M SSI NG DI E DETECTI ON FI ELD OF I NVENTION 5 The present invention relates
generally to the detection of objects and to the manufacture of

sem conductor devices fromsilicon or sapphire wafers, and nore
particularly to apparatus and nethods fqr the detection of mssing dice,
for exanple when picking dice up frontd wafer and pl acing the dice at a
bondi ng position. 10 BACKGROUND After fabrication and dicing of devices
formed on a wafer, the individual dice are picked up fromthe diced wafer

by a collet in a pickup head I E BEIECTHOMbNdi ng position on a

carrier, substrate or other device, for further processing. To avoid the
om ssi on Lce f ction units it is desirable to raise an alarm
i f the pi g!ﬁgbnégdk%ﬁﬁw pick up and place a die at the bonding

| ocation. 20 Known detection systens generally use a |light source and a

| i ght sensor which are aligned and placed on opposite sides of the site
wher e 6he Thee peesantonventiemcelatds genecdiljyetct thef cnietemtimtmpbfe qbi&ct&iiand te the be
detected. The fgr se%e of. thtﬁ-,lﬁ? 48 at f site ntehﬁeresf
transni t t JARRUTBEtULE f SemiFRfadiRtet deYigRs ’PWwél"ﬁ@P L FAPPREE SHRIGFS: ’?‘B’c[@éﬁ)
fromthe spiHiGRafy tbhBppSRRES -anthenélpbas! fopnthay dbf&tt%ﬁ”éprm@.fsldgl die, 2for
radi ated fromthe source is used an indication that the object is not

present atexampleswben piving dics wp from absaiec angr placita theadice: ataf bondinge
source and dsﬁt ected by the sensor is used an indication that the object is

present at PP te. However, these known systens fail in the case of
“transpgrent, or even partially 30 transparent, objects where |ight can be
transmtted through the object, and a relatively strong signal can still be
recei ved HBACKGR even when t he object is present.

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 present 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.



-2 SUMVARY OF INVENTION It is an object of one enbodi ment of the invention
to provide an apparatus for 5 determning if an object is m ssing, which
apparatus reduces the occurrence of false indications, or at |east

provi des the public with a useful choice. It is an object of a second
enbodi nent of the invention to provide-&-ethod 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 preseng r absence of a target object at a site of a collet assenbly,
t he appar%ﬁﬁ@"$ﬁc¥l 55i|H¥Ed‘r5|9N ce of light adapted for illum nating at

| east 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

obj ect | odtiissdnabbjebt of ione. efdbbdinedtl §f tHee iraeptioattospriovidedant shdratus for
detecting the presence of the target object at the site when the target

obj ect 2pr SIt@FRININGs [{an Objechis tmaigsing, wWhich appaatys Jgdueesiithr @cspireneaafon,
wherein t ll LAt | It B d PG OB BoLt| .1he site
substanti g?‘ssj 'h%ﬁr%rré éf??gé?eddégﬁ%ﬁ@%% I on. %ﬁ'f"@’ﬁéﬂ‘k&@%@"gﬁpar atus incl udes
a beamsplitter, and light fromthe source travels through the beam

splitter to. illum.nate the portion of the sit and said |ight 25 ref] ected
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t ar getl Oobjiedicatiors; @rat idash pghviddés tHecpubliephith basefud chditet he | i ght detector.
The |ight detector nay be an i nage sensor or a power sensor. 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 of the
site. Optionally the illum nating beamis approxinmately 0.02 to 0.5 mm wi de
at the portion of the site, and nost preferably 0.05mm 10 Optionally the
source of illumnating light and the |Iight 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

refractivep | oxi mat.el.y. 1. 55. FEither or both of the source of

| i ght andﬁmé;ﬁiﬁd‘hgy gg%@ﬁlgp&r{ﬁ\{)g@ie Faodé%tfoé'd renotely 20 fromthe collet
assenbly. In a second aspect the invention may be broadly said to be a die
handl i ng device including a collet assenbly for holding a die, and an

appar at us ldgtdremiibe seutaeemayibhesgolimptast orfocussd ito arheasp fordtigmistatingdhei r st

aspect V\/r]% | e is the target 25 object. In a third aspect the
i nvent |50n mr@b@g?gfeo%tﬁ?y said to be a nmethod of determ ning the presence

or absence of a target object at a site of a collet assenbly, including
the steps of: 30 (a) illumnating at |least a portion of the site, (b)

. ) : ;
arr angi ng @Plienglly #e: dismipating beae Je approdmately $82ttooP.& mem; wideriahdbeng
light wh . e | ted the site, and -4 (c)
detecti ngedsharlhtg|Il kfﬁjemﬁ%%ﬁngg%ﬁ%%ﬁ%@rgpﬁg{)érgﬁ;‘y said target object and
received by said detector. Optionally the nethod determ nes the presence of
the target object at the site
10g Opticj:onally the source of illuminating light and the light detector are both on one

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




5 when the target object presents a surface substantially at a

predeterm ned orientation, and said illumnating light is incident upon
said portion of the site substantially normal to said orientation.
Optionally the nmethod includes the further steps of: 10 (d) passing said
illumnating |light through a beam splir146‘r toillumnate said portion of
the site, and (e) further reflecting said light reflected by the target

obj ect, by the beam splitter, toward the |ight detector. 15 Optionally the
met hod i ncl udde) defecting t said duspnating light reflected thyngdid glargétr objecdi dnd
source toward said portion.qf, said site, by a beam splitter, and (Qg)
passing said |i gﬁceﬁ'gpl%vc?%'g d&?,eqtﬂre target object through the beam splitter
to the light detector. 20 The |ight detector nay be an inage sensor or a
power sensor. The light may be visible or invisible radiation. 25

Opt i onal | Yoplignatyt thedmethod, determires dhe eesancep obtthe (talget adbijéctaat the site
focusipg the illunnating.light into a beamfor illyumnating said portion
of ¢ hebei lierh b ol et Plaskilad 1) BoRnere Bl At cPrestined o5
nm wi de atorichatior) & st iIRimihBEngilight ieneciest upbRT 4iddoriOn O5MRe ske
Preferably the detection of the reflected illumnated light in step (c) is
made wi t h saibstaptially aergabloraid erieptatianr ecti on opposite to that in which
light is reflected by the target object |ocated at the site. 5 The target
obj ect may be substantially transparent.

Optionally the method includes the further steps of:
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.



Optionally the target object has a refractive index that is not equal to 1.
Preferably the refractive index is approximately 1.55. 10 Optionally the
met hod includes the further steps of: (j) nmaking an attenpt to pick up an
object with the collet assenbly, (k) illumnating a predetermnned site at
the collet assenbly, (1) arranging a dedector to detect illumnating |ight
reflected fromsaid site at 15 the collet assenbly, (n) naking a

determ nation of the presence or absence of the object at the site at the

collet, t fﬁe@'ablynmaadetemdreoﬁmebmﬂedtednIlltldnmdte@lﬁghldmtﬂequ) BYmbHe with a
detector 20 Preferabl t he detection of reflected fromthe site in

Step (1) (G ERASKAIERAL il agioR GRRGREtH THenahEbL 106k o isstec by dhe hat
in which li bfec{] % Sd SPtHYYsitd1e  obj ect when located at the site. The

i nvention furt e sald to consist in any alternative conbinati on of
parts 25 or features mentioned herein or shown in the acconpanyi ng

dr awi ngs. l ents of these parts or features which are not
expressly ﬁ@t%%tq‘ﬂ?’%& Ry Se Sibstantialip YAparaenbe i ncl uded. BRI EF

DESCRI PTI ON OF DRAW NGS 30 Preferred enbodi nents of the invention will now
be described, by way of exanple only and without intending to be Iimting,
wi t h ref er@pticnally thééargebobjegthas awefrattivetinBegthat id nehegsaldosichemat i ¢
diagramof a first preferred enbodi nent of an optical arrangenent for
determ ning the presence or absence of a die at a predeterm ned |ocation,

i n accor dgpyeferabhithEhefrsetivesintek Y §Pb iR mately 1.55.
10
Optionally the method includes the further steps of:
(i) making an attempt to pick up an object with the collet assembly,
(k) iHuminating a predetermined site at the collet assembly,
(I} 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 coliet, the determination being based on the light detected by the

detector.

20 Preferably the detection of light reflected from the site in step () 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:



5 Figure 2 shows a schematic diagramof a second alternative enbodi nent to
that of Figure 1, Figure 3 shows a cross-sectional side view of a collet
assenbly utilising the 10 arrangenent of the first preferred enbodi nent;
~Figure 4 shows a cross-sectional side view of a collet assenbly where a

| i ght source and |ight detector are | ocBtved renotely fromthe coll et
assenbly; and 15 Figure 5 shows a schematic plan view of a die placenent
apparatus which incorporates the current invention. DETAILED DESCRI PTI ON
OF THE PREFERRED EMBODI MENTS 20 Referring to the drawings it will be

i ated that. t hod and .at f d ti t h
AbSence of an dudr T aowsy seBBRRNE diforBlaf AGkSCRl e BriasiBRnCa Py
various forns. ofieal airbAgemene FIsitaRANIEIHe PRSENCEH dbsere¥ of f dR¥XaNg! e
only. 25 References herern to "light' are not intended to be limted to

visible |ight Hredeteemined losationldp aceodaase avitotherauriant inyendionyi si bl e
radi atgon, including infrared and ultraviolet radiation having wavel engt hs
outside the visible spectrum for exanple. References to reflection

i ncl ude scatt erfiggreo? sho@bla Sehanasticadibgranh o & secontifaieenatl@ dmbodiendnta®ons
a schematic diagramof a first preferred enbodi nent of an optical
arrangenment forthakefriguid hg the presence or absence of a die at a

predet erm ned 7

Figure 3 shows a cross-sectional side view of a collet assembly utilising the
10 arrangement 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-visible 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



| ocation. In this enbodi nent the predeterm ned |location is at a
die-handling collet of a collet assenbly for die placenent. The coll et
assenbly is used to pick up individual dice fabricated froma silicon or
sapphire wafer, and to place the dice a% a bonding position where, for
exanple, the die is attached to a substrdate, such as 5 a lead frame. A

| i ght source 1, for exanple a | aser diode, |s arranged to illumnate at

| east a portion of a site in the collet. As shown in Figure 1, the site is
occupi ed Hgcatiaf. elnpthis m@orilrgemt theqredeterminadclocatiomistica dis- yamﬂing coltetd or

f d, b 10 f t dent b
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M at a $hapndiparrasiiprowheres far exampleoithe diecisiaitachieyd toed sekstratasseth as ght
fromtge |é1@%5f§%éace of the collet other than at the 15 die site in the
collet, are mnim©Sed by nmaking the dianeter of the beam sufficiently
smal|l so that very little, other than the die, is illumnated. In the case
shown in Figure 1, the illum natlngf l'ight is incident upon the surface 4
of the di é\glabgﬁaﬁtqeam forrexaraplet @ laser dipdentsaarranged tohbuminate sy least a

Honever - o Hdtfion 8PN RTnO Lalidc ABlolh AR, s RoGedPIOPETBdie 2

i nci dence case the

die sur f aC'Ehsallghi from itiee sonrbienig me@rebiymlhnhatag cﬂs‘.om@desmlﬁ asiyy dégree22nd
reflec are suff#glently small to allow the lig be received. The
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Figure 1 %&Qj‘é’édtﬂv %ﬂb@fléﬁbﬁﬁgﬁtrﬁ&hitﬁa ifheSFHTACE of the 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.



offset fromthe incident beam3. This offset is only shown for clarity of
the 30 explanation provided by Figure 1, and in practice the incident and
refl ected beans coincide, at |least at the die surface 4. -8 An out put

signal fromthe photo-sensor 8 is connegt ed to an electronic amplifier 9

whi ch produces an anplified output 10 f
determ nation of the presence or absence of a die at the collet,

r~ further processing to nake a

based on

the |ight recelved by the photo-sensor 8. 5 The photo-sensor 8 can be an
i mage send¥i oy S@Wémm Fh@ ﬁhO%msog&wonneﬁtqd@ an slegroniamplifieedr ed

applicati {i n &3¢
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transparent body can be expressed as: R= (n-1) 1(n+l) z where nis

refracti veerpiyed byrthe phote-88R$Rr&nt body. 15 Typically for sapphire, nis
- betweeg 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
gi vi ng a tlteaphotefdersor 8idap kd aaliroage 3eddor dhaigenerat lighf pdver sbresors
substantially transparent and as long as its refractive index is not equal
to 1, the die will still reflect a fraction of the incident |ight beam
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transparent body can be expressed as:
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where 1 is the refractive index of the transparent body.

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

20

25

30

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
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.

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-sensor8 are interchanged, so that light from the
illuminating source 1 is directed to the beam splitter 5 which reflects the incident
beam 3 toward the surface 4 of the die 2. A major fraction 6 of the incident light is



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 arrangenent is shown in Figure 2. Corresponding features in
figures 1 and 2 are labelled alike. In _this arrangenent the positions of
the illumnating light source 1 and th@'photo-sensor 8 are interchanged,
so that light fromthe illumnating source 1 is directed to the beam

splitter 5 which reflects the incident 30 beam 3 toward the surface 4 of
the die 2.transmifted thionghitbe d@, avhilena miner fiaetion 7 ghthe incialent lightnis refiected
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shows a cross-sectional side view of a collet assenbly 20 utilising the 5
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the beam splitter 5 which reflects the light to the photo-sensor 8. In figure 3, the
light source 1 and photo-sensor 8 are integrated with and located on the collet
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 remctely 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.



1 to the surface of the die 2 at the collet 21. Another optical fibre 24 is
used to 20 direct light reflected fromthe surface of the die 2 to the

phot o-sensor 8, which is also renptely |ocated. In another alternative
arrangenment (not shown), a single fibre directs both incident |ight to,
and reflected light from the die. In -al®ernative arrangenments (not shown),
optical systens such as light guides, 25 mrrors, etc, can be used to
direct the incident Iight fromthe |ight source 1, or to direct |ight

ref | ect ed Figunen® isia schemadicevign ot the layaut of at pfacemeot agparatusathah wseg ¢he of

using optical. fibres. 2 24 1s th the |.iaht sourcg,and/ or e _sensor ,need
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it. It should be appreciated 30 that either or both of the |ight source 1

and the pibeboBd@@E: 8 nay be nounted on the collet assenbly 20 or may be
| ocated renotely. -10 Figure 5 is a schematic view of the |layout of a
pl acenent apparatus that uses the mssing die detection arrangenents

descri bed THeoWRimiAateg dight neclitcé sarbwhé gshotdb-sehsbrhtare apouhtedh irfthé ddllet A
collet assenbly 20 is carried at the distal end 13 of the bond arm 5 The
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é he posit io@nupieldbby aﬁdieﬁpgighdwo-aowegratifi ‘gr'nttde:]I tietenting esigredl 29 m%h Ei%aﬁse
etecting signal is hi ecause. 10 background ngi se is reduce t he use

of thibcoquc fQundopoips de JedueRehRY h8 U%enﬁﬁf‘esﬁ%'ﬁ”@t%.‘”@&éﬁeé’ Beamoard t he

bond arn1%#n]pﬂ§hr positions. In a first bond arm position 11A the

pi ck-up heaJia collet are located over a selected die (not

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.



15 shown) on a sapphire wafer 14 on which individual dice have been
fabricated and diced. The collet is operated in an attenpt to pick up the
selected die and the bond arm 11 is rotated to nove the collet toward a
third bond armposition 11 C. The sapphire wafer has a highly specul ar
surface which can interfere with 20 neibarenents of light reflected from
an individual die above the wafer. Therefore, a dark background 15 is
arranged under an internediate second position 11 B through which the bond
arm noves when passing fromthe first position 11Ato a third position 11
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reflected fromthe die, if present, in the col let. The measdrement

undert akerfamdl and fte bond armis eiginedoto the st ibondi armmpesitignol/A, brmaaar k
backgr S npared to a 30 reference signal,
repr esént fjﬁf&xﬁ& r‘%ﬁ@%@ﬁ?%\yb @'1% detected light intensity in the absence

of a die plus a reasonable nmargin, that can be nanually preset or
automatically | earned by the si naI rocessor. -11 If the reflection
nmeasur enerft th%'”@ﬁ‘@é‘@@rd&rw&ﬁ ffCh'B bereflegiion ropasiremantds thattaadier’s present in
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I ndi cation derived fromthe reflection neasurenent is that a die is present
in tHA8 collet, the bond arm continues novi ng to the third bond arm
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posi tion lth&Acol#ii isereturning over the dark background 15, the photo-sensor signal

processor is again triggered to make a second measurement 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



the collet is returning over the dark background 15, the photo-sensor
signal processor is again triggered to nake a second neasurenent of |ight
reflected from the die, if present, in the collet. Again the neasurenent
i s undertaken while the 15 bond arn1kee£§ novi ng and t he measur enent

conpared to the reference signal. If thésreflection neasurenent is |ess
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. Oherw se, a

refl ecti orBpfrgeiatedythadtacprasenne i@ nen-&ansparend diemkan aiso be detectedtbyan 20
that the dj not, pl ace nd.an .unpl aced.die alarmis raised. If the
reflecti onaFfP@\zggﬁ‘nSearPéin eﬂ'&oqd%g%orgwgﬁoﬁﬁ%qvgpgpgnce signal, indicating that a
die is not present in the collet, then the reference signal my be

replaced by this reflection neasurement with a reasonable margin added. In
“this way thhe 2bregeiagefiascibgnaltharaipveatienninchding y prgferredd foonsic thareotiat e
vari at izonsy i . ient adi L ons X I ckaround,.l i ght, |l evel s, and
(o nccsmadiatandy AP oiediaioBs oo ML t8EPPRpfia B s ki) & e AT e e
in the |idhtendledr ¢ aed ih&tﬁpom@ﬂ Owiirs Othe Htopee HxBEF agdn d&finedsint théhe
first position 1 1A to conplete one die placenment cycle. Al though the
enbodi nentaGeeMRANYING eatP®nsparent die, it should be -12 appreciated that a
presence of a non-transparent die can also be detected by an apparatus and
met hod according to the invention. The foregoing describes the invention
including preferred forns thereof. 5 Alterations and nodifications as wll
be obvious to those skilled in the art are intended to be incorporated

wi thin the scope hereof as defined in the acconpanying clainms. -13 CLAI M5



1. An apparatus for detecting the presence or absence of a target object at
a site of a collet assenbly, the apparatus including a source of |ight
adapted for 5 illumnating at |east a portion of the site, and a |ight
detector adapted for receiving at least a part of the light fromthe
source when reflected by a target obj ect3tocated at the site. 2. An
apparatus as clained in claim1, adapted for detecting the presence of 10
the target object at the site when the target object presents a surface
subst anti &LLAIMS a predeterm ned orientation, wherein said illunmnation is
I ncident upon said portion of the site substantially normal to said
orientation. 3. An apparatus as clai rred in claiml or claim2, further
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the target object travels through the beamsplitter to the detector.
5. An appatdhesites claimed in any one of the preceding claims, wherein the
25 light detector is an inage sensor. 6. An apparatus as cl ai med in any one

of the preceding clains, wherein the |ight detector is a power sensor. 30
7. An appag at U%@%pﬁhﬁtﬂ@@s'@aﬁf&d PNSlaph 1t %aﬁfé%ﬁﬁﬁ'd’éleéﬂr? fe prdiehee vft he
light is visible radiation. -14 8. An apparatus as cl ai I n any one of

t he pi@cedhadargetphiect ahthesite whgntthe taiget ohiect preseats 8 susfacerubstandially
focused | "© apr%ﬂ@fgrmrqedl .‘émél%%', nvghér%'irfi By t|||u?tqin8{|on IS incident upon said

portion of the site substantially normal to said crientation.

3. An apparatus as claimed in claim 1 or claim 2, further including a beam
16  splitter, wherein light from said source travels through the beam splitter to
illuminate said portion of the site, and said light reflected by the target object is

further reflected, by the beam splitter, toward the light detector.

4. An apparatus as claimed in any one of the preceding claims, wherein a

20 beam splitter reflects light from said source toward said portion of said site and
said light reflected by the target object travels through the beam spilitter to the light
detector.

5. An apparatus as claimed in any one of the preceding claims, wherein the
25 light detector is an image sensor.

6. An apparatus as claimed in any one of the preceding claims, wherein the

light detector is a power sensor.

30 7. An apparatus as claimed in any one of the preceding claims, wherein the

light is visible radiation.



the site. 5 9. An apparatus,

s clained in claim8, wherein the illum nating
beamis approximately 0.02 0.5 Mmwi de at said portion of the site. 10.
An apparatus as clainmed in any)one of the preceding clains, wherein the
source of illumnating |ight gnd the |light detector are both on one side of
the site. 10 11. An apparatusfas claimed*in claim 10, including a dark
background | ocated on the opposite side of the site. 12. An apparatus as
clainmed in any one of the prefeding clains, wherein the 15 target object

i s subst arti al IAN apRARYS astclfimed imany paeHfibe Rreeedingwipims, whareinilight
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appr oxi matteégité, 55. 15. An apparatus as clainmed in any one of the preceding
clainms, wherein either or both of the source of light and the |ight
detector are |located remptely fromthe 25 collet assenbly. 16. An

appar akus @s clagl ' | gl B A R_el ygi [; (o PTelN ¢ i :

Dot veoh oither /o) TRARF fhBiaed IF el SHEI SEPBhfifdind 1EBIn s,

t he col | etapprosiardiely OLO2ito 05 met witieest $aid pottion of thesiteonsi sting of opti cal
fibers, mrrors and 30 |light guides. -15 17. A die handling device

I ncluding a collet assenbly for holding a die, and an apparatus as cl ai ned
in any oneyepf t 8FA06 28 AhRAE in WRG e of IR BieRelihg BRImS 2vigleif theCt
5 18. A nethod o aggt errr%%ng t he |1or} esgnce 8rm§b§ee??ce é# alT%fr getg e(; j ect at
a source of illuminating light and the light detector are both on one side of the site.

10

11. An apparatus as claimed in claim 10, including a dark background located

on the opposite side of the site.

12.  An apparatus as claimed in any one of the preceding claims, wherein the

15 target object is substantially transparent.

13. An apparatus as claimed in claim 12, wherein the target object has a

refractive index not equal to 1.

20 14. An apparatus as claimed in claim 13, wherein the refractive index is

approximately 1.55.

15.  An apparatus as claimed in any one of the preceding claims, wherein either
or both of the source of light and the light detector are located remotely from the

25 collet assembly.

16. An apparatus as claimed in claim 15, including a device to direct light
between either or both of the source of light and the light detector and the collet
assembly that is selected from the group consisting of optical fibers, mirrors and

30 light guides.



site of a collet assenbly, including the steps of: (a) illumnating at

| east a portion of the site, (b) arranging a |ight detector to receive at

| east a part of the illumnating 1light when reflected by a target object

| ocated at the site, and 10 (c) detectig said illumnating light reflected

by said target object and received by said detector. 19. A nethod as
claimed in claim 18, the nethod determ ning the presence of the target
object at the site when the target object Ipresents a _surface substantially
15 at a pr€det & ficheandinedevice dncludiRara ralletassembly fembelding a idightandsan

or i ent at | PPRsgES as, BRRGAT Yy o B TR Bimy MRy B 93 i€ te
i ncl udi ng thigetobfges. of - (d) passing said illumnating |ight through a beam

splitter toillumnate 20 said portion of the site, and (e) further
reflecting said light reflected by the target object, by the beam

splitter, o] | 1 %ésﬁgé i I o ope of
cl ai m;818 1t8§) gg&q?%tﬁtsﬁeérfg%tgﬁ%} ﬂi%g 3@%9%‘?'@( ﬁt %r{egt? etcﬁjﬁgtyastaigd
i | | um nat isitg dfiaptulict assembbg inatadingWaee diepsiaf: portion of said site, by a
beamsplitter ,, and, . passing said |jight reflected by the target object
t hrough the bed sdﬁ‘ﬂ%‘ 'ngt%?QQ?Zalqcﬁ'hgn&éh&?'fﬁm 30 22. A nethod as
claimed in any @ye ofrrdighhd'® Ikt ket 8iva 4tN8abt #Phrt SHeh Gl RhinkBing"
I mage sensor. @2 23. rqun%ﬁo@as cﬁ?rrre icn any o%e OP clains 18 ltno Eg
wher ei n the |i dgight when reflected by a target object iocated at the site, and

10 (c) detecting said illuminating light reflected by said target object and

received by said detector.

18. A method as claimed in claim 18, the method determining the presence of
the target object at the site when the target object presents a surface substantially

15 at a predetermined orientation, wherein said illuminating light is incident upon said
portion of the site substantially normal to said orientation.

20. A method as claimed in claim 18 or claim 19, further including the steps of:
(d) passing said illuminating light through a beam splitter to illuminate
20 said portion of the site, and
(e) further reflecting said light reflected by the target object, by the beam
splitter, toward the light detector.

21. A method as claimed in any one of claims 18 to 20, further including the
25 steps of:
(f) reflecting said illuminating light from a 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.
30
22. A method as claimed in any one of claims 18 to 21, wherein the light

detector is an image sensor.



detector is a power sensor. 5 24. A nethod as clained in any one of clains
18 to 23, wherein the light is visible radiation. 25. A nethod as cl ai ned
in any one of clains 18 to 24, including the further step of: 10 (h)

collimating or focusing the illum natlng%llght into a beam for
illumnating said portion of the site A nmethod as clainmed in claim25,
wherein the collimated or focused illumnating beamis approximately 0.02

to 0.5 Mmwide at said portion of the site. 15 27. A nmethod as clainmed in
any one of clains 18 to 26, wherein the detection of said reflected

i roct 1 on SpochiBels AR Sfimed iR, Shb o cPRE 7% Pheldin B8 e, cc

| ocat ed atdetebier & & powed séfisorA nethod as clained in any one of clains 18 to
27, wherein the target object is substantially transparent. 29. A nethod
as claimed in any one of clains 18 to 28, wherein the target 25 object has
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29, wherein the re ractive 1 ndex is apprOX|na ely 13d as
cl ai med i rvisible rad@tioin. cl ai s 18 to 30, further including the steps of: (i)
maki ng an attenpt to pick up an object with the collet assenbly, -17 (j)
illumnating a predetermned site at the collet assenbly,

25. A method as claimed in any one of claims 18 to 24, including the further
step of:
10 (h) collimating or focusing the illuminating light into a beam for
illuminating said portion of the site.

26. A method as claimed in claim 25, wherein the collimated or focused

illuminating beam is approximately 0.02 to 0.5 mm wide at said portion of the site.

15
27. A method as claimed in any one of claims 18 to 26, wherein the detection of
said reflected illuminated light in step (c) is made with a dark background in the
direction opposite to that in which light is reflected by the target object located at
the site.

20

28. A method as claimed in any one of claims 18 to 27, wherein the target

object is substantially transparent.

29. A method as claimed in any one of claims 18 to 28, wherein the target

25 object has a refractive index that is not equal to 1.

30. A method as claimed in claim 28, wherein the refractive index is
approximately 1.55.

30 31. A method as claimed in any one of claims 18 to 30, further including the
steps of:
(i) making an attempt to pick up an object with the collet assembly,



(k) arranging a detector to detect illumnating light reflected fromsaid
site at the collet assenbly, (1) nmaking a determ nation of the presence or
absence of the object at 5 the site at the collet assenbly, the

determ nati on being based on the |ight ﬂetected by the detector. 32. A
met hod as clainmed in claim31, mherein'! e detection of light reflected
fromthe site in step (1) is nade mﬁth a dark background in the direction

opposite to 10 that in which lig is reflected by the object when | ocated
at the site. 330) A rlyRiAtRE %P@%mfne%ﬁge@hmwlﬂtaﬁﬁe ¥.to 32, further
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(1} making a determination of the presence or absence of the object at
5 the site at the collet assembly, the determination being based on the light

detected by the detector.

32. A method as claimed in claim 31, wherein the detection of light reflected
from the site in step (I) is made with a dark background in the direction opposite to
10  that in which light is reflected by the object when located at the site.

33. A method as claimed in any one of claims 18 to 32, further including the
step of storing a measured intensity value with a reasonable margin added to
replace a stored reference intensity value which is used to determine whether an

15  object is absent.






