29 DEC 2006 -1 M SSING DI E DETECTION FIELD OF | NVENTION 5 The present

I nvention relates generally to the detection of objects and to the

manuf act ure of sem conductor devices fromsilicon or sapphire wafers, 24RHC 2006
nore particularly to apparatus and rret_hfgls for the detection of m ssing
dice, for exanple when picking dice up troma wafer and placing the dice at
a bonding position. 10 BACKGROUND After fabrication and dicing of devices

formed on a wafer, the individu J dli ce _'o }|<_ed up fromthe diced wafer
by a collet in a pickup head aﬁ%@ﬁ-&%ﬁéﬂdi ng position on a
carrier, substrate or other device, for further processing. To avoid the

om ssion o [ tion units it is desirable to raise an alarm if
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t he pi ckup 0 pick up and place a die at the bonding |ocation. 20
Known detection systens generally use a |ight source and a |ight sensor

whi ch are _aligned and pl aced on opposite sides of the site where the
presence off hapresert ivendionoisiates, genprally dahe datectipr of; gbjestsyandeicetieed.
The presen Lect i ot eL:f | ; ot a
narr ow beaﬁfaéﬁj ff?(jf;tgﬁet Bfﬁﬁﬁ%@trd”%o Iqe%n)éc%e%dfr% élp(arﬁére%b%%émwgﬂsétgﬁp grgoﬁé; t he
sensor. Theadeutlyi ¢o dppdratuss andometiiods dot tBé detéctidredoff missingediseurfoe i s
used an indication that the qgbject is not present at th ite. nver sel vy,
t he absenc&%amplg yken g Elgea'cﬁr%f'f%as ey cP'ﬁ%‘chtﬁéoé'S? aty ghandingr i s
used an i”gbgiﬁ hon that the object is present at the site. However, these
known systens Tail in the case of transparent, or even partially 30
transptdent, objects where light can be transmtted through the object, and

a relativel r ignal can still be received by the sensor even when
the obj ect E@ﬁéﬁﬁg@@

After fabrication and dicing of devices formed on a wafer, the individual dice are
picked up from the diced wafer by a collet in a pickup head and placed in a

15 bonding position on a carrier, substrate or other device, for further processing.

To avoid the omission of dice from production units it is desirable to raise an alarm

if the pickup head fails to pick up and place a die at the bonding location.

20 Known detection systems generally use a light source and a light sensor which are
aligned and placed on opposite sides of the site where the presence or absence of
an object, for example the die, is to be detected. The presence of the object at the
site interferes with transmittance of a narrow beam of light (whether collimated or
focused) from the source to the sensor. The detection by the sensor of light

25 radiated from the source is used an indication that the object is not present at the
site. Conversely, the absence of light radiated from the source and detected by

the sensor is used an indication that the object is presént at the site.

However, these known systems fail in the case of transparent, or even partially
30 transparent, objects where light can be transmitted through the object, and a
relatively strong signal can still be received by the sensor even when the object is

present.



29 DEC 2006 -2 SUMVARY OF INVENTION It is an object of one enbodi nent of
the invention to provide an apparatus for 5 determning if an object 3bHgc 2006
m ssi ng, which apparatus reduces the occurrence of false indications, or at
| east provides the public with a useful-ghoice. It is an object of a second
enbodi nent of the invention to provide a nethod for determning if an
object is mssing, which nethod reduces the occurrence of false 10

i ndications, or at |east provides the public with a useful choice. In one
aspect the invention may be broadly said to be an apparatus for detecting

t he presenSUMMARY Of INVENTIOM get object at a site of a collet assenbly,
the apparatus including a source of light adapted for illum nating at | east
a portion of 15 the site, and a |ight detector adapted for receiving at

| east a pajt isoéntdlfzeét' Mbné ré?ﬁbo&ﬁ%rﬁ%ﬂtﬁé Wbéﬁtlér?fté Qﬁbﬁaeban pparsas fBPJh ect

| ocated at the sit Optionally the apparatus is adapted for detecting t
presenc® ofletérminiaggétanobbject is missing, sMhth apearattu@ re@um thebpecurrenessoht s a

f |l 20 det wh h
1 i nat 1 Ao cidhoner BsAS BsViEThE pLa e SHEA LR BIBREN T 21 1y nor ma

to said orientation. Optionally the apparatus includes a beamsplitter, and
light fromthe source travels through the beamsplitter to illumnate the
portion of Itisearsiobgct mica seeend iegiodimgnt ef the inuenbignttheprodidgea noethedtfor s

A oron | v defEing T ab Mied 3 higgihg fhio BRI feftons B8 beBiMERtE Phfaise

por ti ong of jddiSaticiist ©r ankkakhprdvidiy thegdubtie ath yisehig chaicaet obj ect travel s
through the beam splltter to 30 the light detector. The |ight detector may

be an i nage sensor or a power sensor. 29 DEC 2006 -3
In one aspect the invention may be broadly said to be an apparatus for detecting

the presence or absence of a target object at a site of a collet assembly, the
apparatus including a source of light adapted for illuminating at least a portion of

15 the site, and a light detector adapted for receiving at least a part of the light from
the source when reflected by a target object located at the site.

Optionally the apparatus is adapted for detecting the presence of the target object
at the site when the target object presents a surface substantially at a
20 predetermined orientation, wherein the illumination is incident upon the portion of

the site substantially normal to said orientation.

Optionally the apparatus includes a beam splitter, and light from the source travels
through the beam splitter to illuminate the portion of the site, and said light

25 reflected by the target object is further reflected, by the beam splitter, toward the
light detector.

Alternatively, a beam splitter reflects light from the source toward the portion of the
site and the light reflected by the target object travels through the beam splitter to

30 the light detector.

The light detector may be an image sensor or a power sensor.



The light may be visible or invisible radiation. Light fromthe source may

be collimted or focused into a beamfor illumnating the 5 portion %Dﬁig%w
site. Optionally the illum nating beamis approxinmately 0.02 to 0.5 mMmw

at the portion of the site, and nost prgterably 0.05nm 10 Optionally the
source of illumnating |light and the |ight detector are both on one side of

the site and a dark background is | ocated on the opposite side of the site.
The target object may be substantially transparent. 15 The target object may
have a refractive index not equal to 1. Optionally the refractive index is
appr oxi mat &hg lighbmaythé higibleor bnidiblefratiationour ce of |ight and the |ight
detector may be located renotely 20 fromthe collet assenbly. In a second
aspect the invention nay be broadly said to be a die handling device

| ncl uding, Righfltofih 1S SERREYnP belb iRy dbetsehHicPa pRBRRIAINIAGRRE Hhed | O

t he irst or any of e options o irst aspect, erein"the die
i's the 5ar@et‘[|or\26fthbjsﬁet In a third aspect the invention nmay be broadly
said to be a nethod of determ ning the presence or absence of a target
object at a site of a collet assenbly, including the steps of: 30 (a)

L Tum nat | Rhirhalif aRe mumétwpﬁgéﬁ rsﬁgﬁhl;o%mé@y Y21 08 Forh | Fidle gﬁg@@; or

to receive t a part o atin when reflecte

t arget obj mﬁndmu%e(tltehandlnnmst metdarﬂﬂylﬂi(![smﬁOG -4 (c) detecting said
illumnating light reflected by said target object and received by said
detector. Optionally the nethod determ nes the presence of the target object

at theqgit @p&%n‘gﬂﬁﬁhé hurdd BetiRingfihg MoREBRESNE IRfHt frtsctor s otk dlnl yndt @

Py edetermn
side of the site and a dark background is located on the opposite side of the site.

The target object may be substantially transparent.
15  The target object may have a refractive index not equal to 1.
Optionally the refractive index is approximately 1.55.

Either or both of the source of light and the light detector may be located remotely

20 from the collet assembly.

In a second aspect the invention may be broadly said to be a die handling device

including a collet assembly for holding a die, and an apparatus according to the

first aspect or any of the options of the first aspect, wherein the die is the target
25 object.

In a third aspect the invention may be broadly said to be a method of determining
the presence or absence of a target object at a site of a collet assembly, including
the steps of:
30 (a) illuminating at least a portion of the site,
(b) arranging a light detector to receive at least a part of the illuminating light

when reflected by a target object located the site, and



orientation, and said illumnating light is incident upon said portion of

the site substantially normal to said orientation. Optionally the ”EEDBEczmm
i ncludes the further steps of: 10 (d) passing said illumnating |ight

through a beamsplitter to illumnate sagpd portion of the site, and (e)
further reflecting said light reflected by the target object, by the beam
splitter, toward the light detector. 15 Optionally the nethod includes the

further steps : 1 ef i i-ghty: i ur, t d j tion
of said oi to. ) dstedineseRy, Mihatrilioh! Rhactd ©9.isaf aft bRt 881
t he target objectretéiveddly sdic dbtstorsplitter to the |ight detector. 20 The

| i ght detector nay be an inmage sensor or a power sensor. The light may be
visible or invisible radiation. 25 Optionally the nethod includes the

further st th'\éll)f precrﬂlemdéaﬁbfégnﬂ{esfﬂ'@ k&<kricaCof 'tHé“i*érgéF idbﬁ]dti&hfhei o a
beam for ill'umnating said portion of the site. Preferably e Il lumnating
beam i sb apwhexi tiee elayget. @Rjecd PreSents & darfatet siebstadtiglyr @t om pledelermined:,

and nost preferably 0.05mm .29 DEC 2006, .-5 Preferably the detection of the
"ot 1 oot e PHEDIATA, Gic SRk IKFGRng Aght i MEGEM,PERN SaidRACeEat (Peuste | n

the direct kQRsBRRAM hErmhA thidlid bAeNtich, | 1 ght is reflected by the target

object located at the site. 5 The target object may be substantially
transparent. Optionally the target object has a refractive index that is not
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10 (d) passing said illuminating light through a beam splitter to illuminate said
portion of the site, and
(e) further reflecting said light reflected by the target object, by the beam
splitter, toward the light detector.

15  Optionally the method includes the further steps of:
(f) reflec ting light from said source toward said portion of said site, by a beam
splitter, and
(g) passing said light reflected by the target object through the beam splitter
to the light detector.
20

The light detector may be an image sensor or a power sensor.
The light may be visible or invisible radiation.
25  Optionally the method includes the further step of:
(h) collimating or focusing the illuminating light into a beam for illuminating

said portion of the site.

Preferably the illuminating beam is approximately 0.02 to 0.5 mm wide at the

30 portion of the site, and most preferably 0.05mm.



10 Optionally the nmethod includes the further steps of: (j) making an

attenpt to pick up an object with the collet assenbly, (k) illum natihogge 2006
predeterm ned site at the collet assenbly, (1) arranging a detector to
detect illumnating light reflected fromgsaid site at 15 the collet

assenbly, (m nmaking a determ nation of the presence or absence of the
obj ect at the site at the collet, the determ nation being based on the

[t det eptefl i, he cHRURR! Orine IBnEEh AU FoiSh 4Lk 20 mbhalin o

reflected ground I'n

di rection dppobatlegrbond hiatthe minscticm dppgkite it thiadfinechield light ishmfleotqdeby tlmb]en
| ocated at the sjte, eq#n ntion may further be said to consist in any

al t er nat i v&Ar@shBabiest ‘OGﬁ tptgptsgte 25 or features mentioned herein or shown
in the acconpanyi ng drawi ngs. Known equivalents of these parts or features
whi ch are not expressly set out are neverthel ess deened to be included.

BRI EF DESCRhEThfJ¢t ObjeaRAEWNES subbtantialyetrapspaehbdi ment s of the invention

wi |l now be described, by way of exanple only and wi thout intending to be
limting, with reference to the drawi ngs of which: 29 DEC 2006 -6 Figure 1

shows a_sclogiRirafly the it jeft fad areRAGHEIRES, B hERBIUAToAn opti cal

arr angenent eterm hing ‘the presence or ence of a'die at
pr edet er mi ned I ocation, in accordance with the current invention, 5 Figure 2
shows a sche C %ag .a_ second alter nfal 4 gg enbodi mrent to that of
Figure 1 re erab|y erefr actnve index 1s approximately
10
' Optionally the method includes the further steps of:
(j) making an attempt to pick up an object with the collet assembly,
(k) illuminating a predetermined site at the collet assembly,
(1) arranging a detector to detect illuminating light reflected from said site at
15 the collet assembly,
(m) making a determination of the presence or absence of the object at the
site at the collet, the determination being based on the light detected by the

detector.

20 Preferably the detection of light reflected from the site in step (I) is made with a
dark background in the direction opposite to that in which light is reflected by the
object when located at the site.

The invention may further be said to consist in any alternative combination of parts

25 or features mentioned herein or shown in the accompanying drawings. Known
equivalents of these parts or features which are not expressly set out are
nevertheless deemed to be included.

BRIEF DESCRIPTION OF DRAWINGS
30
Preferred embodiments of the invention will now be described, by way of example

only and without intending to be limiting, with reference to the drawings of which:



Figure 3 shows a cross-sectional side view of a collet assenbly utilising
the 10 arrangement of the first preferred embodiment; Figure 4 shows ,@pec 2006
cross-sectional side view of a collet assenbly where a |ight source ang

| ight detector are | ocated renotely frongthe collet assenbly; and 15 Figure
5 shows a schematic plan view of a die placenment apparatus which

I ncorporates the current invention. DETAILED DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS 20 Referring to the drawings it will be appreciated that a

met hod and apparatus for detecting the presence or absence of an object at
a predet er m ned Figurat1 showara sehematid diagramdof alfivsirprefesrrefcberrbod‘rhenﬁcﬂ amwi ng

SThoht are not oPREEHUENGTRRL for ARt AR el Biebense af apsends o odierel a
under stood as a'p?é’détBFth@drchélﬂfﬁ Vih §b&£r‘aahéé’\/sﬁt%'tﬂe curiedh {fliehdiohnf rared and

ultraviolet radiation avi ng wavel engt hs oufside the visible spectrum for
exanpl e References to 'reflection' include scattering of |ight or
radiationfrom% sche tlc d|ara first

f 30 Fi 1,.sh
preferred enbodi r@lfjf% %gﬁ%\ﬁs 6‘p§qh%uraei' |$g%3ﬁ9@ﬂtse]c8p e ‘P‘P]'E‘epﬂté%ence

or absence of atghtesfatigarers edet erm ned 29 DEC 2006 -7 Iocatlon In this
enbodi nent the predeterm ned location is at a die-handling collet of a
coll et assenbly for die placenent. The collet assenbly is used to pick up

i ndi vi dual dice abr| ed from i].icgn.or sa fer nd

the dice at s BAMIPHEDANP A RS GRERIoRR A vERRREA B e el 8T,

substrape, SUCh a@l%ngement of the first preferred embodiment;

(
Figure 4 shows a cross-sectional side view of a collet assembly where a
light source and light detector are located remotely from the collet
assembly; and
15

Figure 5 shows a schematic plan view of a die placement apparatus which

incorporates the current invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

20
Referring to the drawings it will be appreciated that a method and apparatus for
detecting the presence or absence of an object at a predetermined location can be
implemented in various forms. The following embodiments are described by way
of example only.

25
References herein to ‘light’ are not intended to be limited to visible light but are to
be understood as also including non-visibie radiation, including infrared and
ultraviolet radiation having wavelengths outside the visible spectrum, for example.
References to ‘reflection’ include scattering of light or radiation from a surface.

30
Figure 1 shows a schematic diagram of a first preferred embodiment of an optical

arrangement for determining the presence or absence of a die at a predetermined



5 a lead frane. Alight source 1, for exanple a |laser diode, is arranged to
illTumnate at least a portion of a site in the collet. As shown in Figﬂﬁgzoot’)
1, the site is occupied by a die 2. The light fromthe source is prefzera 1"y
col limated or focused, such as by a lensy22 10 (see figure 3) into a narrow

I ncident beam 3. In a preferred application the collimted or focused beam
Is between 0.02 to 0.5 mm w de, and nost preferably 0.05nm w de. The

i nci dent beam.is directed throu t he t ose i.nner i er c be
i sl | algtEs: it eranedfi e Presitarhia iy Sia o TG (R
refl ecti ongs of clieddssbhitly F&edienpricefisht aCEhedtolidteagsdinisly iotuseld tdpiekaip t he
15 die site in the collet, are mnimsed by nmaking the dianeter of the beam

suf fi ci ent individuall dice fabkngated &Hopn pjsiliqoa orgapphirenyaferhandite place theidiee Akt ed.

Curface 4 Sgo hRstefiiferk: i P ke 9 Atgea 5 4 AR, B eg 12
y

4. Howewyer g |eadame20 angl es of incident |ight that are close to nornal
i ncidence may be used, in which case the light will be reflected fromthe
die surface at a corresponding angle, as |ong as angles of incidence and

oL IR Lk e A A4S 148 e e g 0

| i ght sour@\e s th I'e rrace aft'er pas péam

splitter 5poltibrt bfea 6R6 tn tHedwesllgth Alsi ghown ih Fighes ¢, theesits i@ ctoupidd yaphe ent, a
25 major fraction 6 of the light is transmtted through the die 2. However,
a smal | er Thedight enythe sewseiin preferably solimated ghfogusedepuchas dyra iaAst & die

sur  acgo 4 AGK ngl ke, HRAB hLUERE bt oh us o feichidd Bpbliblifort e

h
I L or , orm of a photo-sensor
shows thi s coltifiated e focused oeamris etween 000X £e0.5f momwides amtimdat prdferabiys.
This offset is only shown for clarity of the 30 expl agtgtion provi ded b

y
Figure 1, SApmm pideti the inedepticgamm ssirerted tredahpbgngolietohosgeinngt
| east at t ' e d. L ~ShkoRa : :
phot o- Sens@%rﬁé@g%ﬁﬁgc Seént?agl g%%éggﬁpb'%?céghﬁhi P?g%r%b%r?égh@'%%dtﬂqcoe%e an
amplified catuped byCeflectidng dihkightfram diss imgertsurfagieeofathe collet other than at the
15 die site in the collet, are minimised by making the diameter of the beam sufficiently

small so that very little, other than the die, is illuminated.

In the case shown in Figure 1, the illuminating light is incident upon the surface 4
of the die substantially normal to the orientation of the surface 4. However, other
20 angles of incident light that are close to normal incidence may be used, in which
case the light will be reflected from the die surface at a corresponding angle, as
long as angles of incidence and reflection are sufficiently small to allow the light to
be received. The light source illuminates the die surface after passing through a
beam splitter 5. In the case shown in Figure 1, where the die 2 is transparent, a
25 major fraction 6 of the light is transmitted through the die 2. However, a smaller
fraction 7 of the incident source light is reflected from the die surface 4 back
toward the beam splitter 5 which reflects the light to a light detector, which may be
in the form of a photo-sensor 8. Figure 1 shows this reflected fraction or beam 7
offset from the incident beam 3. This offset is only shown for clarity of the
30 explanation provided by Figure 1, and in practice the incident and reflected beams

coincide, at least at the die surface 4.



determ nation of the presence or absence of a die at the collet, based on
the light received by the photo-sensor 8. 5 The photo-sensor 8 can bg,ap
i mge sensor or a general |ight power sensor. In the case of the preferre
application, where the optical arrangene@t nonitors the presence or absence
of a die fabricated froma wafer made of sapphire, the 10 die is
substantially transparent. In general, the reflectivity R of a surface of a
transpar eniy\bgey ¢ ?@nQFfréﬁPfH*esﬁﬁéloas%nSBr 8'i8 conhedted fordn blecdpicCamplifiertd1e
refractive I ndex the transparent body. 15 Typically for sapphire, nis
bet ween 1. hicto produces an= amijSledt iwtpLRm dfoo4further pzpcmmngWemke a

reflectlono cur.s at htheto botto syrfaces o e.die
Givi ng. o oRtaigagn 8 s resehgs of doasios BRitE L cBlet Rased BANEE"GNY!
SubStantIa|réd/e|@é@8?@ﬁé9ﬁbtoa§%@ﬁd ong as its refractive index is not equal
to 1, the die wll still reflect a fraction of the incident |ight beam back

for det5:ct|on by the 20 phot o- sensor This reflectivity by the die allows a
det er mi nat Lon ‘ﬂj“ gregencg) absence of a trant%ggéeﬁ% oblj ect such as a
sapphire di qtﬂé%‘ PI CaP PN BHET SCURY P 1L BPRREL IR S8NSRT« he

traditional transmtted |ight. Determ nation based upon scattering of |ight

by an object is also possible, as long as an intensity of the scattered
light is simitheicase Qfdheeaeferfetbaphhﬁaito@ewémre the opticat arrangement; emsitors s

2l ke. In thE BresensRoan aREeH o acie BhCpl A Ranenalok S flfmRcTs Ce 1

and th¢oph@ﬁ@1§eu§§farﬁany ardngparsanegdensial,t that refiedfivity FFDTBfté]%un‘ace of a
i klum nating source 1 is directed to the beam splitter 5 which reflects the

i nci dent 3drapspatent bodycantbeeexiesse®as: of the die 2. A maj or fraction 6 of
the incident light is 29} ,DEC 2006

S5

where n is the refractive index of the transparent body.

8 2006

15  Typically for sapphire, n is between 1.55 to 1.7. If n = 1.55, then R = 0.047 (or
4.7%). However reflection occurs at both the top and bottom surfaces of the
sapphire die giving a total reflectivity of about 9.4%. Thus, even if the die is
substantially transparent and as long as its refractive index is not equal to 1, the
die will still reflect a fraction of the incident light beam back for detection by the

20 photo-sensor. This reflectivity by the die allows a determination of the presence or
absence of a transparent object such as a sapphire die in the collet to be based
upon reflected rather than the traditional transmitted light. Determination based
upon scattering of light by an object is also possible, as long as an intensity of the
scattered light is sufficient to reach the photo-sensor.

25
A second arrangement is shown in Figure 2. Corresponding features in figures 1
and 2 are labelled alike. In this arrangement the positions of the illuminating light
source 1 and the photo-sensor 8 are interchanged, so that light from the
iluminating source 1 is directed to the beam splitter 5 which reflects the incident

30 beam 3 toward the surface 4 of the die 2. A major fraction 6 of the incident light is



-9 transmtted through the die, while a mnor fraction 7 of the incident
light is reflected back through the beamsplitter 5 to the photo- sen&q;EéBm%
Figure 3 shows a cross-sectional side view of a collet assenbly 20 utT11Sinhg
the 5 arrangenment of the first preferregd enbodi ment. The |ight source or

| aser diode 1 is arranged at the top of the collet assenbly 20 to project a
beam of light through the <collet assenbly 20. The light fromthe source is

S0t oot RedfrREU3Bro ReidiBiwfife a riiGr fralfen 7 iRE G IEATs Eigoted

i nci dent beam passes am sp nd is cted through

the col | etback mmlhghﬂmtb@amls@aﬁer ﬁtqndfépbotoeéerfsmete 10 at the opening of
the collet 21 is illumnated. A die 2 is |ocated at the said opening. The
i ncident beamis reflected fromthe surface of the die 2 back tovvard t he

beam spl i t§g [jreIS ‘é‘@q (?eEL S8l diiBRal é@@twéﬂ bhg et %s§@r‘?n§ﬂ/ 2% l.fthlgl gy e 3,

the |Iight ourc ot o- sensor are integrate ocat’ed on
t he cold etarramgm‘rrbhyome f[t§t greferrer dmblodimserat. CThes iglstesoiuromat laseddiodeetvisof a

ocated r RERRISH it U1k oReStde Icalobasseibl 280 THRioch Jiheam of FBRLnpattrethes o
to direct éé\%’é%ﬁ?%m%hg?é.t E’Q@g‘grhﬁoﬁﬁfﬁ@éﬁdwfc&%}@@&%?tﬁeéf fokUSEE by b fefs!

surface of et 21. Another opt fibre 2471s used to
20 direct |Intcghat nagfdvedbeident deathe 3hefincieleot hewem dpassest throbgh pthet beaensor

ghoml)(:hal %?lntjar Cand B diredieddbugh: thel ciph e cuchhel Boleakhs HAp R el eite gut
[rom e S fho KheRliePbrapt Bt AN EMRpRSIGE! <UD is BLEal ao¥ Sy Such
i ght gui des

mrrors, etc, can be used to direct the iInci I ght
f r om t he | openingoUiteeintideot beam idirefiectetifgim thesudace df the diee2 &taek%wiaate

back to thg phot o-sensor. 8 . An advant age usi otlcal bres 2 24 is
Chat ¢ ne | Tonbead et ranbichiieBedBbaiians 3 S Phai Seasina o D ASradc A o
assenbly 2Qusosdifiet heayi &ﬁotargén@er% s@mté@%&@di vﬂfﬁsiaaaaoc&téa 8¢ the tDllet
wi t hout burdening a bond armcontrolling it~ shoul d be appreciate
assembly 20.
15
Figure 4 shows a cross-sectional side view of a collet assembly 20 where the light
source 1 and light detector 8 are located remotely from the collet assembly 20. An
optical fibre 23 is used to direct incident light from the remotely located laser diode
1 to the surface of the die 2 at the collet 21. Another optical fibre 24 is used to
20 direct light reflected from the surface of the die 2 to the photo-sensor- 8, which is
also remotely located. In another alternative arrangement (not shown), a single

fibre directs both incident light to, and reflected light from, the die.

In alternative arrangements (not shown), optical systems such as light guides,
25 mirrors, etc, can be used to direct the incident light from the light source 1, or to
direct light reflected by the die surface back to the photo-sensor 8. An advantage
of using optical fibres 23, 24 is that the light source and/or the sensor need not be
mounted on the collet assembly 20 so that heavier and more complicated designs
can be used without burdening a bond arm controlling it. It should be appreciated
30 that either or both of the light source 1 and the photo-sensor 8 may be mounted on

the collet assembly 20 or may be located remotely.



30 that either or both of the light source 1 and the photo-sensor 8 may be
mounted on the collet assenbly 20 or may be |ocated renotely. 29 DEC,8886 2006
-10 Figure 5 is a schematic view of the | ayout of a placenent apparatus that
uses the mssing die detection arrangemgnts descri bed above. A bond arm 11
Is mounted to rotate about an axis 12. A collet assenbly 20 is carried at
the distal end 13 of the bond arm 5 The illumnating |ight source and the

phot o e oPlgute g‘%‘@&ﬁ 'h{ht:"v op Weflayo yolfafd Ié(ce?ﬂenﬁk?pdr!a{dé%ﬁ% Vﬁs éJht

is collim ocused rnto a eampow sl Ze
proj ected niissinghli¢ betextiohedrranvgenoents deseriped iabove. tAobbed armupiiemdnmtevd d| e.

Signal-to-noise ratio of the detect | s hi e C und
noi se is riQREE BHOYLRN gXIs ﬁgol!eggq ﬁ%\bi\ﬂzbr'sfcégﬁg‘gagﬁ?aﬁﬂséﬂ %ﬁgpf)
spot size. yfd gYh§ ammshows the bond arm 11 in three positions. In a first
bond arm position 11A, the pick-up head and collet are | ocated over a
selected die (not 15 shown) on a sapphl re waf er 14 on which individual dice

S RGeS e oGS R "
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specul ar sur ace ch can interfefre with 20 nmeasurenents of [1ght reflect ed
from an i ndi smdlhapotjsneea/umab i$ peojeatfedrthratgérmfeomcdl,et aaddmta tba@ognmmrtd H& i s

arranged under a nt er.nedpat e econd sitfi n% ough h t he bond
e Rcnpiad A hdiBr SSRRLIERPSE BERI ¢ B doteaivg S i MeThsePRuse 11
C. 25 ywil %abiagro@.%h%usé Ss FEYUCKH BYqhellse SRfHe @aﬁﬂﬁ@waﬂ foéd&dpbéérﬂ afdisor

signal procesSor is triggered, for exanple by a signal froma hos
control | er soallsspebsice.arm control l er, to nake a neasurenent of i ght
reflected fromthe die, if present, in
Figure 5 shows the bond arm 11 in three positions. In a first bond arm
position 11A, the pick-up head and collet are located over a selected die (not
15 shown) on a sapphire wafer 14 on which individual dice have been fabricated and
diced. The collet is operated in an attempt to pick up the selected die and the

bond arm 11 is rotated to move the collet toward a third bond arm position 11C.

The sapphire wafer has a highly specular surface which can interfere with

20 measurements of light reflected from an individual die above the wafer. Therefore,
a dark background 15 is arranged under an intermediate second position 11B
through which the bond arm moves when passing from the first position 11A to a
third position 11C.

25 While the collet is moving over the dark background, the photo-sensor signal
processor is triggered, for example by a signal from a host controller or a bond
arm controller, to make a measurement of light reflected from the die, if present, in
the collet. The measurement is undertaken while the bond arm keeps moving as it
is moving over the dark background. The measurement is compared to a

30 reference signal, representing a reference level of detected light intensity in the
absence of a die plus a reasonable margin, that can be manually preset or

automatically learned by the signal processor.



the collet. The nmeasurenent is undertaken while the bond arm keeps noving as
it 1s nmoving over the dark background. The neasurenent is conpared tg ﬁ ﬁgmm
reference signal, representing a reference | evel of detected light in &RE y
in the absence of a die plus a reasoanHe_nargin, that can be manual |y
preset or automatically |earned by the signal processor. 29 DEC 2006 -11
If the reflection neasurenent is greater than the reference signal this is
taken as an indication that a die is present in the collet, otherw se a
mssing die alarmis raised and the bond armis returned to the first bond
arm posi ti ¢gnthd rbflectich MR UrémanPish@leatdrt tABRthé Qeftiréicd!Bighalltifs id takeheas

i ndication derived fromthe reflection nmeasurenent is that a die is present
in the colaneindicatiengbatiaadienis qiesentds thevealigtt ethenwisera missiogdiaralampods t i on

C which,th I [ I d I he .die in.a b '
posi ton.  THSRALfE aphe Ao EuERRRE S Rertis bafuprfubPulor & Wanake, m
position 1bhpotHéhidtempths pisk bigh die. returning over the dark background 15,

t he phot o-sensor signal "processor is again triggered to nake a second
measurenent of light reflected from the die, if present, in the collet.

the moasur drR: nbagen sarVad Fob Y isHEchfin i Gackteeny il ARG PR i

neasur enenthe Loll€ts thé bandt ren cOhBNESE tcvirgN 8 thditisird Bohdkem pesition 11C at
indication that a die is not present in the collet, and that the die was

wel | pl acedvhictttheegalled és redeased toqilaem the diedn ageendieg poR#iANt he reference is

t aken an indication 20 that the die was not placed and an unpl aced die
al« arm i raised. |If the reflection neasurenent is |less than the reference
S

gnal, i ndIh@%drﬂﬂahﬁQherﬁbdf?iﬂs tb setieh bpek 36 e first bbad ee BdsitisrenAt While
reference signal may be replaced by this reflection neasurenent with a

reasonabl e thereallet d8deduming ves hgy derfe baskgequndetetha gitgto-saPSPfe signal
conti nual | %ré’(?éjs%E)?% éﬁaiﬁ%SMG%%é{@ L3EL8AS mdbsurement of light reflected from
the die, if present, in the collet. Again the measurement is undertaken while the

15 bond arm keeps moving and the measurement compared to the reference signal.

If the reflection measurement is less than the reference signal this is taken as an

indication that a die is not present in the collet, and that the die was well placed.

Otherwise, a reflection signal greater than the reference is taken as an indication
20 that the die was not placed and an unplaced die alarm is raised.

If the reflection measurement is less than the reference signal, indicating that a die
is not present in the collet, then the reference signal may be replaced by this
reflection measurement with a reasonable margin added. In this way the
25 reference signal may be continually updated to accommodate variations in
ambient conditions, for example background light levels, and to accommodate drift
of the apparatus performance parameters, for example in the light source and the

photo-sensor.

30 The bond arm returns to the first position 11A to complete one die placement

cycle. Although the embodiment refers to a transparent die, it should be



anbi ent conditions, for exanple background |light levels, and to accommvodate
drift of the apparatus performance paraneters, for exanple in the |ight
source and the photo-sensor. 30 The bond armreturns to the first pos%ﬁ%ﬁfmm
11A to conplete one die placement cycleqp Although the enbodiment refers to

a transparent die, it should be 29 DEC 2006 -12 appreciated that a presence
of a non-transparent die can also be detected by an apparatus and net hod

ot erred PSSR Bt < PresaiBe o A WAnER AR AR s LS Y8 U EReb S B oo
to those skiggastustaridwetidd accordingttennehventibs. i ncorporated within the

scope hereof as defined in the acconpanying clains. 1 29 DEC 2006 -13
CLAIMS 1. A nmethod for determi ning the presence or absence of a target

b ( ! . |
CotTudi ng. T [EpO8RB . destfip8s “he PR inuding Bfefelise” SRR, Yogregt.
first | gcatAltarations tapdhaiadiifidatiohar @ wilbhecobvioat tohthdsel skilked $m tthe amicarehi ch

is adapted to be noved fromthe first location to a second |ocation to

whi ch t he tiniegdedodpebe iigcerporatedr yyithibr they scope theraeboas t defired ¢ wr Jbe
object at t Lon, the nethod conprising the steps of:
iIIuninatiﬁgﬁgﬁﬁﬁggﬂFigggﬁétion of the holding site; 10 arranging a |light
detector to receive illumnating light reflected fromthe target object if
it is present at the holding site and to provide an output representative
of the reflected light; and determ ning the presence or absence of the
target object at the holding site

{



on the basis of the detector output; 15 wherein at |east one of the
illumnating |ight and the light received by the detector nobves with j rb%cz 06
callet when the collet is noved fromthe first to the second |ocation. ,&
method as clainmed in claiml, wherein:-29-the holding site is configured to
hold the target object with a surface thereof substantially at a

predeterm ned orientation; and said illumnating light is incident upon said
portion ofctAmisite substantially normal to said orientation. 25 3. A

met hod for handling a target object, conprising the steps of: providing a
col |l et assenbly, the coll et assembly including a collet which is operable
to pick upthe ect. at. a first |location,and to.hold th r get

obj et atl-a nofarinod s reflinhe s hiss8fet ol AnREnes PLA tetest kel 4%

second | oqgijdiAg §|t% oM @Bllét%s‘éﬁﬁtﬂgtth@bd:&@t ds§eﬁfbl93ﬁ*ndd<ﬁﬁ§ I%Ofxt)l%i wﬁiBﬁi |§ Y

deposit the target object at 0 second locati'on: providing a |ight
sour ce Soperpsisakletto pickumtheatasgettobjectsat afipssladationaind t@eholddhelta@ei |0bgect 29

DEC 2006 a _light, dete receive ill i, n
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maki ng an ﬁcbﬂ&ﬂécétﬂ)rptd?%hldh th@ecaF Qﬁ?ecﬁbﬂ; %‘beﬁ?aﬁdib%rt%dr éhd't@‘i@p'o@ﬂ t?ﬂi‘ét h
the collet; hen noving the col romthe first to the second | ocati on;

movi ng at tar:gﬁtobmcé apthe a@cqndglncamrmth@e@etbgdmmnrﬁsgmthgcﬂter@%oénd the |ight
ece Ve B, LSuBh At St Aol Ba MB AR, SoLiel L7 mhvea Lom he
targetygobj ect airrdritingd dight detédor to receive illuminating light reflected from the
target object if it is present at the holding site and to provide an output
representative of the reflected light; and
determining the presence or absence of the target object at the holding site
on the basis of the detector output;
15 wherein at least one of the illuminating light and the light received by the

detector moves with the collet when the collet is moved from the first to the second

location.
2. A method as claimed in claim 1, wherein:
20 the holding site is configured to hold the target object with a surface thereof

substantially at a predetermined orientation; and
said illuminating light is incident upon said portion of the site substantially

normal to said orientation.

25 3. A method for handling a target object, comprising the steps of:
providing a collet assembly, the collet assembly including a collet which is
operable to pick up the target object at a first location and to hold the target object
at a holding site thereon, to move from the first location to a second location to
which the target object is to be transported, and to deposit the target object at the
30 second location:
providing a light source operable to illuminate at least a portion of the

holding site;



10 by: illumnating the holding site with light fromthe Iight source after
the attenpt has been made to pick up the target object and detecting ,gi¥c 2006
light received by said detector resulting fromsaid illumnation; (%

maki ng a determ nation of the presence q4 .absence of the target Obj ect at

15 the holding site based on an output signal fromthe detector. 4. A method
as clainmed in claim 3, wherein the determ nation of the presence or absence

of the tar get ohkiting'a Yilft BRGOI0IPEEeS MBAMGC MHRI] ol hect OF

out put agai nst erence val ue represen sence o

target objtargfet objechifrieishpreserst atltiae hettimgisitéé;ai m 3 or claim4, further

I ncluding the step of: povin collet to the second_|lo atlon and
attenpting to dBpWsgtan ABempt g%lp'c wp dhe target F?BJ%CE@BH%P If'Eféj??%tqu yithithgas
been dete (ﬁgt at the holding site; or 25 nmaking another attenpt to pick up
the target object at the first location if it has not been detected at the
hol di n§ site. @her nnaatihgtheasoltst fiomethe first tathe geconddbeatiorh, wherein: after

the attenpt to d t the target object at th | ocat
30 of . det bct i ndnOMBOIdEBRL RN T b6 JBEE Pervited CyaRGaIoMsiscucee 2tk e Tt ng
siteis rr@@éﬁ%écby dd@t%cgf* ifPHR colie'?t \Mfulé h%et:éﬁél% BN&S Froh? tt%%h?s‘fttgg at

the holding site, anot her attenp osl e target | ect
t he secondhé(seaonabmcablom and he target Obj ect i s not detect ed at the hol ding

ocati on 57 JeTHETHD e Breseamal Fanceics: of Be e EPisct b heldRG P on of
t he pr@serye or absence of the target object at the
illuminating the holding site with light from the light source after the attempt
has been made to pick up the target object and detecting any light received by
said detector resulting from said illumination; and
making a determination of the presence or absence of the target object at

15  the holding site based on an output signal from the detector.

4, A method as claimed in claim 3, wherein the determination of the presence
or absence of the target object at the holding site is made by comparing the
detector output against a stored reference value representing the absence of the

20 target object.

5. A method as claimed in claim 3 or claim 4, further including the step of:
moving the collet to the second location and attempting to deposit the target
object at the second location if it has been detected at the holding site; or
25 making another attempt to pick up the target object at the first location if it

has not been detected at the holding site.

6. A method as claimed in claim 4 or claim 5, wherein:
after the attempt to deposit the target object at the second location, the step
30 of detecting the presence or absence of the target object at the holding site is

repeated; and



hol ding site is made by conparing the detector output against a stored
reference value representing the absence of the target object; and 10 after
the step of detecting the presence or absence of the target object at 29Dk& 2006
hol ding site has been repeated, if the 4frget object is not detected at the
hol ding site, substituting data representlng the output of the detector for
the repeated detection step for the stored data before naking the attenpt

clarmed in cfartie epgrEiectih et of fie hodlhol Sk aKing BRofter 4eFIRIED, 57

bet ween t hpgositike tirgeteisjedtlal thealdcond losatiof; et hod as claimed in claim 3,
wherein the detection step i s perfornmed at 20 a location between the first

and second | ocdf tf@n@fgeﬂmblﬁch@tﬂ%@eméﬁﬁtﬁ%hpwlm giten makingear atfemps to
det ecti On%%‘ﬁ??g?‘ﬁg?%rfgg@gfﬂg{e%ﬁ%ﬂ‘%tf"‘gt @@ég?lpackgr ound. 25 11. A collet

assenbly aving a ng site thereon, wherein the
colletsis operable to pick up a target object at a first Iocatlon and to
hol d the target Obj ect on the holding site, and is adapted to be noved from
the first f-ocatA Biethed asslaiBled InGdaim Grvhereinini ch the target object is to be

transported, ang.to.d §‘u{)nta}etp%aﬁr%‘gbnggjo‘?cébs%tngéh& tie) a?ggPBﬂJaecP%?ttlH

and an appar at us- for résénce or absence o rgéet o Ject

at the hdigiding sitetie ma@@ruymmgpamg BiCdetelfor outpubagainste stdredi refdrehos
il lumnatin a,?@eat | east  a ortlon of the holding site; and a |ight detector

for recei W remrawrﬁmg § ahsgrececithetarget QDJQ% 8Rd target object if it is
presegp at the qh@%tégl?lb? de‘f\‘ﬂﬁfng {hePresEASE oP HbsBhcl '¥F thé Wiget LB ¢

| i ght Source an
the holding site has been repeated, if the target object is not detected at the

holding site, substituting data representing the output of the detector for the
repeated detection step for the stored data before making the attempt to pick up
another target object at the first location.

15
8. A method as claimed in claim 7, wherein the detection step is performed at

a location between the first and second locations.

9. A method as claimed in claim 3, wherein the detection step is performed at

20 alocation between the first and second locations.

10. A method as claimed in claim 9, wherein the detection step is performed

against a dark background.

25 11. A collet assembly comprising:

a collet having a holding site thereon, wherein the collet is operable to pick
up a target object at a first location and to hold the target object on the holding
site, and is adapted to be moved from the first location to a second location to
which the target object is to be transported, and to deposit the target object at the

30 second location; and
an apparatus for detecting the presence or absence of the target object at

the holding site comprising:



5 by the detector noves with the collet while the collet noves fromthe

first to the second location. 12. Apparatus as clainmed in claim1l, WwieEifos
the detection of the presence or absence of the target object at the

holding site is performed at a third |loté&tion 10 between the first and
second | ocations. 13. Apparatus as clainmed in claim12, further including a
dark background at the third | ocation against which the detection of the

presence or absggggrcafofllight fdrA@RinatRg 8¢ leadt atda#nckwaitrmwcﬁurr@ die; BRAT or med.
15 14. Apparatus including, in conbination: a collet assenb as defined in

any one of cl auawhgntldet@ctpsfordséewmgelllumlrpﬂtml ligh reflested frprratmof@rgetamect

deposit a chani sm operable to nove the collet from
the first f@ qgﬁrees Btﬁﬁ‘iﬁ‘e %glpgcsér]{?i’ on. 15. Apparatus including, in

conbi nation: a WRéleRi afRBBIBhE Ashd@hNREm heditht 888rc@f afd M Rghtlreteivéd.
operable to pick wup, hold, transport and deposit a die as the target

obj ect 5 arky % detestoramioves ayith te eolies Wlmthm@oltﬂilm@veso from the: firstrtettheo t he
second Iocatlﬁ ]t6 An apparatus as claimed in any one of clainms 11 to 15,
wher ei n: sH@" g??ﬁ' H’d’ site is configured to hold said target object with a
surface 30 thereof substantially at a predeterm ned orientation; and said
illumnation is incident upon said portion of the site substantlal |y nor nal
to sai d orldnt Apraratussapeimeddn claim 11, wheredpiher detestior of the peasenseiy one
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10 between the first and second locations.

13. Apparatus as claimed in claim 12, further including a dark background at
the third location against which the detection of the presence or absence of the
target object at the holding site is performed.
15

14.  Apparatus including, in combination:

a collet assembly as defined in any one of claims 11 to 13, operable to pick
up, hold, transport and deposit a target object; and

a mechanism operable to move the collet from the first to the second

20 location.

15.  Apparatus including, in combination:
a collet assembly as defined in any one of claims 11 to 14, operable to pick
up, hoid, transport and deposit a die as the target object; and
25 a mechanism operable to move the collet from the first to the second

location.

16.  An apparatus as claimed in any one of claims 11 to 15, wherein:
said holding site is configured to hold said target object with a surface
30 thereof substantially at a predetermined orientation; and
said illumination is incident upon said portion of the site substantially normal

to said orientation.



i1lumnate said portion of the holding site, and light reflected by the
target object is 5 further reflected by the beamsplitter, toward the |ight
detector. 18. An apparatus as clained in any one of clains 11 to 16, fRIDELA06
including a beamsplitter, wherein |ighg_fromsaid source is reflected by
said beamsplitter toward said portion of said site and said |ight

reflected by the target object travels 10 through the beamsplitter to the

| ight detector. 19. An apparatus as clained in any one of clains 11 to 18,
wherein the light detector is an inage sensor or a power sensor. 15 20. An

appar atus g cl&h aratusas €laenéd irchay Bheldf dlairdd 11uberesifirthéeinkiudiig bs
visible radiation. 21. An apparatus as clainmed in any one of clains 11 to

20, wher eilbeam giplitter, omhereire lighiutired sajd soUreeriiavalsoihréughy thal beamosplitigsden f or

cl ai mea | NEPRERY S5 OBl hREoldfa Sthap RIS Brecea EPURERME $o8hs0 1o
0.5 nmmswi darther Ee’cﬂedtéwlb* tienbeamt dpitten ltowad thetliyht deteéblor. An appar at us as
claimed in any one of clainms 11 to 22, wherein the target object is

substantially transparent. 24. An apparatus as clainmed in any one of clains

1110 23, pher ki LBErAAL 98! AR i aREBoB JISERR 1Y Sl 1A inGfiflg b0

30 25. An apparat as clrained 1 n erernt refractive

the targebedrd gigenxiwneiaihight From 2%idECu?éWbs refléctéd. by \Barippesamt uplitks
claimed in any one of clains 11 to 25, wherein either or both of the source
I

25, wh .
of |ight dewarhsaid periopafaaidsiteand sidlight reflested by the targatobiest travelss
10 through the beam splitter to the light detector.

19. An apparatus as claimed in any one of claims 11 to 18, wherein the light

detector is an image sensor or a power sensor.

15 20. An apparatus as claimed in any one of claims 11 to 19, wherein the light is

visible radiation.

21.  An apparatus as claimed in any one of claims 11 to 20, wherein light from
the source is collimated or focused into a beam for illuminating said portion of the
20 holding site.

22. An apparatus as claimed in claim 21, wherein the illuminating beam is

approximately 0.02 to 0.5 mm wide at said portion of the holding site.

25 23. An apparatus as claimed in any one of claims 11 to 22, wherein the target

object is substantially transparent.

24.  An apparatus as claimed in any one of claims 11 to 23, wherein the target
object has a refractive index not equal to 1.

30
25. An apparatus as claimed in claim 24, wherein the refractive index of the

target is approximately 1.55.



27. An apparatus as clainmed in claim26, including a device to direct |ight
bet ween either or both of the source of light and the |Iight detector %g%EEhﬁ06
holdlng site that is selected fromthe group consisting of optical

mrrors and light guides. 10 28. A netkgd as claimed in claim1 or cIa|n12
further including the steps of: passing said illumnating light through a
beam splitter to illumnnate said portion of the site, and further

reflecting said light reflected by the target object, by the beam 15
splitter, toward the |light detector. 29. A nethod as clained claim1l or

claim 2, f28.t heaniappavstusad Hairaée s avly:ong ef bmhsnm &aee whevginreitHerdrl i ght
froma source toward saldfportlon of said site, beam splitter, and 20

passi ng sa?eth| efgihe saunceefclighiyanddhe é‘gbéﬂeﬁﬂﬁt@c@rq I'ﬁQ%%qﬁ remote)y Sransphet t er
to the Ii(tqﬂltetdetector 30. A nethod as claimed in claim1 or claim 2,

I ncl udi ng € further step of: collinmating or focusing the iIIum'nating
light iBnto a beamfor illumnating said 25 portion of the hol di ng site. 31.
A nmethod as_claimed in claim30, wherein the collimted or focu

i |1 uni natidh beAi arpaipiusoRs nelaignsd o caim, 26, Snakdingda Q@Vlggute 96@@. tightof
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the detection or said amn I's  pertorned agal ns
dar k backoditeuticht |§95elﬁst‘e<2®|%n thd YraGp o@ms&tnhQbeamttdaaiﬁbért,lmmtdrsuamdlhgﬁt

claim 2, V\gtﬁ(rjgé.n the target object is substantially transparent.
10
28. A method as claimed in claim 1 or claim 2, further including the steps of:
passing said illuminating light through a beam splitter to illuminate said
portion of the site, and
further reflecting said light reflected by the target object, by the beam

15  splitter, toward the light detector.

29. A method as claimed claim 1 or claim 2, further including the steps of:
reflecting said illuminating light from a source toward said portion of said
site, by a beam splitter, and
20 passing said light reflected by the target object through the beam splitter to
the light detector.

30. A method as claimed in claim 1 or claim 2, including the further step of:
collimating or focusing the illuminating light into a beam for illuminating said

25 portion of the holding site.

31. A method as claimed in claim 30, wherein the collimated or focused
illuminating beam is approximately 0.02 to 0.5 mm wide at said portion of the
holding site.

30
32. A method as claimed in claim 1 or claim 2, wherein the detection of said

reflected illuminated light is performed against a dark background.



5 34. Anethod as clainmed in claim1 or claim?2, wherein the target object

has a refractive index that is not equal to 1. 35. A nethod as clained in
any one of the preceding clains, wherein the target object has a ref rA&HGA906
i ndex of approximately 1.55. 10 36. A meghod as clainmed in any one of clains

3 to 10, wherein the detection of light reflected fromthe holding site is
made agai nst a dark background. 37. A nethod as clainmed in any one of clains
3 to 10, wherein at |east one of 15 the source of the illum nation and the

detector nmove in tandemw th the collet assenbly. 38. A nethod as clai ned

in any oneg®f cAangthod e déimethar eldimal dreaaim anewhéreirt e takyet colgéctt e
i1lumnation and the detector is integral with the collet assenbly. 20 39.

An appar at s#psiantigliyitransparetiny one of clains 11 to 27, wherein at | east one
of the light source and the detector nove in tandemw th the coll et
assenbly. 40. An apparatus as clained in any one of clains 11 to 27, wherein

atI : eag oxlﬁb | 2R métholdead tialed v ckimandr chemdstwisérein the targegsisiechad at he
col l et asse :
refrac%gve index that is not equal to 1.

35. A method as claimed in any one of the preceding claims, wherein the
target object has a refractive index of approximately 1.55.

10
36. A method as claimed in any one of claims 3 to 10, wherein the detection of

light reflected from the holding site is made against a dark background.

37. A method as claimed in any one of claims 3 to 10, wherein at least one of
15 the source of the illumination and the detector move in tandem with the collet

assembly.

38. A method as claimed in any one of claims 3 to 10, wherein at least one of

the source of the illumination and the detector is integral with the collet assembly.
20

39. An apparatus as claimed in any one of claims 11 to 27, wherein at least one

of the light source and the detector move in tandem with the collet assembly.

40. An apparatus as claimed in any one of claims 11 to 27, wherein at least one

25 of the light source and the detector is integral with the collet assembly.





