
MISSING DIE DETECTION FIELD OF INVENTION 5 The present invention relates
generally to the detection of objects and to the  manufacture of
semiconductor devices from silicon or sapphire wafers, and more
particularly to apparatus and methods for the detection of missing dice,
for  example when picking dice up from a wafer and placing the dice at a
bonding  position. 10 BACKGROUND 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 SUMMARY OF INVENTION It is an object of one embodiment of the invention
to provide an apparatus for  5 determining if an object is missing, which
apparatus reduces the occurrence of  false indications, or at least
provides the public with a useful choice. It is an object of a second
embodiment of the invention to provide a method for  determining if an
object is missing, which method reduces the occurrence of false  10
indications, or at least provides the public with a useful choice. 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. 3 



The light may be visible or invisible radiation. Light from the source may
be collimated or focused into a beam for illuminating the  5 portion of the
site. Optionally the illuminating beam is approximately 0.02 to 0.5 mm wide
at the  portion of the site, and most preferably 0.05mm.  10 Optionally 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 -4 (c)
detecting said illuminating light reflected by said target object and
received by said detector. Optionally the method determines the presence of
the target object at the site  



5 when the target object presents a surface substantially at a
predetermined orientation, and said illuminating light is incident upon
said portion of the site  substantially normal to said orientation.
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 . 5
Preferably the detection of the 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. 5 The target
object may be substantially transparent. 



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
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, (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
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: 6 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 location,
in accordance with the current invention, 



5 Figure 2 shows a schematic diagram of a second alternative embodiment to
that of Figure 1, 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 7 



location. In this embodiment the predetermined location is at a
die-handling collet  of a collet assembly for die placement. The collet
assembly is used to pick up  individual dice fabricated from a silicon or
sapphire wafer, and to place the dice at  a bonding position where, for
example, the die is attached to a substrate, such as  5 a lead frame. A
light source 1, for example a laser diode, is arranged to illuminate at
least a  portion of a site in the collet. As shown in Figure 1, the site is
occupied by a die 2.  The light from the source is preferably collimated or
focused, such as by a lens 22 10 (see figure 3) into a narrow incident beam
3. In a preferred application the  collimated or focused beam is between
0.02 to 0.5 mm wide, and most preferably  0.05mm wide. The incident beam is
directed through the collet, whose inner  diameter can be as small as 0.02
mm, at a small portion of the die 2. Noise  caused by reflections of light
from the inner surface 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. -8 An output
signal from the photo-sensor 8 is connected to an electronic amplifier 9
which produces an amplified output 10 for further processing to make a
determination 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 be an
image sensor or a general light power sensor. In the case of the preferred
application, where the optical arrangement monitors  the presence or
absence of a die fabricated from a wafer made of sapphire, the 10 die is
substantially transparent. In general, the reflectivity R of a surface of a
transparent body can be expressed as: R= (n-1)  1(n+1) z where n 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
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  illuminating 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 transmitted
through the die, while a minor fraction 7 of the incident light is
reflected  back through the beam splitter 5 to the photo-sensor 8. Figure 3
shows a cross-sectional side view of a collet assembly 20 utilising the  5
arrangement of the first preferred embodiment. The light source or laser
diode I is arranged at the top of the collet assembly 20 to project a beam
of light through the  collet assembly 20. The light from the source is
collimated or focused by a lens 22  into a narrow incident beam. The
incident beam passes through the beam  splitter 5 and is directed through
the collet 21 such that at least a portion of a site 10 at the opening of
the collet 21 is illuminated. A die 2 is located at the said  opening. The
incident beam is reflected from the surface of the die 2 back toward  the
beam splitter 5 which reflects the light to the photo-sensor B. 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 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. -10 Figure 5 is a schematic view of the layout of a
placement apparatus that uses the  missing die detection arrangements
described above. A bond arm 11 is mounted  to rotate about an axis 12. A
collet assembly 20 is carried at the distal end 13 of  the bond arm. 5 The
illuminating light source and the photo-sensor are mounted in the collet
assembly 20. The illuminated light is collimated or focused into a beam
providing  a small spot size which is projected through the collet and onto
the position to be  occupied by a die. Signal-to-noise ratio of the
detecting signal is high because 10 background noise is reduced by the use
of the collimated or focused beam and  small spot size. 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 11 C. 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 11 B  through which the bond
arm moves when passing from the first position 11A to a  third position 11
C. 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. -11 If the reflection
measurement is greater than the reference signal this is taken as  an
indication that a die is present in the collet, otherwise a missing die
alarm is  raised and the bond arm is returned to the first bond arm
position 11A, to make  5 another attempt to pick up a die. If the
indication derived from the reflection measurement is that a die is present
in  the collet, the bond arm continues moving to the third bond arm
position 11C at  which the collet is released to place the die in a bonding
position. 10 The bond arm then begins to return back to the first bond arm
position 1 1A. While  



the collet is returning 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 1 1A to complete one die placement  cycle. Although the
embodiment refers to a transparent die, it should be -12 appreciated that a
presence of a non-transparent die can also be detected by an  apparatus and
method according to the invention. The foregoing describes the invention
including preferred forms thereof.  5 Alterations and modifications as will
be obvious to those skilled in the art are intended to be incorporated
within the scope hereof as defined in the  accompanying claims. -13 CLAIMS 



1. 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 5 illuminating at least a portion of 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. 2. An
apparatus as claimed in claim 1, adapted for detecting the presence of  10
the target object at the site when the target object presents a surface
substantially at a predetermined orientation, wherein said illumination is
incident upon said  portion of the site substantially normal to said
orientation. 3. An apparatus as claimed in claim 1 or claim 2, further
including a beam  15 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 splitter 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. -14 8. An apparatus as claimed in any one of
the preceding claims, wherein light  from the source is collimated or
focused into a beam for illuminating said portion of  



the site. 5 9. An apparatus as claimed in claim 8, wherein the illuminating
beam is  approximately 0.02 to 0.5 mm wide at said portion of the site. 10.
An apparatus as claimed in any one of the preceding claims, wherein the
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. -15 17. A die handling device
including a collet assembly for holding a die, and an  apparatus as claimed
in any one of the preceding claims, wherein the die is the  target object.
5 18. A method of determining the presence or absence of a target object at
a  



site of a collet assembly, including the steps of: (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 at the site, and 10 (c) detecting said illuminating light reflected
by said target object and  received by said detector. 19. 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. -16 23. A method as claimed in any one of claims 18 to 22,
wherein the light  



detector is a power sensor. 5 24. A method as claimed in any one of claims
18 to 23, wherein the light is  visible radiation. 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
29, 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, -17 (j)
illuminating a predetermined site at the collet assembly, 



(k) arranging a detector to detect illuminating light reflected from said
site at the collet assembly, (I) 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. 




