thersamenadsodast i | s
of the steps these performw Il be provided. [00296] The overal

| ear ni NQr6¥iee: bhRAdieM hlluniisatidas Gomb ebbybethevwobjectmithenidetedi | In 200267 ]
FIG 20 shows a flow diagram 2000 illustrating details of the learn.
product &hiiaandnt) tRCESIOA BEIE] 808 infaydncleiezodinteitltimination gyetenpthat, mayhles f | ow
di agram 2000 nay be a nore detailed flow chart of one step in the

process Rga&h hédlly bfgund $he BadfrarheeBi the dest @lut@BREICTn afr@veefiatipt e,
fl ow di agram 2000 may illustrate details of the | earn product step

1904 shommhddiindat Gothldhal dRRREAImiNALA0REM sbdie theoshjert puddhme illsmiptid0 04
may be started. [00299]. In 2004, paraneters nmay be defined and/ or

trai ned §a004QmdSthepeshery Of IRXEHTRY Endybd PR vIIedD UA« ndiyiet edodd] 1he
shown in .FIG 18A for inspection path planning, , where wire bond
devi ce SiigRinaRbd 5 pre¥ided BiPie cBa:8ARAN dbbe llfuenikitivh efsténtd @ay1td propiied
i nspection sections may b & earnt so that the inspection head may

move to ¢ bhfiEin RRfliSatiodQoaiks (B0 06 Q5HGH §H Q360004 2incindasceit] €

bond conponent for 2D and 3D feature neasurenents. In various _
enbodi MeR Gesckiftd | LBBE s ¢ RALAVeRPE! 0P lsiilar RRLAIEL Blfs, R rbytlasnd st I at e

>

containing mHtiple wre bond devices nmay be defined and stored, for
exanpl e 04 geqput er system 1810 shown in FI G 18A, for use during
| ear ni ng and 1 nspecting. This path planning, when perforned in

conj unct 'gfaaﬁﬂli th w@é&g&g@&n&& HELhREntraRR ABH AN 2Gh BAbEcoaBieL i pe

step 2008 as "descri |l ow to define 2D and 3D i nspection recipes,

may be dgsi . ' i ClnQfh; ‘i ANPHiRsd her ,
mepect | G EEbE ftbiferd fald RRFAMRRNER. P TPHEe] panmetery

| eadfra [ : reiLet Vi i 4 Myfe TBBEI TiC
2D :and?g?ﬁﬁﬁﬁﬁﬁ%%é%@?gﬁggéégg%%%kﬁ?%%ggﬁﬁé%ﬁgg?%ﬁegé?ﬁggh;pgction
reci pes. dI vrfccvs%crél \gﬂé fﬁmﬁfé' n%%? ’etct ?}S}lyggltnbomﬁﬂ A1 ng Slﬁﬁéé iﬂ@._u&iﬁ? O?: Us

scan hei ght assbcrated wth eadh x positioh to maintain an in-

I magi ng gﬁ(e%o&%, rlngl(f) ,SSGQ\Q'Qr, %ft:b%d Jrq-g&iy E@@ency tl'aﬁ_s:mitter and receiver, etc.

[00262] - Tn various embodiments, the display 1814 may be configured for displaying

the view being seen by the camera presenig-ly' or at any previous saved period. The
displz;[y 1814 may be a color monitor or othér device for displaying a color display format
of the image being viewed by the vision head 1808 for the u'ser's'viewing, or alternatively

viewing an image saved im memory. This monitor, or another adjacent or other monitor
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100300] In 2006, region of interest (ROs) may be defined for all or
sone 2D inspettions and training the systemas to what a "good wire
bond" is, wodotmmgodescl ude aligning one or multiple W redgtdo@deviose

i mges and form ng a nodel, for exanple within conputer system 1810
shown in FIG 18A, to define what an ideal wre bond should | ook Iike
based upon the common characteristics viewed, as will be explained in
nore detail belowwth reference to FIG 21. 100301] In 2008, region
of i nt er@sibe(UsEd ®)vidWhthe Reaydedle iBpdetion mhdge of the vistonIPad h¥Babatingaydei n
multiple views and the systemmay be trained as to how to set the
subpi xehspek PRt em f1800. OTd displayisle mmdeusel detngdnipectioartd sBiv the
triangulation, as will be explained in nore detail below wth :
ref er enGgiakd bEhS vidded by GR3Q&ionl ReadO1808. HiddditibA) thengyswmd phrammtdrsi t S
features, paraneters, etc. may be saved, for exanple to the conputer
system lﬁsé@a&%@@%ah RsébSavailitie for WEHIRHE MO RPREHMISAERA 69 @dAider

[ 00303] ' FI 21 shows a flow diagram 2100 illustrating a 2D wire
bond reqipe, &hip@fmefirsaccor dance wi t'h an enbodi ment. For exanpl e;

fl ow di agram 2100 may be a nore detailed flow chart of one step in

the pi - ﬂﬁ%&zg@(}ﬁgﬁs afbQithehf, b %m%ﬁtﬁ'gﬁst&n 121D ¥¢ dtRerRomgute£hdviRty

creatio ning (and 1 nputti for exanple into a conputer

t I : bk S Bor ' iref N
system Jles A gg%adggcgp%m&ﬁﬁaﬁwé%oggg%%iﬁ SRt fplkéd goblAlird he

recipe f I'nspecti on. In 2102, the create 2D -

recipe sfeR- 59\%&5?&% ?ﬁﬁlglt gig%e%ggx [agﬁ%faﬁlzpmlmg 21QflalyARE oftfer RRFeE b&HdObA

ref erence pol nt ma . Each 2D measurenent may be |inked

Lo 0N OfeylBCRGohBhRGR e R B A bl aliedtiREidy £ATRARRMY piABRARS

.position’in ter ocation and ofientation, global reference
poi nt (s), Ay, be Used. hedi Ak %thﬁtey\@?&%mt 1A 0" yelIEEEuaNP betsh | NG
| earning.” Th"TNhI'S way a conpari soh nma e made between w reée” bond
device tQg, bhe asur e e L ' 15 ' ard 0

%‘P%t, mgﬁlg%lgtfc I a?&' A E G %%gf Vil Gfell 88T dter darafiBhd. OUS one

enbodi ne er erences nm used to-correct the relative

osition change, between.l e Fa I 1R : ‘o ‘
Feadf rar??gl?‘)%}iﬂ t’vmtg? 5013%‘%%1— s’eg u@g lﬁ%{)génggﬁ a%ﬂeltﬁg%%g%f[{%ﬂglgﬁ%b be

corrected u inE %%gbal.rehgfence points. Normally |eadframe indexing
hol es or SFEQBPFENEE B e ray be sel ected as gl obal reference

ints. 6], In 2106, .| | f h N b bLonedi f
excanpi e P4 GBS e aB ey FAC RS 138) A be Taled EorCh >
f eat .- F | ' iti ' | eadfy be diff t

eat ur es ?h %§@§@§%38ﬂgﬁﬁggﬂk§h%%*%%’a eadframe may be differen

fromco asurenents rel evant

[00265] In various embodiments, the sf,rstem 1800 ma}; also incorporate use of an
autofocus feature. Such a feature may b‘e based upon a sha'rpneés calculation using
segme_ntati(;n and statistical processing, The unknown sharpness image of a wire bond
device may be taken and then segmented into fnulﬁple sec‘Fions to calculate sharpness of
each :‘seginent based on either cormrelation, .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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to a die may be desired to define local reference points on the die
itself. [00307] The 2108, small w re placenent inspection Region of

| nt er est (WROMPLOPAY6OHe defined. Small wires nmay refer t@CIFEGR2E106000H2
‘wre dianeter smaller than 100um .For WO )

2010/ 090605PCT/ SG2010/ 000042 each wi're bond position, one wire

pl acenent ROT nay be desired to be ‘defined. Wre placenment RO's may
be rotated to any angle to be inline with actual wre bond

or i ent atf0a266] GloweriRGl embediments, thetsegisnes ot aprettiopymay Beps Htlosrand

pl acemrent ROs may be categorized under one group to share the sane

| nspect iwih beatekoibed dnthopadeaicbadew. Tha@PPiay eeayi v@gbrgvstb@ RYSHRY 1 Bftow a
user to define one or nore group ROs. Default small wire placenents
may be laeaatt camerasgapmerters fayr2lknedrgPempasurement ofrbigtreay s aehigved &yo
shown in FIG 18A, and if needed, nay be used by 2D inspection system
t 0 det enmbgieg b bslibratloatirye apd subesveentlychicylating 08087 prametensgron thege

wi re placenent inspection Region of Interest nmay be defined. Large

Wi res neyorldedml infape tdooslimates toff th specific atareet poibisg gler variens ebolimentfor
each wire bond position, one wire placenment ROT may be desired to. be
def i ned.cadibf @lBfato®inag beidesire| tade merfornik@Tiomshe dystemdines edeeko By i n
line with actual wire bond direction. Group RO's May be introduced
wher eby e®fir ol ténlteirihasgteands tRehst argyobeire abelievicz'bid, andaey tore
group to share the sane inspection nethods and paraneters. Different
i Nspect i pPeaidph @Eit€8 ghBywhebsiadodenror khsage amadstingahédelri Tiespliabitywi | |
be explained with reference to a determne snmall wire placenent step.
2604 andfa g txilcBoRe dbvit@anai Beevipharign it CGD epmaa G6chnhbtthe ebmpwece t o
FIG 26). fault large wire placenents may be |earnt and .. stored,
for exangh@mitenHs, LAARUERK vEdHoad mddel By ghaping ah ofdofhe dFSifs coamabri f
needed, may be used by a 2D inspection systemto determ ne the

rel ati venpl2e80R0t Bf §&Rls embodiments, the system 1800 may perform wire bond

inspecﬁqn by studying a user provided sét-(.yf known good wire bond devices as well as
by meaéuring featuires from digital ima‘ge:s using 2D and 3D calibration results.
Inspection parameters may also be set to indicate how clto'se an unknown quality wire
bond may.r'be desired to match specific charéctqristics of th;a "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 in;spection recipes.
This may include information as to how wire bond devices may be selected from
casse‘;t-es or other storage receptacles, how each wire bond device on a leadframe may be
desired-;o be selected for defect inspection,” how and where to inspectibn 2D and 3D
defect; and what may be the tolerances, how defect il.lspecti.f)n map files may be imported

and exported, etc.
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[00309] FIG 22 shows an illustration 2200 of bond pl acenent
measurenent regions of interest (ROsS) in accordance with an

enbodi mentwolaniordaesosvi re pl acenent ROT  definition 2200,pc/dG2osioodeend
pl acenent meaSurenment ROT 2202, a second bond placenent WO

2010/ 090605PCT/ SG2010/ 000042 neasurenent ROT 2204, a third bond

pl aden: i ent -measurement ROT 2206 and.a fourth bond pl acenent

measur enent .ROT 2208 are shown. 1003101 Returning to FIG 21, in 2112
di e pl aqesms) ROesystey 1860 gaf iheade rekily BeinfRettsinmaymdn aedibreige band each
die. One ROT may be desired to cover- a reference point outside the

di e. Ei tdaeke.a A MabdfimP @bithinip multipld extengoridodeyices mayebeolvadedharto thegat ur e
point may be selected as die reference point. Another two die

pl acenmenhsBGloh afday1806, e tanglk tho tdsepleteflBOE dThasystdm wayethen barcadihiey may
be desired to cover texture rich areas. The bi gger the distance

bet ween dofiget b dBOIoF the! SBRcla@ hice (thé it desdslposidion) einsledfineleysing i e
offset 'and tilt deternination nmay be. (00311] In 2114, die surface

scrat ch apdrgo8 ficngsich ﬁeddnﬁbg%ylnﬁldg%e rRyfrdee thedliphett cdneea WEH thieay be
defined for each die for the detection of surface defects such as

scr at Chegje {8 Hea, SQEH B Qf-ufst @{}Qbéﬂmb{dgp@lmﬂm, sd 03 1l al fikstdhige thbresrd
wi dt h neasurenent- RO s wires may be defined. One ROT nay be

defl ned We ié)lce dﬁ bR, Wb & (RERBAF0HER B bwvire HoRd afV@eoraf pagt Wi r e
Rdsfﬁér%éggge adj usot edat(g1 bemljn line with act tjrgl wi re bond

d' r eCt | Off » @ WRnEakwicd BYd Bu%n dafuineshd RcaBREWhitiga5@ MAutAGEE Cefeon

met hods and parameters to a ROs in this group. . If wire placenent,
RO s for, o J}ﬁo\éﬁebeﬁ&edﬁ%w% thhkxﬁg@tﬁﬁh demtt Ras Shd, 1B
since bo may sHare' f he sane &131 n 2118, bond w dth

measur e eac% &ﬁ:‘f)llé 88 siphd &?aﬂ'g@Yn.f&%laqgﬁ LHRA ead@AROIudNBY dafect

defi ned or or wire w dth neasurement. The angle of a wire’

wi dt h ngca 09%16 *d§sf‘zg%19p |nI|nevv|th actual wre bond

direction. flned to apply the sanme inspection

met hods ﬁ)ﬂ%ﬁﬁ’ al‘ f‘ﬁ@ egﬁﬁangeo m%lle;ter 3@0@ nia? tﬁéﬂ 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 pﬁsfition) on the leadframe adjacent to the first
image. In various embodiments, the leadframe may be indexed under the inspection
came‘ras to the next device position. This second device po?iition may then be viewed and
recorded. These steps masr be repeated until all of the images oﬂ the ieadframe have been
viewe_d and recorded. Simultaneous with these image Vievﬁng steps, 2D and 3D feature
measurernents, defect sensitivity and filtering may be used in conjunction with the "good
wire bOI-Id" model viewing to determine if: initial anomalies or differences between the
"good wire bond" model and the image are a;lctual defects or ff they may be desired to be

filtered out. A defect map of the leadframe mély be then created in the computer system
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WO 2010/ 090605PCT/ SG2010/ 000042 group. If wire placenent ROs for

| arge wires have been defined, this step may be omtted since both
may share wbeipammsoRO s. [ 00314] In 2120, bond w dth 3PcCREG0100060042

| arge wires may be defined. One RO may be defined for each wire in
each additional view. This RO nay serve the purpose of overcom ng

t he occl usion caused by single view point for a large wire. The angle
of awire wwdth RO may be adjusted to be in line with actual wire
bond di rfast tertoll§dion b5 hll lof the d:B:ct bibalk ofatht Idevicesi iagjnding 2B00 the defects
illustrating 3D wire bond recipe creation in accordance with an
enbodi memind th@soexanpl e, the flow di agram 2300 nay be a nore detail ed
flow chart of one step. in the process 2000 as shown in FIG 20, e.g.
3D Wi re [pe59] I a6 vRGowleambiiaRndd@heothatimbidthn tead frmde i incrementaisteps,
enbodi ments, inputting into a conputér. system for exanple the

conput erys Yskisihd 8469 &aguibusy 1 fovedB Alridghsirdbe Gl lpiriation Wiersdf.oore 3D
i nspection. [00316] "I n 2302, the 3D wire bond recipe creation step

2008 nmaygebens btht Sre HoH® ddile hily B80Ws scafeddy syRdteoritinbtle chaéramethce

point(s) for multiple views may be defined. Each 3D nmeasurenment nay

be I'i nkeggt.Be ARGiRfioh S8Rt HBEFIE BaRerd Riphbreny Potifaied\Whertash sofigOseNt
changes positton in termof |ocation and orientation, gl obal

ref erencg, B@v&g(ﬁ%sﬁw e stk AiRinktRmahh® Bedub sitniltinddie wief 1Be enee
sanpl e obtained learning. In this way, a conparison may be nade

bet ween &ﬁ%&%ﬁ@ﬁﬂh E¥icee to be neasured and wi:re bond device |earnt.
Usual Iy, gl obal references may be used to correct the relative

posi ti Onﬁ@ﬁf‘ﬂmgeAp%é’\%gﬂcﬂéﬁ%pf&a@e& eRkgRbGN dnah k6o MediaM@W defect

| eadfra y wre bon eat ures dependent on the | eadframe may be

correcte i r At Befoc i a i
gasgﬁéﬁé%ﬁ%% ddsGbe Fgcgld BRI Refect Thay Fe| R44Sa18 ROREIE BY She

| eadf r ane es or rane corners,may be ‘sel ected as

gl obal Tl ol 6 0 el AL RA0ASBCTLAPRIAL 008RPd 0THR 10

2306, RAYS br neasurenent of a reference height or a reference

pl ane m.%n‘a%e%% %ﬂme£mtﬁulqpyef%ﬁmg€§_é E&ﬁiotngd B0 e dpef %an view
mul ti-viewimage. or ‘sone a§ rements such as wire | oop
hel gnt 204 JhSnf bk hetlRY 1BR JRARM Gt AISOUIGHOT Dl SROGH AL

systemd A y calib atively to a reference height or
by’ def | nPRGL R Ere SRR St 0o Rar Subsbquent y i re.

the” hi ohBBE o, Ko ey s Gecle eipydd BARERPleak BMPREL SE1odlR 0
Lol cal TEAURREEn R e A SR g BB e i 2
Reai on oPTHEE BRI LT B BB Fned, For each wire.  one or more
3D cal culMETEn, ForBiaye ROCRTRHI DI FRCFoREh A s S5 ieErSghsl, e o
| napect | BT DAL FEPEEeAlT b e R BB P aoa SRk
Cor T ospofl IYSFRET FsoFHERURE MOREIon TR AT o3 p el BaEE B B |

known epi pol ar constraint and ot her .constraints |ike assum ng a

default M&€p height. In various enbodiments, wire |loop height ROs

may be defined*manually in_all T o
[00274] - In various émbodiments, a special design of a calibration target for camera 3D

calibration without using a z-stage may be provided.
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ot her views. [00320] In 2310, large wire | oop hei ght Regi bn of
Interest (ROs) may be defined. For each wire, one or nore wire ROs
may be defwoediotoodosl p tracing the wire feature points pofse2013800042
calculation. Goup ROs may be introduced whereby a set of wre

pl acenent RO s may be categorized under one group to share the ane

i nspection nethods and paranmeters. After defining wire ROs in one
view, automatic ROs may be activated to WO

2010/ 09960RF7BCT I8 G283 120002 nfp steteb Ghurhinetiaowitie segrated gome read dodp

hei ght s 1n all other view based on well known epipol ar constraint -

and ot h%Ba}ﬁQ'T‘%ﬁt"s?ér%bﬁmuﬂnQD/@HBMSuﬁm‘ﬁﬁﬁHmiEjfleprOVﬁiEda | oop height RO's
may be defined nanually in all other views. 1003211 In 2312, die tilt

Regi on qfo278} €Mk - vatioksREhSIditBts, Daetledsi foe dvird-ofdtk andusdt@entt fiomeetwor
four (which may be used as a default value in accordance with various

enbodi ”%Qﬁxgx)as Qith PR @16 ARl 8 ARy Beprovi@ed.t 0 detennine.die tilt in the
worl d coordtnation"system Die tilt may also be determned relatively

by specihyizif G NHABRS efodih&is, @X@rRlRint @ pRBdeht Gedsuiérhént mediexdence
RO s near the conmers of a die and associating each reference ROT with

a neare [ hddg ROT. [003221 FIG 24 shows an illustration 2400 of
die til t%zi%e?r&ﬁ accordance with an -enbodinent. A first die tilt ROT

2402, nd i b 04 do | i¢H ethéd for ;m
a Oqagf@p! tﬂ@&d&%%meaé 4 dowbld Risd16kicH Bethbd for REE 12408 mBkt a

fourth are shown.
provided.

[00279] *In various embodiments, a four point die tilt 3D measurement method may be
provided. -

[00280] ~ Iu various embodiments, an IR (infra red) detection using laser sensor for
lifted wires ﬁﬂl active IR illumination may be provided.

[00281] In varous embodiments, wire bond 2D and 3D recipe creation methods may
be prox‘fide’d.

[00282] ‘- In various embodiments, a 1'otatt;:d ROI and automatic ROI method may be
provided. -

[06283] - In various embodiments, stereo & coaxial illumination, stereo triangulation,
and/or 2D/3D recipes may I;e provided.

[00284] -In various embodiments, appaj.;afu.s and methods for‘ automated optical
inspectidn of wire bond devices may be provided.

[00285] In various embodiments, a 2D/3D wirebond inspection system may be

provided.
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[00323] Returning to FIG 23, in 2314, bond hei ght neasurenment RO s
for small wires may be defined. One ROT may be defined for each wire
bondi ng powptzomrgosthe angle of a wre width ROT may be rrdysszimaodos:
the actual wire bond direction. Goup ROs nmay be introduced whereby-
a set of wire bond width ROs may be categorized under one group to
share the sane inspection nethods and paranmeters. [003241 In 2316,
bondi ng height ROs for Idrge wires nay be defined. One RO nmay be
def i ned [6a286padh vadndi entpogiomitsi epticidesiem e sdfevere divelopmghteconsultanay r e

w dth ROT may be adjusted to the actual wire bond direction. Goup

RO s mawuprt may edweddednher eby a set” of wire bond width ROs may be
categori zed under one group to share the sanme inspection nethods and -
par anet §06287] WO 2@:#04: 066G RETS, S0 hdo0 A a0 2d fvie 3RSjecitnGmedBdsimdws  a
flow diagram 200 illustratini details of an inspect product step in
accor da%%%&hlaﬁaepmbﬂdi.rrent. For exanple, FIG 25 may show a nore
detailed flow chart 2500 of one step in.the process 1900 as. shown in
FIG 19,[06288] imRSRAGHs @nbdaimdatspaite tboiddQD. anf BDBREdection A0Rgastement

i nspect product step 1906 may be started. [003271 In 2504, one or

nor e gl ghahod Slepprats RS b drsYidelry be. | ocal i zed to determ ne

| eadfratue, die and pad positions and orientations. 1003281 |In 2506,
al | def i peskoRD BRArAR entoiigRatsof wirabeidabpetti Sitemayayiategaicivagidushas ed
on of fsets and rotations calculated in step 2504 so that the incom ng
devi ce "BYhdfodd leti@debhtbdandn@f er ence device (for exanple training
device). [00329] In 2508, all or sone 2D features may be inspected, -
i ncl udi r[ggfb:of - Pl3GRNREmboliRfR s th & SRVE Bbscribedgstén sl i paéts era§ & pArcbeS
and long tails within each individual region of interest. [00330] In

2510, al stgﬁlhﬁgﬁﬁ%né%at}e% 480 pefbint! ticN@iré BHAT QEER iheithSas Willebe
na.

tilts, b el ghts, and | oop heights within each individual region

of inter Y. RereRagweeed: [00331] FIG 26 shows a flow diagram
2600 il I%g%arug:arrgai Jlrr?specti ng 2D features in accordance with an

enbodi o 8290150%1% 39 Rh&ys &l Ferall OB CHRFIOWDOBF 2 pFFRES il &lcBidaaed Wiktom

chart 2 one step 1 n the process -2500 as shown in FIG 25, for

exanpl e gﬁ,o\gﬁﬁ&g,b%d}g'ozj P56Lds® IR O08 stattbd, C PrHEBYsteRC bt Brocess may
nation O snma

determ | an arge wre placeneit on the correspondi ng

di e sur 1 aE L e B R B e oy ot hs
for smal rle-ci%Qsdol% B %?od%tr fzy @écﬁ%tleél, &ﬁ)emcﬁrb@ﬁglﬂ Mo0BD Wheldef #irk bB&] ow.
device may measured using knowledge obtained from trzi@'ning and recipes, reviewing
dcfec'ts‘:in. 1908, and if désired, defect reportin‘g in 1910. ""I‘he‘proce-:ss ﬁay end in step
1912 . | |
[00292] Although the flowchart 1900 is-shown to inchi?le several steps, not each of
them ;naly be required. For example, after having learnt a psrbduct in 1904',. more than one
: produc’; may be inspected in 1906. In Oﬂl'f_:i" worc}s: the.‘learning step 1904 may be
perforn:lcd for a producl,t, and then, the inspection step 1996 may be performed without

requiring additional learning steps 1904.

7%



WO 2010/ 090605PCT/ SG2010/ 000042 [00332] In 2602, the step 2508 of
perform ng wire bond device 2D inspection nmay be started. [00333] In
2604, smalwommn@meghsacenent may be determ ned to det er mpoa/SEN0/000042
accurately a bonder bonds the wire onto the bond pad surface. In

vari ous enbodi nents, three nethods may be used: a present or not
iiresent check, a reference based nethod by |earning a good wire bond
device or an ‘absol ute nmeasurenent nethod by deternining bond position
rel ati vepg203] t $n BendviprdlefecdS0BR4P08, defeats nmyshearivoliieddytsyperimposing
present or not present check, the systemmy check if a wire is

avai | ablygregtk oftta. grisial dighleg bf the corpypdudingppire buhdtdevine.r Ehpdedetmept

ROs and if sufficient edges are detected, a wire nmay be avail abl e.

[ 00333] oy iNMkdeQhGicATHa QA kibrTatest ?de",l 1dcator, ehd saveriy didsfects rgiiso dreset
subpi xel édges along wire bond | ocation may be cal cul ated and nmaybe
best - f it tGnde@r Thi Rla68Rdd APkt whias Nk AlfernativeBy d ddéitiondllylthe Hefeatd r'e -
and one 1 n the perpendicular direction. Two subpi xel corner points

may be GalGilsahes ohy Mat i@ber bhs®e foidfs malhige eeed f@ dafabhseaseothiano
corners nmay be us.ed as bond placenent position. If this centre is

far away fromdng.d R0t 1BNS08, BAREkcPhAS B e GhE@fe diBYreard fom i t he
absol ut e nmeasurenent nethod, the bond placement |ocation may be

det er mi ned 141, el #e pBct inkfRofidh §67 SIGHICEL iAGRd thRIcRo, théHirst
posi tion, ﬁomever, may be conpared wi th bond pad edges to detern ne

its absqlut ' Radew TOF At-AMEOSy ToMeWiBg SBlor k6mé of aet
t hose b%hﬁlgﬂégiﬁ%ﬁﬁgg?gghﬁggr tﬁgtbond pad gdges. g[00336] I n 2606,

Lar ge vigog Rl AESHE il Bind e B! £ HuBS0. THD €:cBEOGRS Wn8P bE afoviiay g bond

pl acenen et'erm nation may -be e sane as in small wire bon

pl acement VO, g& @&%Q@g@gg}eﬁl 5 4 BRDARwARHET eTeRRbe RIEIGONRY, to

(] = S
paraneté?? F'or 'St pI xe . termnation and best-fitting may be
changed t{u(:) rboéit?cﬁl ct))te ﬁlte ‘,9,'%[ B! icffo banGfeWdd" §eh 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 numb%,;r of classifications may be
availaial_e and the classifications may be user defined. The classification step may be
repeated until all of the defects have been reviewed and cla;ssiﬂed. The last step may be
saving of classified defect map as well as alternatively or .z_idditionally saving the defect
informa‘l[it:.)zn in any of a number of other formats for datab1a§e 6r other r.nanagement and
review. .
[00294]- | If desired, in 1910, statistics may be .generated, wihereby defect statistics along
with de'f;act. maps may be outputted to perféﬁ statistical or_"pther anfalysis lon the types of
defects, frcriluency of defécts, location of defécts, etc. T]élis‘may be useful to the wire
_ bond manufacturers so as to allow them to focus on major defects and trace the source.

Tn 1010, the data stored in' a database format may be exported or printed out. This data
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[00337] In 2608, die placenent may be 'determ ned. A good die with
accurate placenent may be desired to be learnt first. To do so, three
RO s nay bwodefoiopesdsi n a create 2D reci pe section (for remgib®/odbove2
step 2112 as- expl ai ned above with reference to FIG 21) to sel ect _
three rectangul ar areas, one on the | eadfrane as reference point and
two on the die surface with rich textures. The centres of these three
ROs may be sStored to as the | earning positions of a good die. The
pat t er nsnai théw e irdabzed BOberwise ived ts petfam swtsténl vy othetenalysisaanetheon t o
find corresponding patterns in an incomng wire bond .. device. For
an i ncomjpeg ofl@fbdts fretiheneg o defacs, 16¥ation nhefluss, dsf i wisich tnoy &k uepfnlithe di e
shiftnment from conponent to conponent. Teniplate nmatching may be

per f or Mgk $iad bol ndni@6Rrdrvoes 1wy thsh ngfdcessimdefigt pder areass This siepdel s.
The three matching positions may be determned. Ofset in x and y

di rect i Qg agknbRtiAd kiafistROela§ prdkidt fov eomplete had gffedive eharaenyss di @ may
be calculated fromthree matched points. [00338] In an enbodi nent,

two di e gor ReEs daRY b Sndigle Ehredisbinc ndigg Ranedl appriaaahd athel pogket i ons
of these two corners, together with the reference point nmay be used

to det ercﬁe'grags. diree dafof B maAR pladed Blttalh [rRRBRARY allow Rfbdddicalvass wdedi e
and die stGrface defects may be determ ned. For m ssing die detection,

various %ﬁp%ﬁdm Bfh WaRd valubs SudhCipbiRéBcdIBofhdt)g Thasgaphaqaprdaach,
di e surface’ of unknown gqual ity device may be patched agai nst a

| ear ni ng;f;&ias%ntaﬁén ﬁlgf%uia%%Wﬂ@enamaﬁn&ma&msbéwifﬁmrts séeay be a high
(0] | e.

chance m.ssi ng - e second net hod nay conpare the histograns

o ALk i st g s s o
system ‘and process of various embodiments. In the following, a more. detailed
explanation of various parts and systems, and details of the steps tﬁese 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 édOO i]lusu‘atiné details of the Jearn 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. leamn a new

product. For example, ﬂow diagram 2006 may illustrate 'dete.lils ;)f 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 déﬁned and/or jj:rained ‘(andfér stored), for
" example m 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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[ 00340] In various enbodinents, for die surface defect detection, a
good die with good die surface condition may be desired to be | earnt
first. Forwanoioneaws ng di e, offset and rotation agai nStpaTESGRIBN0®42
good die may be determ ned and translation and rotation corrections
may be applied to bring the incomng die to the reference die
position. A pixel to pixel conparison may be made between reference
die and incomng die. Defects may be those pixels with grey level .
val ue didff £nafe ®sndi@gpbndnhafor 22Iprapd e3Dt fermsh oledsur¢meniny ebbaiiovsnt |
good die surface grey level dittributi'on may be |learnt so that :
bi nar i zakibedimny, Radfpend acdie path nand cmhkrdpaeandiérs Homay substzalé chrfaining
defects (or no blobs found). The sane 'binarization may be performed
for an iRaeRE REredbdndtdeviees @R weudefintieamlistbrdefalekenpls is ubh camputer
scratches or foreign particles. Don't care areas nay be defined for
pattern gigh 1316aSovaN ifFId. € 184, foy @bdl daritgy lemaingCdngl. infrectimgc r Shic lpath
detection, the defect points may be anal yzed usi ng Hough

t r ansf orgiihin® whéd feefofBGNRNLRuARNN MEthdRs eelte dDhycipestp 2008| ané icgeaicn
Hough space. Line segment |onger than certain value may be from

scrat chegy re[a%@%ﬂ]zocbmass&e%b%@ bowSabfineiD endsI etispeptioh ehctpesrayaytie
det er m ned. dynam c threshold may be first applied to the bondi ng

area w td’é'bi?ed"ifg %ﬁd@%‘ﬂlgjﬂc%ﬁ‘hﬁg for Sekipiede ifdp@tiemhed2B08 awiwadn FIGr
exanpl e step.2I16 as described with reference to FIG 21). Objeat
anal ysi s, giay, %Jgﬁi'an *a@elmﬂinF%LdBQmE badnidg tddd Sagallarwhy peitjtepérfomu be
the wire surface of a snmall wre. The centroid of this object nay be

used as d%’ggi% gﬁ%ﬁ%,g} ?]rg.inggaﬁ,ﬁ LR Redclursé d&e@fin MspRtibORAipEY R €a

may be tected a om each side, - the edge point wth biggest

di st : ' Qrigd z ehe Whgdti 190342
| stance,dgud ggboq]gg%ﬁ Sﬂl_léoﬁﬁlﬁ g?aélgﬁg )6 1Rz ASanDidinght Wesdbibted Wii0342]

In 2614, bonding w wres may be determ ned. Subpi xel

edge deteeaﬁﬁ%9{50%%Q%ﬁg%hiaﬁ%-f&uéiﬁﬁgﬂ@@%&g1&5@&&/&&&1&&%&e bond

RO s define n Create recipe (rig.exanple step 2118 as shown
2010/ 0ooaEr AW FAG0 bt BFORE=G°T et By oo gy
| . EdguseiEs ngd bhifelRfehn M R R AT VP SRS B el R 1o
G 5t ancereat O ApEet: MEP S UcHl Emad o 1ORIRE wthodt 10 BRES )
i cknes oo T PRI TR SFRHITEIS, TBX, BFGibenReRr 1 A0 BSC, .,
- accor HAHELoGh Ci GAFS B e piiier et R el AR SRR, SOAREN) N

width RO s .be defrned.in a ond view or nore views, where the
@{%{a}} € We\g@hrggler%%:e tHIG, rﬁq

occl uded™S vi'siblé. .Image rectification my be

f f |, ¥ A i I t |
Oot i cal - DopB0: 7l 2048 b o ae) GOoRE bs' SbSCeAoPRORL B,
i nt f : f b i.dt h I ]

e e A e e ) e R

enbodi nents, three nore RO s may, be defi in.a second..mie

det er mi nBABBAES SHPPEFFLNES g‘?m&}s"?‘%ﬁuﬁn ) friapayiptiot, ps Wl zfc%faﬁed
Assum ng_bondi ng_edges poipts ar%ﬁ[l é},ﬁon t he sane surface, the 3D
coor di natigorgetai kelgwivi eﬁé‘i’i‘c‘b@ owrr and thus may be transferred
back to the first view by using projectjve geonetry deternined in
camera c#03pHat ilfb%QlOA’Fl'{iSe%ﬂlFlﬁ&tn}OdB]cﬂ?& lwfﬁatt‘ﬁegﬁ\?aﬁift E8r FHSF % he
first view [00345 In 2616, long tails, %i %h only apply for large
Wres, mistesempletodhaporapter Aysien &8 mbewnit G i8¢ devi ce with good
bonding tail -l engths may be desired to be learnt first. Simlar |ike
bond wi dth detection (step 2614), thelocation with the bi ggest bond
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bi ggest bond wi dth. The di stance may be defined as tail |ength. For
an incom ng device, WD 2010/ 090605PCTI S&20101000042 tail |ength may
be cal cul awedoeioroshe sanme way and if the difference betrorsc2o@ienence
one and ineonm ng one is bigger than a preset threshold, the system

may reject the device as a long tail.. [00346] FIG 27 shows an
illustration 2700 of long tail ROs and nmeasurenent in accordance
with an enbodinent. In the illustration 2700 of long tail detection.

and RO [e0sDBNi tHION, 2laskdwssa flowndiagmin 2 FR012Rgmtinnd 2D seEohend resing t ai |
RO 2704 are shown. [003471 FIG 28 shows a flow di agram 2800 :
i || ust r afdafiéh innBRRadncea it Bn fehb direst. | For aswapleltilovcdiagipp 2 186 may be a
enbodi ment. For exanple, FIG 28 may show a nore detailed flow chart
2800 of e dehitdd fiow ¢ ditone eisp i Bl PraxssssidOdas showhl IGFIGS 20e2.g. 2BD

wi re bond inspection 2510 of perform ng wire bond. device 3D

i nspect ivaR hoMiredipd @vation 2006 6f didfinignand triponingffor efapplmiot hedmyhterf or
the reference point correction of all 3D neasurenents, die tilt
Measur enB@tmPibr exaafsd the cémpliter sybteint 1800 siveyn ini F16. 186D theargix for wire
measurenents for small and |large wires using both correct-ton nethod
and f eatydp@2pasgeusher eo Matching, and wire bond hei ght nmeasurenent ..
for lifted wire inspection, as wll be explained hi nore detail

bel ow. [BPRAP] 1hP1@BAR crdatt2D REPEGlep IVH @AY b kstedl ep 2510 may be
started.” [00349] In 2804, global reference hei ghf may - be determ ned
by mat Ch[lbﬁlﬂ) ey 2194, 6% Beh¥Redolal rsfbreAdtdpSRE) hyVbectefmed. Each 2D
alternatively nore views and by triangulating.the matched views.to

get the S BRGS0 Oftked A o G¥icde Refeicfi FoIRtd stiahwhed & canpamehto
FI G 23,&?‘% creat e@ng regi pe? corresponding ROs 'may be defined in

mul tipl ech\gﬁgge\é"}osi%&@eﬁm BRUSIi O af P YrideatidR) LlObATRe elefoccpdint) insdy beat ch
e

candi Cat es ween first view and the rest , views. As stereo

mat chi ng,ey {4 ﬁga}ig? it%ﬁ?%ﬂ:' b ErertHeB Qnptll dURE SRS HOMIVBYdyZLebmparison

correl ation anc wei ghted correlation may be used. [In various
enbodi TeRlPhe 10% TRRL &R WIBYboRE device to be measured and wire bond device learnt. In

various embodiments, global references méy be used to 'correct the relative position
| change .b.etween leadframe learnt and an incbming new_:leadframe. Any wire bond
features dependent on the leadframe may lbe‘ corrected l;S.iIlg global reference points.
Normally leadframe indexing holes or leadframe corners may be selected as global
referenCeimints. _
[00306]. " In 2106, local reference point(s) may be defined, for example for the
correction of offsets' for global independent features. For example, die position in a
leadﬁan;e.may be different from component to component. Any measurements relevant
to a ciie may be desired to define local reference points on the die itself.

[00307] - The 2108, small wire placement inspection Region of Interest (ROIs) may be

defined. Small wires may refer to those with wire diameter smaller than 100um. For
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WO 2010/ 090605PCT/ SG2010/ 000042 found between two vi ews when
correlation reaches a 'peak. Based on calibration paranmeters from
canera 3D welzblproaséopn (for eXanple step 3102 as wil | bewogdedioneshs?
with reference to FIG 31 below), the height information, e.g. X,y,2z
of the RO centre may be , derived by a |east-squared sol ution.
[00350] In various enbodi nents, to enhance the repeatability of a
reference hei ght nmeasurenment, not a single height may be cal cul ated,
but a smadt wheadoshpasition, omywie phiedoene 8 Qlingdyi bre dssictdl odfeedeine Waieght
RO to allow matching of nultiple points and to calculate nultiple

r ef er engeack@b@MROW tnay bearofatt toanmaangdt a0 itstinclide pitbcastsl mase band
applied to get the best height. [00351] - In 2804, also a gl obal

r ef er encgichRdie GRYp BOIdekebainteduceByherby hiseip tiregdacsmahtl RGBSy n
multiple views, a 3D reference plane nay be built. Qher features
cal cul atyed:afByriRRe wRA& GetRélipt @ shivieshe edner mmetiophatheds andnprkemeters.
conpari son between manual neasurenment and autonatic nmeasurenent
possi bl @heﬁb%edtﬁﬁdﬁﬁ@ﬂﬁa%ﬂﬂ&vﬁ@ﬁse@fo dbfige 80y drafze pimyp BOIe Ddfeulsmbatict ed .
as reference plane. [00352] In 2806, die tilt in the 3D world

coor di najie. SMEEMBnIRHaP 8 MRl ReRed, A6r bnsiptainede icompitentateaDIgHC pe
step 2312 wth reference to .FIG 23, four RO.s may be defined in

each Vi efoiR i BNE! 140 Uhd GOARESDS mé thB iuBedbyI2IB inshéttiva kystdis teddiadiiment s,
at least three ROs may be desired to be defined to determ ne die

tilt an%@&lamgggyén&m{_nents, four or nore.than four ROs may be
used. In various enbodi nents, a best-fit plane may be determ ned from

hei ght s r f SRt iRestionDR&idH bt InteRROMES bakphad. bet a
ond gamﬁlrgg F110MafR L EREAadeRieht iRJeStion R &L 52 '

erence to the x, y, and z axis of the world

coor di ”%ﬁ%éﬁrﬁéseﬂ{tay DB RehOR RIS diditer Highe L thaRI 00 TFof bacARgies.
erg

Aver age t may al so be cal cul ated by averagi ng four RO

hei ght's L0 T ! e RERLIEDTE dRBAGNTTh f
2010/ 090'%’3@ﬁ%ﬁ%&z@?%ﬁ%‘%’z&e%%%ﬁﬁ var; ous enbodi rrer?t%sﬁ;geion :

on | cadf PR e T oo I e B Phnc e
povst bl ROl e p SR e i R ARPRE DRy bt Lo oo

ot or encierEPghic ek by Wk KhRipt ERBAFEhe frrafer] ARG bt

2308 i tFrore P e o W gna ol VALE R G b o RS BRI ERLTE, £) €
al gor 1t AR D BRI cets Bk At a8 s, BB EERRCRBT BT
Cvpi cal Ry B aRel PR Deplicfal Qi ol oy Bl1GlRIES) @
may beoufioreofor pRgi R eE bt B (o Bt EeR R Religpply | oo

tt [ .to black t ite. 0 5! '
Dbt meh e B el R < PRl |,
know edge of wire th W ntraid may: b 4 Lo
Subpi el (30 aEJC1 A2 A A LfaeFer R R B o AR Retors

stereo matchi ng, which not only may result ip so fal sg mat but’
al so may ok iretest @QIR, Hodsrordancs ryigy an fegi’f’ﬂﬁ‘.’?n{)ei@ %ees G &aeﬁemﬁﬁtpgéi
centroids) based stereo match may be used econstruct wire |oop
with hi gﬁe%w%’@gha@@@@!}éplamﬁﬂgmeaﬁﬁ%ﬁim%?f"’?‘h‘gb%‘w ?:aé%}’&erng of

feature based stereo matching may be as follows: after detecting
subpi xel wire ceinroid points in all views, the centroids nmay
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be ordered for each wire in a top-down or left-right manner:' For
each cenhoid in the first , view (inmage), global or |ocal epipolar
geonetry rAP2pW/08¢90%i ed to the second view (i mage) to EISG2010/080042
search line (for epipolar constraint, see the global fundamental WO
2010/ 090605PCT/ SG2010/ 000042 matri x for epipolar line cal culating
step 3112 and the | ocal fundanmental matrix fdr local epipolar |ine
calculating step 3114 in a 3D calibration session described with

r ef er engfadueridinGRA12206] owl)ird Hond plreamens tmessirementdd0L 3206mnd aefmph| ar
line in the second view nay be , determ ned. The intersecti.on point
bet ween bhhEple@ineel eashicmentROI 2hRatkishevdet er ni ned by these two
centroids nmay be considered as the matching point to the sel ected
cent r oi qpg3nox hRechirkisg to FEoV. 21L,finthe2 diegrlasemeht RQIsenay bsdsfinethe Thesat ur e
based matching may be perfornmed accordingly. After establishing
stereo GayE ampeedRALR, fod Bch @iy, dDmeRO] mhy e desied ¢@ntveoh defpreigetpomdy be
calcul ated through a process called triangulation. Least squared

sol ut i ORuRIdeMdBE. REIRAS cOMYr fdent 06 £ thdtxing holangtleat othtofeat8® point may
reconstruction. [00357] In various enbodi nents, stereo matching may

be est ahlisghqsh axiid Rdrenws poiat. Additft tedudipipkedmatit ROICmAY bodased to behe
first view nmay be- cal cul ated. For edch valid wire
defined inside die area. They may be desired to cover textgre rich areas. The bigger the
distarice between thé two ROlIs, the better the result and sensitively of die offset and tilt
determination may be. - |
[00311] 7 In 2114, die surface scratch and missing die ii:éinection 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 I-{OIs 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 v;rith actual wire bond direction. Group ROIs
may be.defined to apply the same inspection Iﬁethods and I)arameters to all ROIs in this
group..'.-If wire placemélit ROIs for small ‘wires have beén déﬁned, this step may be
omitted éince both may share the same ROIs. - |
[00315] In 2118, bond width measurement ROIs for la:g'e wires may be defined. One
ROI masr':be defined for each wire for wi}-e:'width -measui"ement. IThe angle of a wire
- width ROI may be adjusted to be in line Wiﬁ1 ;elctua'l wire Bdnd direction. Group ROIs

_ may be defined to apply the same inspectio}} methods and parameters to all ROIs in this

'
i
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centroid in the first view, global or |ocal epipolar geonetry nay be
applied to the second view (inmage) to define the search line.

Transi ti onwoabmngosohe epi polar line may be | ' detern med/scaofnemsi he
centroid, which may be the matching point of the centroid in the
first view:- [00358]. Continuity constraint nmay be applied to the
reconstructed 3D wire centroids to filter out abnormal points.

[ 00359] In various enbodi nents, it may be desired to determ ne the

hi ghest géupt hi wissvphiterpait ROk rfoalavgermréso‘m:pe beers dbfiniedethipetek Moy beal | ey
i nterpolation scheme may be adopted. Assunming the highest point z

hei ght ignigtéd s bath rexnckha ter eme®OInei ghbor hood points, the subpi xel
peak p may be .cal cul ated as p=(z2:z0)*(z2-z0)/8/(z0+z2-2z1)+z1l. WO
2010/ 090665RLCT/15G290, o 4R 3DFOHAE Bir lirge oiires erpdeidefinstl, Ome &S meayt i on -
may be nmade on the reconstructed 3D wire | oop. .Mathematically,

mat chi Noyef defifiéd T @UEhERHe $€6MAchaTiieN] QfewDTHis \RGivmay ergethe purpose of
triangul ati on value of z height nay calculate the wire centre height,

not the §eiBmmeltBe bMusitA Glided by sl @ew ipomt faya laggeomitec UTTeet anglef afam
canera tilt angle and the wire radius. Assuming the radius of a wire

;i p; egg%&ggldmr RAaf bé hdjavidl 16 bé & 18k B abtual Wige b@drdbettioan dz may be
[00315] FIG. 23 shows a flow diagram 2300 illustrating 3D wire bond recipe creation
in acc_;ordz;nce vﬁth an embodiment. For example, the flow diagram 2300 may be a more
detailed ﬂow‘chart of one step in the process 2000 as sho;n in FIG. 20, e.g. 3D wire
bond recipe creation 2008 of defining (a.n&, in various embodiments, inputting into a
computer system, for example the computer system 1810 sillown 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(é) 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 aﬁd orientation, global reference
point(s) may be used to re-align it with the reference sample c;btaiﬁed learning. In this
way, a comparison may be made between wire bond de\;ice to be measured and wire
bond device learnt. .Usually, global references may be :used to correct the relative
position change between leadframe learnt ;'md an incominig new leadframe. Any wire
bond-fea%ures dependent on the leadframe may be co;‘recteéi using global reference points.

_ In various embodiments, leadframe indexing holes or leadframe comers may be selected

as gfobal reference points.
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z correction = z + dz where dz=r*cos(al pha_1). [00361] However, in
reality, due to view. occlusion and done illumnation, there may be a
fixed of f S&D2W/0Me02 centroid cal culation. In various adisd20enm0®42 a
correct may be formul ated as dz=al *r. where al may be a const ant
depending on the wire size, canera tilt angle.and experinental result
and r may be. the radius of the why. [00362] To further increase the
accuracy of small wire detection, in various enbodi nents of the

met hod, [e03d6herie 2306, REds. fho nishsurenessibplia tefsrenep heiglht ok 7 fifetspee plane may
superresolution may be applied to increase the resolution around wire
ROT. | n beakfinads Thidmaly beddsied thobebdase e eash multiiieneipage e Adi o sepe AP

i nterpol ation schenes for different-wTe regions: slow changing

snmoot h  afi@gurendéntesuch s mareddore heightraad dizpilamen bameasiredinabseluts ayasld

edge. The interpolation schenes may be know edge based operation , .
resul t i ngofdiate sgstaa defifxdtby calibragons peelafivalyitost wfesanck hejbht opirefrenasy -
conmbi ne done l'ight and coaxial light i'n one. Alternatively, |inear

4 pr o culting. Fot eappleat rdferenmyplire miyed, deteoinghby Wining three ROIs on the
2010/ 090605PCT/ SG2010/ 000042 the result nmay be | ess repeatabl e and

| ess acquddihfie kb @t fubseqsaniy wiskgiwophsigids thaybé ealeudsed an thodistance of the

projection of tile highest point (x,y,2) in a wire to the refer;ance plane. In this way, a
benchmarking between a manual measuremeu't may result from a typical measurement
scope.:- and an automatic wire bond iﬁspectioﬁ system may be possible.

[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 trac'ing the wire feature
points fc.;a' 3D calculation. Group ROIs may be introduced whereby a set of wire loop
height ROIs may. be categorized under one.' 'gféup to share the same inspection methods
and parlameters. After defining wire loop height ROIs in one view, automatic ROIs may
be actiyalted to position the corresponding WiI(.", loop height ROIs in all other view based
on w;zjll known epipolar constraint and other constraints like assuming a default loop
height‘. Tn various embodiments, wire loop hqight ROIs m?:ty be defined mau:mallj.,r in all
other views.

[00320] In2310, large wire loop height Refgii'on of Interest (ROIs) may be defined. For
each wife, one or more wire ROIs may be defined to help .ffacing the wire feafure points
for 3D calculation. Group ROIs may be introduced whereby a s;et of wire placement
ROIs ma3.( 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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[ 00363] Doubl e resolution or superresolution may be used for snal
wires since sone of the gold wires may have dianeters as snall as
18um Depewdizom/006505 he m croscope | ens used, in sonme cagagchbiw/owioie

t hi ckness in an inmage (view) may be just 1.7pixel. A double
resolution to 3. 4pixel may make the subsequent subpixeling edge
detection nuch easier and reliable.  [00364] In 2810, wire | oop

hei ghts for |arge wires may be determned. As indicated in create 3D
reci pe §5§@012§39019@§&fd[@@dxab0y ReighttROIs éf @l etherview bEedon 28]l Mngyneach
large wire, "one Iine shape RO may be defined in each view. |naging
of vari @ypolaPEdStrathtiaBS ofkBYcoB @i, Hiatvaiiwereebodiynch, wire loop beightRRly i n
large 'wre-surface conditions and reflectivities. Sonetines, there .

may be h%?%xqggﬁﬂ&&ﬁhﬂhhhImﬁméfﬁbpson a large wire surface, Whi ch may -
make cent d detection possible. On other occasions,.the surface

rough ”eiéo\%‘ily RS2 dieRilt bt Entble@GROIS k&8 definedh Foecash Hienthree

surf ace may mak centroid detection inpossible. In this case,

true wirge f&ﬁl%ﬁlcﬁrﬁ% Be uklaﬁeﬂ 230 FANR Ivalne i) adcBRlabdetwitt Tarioas ebbliments)
enbodlnents a correctlon for the triangul ati on value nay be desired

and may f EQRGE':H%B& d%ﬁnéiiztc%&eﬁnm@afe%ﬁﬁ KEBYorlEccdrdimiish syitent ePiendi ng

on the mnre Sl ze mera tilt angle and experinental result and r may

5500 ot | A beh BRkataple Usdr hakrd)on.
2900 of @ﬁh??g%%é%elg @rela[tpgg% ecifylde a Miabeh 6FGor b )

RO s and nmeasurenent..in accordance with an

embodi e bingds oF QAR 2he 'aQ;Bélatﬂg each¥eference ROl with a
2010/ ogd%%@ﬁ%@g‘%%oo%ﬁf 2602, -a second | oop hei ght RO 2904, a
third Ioo&ﬁ% Ega FPT 2906, and a fourth | oop height RO 2908 are
shown. é? eturning to-FIG 28, in 2812, wire bond heights for

smal | O[ﬁ@ﬁzgﬂylgsﬁe %Lh%wag‘%ﬂuéu%uwésd@ BORGiOR O dob@Mnct Hien

di nensi indicated 1n create 3D recipe step 2314 with

reference t Fl 2 f R diea RDI 0L 4 R &bame
RO's may™B¥ %H% ?;éh%@%‘@%g Vi e ﬂﬁ@v %ond hei ght nmeasurenent may

serve t\é\ﬁ?ﬁg‘{"gﬁ{‘e fourﬂle%gP%(RBZZH& QQE%W ne if there is any lifted

Wre an éterm ne bonding quality based on 3D

D st | 100888 kil thembocé‘i'.ﬂrba\f@%%dtﬁyfghwqudwnéﬂtmslf& s

wires may be defined. One ROI may be defined for each wire bonding position. 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 widlth ROIs may be categorized
under on; group to share the same inspectio’q m;et':hods and i)arametem. -

[00324] In 2316, bonding height ROIs for large wires m:e.xy be defined. One ROl may |
be defined for each bonding position in each v.iew.‘ The angle of a wire width ROl may
be adjuéteci to the actual wire bond direction.” Group ROIs may be '}ntroduced 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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[ 00367] I n accordance with various enbodi nents, to determ ne the
bondi ng. height, a small predefined area around w dest bonding 1:vidth
may be selwotzen/oassds f eat ure based stereo *matchi ng may poarseaifooosved
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 enbodi nents, to .determ ne the bonding 3D profile
at w dest bonding width location, a fixed (alternatively a dynam c)
corr el afao3InsWi MRIGW268Yovae el diaprh 2500 riihetratingirsailyemy ab inspeshBiodedd f or
each pixel "along the profile line to get the best match. In this way,
3D pr of igteg iffackirigchbavithi agembodivhetestFdocmeinply, W@t 25| maashaon armagrebe
reconstructed:.. This profile may be conpared (for exanple using

absol ut el Bbwdihhit @56M6E oy stelin Heairocess 1BAhed shovm ot FG: bHtepd)
with reference bonding profile derived from neasurenent of a good
wire. |findb8 adbkipeddpci®oss big, the device may be rejected as bad
bondi ng wire. [08369] I n various enbodi ments, a correction may be
cal cul atygghaby O 08O B ihidpbdt pRAGELStepN 608 iRy Bé startadadi uS to adj uSt the
triangulation resutt and may be fornulated as WO

2010/ 09({@%9{:’”1%3@4%@@9&&% didsabreferéifce pOHEEEmB} béMbyalized ® determinant
depends ‘on the wire size, canera tilt angle and experinental result
andy maye e inBeit A gad poditidnd End\brieitatibA037. 0] I1n 2814, wire bond

hei ght s ¥or large wresS may be determned. As indicated in create 3D

recipe s 318 Mok hail 8BicgNeLatdo3hIrégiomSof inGrese @ROIs) Aiagebevdhifesd one -
or rmreslpiﬁr?g]?s%pe- Rcfs may be ?:Iefi néggl?n ?aach vie'.. Simlar like in

a smal | ﬁ%'dgd%nsoffg@@ Gnd @@mgﬁg GNNIaRA ih Bep DONTioNEat e igYmin@d&ietithay be

predefined area- around w dest bonding wi dth may be sel ected and

feature aﬁ’%é%fi;nzl{ L1 82 B UGN r eMmflOfhifingldefBe)based stereo match, may

be perfor get a sequence of 'bond heights around wire centroids.

Statisti [P@%zggrlfﬁl;'zgﬁé,% b bl A9 ¥ el8s 8RBd, iiSdhdify G8'pldchaeriond

hei ght . an alternative enbodi ment to the above described:
I nspect Ib%rﬁdzgagplﬁent %0?9 Wil Mt Gedidd e GASNihiRIedh 1A8iYidaa redéd educed
to i nprove ereo 'mat chi ng accuracy and %o m ni mze occl usion effect
for alar eesyvi re. The visibility constraint may desire that occlusion

in one i @e‘and di sparity in the other are consistent. The

Vit bl | oy @St A1t 8o SHRGAARiM b e RRnGIRS Chls, Wi, Baid ON

f r amewor img 1'n a symetric stereo nodel that may treat |eft
PR T Y R R e i S
the bondjgng. 3D prof bl &ndls Yad6 SRR Yshe iihetthdhd AGRLEQN2D Fedtink@sh
accordan;e with an embodiment. For examplé, F 1G. 7 ma)‘f'pro;ride é mlore detailed flow
chart 2600 of one step in the process 2500 als‘shown in FIG 25, fpr example 2D wire |
bond 'inépecﬁon 2508, which may includé detemlinatic;n of small and large wire
placeineﬁt })n the corresponding bonding ;;ad, determin'ati:(lm of dig offsét and rotation,

* inspection of die surface scratches and long tails and measurement of bond widtbs for

~ small and large wires as will be described in more detail belcﬁw.
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(alternatively a dynam c) correlation wi ndow may be sel ected.

Correl ations may be neasured for each pixel along the profile line to
get the beWD20H00¥05In this way, 3D profile of wre baisezomtoooos2
wi dest bonding width | ocation.nmay be reconstructed. This profile may
be conpared (for exanple using absol ute sum of difference or
correlation WD 20101090605PCT/ SG2010/.000042 net hod, or ot her

met hods) with the reference bonding pI’OfI | e derived from neasurenent
of a goqub3sd]r e 2602 the stipf 4568 efipaformingivyre ond deidcq U2 inspgetippmagbect ed
as bad bonding wire. [00373] In various enbodi nents, visibility '
const r aktatted. mey be present and a correction may he cal cul ated from
canera tilt angle and the wire radius-to adjust the triangul ation
resul t o338 pmofiehe, sahabire plivementbthagrahe Weteemioehde adrtertinsehel® on
the wire si-ze, canera tilt angle and experinental result and r nmay be

t he radiastsrddfly bbendé bends th G334 thebandrpiad werfeeab rivarons epbaliherder
thermal sensor based heat detection subsystem may be used to detect

the |if g6k Metheds MAEbdRIcBONsreht framt prgentraleck ciefitemcpbased ngthoddyer s
(in various enbodi nents for exanple non contact; in various

enbodi MaghSng @06k iRl Fon8 WBVIAE b ariskelutd Measharthy mobodibg dateatining
bonded | eadfr arres to acceptable tenperature level, or projecting a
f ocused phRPhosHOHFIGIRo ith Bondl galS -
[00334] Im vax_'ious embodiments, in the -pi'es"ent or not present check, the system may
check if a wire is available or not. BEdge detection may be applied to wire placement
ROIs and if sufficient edges are detected, a w:irn may be available.
[00335] In various embodiments, in the reference based Inethod, snbpixel edges along
wire bond location may be calculated and may be best-fit to form three lines: two running
in parallel with the wire and one in the perpendicular djréction. Two subpixel corner
points may be calculated from these three lmes The centre of these two corners may be
used as bnnd placement position. If this cenne is far aw-:'a,y from the learnt one, bond
placement error may occur. In the absolute measurement‘ method, the bond placement
location nlay be determined in a similar way like in referen::e based method. This
pos1t1on, however, may be compared with bond pad edg.,eS to determme its absolute
location 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 determmed The procedures for large

bond placement determination may be the same as in small wire bond placement
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[ 00375] When applying heat source under |eadfranme, the heat may be
transferred fromthe |l eadfranme to the die and bonding places, if a

Wi re i s bowdediowedshs Hence the tenperature may be hi ghecTiscamoacgend
bond than a lifted or partially lifted wire Wien applying heat source
from above, heat may be dissipated fromthe heated spot of wre
through the wire to die pads and | eadfrathe, under the condition that
a wre is bonded well,. Thus the tenperature may be |ower for a good
bond as deemmiastied, éudy phmmnicicts fod seipixchedgealeteyminptioncend fiestefitting pegPe] | n
various enbodi ments, by using |aser sensors to detect the heat on a
spot on chégedfor tHedehidaretibreoféage Wirét ed and wel | bonded. wires may be .
di stingui shed. WD 2010/ 090605PCT/ S&2010/ 000042 [00377] In the

fol | owi ngu3apr 0L %68, ok placeieat 2aydreddetSdinsll | i gboddis withceomdance
wi th various enbodinents will be described with reference to FIG 30
and Fl Gpl3dmert Q3 18] debiretl tocbelleatat 8. r'Bedosd, thre¢ ROAs mayrbe defined tiem may .
include two or nore single-inmage canmeras, each of which may include a
CCD senspdated)s r@ifel seefor @A kxanoinhstdpelns 2sae sixplained abaet withn atférensey, a
CMOS i mage sensor -and such a |l ens system In various enbodi ments, the

si ngl e- YRS £HIE LMt THRYE SbiadfulR ARAY Shy orl thié Geadfieme aRGEra@e hoinflndse -
i mages may be referred to as an inmage pair. Wth the aid of the

I mages  tqkef theldidlbirRed with $oh MG@uri e cORRA of Geselnjee ®OTs wiagbbbteredn
both i mages may be made. [00379] ' For determ ning the distance, it

may be dggi me?ea}r&ggéo%ﬁioﬁ@bﬂa §J0Q i AHB Ith@dﬂﬁ_ﬁﬂi'ﬂﬁn [R5ERBlsaiis), besisatnsas
canera (and lens) distortion, canera.location’.and orientation, inage

centre, I}{ét&iﬁgaﬁjoﬁel@tlﬁtpr bhas ef'uﬂaé@fe%oﬂéih%i PARLBE Sn 18 YinBenife wireekbodr om a
process of canera calibration. [00380] FI'G 30 shows a flow di agram
5000 il atg gy i5RkdiY 8o 1R biRgRerdisOhay Pe A6 MI6wWhé Bican
enbodi rrec#'t%f.cg'[ g@%%ﬁfﬁﬁ#’%oz,ﬁ%al i br%’?i ng aS c%}}rre?a for 2D measur enment
may be S&M&ﬁﬁo&%ﬁgﬂ ot B &&%ne:ﬁ.n%ﬂplamaﬂcﬁﬂ@ﬁﬁ%e Qbrf@med &riall
calibration target y ebe performed. IT nore snaps of the calibration
target Ld 06 SPnify | 06 P MRY pRehiEsititnsaadye at e
averaggaq]%ﬁglgg%%gspg]?‘grl use. s%t%(%i?fgg]nﬁlanEWOG subpi xel tmalrget 8
centroi dy %%%’é%‘s6@(%%%5‘/;é‘;a#&(;8%9&0{1@%dt}8taéﬁpidgﬁdretaﬁv&@|tEéJé@H@ef@i‘ehce

target cen s enbodi nents, centroids nmay be cal cul ated

by using,.zer i i - hol d met hods. After target
feature %é%éﬁ’%%ﬁﬁ%%o co%élg?%%%dggkﬁi ch may correspond to the
I mage C%{,S‘jgﬁ‘ét S Ut dnf t 96 iel et fisy tPYetlfed by edge based approach.

The poéitions of these two corners, together with the reference point may be used to

determh}e' die offset and rotation. |
[00339] = In 2610, missing die and die surface defects may be determined. For missing
die dete;ction, various methods may be used. Ina template iﬁatching .based approach; die
surface of unknown qﬁality device may be matched against a leaming die. If the
. matching score is too low, there may be a high qkance 'ozf missi;lg die. The second

method m.ay compare the histograms of unknown quality die with learning die and may

declare die missing if the deviation is too big.' .
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cal cul ated. WD 2010/ 090605PCT/ S&2010/ 000042 [00384] In 3008, gl obal
canei a paranetera may be calculated fromderived target points with
known wor | woanmopesagie coor di nates. Vari ous canera nodelpETSEM0H80042
direct linear transformation for 2D (DLT 2D), affme, or Tsai 2D may -
be used. For-an affine . nodel, for instance, 9 canera paraneters nay
be calculated fromcalibration targets. [00385] In 3010, |ocal canera
paraneters may be cal cul ated from derived target points wth known
wor | d argh3ieragén eadusémaidasentyforidie girbbrdefealdtivtian.iageod disivith geay

cal cul ate one set of canera paraneters for a whole inmaging system

Wit h Ccagrfsarfadceddadifios nay dbllesired|to balleagwt ! firgsr Foi amingerping i (pfagtand
different canera paranmeters at different inmage |ocations. In various
enbodi Megtfon hfinsE AFhtefic@gioad, didxBayobe |dbtebmined iahd dpngdationagngetotationar est -
to the centre pixel may be used to determne the |ocalized

cal i br athQaBR REEbLE kplicddaibiing MR incasing dfeet ahermdeartee siie positidnDLA .
(direct linear transform 2D, affme, or Tsai 2D may be used.. For an
af fme gl jo il cohiskissiCRay Be hadebdwad reRirntealipaidneisngs divaPefeets

cal cul ated fraom calibration targets: [00386] In 3012, equations nmay
be det e NRAnDRSSAIOKIH SEP IV IRIG] diffsetlek biggbrtagea posatolirbghold. In
coordi naté transformati on and vise verse. [00387] In 3014, the

cal i br a'al%‘égxg&ﬁﬁléﬁﬂ JTRMIPRrat 08 1evE ARBRR i ofrney bSlkamhaithatdbidarioation

di agram 31 I I'lustrating calibrating 3D i nspection in accordance

with an | B 389le WINcBAAP resGRid RS @dfécR0(onhd bidbs foand). CREr as
for 3D Iﬁ%ﬁ%ﬂdgmnt@%@é}be set ar%ed.?ﬁ)%%] In_d;ﬁ(04, one or nore :

snap(s) Qf. ﬁmﬁﬁﬁtﬂbﬁ:nlﬁ?bé Perfirined fdrah %Bmh:@ BaeRcrébewt Rysulfece defects

such as scratches or foreign particles. Dorn’t care areas may be defined for pattern rich
areas_cin.a die to avoid over-rejects. For scratch detection, the defect points may be
analyzed,‘using Hough transformation. Liné 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 bondij:ng al:ea within wire bond width ROIs defined
in create 2D recipe (for example step 211-6 a:s described w1th reference .to FIG. 21).
Objec':t'aﬂ’alysis may then be applied to find _a'biggest w:hite objeét may be the wire
surface of a small wire. The centroid of this object may be ﬁsed as reference line. Edges
along :bbth sides of wire bonding area may be detected and from each side, the edge point
with b_igéesf distance to the centre line may be considered aé bond width.
[0034'2]' In 2614, bonding widths of largé.wires may be; determined. Subpixel edge
detecti‘on may be applied to the bonding area W1th1n wire Bo‘nd ROIs defined in create 2D

recipé (for example step 2118 as shown above 'witﬁ reference to Fig. 21). Edges.from
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perfornmed. If nore snaps of the calibration target are performed, an
averagi ng process may be used to cal cul ate average image for |ater
use. WO 28d06{d@OEOSPCT1SG20101000042 [00391] In vari oyserEtheRdiodimed S,
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 enbodi nents, a three dinensional calibration
target with staircase design may be used. In this case the

cal i br abh@Ride@bOEKirdRYy baydlel wapether torhastef)t alcented line, Which frambemnesdpsi nt s
on level 1 nmay have z height value zlI and all.-feature points on |evel
2 may havgedceNBledMHdgdadibig: Both sidys 6Nafp bagligea inap e fittered tie renwpove
calibration target, 3D calibration may be perforned w thout noving

cal i br agihep ol 464 féh: BN sideVie eQEAR] witlnbigdA6 distandzpioxtd cémredize

centroid determ nation function to calculate all target centroids in

al | vi ews, B Yo lRGleflRk b6 wigant roi ds- may be cal cul ated by using
zer o- c'rosgi ng, multi-cut threshold nethods. After target feature

det ect i ogpa4¥0r |qu]&9%y’\gi&é:| L a8sivMl R B8/ & éhding dnhwiré tHigl@ess
e

coordi nat ee. ‘'of t arget features may be cal culated. [00393] In

3108, glagéﬁ%eq@egﬁmwmrr@sg&q Q6 S pHRuRE s el QbelusPENEST mymthotnar get |

poi nts wth known world and i mage coordi nates. Various canera nodel s

such as eﬁ)%e-g n?ag'jl:re%\tisii)lle %Ef soldeARSH iRt 1hQBdordaatd Willevartus IBBodisems,anar ,
-¢opl dnar , :

Tsai non or other nodel’s may he used. For DLT nodel, for

i nstanc : LI} R OB kil iah 6bohdl OBWCsRinideE Aewan

t ar get a?o F%@@tﬁ?@r{lﬁm@qﬁ , |l oca %anﬁ?oa par amet‘ers0 may be cal cul at ed

fromderjved ta ' ' QY100 AfibIRE oS WRPeHBMAS, hi
vari ous “éhe 0‘5‘? rc%éog@sed%?%@ﬁ%ﬁ%%gg?on IBX%-JI%I‘E@%XSI calibration targets

near os! ot e fu Bl Shs (ke DaineAd udRluRedloe Ve alsphidldy e

cal i bratt ararre , gl obal stereo vision

f und " fri . : , )
un anegjgg4ong t%;mgﬁin%glﬁexﬁW@m& ofid R} I QIHIERoF HiRd %atﬁrd?w&d% n |

3114, | _ undanment al” nmatri'xes and epi pol ar
2010/ Ogod%%?xﬁgyaa% O 80004 for way as described above. "

[00344] -In varibus embodiments, three more ROIs may l!);e defined in a second view to
detenm:ne bond pad surface by using a best-fit planar surface. Assuming bonding edges
points ‘a're. all on the same surface, the 3D coordinates of i:he points may be known and
thus ma}; be transfested back to the first vie\-’&r by using proj e_:,é:tive geometry determined in
camere; cdl__ibration. After i‘.hat, bond width 1-nay be determin!f;d m the f.irst. view.
[00345] -In 2616, long tails, which only a;;Ply for large j:;s;ires, may be determined. A
referenée_wire_bond device with good bonding tail lengths. may be desired to be learnt
first. Sin'liiar like bond width detection (sfcp 2614), thei.lécation v?'ith thé biggest bond
"~ width may be determinéd first. Then the wire Iélacen_xent determined in step 2606 may be
_used 16 calculate the distance between wire placement poéition 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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equations may be determ ned. These matri xes and equati ons nmay be used
for stereo matching and 3D reconstruction. [00396] In 3116, equations
may be detwonin@doshnised on canera nodel used for i nmage Poa/SeRE10M00042
coordi nate transformati on and vise verse. [00397]. In 3118, a 3D
calibration'result nmay be stored. [[00398] Wi le the invention has
been particularly shown and described.with reference to specific
enbodi ments, it should be understood by those skilled in the art that
var i oustaiiheafdesay be Eabeubateial titbetamic waprapd Bahendifferendededienn wiferprsgone
departing fromthe spirit and scope of the invention as defined by -

t he appgiiaétbntingionsis bljper haoperesét thriagholdy thersystem niay rejbaishel degice as d by

t he appended clains and all changes which cone within the nmeani ng and
range ofongegil.val ency of the clains are therefore intended to be
enbraced. Clains Wat is clainmed is: 1. A nethod for on-the-fly

exam ni f@3a]boPu: NP 7SdhowWe tab ikusehtioh Z100sdfTlangtaili ROlsrang mesaswlefhiéntcnl

regi ons of interests, the nethod conprising;, providing a sirbstrate.
conpr i ShfgdantoRah BE edbsdiGtitr €n the ihesteian2T0edf Idgttai detetioy anhBObr

nore stereoscopi c i nages conprising one or a plurality of predefined

r egi ons 4ok i 88 Iche@dil ROT 2702R8d @fechi®long el XTI 2704 wetshisven.t 0 be
exam ned, the-predefined regions of interests corresponding to

referen ?ﬁ)ﬂﬂgi GG Ofg iHALG 84w didgradn 380U Ridlstpitieg debesting 3Edfeamferiance
nodel of a reference bonding : .

accordance with an embodiment. For example, FIG. 28 may show a more detailed flow
chart ﬁSOO gf one step in the process 2500 aé shown in fIG. 25, e.g. 3D wire bond
inspection 2510 of performing wire bond, device 3D inspection, which may involve
determit-xation of reference height for the reference point coﬁection of all 3D
measurem;:nts, die tilt measurement by a best-fit die ;ﬁlt plane, wire loop height
measurefnents for small and large wires using both correct:i'on method and feature based
stereo tatching, and wire bond height measurement for liﬂe;d wire inspection, as will be
explained in more detail below.
[00348] In 2802, the inspect 3D features step 2510 may l;e started.
[00349] '. In 2804, globai reference height may be detemﬁned -by matching small areas
between first and second view or alternatively more viéwgvs and l?y triangulating the
matcﬁed views.to get the reference height. ‘As shown in steﬁ_ 2306 with reference to FIG.
23, 1in create 3D recipe, corresponding ROIs'_@ay be defmed in mgltiple 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, noimalized correlation

and/or weighted correlation may be used. 'In various embodiments, the match may be
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structure of a reference substrate; determ ning one or nore

t wo- di nensi onal feature paraneters and one or nore three-di mensional

f eat ure pawDuneieess of the bonding structure to be exarmorat20mep@4pne
or nore of a plurality of the predefined.regions of interests; and
determ ning as to whether the determ ned feature paraneters ful fil

at least one predefnmed quatity criteri.on with respect to thereference
nodel. 2. The nmethod of claim1l, wherein a substrate is provided

sel ect efhuhid dtveseg rtanpyietvs sutest contletion wershest # myalof :Bageds ofi whb@tien or
substrate; a polynmer substrate; and an insul ating substrate. 3. The
met hod Bétyrs ven @fmezd 3D rBlibtation (Br exwheplestep 8 HE dsovidlbagxtipgkvitke i s
a wire bond structure. 104 4.The nmethod of claim3, wherein the '
bondi Ng eSdrbiee kIFES. 1 Bl Below), thelbeigtt information egselysafde R@loenie grobp

consi sting of{ a single die wire bond;
_ derived by a least-squared solution.
[00350] In various embodiments, to enh.anc_e the repeafélbility of a reference height
measu;‘én;tent, not a single height may be calculated, but 'a small search area may be
defined w1thm each reference heiglit ROI to :al-low matchi'ng of multiple points and to
calculate multipl_e reference height within a ﬂ'a.t area. Staﬁéﬁcal process may. be applied
to get the begt height. | | _
[00351] ~ In 2804, also a global reference i)lque may be determined. By matching three
small ROIs in multiple views, a 3D refgr;sn::e plane may be built. Other features
calculated fnay be projected to this reference plﬁne to make comparison between manual
measurement and automatic measurement possible. The lef;llc_lﬁ'ame surface or die surface
may o-ft'en be selecfed as reference plane.
[0b352]. In 2806, dic tilt in the 3D worl.c'l.coordinate syéfpm may be determined. As
indicatéd in create 3D recipe step 2312 w1th reference to FIG. 23, four ROIs may be
defméci in each view to cover four cormers w1thm a die. In'varid‘us erﬁbodiments, at least
three .ROIs may be desired to be defined. to determine die tilt and in various
embodiments, four or more than four ROIs may be used. In_va.rious e.mbodiments, a best-
fit plan;.e may be determined from heights measured from ':I_natched four ROIs. Die tilt
- angles alpha, beta and gamma in reference to .th;a X, Y, and z axis of 'the world coordinate
 systerd may be determined and stored as die tilt angles. Av;arage die height may also be

calculated by averaging four ROI heights and with respect to the global reference height.
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a stacked die wire bond; a power device wire bond; a gold wire bond;
an advanced ri bbon bondi ng; and a m croel ectronechani cal Systens

devi ce. 5.WPa0p0¢ds of any one of clains | to 4, wherRET/8G29/0000¢2 Or
nore stereoscopic images are taken using a plurality of area scan
cameras, the plurality of cameras taking one or nore two-dinmensional
i mges fromthe substrate fromrespectively different perspectives;
wherein the one or nore stereoscopic images are forned_fromthe one -

or mor e [00853Ki {mearidus resiboliverntss in addtionitp Genr ahie 1ik AL dgBneddpsife dieof
the plurality of caneras. 6. The nmethod of any one of clains:-1to 5,

surface, four ROIs on leadframe surface othe; reference surfaces may be defined which
may be desired to be as near the corresponding die tilt ROIs as possible, Die tilt may be

. formulated as four sets of differences befwéén die ROI height and its corresponding

_ leadfré.mg or other reference height nearby. -

[003;54]. In 2808, wire loop heights for small wires may be determined. As indicated in
create 3D Irccipe step 2308 with reference to FIG. 23, for each small wire, one (or more)
line shape'-ROI may be defined in each view. Subpixel edge; detection algorithm may be
used t:(.). determine the transitions across wire area accuratéiy. For a white wire (shiny
wire in‘ﬁle multi-view images), a typical transition may belfrom black (background) to
white (wire body) and then back to black (background). In some aréa, black wires may
occur, | In ,";hat case wire transition may foll.oﬁ the transition pattern from white to black
to white. -
[00355] In various embodiments,.after determining wire transitions with or without
ldowleﬂg¢ of wire thickness, wire centroid may be traced v:rith subpixel accuracy in each
view. Instead of using correlation based stereé; matching, _which not only may result in
some false matches, but aiso may suffer from poor accurac'?.', fee‘lture .(e. g subpixel wire
centroids)‘based stereo match may be used to reconstruct_wh;e loop with high accuracy.
[OOSSGj _Iu various embodiments, the procedure of featurg based stereo matching may
be as foli.ov;rs: after detecting subpixel wire centroid points i.n all vie\fvs, the' centroids may

* be ordered for each wire in a top-down or leﬁ-ﬁéht manner.’ For each centroid in the first

| view (i-mage), global o.r local epipolar geoﬁl_etry may bell applied to the second view

(imaée) to define the search line (for epipolar constraint, see the global fundamental
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wherein the one or nore predefined regions of interests is rnached to
the regions of interest in the reference nodel of the reference
bondi ng stw0cp19/08066% t he reference substrate using al i UTEG01MOM0HNGS
on the substrate, 105 7.The nmethod of any one of clains | to 6,
wherein the ene or nore two-di nensional feature paraneters conprise
features selected froma group consisting of: ‘a gl obal reference
point; a | ocal” reference point; a wire bond placenent; a baondjn
Wi dt h: natbafor epipvigt lne calcylating siep 81 Wnand:theylogal fpndapenipf ’éﬁmxaf%la??g
Iocatlon a wire placenent;

epipolar line calculating step 31 14in a 3D calibration session described with reference to

pad

FIG. 31 below). Two nearest centroids to this epipolar line in the second view may be
. determined. The intersection point between the epipolar line and the line determined by
these .‘two centroids may be considered as t];e matcﬁing point to the selected centroid in
the ﬁ-rst'view. If there are multiple views, the feature based matching may be performed
accordingly. After establishing stereo correspondence, 3D coordinate of a wire centroid
point ma'y be calculated through a process called triangulation. Least squared solution or
other means may be used to triangulate for 3D reconstruction.
[00357] In various embodiments, stereo méltching may be established as follows: at
first subpixel wire centroids in the first view may be calculated. For each valid wire
centroid 111 the first view, global or local epipolar geometryr.'may be applied to the second
view (image) to define the search line. Transitions 'c|111:01j1g the epipolar line may be
detenﬁngd to find the centroid, which may be the matcih:;in"g point of the centroid in the
first view. :
[00358]. Continuity constraint may be applied to the recoﬁ;tructed 3D wire centroids to
filter out 'abnormal points. - | o
[00359] ' In various embodiments, it may be desired to determine the highest or the
lowest point in a wire loop. A subpixel 1:)'eak‘ or valley interpolation scheme may be
adopted. " Assuming the highest point z height is z1 and 20 and z2 are two neighborhood

" points, the subpixel peak p may be calculated as

| p=(z2-20)*(z2-z0)/8/(20+22-221)+z1.
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a wire bond width; p. die surface defect; a die placenent; and a |ong
tail. 8. The nethod of any one of clainms 1 to 7, wherein the one or
nor e t hr eewoizodnigisohal feature paraneters conprise featrarss2a@loemied
froma group consisting of: a global.reference height; a |ocal
reference height; 106 a default die tilt; a die tilt;

[00360] — In one embodiment, a correction n:-Lay be made on the reconstructed 3D wire

loop. -Mathematically, matching first view and second’ view or more views to get

h‘iangulation value of z height may calculate the wire centre height, not the true wire top
. height..‘ A correction may be calculated from camera tilt angle and the wire radius.

Assuriling the raqlius of a wire is r and the camera t'ilt angle is alpha 1, the correction dz

may be éxpresged as

z_corr;ec}tipn =z+dz

where

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 exhbodimerﬁs, a correct may be

forrmilateti as |

dz=al*r

where al may be a constant depending on the wire 'size, camera tilt angle and

eﬁperimer;tal result and r may be the radius of the wire.

[00362] To ﬁ1rthe_r increase the accuracy of small"‘wire detection, in various

embodiménts of the méthod, a scheme ca_illed double reS(.Jlutic;n -or any kind of

superr_esoiution may be applied to increase the resolution around wire ROIL In various

embodiments, double resolution may use difft;rent interpé:lation schemes for different

wire regior;ts: slow changing smooth areai, ‘wire rising e&ge, wire top afea and wire

descending edge. The interpolation schemes may be knowledge based operation
. resulﬁng from experiments using specified stereo light w]?ich may combine dome light

and coaxial light in one. Alternatively, linear .or cubic interpolation may be used, though
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a wire |oop height; a bond heights for each wire; a conponent on the
unknown quality | eadfranme; and a die conponent on the unknown quality
| eadf r ame. WO.2010/06fet hod of any one of claims 1 to 8, VHGIYSE2pM00M@4DNe
or nore inmages conprise one or nore inmges selected froma group
consisting of grey scale image; nulti-color image; and tenperature
profile imge. 10. The method of any one of clains 1 to 9,

determning the reference nodel of the reference bo ure of
the ref teanpét map e lessaepeatsblesandrlpss popae tameths ﬁ%‘@wﬂag gase‘i iio‘gl%lﬁ
nmet hod of any one of clainms Ito 10,

resolution.

[00363]  Double resolution or superresolution may be used for small wires since some
_ of the gold wires may have diameters as small as 18um. Depending on the microscope
lens used, in some cases the wire thickness in an image (view) may be just 1.7pixel. A
double résolution to 3.4pixel may make the subsequent subpixeling edge detection much
easier and 'reliainle.
[00364] | In 2810, wire loop heights for lar'g'e wires may be determined. As indicated m
create 3D recipe 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 mconstaﬁc;y in large 'wire surface conditions and
reﬂectivi_tiés. Sometimes, there may be a -symmeh'ical shinny strip on a large wire
surface, which may make centroid detectit;n Apossi‘ble. On’ other occasions, the surface
roughness may result in multiple black islands ;)n white shinny surface, which may make
centroid gietection 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 rr;a)'r be formulated as’
dz=a2*r
where a2 may be a constant dependmg on the wire size, camera tilt angle and
expenmental result and r may be the radius of the wire.
(00365] - FIG. 29 shows an illustration. 2900 of wire 1001.3 height ROIs and

measurement in accordance with an embodiment. For example, a first loop height ROX
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wherein at |east one of a wire bond |oop height and a bond hei ght are
nmeasured using subpi xel wire centroid based matching and

tri angul atWeR010{a®eRi n subpi xel i ng net hods conpri se usiBEF/SeR010660942
one of constant photon energy constraint, nonent based constnint, and
Ilnea_r or cubit: interpolation. 107 12. The nethod of claim11,
wherein determining the wire centroid conprises using at | east one of

superresol uti on and double resolution to increase the detestabilit
of Wi r e2902138 secbhé lavptheisht BOL P8, e thind laghdieighhRL 2P%§{1‘9 Brf%‘“&‘faloc‘p Y

| ocal i zed calibration paranmeters and |ocalized epi pol ar are used to
achi evehﬁglgmomae&memn-accur acy. 14. The nmethod of any one of
claims Ito 13, wherein 2D and 3D r ecipes are created through a '
| ear ni ngpopégic eBstutmnglef Fite 280inced2,0ir¢ hord beights fornspdlcvirgnmmePhods
and inspection paraneters. 15. A bonding str ucture inspection device,
conpr i Sdéermined to check bonding conditions three dimensionally. As indicated in create 3D

recipe% step 2314 with reference to FIG. 23, for each small wire, one or more line shape

ROI; may be Fleﬁned in each view‘. Wiré'bond height measurement may serve two

purposes: one may be to determine if there is any lifted wire and the other may be to

determine bondiJ_:lg quality based on 3D profile analysis at t]:;e location where the bonding

width is the biggest. '

[003671 In accordance with various embodiments, to deté:rmine the bonding height, a

small predefined area around widest bonding width may ll:)e selected and feature based

stereo-matching may be performed to get a sequence of bc;nd heights at wire cenfroids.

Staﬁstiéal processing and filtering may be a];;plied to get the bond height.

[00368] " In various embodiments, to d-etermine the bonding 3D profile  at widest

bonding: width location, a fixed (alternatively a dynamic)’_correlaﬁon window may be

selected. | Correlations may be measured for each pixel along the profile line to get the

best imatch. In this way,-3D profile of wire bonding at widest bon.din'g 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 ;fleasurement of a good wire. If the difference is big,lthe device may be rejected as

" bad bonciing wire. 2

 [00369] _Tn 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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a substrate receiving region configured to receive a substrate, the
substrate conprising the bonding structure to be exam ned; a
st er eoscopWe 2PWége0set er m ni ng devi ce configured to detRIT/AGIE100N@4Dr
nore stereoscopic i mages conprising one or a plurality of predefined
regi ons of dinterests of portions of the bonding structure to be
exam ned, the predefined regions of interests corresponding to
reference regions of interests in a stored predeterm ned reference
model ofdzeblfef erence bondi ng structure of a reference substrate; a
menory configured to store the predeterm ned reference nodel of .a
r ef er enchetedridhaypest qonstentrdepeids an thefvareasieecanss i apgle andprperineiialt yr e
determ ner configured to determ ne one or nore two-di nensional
f eat ur e r¢gzalt andt reaysbeathelradive ofthervoree t hr ee- di nensi onal feature
paranmeters of the bonding structure to be exanm ned fromone or nore
of a pl yegs7ot y o8 Mhevipriedé hiigbt ferdgige vares fnay e determised. o Ag indipated
determ ner configured to determ ne as-to whether the determ ned
f eat ur e ipakeseBDeasdpd stdpf 1316 with tefeaente RGP R2adef ¢ask thrgpueire, oge ermeEr i on -
with respect to the reference nodel. 16. The bondi ng structure
i nspect ilpB sBf¢i s afaycheadsfindd in wavhiréw . (Shuailas Uiks tir atsmallswisds easeeld from
a group of substrates con:sitting of:.a sem conductor substrate; a
pol ymer dstehsing alebonding height, Asmblapicdefired bsh mamed widest bimding gidth mpy
structure inspection device of any one of clainms 15 or 16,

be selected and feature based stereo matching, or correlation based stereo match, may be

performed to get a sequence of _bon;:l heights around wire centroids. Statistical processing
and ﬁlten'ﬁg may be applied to get the bond héi ght.

[00371]‘ As an alternative embodiment to the above described iﬁsPecﬁon steps, a so
called visibility constraint may be introducéd to improve stereo matching accuracy and to
minimize "occlusion effect for a large wire. The visibilit_!y constraint may desire that
occlusion in one image and disparity in the othér- 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 iﬁiages equall;. An iterative optimization
algorithm may be used to lapproxjmate the mlmmum of the energy.

[00372] " To determine the bonding 3D proﬁ.l._e'at widest bc;_nding width location, a fixed
(alternatively a dynamic) correlation window may be selected. Correlations may be
measﬁreld for each pixel along the profile lihe to get the 'b'est matph. In this way, 3D
profile o:f 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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wherein the bonding structure is a wire bond structure. 18. The

bondi ng structure inspection device of claimwherein the bonding
structure WO 2010004685 bond structure sel ected froma gromECTEESI0SMY O
a single die wire bond; a stacked die wire bond; a power device wire
bond; a gold wire bond; an advanced ribbon bonding; and 109 a

m croel ect rornechani cal systens devi ce.

method, or other methods) with the reference bending profile derived from measurement
ofa go-od lwire. If the difference is big, the device may be rejected as bad bonding wire.
[00373] | In various embodiments, visibilit.y constraints may be present and a correction
. may Bé c_alculated from camera tilt angle and the wire radius to adjust the triangulation
result of 3D profile:
dz=b2*r
where b2 may be a constant depends on the wire size, camera tilt angle and experimental
result and r may be the radius of the wire. | ..
[00374] In various embodiments, a laser thermal s';énsor based heat detection
subsysteﬁ may be used to detect the lifted wire. The meithods of heating may include
placmg hegters (in various embodiments for example non c.ontact; in various
embo;li;znéﬁts for example contact) under the leadframe and heat up bonded leadframes to
acceptable termperature level, or projecting f; focused heat source on the wires.
[00375_] When applying heat source undexl leadframe, théT ;Jeat may be transferred from
the leadframe to the die and bonding pléicés, if a wire is bonded well. Hence the
tempe.rature may be higher from a good boﬁd tﬁan a lifted or partially lifted wire. When
applying heat source from above, heat may be dissipated frorﬂ the hef;ted spot of wire
thJ'ougl'; the wire to die pads and 1eadfram‘e,_under the condition thgt a’ wire is bonded
well,. Th{JS the temperature may be lower fOI“;l good bona as compared to the lifted or
partially lifted wire.
[00376j . In various embodiments, by usingllaser 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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19. The bondi ng structure inspection device of any one of clainms 15 to
18, wherein the stereoscopic inage determ ning device conprises; a.
plurality ¥ 281088064Fan caneras, wherein the plurality @FCTESe0480087 €
arranged to -take one or nore two-di mensional images fromthe -
substrate fromrespectively different perspectives; and a
stereoscopi c i mage determ ner configured to determ ne the one or nore
st ereoscopi-c i mages fromthe one or nore two-di nensi onal inmages taken
from at [108ZEt Iwthecfaliewiae, mypcesses of Cammerei A0, ansk 31 gakhration 13 fecoppmee
bondi ng structure inspection device of any one of clains 15 to 19,

f ur t her with vpridusiemyodiments gl bndeseribed iy ratsrenemto dler 3¢ HFTIGurdd t o

mat ch the one or nore predefined regions of interests to the regions
of intef@esT8]i n A kndrerleind rdh ceonsbieiionofandre sysgre eaycEclugd fyp 9F more
structure of the reference substrate ‘using alignnent tnarkings on the

subst r atigleathageltamebmsnetion of whickiotay ilidesyfelh senorradiadcd focahipnghe of
clainms 15 to 20, wherein the one or nore_ two-dinensional feature
par anmet @ins syt bt, atterhethtely; @ CM@S dnagedsehyop andisugh alenscusiens i Hefiays: a
gl obal reference point; a |local refeerence point; 110
embodiments, the single-image cameras may simpltaneously take one image each. These
imagesi may be- referred to as an image pair. With the aid of the images taken, a direct
distance. measurement of objects visible in both images may be made.
[00379] For t-ietermining the d{stance, it may be desi:ed to precisely know each
cameré’_s .'p;u'ameters, s.uch as camera (-aﬁd lens) distotrtion, camera location and
orientation, image centre, y/x ratio etc. Thes-e camera parameters may be derived from a
process of cﬁera calibration. |
[00380] FIG. 30 shows a flow diagram 3000 illustrating calibrating 2D inspection in
accordance with an embodiment. '
[0'038'1]- In3002, calibrating a camera for 2D measuremerit may be started.
[00382]' " In 3004, one or more snap(s) of a static calibrafion target may be performed.
If moré snaps of the calibration target are performed, an aw".r'érag.ing p'roc'ess may be used
to calculate average image for later use. |
[00383] In 3006, subpixel target centroi-d. determination ﬁ.L‘ElCtiOI]; may be applied to .
calculaié all target centroids. In various emia_odiments, ceﬁtroids may be calculated by
- using zerc;-crossing, multi-cut threshold methoc-is. {&ftér target fea;cure detection, world

coordinates which may correspond to the image coordinates of the target features may be

calculated.
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a wire bond placenment; a bonding width; a tail length; a die
location; a die orientation; a bond pad location; a wire placemend a
wire bond Woizatorosas di e surface defect; a die pl acementecssiom/obsag
tail. 22. The bondi ng structure inspection device of any one of clains
15 to 21, wherein the one or nore three-dinensional feature

parameters conprise features sel ected froma 'group consisting of: a
gl obal reference height; a local reference height;
[00384] Tn 3008, global camera parameters may be calculated from derived target

points with known world and image coordinatés. Various camera models such as direct
linear transformation for 2D (DLT 2D), affine, or Tsai 2D may be used. For an affine
. model, for instance, 9 camera parameters may be calculated from calibration targets.

‘ [00385] . In 301.0, local camera parameters may be calculated from derived target points
with- kné;wn world and image coordinat_es. Unlike globa_l calibration, which may
calculate one set of camera parameters for a whole imaging system with camera, lens and
grabber, local calibration may calculate different camera parameters at different image
locati:ons. In various embodiments,'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 show;s a flow diagram '-BilOO'illustrating' calibratiﬁg ;:1D inspection in

accordémce with an embodiment. -

[0038§)i In 3102, calibrating all or some cameras for 3D mieasurement may be started.

[00396] | In 3104, one or more snap(s) of 'alstatic calibratiﬁn target in each view may be
- performed. If more snaps of the calibration_ tﬁrget are performed, an averaging process

may be used to calculate average image for later use.
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a default die tilt; a die tilt; a wire [oop height; a bond heights
for each wire; a conponent on the unknown quality |eadfranme; and a

di e conpon¥AZ0WAWNRME 11311IMOW | qual ity kadf CTAG2 ;
Sheet | PEA/ AU quality kadfratticl 11PCTAGeNA8:2

[00391]° In various embodiments, a calibration target may be desired to be moved to a
different height to image target features at a different height to make 3D calibration
accuréte.. In various embodiments, a three dirgensional calibration target with staircase
. design may be used. In this case the calibfation target may have two (or more) levels.
All featuré points_ on level 1 may have z height value z1 and all feature points on level 2
may l}a;ve z he‘ight value z2. By snapping one image of such a calibration target, 3D
calibration may be performed without moving calibration target up and down.
[00392] In 3196, squixel target centroid determination function to calculate all target
centroids in all views may be apl.alied. ("Jentroids may be calculated by using zero-
crossipg, multi-cut threshold methods. After-targct feature detection, world coordinates
which may correspond to the image coordinéteé of the target features i:uay be calculated.
[00393] "In 3108, global camera paraméters may be calculated from derived target
points with known world and image coordinatcls. 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] In3l 10, local camera parameters r;my be calculatiad ﬁ'om t.ieri.ved target points
with lcm;“;n world and image coordinates. [ various embodiments, for ¢éach region, 3x3
or 5x5 calibration targets nearest to the cénti'e pixel may be used to determine the
localizeti ;;:alibration parameters. |
[00395] In 3112, global stereo vision fu'ndament.al matrixes and epipolar equations

_may be determined. In 3114, local stereo vision fundamental matrixes and epipolar
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23. The bonding structure inspection device of any one of clains 19
to 22, wherein the plurality of caneras are selected froma group of
canmeras coweistoimgooft a grey seal s image canera; a nmulpdr/Seabnodomnge
canera, and a tenperature profile inmage canera. 24. The bondi ng
structure inspection device of any one of clainms 15 to 23, further
conpri si ng: a nodel determ ner configured to determ ne the
reference nodel of the reference bondi.ng structure of the reference
subst r akguatiefs ma e erchingd. s Mheset mateixésnad ewmpitions deay| eeussd fenstersme of
clains 15 to 24, wherein the bonding structure inspection device is
conf i QukRething AR 3B WERnafucti@ast one of a wire bond | oop height and a
bond hei ght Using subpixel wire centroid based matchi ng and

tri anguliggsogn, WHEIGEbdnatisRphaseddl degennintd baked oweaudrs model iuseyl fat inkagaist

one of constant photon energy constraint, nonent based constraint,
and | i Ng@yofd corlhfe irits@rmeti@t dndRise ¥6rse. The bondi ng structure

i nspection device of claim?25, wherein the bonding structure

i nspect ijqpode virg 81185 2 SORbEIG R edud wigliRrmidie the wire centroid using-
at | east one of superresolution and .double resolution to increase the

det est alﬂldi@h]y Qi thefventionbhhe been particularly shown and described with reference
to specific embodiments, it should be unde_rstood 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 b‘y 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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Received 1 July 2010 27. The bonding structure inspection ig{}}/ﬁg2%0/000042
claim 24, wherein the bonding structure inspection device iseceived]July2010
configured to use at | east one of |ocalized calibration paraneters

and | ocal i zed epipolar to achieve high neasurenent accuracy. 28. The

bondi ng structure inspection device of any one of clainms IS to 27,

wherein the bonding structure i nspectélgrﬁmdevi ce is further configured

to create 213 and 3D recipes through rning process to define
regi ons of wjt erests,. inspection nethods and inspection paraneters.
113 at 18 elaimed is; .

1, A method for on-the-fly examining a bonding structure of a substrate within pre.

def'm-ed regions of interests, the method comprisi-ng;

providing a substrate comptising a bonding structure to be examined;
deFennj:ﬁng one or more stereoscopic images comprising one or a plurality of
predefined regions of interests of portions of the honding structure to be
¢xamined, the predefined regions of interests corresponding to reference regions
of interests in a stored pre_&ctermined reference model of a reference bonding
strechure of a reference substrate; |
determining one or more two-dimensional feature parameters and one or rmore
three-dimensional feature paramicters of the bondiné structure to be examined
from one or mor; of a piurality of the pro&cfmed regions of mierests; and |
determining as to whether the determined feature parameters fulfill at least one

predefined quality criterion with respect to the reference model.
2, The method of claim ],
(,_ . wherein a substrate is provided se:lectéd from a group of substrates consisting of}

a semiconductor §ubsh'atc; a polymer substrate; and an insilating 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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The method of claim 3,

wherein the Bonding structure is a wire bond structure selected from a group
consistix;g of:

a single die wire bond;’

a stacked die wire bond;

a power device wire bond;

& gold wire bonld;

an advanced ribbon bonding;. and

& microelectromechanical systems device.

The method q'f any one of claims 1 to 4,

wherein the one or more stereoséopik: images are taken using a plurality of area.
scan cameras, the plurality of cameras taking one or moré two-dimensional
ime;gcs from the substrate from rcsl;ectively different perspectives;

wherein the one or more stereoscopio images are formed from the one or more
two-dimensional images taken from at least two cameras of the pluraiity of

cdmeras, -

The method of any one of olaims 1 to 5, -

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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The method of any one of claims 1 106, -

wherein the one or more two-dimensional feature parameters comprise features
selected from a group consisting of}

& global reference poi.ﬁt;

a'local reference point;

a wire bond placexﬁe.nt;

a bonding width;

- a tail length;

a die location;
& die oriemtation;

a bond pad location;

awire placement;

a wire bond width;
a die surface defect;
a-die placement; and

a long tail..

The method of any one of claims 1 to 7,

- wherein the one or more three-dimensional feature parameters comprise features

selectéd from a group consisting of:
a gl_ob.a'l reference height;

a local reference height;
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a default die tlt;

a die tilt]

a w‘u'_e laop height;

& bond heights for each wire; .

a companent on the unknown quality ]ead&am;; and

a die component on the unknown quality leadframe,

The method of any one of clairns ] to 8,
wherein the one or more images comprise one or more imapes selected from a

group consisting of: grey scale image: multi-color image; and temperature profile

‘image.

The method of any ane of ¢laims 1 to 9,
determining the reference model of the reference bonding. structure of the

reference substrate; and

'storing the reference model,

‘The method of any one of claims 1 to 10, .

wherein at least one of a wire bond loop heighf and a bond height are measured
using subpixel wire centroid based matching -and triangulation, wherein
subpixeling meﬂﬁds_ comprise using at least ane of constant photon energy

constraint, moment based construint,-andlin;:ar or cubic interpolation,
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The method of claim 11,

‘wherein determining the wire centroid comprises using at least one of

superresolution and double resolution to incresse the detestability of wires.

The method of claim 10,
wherein at least one of localized calibration parameters and localized epipolar are

used to achieve high measurement accuracy,

The method of any one of claims 1 to 13,
wherein 2D and 3D recipes are ereated throngh a learning process to define

regions of interests, inspection methods and inspection parameters.

A Eonding structure inspection device, comprising:

a sul;;strate receiving region conﬁgﬁred to. receive a substraté, the substrate
comprising the bonding structure to be examined;

a stel;eoscopio image determining device configured to determine one or more

stereoscopic 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 correspondirig to reference regions of interests in a stored

predetermined reference mode! of a reference bonding structure of a refercnce

 substrate;

.a'mcmory éonﬁgurcd to store the predetermined reference model of a reference

banding structure of a reference substrate;
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a feature determiner configured to determine one or more two-dimensional feature
parameters and one or moré three-dimensional feature parameters of the bondiné
strﬂctﬁrc to be examined from one or more of & plurality of the predefined regions
of intgrests; 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.

- The bonding structure inspection device of claimi 15,

wherein the substrate is selected from a group of substrates consisting of: a

semiconductor substrate; a palymer substrate; and an insulating substrate,

The bonding structure inspection device of any one of claims 15 or 16,

wherein the bonding structure is a wire bond structure,

The bonding structure inspection device of olaim 17,

wherein .the bonding structure is a wire bond sr;rucnms selected from a group
consisting of} -

a single die wire Bond;

a stacked die wire bond;

" apower device wire bond;

. a gold wire bond;

an advanced ribbor bonding; and
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a microelectromechanical systems device.

The bonding structure inspection device of any one of claims 15 to 18,

wherein the stereoscopic image determining device compﬁsés:
a. plurality of area scan cameras, wherein the plurality of cameras are
mahged to take one or more two-dimensional images from the substrate
from respectively different perspectives; and - |
a stereoscopic jmagc determiner configured to determine the one or more
stereoscopic images from the one 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 cluims 15 to .19,_furthcr_

comprising:

" & reglons of interest matcher configured to match the one or more predefined

regions of interests to the regions of interest in the reference model of the
reference Bnuding structure of the reference substrate using alipnmient markings

on the substrate,

The bonding stfucture inspection device of any one of claims 15 to 20,
wherein the one or more two-dimensional feature parameters comprise features

selected from & group consisting 6f:

a global reference point;

a local reference point;
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a wire bond placement;
a bonding width;

a tail length;

a die location;

a die orientation;

2 bond pad Jocation;

a \-vire Placement;

a wire bond width;

& die surface defect;

a die placement; and

a long tail,

The bonding structuré inspection device of any one of claims 15 to 21,

‘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 .defaplt die dlt;

a die tilt;

a wire loop height;

a bond heights for each. wire;

. acomponent on the unknown quality leadframe; and

a die component on the unknown quality leadframe, |
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The bonding structure inspection device of any one of claims 19 to 22,
wherein the plurality of cameras are selected from a group of camerss consisting
of: a grey seale image camera; a multi-color image ¢amera; and a témperature

profile image camera.

The bonding structure inspection device of any one of claims 15 to 23, further
comprising:
a model determiner configured to. determine the reference model of the reference

bonding structure of the reference substrate.

The bonding structure inspection device of any one of claims 15 to 24,

wherein the bonding structure inspection device is cr:mﬁgurcd to measure at least
one of a wire bond loop height and a bond height using subpixel vﬁ..pe centroid
based matching and trisngulation, wherein subpixeling methods comprise using at
least one of constant photon energy constraint, moment based constraint, and

linear or cubic interpolation.

The bonding structure inspection device of claim 25,

wherein T.he. bonding structure inspection- dcvxce is conﬁg‘ured to determine the
wire centroid using at lcast one of superresolution and double resolution 1o

increase the detestability of wires,
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The bonding structure inspection device of olaim 24,
wherein the bonding structure inspection device is configured to use at least one
of localized calibration parameters and localized epipolar to “achieve high

measuremett accuracy.

The bonding structure inspection device of any one. of claims 15 to 27,
wherein the bonding structure inspection device is further configured to create 2D
and 3D recipes through a leamning process to define regions of interests,

inspection methods and inspection parameters, ‘
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