
PICK-UP APPARATUS AND METHOD FOR SEMICONDUCTOR CHIPS BACKGROUND OF THE
INVENTION (a) Field of the Invention: The invention relates to a pick-up
apparatus and a pick-up method and, more particularly, to a pick-up
apparatus which is used in a mounting step in the manufacture of
semiconductor devices, and a pick-up method used during a mounting
operation of semiconductor devices. (b) Description of the Related Art: In
a  mounting  step  during  the  manufacture   of semiconductor devices, a
plurality of semiconductor pellets or chips disposed in an aligned
arrangement as divided from a semiconductor wafer is subjected to an image
recognition in order  to allow non-faulty chips to be picked up for
mounting. Specifically,  a  plurality of  chips  disposed  in  an aligned
arrangement are viewed one by one by a camera, and chips disposed within a
field of view of the camera is subjected to an image processing operation.
In the image processing  operation,  image  data  for the  chip  location 



obtained on the basis of the image signal from the camera is    - 2- stored
in a frame memory, and an image recognition is applied based on the image
data in order to examine if the chip (or chip location) is faulty or
non-faulty. A decision to examine and determine whether a chip location is
faulty or non-faulty is executed by determining the presence or absence of
the chip itself at the chip location, the presence or absence of any fault
in the appearance such as a notch on the chip surface, and the presence or
absence of a faulty mark which may be applied to the chip surface based on
the   results   of   a   previous   test   for   electric characteristics
of the chip.  After the image recognition, only a chip which is determined
to be non-faulty is picked up by a devoted jig, called a "collet", which
applies a vacuum  suction to the chip.   The picked up chip is then mounted
on an island or die pad of a lead frame. In the prior art practice, as
illustrated in Fig. 1, a 



chip 10 is subjected to an image recognition within a field of view 11 of a
camera, and the operation which sequentially picks up non-faulty chips is
executed in accordance with timing charts shown in Figs. 2A and 2B. Fig. 2A
illustrates an example of a pick-up operation in which all the subject
chips shown in Fig. 1 are non- faulty.   In this instance, a first chip
located within the field  of  view  of  the  camera  is  subjected  to  an
image recognition  (step  S1),  and  positioned  at  the  pick-up    - 3-
position, e.g, at the center of the field of image of the camera (step S2).
Upon completion of the positioning of the chip, the chip is picked up by
the collet (step S3). After the pick-up operation thereof is completed, a
second chip is moved by a one pitch movement into the field of view (step
S4). Subsequently, the second chip located within the field of view is
subjected to an image recognition (step S5), then positioned at the pick-up
position (step S6) and picked up 



in  a  manner  similar  to  that  as  described  above.   The described
operations are repeated to pick up successive chips arranged in a matrix.
Fig. 2B illustrates another example of a pick-up operation in which a first
and a third chips are faulty while a second chip is non-faulty.   In this
instance, the first chip is subjected to an image recognition within the
field of view (step S11), where the first chip is determined to  be  faulty
based  on  the  image  recognition,   and accordingly, the pick-up
operation thereof is not executed. A one-pitch movement occurs instead for
the second chip (step S12), which is then subjected to an image recognition
in the field of view of the camera (step S13), and is determined to be
non-faulty.  As a result, the second chip is positioned at the pick-up
position (step S14) and then picked  up  (step  S15).   Upon  completion
of  the  pick-up operation, one pitch movement further takes place for the
- 4- 



third chip (step S16), which is then subjected to an image recognition in
the field of view (step S17) and determined to be faulty.   Subsequently,
a further one pitch movement occurs for the next succeeding chip (step
S18), thus repeating the described operations. It will be noted that in the
above-described pick-up method, a chip located within the field of view of
the camera is subjected to an image recognition, then positioned at the
pick-up position, and finally picked up upon completion  of the
positioning.   After  completion  of the pick-up operation for a chip, a
one pitch movement takes place for a next chip, which is again subjected to
a sequence of  an image recognition, positioning and pick-up operation
thereof in a similar manner. SUMMARY OF THE INVENTION It is an object of
the invention to provide a pick-up apparatus and method which is capable of
improving the throughput   of   the   pick-up   operation   for   mounting
semiconductor chips by decreasing the time interval with which the chips
are picked up. According to the invention, there is provided a pick-up 



method for semiconductor chips including the steps of locating on a table a
plurality of chips including first through third chips and aligned at least
in a first    - 5- direction at a first pitch, establishing a field of view
of a camera encompassing the first and second chips, picking up the first
chip at a pick-up position, performing a preceding image recognition for
the second chip during the picking up of the first chip, examining if the
second chip is faulty or non-faulty based on the preceding image
recognition, and if the second chip is found to be non-faulty, moving the
camera relative to the table in the first direction to locate and pick up
the second chip at the pick-up location. The invention further provides a
pick-up apparatus for semiconductor chips comprising a table for mounting
thereon a plurality of chips including first through third chips and
aligned at least in a first direction at a first pitch, a table drive for
moving the table at least in the first 



direction, a camera for viewing at least first and second chips  at  a
first  position  and  a  second  position, respectively, in a field of view
of the camera, a pick-up device for picking up the first chip at the first
position for mounting, an image processor for performing a preceding image
recognition for the second chip at the second position during a pick-up
operation by the pick-up device. In accordance with the pick-up apparatus
and method of the invention, during the pick-up operation for a particular
chip, an image recognition for a next chip is executed.  In this manner,
the image recognition of the next chip occurs    - 6- in parallel with the
pick-up operation for the particular chip, thereby reducing the time
interval with which the chips are picked up and improving the throughput of
the pick-up operation by the pick-up apparatus and method. In the prior art
practice as described before, the image recognition by the camera is not
executed during the 



pick-up operation of a chip which has been subjected to an image
recognition. The image recognition is started upon completion of the
pick-up operation for the particular chip, as a result of which the image
recognition and pick-up operation are alternately executed, resulting in a
low throughput  of  the  pick-up  operation  for  mounting.   The
pinvention improves the throughput of the mounting operation by
simultaneous operation for a pick-up and an image recognition. BRIEF
DESCRIPTION OF THE DRAWINGS Fig. 1 is a schematic illustration of the field
of view of a camera during an image recognition in a prior art method.
Figs. 2A and 2B are timing charts each illustrating an example of the image
recognition and the pick-up operation of the prior art; Fig. 3 is a block
diagram of a pick-up apparatus according to an embodiment of the invention;



- 7- Figs. 4A, 4B and 4C are schematic illustrations of three examples of
the field of view of a camera during the image recognition in the
embodiment of Fig. 3; Fig. 5 is a flow-chart of the pick-up method executed
by the pick-up apparatus of Fig. 3; and Figs. 6A and 6B are timing charts
each for illustrating an example of the timing for simultaneous image
recognition and pick-up operation in the flow chart of Fig. 5. DESCRIPTION
OF THE PREFERRED EMBODIMENT Preferred embodiment of the invention will now
be described with reference to the accompanying drawings. Referring first
to Fig. 3 which schematically shows a pick-up apparatus according to the
embodiment, a plurality of chips 10 disposed in a matrix are viewed in the
field of view of a camera 2, which generates an image signal for three chip
locations and provides the same to an image processor 3. It will be noted
that the chips 10 are placed and positioned on an X-Y table 4 which is
movable in X-and Y-directions.   The  image signal for the chips 10 located
within the field of view of the camera 2 are processed by 



the image processor 3, which produces image data therefore, which is in
turn stored in a frame memory not shown in the drawing.  The image
processor 3 further performs an image recognition based on the image data
and examines if a chip    -8- 10 is faulty or non-faulty. The control
section 5 controls the image processor 3 and a pick-up mechanism for the
X-Y table 4. The X-Y table 4 is driven by a X-Y table drive 6 after a chip
10 is picked up by a collet 7, which is driven by a pick-up drive 8 to
applie a vacuum suction to the chip 10. A combination of the collet 7 and
the pick-up drive 8 constitutes the pick-up mechanism. Referring
additionally to Fig. 4A showing a field of view of the camera 2, the image
recognition by the image processor 3 is executed after establishing the
field of view 12 of the camera 2 so that three chip locations 10a, 10b and
10c, which are adjacent to each other in a moving direction (or sensing
direction) of the camera 2 with respect to the 



chips, e.g., X-direction. The pick-up mechanism operates to pick up a
particular chip 10b which is located at the center of the field of view 12.
During the time period while the pick-up operation for the particular chip
10b located at the center of the field of view of the camera 2 is being
executed, the control section 5 controls the image processor 3 to perform a
preceding image recognition for a next chip 10c which is located adjacent
to and ahead of the particular chip 10b, as viewed in the moving direction
of the camera 2 relative to the X-Y table 4. As a result of such preceding
image recognition, the image processor 3 generates a chip data indicating
whether    - 9- the next chip 10c located ahead of the particular chip 10b
is faulty or non-faulty, and assumes a standby mode.  Upon completion of
the pick-up operation for the particular chip, the standby mode mentioned
above is terminated, and if the next chip 10c, which is located ahead of
the particular chip 



10b, has been found to be non-faulty, the next chip 10c is then positioned
at the pick-up position in accordance with the data obtained by the
preceding image recognition.   If the next chip 10c has been found to be
faulty, a two-pitch movement is executed so that a next adjacent chip
located ahead of the next chip 19c is moved to the central location of the
field of view of the camera. During the image recognition, three chip
locations 10a, 10b and 10c which are adjacent to each other along the
moving direction, as indicated by an arrow 17, of the camera 2 are
encompassed by the field of view 12 established for the camera 2. It is to
be understood that chip location 10a for which the pick-up operation of the
chip have been completed will be shown a in broken line in the drawings.
Fig.  4A and Figs.  4B and 4C show three examples of fields of view of the
camera encompassing the three chip locations as mentioned above.  In the
example of Fig. 4A, the field of view 12 is established so that the
contours and surface images of three chips (or chip locations) 10a, 10b and
10c are viewed in the field of view 12 of the camera,  



-10- among which chip 10a has been picked up and which are located adjacent
to each other in the sensing direction of the camera, i.e., from left to
right as indicated by the arrow 17. In the example of Fig. 4B, the field of
view 13 is established so that at least a faulty mark area 15, as shown by
hatching, of each of three chips 10a, 10b and 10c can be viewed in the
field of view 13.  In the example of Fig. 4C, the field of view 14 is
established so that only the center 16 of each of chips 10a, 10b and 10c is
viewed in the field of view 14.  It is to be noted that the faulty mark
area 15 in Fig. 4B represents an area where a faulty mark is applied to the
surface of a faulty chip after a test is executed for the electric
characteristics thereof. Each of the three examples of the field of view
12, 13 and 14 can be established to encompass three adjacent chip locations
10a, 10b and 10c based on a calculation using three parameters including
the chip size, the size of a faulty mark area 15 relative to the chip size,
and the size 



of a clearance between adjacent chips, which is generally referred to as a
"street".   The individual fields of view 12, 13 and 14 are automatically
selected depending on the conditions in accordance with the chip size and
the accuracy required  in  positioning  the  chip  during  the  pick-up
operation. The field of view 12 shown in Fig. 4A allows a    detection of
not only a faulty mark, but also the presence or absence of any fault in
the appearance such as a notch on the chip surface.   The field of view 13
shown in Fig. 4B allows the detection of the presence or absence of a
faulty mark, and the field of view 14 shown in Fig. 4C allows the detection
of the presence or absence of a chip itself at each of the locations 10a,
10b and 10c. However, it is to be understood that even with the field of
view 14 shown in Fig. 4C, a detection of the presence or absence of a
faulty is possible as with the field of view 13 shown in Fig.4B, if such
faulty mark is applied at the chip center 16. 



It will be noted that the field of view 12 shown in Fig. 4A is preferable
because not only the presence or absence of a faulty mark, but also the
presence or absence of any fault in the appearance such as a notch can be
detected by the field of view 12, as mentioned above. However, the field of
view 13 shown in Fig. 4B or the field of view 14 shown in Fig. 4C may be
selected by taking into consideration the chip size and the accuracy
required in positioning the chip during the pick-up operation.   It is also
to be noted that the field of view 11 illustrated in Fig. 1 which contains
only one chip may be also selected, considering the chip size or the
accuracy in positioning the chip during the pick-up operation. In this
case, the pick- up operation for a particular chip is executed after moving
-12- the X-Y table for locating the succeeding chip in the field of view
11. The image recognition and the pick-up operation for the 



chips 10a, 10b and 10c in the field of view selected in the manner
mentioned above will now be described with reference to the flow chart
shown in Fig. 5 as well as the timing charts shown in Figs. 6A and 6B. The
operation of the pick- up apparatus of the embodiment will be first
described with reference to Figs. 3, 4A and 5. In a first case, assuming
that all the subject chips mentioned below are non-faulty, three chip
locations 10a, 10b and 10c are viewed by the camera 2 from which an image
signal  is supplied  to the  image processor 3.  The  image processor 3
processes the image signal to provide image data or the chip locations 10a,
10b and 10c (steps S21 and 22). The image recognition by the image
processor 3 is started based on the image signal for the first chip 10b
located at the central location of field of view 12, thereby detecting the
presence or absence of a first chip 10b and of any fault in the appearance
thereof, and the presence or absence of a faulty mark on the first chip
10b.  If the first chip 10b is determined   to  be   non-faulty   (step
S23),   the   image recognition for the first chip 10b is completed. Upon
completion of the image recognition of the first 



chip 10b, the control section 5 delivers a positioning    -13- signal which
controls the X-Y table 6 of the pick-up mechanism to actuate the X-Y table
4 in order to accurately position the non-faulty chip 10b at the center of
the field of view.   After the positioning of the first chip 10b is
completed by repeating the steps of correction of the position (step S24),
image recognition (step S25) and decision whether or not an accurate
positioning can be reached (step S26), the control section 5 delivers a
pick-up signal which controls the pick-up drive 8 to actuate the collet 7
(step S28) to allow the first chip 10b located at the pick-up position,
i.e., at the center of the field of view 12, to be picked up by the collet
7.  The number of repetitions of the steps S24 through S26 is counted for
generating  an  alarm  of  excess  repetitions,  in order  to obtain
optimal conditions for the pick-up apparatus (step S27). 



During the time period while the pick-up operation for the first chip 10b
is being executed between steps S28 and S33, a second chip 10c, which is
located adjacent to and ahead  of  the  first  chip  10a,  as  viewed  in
the moving direction of the camera 2 with respect to the chips, is
subjected to the preceding image recognition by the image processor  3
(steps  S29  and  S30).  The  preceding  image recognition, which detects
the presence or absence of the chip itself,  the presence or absence of any
fault in the    -14- appearance and the presence or absence of a faulty
mark applied to the second chip 10c, determines whether or not the second
chip 10c is non-faulty.   In this example,  the second chip 10c is found to
be non-faulty (step S31), whereupon   the   image   processor   for
preceding   image recognition assumes a standby mode for waiting generation
of a recognition start signal.  When the pick-up operation is finished by
the pick-up drive, a recognition start signal 



for the third chip is generated (step S32) and the pick-up signal is
stopped from the control section (step S33). After the image processor 3 is
turned active from the standby  mode,  positioning  for  the  second  chip
10c  is executed based on the preceding image recognition therefor (step
S35) , followed by a return to steps for an accurate positioning  (steps
S25 and S26).  The repetition for  the correction is not necessary in steps
S24 to S26 because of the accurate positionig obtained by the recognition.
After the second chip 10c is positioned at the pick-up position, the
pick-up  operation  for  the  second  chip  10c  and  a preceding image
recognition for the third chip adjacent to the second chip 10c are
simultaneously executed (step S28 to step S32), similarly to the case for
the first and second chips. As shown in Fig. 6A, a pick-up operation for
the first chip  (from  step  S21  to step S26)  and a preceding  image
-15- 



recognition for the second chip (from step S29 to step S31) are
simultaneously  executed,  resulting  in  time  saving. Similarly, a
pick-up operation for the second chip and a preceding   image   recognition
for  the  third  chip  are simultaneously executed. Another case will be
described in which the first chip 10b and the third chip are faulty while
the second chip 10c and a fourth chip are non-faulty.  The three chip
locations 10a, 10b and 10c are viewed by the camera 2 and the image signal
from the camera 2 is processed by the image processor 3 to provide image
data for the first chip 10b located at the center of the field of view 12
of the camera, similarly to the case as described for the first case (steps
S21 and S22). The  image  recognition  for  the  first  chip  10b  is
executed based on the image data in order to detect the presence or absence
of the chip itself, any fault in the appearance  thereof  and  a  faulty
mark  applied  the  chip surface.   After  the  first chip  10b  is
determined  to  be faulty (step S23), the image processor turns the
preceding image recognition off (step S36), whereupon the second chip 



10c which is located adjacent to and ahead of the first chip 10b is moved
to by one-pitch movement (step S37) and  is subjected to the image
recognition by the image processor 3 (steps S21 and S22).  Since the second
chip 10c is found to    -16- be  non-faulty  (steps  S42  and  S43)   a
preceding  image recognition is turned ON (step S36), and positioning and
pick-up operation for the second chip and preceding image recognition for a
third chip are executed (steps S43 to S26), similarly to the first chip 10a
in the first case. After the third chip is found to be faulty (step S31)
the image processor assumes a standby mode. Upon completion of the pick-up
of the second chip 10c, a further preceding image recognition start signal
is fed to the image processor (S38).  After the control section stops the
pick-up signal (step S39), a two-pitch movement is executed on the basis of
the preceding image recognition for the second chip 10c (step S40). Namely,
the addition of one pitch to the usual 



one pitch movement occurs because the third chip is found to be  faulty.
The  fourth  chip now  located  at  the central location of the field of
view is then subjected to a sequence of an image recognition, positioning
and pick-up operation, similarly to the first chip 10b (steps S21 to S33).
In a third case, if both the first and second chips are found to be faulty
(steps S23, S36 to S42) , a two-pitch movement is also executed (step S40)
for locating the third chip at the central location of the field of view.
As shown in Fig. 6B illustrating the second case, pick- up operation for
the second chip (step S23, and steps S36 to S43) and  preceding  image
recognition  for the  third  chip    -17- (from step S29 to step S31) are
simultaneously executed to enable  a  pick-up  operation  during  a
preceding  image recognition for time saving. In the above embodiment,
three chip locations are viewed in the field of view of the camera in which
the 



leftmost chip location is vacant.  This is based on the fact that the
moving direction of the camera is iteratively reversed in the embodiment at
the last chip located at the rightmost or leftmost end of the row.  In this
case, after the reversion of the sensing direction to the left, the chip
location 10c in the field of view 12 is vacant in the next row and the
preceding image recognition is applied to the chip location 10a. Since
above  embodiment  is  described  only  for  an example,  the  present
invention  is  not  limited  to  such embodiment and it will be obvious for
those skilled in the art that various modifications or alterations can be
easily made based on the above embodiment within the scope of the present
invention.    -18- WHAT IS CLAIMED IS: 1.   A pick-up method for
semiconductor chips including the steps of locating on a table a plurality
of chips including 



first through third chips and aligned at least in a first direction at a
first pitch, establishing a field of view of a camera encompassing said
first and second chips, picking up said first chip at a pick-up position,
performing a preceding image recognition for said second chip during said
picking up of said first chip, examining if said second chip is faulty or
non-faulty based on said preceding image recognition, and if said second
chip is found to be non- faulty, moving said camera relative to said table
in said first direction to locate and pick up said second chip at said
pick-up location. 2.    A  pick-up  method  as  defined  in  Claim  1
further including the step of moving said camera relative to said table by
double said first pitch to locate said third chip in said field of view if
said second chip is found to be faulty. 3.    A  pick-up  method  as
defined  in  Claim  2  further including the steps of performing image
recognition for said third chip, and examining if said third chip is faulty
or   



-19- non-faulty, and moving said camera relative to said table by said
first pitch if said third chip is faulty. 4.    A  pick-up  method  as
defined  in  Claim  3  further including the step of picking up said third
chip if said third chip is non-faulty and simultaneously performing a
preceding image recognition for a fourth chip of said plurality of chips
adjacent to said third chip. 5.   A pick-up method as defined in Claim 1
wherein said preceding image recognition is applied with respect to at
least one of presence or absence of said second chip itself, presence or
absence of any fault on the surface of said second chip and presence or
absence of a faulty mark on the surface of said second chip. 6.   A pick-up
apparatus for semiconductor chips comprising a table for mounting thereon a
plurality of chips including first through third chips  and aligned at
least in a first direction at a first pitch, a table drive for moving said
table at least in said first direction, a camera for viewing at least first
and second chips at a first position and a 



second position, respectively, in a field of view of said camera, a pick-up
device for picking up said first chip at said first position for mounting,
an image processor for    -20- performing a preceding image recognition for
said second chip at said second position during pick-up operation by said
pick-up device. 7.   A pick-up apparatus as defined in Claim 6 wherein said
image processor examines if said second chip is faulty or non-faulty, and
said table drive moves said table by double said first pitch if said second
chip is found to be faulty.    




